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Abstract

We develop a monetary dynamic general equilibrium model with a rich corporate fi-
nance structure to study which financial shocks drive the business cycles and how.
Entrepreneurs optimally choose dividend payouts, long-term nominal debt, and real
investment in a setting with idiosyncratic risk and strategic default. We model seg-
mented asset markets and introduce sentiment shocks to the demand for corporate
bonds, for corporate equity, and for default-free government bonds. On the supply
side of the corporate credit market, we include an idiosyncratic entrepreneurial risk
shock. We estimate the model on US data on corporate financial flows, asset prices,
and standard indicators of economic activity. Sentiment shocks generate plausible busi-
ness cycle responses and can explain around 20 percent of investment and employment
fluctuations, comparable to the role played by the risk shock. Allowing for strate-
gic default and an endogenous capital structure significantly amplifies the effects of
a positive equity sentiment shock by lowering leverage and default risk. In contrast,
entrepreneurs’ use of long-term debt reduces the effect of a positive bond sentiment

shock because a large fraction of the benefits accrue to existing bondholders.
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1 Introduction

Which financial shocks matter, and how? To address this question we develop a monetary
dynamic general equilibrium model in which entrepreneurs optimally choose dividend pay-
outs, long-term nominal debt, and real investment in a setting with idiosyncratic risk and
strategic default. We introduce sentiment shocks to the demand for corporate bonds, for
corporate equity, and for default-free government bonds. On the supply side of the corpo-
rate credit market, we include an idiosyncratic entrepreneurial risk shock as well as “news”
shocks about future idiosyncratic risk. We find that sentiment shocks are important drivers
of the business cycle. For example, sentiment shocks together explain around 20 percent
of investment and employment fluctuations, comparable to the share of these fluctuations
explained by the risk shock and the risk news shocks. We also find that endogenous changes
in leverage and default risk, as well as the long-term nature of corporate debt, are important
in explaining the response to financial shocks, amplifying the effect of the shock to demand
for equities but dampening the effect of the shock to demand for corporate debt.

Our paper builds on earlier empirical work showing that financial shocks account for
an important fraction of macroeconomic fluctuations (e.g. Gilchrist and Zakrajsek (2012),
Lopez-Salido, Stein and Zakrajsek (2015), Gertler and Karadi (2015), and Caldara and
Herbst (2016)). The effort to provide a structural underpinning to these financial shocks has
so far taken the form of estimated dynamic stochastic general equilibrium models featuring
typically just one financial shock (e.g. Jermann and Quadrini (2012), Christiano, Motto and
Rostagno (2014), and Ajello (2016)).

Our model extends Smets and Wouters (2007) along two key lines. First, households
experience a shock to their preference for government bonds, a la Krishnamurthy and Vissing-
Jorgensen (2012), a shock to their debt maturity preference, and a shock to their preference
for holding equity. Second, firms fund themselves by choosing the appropriate mix of equity
securities and multi-period defaultable nominal debt. Firms experience an idiosyncratic
disturbance to their return on capital, the variance of which is stochastic as in Christiano,
Motto, and Rostagno (2014). In the event of a sufficiently bad idiosyncratic shock, the equity
injection that would be required to make debt payments is so large that equity holders choose
to default; the default threshold is endogenous. Firms choose how much debt to issue each
period taking into account the tax benefits of debt, as well as distress costs induced by debt
and the market prices of debt and equity. Debt is priced fairly by households, who take into
account default and inflation risk, their preference for government debt and debt maturity,
and the outstanding real value of financial assets that they are required to hold. In total,

our model contains five types of financial shocks: three portfolio preference shocks, a shock



to idiosyncratic risk, and “news” shocks about future idiosyncratic risk.

We use Bayesian methods to estimate a log-linearized version of the model, using data on
11 aggregate variables from 1982Q1 to 2017Q3. The estimated model yields several insights.
First, we find that the three portfolio preference shocks together explain about 20 percent of
investment and employment fluctuations, comparable to the total share explained by the risk
shock and risk news shocks. Among the portfolio preference shocks, the shock to preference
for equities is most important in explaining investment and hours, and contributes to the
pro-cyclicality of investment, consumption, net worth, and wages and the counter-cyclicality
of credit spreads and expected equity returns. Second, we find that endogenous changes in
leverage and default risk, as well as the long-term nature of corporate debt, play an important
role in amplifying some financial shocks and dampening others.

Endogenous changes in leverage and default risk emerge as important transmission chan-
nels for financial shocks because entrepreneurs issue long-term debt and default strategically.
For example, a positive shock to the demand for equity leads to a reduction in default risk,
partly due to a reduction in leverage as firms shift toward cheaper equity financing. The
reduction in default risk is amplified by reduced strategic default as, even holding leverage
constant, equity holders become more inclined to refinance firms on the margin of default.
The resulting decline in default losses implies a reduction in the compensation corporate
bond holders require for expected default. Correspondingly, investment and firm net worth
boom, reflecting the decline in the equity risk premium and the corporate credit spread. As a
result, a shock to the preference for equity is able to generate procyclical output, investment,
consumption, net worth, wages, and expected equity returns, and a countercyclical credit
spread.

We assume that firms issue long-term debt, as in Gomes, Jermann, and Schmid (2016).
The long-term nature of corporate debt in the model plays an important role in the trans-
mission of financial shocks. A rise in the demand for corporate debt leads to a decline in
credit spreads, as the shock reduces the risk premium households require to own corporate
debt. However, the resulting capital gains accrue to existing bondholders, dampening the
effect of the lower credit risk premium on firm net worth and investment[f] In addition, in-
creased demand for corporate debt alters households’ consumption-saving decision, leading
to a decline in aggregate demand that pushes down consumption and investment. Overall,
investment rises but consumption falls. Correspondingly, the model attributes only a very

small share of fluctuations in aggregate quantities to the corporate bond preference shock.

"'While long-term debt also attenuates the effects of the endogenous decline in credit spreads from a
preference shock for equity, that decline in credit spreads is not the only mechanism through which the
equity preference shock boosts investment.



These results shed light on the reduced-form empirical literature showing that fluctuations
in corporate bond spreads are robust predictors of economic growth, while stock returns and
measures of stock valuations are not. Indeed, our results may at first seem at odd with these
earlier findings: we find that shocks to household demand for stocks can generate plausible
business cycle co-movements and account for a large share of fluctuations in investment
and hours, but shocks to the demand for corporate debt do not. However, it is important
to note that correlations between real activity and financial market prices do not have a
structural interpretation on their own: financial market prices and real activity are driven
by a wide variety of real and financial shocks. We find that the equity preference shock
explains a meaningful share of fluctuations in credit spreads, and generates co-movement
between aggregate quantities and credit spreads, thereby helping to explain the predictive
power of corporate bond spreads for real activity.

To bolster our confidence in our finding that sentiment shocks are as important drivers
of business cycles fluctuations as entrepreneurial risk, we align our modeling strategy of risk
shocks as closely as possible to Christiano Motto and Rostagno (2014). In addition to the
contemporaneous effect of unexpected changes in entrepreneurial risk, we chose to allow for
the presence of correlated news shocks on future idiosyncratic risk available up to 8 quarters
ahead, as in CMR’s baseline model. In contrast, we do not allow for news shocks to affect
any of the sentiment wedges.

