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Abstract

Productivity growth drives long run growth and plays a key role in determining business cycle
fluctuations. Early stochastic growth models accounted for both aspects assuming investment-
neutral technological change. Motivated by the spectacular increase of capital intensity in the
production of final goods over the last 50 years, Greenwood, Hercowitz and Krusell (1997) argue
in favor of the investment-specific technological (IST hereafter) change being the true driver of
growth in the US.

While there is a broad consensus that permanent IST shocks are the key driver for long run
growth, the relevance of such shocks at business cycle frequencies is controversial. Greenwood et
al. (2000) suggest that IST shocks could play a prominent role for business cycle fluctuations.
Fisher (2006) finds that the permanent IST shock is the major source of both growth and
business cycle fluctuations. By contrast, Justiniano, Primiceri and Tambalotti (2011) (JPT
hereafter) incorporate investment specific technology in an otherwise standard empirical DSGE
model of the US. They draw a distinction between technological change that permanently
affects the transformation of final into investment goods, and temporary shocks that affect the
production of installed capital from investment goods (MEI shocks). They find that, different
sectoral productivity trends drive IST relative prices and bear no relevance at busines cycle
frequency, whereas MEI shocks are the most important driver of business cycle fluctuations.

The purpose of chapters 1 and 2 of the thesis is to provide new insights on the business cycle

implications of permanent IST shocks.

In the first chapter we build a DSGE model incorporating endogenous firm entry and exit in
the capital sector, idiosyncratic efficiency (productivity) levels and an endogenous technology
diffusion process based on imitation. For sake of tractability, we model technological diffusion
as participation to a lottery, where end-of-period incumbents draw their idiosyncratic efficiency
from the latest technology frontier introduced by the most recent wave of new entrant firms.
This is an innovative feature of our contribution which allows to model endogenous exit flows
abstracting from the idiosyncratic evolution of each incumbent’s efficiency.

The transmission mechanism we have in mind is as follows. In the sector producing produc-
ing investment goods (K-firms), firms are characterized by idiosyncratic efficiency, decreasing
returns to scale, and by a fixed production cost. This allows to obtain a distribution of K-firms
whose features are crucially determined by entry-exit conditions. In each period new entrants
benefit from exogenous advances in the technology frontier, but entry and exit thresholds are af-
fected by the endogenous relative price of investment goods. With a lag, the technology adopted
by new entrants spreads to surviving incumbents. As a result, threshold dynamics, caused by
endogenous variations in the relative price of investment goods, determine the average efficiency
of new entrants and of surviving incumbents. K-firms production shrinks in response to a posi-

tive technology shock because the gain from new-entrants productivity is initially swamped by



the reduction in the probability mass of incumbents. This causes a creative destruction in the
K-sector production which is then gradually reversed by technology spillovers.

The introduction of technology spillovers relies loosely on Schumpeterian growth theory. In
this flavor, and according to the findings of Aghion et al. (2009), when sectors are initially
close to the technology frontier (as it is the case for production of durables and equipment, i.e.
the K-sector), the threat from innovative entrants triggers incumbents technological innovation
which in turn steers (sectoral) productivity growth. We model this intriguing incentives scheme
under the form of simple technology spillovers.

To support intuition, we sketch here the implications of a permanent IST shock in our model.
The initial inflow of relatively more productive new entrants increases, shifting to the right the
supply schedule for investment goods. A “creative destruction” event is triggered by fall in the
relative price of investment, which raises the incumbent exit threshold and wipes out the least
productive incumbents. However, the technology diffusion process eventually dominates, and
production permanently increases in spite of the permanently lower price of investment goods.
Numerical simulations show that transition to the new steady state is very persistent.

We can also evaluate the supply-side effects of MEI shocks, which raise demand for K-firms
goods and therefore impact on entry-exit thresholds through their effect on K-sector prices. In
fact we find that MEI shocks determine a strongly procyclical dynamics of the relative price of
investment goods which is at odds with empirical evidence. This questions the plausibility of
JPT celebrated result that MEI shocks are the main business cycle driver.

Our characterization of the K-sector endogenous evolution is loosely based on Asturias et al.
(2017) who, inspired by the seminal work of Hopenhayn (1992), develop a growth model where
firms entry and exit affect productivity through competitive pressures in the economy, but there
is no endogenous technology diffusion. Clementi and Palazzo (2016) investigate the role that
entry and exit dynamics play in the propagation of aggregate shocks, but neglect the role of
sectoral productivity dynamics.

We contribute to a rapidly expanding literature on endogenous entry and exit in DSGE mod-
els based on Bilbiie, Ghironi and Melitz (2012) (see also Etro and Colciago (2010); Colciago and
Rossi (2015); Devereux, Head and Lapham (1996); Chatterjee and Cooper (1993); Jaimovich
and Floetotto (2008)). They focus on business cycle fluctuations whereas we emphasize the
interaction between permanent technological change, technology diffusion and fluctuations at
business cycle frequencies. In this regard our work is inspired by Sims (2011) and Canova (2014)
who emphasize the importance of jointly considering the roles of the persistent but transitory
productivity shocks of the RBC-DSGE literature and of the permanent shocks identified in the
VAR literature (Gali (1999) and Fisher (2006)).

We also contribute to the literature on technology diffusion. Parente and Prescott (1994)
build a model of barriers to technology adoption able to explain per capita income disparity
across countries. Among others, Comin and Hobijn (2010) develop a neoclassical growth model
of technology diffusion aiming to explain TFP differences at the country level. We are akin
to Comin, Gertler and Santacreu (2009), who investigate the role of technology diffusion as

business cycle driver and to Anzoategui et al. (2016) focus on the endogenous cyclicality of



technology diffusion as to explain the slowdown in productivity following the great recession.

In chapter 2 I extend the previous model by considering also a non-trivial financial sector.
In consequence of the great financial crisis, the financial accelerator framework, outlined in
the seminal work of Bernanke, Gertler and Gilchrist (1999), has been adapted to feature the
prolonged slump in the aggregate production of Western countries characterizing the great
recession both in the US and the Euro-Area (see for instance Gertler and Kiyotaki (2010) and
Gerali et al. (2010), respectively).

I consider the role of financial intermediaries in a multi-sector DSGE model where growth
determinants in the Investment- and Final-goods (I- and F-sectors henceforth) production are
allowed to differ. In this respect, we dig into the interactions between a financial friction and a
stylized I-sector evolving endogenously in terms of firms entry/exit flows, technology spillovers,
and thus, productivity dynamics.

The main focus is twofold. On the one hand, it concerns the role of financial intermediaries
when the technological change can take place in different production sectors. On the other, the
study investigates how a financial crisis impacts on endogenous firm dynamics.

In this regard, the model has some specific features. First, I-sector firms are character-
ized as in chapter 2. Second, the financial sector is modeled as in Gertler and Karadi (2011)
(GK henceforth), to emphasize how endogenous balance sheet constraints affecting financial
intermediaries can limit the capacity of non financial firms to obtain investment funds. Most
importantly, the stylized formulation of our I-sector allows to investigate how endogenous vari-
ations in the relative price of investment goods affect banks’ balance sheets and impact on
the financial transmission mechanism . We highlight how this channel is critical to shape the

transmission of investment-specific technology (IST) shocks and banking crisis episodes.

Our first result concerns the transmission of an unexpected permanent investment-specific
technology improvement, driven by an inflow of more efficient new firms. This depresses the
relative price of investment goods and triggers a process of creative distruction as less efficient
incumbents are driven out of the market. In cosequence of this banks assets lose value and the
interest rate spread between loans and deposits increases, dampening the expansionary effect
of the shock.

The second result concerns the slow recovery characterizing the aftermath of the Great
Financial Crisis. Indeed, as documented by Siemer (2016), the financial constraints hitting the
economy during the great recession led to an impressive contraction in the inflow of new firms,
which contributed by a great extent to the slow recovery. The introduction of our stylized
I-sector in an otherwise standard version of GK in fact leads to a milder subsequent recovery
following the crisis episode. This is because, in the aftermath of a banking crisis, the inflow
of new, more productive firms is dampened by endogenous variations in the relative price of
investment goods which are otherwise neglected in the canonical GK model. The intuition is

that, when new entrants do not bring any valuable innovation in the market (i.e. the entry flows



are not led by any positive IST shock), the sectoral production increase is impaired because of
a lower idiosyncratic efficiency of incoming market players.

With this work we mainly contribute, adopting a Schumpeterian growth theory perspective,
to the financial friction literature as well as to the one which focuses on investment dynamics.
In this regard, it must be said that the related economic literature in a general equilibrium
framework is scant. Lorenzoni and Walentin (2007) study how the introduction of a financial
constraint alters the comovement of gross investment and the Tobin’s Q in an otherwise standard
general equilibrium model as in Hayashi (1982). As a result, the authors are able to generate
an empirically lower (and thus more plausible) correlation between these two variables even
though they abstract from firms entry/exit dynamics. Another strand of the literature, instead,
seems to point towards financial frictions impairing the relevance of the IST shock at business
cycle frequencies. The first to argue in this direction were Justiniano, Primiceri and Tambalotti
(2011) who, by drawing a distinction between a permanent shock affecting the transformation
of final into investment goods (IST) and a transitory shock impacting the aggregation of gross
investment into the stock of capital (MEI, i.e. marginal efficiency of investment), show that
the latter is the major business cycle driver for the US. In particular, they identify the MEI
shock as a disruption of the financial system, especially during the great recession, even if their
model does not explicitly embed any financial sector formulation. However, Kamber, Smith
and Thoenissen (2015) overthrow this view by introducing a collateral constraint a 1A Kiyotaki
and Moore (1997) in an otherwise standard DSGE model as in Smets and Wouters (2007).
They find that, in the presence of binding collateral constraints, risk premium shocks dry up
the contribution of more general investment shocks over the cycle. Thus, they suggest that
investment and risk premium shocks are almost mutually exclusive since the relevance of the
former is not robust to more explicit formulations of financial frictions. Similarly, Afrin (2017)
introduces the MEI shock in a DSGE model akin to GK and shows that, in such a context, the
shock transmission is impaired by the generated countercyclicality of the financial claims price.
However, these last two contributions abstract from a true and permanent investment specific
technology progress, which we adequately take into account instead, and do not allow for any

distinction between the relative price of investment goods and the marginal Tobin’s Q.
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Chapter 1

A DSGE Model with Creative Destruction
and Knowledge Spillovers

Coauthored with Professor Patrizio Tirelli

JEL classification: E13, E22, E30, E32

keywords: Business cycles, Investment-specific technology, DSGE model, Creative destruc-

tion, Firm dynamics

1.1 Introduction

Productivity growth drives long run growth and plays a key role in determining business cycle
fluctuations. Early stochastic growth models accounted for both aspects assuming investment-
neutral technological change. Motivated by the spectacular increase of capital intensity in the
production of final goods over the last 50 years, Greenwood, Hercowitz and Krusell (1997) argue
in favor of the investment-specific technological (IST hereafter) change being the true driver of
growth in the US.

While there is a broad consensus that permanent IST shocks are the key driver for long run
growth, the relevance of such shocks at business cycle frequencies is controversial. Greenwood et
al. (2000) suggest that IST shocks could play a prominent role for business cycle fluctuations.
Fisher (2006) finds that the permanent IST shock is the major source of both growth and
business cycle fluctuations. By contrast, Justiniano, Primiceri and Tambalotti (2011) (JPT
hereafter) incorporate investment specific technology in an otherwise standard empirical DSGE
model of the US. They draw a distinction between technological change that permanently
affects the transformation of final into investment goods, and temporary shocks that affect the
production of installed capital from investment goods (MEI shocks). They find that, different
sectoral productivity trends drive IST relative prices and bear no relevance at busines cycle
frequency, whereas MEI shocks are the most important driver of business cycle fluctuations.

Here we plot the business cycle components of US real GDP and NIPA deflator for durable



consumption and private investment from 1947:I to 2015:1 (Figure 1.1 ).
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Figure 1.1: Real GDP and Real Price of Investment over the business cycle. Business cycle
components are derived using Christiano and Fitzgerald (2003) implementation of the band
pass filter as in Fisher (2006).

The unconditional correlation turns out to be —0.22, statistically significant at 5%. Such
a negative comovement is typically rationalized by postulating exogeneity of new technology
diffusion, i.e. highly persistent technology shocks. Fisher (2006) finds a correlation of —0.54 by
using the GVC deflator for equipment as measure for the relative price of investment. Indeed our
estimate should be considered a lower bound since, as documented in JPT, the NIPA deflator
for gross investment is fairly less countercyclical than when only equipment are considered.

Our purpose here is to provide new insights on the business cycle implications of perma-
nent IST shocks. We build a DSGE model incorporating endogenous firm entry and exit in
the capital sector, idiosyncratic efficiency (productivity) levels and an endogenous technology
diffusion process based on imitation. For sake of tractability, we model technological diffusion
as participation to a lottery, where end-of-period incumbents draw their idiosyncratic efficiency
from the latest technology frontier introduced by the most recent wave of new entrant firms.
This is an innovative feature of our contribution which allows to model endogenous exit flows
abstracting from the idiosyncratic evolution of each incumbent’s efficiency.

The transmission mechanism we have in mind is as follows. In the sector producing produc-
ing investment goods (K-firms), firms are characterized by idiosyncratic efficiency, decreasing
returns to scale, and by a fixed production cost. This allows to obtain a distribution of K-firms
whose features are crucially determined by entry-exit conditions. In each period new entrants
benefit from exogenous advances in the technology frontier, but entry and exit thresholds are af-
fected by the endogenous relative price of investment goods. With a lag, the technology adopted
by new entrants spreads to surviving incumbents. As a result, threshold dynamics, caused by

endogenous variations in the relative price of investment goods, determine the average efficiency



3
of new entrants and of surviving incumbents. K-firms production shrinks in response to a posi-

tive technology shock because the gain from new-entrants productivity is initially swamped by
the reduction in the probability mass of incumbents. This causes a creative destruction in the
K-sector production which is then gradually reversed by technology spillovers.

The introduction of technology spillovers relies loosely on Schumpeterian growth theory. In
this flavor, and according to the findings of Aghion et al. (2009), when sectors are initially
close to the technology frontier (as it is the case for production of durables and equipment, i.e.
the K-sector), the threat from innovative entrants triggers incumbents technological innovation
which in turn steers (sectoral) productivity growth. We model this intriguing incentives scheme
under the form of simple technology spillovers.

To support intuition, we sketch here the implications of a permanent IST shock in our
model. The initial inflow of relatively more productive new entrants increases, shifting to the
right the supply schedule for investment goods. A “creative destruction” event is triggered by
the IST price fall, which raises the incumbent exit threshold and wipes out the least productive
incumbents. However, the technology diffusion process eventually dominates, and production
permanently increases in spite of the permanently lower price of investment goods. Numerical
simulations show that transition to the new steady state is very persistent.

We can also evaluate the supply-side effects of MEI shocks, which raise demand for K-firms
goods and therefore impact on entry-exit thresholds through their effect on K-sector prices. In
fact we find that MEI shocks determine a strongly procyclical dynamics of the relative price of
investment goods which is at odds with empirical evidence. This questions the plausibility of
JPT celebrated result that MEI shocks are the main business cycle driver.

Our characterization of the K-sector endogenous evolution is loosely based on Asturias et al.
(2017) who, inspired by the seminal work of Hopenhayn (1992), develop a growth model where
firms entry and exit affect productivity through competitive pressures in the economy, but there
is no endogenous technology diffusion. Clementi and Palazzo (2016) investigate the role that
entry and exit dynamics play in the propagation of aggregate shocks, but neglect the role of
sectoral productivity dynamics.

We contribute to a rapidly expanding literature on endogenous entry and exit in DSGE mod-
els based on Bilbiie, Ghironi and Melitz (2012) (see also Etro and Colciago (2010); Colciago and
Rossi (2015); Devereux, Head and Lapham (1996); Chatterjee and Cooper (1993); Jaimovich
and Floetotto (2008)). They focus on business cycle fluctuations whereas we emphasize the
interaction between permanent technological change, technology diffusion and fluctuations at
business cycle frequencies. In this regard our work is inspired by Sims (2011) and Canova (2014)
who emphasize the importance of jointly considering the roles of the persistent but transitory
productivity shocks of the RBC-DSGE literature and of the permanent shocks identified in the
VAR literature (Gali (1999) and Fisher (2006)).

We also contribute to the literature on technology diffusion. Parente and Prescott (1994)
build a model of barriers to technology adoption able to explain per capita income disparity
across countries. Among others, Comin and Hobijn (2010) develop a neoclassical growth model

of technology diffusion aiming to explain TFP differences at the country level. We are akin
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to Comin, Gertler and Santacreu (2009), who investigate the role of technology diffusion as
business cycle driver and to Anzoategui et al. (2016) focus on the endogenous cyclicality of
technology diffusion as to explain the slowdown in productivity following the great recession.

The paper is organized as follows. Sections 1.2 describes the model economy. Section 1.3 is
devoted to the interpretation of our results. Section 1.4 concludes. Technical details are left to

the Appendix.



1.2 The model economy

They key players in the economy are K- and F-firms, respectively producing investment and final
goods. K-firms are endowed with a decreasing returns to scale technology, are characterized by
idiosyncratic efficiency levels and face both variable and fixed production costs. The K-sector
is characterized by entry and exit flows of firms. Our analysis emphasizes the distinct roles
played by New Entrants (NEs), who draw their idiosyncratic efficiency levels from a new more
productive technology distribution, and Incumbents (INC's), who remain in the market as long
as their profits are non negative. Final goods producers are characterized by a permanent
labor-augmenting stochastic technology shifter. This will allow to investigate the distinct roles
played by capital augmenting and by neutral technological change.

Households supply labor in the competitive labor market and choose consumption and sav-
ings, determining the accumulation of capital. When chosing the desired stock of capital to
be used in next-period production, households transfer savings to K-producers who transform
them into investment goods. We also assume that when assembling investment goods into the
capital stock households bear investment adjustment costs.

The sequence of events, summarized in the diagram below, is as follows. At time ¢, F-firms
exploit factor services to produce goods which are sold to households. Households consume,
save, supply labor and capital services. At the end of time ¢, our K-firms sector is made of
a measure 7 of active firms distributed between new entrants, NE;, and incumbents, INC},

survived from period t — 1.

ne = NE; + INCy (1.1)

K-firms are endowed with household savings, in the form of final goods, to produce in-
vestment goods which are then sold back to households who bear some adjustment costs in
aggregating the new stock of capital.

At the beginning of period ¢t + 1 K-firms engage in technology updating, characterized as a

random draw from the technology distribution introduced in the economy by NFE; firms.

Beginning End I Beginning End
E +1
| Final good | Final good [—
Production F-Firms ‘ lﬂ'oduction
w
i
i

S

i
Z i g
[ Households Households

[] —{ v |
Symmetric Idiosyncratic Symmetric Idiosyncratic
Shock Shock Shock Shock

Figure 1.2: Flow of events in our economy.



