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Abstract

Long-term debt is the main source of firm-financing. However, what long-term debt
implies for the transmission of monetary and financial shocks is not well understood.
We show that longer debt maturity can amplify or dampen the response of investment
depending on firms’ costs of issuing equity. Our framework nests two benchmarks: When
firms equity issuance is costless, longer maturity amplifies the investment response through
a debt overhang channel. When firms cannot issue any equity, longer maturity dampens
the response of investment as the lower value of debt results in a smaller drop in firms’ net
worth and the debt overhang channel allows firms to leverage up more. We estimate equity
issuance costs using firm-level balance sheet data and find that in a calibrated medium
scale DSGE model long-term debt reduces the sensitivity of investment and output to
monetary policy and financial shocks. In an extended model, we introduce banks that
intermediate credit to firms and face an occasionally binding financial constraint. In this
case we find that longer debt maturity can amplify the investment response of firms for
shocks that are large enough.
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1 Introduction

The share of long-term debt in total non-financial corporate debt is around seventy percent and
has been rising since the 1980s. In this paper we study the role of firms’ debt maturity in the

transmission of shocks to the economy.
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Figure 1: Long-term debt share

Note.- Figure shows the share of long-term debt as a percentage of total debt for non-financial corporate
businesses. Source: US Financial Accounts.

Traditional models of firm financing, such as Bernanke, Gertler, and Gilchrist (1999) and
Kiyotaki and Moore (1997) focus on how financial frictions can amplify monetary policy and
other shocks. However, these models typically focus on short-term debt and do not allow
firms to issue new equity. In a recent contribution, Gomes, Jermann, and Schmid (2016)
incorporate nominal long-term debt and show that it amplifies aggregate fluctuations through
a debt overhang channel: The presence of outstanding debt creates a commitment problem

for the firm, which results in an additional incentive to increase leverage in order to dilute the



value of debt. This leads to persistently elevated default rates, and a stronger contraction in
investment. However, the model assumes no equity issuance costs.

We bridge the gap between these two strands of literature by developing a model in which
firms use both long-term debt and costly equity issuance to finance investment. We find that
equity adjustment costs are key in determining the role of long-term debt in transmitting
shocks. We illustrate this point by nesting both an environment where firms cannot issue
equity, as well as one where equity issuance is costless. In line with Gomes et al. (2016) we
find that in a flexible price environment without equity issuance costs and with long-term debt,
an unexpected one-time decrease in inflation leads to an amplified investment response. In
the presence of long-term debt, an increase in the real value of debt increases firms’ incentive
to dilute preexisting creditors by increasing leverage. This debt overhang channel results in a
higher default rate and lower investment. Importantly, however, we find that the presence of
long-term debt dampens the same shock when equity adjustment costs are large (or infinity, as
in Bernanke et al. (1999)). When equity issuance is very costly, the response of investment is
determined by the evolution of firms’ net worth as well as the elasticity of leverage to changes
in net worth. Long-term debt can be dampening for two reasons. First, following the shock, a
decline in firms’ net worth leads to an increase in leverage, which lowers the price of long-term
debt. This price decrease results in a smaller decline in net worth because it lowers the value of
firms’ outstanding debt obligations. Second, the elasticity of leverage to changes in net worth
is higher in the presence of long-term debt. This effect results from the additional perceived
benefit of debt which consists of diluting preexisting creditors. Due to this debt overhang
channel, leverage is higher in the economy with long-term debt, which dampens the contraction
in investment when firms are unable to issue equity. Interestingly, the same channel that is
responsible for the drop in investment when there are no costs of adjusting equity, causes a
smaller drop when it is costly to adjust equity.

We employ the model to derive an optimality condition of equity injections, which we esti-
mate using balance sheet data on firms’ dividend payouts and returns on equity from Compus-
tat. The estimated value is used in a calibrated medium scale DSGE model to study the role of
long-term debt in transmitting two key financial shocks: a monetary policy shock and the risk
shock of Christiano, Motto, and Rostagno (2014), which causes an increase in the idiosyncratic

risk of firms’ investment returns. We find that at the estimated value of equity issuance costs,



long-term debt dampens the response of investment and output to both of these shocks. The
dampening effect of long-term debt is particularly large in response to a risk shock, causing the
drop in investment and output with long-term debt to be about half as large as with short-term
debt.