The portfolio preference shocks are meant to capture several empirical facts. First, a sig-
nificant share of variation in dividend yields, corporate bond spreads, and the term structure
of interest rates appears to be driven by discount rates, rather than expectations for divi-
dend growth, corporate defaults, or changes in the short-term interest rate. E] Second, part
of the variation in discount rates appears to arise because of market segmentation. Investors
may not participate in all financial markets and risk might not be shared across investors
active in different markets. As a result, asset prices fluctuate for reasons that cannot be ex-
plained by a representative consumer. For example, mortgage prepayment risk is a wash in
the aggregate, but is priced in the market for mortgage-backed securities (Gabaix, Krishna-
murthy, and Vigneron, 2007). There also appear to be clienteles for certain asset class, such
as pension funds who need long-term assets to match long-term liabilities; the demand for
those assets can vary for reasons unrelated to aggregate consumption dynamics. Segmented
markets or clienteles can lead to “downward-sloping demand” for asset classes, for example,
because of limited risk capacity of the investor base of a given asset class. Third, part of
the variation in discount rates appears to arise because of differences in market or funding

liquidity. Fourth, discount rates can vary because investors value attributes of a given asset
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classes, such as the easily understood safety of government bonds, for reasons unrelated to
the payoffs of those assets. Rather than model the underlying frictions or taking a stand
as to which of these frictions is most important, we model the household as experiencing

exogenous shocks to its preference for government bonds, corporate bonds, and equity.

Literature Review

A large body of work in the empirical macroeconomics literature has shown that financial
shocks are important drivers of the business cycle. Gilchrist and Zakrajsek (2012) show that
their index of corporate bond credit spreads (the ”GZ credit spread”) has a strong predictive
power for economic activity. Furthermore, they find that a large fraction of the predictive
power of credit spreads is unrelated to issuer default risk and, instead, reflects credit market
"sentiment” that affects investor demand for corporate bonds (the Excess Bond Premium
(EBP)). Lopez-Salido, Stein and Zakrajsek (2017) provide further evidence that investor
sentiment in credit markets can help explain macroeconomic fluctuations, and show that
investor sentiment in bond and equity markets is weakly correlated, suggesting an important
degree of sentiment segmentation. Brunnermeier, Palia, Sastry, and Sims (2017) confirm the
importance of the GZ spread for macroeconomic fluctuations and show that shocks to the
TED spread also have strong real effects but in a markedly different way. Taken together, this
literature shows not just that financial shocks have important macroeconomic implications,
but that there are distinct, imperfectly correlated, sources of financial shocks and that these
different shocks affect the economy in diverse ways. Our structural estimation approach is
designed to provide a better understanding of how different financial shocks propagate in
the economy.

A related strand of the empirical literature focuses on the interaction between monetary
policy and financial shocks, focusing mostly on the effect of monetary policy on financial
conditions (Gertler and Karadi (2015), Caldara and Herbst (2016)). More closely related
to our work is Bassetto, Benzoni, and Serrao (2016), who show that innovations to the
Chicago Fed Financial Conditions Index (NFCI) and to the EBP have similar strong real
effects as monetary policy shocks, but that the effects of financial shocks die out relatively
fast, potentially because monetary policy responds to financial shocks. One key takeaway
from this literature is that financial shocks and monetary policy interact with each other in
important ways. Our model is able to identify and interpret these interactions clearly.

A recent literature has tried to provide a structural underpinning to these financial shocks.
Jermann and Quadrini (2012) introduce a shock to firms short-term borrowing constraint,
Christiano, Motto and Rostagno (2014) consider, instead, shocks to the volatility of en-
trepreneurial risk and to entrepreneurial net worth, and Ajello (2016) studies the effect of a

shock to financial intermediation. These estimated dynamic stochastic general equilibrium
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frameworks typically find that the shocks they model are able to account for a large fraction
of aggregate fluctuations. Our contribution relative to these papers is three-fold. First, we
introduce a large number of financial shocks that capture factors from both the demand-
and supply-side of financial assets and that cover all the major financial asset classes: bonds,
stocks, and short- and long-term government debt. Second, we model a corporate sector in
which both debt and equity financing play a role. Third, we include an expanded set of
financial variables in our set of observable variables used in the estimation.

Our methodology resembles that of Chari, Kehoe, and McGrattan (2007). They propose
the introduction of time-varying wedges that distort the equilibrium decisions of agents
to gain an insight into which frictions or amplification mechanisms matter for aggregate
fluctuations. One can interpret our preference shocks and our corporate debt supply shocks
as time-varying wedges that can be measured using the structure of the model. In that sense,
our results provide a unified accounting of business and financial cycles, along the lines of
the ”business cycle accounting” of Chari, Kehoe, and McGrattan (2007), which abstracted

from financial shocks and corporate finance variables.

2 The Model

2.1 The Household

There is a large number of identical and competitive households. In period ¢, each household
consumes C; and provides every type of differentiated labor, n;;. Employment agencies
combine differentiated labor inputs into homogeneous work hours. The household derives
utility from consumption and disutility from supplying labor; the household also derives

utility from its real holdings of financial assets .

2.1.1 Financial assets and budget constraint

The household holds four financial assets representing inter-temporal claims on the govern-
ment or the corporate sector: Treasury bills; long-term Treasury bonds; long-term corporate
debt; and equity. All debt is nominal and corporate debt is defaultable. Households also
make an intra-temporal loan (i.e., a loan for working capital) to intermediate goods produc-
ers. The households also own equity claims issued by the entrepreneurs.

In period ¢, the household chooses real holdings of Treasury bills (T'B}), long-term govern-
ment debt (T'B A) and long-term corporate debt (B; A) Denote the price of final consumption
goods by P,, so that inflation between periods ¢t — 1 and ¢ is 7y = P,/ P,_.



Each Treasury bill held in period ¢ — 1 represents a claim to one dollar in period t. Thus,

if the household chooses real holdings of Treasury bills in perlod t — 1 equal to TB} , then

in period t the household will receive the equivalent of consumption goods when its

TB;
m
Treasury bill holdings are redeemed at par.

Each period, the holder of a long-term government bond with a face amount of one dollar
receives a coupon payment of ¢ dollars. In addition, A fraction of the principal is repaid at
par, while the remaining fraction (1 — ) remains outstanding; thus, long-term debt has a
half-life of 1/X. Long-term corporate bonds that are not in default are also repaid at rate
A and provide a coupon payment c. From the firms that do default, corporate-bondholders’
recovery rate is rec;, taken as given by the representative household and defined later in (30]).

The household also owns equity claims issued by the entrepreneurs. The share count s; is
normalized to one each period. For each share owned in period ¢ — 1, the household receives
an aggregate real dividend D; in period ¢. The cum-dividend real value of the firm is denoted
by J;. Thus, the real price of one share in period ¢ is the ex-dividend value, J; — D;.

In addition, households directly own the intermediate goods producers and capital pro-
ducers and receive profits 11" from the intermediate goods producers and II;*” from the
capital goods producers. Moreover, the households make an intra-temporal loan, with real
value B}, to the corporate sector. The gross return on the intra-temporal loan is R,.

Denote the real wage by W; and the real lump-sum transfer from the government by 7;.

Then, the budget constraint is:

1 1 11
Ci+ B+ QI TB! + Q"> TBY) + Q. B} + si(J, — Dy) <
1
BN

B}
WtNt + 5t—1Jt +

S((1= @) (e + A+ (1= N)@Q) + (2 )rec,)

Tt
1
+R.B; + Tifl + (c+ A)Tifl (=N " Tiz Ly i+ 7 (1)
2.1.2 Preferences
The household’s preferences are as follows:
- 1+v
DN R A g



where

i u(@Q{ V' TBY)
TB TP TB,5 3
P 0¥ U<Qt TB; )
t B Tp | » and Ufin,t = Bi 1
¢t + ¢t U(Qt A 315A 817,25)
¢Z] U(JtSe,t)

The first term in the household utility function reflects utility from consumption, with
habit parameter h and elasticity of intertemporal substitution . The second term reflects
disutility from supplying labor, with Frisch elasticity v. The last term, ®,U #in,t Teflects the
household utility from its real holdings of financial assets. ®, is a vector capturing preference
shocks to the demand for holding different types of assets. Uy is a vector with each element
an increasing and concave function () of the real holdings of a given type of financial asset.