1.2.1 Final Good Producers

Monopolistically competitive retail firms assemble the final good bundle Y; using a continuum

of intermediate inputs Y;*. The representative firm profit maximization problem is:

1
max FY; — / Pryldh
Y, Y} 0

st Y, = [/01 (Yth> < dh]yy_1

From the first order conditions, we obtain:

PPNT"
vp = < " ) Y, (1.2)
t

P = [/01 (pth)l_” dh} v (1.3)

Price stickiness is based on the Calvo mechanism. In each period retail firms face a probabil-

ity 1 — A, of being able to reoptimize its price. When a firm is not able to reoptimize, it adjusts

its price to the previous period inflation, m;_1 =

gz:;. The price-setting condition therefore is:

h h
by = 773311%—1 (1.4)

where 7, € [0, 1] represents the degree of price indexation.

All the 1 — A, firms which reoptimize their price at time ¢ will face symmetrical conditions
and set the same price P,. When choosing ]St, the optimizing firm will take into account that

in the future it might not be able to reoptimize. In this case, the price at the generic period

. 5 e Pris—
t + s will read as P, <Hf7t+s_1> where Il ;451 = .. Tps—1 = Hjll.

P; is chosen so as to maximize a discounted sum of expected future profits:

Etz BAp)° Aigs (Pt ttts—1 Pt+sm6t+s) v,

subject to:
P IIX -
h d tt+s—1
Yo=Y <Pt+:> (1.5)

where Y, is aggregate demand and A; is the stochastic discount factor.

The F.O.C. for this problem is

1-v ~
=) () B (Pe) +

~ 1 —v =0 (1.6)
+v P Ptlﬁ; MCis (HZ‘;H_l)

B ST (BA)° Mrs Vi



Intermediate good firms
Intermediate firms h are perfectly competitive, hire labor from households and exploit capital
rented at the end of period ¢t — 1. Their production function is

Y/ = (2 N)Y K (17)

where N defines worked hours, K is the capital stock, 2™ is a permanent labor augmenting

technology shifter (LAT hereafter), such that 2" = 2" ; g, where

In(g.t) = (1 —pz)In(ge) + pzIn(gz-1) +0%¢f (1.8)

and €/ ~ N (0,1). The LAT shifter embeds a deterministic trend component, g, which is

also the BGP gross rate of the economy.

Profits are as follows
I}9 = me, Y — WilNy — i Ko (1.9)

where W; and ry ¢ respectively define the real wage and the rental rate of capital defined in

consumption goods. Cost minimization implies

the real marginal costs are:

1—x X
mey = & (1”” ) (‘?) (1.10)
- X ' X

1.2.2 The Representative Household

We assume a standard characterization of households preferences,

e e] ) N1+9
Ut (C, N) = ZBH_Z{ In (Ct—l-i —aCt+7;_1) —(I)lf:ZG} (111)
=0

Parameter a defines internal consumption habits. The flow budget constraint in real terms
is
B By
Cy + Quly + Ft = Rn,t—l%l + g K1 + WilNy + Hf(’F (1.12)
t t

EF are

where @) is the relative price of investment goods, I defines investment goods,
profits rebated by final and K-firms, and B is a nominally riskless bond of one-period maturity
with gross nominal remuneration R,.! The law of motion of capital is

I

Ki=(1-8)K1+u [1 -8 <It1)] I (1.13)

'In this model there is no fiscal sector, therefore bonds are in zero net supply.
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2
where ¢ is the capital depreciation rate, S ( If;) =1 ( Itlil — 1) defines investment ad-

justment costs, u¢ is a shock to the marginal efficiency of investment (i.e., MEI) as in JPT:

In (pf) = pui In (1j_1) + o'} (1.14)

and e ~ N (0,1) is an i.i.d. innovation term.

The FOCs are

)\t = (Ct - aC’t_l)_l — ,BCL (Ct+1 — aCt)_l (1.15)
PN/
L=Ww, (1.16)
At
ki I I I
i i [1 - (Sl (I&) =+ (1&))] +
Qt - )\t+1 k 7 ! It+1 It+1 2 (]‘]‘7)
HBE | 3Pt S ( I )( T )
Tk,t4-1 %’fﬂ
At = BE; )‘t+1 7k + " (1 — (5) (118)
Pt Pt
R,
M\ = BE, {Am 4 } (1.19)
Tt+1

Where o} = fz is the shadow value of the capital stock in units of consumption goods (or
in other words the marginal Tobin’s Q), ¢; is the Lagrange multiplier of the law of motion of
capital and S’(-) = 1 ( Teyi 1).

Tiq i1

1.2.3 The K-sector

At the end of period ¢, K-sector firm j is characterized by the following production function

where K = NE, INC' defines whether the firm is a new entrant or an incumbent one. o < 1
implies that production occurs under decreasing returns to scale. AtK 7 is the idiosyncratic

efficiency level. In terms of final goods, profits are

K,j K,j K,j K
11! J_ Qu, J _ S, T f (1.20)
where f/ is a fixed production cost such that ftk = gL f*, where we assume that K-firms
fixed costs dynamics has the same deterministic trend of the LAT shifter, 2 2. K-producers

operate only if they earn non-negative profits because idiosyncratic efficiency is fully observable

2This assumption is needed in order to avoid that the LAT shock impacts also the fixed costs structure.
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by households and moral hazard problems do not arise by assumption. Therefore, the K-firm
maximization problem boils down to a static one, and is solved maximizing profits with respect
to StK .

1
5K = <QtaA{<’J) e (1.21)

By plugging (1.21) into the zero-profits condition (1.20) we obtain the efficiency threshold
that defines operating K-firms:

K 11—«

N 1

A = i (1.22)
1—« Qra”

Note that flf( positively related to the fixed cost of production and is a negative function of

the investment goods relative price. Thus entry and exit decisions are endogenous to any shock
which affects Q.

New Entrants

The market entry decision at the end of time ¢ is conditional to firm NE,j idiosyncratic pro-

NE,j NE,j
At At

ductivity level . A unit probability mass of potential NEs draw their individual

every period from a new and more efficient Pareto distribution®

NE oo e NE NE
e (AFF)
where 7 is the tail index describing the distribution skewness. The NFEs technology frontier

embeds a stochastic trend: e; = e;_1ge,¢, where

In (get) = (1 — pe) In(ge) + peIn (ge,t—1) + 0% (1.24)

and f ~ N (0,1).* The NEs efficiency draws technology shock consists of a sudden and
unexpected shift to the right of the potential N Es’ pfd virtually keeping the NEs cutoffs (1.22)
fixed. This causes an inflow of a higher mass of more productive NEs in the market strengthening
competition among all K-firms. Indeed, it is theoretically consistent with what is known in the

DSGE literature as the Investment Specific Technology shock (IST). Moreover, notice that, in

order to ensure the existence of a BGP, g1~ = g, must hold in the deterministic steady state®.
The mean of (1.23)
NE\ _ 7
p(AY) = ——e. (1.25)

v—1
is driven by the lower bound of the support defining the pdf which grows at the gross rate
ge in the deterministic steady state. The probability mass of effectively entering NE firms is

3The formulation of the potential NEs efficiency problem is a simplification of the one presented in Asturias
et al. (2017)

4 To ease the burden of notation, we abstract from the idiosyncratic index j.

®See section B.3.2 in Appendix.
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obtained by cutting the pfd in (1.23) at the NEs threshold , AN? | obtained from eq. (1.22):

+o00 Y

1 1—a?
NE, = f(A¥) = [ d(AiVE>=[Qtaaet (;5“) ] (1.26)

ANE (AI{VE)7+1 t

Incumbents

At the end of period ¢t — 1 the mass of active K-firms, is
ni—1 = NE;_1 + INCi_4

At the beginning of ¢, INC;_; firms observe NE;_; K-firms technological level and update
their plants accordingly. For sake of simplicity, we model the updating process as a lottery

A{Nc’j from the Pareto distribution with support

where all 1,1 firms draw their individual
[flﬁ £, —i—oo) that characterizes NE;_q firms. Such a formulation brings the advantage of mod-
eling endogenous exit flows without the need of keeping track of the idiosyncratic evolution of
each incumbent’s efficiency level.

Thus, at the beginning of period ¢, survived NEs and INC's from t — 1 are grouped into the

Pareto pdf defining the new idiosyncratic productivity level for each incumbent K-firm

(AN /+w v (Aﬁlﬁ)w

N/ g(AINe 1.27
o (A{NC)W (A7) (1.27)

but only firms that satisfy the non negative profits condition (1.22) will survive in the

market and thus be active in t. In other words, the mass of INC is obtained as the fraction of

AINC AINC e\t

1n:—1 computed over the support share [At ,—|—oo> of (1.27), where A,V = ( T ) Oran
defines INC firms cutoff:

A soo vy (415)
INC, = 1 fu(ANC) = / d(AINC) — (1.28)

apre (apveytt

1—
A (1 2 a>1_a Qua” ' = Nt-1 & " o
=1\ fjve FINC Oi 1

which allows us to rewrite the law of motion for the mass of active firms as

l—a v
1—a\l® v NE Q
= [Qtaaet <NE ) e || g L (1.29)
t

= "1

t Qtfl

Finally, the mass of exiting K-firms in ¢ is

NE 11—« Q
EXIT; =n;_ 141 — =1 ¢ 1.30
t Nt—1 ( thc) Qt_l ( )
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Needless say, the dynamics of the relative price of investment goods is key to determine the

K-firms sector expansion.



12
K-firms production and the process of creative distruction

Supply functions for NE and INC firms are easily computed.®

+o0 . N .
IVE = / AN <QtaA£VE’]) T AR (AN (1.31)
ANF
_ Y(l-a) (inp\Ta e
= NE (4%) " (Qua)
. o l—« v Y Q;:Y_l
+00 . | e .
_ﬁNC::/i AT (QuaANOT) T R (AN (1.32)
A{NO
B (1 —«a) LINC) Ta T
_INQVQ—ay—1@% ) (Qeer)?
—alY _
N (O -
1 Q-1 71 —a)—1 (ftINC)(l—Oé)’Y—l

From (1.31) it is easy to see that a shock to e; shifts to the right the N E; supply of investment
goods. For any given demand for investment goods (1.17) this puts downward pressure on in
the relative price Q;. As a result, from (1.28) and (1.32) it is easy to see that both the mass of
surviving incumbents and their supply of investment goods shrinks. This is the essence of the
“creative destruction” process triggered by IST shocks. In Section 1.3.1 we fully characterize

dynamics associated to such a shock.

1.2.4 Market clearing and policy rules

The K-goods and F-goods market clearing conditions respectively are

I = INP 4 [[N¢ (1.33)
Yi = NE SN — INC N = Cy + S, (1.34)
where
+o0 ) ) +o00 ' 4
S = / $ (A7) ar(a™) + / $ (ANOT) ar(a ) (1.35)
ANE Alne

is the amount of input demanded for K-goods production coinciding with households savings
and thus

5See Appendix B.4 for details of the derivation.
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e o a7 s (a0 ar - [ A s (4] ) .0

NE INC
At At

The K-sector average productivity level, A, is

) AN R (AN (1.37)

NE INC
At At

T oo NE g NE.j +
m—/ AtMﬂ@’ﬂf/

Finally, we assume that the Central Bank controls monetary policy by means of a simple

Taylor rule with interest rate smoothing

R” 13 Rn t—1 PR T\ B mey Ry 1=pgnss
) 7 7S w1/ "e 1.
() = ()™ [ (5 25) et am

1.2.5 Solution and Calibration

The trends in sectorial technologies render the model non-stationary even though in this formu-
lation final output, capital and investment are assumed to grow at the same BGP rate, whilst
hours worked are stationary as well as (for sake of simplicity) the relative price of investment
goods”. The details on the existence of a BGP are left in Section A.3. For what concerns the
stochastic simulation of the model, stationarity is obtained by appropriate variable transforma-
tion (see sections A.1 and A.2). The model is solved by means of a first order perturbation
method and the list of stationary log-linearized equations is reported in Section A.7.

We assume the BGP rate of the economy to be g, = 1.004 on quarterly basis. For sake of
simplicity we set the NEs fixed cost of entry at 1% of final output. We calibrate the model
at quarterly frequency, thus we impose 8 = 0.99 to obtain a yearly value of r}® = 0.0351 .
We calibrate ® at a conventional value such that N*° = 0.3333 and 6 = 0.276. The capital
depreciation rate is conventional: § = 0.025. We also set NFE's as to be the 10% of total firms on
annual basis in order to match the US business destruction rate as in Etro and Colciago (2010).
Then, we normalize the steady state relative price of capital, Q* = 1, and the technology shifter
in ss 2" = 1. The final goods elasticity of substitution, v, is set equal to 11, the probability of
not updating prices is A, = 0.779 and price indexation coefficient is «y, = 0.241. Following JPT,
the parameter governing investment adjustment costs is vy = 3.142.

The K-producers returns to scale, a, the N Es technology shifter, e, and the tail index of
the Pareto distribution, v are calibrated to obtain that Their calibration must be consistent
with the fact that, from the law of motion of capital, I/* = 0.2049 and consumption output ratio
is ~ 80%. In other words K-producers must be distributed in a way such that in equilibrium
Q% = 1. To do this, we impose a = 0.8 and v = 6.1, this pins down the initial condition for
the NEs technology shifter, e®®* = 0.3397. The calibration of « is at the lower bound of Basu

and Fernald (1997) estimates, whilst the value assigned to - is set to resemble Asturias et al.

"The model could be easily extended to embrace a trend for Q.
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(2017)8. Finally, concerning the Taylor rule, we set the interest rate smoothing coefficient, PRss,
equal to 0.8 and the relative coefficient on inflation and outputgap, k- and r,, are equal to 1.5
and 0.125, respectively. Finally, the MEI shock persistence, p,, is equal to 0.813 as in JPT and
the IST shock peristence, p, is nil as to allow for the IST shock propagation fully due to our
endogenous updating mechanism.

Parameters calibration is summarized in Table 1.1.

Table 1.1: Parameters

Households

g 1.004 Gross BGP rate

B 0.994 Discount factor

a 0.815 Habit parameter

d 0.025 Capital depreciation

YI 3.142 Investment adjustment costs

0 0.276 Inverse Frisch elasticity of labor supply
Ns® 0.3333 SS labor

Retailers

v 11 Final goods elasticity of substitution
Ap 0.779 Probability of not updating prices
Yp 0.241 Price indexation parameter

Intermediate Producers

2" 1 L-shifter (LAT) initial condition
X 0.67 Labor share of income

K-firms

ge gi—@ Technology frontier (IST) BGP

« 0.8 K-producers returns to scale

e’ 0.3397 Technology frontier (IST) initial condition
fNE 0.01*Y  Entry Cost initial condition

1— Hs® 0.025 Share of NEs over total K-firms

o' 6.1 Tail index of K-firms distributions
Central Bank

Ko 1.5 Taylor Rule inflation coefficient
Ky 0.125 Taylor Rule output coefficient
PRss 0.8 Interest rate smoothing

Exogenous Processes

Pui 0.813 MEI shock persistence

Pe 0 IST shock growth persistence
Pz 0 LAT shock growth persistence
o€ 0.05 et shock sd

o* 0.01 zy* shock sd

ot 0.05786  MEI shock sd

1.3 Impulse Response Analysis

1.3.1 The IST shock

To begin with, we exploit steady state derivations in section A.3 in Appendix to characterize
the long run effects of the shock. Note that from conditions (A.78) and (A.79) it would be

8n order to show that our results are not specific to particular parametrizations of the K-sector, we perform
a sensitivity analysis of our key results in Section A.6.
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straightforward to show that the shock causes a permanent increase in the supply of investment

goods which is associated to a permanent fall in their relative price. Numerical calculations show
that a 5% white noise shock to the RW component of e; causes a 6.91% increase in investment
and a 4.63% fall in Q. This dynamics is qualitatively in line with the empirical evidence ( see
Greenwood, Hercowitz and Krusell (1997) and Fisher (2006)). Technology diffusion through
incumbents’ technology updating is crucial to determine this result. Given condition (A.69)
this causes a fall in 7, and an increase in the capital labor ratio. As a result, in the medium
run, higher wages determine an increase in the labor supply which then slowly reverts back to
its old steady state value. Table 1.2 reports the steady state adjustments of key variables to a
permanent 5% IST shock.

Table 1.2: Variables deviations from old SS to 5% permanent IST shock

Variable %A from
old ss

2.28
2.28
6.91
6.91
-4.63
2.28
2.28

S ZoOx~AQX

Let us now turn to the analyis of IRFs, i.e. Figures 1.3 and 1.4. The stochastic trend is
added back in order to visualize the steady state transition path from the old to the new steady
state.

Given the stochastic process defining e, from condition (1.26) we know the IST shock implies
an inflow of more productive NEs which shifts the supply schedule (1.31) to the right.

The fall in the relative price of investment goods raises the efficiency level of incumbent
firms which is necessary to meet their zero-profit condition. As a result the mass of exiting
incumbents increases. At the end of the initial period, surviving incumbents adopt the new
technology shifting to the right the supply of investment goods and further lowering the the
relative price of investment goods. This fall begins to raise the NEs cutoff, gradually bringing
down their number. New technology adoption gradually allows more incumbent firms to survive
in the market, but this process is very slow. In fact, it takes 20 periods before INC's mass returns
to the initial steady state level.

The total mass of active firms, 7, shrinks for a few periods and then begins to pick up
again. This ”creative destruction” effect characterizes the early phase of the adjustment to
the shock and is reinforced by the sluggish demand for investment goods. In fact, in spite of
the immediate fall in @, which calls for greater demand, the expectation of further reduction
in their relative price induces households to postpone investment, which remains below the

initial steady state value for 10 quarters. Consumption remains almost constant for the first



16

20 periods and then begins to pick up. Weak investment demand implies that capital goods

producers initialy decrease their demand for final goods. As a result output immediately falls,

initiating a moderate four-years-lasting recession. This pattern, in turn, drives the evolution of
employment.

The results we have just shown are not specific of the DSGE version of the model as an

RBC formulation yields virtually the same impulse responses.
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The importance of technology spreading and endogenous entry and exit

As pointed out above, a pivotal role in this rich transmission mechanism is played by the
incumbents’ updating ability which generates an impressive degree of persistence in real variable
dynamics. To benchmark the importance of knowledge spreading and endogenous entry/exit in
general, we have also constructed a version of this model where €7 shocks are unconsequential
for incumbents’ technology updating, which is now entirely driven by the deterministic trend
ge, and thus cyclical entry/exit flows in the K-sector are set off. For sake of clarity, we point
out that what distinguishes our benchmark model from its no-entry/exit counterpart is the
formulation of (1.31) and (1.32). Indeed, the relative K-firms mass and cutoff showing up there
are now the ones prevailing in ss and thus do not vary over the business cycle.

This apparently slight modification has a non negligible effect. As a consequence, the model
without endogenous entry/exit is now more in line with the canonical two-sector neoclassical
growth model.

To match the variance of final output obtained in our canonical formulation where firm
dynamics are endogenous and p. = 0, we need to impose p. = 0.61, i.e. the variance of g.; is
now roughly 1.6 times larger than in the baseline model.

For sake of clarity, stochastically detrended” impulse responses are displayed in Figures 1.5
and 1.6. In other words, the variables of interest are now expressed in terms of gaps from
their "new” ss level. This is done also to show gap correlations which are the ones effectively
discussed in the literature. Thus, for instance, a negative output gap does not necessarily mean
that a recession is occurring (net of the initial ”creative destruction” effect of course), rather
that there is a transition from the ”old” to the "new” ss and thus a likely output increase.