We then extend the model to include financial intermediaries. While long-term debt damp-
ens the response of the economy to small shocks, if shocks are large enough to cause financial
constraints on banks to become binding, long-term debt can become a source of amplification.
In the extended model, banks issue deposits to households and hold firms’ debt. Banks face an
agency problem as in Gertler and Kiyotaki (2010) and the implied financial constraint is not
binding in the steady state. The incentive constraint becomes binding if banks’ net worth drops
sufficiently. In an economy with short-term debt, financial amplification of shocks on banks’
balance sheets is muted as there is no fluctuation in banks’ asset prices. As a result banks’ net
worth is almost insensitive to shocks. On the other hand, when banks hold long-term debt,
declines in debt prices cause declines in bank net worth. If these losses are large enough to
trigger financial constraints on banks to be binding, the economy can enter a credit crunch.
We illustrate this by feeding a sequence of contractionary monetary policy shocks that causes
banks to enter the constrained region and show that, if these shocks are large enough, the
economy with long-term debt has a larger drop in investment and output than the economy

with short-term debt.

Related Literature By studying how the interaction of long-term corporate debt and finan-
cial frictions shapes the response to macroeconomic shocks in a medium-scale DSGE model,
our work contributes to three strands of literature.

First, we contribute to the literature on the effects of defaultable long-term corporate debt.
Gomes et al. (2016) show that unanticipated changes in inflation can have persistent effects
on aggregate investment by affecting the real burden of long-term nominal debt. Relatedly,
Jungherr and Schott (2022) show that risky long-term debt at the firm-level can lead to an
amplified investment response to technology shocks and thereby rationalize the slow adjustment
of aggregate leverage during recessions. Both of these papers highlight the distortionary effect
of the debt overhang channel on firms’ investment decisions but abstract from equity issuance

costs. Our paper instead focuses on the interplay between long-term debt and firms’ net worth.



Second, a large literature has studied the implications of firm debt for macroeconomic
fluctuations. These models typically focus on one-period debt and thus abstract from any
frictions related to debt with long maturity (e.g. Bernanke et al. (1999), Kiyotaki and Moore
(1997), Christiano et al. (2014), Arellano, Bai, and Kehoe (2019), Ottonello and Winberry
(2020)). Further, firms typically cannot raise equity in these models.! Papers in this literature
include a financial accelerator mechanism which links firm investment to changes in net worth,
but abstract from the interaction between the value of long-term debt and firms’ balance sheets.?

A third strand of literature is related to macroeconomic models with financially constrained
intermediaries. Gertler and Kiyotaki (2010) and Gertler et al. (2012) study how the bal-
ance sheet of financial intermediaries can amplify the effect of shocks. Gertler, Kiyotaki, and
Prestipino (2020b) study the macroeconomic effects of bank run episodes. These frameworks
typically assume that banks directly hold firm equity. A contribution of our paper is to present

a more realistic model in which banks hold long-term loans on their balance sheet.?

2 Model

There is a continuum of households, each consisting of a continuum of members. At each point
in time a proportion e of household members are entrepreneurs, a proportion b are bankers,
and the remaining proportion 1 — e — b are workers. We describe the optimization problems of

these three types of agents in turn.

!Notable exceptions include Jermann and Quadrini (2012), Gertler, Kiyotaki, and Queralto (2012), and
Gertler, Kiyotaki, and Prestipino (2020a), which feature short-term debt and (costly) equity adjustments.
Ferrante (2019) features long-term debt but assumes infinitely costly equity issuance.

2 A related literature focuses on firm heterogeneity. Jungherr, Meier, Reinelt, and Schott (2022) show that the
investment of firms with a larger amount of maturing debt is more responsive to monetary policy, and rationalize
this finding with a heterogeneous firm model with defaultable long-term debt and costly equity adjustments.

3In related work, Ferrante (2019) presents a model in which banks lend to firms and households using long-
term defaultable debt. Firms cannot adjust equity and the leverage constraint on banks is always binding.
Corhay and Tong (2024) study how changes in inflation redistribute resources between financial intermediaries
and non-financial firms issuing long-term debt. Firms can adjust equity freely and the model does not capture
the occasionally binding nature of banks financial constraint.