1 1-k

We assume u() has constant elasticity to the real holdings of each asset, with u(z) = ==

and x > 0.

The shock ¢! reflects stochastic demand for default-free government debt; this is meant
to capture the convenience yield described by Krishnamurthy and Vissing-Jorgensen (2012).
This shock is also akin to the Smets and Wouters (2007) “liquidity” shock that increases the
desire of households to hold the risk-free asset, rather than physical capital (Fisher, 2015).
In their model, as a result of nominal rigidities, a liquidity shock generates a demand-driven
contraction in activity.

Whereas Smets and Wouters (2007) contains only one risky asset (physical capital) and
features a zero net supply of the single-period risk-free asset, here we have a richer array
of financial assets. Thus, the shock to the preference for government bonds affects both
the demand for one-quarter T-bills as well as the demand for long-term government debt.
In addition, we also introduce a shock to the preference for corporate equity (¢7) and for
corporate bonds (¢7), since households do not invest directly in physical capital. Finally,
since we are interested in how the preference for debt maturity affects corporate financing
decisions, we introduce a shock to the preference for long-term debt (¢I7) that affects
demand for long-term government bonds as well as long-term corporate bonds.

In summary, the household makes consumption, labor and investment decisions,
L 11
(Ct7 Nt7 TBt ) TBt)\ ’ Btk ) St)fio

subject to the budget constraint to maximize utility E|

3Note that in the model used for estimation, there is positive steady-state technological progress. This
requires appropriate normalization of the household’s problem, which we abstract from here; the full set of
equations is available upon request.



2.1.3 Asset pricing

The first order conditions of the household’s problem imply that the household uses a dif-
ferent stochastic discount factor to price each financial asset. Define the period-t marginal

utility of consumption, adjusted for habits, as A;:
At - (Ct - th_l)_w - Et/Bh»(CtJ,_l - th)_w (3)
The price QfB’l of a one-period Treasury bill is given by:
Ti+1

1
Bl _ 8E, [SDFZE;} ] (4)

where

TB,1 1 Asiq
SDFt,H_ﬁ = 11— A% tTBQtTBJ(Q?B’lTBtl)_F" A, (5)
The real redemption payment from holding a nominal T-bill is eroded by inflation, hence
the T-bill price is the expectation of the real redemption value # times the stochastic
discount factor that prices T-bills. If ¢I'Z is zero, as in a standard model, then the SDF that
prices T-bills is, as usual, the ratio of the marginal utilities of consumption. However,
an increase in ¢! P raises the period-t price of the T-bill, holding all else equal.

1
The stochastic discount factors that price long-term government debt (SDF fﬂf), cor-

porate debt (SDFft’L), and equity (SDF;{HI) are similarly given by:

TB,l 1 At+1
SDFt’tHA B 1 (,TB ey B (A TBA v Ay
1 - A_t< i+ o) (Q TB)™"
B,y 1 A
SDF = 1 (4B P\ B3 (BN ph Ay ©)
1 - AT(@ +¢)Qy QT Bt) "
1 A
SDF},,, = - (7)

1-— A%@]Jt(JtSt)_"” At

The corresponding asset prices are, for long-term government debt,

TB,+ TB,+ TB,+
Q, = BEt[SDFt,t-s-l (c+ A+ (1~ A)Qt—&-l )]



for corporate bonds,
x TB,+ * "
= BE[SDF, 7 (1 = () (c+ A+ (1= N@QF) + (2] )recy))]

and for equities,

Jt = Dt + BEt[SDFZt+1<1 - @(Z:+1))Jt+1.]

2.2 The Productive Sector
2.2.1 Final Good Producers

Final goods producers adopt a CES production function:

([ 1 (i)' di) )

The final good producer operates in perfect competition, and seeks to maximize profits, Il;:

max Il = Py — pi(i)ye(i), (9)
Ye,ye (1)Vi

subject to the production function (), where P; is the price of the final goods and p;(7) is

the per-unit price of intermediate goods y(3).

u(i) = (ﬂ@) " (10)

which is the demand for good (i) conditional on aggregate production of final goods ;. The

usual price aggregator is derived by plugging the demand function into the production

function (8):
1 1+6,
P = ( / pt(i)lndi) (11)
0

2.2.2 Intermediate Goods Producers

Each intermediate-goods producer employs hours worked, h;(i), to produce goods (i) ac-

cording to the linear production function:

yi(i) = ANV (1) O K (12)



where A, is aggregate TFP and the growth rate of TFP 2z, follow an AR(1) process:

Ay .
Y = log A P + o€
t—1
and €] ~ N(0,1).
Producers pay workers a real nominal hourly wage, w; = %. Their goods are partial

substitutes and intermediate good producers act in regime of monopolistic competition. In
every period t, they observe the demand for their good, , and select p;(7) that maximizes
their profits under minimum costs.

We assume that producer i*® has to borrow resources from the household at the beginning
of the period to pay the workers’ wage bill. We assume that this type of working capital
loan is paid back before the end of the period, and that producers are charged an interest
rate, R, that is equal to the the 1-quarter risk-free rate, R;, augmented by a fraction ¢y x
of the default spread paid by corporate bond markets in compensation for aggregate default

risk. Producer i*" wishes to minimize total real costs, TCy(i):
TCt('l) = (Rt + (bWKSpt)wtht(’l) + T’{(thl(i) = Rtwtht(i) + T{(thl('l'), Vit (13)

subject to the production function , to which we assign a multiplier mc;(i). The FOCs
are:

he() = Rywy, = meg(i) (1 — @) ARy (1) " K1 (1) (14)
K, 1(3) : vl = me, (1) a A hy (i) K1 ()" (15)

Taking the ratio of these last two equations we obtain that the ratio of labor and capital
inputs is homogenous across producers and is proportional to the ratio of their remuneration

rates: -
RtWt - (1 - a)Kt—l

Rtl( B O[Ht
Multiplying by h:(i) and equation by K;_1(i) and summing them together, we

obtain:

(16)

Rtwtht(i) + 1B K, (1) = TCy(1) = mey(i)y, (i) (17)

where me;(7), by definition, is the real marginal cost of firm 4. Solving for h(i) and K;_1(7)

from and and substituting in the production function , we can solve for the

marginal cost:
~ l1—a
e — (1) (e
e A1 — a)
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Note that the marginal cost mc; (i) is the same across producers i so that we can drop the
index.
Following Rotemberg (1992), we now assume that when a firm is free to change its

nominal price, p;(7), in every period, but it incurs a real cost:
, 2
221y, (18)
2 \pr_1(i)m

which is quadratic in the deviation from 1 of the ratio of producer’s ¢ inflation rate, ptpi(li()i),

from steady state inflation, .

The intermediate firm wishes to maximize the present discounted value of real profits at

m 3, 0E | ((pt?(f) -t = 5 (G - %)] .

In a symmetric equilibrium py(7) = p(j) Vi,j € [0, 1], the first order condition of the

time ¢:

producers’ problem will give rise to the Phillips curve:

Uy’

At+1 Ti+1 Tt+1 Yt+1
E — 1) = = 2
+ AL, Ay ¢( T > T Y 0 (20)

where A; is marginal utility of household consumption defined in ({3)).