The first result is that the endogenous entry/exit mechanism is crucial to introduce a very
high degree of persistence in the model in spite of a nil shock persistence. Indeed, the recovery
from creative destruction is far slower. The second result hinges on the ”creative destruction”
itself being exacerbated by cyclical firm entry/exit flows. In fact, Qgap and Iyq), are negatively
correlated in the benchmark model differently from the one where entry /exit is neglected. This is
because in the former case the IST shock realization sweeps away the most inefficient incumbents
thus destroying a sizable share of K-goods production (see the first impulse response on the
third row in Figure 1.6) resulting in an excess of demand in the K-goods market. This makes
Qgap increase, since its stochastic trend is now permanently lowered, to then slowly roll back
to its new ss level. When firm entry/exit flows are set off, no incumbent exits the market
in response to the permanent sectorial technology advance and so K-goods production is now
entirely driven by the shock persistence steering the demand of consumption goods necessary for
sectorial production. This lack of ”creative destruction” induces an initial fall in @) 44, via excess
of supply in the K-sector which then overshoots it new ss level thanks to the higher demand of

consumption goods for sectorial production induced again by the IST shock persistence.

9Stochastically detrended IRFs imply that variables are meant to be stationary with respect to their new
stochastic trend (characterized by the new, permanent IST shock). By contrast when the stochastic trend is
added back, as in Figures 1.3 and 1.4, IRFs are meant to be non-stationary with respect to the old stochastic
trend, i.e. the one before the permanent IST shock realization.
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In the end, entry/exit flows in the K-sector strongly characterize variables dynamics over

the business cycle.
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Figure 1.5: Impulse response functions to a stationary (stochastically detrended) IST shock.
Shock size of the white noise component of g ; is 0 = 0.05.
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1.3.2 A permanent increase in the LAT shifter

Let us consider a white noise shock in the LAT shifter growth rate, g, ;. Impulse responses are
shown in Figures 1.7 and 1.8. Again, plotted variables incorporates the stochastic trend.

In line with the previous contributions (see Gali and Rabanal (2004)) we obtain that that
sticky prices make labor demand shrink on impact in response to this shock. The LAT shock
can be seen as a demand shock for the K sector. In this regard, we observe an increase in
the relative price of investment goods, along with a reduction in the setor cutoffs, inducing a
permanent increase in final production. This not only allows, as time goes by, for the gradual
inflow of new less productive K-firms, but also makes less productive INC's survive. The netting
out of these effects is in favor of the latter boosting investment production with the K-sector
ending up being made of more less efficient firms. This mechanism downplays the quality of
technology spillovers from NEs to INC's’ as the impact of a true sectorial technology innovation
is now absent.

Overall, the transition induced by the LAT shock is pretty fast and the correlation between
Y (I) and @ is positive being at odds with empirical evidence and suggesting a minor role of

such a shock as to explain business cycle.



1 ; — . 02 . ; : ; 1 ‘ : ‘ ;
08 0 08} /_/,—’/
w w o
w w w
£ 06 g -02f 206} 1
& = &
« 041 « -04r < 04}
0.2 06 il 021
0 . . . . -0.8 + + + . 0
0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50
TR Q
0.8 T T T T 0.25 T T
06 r N 0.2
o o o
o 1751 o
g 04f 2015} B
& & i
« 02 < 01} <
- = 54l
of 0.05 0.
-0.2 0 i 0
0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50
K I Y
0.8 T 1.5 1
w 0.6 w w 0.8 |
w w2 1t o
g g E 06T
5 04 A i
04 r
3 S ost g
¥ p2 I LT
’ 021
0 0 k 0
0 10 20 30 40 50 0 10 20 30 40 50

Figure 1.7: Impulse response functions to a Labor augmenting technology shifter permanent increase.
Shock size of the white noise component of g, ; is 0* = 0.01.
pz=0

4



% A from 88

o
w

o
%

% A from 88

o A from S8

=53

(52

S
S

i

2
o

o

0 10 20 30 40 50
Exit

0 10 20 30 40 50
[ve

0 10 20 30 40 50

A from S8

%

-0.05

% A from S8

057

011

-015

02t

-0.25

% A from S8

0.02

0.01

-0011

-0.02

NE
10 20 30 40 50
AN E
10 20 30 40 50
T
10 20 30 40 50

Y% A from S8
o
o

% A from 88

% A from 88

-

057

05

Figure 1.8: Impulse response functions to a Labor augmenting technology shifter permanent increase.
Shock size of the white noise component of g, ; is 0* = 0.01.

pz=0

INC

10 20 30 40 50
INE

10 20 30 40 50
A

10 20 30 40 50

G¢



26
1.3.3 MEI shock

We finally simulate a MEI shock of the kind documented in JPT by therefore assuming the
same shock size.”

Impulse responses qualitatively resemble those in JPT, the transmission mechanism of the
shock is not altered by our formulation of the K-industry. The MEI shock generates a persistent
increase in the demand of capital and investment, this in turn lowers K-industry cutoffs. More
inefficient K-firms survive and the production of investment goods increases as the composition
effect prevails again in the K-industry. The persistent increase in capital accumulation in
turn raises the demand of labor and thus final output. As usual consumption initially slightly
decreases to leave room for the building up of investment to then start soaring when output
peaks.

Further, we highlight how the relative price of investment, (), and the shadow price of
capital, ©* (i.e., the marginal Tobin’s Q), comove negatively (as can be seen from (1.17)).
This is due to the fact that the MEI shock makes more convenient for households to buy
investment goods as now their aggregation into capital is more efficient. This endogenous
feedback from capital aggregation to the transformation of consumption into investment goods
is completely neglected in JPT’s analysis. Indeed, extending JPT to endogenous firms entry /exit
and technology spillovers, triggers a strong procyclicality of ) in response to a positive MEI
shock. This point is relevant as in the data the correlation between () and Y is rather negative
or eventually acyclical, but surely not positive. This implies that the MEI shock cannot be
accounted for as the lion’s share of business cycle fluctuations as the generated volatility of @

is at odds with the empirical evidence.

10Tt must be noted however that we abstract from both capital utilization costs and sticky wages as compared to
JPT. In this regard however, the introduction of our stylized K-sector sensibly enhances the shock transmission.
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1.3.4 Variance Decomposition

We now try to give an assessment of the relevance of the IST shock as to explain US business
cycle. In particular, we want to see whether the formulation of our stylized K-sector, which also
allows for oscillations of @ coming from sources different from the IST shock, deals with the
permanent IST shock playing a prominent role for business cycle. We exploit the theoretical
variance decomposition of our model by calibrating the IST shock such that we are able to
match a correlation between business cycle components of the relative price of investment goods
and real GDP equal to —0.386. We choose to match such a correlation since it is something
in the middle between the one obtained by Fisher (2006), —0.54, and our lower bound of
—0.22 according to the different definitions of relative price of investment. We compute the
variance decomposition by running the three shocks presented until now, that is permanent
IST, permanent LAT and persistent MEI shock. We calibrate LAT and MEI as in JPT, and
then tune the IST shock in order to match the above correlation between Qgqp and Yy,,. An
issue arises however, and it concerns the parametrization of the LAT shock about which the
empirical literature is scant. JPT estimate the permanent TFP shock for the production of
consumption goods with a persistence of 0.287 and a standard deviation of the white noise
component equal to 0.0094, yielding a standard deviation of the stochastic process growth rate
equal to 0.0098. This is what is theoretically closer to our LAT shock, and thus it is calibrated
it in the same way. Then, assigning a standard deviation equal to 0.012483 to the innovation of
the IST shock growth rate, and imposing p. = 0 because of the endogenous updating at work
in the K-sector, we match the contemporaneous corr(Yyap, Qgap) = —0.3865. In Table 1.3 we

summarize the relevant shocks calibration for the variance decomposition.

Table 1.3: Shocks Calibration for Variance Decomposition

pyi 0.813 MEI shock persistence
Pe 0 IST shock growth persistence
Pz 0.287 LAT shock growth persistence

o€ 0.012483  e; shock sd
o? 0.0094 z{* shock sd

o#' 0.05786  MEI shock sd

According to the above parametrization, we obtain that the permanent IST shock is the
major business cycle driver, in spite of a fairly lower magnitude than MEI shock, as we can see
from Table 1.4 below.

Indeed, it explains barely half of the variation of final output, more than 60% of variation
in consumption and almost 80% of variation in Q4qp. However, almost the totality of variation
of investment, K-firms mass and labor is up to the MEI shock. Finally, as expected the LAT
shock contribution is virtually not relevant.

At this point, it would be legitimate asking to what extent the endogenous K-firms entry /exit
mechanism featuring our model contributed to obtain the observed variance decomposition.

First, we observe that there is no way of obtaining a negative correlation between 44, and



30
Table 1.4: Variance Decomposition in percentage points

Variable IST LAT  MEI
Ygap 49.95% 6.81%  43.24%
Cyap 61.53% 16.65% 21.82%
Tyap 31.99% 1.26%  66.74%
Qgap 79.91% 037%  19.71%
N 1.88%  6.84%  91.28%
Ngap 6.41%  1.74%  91.85%

Yyap even for a very high persistence of p.. Thus, it follows that the natural comparison should
be done by means of the same calibration in Table 1.3 but using our model without K-firms
entry/exit flows. This experiment should give the extent to which entry/exit flows in K-sector

soar the IST shock contribution to explain the business cycle.

Table 1.5: Variance Decomposition in percentage points, No endogenous Entry /Exit

Variable IST LAT MEI
Yyap 16.82% 13.08%  70.1%
Coap 38.88% 27.9%  33.21%
Iyap 4.58%  1.78%  93.65%
Qgap 4.58% 1.78% 93.65%
N 7.05% 7.47% 85.48%
Ngap - - -

As it is possible to see from Table 1.5, the cyclical contribution of the IST shock to explain
Y is far smaller in favor of the MEI shock which is now the main driver of all relevant variables
but consumption. Notice also how the variance decomposition of Q44p and Iy, is now identical.
This is because gqp is the only determinant of variations in I44,. Therefore, we can conclude
that the endogenous K-firms entry/exit mechanism is key for the IST shock playing a relevant

role to explain the business cycle.
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1.4 Conclusions

Our results are theoretically consistent with the permanent IST shock playing a major role in
explaining both business cycle and long run movements of aggregated variables in the US.

From the theoretical perspective we constructed a novel two-sector model where firms entry
in the capital sector is endogenous to any aggregate shock hitting the economy. In particular, we
have that comovements between the relative price of investment-goods and sectoral productivity
depend on the specific features of the shock. Indeed, it is the endogenous response of the relative
price of investment, along with aggregate variables, which suggests that the IST permanent
shock must play a prioritary role. The novelty of our approach can be related to two main
issues. first, differently from JPT, variations in () are no longer attributable solely to the
IST shock. Second,endogenous technology updating allows to obtain very persistent dynamics,
especially @, even though the shock persistence is nil.

We have also documented how the same, endogenous, market forces giving raise to the above
result seem to rule out a relevant role of the labor augmenting technology improvement as long
run source of growth given that it would imply a positive correlation between ) and Y growth.

Last but not least, we have also documented that endogenous entry downplays the relevance
of the MEI shock as major business cycle driver, since it implies a strong procyclicality of the
relative price of investment goods which is not observed in the data.

1
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2.1 Introduction

In consequence of the great financial crisis, the financial accelerator framework, outlined in
the seminal work of Bernanke, Gertler and Gilchrist (1999), has been adapted to feature the
prolonged slump in the aggregate production of Western countries characterizing the great
recession both in the US and the Euro-Area (see for instance Gertler and Kiyotaki (2010) and
Gerali et al. (2010), respectively).

We consider the role of financial intermediaries in a multi-sector DSGE model where growth
determinants in the Investment- and Final-goods (I- and F-sectors henceforth) production are
allowed to differ. In this respect, we dig into the interactions between a financial friction and a
stylized I-sector evolving endogenously in terms of firms entry/exit flows, technology spillovers,
and thus, productivity dynamics.

Our main focus is twofold. On the one hand, it concerns the role of financial intermediaries
when the technological change can take place in different production sectors. On the other, we
are interested in studying how a financial crisis impacts on endogenous firm dynamics.

In this regard, our model has some specific features. First, I-sector firms are characterized
by idiosyncratic efficiency, decreasing returns to scale, and by a fixed production cost which is
crucial to determine entry-exit conditions. In each period new entrants benefit from exogenous
advances in the technology frontier, but entry and exit thresholds are affected by the endogenous
relative price of investment goods. With a lag, the technology adopted by new entrants spreads
to surviving incumbents. In this fashion, threshold dynamics, i.e endogenous variations in the

relative price of investment, determine the average efficiency of new entrants and therefore
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the quality of the technology diffusion process. This allows for endogenous variations of the

relative price of investment goods, which is no longer exogenously identified with the sectoral
TFP (see Greenwood, Hercowitz and Krusell (1997)). Second, the financial sector is modeled
as in Gertler and Karadi (2011) (GK henceforth), to emphasize how endogenous balance sheet
constraints affecting financial intermediaries can limit the capacity of non financial firms to
obtain investment funds. Most importantly, the stylized formulation of our I-sector allows to
investigate how endogenous variations in the relative price of investment goods affect banks’
balance sheets and impact on the financial transmission mechanism . We highlight how this
channel is critical to shape the transmission of investment-specific technology (IST) shocks and

banking crisis episodes.

Our first result concerns the transmission of an unexpected permanent investment-specific
technology improvement, driven by an inflow of more efficient new firms. This depresses the
relative price of investment goods and triggers a process of creative distruction as less efficient
incumbents are driven out of the market. In cosequence of this banks assets lose value and the
interest rate spread between loans and deposits increases, dampening the expansionary effect
of the shock.

The second result concerns the slow recovery characterizing the aftermath of the Great
Financial Crisis. Indeed, as documented by Siemer (2016), the financial constraints hitting the
economy during the great recession led to an impressive contraction in the inflow of new firms,
which contributed by a great extent to the slow recovery. The introduction of our stylized
I-sector in an otherwise standard version of GK in fact leads to a milder subsequent recovery
following the crisis episode. This is because, in the aftermath of a banking crisis, the inflow
of new, more productive firms is dampened by endogenous variations in the relative price of
investment goods which are otherwise neglected in the canonical GK model. The intuition is
that, when new entrants do not bring any valuable innovation in the market (i.e. the entry flows
are not led by any positive IST shock), the sectoral production increase is impaired because of
a lower idiosyncratic efficiency of incoming market players.

With this work we mainly contribute, adopting a Schumpeterian growth theory perspective,
to the financial friction literature as well as to the one which focuses on investment dynamics.
In this regard, it must be said that the related economic literature in a general equilibrium
framework is scant. Lorenzoni and Walentin (2007) study how the introduction of a financial
constraint alters the comovement of gross investment and the Tobin’s Q in an otherwise standard
general equilibrium model as in Hayashi (1982). As a result, the authors are able to generate
an empirically lower (and thus more plausible) correlation between these two variables even
though they abstract from firms entry/exit dynamics. Another strand of the literature, instead,
seems to point towards financial frictions impairing the relevance of the IST shock at business
cycle frequencies. The first to argue in this direction were Justiniano, Primiceri and Tambalotti
(2011) who, by drawing a distinction between a permanent shock affecting the transformation
of final into investment goods (IST) and a transitory shock impacting the aggregation of gross

investment into the stock of capital (MEI, i.e. marginal efficiency of investment), show that
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the latter is the major business cycle driver for the US. In particular, they identify the MEI
shock as a disruption of the financial system, especially during the great recession, even if their
model does not explicitly embed any financial sector formulation. However, Kamber, Smith
and Thoenissen (2015) overthrow this view by introducing a collateral constraint a 1A Kiyotaki
and Moore (1997) in an otherwise standard DSGE model as in Smets and Wouters (2007).
They find that, in the presence of binding collateral constraints, risk premium shocks dry up
the contribution of more general investment shocks over the cycle. Thus, they suggest that
investment and risk premium shocks are almost mutually exclusive since the relevance of the
former is not robust to more explicit formulations of financial frictions. Similarly, Afrin (2017)
introduces the MEI shock in a DSGE model akin to GK and shows that, in such a context, the
shock transmission is impaired by the generated countercyclicality of the financial claims price.
However, these last two contributions abstract from a true and permanent investment specific
technology progress, which we adequately take into account instead, and do not allow for any

distinction between the relative price of investment goods and the marginal Tobin’s Q.

The remainder of the paper is organized as follows. Section 2.2 initially gives an overall
picture of the flows of events in our economy and the describes in the details the model economy.
Section 2.3 comments our main findings and a final section concludes. Technical details are left

in Appendix.
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2.2 The Model Economy

They key players in the economy are I- and F-firms, respectively producing investment and
final goods, K-firms that assemble capital goods, and commercial banks. Right from the outset
we characterize their specific roles in the model.

At the beginning of each period, systemic and idiosyncratic shocks are revealed. F-firms
borrow from commercial banks to purchase from K-firms the capital stock they need to produce.
At the end of the period, when production is sold, F-firms sell the undepreciated capital stock
to K-firms and reimbourse the loans. At the end of each period, K-firms purchase from I-firms
the investments goods necessary to produce the capital stock they will sell to F-firms. When
aggregating the new stock of capital they bear some adjustment costs.

I-firms purchase from F-firms the final goods they need to produce the investment goods
which are then sold to capital assemblers. The I-sector is characterized by entry and exit flows
of firms. Our analysis emphasizes the distinct roles played by New Entrants (NEs), who draw
their idiosyncratic efficiency levels from a new more productive technology distribution, and
Incumbents (INCs), who remain in the market as long as their profits are non negative. In
addition, our model accounts for endogenous technology updating. At the end of time ¢, our
I-firms sector is made of a measure 7; of active firms, distributed between new entrants, N E},

and incumbents, I NC}, survived from period ¢t — 1.

= NE+ INC, (2.1)

At the beginning of period ¢ + 1 I-firms engage in technology updating, characterized as a
random draw from the technology distribution introduced in the economy by N E; firms.

Commercial banks are modeled as in GK. There is a continuum of households of measure
i € (0,1). Each household incorporates a continuum of individuals, 1 — f workers and f
bankers. Workers supply labor and return the wages earned to the household. Each banker
instead manages a financial intermediary and similarly transfers earnings (bank profits) back
to the household. There is an exogenous probability 6, that bankers continue to perform their
role in the following period. In turn, with probability (1 — ;) bankers exit the financial sector
and become workers; therefore for each individual engaged in banking, activity is expected to
last 1/(1 — ) periods.! At the beginning of each period the banker may choose to divert a
fraction A, of available funds from the bank portfolio. To ensure that depositors are willing
to supply deposits, bankers are required to cofinance bank activity with their own wealth, and
their discounted continuation value must be no less than the value of divertible funds. In fact
the supply of deposits sets a limit to the bankers’ leverage ratio and allows them to earn an
interest rate spread on the deposits rate which determines the banker’s continuation value. Note
that expected returns from banks loans are crucially determined by the evolution of the relative

price of capital goods. The latter, in turn, is determined by the endogenous interaction between

!This assumption is typically made to prevent bankers from accumulating net worth up to the point where
they would no longer need deposits to supply loans.
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I-firms dynamics and financial market conditions. This is a novel feature of our model.