2.1 Workers

Workers choose household consumption, C;, a wage rate, wy, and labor supply, h;, as well as

the amounts of savings in banks deposits, d; and government bonds, b to maximize
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Workers’ budget constraint is

g | R, R,
Ct + dt + bt = withitdz + dtfl - + btfl - + E, (1)
t t

where R? | and RY_, are the nominal rates of return on deposits and government bonds between
time ¢t — 1 and time ¢, m; is the rate of inflation, and T} collects all transfers to the household
from firms, entrepreneurs and bankers.

We follow Erceg, Henderson, and Levin (2000) to introduce nominal wage rigidities. In
particular, in each quarter only a fraction 1 — 6,, of workers can reset their wage optimally. We
denote the optimal real reset wage by wy.

A labor agency aggregates individual labor supply into a composite labor input that it sells

to firms using a constant elasticity of substitution technology:
ew—1 ew—1
H, ™ = /hlf’” di

Optimal demand of labor h;; is given by:

()

Wy

where wy is the real wage paid by firms to purchase the labor composite H;.

Households optimal holdings of deposits and government bonds satisfy:

R Ry
1= By —t = BA— (3)
Tt41 T4+1
where Ay = 0 %&1) is the household stochastic discount factor with the marginal utility of
consumption given by
1 1
U.(t) = =———— — fbE,————.
R



The optimal reset wage, wy satisfies:
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where % is the real wage increase between time ¢ and time s if the worker does not optimize
,8

again before time s.

2.2 Entrepreneurs

Entrepreneurs are the agents that hold productive capital in the economy. To simplify the
analysis we assume that entrepreneurs rent their capital to firms at a market rental rate z;. An
entrepreneur’s return on capital investment is given by

Z + (1 - 5)@?
Qry

&R =&

where & is an idiosyncratic shock to capital returns, QF is the price of capital, and ¢ is the
depreciation rate of capital. We assume that log(&;) is distributed as a Normal with mean 0
and standard deviation ¢! |, and we allow for "risk shocks” causing exogenous fluctuations in
ol as in Christiano et al. (2014).

Entrepreneurs finance capital purchases with own equity, z;, and by issuing long-term nom-

inal debt [, to bankers. Their flow budget constraint at time ¢ is:

kat =Ty + Qilt

where Q! is the price of debt.*
Each unit of debt issued at ¢t —1 pays back a coupon ¢; at time ¢, while the remaining portion
1 — )\, remains outstanding. An entrepreneur that enters time ¢ with capital k;_; and debt [;_1,

has net worth n; given by

(a+01—-X)Q))

Ty

ng = ftRfoflktfl - li—1. (5)

We assume that it is costly for entrepreneurs to adjust the amount of equity that they invest

4For ease of notation, we are omitting the dependence of the price of debt on the entrepreneur’s financial
decisions. We will be explicit about it when describing the entrepreneur’s optimality conditions.



in the firm. In particular, entrepreneurs pay a proportion, 1 — w;, of net worth back to the

family as a dividend, and keep within the firm an amount of equity, z; = f(w;)n;, where
_ « _
flwr) = (1 —a)w — 5(% - )%

with @ > 0, a > 0, and 1 — @ a fixed target dividend payout rate.

This formulation of equity injection costs is a simple way to capture agency problems that
limit entrepreneurs ability to substitute equity and debt finance.” The parameter & represents
a small fixed equity issuance cost which guarantees that, around the steady state of the model,
entrepreneurs have an incentive to use debt to finance capital purchases.® With no equity
issuance costs, i.e. @ = 0 and o = 0, entrepreneurs are able to efficiently substitute debt finance
with equity finance in response to changing financial conditions. This is the assumption, for
instance, of Gomes et al. (2016). At the other extreme, when it is infinitely costly to adjust
equity issuance, i.e. a = 00, entrepreneurs always retain a fixed share of net worth, @, as equity
in the firm, and their only active margin of financial adjustment is through debt. This is the
assumption in most papers with financial frictions following Bernanke et al. (1999). Here we
allow for o to take on any positive value and estimate it in section 3.2.