1+(1+9p)mct—¢<%—l>

Y
We also define aggregate dividends of intermediate good producers as:
Df = }/t — U}tht — 'T’tl(Kt_l

2.2.3 Capital Producers

At the beginning of each period, capital producers buy the aggregate stock of old depreciated
capital (1 — 0)K,_; from the population of entrepreneurs. The capital producers buy an
amount [; of final goods, combine them with the old capital stock, and build new capital

stock, K;. Their profit maximization problem is:
mIax Ey Z 5SSDF§:},¢+S {Qt+s ([_(Hs —(1- 5)Rt+s—1) - Pt+sft+s}
¢ s=0

subject to the physical capital accumulation technology:

_ I _
Ky =pf [1 -5 (Ttl)] I+ (1= 0) Ky
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where § is the depreciation rate, and p! is an exogenous shock to the marginal efficiency of

investment and follows a process:

log(1f) = rhoyr log(py_) + €1

The function S captures the presence of adjustment costs in the accumulation of capital.
The steady-state properties of the function S are standard: S(y) = 0, S'(y) = 0 and
S"(v) > 0, and characterize adjustment costs that are zero at the steady state growth rate
of investment, while positive and convex at any other Itf—jl The first order condition of the

capital producers’ problem is:

1— EtSDF%],tHQtH (NtIHS/ (Itltl
pt [1 - (S' (AI_L) s ts (Iﬁl)D

2.2.4 Employment Agencies

N——

Q=

Employment agencies hire differentiated labor inputs, n;; from households at monopolis-

tic wages Wi,t and transform them into homogenous hours worked by means of the CES

1
Nt = {/ Tliﬂgl*"wdi]
0

so that the demand of any differentiated labor input, n;,, is:

technology:
140,

1464,

Wi\
Ny = : N, 21
() T 21

Household 7 is the monopolistic supplier or labor inputs of kind n;;. In every period ¢
the households set wages that maximize their welfare. In similarity with the price-setting
decision of intermediate firms, intertemporal adjustments in the monopolistic wage rate

generate a cost per unit of the aggregate nominal wage bill, W, L;:

Yo (Wi Y
2 \ Wi,

Households then re-optimize monopolistic wages Wi’t by maximizing the difference between
the real consumption value of its wage bill in every period ¢ + s, AtW@Hsni,Hs, where A; is
the marginal utility granted by an additional unit of income, and the disutility induced by

labor supply, n;+4s, minus the real consumption value of the adjustment cost:

12



Iax E, {z; 5°

1,t+s

1+x 2

Wiits 1—o itts (" Witss Wits
N—njpis —x0Zp T —= N | ———— 1 Nips
TRy, e T X T Ty Wi o

subject to labor demand from employment agencies, .
In a symmetric equilibrium, the maximization problem gives rise to a standard wage

Phillips curve:

v A i (¥ 1)? N,
— (1 4 0,)u* — Tt 1) 2W o g pitt! JP (G B Ve VA s
(( ¥ ol +wt) v <7Wz )Wt T Ay v T N !

where w; is the real hourly wage and u’ is the per-period marginal rate of substitution

between hours worked and consumption and:

T, = !
t W,
t—1

T¢.
wage inflation is the product of the growth rate of real wages times the rate of price inflation.

2.2.5 Entrepreneurs

There is a continuum of entrepreneurs indexed by e. They face a classic capital structure
choice which trades off the tax advantage of debt and the costs of financial distress associated

with a high leverage.

Technology

Each entrepreneur buys installed capital thl,e at price Qf’_$1 per unit from the capital
producers at the end of period ¢ — 1. Nominal variables are indicated with a $ superscript.
In the next period (period t) she rents capital to intermediate good producing firms, earning
a rental rate Rf 8 per unit of effective capital. In period ¢ an idiosyncratic shock z;. may
increase or shrink entrepreneurs’ capital. The shock z;. has a mean of 1 and follows a
lognormal distribution. Denote the standard deviation of the log of z; . as o ;. This standard
deviation is one of the aggregate shocks we consider and is similar to the risk shock in
Christiano, Motto and Rostagno (2014).

After observing the shock, the entrepreneur chooses a level of capital utilization u;. by
paying a cost in terms of general output equal to a(u.) per-unit-of-capital. At the end of

period t the entrepreneur sells the depreciated capital to the capital producers.
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Entrepreneurs’ revenues II; net of the utilization cost in period ¢ are:
) ,$ T
I} = | R uge — Pra(uge) + (1= 0)Q7%| 20, K11, (22)

where ¢ is the capital depreciation rate. Since the choice of the utilization rate, given by
Rf 8 /P; = a/(uy.), is independent of the amount of capital purchased and of the z; shock, we
drop the index e from the return RF® in what follows. For convenience we define post-tax

real profits as:
Hft(zt) = {(1 — 7') [Rfutve - a(ut,e)] + (1 — 5)@?} ZtFt,1
where 7 is the corporate tax rate.

Financing

Entrepreneurs can obtain external funds by issuing bonds and equity.

Debt takes the form of nominal long-term defaultable debt. We assume-as in Gomes,
Jermann, and Schmid (2016)-that in every period a fraction A of the stock of outstanding
debt B | is paid back, while the remaining (1 — )\) remains outstanding. The firm is also
required to pay a periodic nominal coupon ¢ per unit of outstanding debt, which is tax
deductible.

Debt is costly because there are bankruptcy costs (which will be described below) and
agency costs. We assume that a firm with a real amount of debt B, = B{/P, going into
period t + 1 incurs agency costs in period ¢ equal to v(B;), in real terms, where v is an
increasing and convex function. In addition, we assume that v and its derivative are equal
to zero in the deterministic steady state. These costs of financial distress are modelled in the
spirit of Miao and Wang (2010) and Quadrini and Sun (2015), and capture several indirect
ex ante costs of high indebtedness. They are also important to capture the stickiness in
leverage of firms.

The entrepreneurial firms are owned by the households. Real dividends paid to them are

— B, _ By
de =T (5) = QK — (c+ M= +7(c+ M1 = Q) —— + Q/AB, —v(B),  (23)

¢ ¢
where 7(c+ (1 — Q%)) B;_; is the deduction granted on interest payment (“tax shield”), and
the variation of the optimal stock of real debt issued at time ¢ and the outstanding quantity
of past debt that has not come to maturity is defined as AB; = B, — (1 — \) 2=t

—. Negative
t
dividends represent equity issues.
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Optimal Choices

At the beginning of the period the shock z; is realized, and the firm decides whether or
not to default. If it does not default, then it produces, pays wages, suffers the depreciation
of capital, and decides dividends payments and debt issuances. The real value of the firm to

its shareholders at the beginning of a period, denoted J;, is equal to

B,
: 1+V(Bt—1/7rt7 S)].

Ty

J(Bt—l/ﬂtaft—la 2,9) = HE}X[Oa Hft(zt)_{(l —T)c+ [1 —7(1— Qf))‘} }

(24)
where the value of the firm conditional on no default, V(B;_;/m, S), is
V(Bi-1/m,St) = max QIAB, —v(B,) — Q¥K,
+Et [/BSDF;f],t—i-l / J(Bt, Fta Zt+17 St-i—l)d@(Zt-i-l)L (25)
0

and o; = {0,1} is a choice variable that takes value 1 if the firm decides to default and 0
otherwiseﬁ The vector S; captures the aggregate state variables. The rate at which firms
discount future nominal dividends is the equity-specific household stochastic discount factor
SDFY, , defined in (7).