2.2.1 The Representative Household

The representative household’s problem is

[e'e) N1+-9
i In (Cryy — aCliyiq) — D—E
C}?]\%?(Btgﬁ { n( t+i — algyq 1) 110
N (2.2)
s.t.

Cy=WiN;+1I°+ Rl B, 1 — B,

Where TI? is net payouts to the households from ownership financial intermediary, K-firms
and I-producers net of the transfer the household gives to new bankers and B; is the quantity
of short term debt (deposits) the household acquires, remunerated at the real rate RY.

First order conditions are standard

M = (Cy —aCi_1) "t = Ba(Crpr — aCy) ! (2.3)
0

Nt _ 1472 (2.4)
At

A = BE, {Ame;} (2.5)

Which are the usual marginal utility of consumption, Leisure-Consumption relationship and

the riskless-bond Euler equation.
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2.2.2 Financial Intermediaries

Define NWj; as the amount of net worth that a banker j has at the end of period t; Bji41
the deposit the intermediary gets from households; Lj; the quantity of financial claims on final
producers that the intermediary holds and ¢} the relative price, in terms of final goods, of each

claim. The banker’s balance sheet is

0f Ljt = NWji + Bjia (2.6)

The law of motion of the bankers’ net worth is governed by the difference between the

returns on assets and the interest payments on deposits

NWijii1 = Ry19F Ljs — RYBjisa (2.7)
= (Rkt-H - R?) ¢FLjs + REINWj,

As shown in GK, the banker participation constraint must be

IR, .
Etﬁ"% (RktHH _Rb +i) >0, i>0 (2.8)

Given the banker’s moral hazard problem discussed above, the spread between loan and
deposit interest rates wil induce the banker will build assets until she exits the market. Thus,

the bankers’ objective function is

Vit = E; (1 —6) Z 9251+1%NWJ’7§+1+¢ (2.9)
=0

o0

S VI

=FE;(1—-06) Z 925”1% [(Rkt-‘rl—i-i - R?—&-i) o Ljts1 + R NWie
i=0

Condition

Vit > oot L (2.10)

States that the banker’s continuation value, Vj;, cannot be lower than the value of divertible
funds. The left hand side of (2.10) can be expressed as

Vit = VtSOijt + " NWyy (2.11)

where
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)\t 1 )\t 1 ¢b
vy = Ey {(1 — 91)) TJ; (Rkt+1 — R?) + 0(,/8 )\Jtr ;—ll;l Z?ﬁlyt-i-l

At+1
i = B { (1= 06 L R+ 0
Term v, defines the expected discounted marginal gain to the banker of expanding assets by
a unit, and 7" is the expected discounted value of having another additional unit of net worth.
Then, the constraint can be rewritten as l/tgo,’ijt + Y NWjy > )\b@,’ijt and assuming it
binds, i.e. the banker will expand its assets as much as possible, we have
N

tLjt = 3 NWje = ¢t NWj, (2.12)
b— U

where ¢! can be referred to as the intermediary’s private leverage.

It follows that the evolution of the surviving banker’s net worth can be expressed as

NWjiy1 = [(RktJrl - th’) ¢t + Rﬂ NWiq (2.13)

from which
k= Nat (g R G4 RY (2.14)
t+1 = N = Ltkt+1 t ) Pt t :

Then, as all the elements constituting ¢? have no firms specific factor, the total intermedi-

ary’s demand for assets can be easily aggregated and defined as

0f Ly = ¢{NW, (2.15)

Where L; is the aggregate quantity of intermediary assets and NW, is the aggregate quantity
of net worth in the banking sector held by surviving bankers.
At this point a law of motion for NW; can be easily derived by aggregating across surviving

banker and new ones.

NW, = NWey + NWp, (2.16)

Where
NWe., =0, [(Rkt _ Rf;,l) ¢+ R NWi_, (2.17)
NW = wpb Ly (2.18)

And wefL;_1 defines the start up funds that new bankers receive from their households.

Thus, the evolution of aggregate net worth of bankers is

NW, = 6, [(Rkt - Rg,l) @ R NWiy +web L (2.19)
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2.2.3 Final Good Producers

Retailers

Monopolistically competitive retail firms assemble the final good bundle Y; using a continuum

of intermediate inputs Y;*. The representative firm profit maximization problem is:

1
max P,Y; — / Plyldh
Vi, Y 0

st. Y, = Uol(yth> v dh]uy1

From the first order conditions, we obtain:

Y = <Pth>u Y; (2.20)

P = [/01 (pth) e dh} - (2.21)

Price stickiness is based on the Calvo mechanism. In each period retail firms face a probabil-

ity 1 — A, of being able to reoptimize its price. When a firm is not able to reoptimize, it adjusts

iﬁ:;. The price-setting condition therefore is:

its price to the previous period inflation, ;1 =

p? = 735120?—1 (2.22)
where 7, € [0, 1] represents the degree of price indexation.
All the 1 — A, firms which reoptimize their price at time ¢ will face symmetrical conditions
and set the same price ]5,5. When choosing ]St, the optimizing firm will take into account that

in the future it might not be able to reoptimize. In this case, the price at the generic period

Pris—1
Py

P, is chosen so as to maximize a discounted sum of expected future profits:

. ~ T
t + s will read as P, (Hf,t—l-s—l) where I} ;451 = T Tpps—1 =

[e.@]
B> (BA)° Avys (PtHZ’E+s—1 - P t+sm0t+s) Y
s=0
subject to:

Pt
h d titts—1
Vit =Y, (Pt+ss > (2.23)

where Y, is aggregate demand and A; is the stochastic discount factor.
The F.O.C. for this problem is

1-v ~
=) (W) B (P) +

N | =0 (2.24)
+uP VT P ey (HZ’Z+S_1>

E Y (BN)" MY
s=0
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Intermediate Producers

Intermediate producers finance capital acquisition each period by obtaining funds from banks.
To do this, they issue L; claims equal to the number of units of capital acquired, K; and price

each claim at the price ©F. Therefore the following identity holds

Wil = ¢f K, (2:25)

However, intermediate good producers hire labor from households at the beginning of period
t to produce their output after having bought the stock of capital at the end of £ — 1. Finally,
they have the option of selling the stock of undepreciated capital to K-firms after production

has occurred?. The production function is thus

I—x
Y= e (N (P Ko ) (2.26)

Where 2 = z}" 9.+ is a permanent labor augmenting technology shifter (LAT) driven by

In(gs) = (1= p:) I (gs) + p2 In (g241) +07¢]

and € ~ N (0,1).

We also allow for the presence of a transitory TFP shock
In(p) = pypIn(pe—1) + o'y
with e}’ ~ N (0,1).

Intermediate producers maximization problem is

max 1" = me, Y — WiNy 4+ (1 — 8)oFCF K,
t

The first order conditions are

kK B 1-x
Wy = mepg (1) |3 (2.27)
mce R\ 17X 2PN\ X go,’f &
Rt = 11— ) (¢ ( ) Pk g) (2.28)
@f—1 ( t> Ki SOf—l !

2Capital depreciation is not affected by the price of capital goods, differently from GK, because of a different
structure of K-firms industry.
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2.2.4 Capital Producing Firms

Capital assemblers behave differently from GK to the extent that they engage in transactions
with I-firms. At the end of period ¢, K-firms buy back from F-firms the stock of capital from
intermediate producers and simultaneously purchase investment-goods from I-firms in order to
aggregate the stock of capital needed for intermediate F-firms next period production.

In this regard, K-firms choose the optimal amount of investment to be bought at the unit
price, (), considering also the cost of aggregating it into the stock of capital evaluated at its

market value. The K-firms optimization problem reads

o0
. |
l}laXZ B g {_QtJriItJri — oF Gt (1 = 0) Kpyioa + ¢y [1 -5 <L:,ﬂl>} It+z‘}
=0 v

from which we obtain

I I I
Q= { Ii 1) 114 I
A1 b oo (i1 I )2

where S'(-) = 1 <£ - 1).

Ty
The law of motion of capital is

Ki=(1-0CK, 1+ (2.30)

Where, following GK, ¢ is a quality of capital shock characterized by the following stochastic

process

I (¢F) = prn (¢y ) + el

With, as usual, ef ~ N (0,1)
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2.2.5 I-firms

At the end of period ¢, the generic I-sector firm j is characterized by the following production

function

where X = NFE, INC defines whether the firm is a new entrant or an incumbent. « < 1 defines
decreasing returns to scale. AtX’] is the idiosyncratic efficiency level. In terms of final goods,

profits are

where f;¥ is a fixed production cost such that fX = gL f¥, where we assume that I-firms
fixed costs dynamics has the same deterministic trend of the LAT shifter, 2. ® I-producers
operate only if they earn non-negative profits because idiosyncratic efficiency is fully observable
and moral hazard problems do not arise by assumption. Therefore, the I-firm maximization

problem boils down to a static one, and is solved maximizing profits with respect to S;X F

1
SX (QtaAf(’]> = (2.32)
The efficiency threshold that satisfies non-negativity of (2.31) is

R fX -« 1
AX = (L .
; ( ) ’ (2.33)

11—« Mo

The I-firms cutoff is thus positively related to the fixed cost of production and is a negative
function of the investment-goods relative price. Thus, entry and exit decisions are endogenous

to any shock affecting Q.

New Entrants

The market entry decision at the end of time ¢ is conditional to firm NFE,j idiosyncratic pro-
ductivity level AN, j. However, to ease the burden of notation, we hereafter abstract from
the idiosyncratic index j. A unit probability mass of potential N Es draw their individual AN

every period from a new and more efficient Pareto distribution?

+oo v
e .
et t

Where 7 is the tail index describing the distribution skewness, and e; = e;_19g. ¢ represents

the technology frontier identifying the IST shock dynamics, where

3This assumption avoids that the LAT shock impacts also the fixed costs structure.
4The formulation of the potential NEs efficiency problem is a simplification of the one presented in Asturias
et al. (2017)
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In(ges) = (1 — pe) In(ge) + peIn (get—1) + o°c;

And § ~ N (0,1). Also the N Es technology frontier embeds a stochastic trend. Moreover,
notice that, in order to ensure the existence of a BGP, g!~® = g, must hold in the deterministic

steady state®.
The mean of (2.34)

g
1 (ANF) = L (2.35)
Is driven by the lower bound of the support defining the pdf which is increasing at the gross

rate g. in the deterministic steady state.

The probability mass of effectively entering N E firms is obtained by cutting the pfd in (2.34)
at the NEs threshold , AN? | obtained from eq. (2.33):

) +00 v _ 1-a
NE = (4% = | Gy A4 = [Qtoﬂet (1%) ] (2.36)

Incumbents

At the beginning of ¢, INC;_; firms observe NFE,;_; I-firms technological level and update
their plants accordingly. For sake of simplicity, we model the updating process as a lottery

AtINC’j from the Pareto distribution with support

where all 7,1 firms draw their individual
[flﬁ h —i—oo) that characterizes NE;_1 firms. Such a formulation brings the advantage of mod-
eling endogenous exit flows without the need of keeping track of the idiosyncratic evolution of

each incumbent’s efficiency level.

Thus, at the beginning of period ¢, the 7n;_; firms are grouped into the Pareto pdf defining

the idiosyncratic productivity level for each incumbent I-firm at the beginning of period ¢

ft(Ai’NC) _ /+00 Y (Aé\ﬁ)v AtINC) (2'37)

— = d(
aye, (AN

But only firms that satisfy the non negative profits condition (2.33) will survive in the

market. Thus the mass of INC; is obtained as the fraction of 7;_; computed over the support

®See section B.3.2 in Appendix.
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~ ~ l1—a
share [AtINC, —|—oo) of (2.37), where A/NC = (fllfzt> Qtlaa defines INC} firms cutoff:

( INC) _

. v
FINC teo (A;/V_El)
INCy =m-1 fi1(A7Y) = 77t—1/ t

AINC (AtINC)wl

_ b l-a
A <1_a)1 aQtOla =T-1 tj!ﬁ{ O
t—1 t[NC’ ftINC Qi1

which allows us to rewrite the law of motion for mass of active firms as

1— 11—« NE \ 1l—« . v
N = [Qtoﬂet (T;) + Ni—1 [(ﬁ;é) QQtll (2.38)

Finally, the mass of exit in ¢ is thus

= M-

Y

NE l1-a Q v
exit2y =14 1 — ( lec) : (2.39)
t

Qt—l

Needless say, the dynamics of the relative price of investment goods is key to determine

I-firms dynamics.
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I-firms production and the process of creative distruction

NEs and INCs supply functions are easily computed.

NE
At

400 o
INE = / AN (QuaAYP) = dF (AP (2.40)

o 1—al? Y t
= [Oz €¢ (1 — 05) ] ’}/(1 — Oz) ] (fNE)(l_a)7_1

:NEt

+o0 o
e = / AING (QuaAINCY % gF(AINC) (2.41)

INC
At

e () @y
(fNE) 1-a7

Qt—l

:]NCt

v—1
Y ¢

y1—a)—1 (fINC)(l—a)v—l

=Mt

The details of the derivation are left in Appendix ©.

From (2.40) it is easy to see that a shock to e; shifts to the right the N E; supply of investment
goods. For any given demand for investment goods (2.29) this puts downward pressure on in the
relative price Q;. As a result, from and (2.41) it is easy to see that both the mass of surviving
incumbents and their supply of investment goods shrinks. This is the essence of the “creative
destruction” process triggered by IST shocks. In Section 2.3.1 we fully characterize dynamics

associated to such a shock.

6See section B.4.
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2.2.6 Market clearing and policy rules

The investment-goods and final-goods market clearing conditions respectively are

I = INP + [[NC (2.42)
I

Y, = Cy+ S+ NE SN + INC, fINC 4 kS (I—t> I, (2.43)

t—1

where
JFOO . . +Oo . .
S, — / S (A7) aF(ay™) + / S (APC7) dF (AP ) (2.44)
A{VE A{NC

is the amount of input demanded for investment-goods production and thus

I = / T [s (a7 )] " ar(ay™) + / -

NE INC
At At

AT s (AfNed)] " dR(AING)

(2.45)

Finally, we assume that the Central Bank controls monetary policy by means of a simple

Taylor rule with interest rate smoothing

By Ry \"%° [ my \rr me; \™ NN e
(R‘”) - ( Ry (F) w—1/v exp {0" ¢} (2.46)
n n
Where of course the usual Fisher equations holds true

R,
Rl = FE, { ! } (2.47)

Tg41

2.2.7 Solution and Calibration

The trends in sectoral technologies render the model non-stationary even though in this formu-
lation both final output, capital and investment are assumed to grow at the same BGP rate,
whilst hours worked are stationary just like, for sake of simplicity, the relative price of invest-
ment goods”. The details on the existence of a BGP are left in Section B.3. For what concerns
the stochastic simulation of the model, stationarity is obtained by appropriate variable transfor-

mation (see Sections B.1 and B.2). The model is solved by means of a first order perturbation

"The model could be easily extended to embrace a deterministic trend for Q.
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method and the list of stationary log-linearized equations is reported in Section A.7.

We assume the BGP rate of the economy to be g, = 1.004 on quarterly basis. For sake of
simplicity we set the N Es fixed cost of entry at 1% of final output. Parameters calibration is
meant to be on a quarterly basis. Thus, we impose 5 = 0.99 and set the risk premium equal
to 0.1/4 as in GK. We calibrate ® at a conventional value such that N5 = (0.3333 and set the
inverse of the Frisch elasticity 6 at 0.276. Capital depreciation is also standard, 6 = 0.025. We
also set NEs as to be the 10% of total firms on annual basis in order to match the US business
destruction rate as in Etro and Colciago (2010). Then, we normalize the steady state relative
price of capital, @*° = 1, and the technology shifter in ss 2’ = 1. The final goods elasticity
of substitution, v, is set equal to 4.167, the probability of not updating prices is A\, = 0.779
and price indexation coefficient is 7, = 0.241. The parameter governing investment adjustment
costs is the same as GK, y; = 1.728. We follow again GK and set bankers private leverage
equal to 4, then the only differences with GK’s calibration is up to the presence of growth in
our model and are hence negligible. Policy rule coefficients are also standard.

The last parameters to be calibrated are non conventional for the DSGE literature. They
are the I-producers returns to scale, «, the N Es technology shifter, e**, and the tail index of
the Pareto distribution, . Their calibration must be consistent with the fact that, from the
law of motion of capital, I® = 0.141 and consumption output ratio is ~ 85%. In other words
I-producers must be distributed in a way such that in equilibrium Q% = 1. To do this, we
impose a = 0.8 and v = 6.1, this pins down the initial condition for the NEs technology shifter,
e® = (0.3177. The calibration of « is at the lower bound of Basu and Fernald (1997) estimates,
whilst the value assigned to v is set to resemble Asturias et al. (2017). Finally, we set the
interest rate smoothing coefficient, pgss, equal to 0.8, the TFP shock persistence, p,, equal to
0.975, and the IST shock persistence, pe, is equal to 0.

Parameters calibration is summarized in Table 2.1.
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Table 2.1: Parameters

Households

gx
B

a
0
0
Nss

Financial Intermediaries

Retailers
14

Ap

Tp

Intermediate Producers
Z’n,

X

I-firms

Ge
«
eSS

fNE
1— Hss
~

Central Bank
K

Ky

PRss

Exogenous Processes
Pu
Pe
Pz
ot
a.e

o?

1.004
0.99
0.815
0.025
0.276
0.3333

1.728
0.3166
0.0031
0.972
0.0025

4.167
0.779
0.241

0.67

11—«

9«

0.8
0.3177
0.01*Y
0.025
6.1

1.5
0.125
0.8

0.975

0.01
0.05
0.01

Gross BGP rate

Discount factor

Habit parameter

Capital depreciation

Inverse Frisch elasticity of labor supply
SS labor

Investment adjustment costs

Fraction of capital that can be diverted
Proportional transfer to entering bankers
Survival rate of the bankers

Risk premium

Final goods elasticity of substitution
Probability of not updating prices
Price indexation parameter

L-shifter (LAT) initial condition
Labor share of income

Technology frontier BGP

K-producers returns to scale

Technology frontier (IST) initial condition
Entry Cost initial condition

Share of NEs over total K-firms

Tail index of K-firms distributions

Taylor Rule inflation coefficient
Taylor Rule output coefficient
Interest rate smoothing

TFP persistence

IST growth persistence
LAT growth persistence
TFP shock sd

e+ shock sd

zy* shock sd
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2.3 Impulse Response Analysis

The conventional wisdom dating back to Bernanke, Gertler and Gilchrist (1999) looks at the
role of the financial sector in the RBC-DSGE literature mainly as an amplification mechanism
for the TFP shock transmission. In Figure 2.1 we see the effects of a transitory TFP shock in
our model as compared to its analog without financial intermediaries. As expected, the banking

sector still enhances the transmission of the total factor productivity shock.

Figure 2.1: Impulse response functions to a transitory TFP shock.
ot =0.01, p, = 0.975

In this respect, it would be interesting to evaluate how the role played by the financial
sector changes when the technology progress stems from different production sectors in the
economy, especially when investment production evolves endogenously as in our model. This is
relevant for at least a couple of reasons. First, we can exploit the interesting link between final
goods production and financial intermediaries, typical of the GK’s framework, as the former
provides collateral to the latter in order to have the capital stock available in the production
process. The second is directly related to the endogeneity of the relative price of investment,
typical of our model, which strongly affects the first channel. Since in our model the optimal
investment demand decision has also supply determinants, endogenous swings in ) directly
affect financial intermediaries balance sheet through changes in the price of financial claims
issued by intermediate producers in order to acquire the desired capital stock from K-firms. It
follows that the endogenous feedbacks running from the I-sector to Final-goods production and
financial intermediaries become relevant for the business cycle.

The most recent DSGE literature points at financial frictions as the right modeling choice
to mimick developments in the aftermath of the latest financial crisis. However, those attempts
failed to explain the weak recovery path undertaken by Western economies in spite of a quite
high persistence in the several shocks simulating the occurrence of financial disruptions. To fill
this gap, we argue that a relevant role can be played by the way endogenous responses of () to
financial shocks steer the production of investment goods.

In order to understand how financial frictions shape the impact of sectoral productivity
shocks, we first benchmark our model against a DSGE version abstracting from the presence

of the banking sector ® and make then a comparison with its analog without entry and exit

8In this regard, in the simple DSGE version of our model the only difference is that households own the stock



50
flows in the I-sector. When we want to evaluate the occurrence of financial shocks instead, we
compare our model with a simplified version of GK °.

Finally, in this section we do not consider the LAT shock simulation since its effects are

independent, in this model, from the presence of the banking sector'?.

2.3.1 Investment SpecificTechnology advances and financial frictions

The IST shock consists of a sudden and unexpected shift to the right of the potential NEs’ pfd
virtually keeping the NEs cutoffs (2.33) fixed. This causes an inflow of a higher mass of more
productive N FEs in the market strengthening competition among all I-firms.

In this respect, crucial to the attainment of the results we are going to present is the

endogenous wedge betwee Q and ¢” as stated by K-aggregators optimal investment decision in
(2.29).

The importance of financial frictions

In Figure 2.2 we display impulse responses to a permanent IST shock!'. Blue dashed lines refers
to our model with the inclusion of the financial sector, whilst black continuous ones refer to the
simple DSGE version.

The realization of a positive IST shock triggers a supply increase in the I-sector as more
productive N E's flow in the market. This puts downward pressure in the relative price of invest-
ment goods and pushes less productive incumbents out of the market. This is the well known
"creative destrution” effect. In the (financially) frictionless version of the model, households
understand @ will keep on declining and postpone their investment goods consumption, thus ex-
acerbating the excess of supply in the investment market. When the financial sector is included
in the model, K-firms who choose to postpone investment (see (2.29)). Their decision turns into
a slack of demand for F-goods and ultimately lowers demand for bank loans. The ensuing fall
in ¥ inevitably weakens banks profitability (the banker’s continuation value). This turns into
a higher interest rate spread which causes a deeper and more persistent creative destruction of

I relative to what we observe in the DSGE model without financial frictions.

of capital and transfer funds to K-firms to give rise to the production gross investment.

9The version of GK we make use of abstracts from capital utilization rate and bears the same investment
adjustment costs we have in our model along with an identical depreciation of capital. The only differences are
thus up to the I-sector formulation.

10Results for the permanent LAT shock are left in Section B.6 in Appendix.

"The stochastic trend has been added back to impulse responses, thus percentage deviations in Figure 2.2 are
to be read as from the ”old” steady state.
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Figure 2.2: Impulse response functions to a permanent IST shock.

Shock size of the white noise component of g.; is o® = 0.05, pe
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The role of endogenous entry/exit flows

At this stage it is interesting to investigate the effects of a permanent IST shock when we
remove endogenous firm dynamics. To model the shock, we assume that the mass of firms
increses permanently. This, in turn, increaes the supply of I-goods at any given level of their
relative price. Entry and exit flows are forced to remain constant at their ss level. As a result,
the cyclical impact of the permanent IST does not affect I-firms distribution and productivity.
This can easily be seen from dashed-dotted green lines in the fourth row of Figure 2.2: the
mass of I-firms (and thus the I-sector thresholds) does not vary over the cycle, it just shifts
exogenously as the shock materializes. 12

Impulse responses are still depicted in Figure 2.2 (dashed-dotted green lines). Note that re-
moving the ”creative destruction” effect associated with endogenous firm dynamics strengthens
the short run positive effect of the shock on the supply of I-firms. Such effect is also due to
the fact that I-firms produce under decreasing returns to scale and incumbents react reducing
their production without exiting the market. This in turn explains why the price of investment
goods falls sharply on impact, whereas it barely moves in the benchmark model. Note also that
the fall in @Q steers the dynamics of ©* via (2.29) and thus is associated to a much stronger fall
in the net worth of bankers.

Overall, abstracting from endogenous entry and exit (and technology spillovers), removes a
large part of the cyclical contribution of the permanent IST shock. Indeed, the variance of final
output following the shock realization is now 3 times smaller.

For sake of clarity, stochastically detrended impulse responses are plotted'® in Figure 2.3
below. In other words, the variables of interest are now expressed in terms of gaps from their
"new” ss level™. This is done to visualize gap correlations which are the ones effectively
discussed in the literature. Greenwood, Hercowitz and Krusell (2000) and Fisher (2006) show
that the relative price of investment goods, @), is countercyclical. As we can see, the model
without endogenous entry/exit is not able to replicate the empirical evidence as abstracting
from endogenous firm dynamics in the I-sector yields a procyclical dynamics of both gogap and
Qyap-

Again, this result stems from the absence of ”creative destruction”. In fact, Qgap (cp’g“ap) and
Iy are negatively correlated in the benchmark model, differently from what happens when

entry/exit is neglected.

2In the end, the only source of variation for investment supply functions in equations (B.28) and (B.29) is
q. It turns out that I and @ are perfectly correlated as it is not the case in the benchmark model because of
variations in NE, INC, AN? and A'NC.

13Stochastically detrended IRFs imply that variables are meant to be stationary with respect to their new
stochastic trend (characterized by the new, permanent IST shock). By contrast when the stochastic trend is
added back, as in Figure 2.2, IRFs are meant to be non-stationary with respect to the old stochastic trend, i.e.
the one before the permanent IST shock realization.

M Thus, for instance, a negative output gap does not necessarily mean that a recession is occurring (net of the
initial ”creative destruction” effect, of course), rather that there is a transition from the ”0ld” to the "new” ss
and thus a final output increase in the medium run.
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2.3.2 The financial crisis and the slow recovery path

Similarly to GK, we run a shock to the quality of capital, and we assume that this shock
occurrence is a rare event and, in order to mimic the post crisis response by the central bank,
we abstract from interest rate smoothing in the Taylor rule. Impulse responses are depicted in
Figure 2.4. Blue dashed lines refers to our model with financial sector, black continuous ones to
the simplified version of GK. In our framework the transmission mechanism is reinforced due to
the indirect feedbacks running between the I-sector and financial intermediaries (see condition
(2.29)).

In GK a negative shock to the quality of capital triggers a slowdown in the financial claims
price, ¢*, which is then associated to a fall in investment.'® In our model, the slump in " is
exacerbated by (2.29) in two ways. First, the larger decline in ©* ends up in a dramatically
greater net worth reduction thus further tightening loans supply availability. Second, the initial
fall in the price of investment goods triggers a sharp and persistent reduction in the inflow
of new entrants and an increase in the outflow of incumbents weakening by a greater extent
the demand of final goods for sectoral production. Even though there is a large outflow of
I-firms, the following fall in I-sector production is cushioned by the higher average efficiency
of I-firms during a recession. In fact, since ) initially falls, I-sector entry-exit thresholds are
more binding. However, as @) turns positive (around quarter 10), this effect is reversed and the
I-sector expansion is dampened by a lower average idiosyncratic productivity.

Overall, the initial fall in total investment is essentially unchanged relative to the standard
GK model, but the subsequent investment recovery, when capital stock is driven back to steady
state levels, is substantially slower. This leads to a much weaker recovery of GDP. In our
exercise, during the first 50 quarters the accumulated output loss is 40% larger than in the
standard GK model.

151t is important to point out that our framework differs from GK where ¢* = Q.
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2.4 Conclusion

We developed a multi-sector DSGE model with a non-trivial financial banking sector and en-
dogenous firm dynamics. The interaction between financial frictions and endogenous firm dy-
namics dampens the expansion following a positive IST shock and causes a larger output loss
in consequence of a banking crisis.

To understand these results it is crucial to focus on the banks balance sheet implications
of endogenous firm dynamics which turn out to be asymmetrical, working countercyclically in
response to IST shocks and procyclically in case of a banking crisis.

2
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Appendix A

Appendix to Chapter 1

A.1 List of Detrended Equations

Here we list all the relevant equations in our model. The details of stochastic trend identification

and removal are left in section A.2.

The stochastic trend governing aggregate variables as Y, S¢, Cy, Wy and governing inflation
A=)~ X
et1+x(771) (zp) THx(v=1)
tA—x)[y(1—a)—1]
1+x(v—1)

dynamics recursive components is I'y = ; the stochastic trend governing K
[ T x(y=1) "
L. Hx(v=1) (,n)T+x(v—1)
and I; is instead A; = & th(fita))_l]
9 I+x(v—1)

The relative price of investment and the shadow price of capital in consumption units, Q:

and ¢F respectively, share the same stochastic trend that is 1%, which also determines the

dynamics of 7y .

The stochastic trend governining K-firms mass, 7 (but also NE and INC), is
y(A=x) XY
X0 () T G-T)

T—a)—1
gtv{“’“’x ReEs

, whilst the one governing K-firms cutoff, fltK , 18

Xy
etl-&-x(w—l)
[y(1—a)—1]
X t B vy v R
(z1) I+x(v—1) g*{x I+x(v—1)

( )}. Finally, the K-firms fixed costs trend is by assumption deter-
—(1-«

ministic and equals the BGP growth rate, gt.

Lower case characters stand for stochastically detrended variables (i.e., variables expressed
in terms of gaps from their ss in previous sections), the only exception concerns A\*, and ¢y ’k,
r}i}t, and nf which are stochastically detrended marginal utility of consumption and capital (in

consumption units), rental rate of capital, and the probability mass of active K-firms.



A.1.1 Households
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Gi 1
Al = # - fo———"—"— Marginal utility of consumption
gtCt — acy—1 Gt+1Ct41 — ACt
(A.1)
dNY
wy = )\*t Supply of Labor (A.2)
t
% ANt | Thes ‘Pt+1 .
A =BE < — Ry (1-19) Capital Euler (A.3)
gi+1 | @, o
A*
= SE, {ng f } Bond Euler (A.4)
t4+1 Ti41
e
-1/ t-1 -1
)\* ) . — . — 2
+ BE} {)\*_ @t+1 py1 S <2t+1igt+1> <Zt+1'gt+1> } Investment rule (A.5)
t
A.1.2 Intermediate Producers
kyq i gt \ | . . .
ke =(1— 5)9— + [1 -8 <z)} it Law of motion of capital (A.6)
t t—1
K\ 17X
Ntx ( gt 1) .
Y = — 5 Final Output (A.7)
t
« _ mc gtV :
Thy = (1-x) { ] Demand of Capital (A.8)
’ & ki1
mer ki1 ]t X
wy = TX . Demand of Labor (A.9)
t gtiVe
A.1.3 Final Producers
(T vl
dy = Ty + BAp ;\H — ! < t7+:> di11 First Recursive Inflation Term (A.10)
t 41 \ T
fr = meys + B f\tl <7Tt+1> fta1 Second Recursive Inflation Term (A.11)
Tt
dy = v i D fi Inflation dynamics (A.12)
7_‘_71) I=v
1=1=X) @)Y+ 0 ( tl) Evolution of prices (A.13)
Tt
Yp -
&= ( ) ()T 4+ Ap <7T; 1) §t—1 Price Dispersion (A.14)



A.1.4 Capital Producers
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fNE -« 1
al'b = ( ) NEs cutoff (A.15)
11—« qra®
fINC =y
alNe = ( ) INCs cutoff (A.16)
11—« qra®
n; = net + inc Mass of active K-producers (A.17)
&NE -
ne; = ( ¢ > NEs mass (A.18)
658
X7 Y(1=a) [ ~NE X v
. x Ot g« ai—1 (gz,t> 1
inc, =/ - — — INCs mass (A.19)
T ogel, [a{NC g ) g °
—xv Y(1—a) ~NE X
. « 9t g« -1 [ Gzt .
exity =N, 1= —=—=—131— | = < = ) Exit Mass (A.20)
1 { e g ) o
iN = ne, 1 - o) (a'®) =a (qo)Ta NEs gross investment (A.21)
Y1 —a)-1
1— 1 a
ilNC = ine, ) (d{Nc) = (qa) T-a INCs gross investment (A.22)
Y1 —a)-1
iy = ilVE 4 INC K-producers gross investment (A.23)
(1 —a) ~NE\ To2
St:netv(l_a)_l(aqat )1 +
1— a1
+ inc (Z( )a) 1 (aqtdtmc) 1me K firms total input amount (A.24)
—_ a —_—
ar = e al'f + inctdiC K-sector productivity (A.25)
N —

A.1.5 Market clearing conditions and policy rules

Yr =t + St + nethE + inctf]NC Market clearing

(A.26)

Rn Rn _ prL‘S For Hy 1_pR%S
(Rf;) = ( ]17:75;1) [(:;8) <(Vil(1:t)/y) exp {ar&:;}} Taylor rule  (A.27)




A.1.6 Autoregressive processes

In(get) = (1 — pe) In(ge) + peIn(ges—1) + 0§

I (g.t) = (1 — pz)In(gs) + pzIn(gze-1) + 0%}
g il x(v—1)

1 = 71 . + AN )

nig) 1+xh—1)n@¢) 1+x(y—1)

Gl Rk

L+x(y—1)

ln(gz,t)+

In(gs)

In(g:) = m In (ge,t) + X7

L+x(v—=1)
(1-x)[y(Q —a)—1]
T iaxon e

ln(gz,t)+

In (,uff) = (1 — pui) In (/ﬁ) + puiIn (,u,i_l) + J’éi
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K-Tech growth rate (A.28)
L-Tech growth rate (A.29)

K-Production stochastic growth

(A.30)

F-Production stochastic growth

(A.31)
MEI shock (A.32)
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A.2 Removing the Stochastic Trends Governing the Economy

Let us assume I is the stochastic trend governing Y;, C;, W; and S;, from which follows that,
for instance, Y; = I'yyy, where smaller case characters are meant to be detrended variables if
not differently specified. Moreover, assume that A; is the stochastic trend governing K; and Iy,
thus K; = Ak, We claim that both I'y and A; are convolutions of the labor augmenting and

the NEs permanent technology shifters, z;* and e;.

A.2.1 Final production

Without any loss of generality we can rewrite final production as

gt

§

Sl (M)I_X (A.33)

yel'y =

where g; = A[:fl' Then we define

T, = (27X A X (A.34)

Which can be interpreted as the non stationary stochastic evolution of TFP in our model.
Thus, dividing (A.33) by (A.34) we obtain

X (ke )X
Y = a0 <Zg ) (A.35)

In a similar fashion we can work out the detrended law of motion of capital by dividing both
sides by Ay, that is

k. .
k= (1— )L 4 4
gt

- 2
L () ] i (A.36)
2 \i—1

Again, without any loss of generality, the demand of capital can be rewritten as

mc 2y GeINy X
- 1_ A.37
k=g (1-x) { A, kt—l] (A.37)

n\ X
Then, the stochastic trend leading ry ¢ is, manipulating (A.34), (%) = 1%, from which

follows that the detrended rental rate of capital is

rie = ot (1) [ (A.38)
&t ki1

where r; , = rk,t%, is the stochastically detrended rental rate of capital.

Then we claimed that W; shares the same stochastic trend as Y;, therefore

me _
wl'y = ?tX (Ztn)x At1 X [

ki1 ] 1=x
Gt Ny
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implying that

(A.39)

Where the marginal cost, me, is stationary by itself since I’y = (z]*)* A% X,

B () (5 ()
mcy = = _
T\ e 1—x)A X (1—x)

Retailers

For what concerns recursive inflation trend, they do have, by costruction, the same stochastic

trend as Y. Therefore their detrended version is

)\* o a1 v—1
d:*+E)\t+1t<+)d A.40
t T Yt B t{ D )‘f W:ﬂ W;yp t+1 ( )
And
AF T v
Tt :mctyt-i-BEt{/\p ;1 ( t;,l) ft+1} (A.41)
t Ty
Thus,
v
= A.42
dy z/—lft ( )

Finally, price dispersion and price evolution are unchanged.

A.2.2 Households

From before, we implicitly assumed C; = ¢;I';, where we also define F£j1 = g;. At this point we
also have that A\; = 1)2—’; where A} is the stochastically detrended MUC.

Then, MUC can be rewritten as

A 1 1

= a
Iy Tiep—al's—q1ciq Fiyici1 — allpey

Then multiplying on both sides by I'; and rearranging we have

G 1
DY | 1 — (A.43)
gtCt — acg—1 Jt+1Ct+1 — QACy

The leisure-consumption relationship reads

and from the Bond-Euler
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= BE, {A?“ o } (A.45)
gt+1 Te+1
Before moving to the capital-Euler, we remark that the shadow price of capital in consump—
tion units is pF = d)t , where we know that \; = Z; and must also hold true that ¢f = ¢t
Ay is the stochastic trend governing capital. This implies that ¢f = ¢§*\tk/1f:t = gor kr Plugglng

the latter into the capital-Euler yields

At | This G 90;’11 Jt+1
— BE, LI Pl Gl g g

Gir1 | " g1 oFF G

which boils down to

* *,k

. ,

= BE; {g:: [ Zﬁfkl + th,j (1- 5)] } (A.46)
t t

Further, the optimal investment condition implies that the stochastic trend of ¢* is the same

leading @, implying Q; = ¢, 1t i Then, dividing both sides of (1.17) by % Ft and rearranging, we

- P 2
kod gt _\ w9t V1 w9t _
%= ui{l—lvlr(—g). +<. —g> }+
11 -1 2 \%—1

A . G 2
+ BE, { ;1 SleMé-H’YI <’ét+1gt+1 §> (Zt—&-l.gt—l-l) } (A.A7)
t gt+1

have

1t it

A.2.3 K-firms

We remark that by assumption fF = gt f* for k = [NE, INC], i.e. the trend leading fixed costs

is purely deterministic. This allows us rewriting the NEs cutoff as

11—«
AiNE _ (QifNE> 1

l1—« og Lt
OéQtAt

X
Then exploiting the fact that /F\—I = (Q—ﬁ) we have that

X
ANE = aNE (A;§> g (A.48)
2t
and thus
NE \ -
. NE / 1
— A4
=) an (A.49)

from which follows
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INC \ 1@
aINC _ <f> L (A.50)

11—« acq;

At this point we can easily rewrite the mass of active NEs as

v [ete G e\ G e
P\ avepx e | T \GNE ) o ()

Gy Dy G« ¢ AFgs
( ”)mi) and so

Implying that NE; = nes—

2t
x7 tv(1
t 9x

e5s v
ag

By BGP conditions we know that also 7, and INC share the same stochastic trend as NE,,

this implies

n; = neg +inc (A.52)
And
_ 1— ~ Y
incy = n; giwgz( * a1 <gz7t>x 1 (A.53)
=0, - i — )
UogXel, |aNO\ g ) gl
(zn XV LY % (Ztn)XW Yy

Where of course INC}; = inc

expressed accordingly.