The value function J(B;_1, K¢_1, 2z, S¢) is bounded at zero due to limited liability, which
means that we can define a threshold z; for the idiosyncratic shock below which the firm

chooses to default. This threshold is given by

0=T0'(z) — (c+ NP2t r(e 1 A1 - Q)2 4 V(BLymoS). (26)

T Tt

We can substitute and into to get

V(By-1/m,S;) = max QfABt —v(By) - fot + Et[ﬁSDF{,T,:H/ (1= 7))

£, K¢ z5
—(c+A)——+7(c+ M = Q1)) —— + V(Bt/Tir1, Si1)]d®(z11)],  (27)
T4l Tt41

Default occurs before period ¢ production occurs. In default, incumbent shareholders lose
their ownership of shares in the firm and bondholders take over and become the sole owners.
As new owners, the bondholders are entitled to collect any claims to the firm assets, including

current profits, the recovery value of capital, the outstanding debt liabilities, and the proceeds

4 Note that this formulation assumes that the \ fraction of debt that is scheduled to mature is paid back
in full, whereas any additional retirements over and above that amount are paid back at price Qir This
implicit assumption is also in Gomes, Jermann, and Schmid (2016) but is not discussed.
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from the sale of the equity in the firm. The restructuring ends when bondholders sell the
By
3

restructured firm to new equityholders at price V' ( ,S¢). In the process, bond investors

lose a fraction (1 — &) of profits and the continuation value of the defaulting entrepreneur’s
assets. The recovery share & follows an AR(1) process.

Given these assumptions, the price of debt can be obtained as

1

d,1 .

1 B Z{
(L= 0+ A+ (- VDTS w6 ([ Gt

d7l
0B, - B, [BSDP;%’QH

Zmin

N 1 B,k B%
(=, (VB i, Sent) + (1= NQPA —t>)

Tg4+1

} (25)

where SDF ft 41 is the stochastic discount factor used by the household to price corporate
bonds, defined in @

Real dividends from a perfectly diversified portfolio of shares, Dy, are:

D, = / di(z)dP(z), (29)
2
which takes into account that defaulting firms do not pay any dividends.
We can also the recovery rate as the real amount recovered in period ¢ by debtholders of
defaulted firms, as a share of defaulted firm’s aggregate real debt in period t — 1 adjusted for
inflation ;. This value, rec;, appears in the household budget constraint and is taken as

given by the representative household in choosing its real holdings of financial assets:

1 1 1
BX 2 BX ABX
rec; ;Ttlcp(zt*):/ T (2,)d®(2) + ®(2)(V( ;gl,st)+(1—A)Qf“ 7:1) (30)

Financial Distress and Default

When the restructuring process is complete, a defaulting firm is indistinguishable from a
nondefaulting firm with the same debt level. All losses take place in the current period and
are absorbed by the creditors. Since all idiosyncratic shocks are independent and there are
no adjustment costs, default has no further consequences. As a result, both defaulting and
nondefaulting firms adopt the same optimal policies and look identical at the beginning of

the next period.

Optimality Conditions
We begin by combining , , and to express the value function conditional on
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not having defaulted and before making the optimal choices for debt and investment as

V(B,_1/7,S) = max QYAB, — v(B,) — QFK, (31)

B, Kt

ESDFi],t-s-l((l - T)[RfHqu —alupr)] + (1 = 5)@1];-1)?75/

.
241

o0

+E; (2611 — Z:+1)dq)(zt+1)] ;

The first-order necessary conditions with respect to investment and borrowing are given

by

8Qd
k_ZXLAB
Q; ox, AP
= E; /BSDFZI,tH((l - 7)[Rf+1ut+1 - G(Ut+1)] +(1— 5)Qf+1)/ (Zt+1 - Zt*+1)d‘1’(zt+1)]
Z{

*

_ Bz
B BSDFL (L= D) Rbues — atue)] + (1= QAR - () T2 | (32

t

and

0Qi
0B,

E; |:/BSDFtJ,t+1((1 - T)[Rf-i-lut—i-l —a(up1)] + (1 — 5)Qf+1)Ft[1 — O(z/4,)]

AB; —V'(By) = (33)

9z, }
OB; |

QY +

Equation (32) equates the marginal cost of one additional unit of investment (LHS) to
the marginal benefit (RHS). One unit of investment costs Q¥ and affects the cost of issuing
debt. The marginal return on investment is adjusted by the change it causes on the default
threshold.

Equation equates the marginal proceeds of one additional unit of debt (LHS) to the
marginal cost (RHS). One unit of debt can be sold for Q¢, affects the price of debt, affects
the adjustment costs of debt and equity, and generates additional ex-ante costs of financial
distress. An increase in borrowing increases the default threshold (% > 0) making default
more likely.

Note that firm optimal choices are not a function of the idiosyncratic shock z. The
intuition is that equity issuance is frictionless and households and firms discount future
dividends at the same rate—this means that equity funds should flow across firms to equalize
the marginal product of capital and to optimize the debt-equity ratio.
9zfy, 92y, 9Q¢ 2Q

d
g .
9B, Gk, OB and I we need to solve for these four unknowns in the

following four equations, which are the derivatives of the household’s Euler equation for

To solve for
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bond-holdings , the incentive compatibility constraint) with respect to B, and K:

Qt

Qf +

Bt E, (551)1@ i (1= @ (2)] [e+ A+ (1 =N QL] thﬂ)

Ny §1V (Be/mer1,Se1) — ((e 4+ A) + (1= &) (1 - ))Qt—i-l

(BSDF 0zin Zirlg (o)

OV (By/mi41, St—i—l)

5SDFFt+1CI’ Zt+1) Eer1 [ 0B, +{- )QtH 7Tt+1])

_ 0 :
(ﬁSDFt 18t [(1 —7) (Rfut - a(ut)) + (1 - 5)Qf+1] Z:+1Kt¢ (Z;+1) %) ) (34)

y‘,_.

By

Tg4+1

0Q? 0z .
aKttBt EtﬁSDFtt+la;FJj¢(zt+l>

By

Tt41

St+1) —((e+ M)+ (1 =&n)(1 - )Qt+1)
0z,
K,

+EBSDFE & [(1—7) (RFus — a(uy)) + (1 — 6)QF,,] / e (2e11) (35)

SV (
+EtﬁSDFEt+1£t+l [(1 ~7) (Rfut - @(Ut)) + (1 - 5)Qf+1] Z:+1Ft¢ (Z:H)
0zf 2f

0K Ky

and —

0z e+ X)) —Tle+ M1 - Q) - FER S
0Bi1 (1 —7)[Rbuy — a(u)] + (1 = )QF) Ky

where, applying the envelope condition:

(37)

8V(Bt,1/7rt, St) d 1 aU(Bt)
= —(1— — -
(93,5,1 ( A)Qt—l T aBtfl
B,

GV(Bt_l/m, St) Bt B ’7)(
0B;_4 By B,
2 — 0.

? 0Bi—1

(38)

)* (39)

= (1 NQ el

and where we have assumed that, as in Miao and Wang (2010)

The entrepreneurial sector equations that are needed to compute the competitive equi-
« 9z 02, 0Q¢ 0Qf and JS

librium and solve for the policy functions for K,, B, Q¢, z;, 55 R, 9B’ R

are (2), €2, G, . 6. (). and E0.
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2.3 The Monetary Policy Authority

To close a baseline version of the model, we assume that the monetary policy authority sets

the nominal rate of interest, R;, by means of the Taylor-type rule:

log(R:) = prlog(Re-1)+(1—pr) (log(re)+Hog(m)+¢x (log(me) —log(mss) )+ ¢y (log(¥:) —log(Yes)))+o er's
(40)

where € is a standard normal innovation.

2.4 The Fiscal Authority and the Consolidated Government Bud-

get Constraint
The model features segmented asset markets and the demand for Treasury bonds is downward
sloping. It is important to be explicit about what drives the supply of government bonds
in the economy. We assume that short-term Treasury bills are in zero net supply, while the
totality of outstanding government bonds is issued in long-term notes, T'B;.
The government collects tax revenues from entrepreneurs and issues long-term bonds
at their market price. It uses proceeds to finance government spending, pay coupon and

principal on maturing debt, and to fund a lump-sum transfer to households, T;.

gYy +TB! |+ (c+NTB) | +T, = (41)
Qi P'TB! + QPNTB) — (1 - NTB)) + 7(RFK, 1wy — ay(wg) — (c+ M1 — QIANTBY))

where:

gt = (1 — pg)gss + pgge—1 + €] (42)

and we assume that the stock of government debt evolves according to

TB} ~TB}, = prs(T'Biy — T'B},) — mrp(log(TB}) — log(T'B;)) — 7 (log(V;) — log(Y;-1))
(43)
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2.5 Aggregation and Market Clearing

Capital market clearing:

I . 5
K, = [1 -5 (; %) L+ (1= 8) K1 /% (44)
t—1
Goods market clearing:
C e Um N Y (T
K:Ct—i-[t—FGt—i-—(——l) Yi—l——(——i_ ) (45)
2 2 Ty

2.6 Shocks Processes

The economy is buffeted by a rich set of shocks]’| We include shocks to the growth rate of
total factor productivity ~;:

Ye = pyyic1 + oye]

to the price and wage mark-ups A} and A\}':
/\A? = pp/\ffl +oper
X = pudily + Oue!
to the marginal efficiency of investment technology, u!':
py = priy_y +ore;
to government spending share of GDP g¢;:
Gt = Pggi—1 + g€l

to the discount factor S;:
B = paBia + oae]
to the dispersion of entrepreneurial risk o7 (and up to 8-quarter-ahead news thereof as in

Christiano, Motto, Rostagno (2014)):

Sy % o 8 o? 8 o® o®
0F = P07 1 + 00, €7 + X} 100, ,€71 ), + Xp1121COTT (00, 26011y 0o, ,€041)

5 All exogenous shocks are expressed in deviation from steady state (denoted for a generic variable x by
Z) and follow the AR(1) processes. All innovations €; are modeled as standard normals.
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and a Gaussian shock to the monetary policy rule e*. We add to these standard shocks, by
including shocks to the household’s preferences for specific classes of assets. In particular we

model shocks to the preference for Treasury bonds (both long-term and short-term) as ¢! Z:

'TB 'TB TB
= pTngt_l + orBéE;
shocks to the preference for long-maturity assets ¢! 7
TP TP TP
v = prPPi i + OTPE,

shocks to the preference for corporate bonds:
ng = PBQEFA + UBGE
and shocks to the preference for equity holdings, ¢?:

7S 28 S
¢t = PS¢t_1 + o€

3 Data, Calibration, and Estimation

We solve the model using first-order perturbation methods of its first order conditions around
their deterministic steady state[] We calibrate the set of parameters that affect the steady
state of the economy, excluding the steady-state distribution of idiosyncratic entrepreneurial
risk,0Z,. The choices are rather standard in the macro literature. We choose the IES coeffi-
cient to be equal to 0.55 and the habit preference to be 0.8. We calibrate both the quarterly
rate of TFP and the rate of inflation at 0.5%. We choose the discount factor 5 = 0.9935 to
set the steady state level of the risk free rate of 4.6% when the convenience yield ¢*® is equal
to zero. We choose the steady state level of the asset preference wedges so that they deliver
a steady-state nominal risk-free rate of 3.6%. We fix the demand elasticities for all assets in

the household’s portfolio (Treasuries, Corporate Bonds, and Stocks) to k = 1. The maturity

1
40"

In steady state government spending expressed as a share of GDP is set to be equal

of long-term Treasuries and Corporate bonds is set to 10 years, by imposing \ =

to 17% and we assume that supply of Treasuries is 70% of GDP, divided equally between
short-term and long-term bonds, B} and Bt1 /A The capital share of income « is equal to
0.36, while the steady-state mark-ups for prices and wages, A, and A, are both set at 0.15.

We calibrate the corporate tax rate 7 to be 30% and the average recovery of the value

SFor the full set of first order conditions of the model, see the Appendix.
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of defaulted firm &£ to be 40%. These values, together with an estimate of the steady-state
standard deviation of idiosyncratic risk o, = 0.05 deliver an average corporate spread of
around 2% per annum and a default probability of 0.45% per quarter, broadly in line with
similar targets in the modeling literature (Christiano, Motto, and Rostagno (2014), Bernanke
Gertler Gilchrist (1999)).

We estimate the remaining model parameters by Bayesian methods. We use the model
solution in state-space form to fit a panel of US macro and financial variables at quarterly
frequency, relying on the Kalman filter to build the likelihood function. The set of observables
include the standard set of macro time-series as in Christiano, Eichenbaum, and Evans
(2005): the growth rates of per-capita GDP, investment, consumption and real wages, the
log of per-capita hours worked, the inflation rate, the federal funds rate. We also add the set
of financial variables in Christiano, Motto, and Rostagno (2014): the growth rate of corporate
credit, the quarterly growth rate of the stock market as a measure of entrepreneurial net
worth, the spread between the BAA corporate bond yield and the 10-year Treasury yield,
and the term spread between the 10-year Treasury yield and the 3-month Treasury rate.
At the current stage we fit the model to data from 1985:Q1 to 2010:Q2 to allow for the
maximum comparability with the results in Christiano, Motto, and Rostagno (2015)[|

We impose priors on the parameter values that are largely consistent with those chosen
by Christiano, Motto, and Rostagno, listed in table[d We impose loose priors on the Rotem-
berg adjustment costs for nominal prices and wages, as well as on the standard deviations
and autoregressive coefficients of the sentiment shocks, to let the data freely determine their
role in shaping business cycle fluctuations. We maximize the posterior function with respect
to the parameter values and use a Metropolis Hasting algorithm to explore its surface and
compute credible sets for the parameters, as well as for the model-implied second moments
of the observables reported in tables [ and [2] and the variance decomposition in table [3]
Parameter estimates are rather standard. Notably, the Rotemberg adjustment costs in table
[4] suggest that the economy features a moderate degree of wage rigidities and a low degree
of price rigidities. The scarce prevalence of price rigidities in our model estimates provides
suggestive evidence that the presence of nominal long-term debt plays a role in the trans-
mission of demand shocks to the rest of the economy, as in Gomes, Jermann and Schmidt
(2016).

"We use BEA seasonally adjusted series for GDP, Investment (defined as the sum of fixed private invest-
ment and consumption in durable goods), and Consumption (defined as the sum of personal consumption
expenditures in non-durable goods and services). Each series is deflated by its implicit deflator. We define
inflation as the quarterly rate of change in the GDP deflator. Corporate credit growth is defined as the
rate of change of liabilities of the corporate sector from the Flow of Funds data, while changes in net worth
are matched to the quarterly growth rate of the Wilshire 5000 stock market index. We use a interpolated
population series from annual OECD data to compute per-capita quantities.
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Tables [1f reports in the first row the standard deviation of GDP growth in the data and
the median and 90% credible sets implied by the model under the posterior parameters.
The model-implied GDP volatility is slightly higher than the data realization, but in line
with historical measures of volatility of aggregate activity. The remaining rows in the table
report the volatilities of the other observable variables relative to the volatility of GDP.
The evidence in the table suggests that the estimated model is able to generate aggregate
fluctuations that are largely in line with the historical experience of the U.S. economy.