“t— and ;1 in (A.53) must be

t €t —
and n; = n} AXT gEr=a)

Ty (1—
Aicwg*"/( a)

A.2.4 Stochastic Trends Identification

Notice that from the aggregate resource constraint in (1.34) it turns out that the stochastic
trend leading NE;fNF and INC, ¢ must be, by construction, the same leading Y;, C; and

n v
S, i.e. Ty. Thus, given that NE,fNFgl = ney fNF (z2)* ey

I EPae=) gL, we can easily work out
t 9x

I, — _GE)Te (A.54)
’ Aic'ygi[v(l—a)—ll ’
Then, plugging the relationship I'y = (z}")X Ai "X into (A.54) allows for the identification of
the stochastic trend leading both K; and I;, that is

=T x(y=1)
1+x(v—1) n\ Ty
e, (2f") T+xO=D
Ay = h0—a)-1] (A.55)
T+x(v=1)
*
Then, plugging (A.55) into (A.54) we have
A=)y
ey SR
G () T+xG=D)
e = A 0h(-a)-1] (A.56)
T+x(v—1)

G«
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Which is the stochastic trend leading aggregate variables but K; and I;. Thus the stochastic

trend governing aggregate variables is a Cobb-Douglas of the the permanent shifters governing

the NEs technology shifter and final goods production, respectively !.
At this point we can also identify the stochastic trend leading K-firms cutoff. For in-

stance, substituing for (A.55) into (A.48) we obtain that the corresponding stochastic trend is
X
T+x(v—1)
€t

GO 1"
(ﬁ)ﬁgi{" )
Finally, plugging (A.55) into (A.51), (A.52) and (A.53) it turns out that the stochastic trend
y(A=x) XY
: : e X0 i TEXGET)
leading the K-firms industry composition is < {( : (zth)(iz)illl} .
11—« B iy o

“ X XD
g«

A.2.5 K-firms production

At this point, since we claimed that K; and I; are governed by the same stochastic trend, i.e.
Ay, this implies that IV = iVFA,. Then

1
n\XY .Y 1 GNE AX i(l—a) T-a n\ X1 =g
Z'iVEAt — (21 )t (ita) 7( @) ai tngX [OéQt (Zt> }
A1 —a) =1\ ()

From which rearranging

1 N 5% n)x(vfl)

oy 1(1-a) AVEY T (g1t G
A = mnet (a; ) (o) T-e Ai‘w_l)gih(l_a)_l]

— Y (zryx(v=1)
But from (A.55) we know that A; O % which therefore implies
9u

) v(1 - «) R o o
i = e 7 @) (e (A57)

And thus it must also be that

, o (l—a) ey o
0 = iner g (007 T (o) (A59)
And
iy = ilVE 4 INC (A.59)

A.2.6 Aggregate Resources Constraint

There is only one variable to be detrended yet. By construction it must be S; = s¢I'; which also
implies s¢I'y = siVEFt + St[NCFt.

Then it is sufficient to show that

1 ; ot y(1=x)
According to our parametrization TIx(-D < 1.
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ZM)XY e’Y 1—q« on X A A\ X o T—a
S;ﬁNEFt = NeEg ( : )t'y(lja) Z( ) 1 [Oz(h (K) ai{vE <:L> gi(l ):|
AY7 g, (1 =) - t “t

Can be rewritten as

11—« R 27T e]
SiVEFt = ney /Y( ) 1 [ NE:| T—a ( t) t

(1 —-a)— ey A?ﬂgih(l_o‘)_”

] (21X

r, it must be that

And again, since Ty = (22 )XA=X) and At1+X(7_1) = Loy
9n

(1 —a) NE1TSs

SiVE = netm [OéqlfQiVE] ! (AGO)

And

1= L INC T2

StINC = lnctm [Oé(]tatINC] ! (A61)

And
st = st P 4 sINC (A.62)

Thus, we have proven that

yr — nec fNE —iney tINC:ct—i—st (A.63)

Holds true.

A.2.7 Stochastic Growth Rates Identification

We claimed that rl;fl = g, then exploiting (A.56) it turns out that
A=x)y XY
gl-t!-x('y—l) 1-2—x('y—1)
~ €, z,
9t = — aohG-a-1] (A.64)
1+x(v—1)

*

meaning that the stochastic BGP growth rate is a convolution of the stochastic growth rate
of e; and z;*. Similarly for A?j

- =g it follows that
o x(y—1)
glix(w%) 1ﬂtL><("/*1>
_ e, 2,
gt = a1 (A.65)

T+x(7—1
g4 x(y—1)

Finally, in the deterministic steady state we have that g. = g1~% (see Section A.3 below).

Moreover, also § = g = g« must hold true, i.e. the deterministic BGP is the same for all
aggregated variables, which is verified plugging g. = g~ into the deterministic formulation of
(A.64) and (A.65).
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A.3 Deterministic Steady State and the Existence of a Balanced Growth

Path

In the deterministic steady state

n
2t

=Gt = g (A.66)
At-1

where 2" defines the ss value of the labor augmenting technology shifter and g, is the BGP
growth rate of the economy. Output, capital, investment, consumption and the real wage all
grow at the BGP rate while the relative price of investment and the labor supply are constant.
The latter is pinned down by the preference parameter ® in (1.16). Variables without time
index are detrended or, in a deterministic environment, implicitly stationary and investment
adjustment costs are nil. Further, from (1.20) it is straightforward to show that the fixed costs
ftK *% also grow at the BGP rate g*. We assume that the monetary policy rule achieves 7 = 1.
As a result, from (A.45), the real interest rate on the riskless bond is

g« _ Ry _

= = R’ A.
=R (A.67)

From condition (A.47) the shadow price of capital is equal to the price of investment goods
oS — % (A.68)
where Q°° is obtained when the investment goods market clears.
The steady state rental rate of capital stems from (A.46) and is

Gx _T]is
E_l_'_d_st

(A.69)

Then, for what concerns the final producer’s capital FOC we have that in steady state

me® (1 —x) [g;{]\;:s] " =y’ (A.70)
Demand of capital for production is
1
Ko gy [ met =0 | Am)

<%—1+5)st

From the capital accumulation condition

I = (1 1= 5) K*S (A.72)
G

Given the monopolistic nature of the final goods market, in the zero net inflation steady state

the marginal cost is
v—1

14
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And the real wage is obtained solving

Ss 1-x ss\ X
r W
mc®® = k > < ) A.73
(1 — X gxX ( )

To obtain closed form solutions for the above conditions (A.68) - (A.73) we need to solve

for the K-sector market clearing condition.

A.3.1 K-sector

To begin with, bear in mind that ftNE’SS, tINC’SS, es® respectively define fixed costs and the

K-firms technology shifter where the latter gows at the BGP rate g. # g.. We therefore define
e;® = e*5¢gl and ‘)‘“,;NE’SS = fVEgl as well as ftINC’ss = fINCg4t. The solution for NE* is thus

1—a 1—a’”
NE®® = [staaessgé (fNEgi> ] (A.74)

Thus, in order to have a constant non zero and non diverging mass of NEs, it turns out that
ge = g+~ must necessarily hold true. In the end (A.74) boils down to the deterministic version
of (A.51).

Then we can rewrite (A.52) to obtain 7®

n®® = NE®* 4+ INC® (A.75)
FNE (1-a)y
ss ss SS
7 = NE*+4+n (g*ffNC>
NESS
7758 —

(1—a)y
1- (g*ffj\;ic>
And INC??®

FNE (1—a)y
INcss — NESS (g*fINC)

FNE (1—a)y
1= ()

(I—a)y
Further it must also be that (g:}%)
incumbents ruling thus out the possibility of an exploding mass of active firms as it can be seen
from (1.30).

We can now solve for ss investments. From condition (A.57) and (A.53) we get

< 1 in order to have a positive exiting mass of

NE ,nyE,ss
JHVESS = N|B5S A.76
A=) 1™ (A.76)

and
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IINC,ss = INC'% 7(1 B Oé)

Y1 —a)-1

. fNE 1-a ,yfINC
- [(g*f“v0> ] (1 —a)-1]Q*

As evident from above, when choosing K-firms returns to scale and tail index a condition

(Assmc) a (Q%a)T (A.T7)

must be respected, that is v(1 — «) > 1. This is done to guarantee that gross investment

production is positive as it appears clearly from (A.76) and (A.77).

A.3.2 Market clearing

Using (A.72), (A.66) and (A.71), we get

x|

v—1
- (1 - H) g |z LX) (A.78)
Gx (% — 14+ 5) Qss

Using (A.74), (A.75), (A.76), (A.77), (A.78) we get that Q*° solves the following market

clearing condition for the investment goods sector:

755 — INE,ss + IINC,ss =

v—1 i
(1—1_5>Q*NSS T(l_X) _
Gx (% — 14+ 5) st
e \1-o v
eSSstaCX (1 o a)lfa 2l ,nyE N |:<g*fINO> :| Wf]NC
] R e e e e
g*fINC

(A.79)

It is now possible to work out the closed form solutions for all endogenous variables.?

2 As pointed out in section 2.2.7 we calibrate the model so that Q** = 1 and thus calibrate e*® accordingly.
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A.4 K-sector Production

Here we derive overall production in the K-sector.

A.4.1 Derivation of NEs total production

Let us start from new entrants. We know that the production function for the generic NE firm

can be expressed as

1
ItNE,J _ (AiVEJ> Q) Ta (A.80)

Then, by exploiting the transformation theorem we can compute the expected value of NEs

production

ANE
o +oo NE.j a1 NE,j
= 1 = @) e [ (A a(A") (A8D)
At
= INE = (Qa) 5 ~e] 1-a (ANEu‘)lla” I
t = (e Vet 1-~(1—a) t v

NE _ 1(1—a) [/ anp\Te T
= I _NEtfy(l—a)—l (At ) (Qra)T

Where we exploited the fact that NE; = (AgE

that v(1 —a) — 1 > 0.

-
) and by assumption it must hold true

Notice moreover that what we have computed is nothing different than the mean of a
truncated distribution without normalizing it to a unit probability measure i.e., without dividing
it by the probability share over which it is computed. This is done because in our model we
want a measure of the total production in the NEs industry. Should one want to compute the

idiosyncratic average production it would be sufficient dividing (A.81) by NE.

A.4.2 Derivation of INCs total production

Let us repeat the same computation for incumbents. The production function for the generic

incumbent firm is

1

NG (AfNC’j) T (Qua) T (A.82)

Then, as before we have
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JINC _ oo (AINO,j)lla 2 dF(AINC.
t = t (Qea) == dF (A )

A{NC

+oo _1
INC,j —a < INC,j INC,j
~ It[NC B /AINc <At J) 1 (Qra) == f(A; 7) d(A; 7)
t

_a A v [T N -1 ;
= 1M = Qe e (AXR) [ (A OT) T A ) (A.83)
t
1 +o0
INC _ o iNE )7 l-a ( HVCJ) a7
= L7 = (Qra) == v (At—1> [1 S (—a) Ay ame

INC _ Y(1-a) (ine\Ta %
= I _]NCtv(l_a)_1<At) (Qua)

ive \ 7Y
Where we have exploited the fact that 71 (Atl > = INC,.

A{NC‘

Then, as the expected value of the sum is the sum of the expected values, we have that

I = INE 4 [INC (A.84)
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A.5 K-firms profits derivation

Total revenues of the K-sector are (Q:I;. Let us now define the the total amount of savings

employed as input in the production of capital goods as

+00 too
Sy = / S (ANF) dF(ANF) + / S (APNO) dF(ANC) (A.85)

NE INC
At At

where f;;’,j S (ANP) dF(ANF) = SMF and f;?voc (AINC) aF (AINC) = SINC are the total
t t
amount of inputs used in NEs and INC's sector production.

It follows that profits are respectively

" = Q" — S — NEf'F (A.86)
_ g, =) (0 ANEYTE (25 (y ) - N, fNE
= B (QANT) ™" at®a(1 - a) - NE.f
And
N = QI/N¢ — §INC _ INC, fINC (A.87)
_ Pl —a) LINC\TE e INC
= INCtm (QtAt ) al (1-0[)— INth

Which are always positive by construction as a < 1. Then, define the total expenditures in

fixed costs of the K-sector as

Fy = NE.fNP + INC, fIN¢ (A.88)

Finally let us define the total amount of profits in the K-sector as

m; = M 4+ 1ive (A.89)

Then by substituting for (1.33), (A.86), (A.87) and (A.88) into equation (A.89) and rear-

ranging we obtain the following identity

I, + S, + Fy = Quly (A.90)

Simply stating that the total amount of capital goods (in real terms) produced in the K-
sector must be equal to the sum of profits, the input share of production and the total amount
of fixed costs. Indeed households hold the stock of capital and use savings to buy the gross
investment from the K-sector as a whole. The share of households revenues S, is employed by
K-firms in investment production at real good price cost, whilst the share F; is devoted to fixed

costs payment.
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A.6 Sensitivity analysis for different parametrizations of the K-sector

Here we perform a sensitivity analysis for possibly different parametrizations of of our K-sector.
The key parameters we play around with are the pareto tail index, ~, and the NESs initial
condition for the technological shifter, e. The first thing to notice is that varying K-firms
returns to scale, « is useless. This is can be easily seen, from the list of log-linearised equations
in Section A.7, by plugging (A.104) and (A.105) into (A.110) and (A.111), respectively. It turns
out that the dynamics of gross investments, and thus of other real variables, is never affected
by changes in a.

Thus, the crucial parameter for our sensitivity analysis is . In particular it describes the
rate at which the updated incumbents pdf decays. The lower it is, the slower the pdf approaches
zero. This also implies that incumbents updating is more successful since, as compared with
higher values of -, there are more frequencies distributed on higher idiosyncratic productivity
values. It follows that the recovery from creative destruction is faster for lower values of v. We
run our model for three different values of . In order to let the market clear, at any different
value of 7 is associated a different ss value for the NEs technology frontier, e. The table below
shows how the lower bound of the potential NEs support, e, changes for different values of

considered in the sensitivity analysis.

Table A.1: Different Tail Indexes Calibration

SS

v e
6 0.3401
9 04713

12 0.5228

Figures A.1 and A.2 show how impulses to a permanent IST shock with respect to different
values of 7, the shocks magnitude is the same as before. For what concerns macro variables
dynamics, they are slightly affected. Where the sensititvity is crucial is for K-sector specific
variables. In particular, we can see how the lower is v, the less NEs enter the market. This is
because a more diffuse potential NEs distribution implies that there are more potential NEs
on frequencies lower than flfv £ who therefore remain out of the market. A specular reasoning
applies to a lower mass of exit among updated incumbents.

Figures A.3 and A.4 show instead impulses to a permanent LAT shock. Also in this case
the most affected variables are those specific to the K-sector, even if now gross investment, and
thus capital, and @; dynamics are more responsive to changes in . This is why the lower is -,
the less NEs enter and the less INC's, who would have otherwise died, remain in the business.
On aggregate the K-sector ends up being smaller for lower values of «, and thus the relative
price of investment reacts by increasing more strongly to clear the market. In the end, this calls
for a smaller increase in the demand of investment goods.

Finally, Figures A.5 and A.6 show the same sensitivity analysis for the transitory MEI shock.

In this case higher values of v are associated with higher variations in final output. This is may
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seem counterintuitive as in principle all K-firms are on average less productive, hence are more
concentrated towards the fat tail of the distribution. In addition the elasitcity of ¢ (and thus
the one of flk) is lower for higher values of v. However, the gain in the probability mass defining
the K-sector dimension is higher when the pareto is more right-skewed and contingently the
K-sector thresholds lower. This implies a more responsive production of investment goods even
though the increase in @) is more muted. Then, capital accumulation, and thus the increase in
the demand of labor, is faster.

In general, however, our results are virtually unaffected with respect to different reasonable

parametrizations of the K-industry.



o
B
1o
=]
1 g
&
1o
5
L ] o
i i ; d =
® @ * o O o
c o o o S
88 wog v %
=)
: . 2
L4 1o
| B4
|
\
\
\
Lo 19
@
=

=6
=9

_ _ o
® © 4 o o
o (=] (=] o

§ Wogy v %

&
=12

50

40

30

20

10

50

40

30

20

10

o — o n\,u

S8 1y v %,

88 1y v %

T

50

40

30

20

10

0
5
1

15 f

88 Wog v %

88 WGV %

50

40

30

20

10

50

40

30

20

10

50

40

30

20

10

Figure A.1: Impulse response functions to a permanent IST shock for different values of ~.
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A.7  List of linearised equations

Here we list all the relevant linearised equations in our model. For sake of simplicity we abstract
here from the expectations operator, stochastically detrended loglinearised variables are in small

case and marked with a tilde.

A.7.1 Households

% = = {ag* (B — ) — (62 + Ba?) Gt (A.91)
+g«a (c-1 + Baﬂ)] MUC
Wy = 6Ny — \F Labor Supply (A.92)
X: = X:H — gt+1+
+ i [g,;; <ﬁ§,t+1 - @kk) +(1-9) (@Ifl - @rkﬂ Capital Euler (A.93)
= N1 — Gert 4 ot — T Bond Euler (A.94)
Q=" + it
+ 192 {(1—;59*)2 g+ I} (Zg“ + gm) — gt} Investment rule (A.95)

A.7.2 Intermediate Producers

~ 1-9) /~ s~
ki = ( ) (kt—l — §t> + —— (it + 1}) Law of motion of capital (A.96)
[ Kss
e = XN + (1 - x) (Et—l - f]t) ~ & Final Output (A.97)
Tht = MCt — gt + X (Qt +N; — %t_1> Demand of Capital (A.98)

Wy = meg — & +(1-x) (Et,l — Ny — §t> Demand of Labor (A.99)



A.7.3 Final Producers

dy = 77 + (1= \pB) Gt
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+ A\ [Xt.i,_l — - T+ (L= v) (9T — Tyg1) + CL.H] First Recursive Inflation Term

fo= (1= \B) (G +micy) +

+ A3 [XHl — X — v (Wit — Feq1) + frr

di = fi
A

T = —p>\p (T — YpTe—1)

A.7.4 Capital Producers

~NE ~
~INC ~

= (1 — H*)ne, + H*inc,
ne; = —Wai\[E
inc; = iy + XV(Gt — 91) = Vest
~NE  ~INC

~

9 iy @+ Ot a = 1gae — x31)

exity = Ni—1+ XV(Gt — gzt) — Vet
HSS
~NE _ ~INC

( )
( )
Mass of active K-producers (A.106)
( )
( )

1— g5 [at—l -+ (xta—1)g..— th]

(A.100)

Second Recursive Inflation Term

(A.101)
Inflation dynamics (A.102)
Evolution of prices (A.103)

NEs cutoff
INCs cutoff

NEs mass

INCs mass

Exit Mass
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1, =ne+ a; -+ 1 qt NEs gross investment
(A.110)
;{Nc = inc; + 7~t[NC + 7 a G INCs gross investment
(A.111)
. JNE,ss INC,ss__
i = 7o i+ Tes iNe K-producers gross investment
(A.112)
~ SNE,ss N NE 1
= Gos <n€t+1_t +1_ qt | +
SINC’,ss . 1 1
+ Gos <inct + m&’{N ¢t T a(ﬁ) K firms total input amount
(A.113)
_ NESSANE,SS N _ INCSSAINC,SS »
a; = e (net + aiv E ) + B Fra— (inct + ai’w) K-sector productivity
(A.114)
A.7.5 Market clearing conditions and policy rules
_ Css _ S58 NES$ NEN INCS$ INC — )
Ut = st + ves ot + YSJ: ne; + Ys{ e Market clearing (A.115)
Tnt = PRssTnt—1 + (1 — prss) (kxT + kyme 4 0" epy) Taylor rule (A.116)
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Appendix B

Appendix to Chapter 2

B.1 List of Detrended Equations

Here we list all the relevant equations in our model. The details of stochastic trend
identification and remotion are left in section B.2.