Table [2| shows the first-order autocorrelation of the observable data series, and their
model-implied counterparts. The model estimates are largely in line with data evidence,
with the exception of the autocorrelation of credit growth, which is high and positive in the

data, while model estimates suggest that the moment can plausibly be zero. [

4 The Financial Shocks

In this section we explore which financial shocks matter for the business cycle, and why.
Table[3|displays the independent contribution of each shock to the variance of the observ-
able variables at business cycle frequencies. The table shows the median variance decompo-
sition and the 90 percent credible sets produced by the exploration of the model posterior.
Our five financial shocks combined are the second most important drivers of the business
cycle fluctuations in the data, explaining together more than 21 percent of the unconditional
variance of GDP growth and close to 39 percent of the volatility of investment growth. Fig-
ure (1] displays the time series of GDP that results from feeding only the estimated financial
shocks to the model and compares it with the time series of GDP in the data. Financial
shocks emerge as strongly pro-cyclical drivers of output growth. Table XXX also shows that
the financial shocks are particularly important for the financial variables. More than 90
percent of the volatility of the credit spread and of net worth and nearly half of the variation
of credit flows and the slope of the term structure are accounted for by the financial shocks.
Out of the five financial shocks, the shock to the preference for holding equity, the shock
to the preference for holding government debt, and the entrepreneurial risk shock (including
news shocks) are the most important for business cycles. They explain, respectively, 6, 4,
and 11 percent of the variance of GDP growth. The three shocks have in common that they
barely explain consumption variations—despite the moderate degree of nominal rigidities—but

explain a significant fraction of investment volatility (38 percent).

8In the current version of the model the entrepreneur does not face adjustment costs when adjusting the
stock of debt. We plan to release this assumption in future estimation attempts and include updated results
in future drafts of the paper.
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Why does our estimation assign an important role to these three financial shocks? Over-
all, disturbances to ¢72, ¢7, and o, trigger responses in our model that broadly resemble
business cycles observed in the data. Figure [3| displays the impulse response functions to a
one standard deviation shock to the preference for government debt. Following a positive
shock to ¢T2, households consume less and rebalance their savings toward government debt
and out of stocks and corporate bonds. As a result, the credit spread and the required return
on equity increase. Thus, entrepreneurs acquire less raw capital and investment falls. Thus,
with the decline in the aggregate demand for consumption goods and capital, an ¢’ shock
generates declines in consumption, investment, output and employment. Finally, the overall
decline in economic activity results in a decline in the marginal cost of production and, thus,
a decline in inflation. So, according to the model, the liquidity preference shock implies a
countercyclical credit spread and pro-cyclical investment, consumption, employment, infla-
tion, and stock market. These implications of the model correspond well to the analogous
features of US business cycle data. This shock closely resembles the risk premium shock
in Smets and Wouters (2007). Figure 4| displays the impulse response functions to a one
standard deviation shock to the preference for stocks. Disturbances to ¢’ trigger responses
in our model that resemble most, but not all, business cycle properties observed in the data.
Following a positive shock to 77, households rebalance their savings toward stocks and out
of government and corporate bonds. The required rate of return on equity drops, and so
does entrepreneurs’ strategic default incentive. This causes corporate bond spreads to fall
and credit to entrepreneurs and entrepreneurial equity capitalization to increase. It follows
that investment increases. Despite the boost in economic activity, employment and inflation
fall. So, according to the model, the stock preference shock implies a countercyclical credit
spread, inflation, and employment and procyclical investment, consumption, stock market,
and credit. These different implications allow the model to separately identify shocks to ¢’
and ¢, Finally, Figure|5|shows the impulse response functions to a shock to entreprencurial
risk. Shocks to o, overall produce fluctuations in key macroeconomic variables that resemble
actual business cycles, except in the case of net worth and employment. Our model estima-
tion still assigns a large explanatory power to the risk shock, as in Christiano, Motto, and
Rostagno (2014), but the shocks to ¢72 and ¢7 crowd out part of the relevance of this shock.
Bl

Figure (1| shows the time series representation of the evolution of quarterly GDP growth

in the data and decomposes each quarterly realization into the positive (above the x axis)

9Note that one of the differences between CMR and our framework is that the entrepreneur chooses
dividend payouts optimally, whereas in CMR the flow of dividends is exogenous. This distinction can result
in very different dynamics of the net worth of entrepreneurs.
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and negative (below the x axis) contributions of the fundamental shocks in the model, listed
in the legend on the right-hand side of the graph. Shocks to the preference for government
debt (nP) display a markedly procyclical but only moderately strong role in most of the
expansions and downturns in our sample. Shocks to the preference for equity (n?) played
an important role in the downturns of 1991 and 2008-09 and in their recoveries. They do
not, however, play any meaningful role in the late 1990s boom and in the dot-com bubble
crash of 2000-01. The risk shock, on the other hand, displays a markedly pro-cyclical pattern
throughout most of the sample, contributing strongly to all recessions and moderately to all
expansions.

The variance decomposition in Table [3|indicates that shocks to the demand for corporate
bonds and shocks to debt maturity preference have a minor role in explaining real vari-
ables and are only important to explain a subset of the financial variables. Consistent with
this observation, the historical decomposition of the GDP growth series shown in Figure
suggests that the corporate bond preference shock (n?) does not possess a clear cyclical
pattern-driving the economic expansions following the recessions of 1991 and 2008-09, but
exerting countercyclical pressure in the expansion of the mid-2000s and during the recession
of 1991. The term premium shock, on the other hand, has a minimal role, even though
its contribution is moderately pro-cyclical. A key reason that these shocks have little effect
on business cycles is that our model features long-term corporate debt. Because debt is
long-term, a decline in the yield demanded by investors to own corporate debt generates
large capital gains for existing bond holders, but has little effect on firms’ net worth and

investment decisions.

5 Extensions (in progress)

In this section, we extend our analysis to evaluate the presence of a common component in
the financial shocks, to study the effects of central bank asset purchases in our framework,
and to shed more light on the mechanisms through which the different financial shocks affect

economic activity.

5.1 The Presence of a Common Component in the Financial Shocks
(in progress)

There might be important commonality across all, or different subsets of, the financial shocks.
We explore several possible specifications to study this question. We start by evaluating

the presence of a common ‘sentiment’ or ‘headwinds’ shock that affects all of the risk-
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appetite shocks: shocks ¢! Z to the preference for Treasury bonds (both long-term and short-
term), shocks ¢I to the preference for long-maturity assets, shocks ¢ to the preference for

corporate bonds, and shocks ¢ to the preference for equity holdings.

(P = flegFCL+ (1 — pre)oss + pred s + orsel © (46)
P= flrpFCL + (1 — prp)ost + predi’y + orpel © (47)
¢ = flgFCL + (1 — pp)dss + ppdi, + onel (48)
0 = flsFCL+ (1= ps)d§s + psdi_y + o€ (49)
FCIL, =  ppeiFCIL_y 4 opcrel! (50)

Next, we consider the possibility of a component that is common to both the risk-appetite

shocks and structural shocks.