The stochastic trend governing aggregate variables as Y;, S;, Cy, Wy, NW, and gov-
erning inflation dynamics recursive components is I'; = 621;1(7;)_01) (zt”)l_%; the
stochastic trend governing K; and [ is instead A; = e;“‘(ﬁ (zf)l_%

The relative price of investment and the shadow price of capital in consumption units,

Q; and ©F respectively, share the same stochastic trend that is /1:—;

T (zp)VXtre—y

The stochastic trend governining K-firms mass is “-“=
t

, whilst K-firms fixed
costs trend is 27

Finally, the stochastic trend governing K-firms cutoffs is W
t
Lower case characters stand for stochastically detrended variables, the only exception
concerns \*, o * and n; which are stochastically detrended marginal utility of consump-

tion and capital (in consumption units), and the total probability mass of active K-firms.

B.1.1 Households

Ji 1
Al = = gt — fa= Marginal utility of consumption (B.1)
GtCt — AC¢—1 Jt+1Ce+1 — ACy

ON?
we =
t )\I

Supply of Labor (B.2)

A= BE, {J“ng} Bond Euler (B.3)
Gi+1



B.1.2 Financial intermediaries

Ry +41

88

STt = Financial Spread (B.4)
t
Rypiy1 — RY) o0+ RY
2 = (i ~t) i 1 Private NW; evolution (B.5)
E[gr41]
Ok = ¢bna, Aggregate Banks Balance sheet (B.6)
P = )\bm—z/ Aggregate Private Leverage (B.7)
—
A*
=5 {0097 (= R+
{6’ B= t+)1\* (b;;l 2 t+1} Asset marginal incentive (B.8)
Gi+1 t
=F, { (1-— t+>1\* R+ sz:ffnffl} NW marginal incentive (B.9)
gt+1
Oy (R + R} | nw
- b [(Rie — t1)¢t1 - -1
gt
+ M NW Law of motion
Gt
(B.10)
B.1.3 Final Producers
Retailers
. Nepw (T . . .
dy = 7y + BA— 5 diy1  First Recursive Inflation Term (B.11)
AT\ T
fr = mewy + B, ;1 (mﬂ) fra1 Second Recursive Inflation Term (B.12)
i
dy = C i 0 fi Inflation dynamics (B.13)
P 1-v
T=(1-=X)@) """+ ( tl) Evolution of prices (B.14)
Tt
Tp v
&= (1—=X) () "+ (W;_1> &-1  Price Dispersion (B.15)
t



Intermediate Producers

~ *,k
b mc p—
sz,t:% [@:k Cf(1_5)+ *tk (1 = x) e (Ctk>1 : (

B.1.4 K-Firms

oo i [r(2)

2]}

t Yt+1

)\*
+ BE, {%@

N, g,
kiq

)

89

Law of motion of capital

(B.16)

Final Output  (B.17)

Demand of Capital
(B.18)

Demand of Labor
(B.19)

+S
S (Ztﬂgtﬂ) (%Hgtﬂ) } Investment rule (B.20)



B.1.5 I-Firms

11—«
&NE — fNE 1
t 11—« qra®

11—«
dINC — fINC 1
t 11—« qra®

n; = ney + inc

diNE e
ne; =
ess

X7 Y
92tYet

_ 11— A~
L g0dr Al fg N\ 1 ]
cht_ntfl e

AN

_ 11— ~
L gogt Lo [ ()
evity =m =55 — 1~ |zme | e

gt

gz,tge,t Qy

NE __ YA —a)  ovey s o
iy = net—7(1 - (a)") = (quev)
. . 1l -« R 1 _a
i = ingy O ()7 (g
i = i F i NC
_ (1 —a) ~NE\ Toa
stfnetv(l_a)_l(aqtat ) +
, 71— A INC T2a
+ mct’y(l — a) 1 (ozqtat )
Elt = i netdiVE + 1 17:”015&{]\]0
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NEs cutoft2
(B.21)

INCs cutoft
(B.22)

Mass of active I-producers
(B.23)

NEs mass
(B.24)

INCs mass
(B.25)

11

a} } Exit Mass
(B.26)
NEs gross investment  (B.27)
INCs gross investment  (B.28)
I-producers gross investment  (B.29)
I firms total input amount  (B.30)
I-sector productivity — (B.31)



B.1.6 Market clearing conditions and policy rules

Y = Ct + St + nethE + incthNC+

91

_ 2
+ gp:fkg (% — g) iy Market clearing (B.32)
1t—1
Rn,t o Rn,t—l PR3 «
Ry )\ Ry
X ( m ) me N e forer T Laylor ul (B.33)
— | exp{o aylor rule :
s (v—1)/v P ¢ Y
b Rn,t . .
R} = E, { } Fisher equation (B.34)
Tt4+1
B.1.7 Autoregressive processes
In(get) = (1 — pe) In(ge) + peIn (ges—1) + 05 K-Tech growth rate B.35)
In(g.+) = (1 —p.)In(gs) + p.In (g2 1-1) + 0°¢} L-Tech growth rate (B.36)
_ g x(v—1)
1 =————In(gey) + ———1In(g.,)+
n(gt) 1+ x(7—1) N (ge,t) T+ x(7—1) n(g..t)
1—a)—1
el Gt i In(g.) K-Production stochastic growth
L+ x(y—1)
(B.37)
In(g;) = M n (ger) + e In(g...)+
L+ x(y—1) L+ x(y—1)
1-— l—a)—1
_=9hl=a)=]] In(g.) F-Production stochastic growth
1+ x(y—1)
(B.38)
In (1) = (1= pui) In (1') + pp In (pi_y) + o', MEI shock (B.39)
In (Ctk) = prIn (Cf,l) + ofel Quality of Capital shock

(B.40)
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B.2 Removing the Stochastic Trend Governing the Economy

Let us assume I'; is the stochastic trend governing Y;, Cy, W;,S; and NW, from which fol-
lows that, for instance, Y; = I';y;, where smaller case characters are meant to be detrended
variables if not differently specificated. Moreover, assume that A; is the stochastic trend
governing K; and [;, thus K; = Ayk;. We claim that both I'; and A; are convolutions of
the labor augmenting and the NEs permanent technology shifters, z;* and e;.

B.2.1 Final production, K-firms and the Banking sector

Without any loss of generality we can rewrite final production as

mar X [(Aeckr )X
p (N (et )
§

where g, = A/:l‘ Then we define

Ty = (27 A X (B.42)

Which can be interpreted as the non stationary stochastic evolution of TFP in our
model. Then dividing (B.41) by (B.42) we obtain

¢ )TN
”y = i (Ne)* <f gt > (B.43)

In a similar fashion we can work out the detrended law of motion of capital by dividing
both sides by A; that is

Ctkkt—l

k,=(1—-96
' ( >gt

+iy (B.44)

For the moment is useful moving to the K-sector. From (2.29) we know that ¢f is the
shadow price of capital in consumption units (i.e. tha marginal Tobin’s Q) and therefore
k

oF = qi—‘t, where we know that, since marginal utility of Consumption is governed by the

* *,k

same stochastic trend as consumption, \; = %, and must also hold true that ¢f = (z’/i—t
*,k

since A; is the stochastic trend governing capital. This implies that ¢f = d)/(* /F/jt so that
t

we can define of = ¢} ki—j which is governed by the same stochastic trend as ;. Thus,

dividing on both sides by 1F\_i and rearranging, we can rewrite (2.29) as
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R R . 2
. i AW i ~
o= th,k 1— | (.tgt _ g) _tgt 1 o (»tgt _ g) i
1t—1 tt—1 2 i1
A1 @:ﬁ 1t41Jt41 Ui410t41 2
+ BE, )\t — : —g || — (B.45)
t Gt+1 (4 (n

At this point let us look for a while to the banking sector and notice that, without
any loss of generality, we can rewrite (2.15) as

Oy Kji = NWj; + Bji (B.46)

Where the LHS can be rewritten in terms of stochastically stationary variables as
gpf’ki—’;kj,tAt = gpf’kkj7tFt implying that both NW;, and Bj;y; must be governed by I'.
Thus, we can rewrite the above equation dividing on both sides by A; as

bjt+1

gO:’kkj’t = nU)j’t 4+ = (B47)
Jt+1

from which we can easily work out

Rii1r — RY) 7"k + Renuw;
nwji1 = Ey { ( Mt t)ft 7t Lt (B.48)
gt+1
Then, without any loss of generality, we can rewrite (2.15) as
SOf Ky = ¢$ NW,
which in the stochastically detrended version reads
*,k b
@k = ginw (B.49)

Implying that private leverage, ¢?, has no stochastic trend. This allows us rewrite
(B.48) as

(B.50)

BBy b 4 BV .
nwji = By { [(Rktﬂ Ri) P + Rt} nw]t}
Ji+1

Then dividing by nw;; we have
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_ pb) b b
Z:erf _ Et { [(Rkt+1 NRt) ¢t + Rt} } <B51)

gt+1

where we exploited (B.49) where nw, = NFVZ L,
At this point we can claim that no component of the private leverage ratio is governed
by any stochastic trend as well, and thus must be just rearranged in terms of stochastically

stationary variables, that is

+1 | Pl *,bk
v, = E, {(1 — eb)ﬂgt; N (Ris1 — RY) + 60,8 %'TA* Z 2 m} (B.52)
A A
= B (1= 0)B=""1 B+ Oy i (B.53)
Je1 A} G N}
Thus, the basic relationship ¢? = <— is unchanged.

Then, it is easy to show that the law of motion for aggregate net worth reads

0 _ b b b _ ey
nwy = b [(Rk’t Rt_l) gbt_l + -,\F,Zt_l} e + wgpt Ct el (B54)
9t

We can now come back to intermediate producers optimality conditions. We argue
that the marginal product of capital is led by the same stochastic trend as ¢f, thus we
rewrite (2.28) as

. 1 N_; m X
*,k Lt—1 *kIt k X b=
kL — P L8+ 1 I

Rk,tmt 1 - @t t( ) mct( X) t(Ct) (kt 1 At)

a\ X
where exploiting the fact that (%t) and dividing on both sides by such a ratio

A I
and rearranging we have
g 0" My 1—x (NG \*
Ry = fk (1-=9)+ (1= x) (&) (_k; > (B.55)
9t | i o 1 t—1

Where it turns out that R, has no stochastic trend as well as Rf.

Finally, we claimed that W, shares the same stochastic trend as Y, therefore

wel'y = —X t( )XAl X[

ik 1}
&

Ny

implying that
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k] X
w, = ”gctxut { t ot 1] (B.56)
t

Where mc has no stochastic trend by construction.

Retailers

For what concerns recursive inflation trend, they do have, by costruction, the same
stochastic trend as Y. Therefore their detrended version is

)\* * v—1
dt = ﬂ-:yt + 6Et {A il ,Zt (ﬂ-t—i_l) dt+1} (B57)

P * T
A T \ Ty

In a similar fashion

A) s Y
ft = MCtYy + 6Et {Ap ;\—:1 (t—,jpl) ft-l—l} (B58)
t T
and thus
14
dt = b _ 1ft (B59)

Finally, price dispersion and price evolution are unchanged.

B.2.2 Households

From before we implicitly assumed C; = ¢ I';, where we also define % = ¢;. At this

point we also have that A\, = ’F\—tt where A} is the detrended MUC.
MUC can be rewritten as

A 1 1
—_ = — a
Iy Liep —al’y—1c4 Fipicipr —al'wey

Multiplying on both sides by I'; and rearranging we have

g 1
DV | VR — (B.60)

giCt — acC—1 Jt+1C+1 — ACy
Then the leisure-consumption relationship reads

NO
wt—(b L

= B.61
A; (5.61)
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And from the Bond-Euler

)\*
A\ = BE, {J“ RQ} (B.62)
gt+1

B.2.3 I-firms

We remark that by assumption fF = gt f* for k = [NE, INC], i.e. the trend leading fixed
costs is purely deterministic. This allows us rewriting the NE's cutoff as

11—«
AiVE _ (gifNE) 1

1—a ag it
Oétht

X
Then exploiting the fact that I/}—: = (%) we have that
t

ANE _ ~NE ﬁ X t(1—a)
AT =y o I (B.63)
2t
And thus
fNE l=a
al'f = <_) (B.64)
l—« aqy
From which follows
fINC 1-a 1
4INC _ <_) (B.65)
l—« aqy

At this point we can easily rewrite the mass of active NEs as

5
NE. — 6sset (Z;Z)X B ess v (Z?)X'Y ez
P avEpxt0e) | T \GNE ) pxv i(1-e)

ay Ny Gx t t Y=

~

(z)X7e;
—Zto_—t _ and so
Azwgiv(lfa)

implying that NE; = ne,
e5s v
ai

By BGP conditions we know that also 7, and INC; share the same stochastic trend
as NFE,, this implies
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Ny = ney + inc (B.67)
and
—xv, Y(1-a) 1 ~NE X ol
. « 9t 9 ay <gz,t) 1 ]
mey =1, - — — (B.68)
gl {G{Nc G ) gt

where of course 1, = n:A(zp)XWeg and 7;_; in (B.68) must be expressed accordingly.

ty(1—
zwg*’y( a)

B.2.4 Stochastic Trends Identification

Notice that from the aggregate resource constraint in (1.34) it turns out that the stochas-

tic trend leading NE, f"¥ and INC, f/N¢ must be, by construction, the same leading Y,
n Y

C, and Sy, i.e. I';. Thus, given that NE,g! fNE = nethE%gi, we can easily work

out

(=) el

A=)

(B.69)

t

Then, plugging the relationship I'; = (2/")* A} into (B.69) allows identifying the
stochastic trend leading both K; and I, that is

—_r x(y=1)
etHX(”*l) (Z?) T+x(v=1)

o= (B.70)
s
Then, plugging (B.70) into (B.69) we have
I = 10 (=a)—1] (B.71)

s I+x(y—1)

Which is the stochastic trend leading aggregate variables but K; and I;. Thus the
stochastic trend governing aggregate variables is a Cobb-Douglas of the the permanent
shifters governing the NFEs technology frontier and final goods production, respectively
1

At this point we can also identify the stochastic trend leading K-firms cutoff. For
instance, substituing for (B.70) into (B.63) we obtain that the corresponding stochastic

X
Estean]

(A—-a)-1] —(1—(1)} N

trend is
T A te—cy
(ztn)l-&-x('v—l)g* xy

1 ; ot y(1=x)
According to our parametrization TIx(-D < 1.
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Finally, plugging (B.70) into (B.66), (B.67) and (B.68) it turns out that the stochastic

y(1=x) XY
. . e e X0 ey TG
trend leading the K-firms industry composition is e e
tv{(1-a)—x 2 }

9 +x(v—1)

B.2.5 I-firms production

At this point, since we claimed that K; and I; are governed by the same stochastic trend,
i.e. Ay, this implies that IN? = i¥¥A,. Then

1
n\XY Y 1— A VE AX i(lfa) 1-a n\ X1 =g
NN ey N (1= a) <% X P%(i)]

AP gt y(1—a) =1 (=)*

From which rearranging

n\x(v—1)
NE ) YA —) ey oo ()"
iy A= n€t7(1 —a)—1 (at ) (ag:)” Aic(vfl)gih(lfa)*ll

e) (zm)x( =1 ) . .
W which therefore implies

but from (B.70) we know that Aiﬂm_l) =

. YA —) ey Lo
i = ne e (@) ) 8.1

and thus it must also be that

e 1-a) weyiks e
o = iney =28 ) (g .13
and
iy = iVE | INC (B.74)

B.2.6 Aggregate Resources Constraint

There is only one variable to be detrended yet. By construction it must be S; = s,
which also implies s;I'; = s;NE Iy + s,{N °r,.
Then it is sufficient to show that

n\X7Y .Y n\ X X i—a
sNED, = ne, (2 )t let (1 —a) [aqt <Z_t) alve (ﬁ) gt(l—cx):| '
A ghtm y(1 —a) -1 Ay
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Can be rewritten as

ol 1—a« . 1 P X e’Y
séVEFt = net—( ) [ozqtaiVE] 1o —( tt> - t_l
(1 —a)—1 Ai”g*h( a)—1]

_ Y (zm)X(y=1) |
And again, since I'; = (2/)¥A0~X) and Azﬂm b= %, it must be that
9x

NE (1 —«a) ~NE] T2
pu— —_— o B-
Sy net7(1 - (g0, ] (B.75)
And
(1 —a) S INC| s
StINC = netm [OéthLtINC} <B76)
And
sy = s 4 sINC (B.77)

Thus, since we know that ¢FI; = ¢} ’kz’tFt, we have proven that

. 2
. * 7 _ .
Y — nethE — N tINC =C + St + ¢t7k% (Ztﬁ - 9) (2 (B.78)
t—1

Holds true.

B.2.7 Stochastic Growth Rates Identification

We claimed that Flt—‘jl = g, then exploiting (B.71) it turns out that

A—x)v XY
I+x(v—1) 1+x(v—1)
~ ge,t z,t

9t = T aohG-a-1 (B.79)

s 1+x(v—1)

meaning that the stochastic BGP growth rate is a convolution of the stochastic growth

rate of e; and z}'. Similarly for A/t\jl = g, it follows that
ol x(y=1)
glérx(vfl) 1Jtr><(7*1)
_ e, z,
9t = YA—a) 1 (B.80)
1+x(v-1)
*

Finally, in the deterministic steady state we have that g. = g:~®. Moreover, also
g = g = g, must hold true, i.e. the deterministic BGP is the same for all aggregated
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variables, which is verified plugging g. = g1~ into the deterministic formulation of (B.79)
and (B.80).
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B.3 Deterministic Steady State and the Existence of a Balanced Growth

Path

In the deterministic steady state

= 0. (B.81)

n
Zr1

Where 2" defines the ss value of the technology shifter and g, is the BGP growth rate
of the economy. Output, capital, investment, consumption and the real wage all grow at
the BGP rate while the relative price of investment and the labor supply are constant.
The latter is pinned down by the preference parameter ® in (2.4). Variables without
time index are detrended or, in a deterministic environment, implicitly stationary and
investment adjustment costs are nil. Further, from (2.31) it is straightforward to show
that the fixed costs ftX ** also grows at the BGP rate g*. We assume that the monetary
policy rule achieves m = 1. As a result, from (B.62), the real interest rate on the riskless
bond is

% — R = R (B.82)

From which we define R}* = R;® +0.01/4 where we impose the financial spread to be
25 basis point in steady state.

From condition (B.45) the shadow price of capital is equal to the price of investment

goods
cpk,ss — st (B83)

Where Q*® is obtained when the investment goods market clears.

Then, for what concerns the final producer’s capital FOC we have that in steady state

Ss *Nss X
TZ; (1) [ngs } +1-0=R (B.84)

Demand of capital for production is

ss(1 — x
K = g*N*® me(1 = x) (B.85)
(% +0.01/4-1+46) @~
From the capital accumulation condition
1—9
I° = (1 — ) K*° (B.86)
[

Given the monopolistic nature of the final goods market, in the zero net inflation steady
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state the marginal cost is

s V—1
mc®® =
v
and the real wage is obtained solving
SS PSS __ 1-x ss\ X
me = (Q B 1+5) (W ) (B.87)
I —x giX

To obtain closed form solutions for the above conditions (B.83) - (B.87) we need to
solve for the K-sector market clearing condition.

B.3.1 Financial Intermediaries

At first, following GK, we calibrate the steady state private leverage as ¢”** = 4, then
exploiting the fact that R — R»** = 0.01/4 allows us rewriting (B.51) as

1
= — 4 8 (B.88)

*

Then, since in the detrministic steady state the marginal incentive to accumulate
private assets is stationary by itself plugging (B.88) into (B.52), and still exploiting
R — R = 0.01/4, after some manipulations yields
(1—-6,) 0.01/4

" 0= 0B (/g + P) (B.89)

SS

similarly from (96) we obtain

nw,ss _ (1 B 9b>g*
9 — O0b(1/g + B) (390

Then, from the definition of private leverage given in (2.12), and given the fact that
we already imposed ¢"* = 4, we can pin down the share of divertable funds by the

bankers as

(1—05) g+

e (1-6,)8 0.01/4
A = eoo/em) (1= 0 B.O1
T T a (/a4 ) (20
Then, since "% = Q% =1 and ¢*** = 4, from (B.49) we easily obtain that
KSS
NW* = (B.92)

4
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Finally, from the law of motion of aggregate net worth in equation (B.54) we can pin
down the value of the proportional transfer to the entering bankers, that is

w= 1 (B.93)

B.3.2 K-sector

To begin with, bear in mind that f;"7% f/N¢** 55 respectively define fixed costs and the

K-firms technology shifter where the latter gows at the BGP rate g. # g.. We therefore
define ef* = e**g! and V7% = fNP gt The solution for NE** is thus

Y
1 l—«
NE* = |Q*a%"g! ( O‘) ] (B.94)

fNEgt

Thus, in order to have a constant non zero and non diverging mass of NFEs, it turns
out that g. = g!=® must necessarily hold true. In the end (B.94), it boils down to the
deterministic version of (B.66).

Then we can rewrite (B.67) to obtain 7*

n* = NE* 4+ INC%® (B.95)
fNE )(1—04)7

7755 — N SS+T/SS<
g*fINC

N Ss

fNE (I_Q)V
1= (55w)

SS

And INC?®

N (1—a)y
]’NCSS _ NESS (g*fINC>
- fNE (I—a)y
1= ()

. NE (1-a)y
Further it must also be that J.FINC

mass of incumbents ruling thus out the possibility of an exploding mass of active firms

< 1 in order to have a positive exiting

as it can be seen from (2.39).

We can now solve for ss investments. From condition (B.72) and (B.73) we get:

,.)/fNE,ss

INE,ss — NESS
(A —a)—1]Q>

(B.96)
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And

[INC’,ss — INC** 7(1 B Oé)

Sl ()
v ~ fINC

As evident from above, when choosing K-firms returns to scale and tail index a con-

dition must be respected, that is y(1 — a) > 1. This is done to guarantee that gross
investment production is positive as it appears clearly from (B.96) and (B.97).

B.3.3 Market clearing
Using (B.86), (B.81) and (B.85), we get

1—
55 — (1 _ 6) Kss
Gx

v—1
- (1 - 1—_5> g.N*" Al (B.98)
(% +0.01/4-1+56) Q=

x|

Using (B.94), (B.95), (B.96), (B.97), (B.98) we get that Q*° solves the following market
clearing condition for the investment goods sector:

55 = ]NE,ss +I]NC,ss =

(1_1—5>9*N53 < 1 -x) _

9+ % 40.01/4 - 1+5) Qs
FNE 1—a]7
e Q% (1 N a)l—a v ,nyE . |:<g*fINC> :| ’yfINC
(7 O A S LR TS
(B.99)

It is now possible to work out the closed form solutions for all endogenous variables.?

2 As pointed out in section 2.2.7 we calibrate the model so that Q** = 1 and thus calibrate e*® accordingly.
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B.4 I-sector Production

Here we derive overall production in the I-sector.

B.4.1 Derivation of NEs total production

Let us start from new entrants. We know that the production function for the generic
NE firm can be expressed as

[N (ANE’J) (Qu) ™= (B.100)

Then, by exploiting the transformation theorem we can compute the expected value
of NEs production

INE _ oo (ANE,]> 2 NE,j
t= (Qua) ™% dF(Af™Y)
ne _ [T avEg\ T %% £ ANEGY 10 ANE.j
= = [ ()T (@) AN )
oo N el ,

= 1" = (Qu) ™% e / N (a) (AN (B.101)

1 —+00
= I = (Qa) ™7 ye] _loa (ANEJ> e
t 1-— ’y(l — Oé) t ANE

= IVE = NEt% (ANE> (Qra) 5

Where we exploited the fact that NE; = (Ag ’

true that v(1 —a) — 1 > 0.
Notice moreover that what we have computed is nothing different than the mean of a

-
) and by assumption it must hold

truncated distribution without normalizing it to a unit probability measure i.e., without
dividing it by the probability share over which it is computed. This is done because in our
model we want a measure of the total production in the NEs industry. Should one want
to compute the idiosyncratic average production, it would be sufficient dividing (B.101)
by NE,.

B.4.2 Derivation of INCs total production

Let us repeat the same computation for incumbents. The production function for the

generic incumbent firm is

NG _ <AINC,J> (Qua)T= (B.102)



Then, as before we have

+oo N T o .
e = [ (AT (QuayrE ()

AINC
At
1

Feo i\ 1—«a T, ; ;
S 10 [ (A) T (Qua T AP A

o N v
= It]NC = (Qrx) ™= Y1y (Ai\iEl> /

+oo . 1%—7—1 .
<AgNCJ) o d(A{NC’])

A{NC‘
— JINC _ (Q Oz)ﬁ VM1 (ANE>'y 1—a <A1Nc7j>1la—'y +00
t t = =1 1 — ’}/(1 — Oé) t AtINC
INC 71 —a) INC\ Tw e
= It = [thm <At > (Qt&) 1-a

i v
Where we have exploited the fact that 7, <j}N,;Eé> = INC,.
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(B.103)

Then, as the expected value of the sum is the sum of the expected values, we have

that

I = 1P + I[N¢

(B.104)
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B.5 I-firms profits derivation

Total revenues of the I-sector are thus ();I;. Let us now define the the total amount of
savings employed as input in the production of capital goods as

+oo
S (ANY dF(ANY) (B.105)

NE INC
At At

5= | g (AE) aF(AvE) + /

where f;ﬁ; S (ANE) dF(ANF) = SN and f;?voc S (ANC)dF(ANC) = SNC are the
total amount of inputs used in NEs and INC's sector production.

It follows that profits are respectively

’7(1 — Oé) ~ ﬁ _a
= VB (QAY?) T a1 - a) - VB
and
M = QuIN¢ — SIN¢ — INC, V¢ (B.107)

- ve P (QAPC) T a1 ) - ING R

Which are always positive by construction as a < 1. Then, define the total expendi-
tures in fixed costs of the K-sector as

F, = NE.f"? + INC, fIN¢ (B.108)

Finally let us define the total amount of profits in the K-sector as

I, = MY + e (B.109)

Then by substituting for (2.42), (B.106), (B.107) and (B.108) into equation (B.109)
and rearranging we obtain the following identity
ﬁt + St + Ft — Qt]t (Bl]_O)

Simply stating that the total amount of capital goods (in real terms) produced in the
I-sector must be equal to the sum of profits, the input share of production and the total
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amount of fixed costs. Indeed K-firms hold the stock of capital and use households saving

to buy the gross investment from the K-sector as a whole. The share of households saving
S; is employed by I-firms in investment production at real good price cost, whilst the share
F, is devoted to fixed costs payment.
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B.6 The LAT shock

In principle, the major effect of the LAT shock is that of inducing an excess of supply
in the final goods market, this reduces the marginal product of both labor inducing a
fall in hours worked and raises, ceteris paribus, that of capital. This happens in both
models, however only in the financial accelerator version we observe an initial slump in
the accumulation of capital. This is because capital producers anticipate intermediate
producers behavior and demand more investment-goods, pushing up both @ and ¢*
as they expect a future increase in the relative price of investment goods. This puts
downward pressure on the intermediate producers demand of capital causing a sudden
capital decumulation on impact. Because of this, however, there is a smaller fall in hours
worked. The netting out of these effects is almost zero and thus virtually there is almost
no difference between in the effects of the LAT shock on the two model versions.

Therefore, from the banking sector perspective, the increase in banking assets low-
ers the marginal incentive to accumulate risky assets via spread and private leverage
reduction and boosting net worth.

Most importantly we notice how the financial friction is mostly effective to the prop-
agation of supply rather than demand shock (observed from the K-sector perspective).



110

— DSGE

= = = Financial Friction

= o o =1 = =
st s} 0 I3 sl sl
L | = 1o L 1o L 1 = 1= L 1o
i 5 ¥ = 5 ¥
L |l o | E=] L 1o L = | =] L | B=
= & & & & & el
| y " =} &
— = =N < Z, =
. — =
= 1o L | = L 1o L 1 L | = L | B~
& ~ & 1 &~ ~ &
I
1 .
1 —~
L 1ia = L 1o L " = o b 1o Lw
= P = = = i = i = 54
W ' ' [ o)
1 1 ¥ | 0
\ % ’ A b
1 * ’ / N E mo
. o . o . o : o : o : o =
n o =) - mn o - o = N = o N = o i
= S
= Poggmonyvy o0 o © 0 ° 7 g8 moIp Yy, §8 mon vy g
Qg WO T, TRUTTY 55 WO Vi gg mog vy, Tenumy 1%
=]
g
=) =) = =] = =] <
s} [rs} [rs} rs} r} B o
Qo
=
. 1s s | 1s 1s - Bl B =
g
—~
oF
3
" " . = s Q
= L&) = = = nwl m.o
g 18 18 18 t 18 18 r 18 =
=1
E
L f = | E=] L 1l e L _-. = L | =] L 1 e .
= = = = = = e,
v
! d Sl
A% v .m
™~ - /I wn pZ
. o . o . o : o : o : o
— o — — [T=] o — (=] e — o — o — o o~ — (=] T -
o (=) o o (=] s A s ; —
' - 5 Qg oIy Vi A S5 WOIl ¥ 58 WoIy ¥4, < o
Qg Wog T, TRunwy S8 WO Vi QQ Moy Y, TRUTIY ] S
-+~
=I
5}
< = = < = = =B
[rs) [rs) [rs) - Irs) frs] s = b
1 g »
1 5 o
1 s
L 1o 1= L 1o L S 1o L 1o [T
=3 =3 5 =3 i =3 =3 =3 [w))
h 1 S oy
1 o ©
1 1 > 5
L | B=! | E=] L 1o L 1 |l o | B= L | = n 9
& & & 11 ® el el =B )
h e 1 o g
= - ) h M 1 = o = )
U ' o &
L i =] o L I = | 1] o o L 1o <] m
I3 &~ h i3] 1] S ~ & = 3
U 1 S )
| 1 <}
U 1 0 %
L I E=) L I E=) L I =] L | o L | =] L 1 E=] g .4
= = N = <= ; = = o O
Il F ) w e}
s N . ]
n £ IS x m -
- 1 \\ lflj ,I m
o o o (= = o <]
N o~ o - 1 o - o = N o~ o N = o <+ o o »n =
) s o - " . " c o
S8 ™ol V% e y S8 WOl Vi, S5 TWOIl Vo4, S5 WOIl Yo% o o = )
55 Wol Vg 55 WO Vi m =
+—~
—_ a
.. ©
— Qo
m -2
g e
5 9
o0
2 =
~ »



111
B.7 The Investment Specific shock transmission abstracting from endoge-

nous firms entry/exit

B.7.1 Permanent IST shock

Abstracting from endogenous firms entry/exit in the I-sector makes our model pretty
similar to the canonical formulation of the two-sector neoclassical growth model even
though a formal distinction between () and ¢ is still maintained. In this respect the
transmission of a permanent IST shock is sensibly weakened by the introduction of a
financial friction via the generated higher procyclicality of the relative price of investment
goods (because of the initial supply shock in the I-sector given the absence of ”creative
destruction”) as it can be seen from Figure B.2. Magenta continuous lines stand for the
financial frictionless model, green dash-dotted ones for its analog allowing for the financial
sector presence.

However, the permanent IST shock cyclical impact is stronger when financial inter-
mediaries are considered.

B.7.2 Persistent MEI shock

Introducing a MEI shock in this model would be equivalent to rewrite (2.29) as®

I I I
_ MBI g () A
Qo= wt{ {S (Itl oo\ )T
A I I.1\2
o St ers () (%))
t t t

where

MEIT
In(u" B = pyer In(p ) + &

with &/ ~ N (0, a#”““).

Concerning the MEI shock impact, our model yields results which are perfectly con-
sistent with what suggested by Afrin (2017)%. Indeed the generated countercyclicality
of ¢* when a financial friction a 1A GK is introduced into the model reduces the MEI
shock propagation, as expected. Impulse responses are reported in Figure B.3. However,
when endogenous entry/exit is considered, the cyclical impact of MEI shock is slightly
increased both with and without financial frictions (see dashed blue and continuous black
lines, respectively). This is intuitive. The MEI shock can be seen as a demand shock,

3This is true up to a first order linear approximation of the model.
“The shock calibration is the same as in Justiniano, Primiceri and Tambalotti (2011).
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especially from the I-sector perspective. This implies the increase in the demand for
I-goods calls for more I-firms to flow in the market (and less incumbents to die). Thus,
the expansion following the MEI shock is boosted.
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Figure B.3: Impulse response functions to a persistent MEI shock abstracting from endogenous firms entry/exit in the I-sector.
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B.8 List of linearised equations

Here we list all the relevant linearised equations in our model. Detrended loglinearised
variables are in small case and marked with a tilde.

B.8.1 Households

~ 1
A= < (BGeer — g0) — (92 + Ba®) B.111
e | LG R R AL (B.111)
b0 (5t + ) MUC
@ = 0N, = \; Labor Supply  (B.112)

= X;l — Gop1 + 77 Bond Euler (B.113)



B.8.2 Financial Intermediaries

—~ ~k ~b
SPre = Tep1 — Ty

%«*,bk B ¢b7ssts ?*,k (¢b,ss _ 1)Rb’88~b

= ——kEh — Tt
t+1 t+1 t
g*zbk,ss s Zbk,ss
b,ss ss __ pb,ss
N ¢"* (Ry® — R"*) P
G+ Zbk,ss t gt

k’t - —ﬁ7k+$g+%t

Ss

~ w v _
¢ =T+ PV
~ 1-— 91) 6 ss ss N N * ~
Ve = ( Vssg) (R — R" ) (/\t+1 — A - gt+1> +
(1 _ 9b)ﬁ b.ss~b
RSS"'* _ R ,8S
+ I/ssg* ( k rk7t T ) +
+ vssg <)‘t+1 — A = g1 + ¢?+1 - Cblt) + thf + Vt+1>

w 1 — eb 6Rb,ss ~, ~, _
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bRy — R
+ [(RZS . Rb,ss) ¢b,ss + Rb,ss} ﬁTUt,l} 4
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(& + ¢+ R
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Financial Spread (B.114)

Private NW ; evolution

(B.115)

Aggregate Banks Balance sheet
(B.116)

Aggregate Private Leverage
(B.117)

Assets marginal incentive

(B.118)

NW marginal incentive

(B.119)

NW Law of motion

(B.120)



B.8.3 Final Producers

Retailers

dy = 7 + (1= \B) Tt

+ ApfB [XtJrl - T + (1= v) (37 — Tey1) + CZH]

fo= (1= XB) (G + mcy) +

+ A [Xt+1 — N —v (VpTe — 1) + ﬁ+1]

di = f

%: = 1 _p)\p <7Tt - 7p%t—1)

Intermediate Producers

e =xNe + (1= ) <E,1 —§t> - &

-~ (=08)
Tpt =0t — gt + - (90’ -
ket R t
1-— Ng,
L X)( g
Ry K

+(1 = X)¢F + x (ﬁt + gt + F];t71>i|

@y = e — &+ (1= x) (br + ¢ =7 — 31)

B.8.4 I-Firms

%t = (1;5) (Et—l — gt + Ef)

Q=" + i+
(1+ Byg.)

X o~
) [W%t—gt—&:f1+ﬁt+
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First Recursive Inflation Term

(B.121)

Second Recursive Inflation Term

(B.122)
Inflation dynamics (B.123)

Evolution of prices (B.124)

Final Output (B.125)

Demand of Capital (B.126)

Demand of Labor (B.127)

Law of motion of capital

(B.128)

+ g2 {—g—% +ipq + 15 (LH + gm) - gt} Investment rule (B.129)

*
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B.8.5 I-Firms

~NE —
a, =—q NEs cutoft
(B.130)
~INC ~
a, =—q INCs cutoft
(B.131)
= (1 — H*)ne, + H*inc, Mass of active K-producers
(B.132)
ne;, = —yar "t NEs mass
(B.133)
incy = iy + x7(Ge = 9ot) = VGt (B.134)
~NE  ~INC _
+7 |:at71 —a, +(xt+a—-1)g..— th] INCs mass
exit, =y + XV(Ge — Got) — Vet (B.135)
H* - - :
T 1= fes ! (@ =@ + (x + = 1) — x3i] Exit Mass
TNE _ —~ Ly o~ -
1, =ne;+ T + o NEs gross investment
(B.136)
~ —~ 1 _ .
iNC = ine, + matmc + 1 ié G INCs gross investment
(B.137)
. INE,SSN ]INC,ss~
i = Tos i+ thﬂv I-producers gross investment
(B.138)
_ SNE',ss N 1 1
5t = S'ss (net—i_l_aaiVE—i_l_aqt)—i_
SINC,ss —~ 1 INC 1 _ )
+ mey + ——a; -+ q K firms total input amount
Sss l-a l-a
(B.139)
N NESSANE,SS . ~ ]NOSSAINC,SS N iy
a; = — (net + alv? ) + B Fra— (inct + ainc> K-sector productivity

(B.140)
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B.8.6 Market clearing conditions and policy rules

_ C'ss Sss NESSfNE oo INCsstNO .

U = Yssgt + v 5+ TR 7 inc;  Market clearing (B.141)
77 = prosstyy + (1 — pposs) (ke + kyme + o' epy) Taylor rule (B.142)

Tot =Ty — Tit1 Fisher equation (B.143)
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