5.2 Policy Analysis: The Effect of Central Bank Asset Purchases
(in progress)

Our model features downward-sloping demand for government debt, corporate debt, and eq-
uity, which means that central bank balance-sheet policy actions (large-scale asset purchases
(LSAP), maturity transformation (operation twist),...) can have real effects. Large-scale
purchases of corporate bonds, while not directly relevant for the U.S., have been carried out

by other countries and can be studied within our framework as well.

5.3 Sensitivity to Corporate Debt Maturity and to Debt-Equity
Substitutability (in progress)

Two factors that have an important effect on the relative importance of some of the financial
shocks (particularly the shocks to the preference for corporate bonds and equity, respectively
n'B and n?) are the long-term nature of corporate debt and the degree of substitutability of
debt and equity. We explore first how much restricting the ability to issue equity dampens
the effects of a positive equity sentiment shock. Second, we assess if shortening the maturity
of corporate debt substantially is able to restore the effect of a positive bond sentiment shock

by reducing the fraction of the benefits that accrue to existing bondholders.

6 Conclusion (TO BE COMPLETED)
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Tables and Figures

Table 1: Model Fit :

Standard Deviations

Observables Data Model Median | 5% - 95% |
StdevA log GDP 0.71 1.33 [ 109 — 161 ]
StdevA log C 0.72 0.64 [ 051 — 078 ]
StdevA log I 2.91 2.46 [ 212 — 283 ]
Stdeviog H 6.47 5.35 [ 387 — 799 ]
StdevA log w 0.94 0.64 [ 051 — 080 ]
Stdevr 0.54 0.56 [ 042 — 076 ]
StdevFFR 1.26 0.56 [ 037 — 089 ]
StdevCorp.Spread 0.23 0.15 [ 010 — 023 |
StdevAlog Credit 1.68 2.15 [ 169 — 277 |
StdevA log NetWorth 11.83 14.73 [ 1179 — 1857 |
StdevTermSpread 0.53 0.43 [ 031 — 064 ]
Table 2: Model Fit : Autocorrelations of Order 1
Observables Data Model Median [ 5% - 95% |
AC(1)Alog GDP 0.50 0.57 [ 039 — 070 ]
AC(1)Alog C 0.51 0.66 [ 050 — 078 ]
AC(1)Alog I 0.53 0.66 [ 052 — 077 ]
AC(1)log H 0.98 0.59 [ 026 — 081 ]
AC(1)Alog w 0.11 0.65 [ 050 — 076 ]
AC(1)r 0.62 0.75 [ 062 — 084 ]
AC(1)FFR 0.99 0.91 [ 082 — 096 ]
AC(1)Corp.Spread 0.90 0.86 [ 073 — 094 |
AC(1)Alog Credit 0.76 0.06 [ 017 — 027 ]
AC(1)Alog NetWorth  0.07 20.06 [ 2023 — 013 ]
AC(1)TermSpread 0.92 0.85 [ 073 — 0.92 |
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Table 4: Calibrated Values, Priors and Posterior Estimates for the Model

Parameters
parameters  prior mean  post. mean 5% 95% prior pstdev
ol, 0.500 0.2006 0.1785 0.2218 invg2 2.0000
02, 0.500 0.0877 0.0726 0.1056 invg2 2.0000
corT o 0.000 -0.5020 -0.6799  -0.3361 norm 0.5000
pi 0.500 0.9608 0.9426 0.9830 beta 0.2000
Pw 0.500 0.9612 0.9296 0.9971 beta 0.2000
Py 0.500 0.6746 0.6041 0.7510 beta 0.2000
Pe 0.500 0.2929 0.0530 0.4652 beta 0.2000
PTB 0.500 0.9178 0.9012 0.9322 beta 0.2000
pTP 0.500 0.8014 0.7388 0.8567 beta 0.2000
Ps 0.500 0.3548 0.2454 0.4723 beta 0.2000
Db 0.500 0.9862 0.9796 0.9926 beta 0.2000
Tp 0.500 0.4791 0.3015 0.6955 beta 0.2000
Tw 0.500 0.1268 0.0119 0.2280 beta 0.2000
P 40.000 6.5849 6.1985 6.9284 norm  20.0000
Yw 40.000 40.3043 40.0927  40.4813 norm  20.0000
0; 3.000 2.0498 1.7611 2.2777 norm 3.0000
PYsp 0.500 0.4590 0.2431 0.6855 invg2 0.2000
pPr 0.750 0.8340 0.8121 0.8552 beta 0.1000
br 0.500 0.6614 0.5672 0.7455 norm 0.1000
by 0.500 0.6700 0.5272 0.8099 norm 0.1000
pthy 0.700 -0.2094 -0.4605 0.0989 norm 0.4000
d)Zb 0.500 0.2832 -0.0245 0.4998 norm 0.4000
oz, -1.350 -2.9424 -2.9524  -2.9301 norm 1.0000
€mp 0.002 0.0066 0.0059 0.0073 invg?2 0.0033
€; 0.002 0.0137 0.0094 0.0179 invg2 0.0033
€p 0.002 0.0101 0.0079 0.0123 invg?2 0.0033
€w 0.002 0.0484 0.0354 0.0626 invg2 0.0033
€y 0.002 0.0067 0.0053 0.0084 invg2 0.0033
€ 0.002 0.0338 0.0226 0.0403 invg2 0.0033
€g 0.002 0.0258 0.0229 0.0284 invg2 0.0033
€TRB 2.000 0.5740 0.4331 0.6906 invg?2 3.0000
erp 2.000 0.2311 0.1665 0.2891 invg2 3.0000
€s 2.000 9.3736 9.0557 9.7220 invg?2 3.0000
€B 2.000 14.0127 13.6722  14.4615 invg2 3.0000
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Figure 1: GDP historical decomposition
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NoTE: This figure shows the time series representation of the evolution of quarterly GDP growth in the
data and the time series of GDP that results from feeding only the estimated financial shocks to the model.
DATA SOURCE: Authors’ calculations.
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Figure 2:

GDP historical decomposition
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NoTE: This figure shows the time series representation of the evolution of quarterly GDP growth in the
data and decomposes each quarterly realization into the positive (above the x axis) and negative (below the
x axis) contributions of the fundamental shocks in the model, listed in the legend on the right-hand side of

the graph.

DATA SOURCE: Authors’ calculations.
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Figure 3: Impulse Response to a Positive Liquidity Preference Shock (n
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NoTE: This figure shows the impulse response function to a one standard deviation positive liquidity pref-

erence shock (n7?).
DATA SOURCE: Authors’ calculations.
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Figure 4: Impulse Response to a Positive Equity Preference Shock ()

NoTE: This figure shows the impulse response function to a one standard deviation positive equity preference
shock (n%).
DATA SOURCE: Authors’ calculations.
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Figure 5: Impulse Response to a Positive Risk Shock (o)

NoTE: This figure shows the impulse response function to a one standard deviation positive risk shock (o).
DATA SOURCE: Authors’ calculations.

35



	Introduction
	The Model
	The Household
	Financial assets and budget constraint
	Preferences
	Asset pricing

	The Productive Sector
	Final Good Producers
	Intermediate Goods Producers
	Capital Producers
	Employment Agencies
	Entrepreneurs

	The Monetary Policy Authority
	The Fiscal Authority and the Consolidated Government Budget Constraint
	Aggregation and Market Clearing
	Shocks Processes

	Data, Calibration, and Estimation
	The Financial Shocks
	Extensions (in progress)
	The Presence of a Common Component in the Financial Shocks (in progress)
	Policy Analysis: The Effect of Central Bank Asset Purchases (in progress)
	Sensitivity to Corporate Debt Maturity and to Debt-Equity Substitutability (in progress)

	Conclusion (TO BE COMPLETED)
	References