Let Vi(ki—1,1l;i—1,&) be the optimal value of a firm that enters time ¢ with capital k;_;, debt
l;_1 and idiosyncratic shock &;. This value is the optimized present discounted value of dividend
payouts. It is given by:

Vi(kio1,li-1,&) = max {(1 —w)ne + By max {0, Vigr (Ko, by, §e41) } (6)

kt,le,we,me

subject to (5) and a flow budget constraint

kat = flwe)ne + Qilt- (7)

Let ny = Ilf—i denote the entrepreneur’s leverage ratio, defined as the ratio of debt per unit of
capital, and guess that
%(kt—la lt—l»ft) = Vt(nt—hft)kt—l- (8)

See Jermann and Quadrini (2012) for a similar approach at modelling costly dividend payouts.
6This cost plays a role similar to a tax advantage subsidy for debt, used, for example, in Gomes et al. (2016).




Using (5), (7) and (8) to substitute for n;, k; and V; in (6), we get

v (N1, &) = T;tl?gti pe (0 M1, &) {(1 —wy) + %Eﬂ\t,t—kl max {0, vyy1 (7, §t+1)}}
(9)

where g, (m4; 17121, &) is the amount of entrepreneur’s net worth per unit of capital, given by

! 1-\)Q;
2% (77t; Utfl,ft) = /{;n_l = ftRfo—l - (Cl i ( l) @ )771571- (10)

t— Uv

Notice that y; depends on 7, because the price of the entrepreneur’s debt, Q! will vary depend-
ing on the individual entrepreneur’s choice of leverage, n;.

As the value to the entrepreneur is increasing in the idiosyncratic shock to the returns on
capital, &1, there is a threshold value for this shock, &, 41, such that the firm defaults when

41 < &1 The threshold value satisfies

Vi1 (77t7gt+1) =0, (11)

and it is the value that sets the entrepreneur’s equity to zero:

_ l
gtJrlRf-i-lQ? = (Cl il (1 )\l) QtH) Uz (12)

T4+1

Equity injections The optimality condition for equity injections is given by the derivative

of (9) with respect to wy:

EtAt,t+1 max {O, Vt+1 (TIt, §t+1)}
(Qf - Qfﬁﬁt)
EtAt,t+1 fg:l V41 (77167 ft+1) dr; (ft+1)
(Qf - Qim)

where F} is the distribution of idiosyncratic shocks at ¢t + 1, and the second equality follows

L = f(w)

£ (we) (13)

from (11). The optimality condition for equity injections requires that the marginal cost of
equity injections, which is unity, equals the marginal benefits, given by the marginal increase in
entrepreneur’s equity, f’(w;), times the expected discounted return on equity injections, which

we denote by 7;:
B EtAt,t+1 f€t+1 V41 (nta §t+1) dF; (ft+1)

"= (@QF = Qin)

(14)



To characterize ; it is useful to introduce the entrepreneur’s Tobin’s Q on net worth, that
is the ratio between the value to the entrepreneur of a unit of net worth and the book value of

a unit of net worth, ¢, = 2. Using (9) and (12) we can write ¢, as:

or=(1—w)+ f(wp) (Q?—tll)EtAt t+1<Pt+1/5 (&1 — 1) RELAE: (E41) (15)

Using 111 = @pi1/e1 together with the definition of p;, 1 from (10) to substitute for vy q

n (14), we can express the expected discounted returns on equity investment as:

k [e%S)
< ) EiAt 19011 / (&41 = &) REAF, (&141) (16)

M= T AL
(Qf - int §t41

k
that says that one unit of equity gets leveraged into (QkQ#n) units of capital, which repay
t @'l

a return, §t+1Rf+1, net of the debt repayment, & R +1 , whenever the idiosyncratic shock is

larger than the threshold.

The optimality condition for equity injection then becomes

k o0 _
L= f (w) (fo)—t@im)@/\mﬂ%ﬂ /Et+1 (&41 — Eet1) Ry dF; (&41) - (17)

Leverage The optimality condition for leverage is given by:

aﬂ SOt + % [(Qt + = Qt ) Tt — EAt,t+1/§ agttldﬂ (§e+1) | =0, (18)

where
ony Ty dn;

The first term in (18), % e Pty captures the benefit of increasing leverage through the asso-
ciated decline in the price of outstanding debt, CC% < 0. When entrepreneurs have long-term
debt, i.e. \; < 1, they have an additional incentive to increase leverage in order to lower the

price of debt of preexisting creditors, and hence increasing the net worth of the entrepreneur.

The second term, ﬁ (Qt Z% ni) V¢, is the marginal benefit of increasing leverage
t t t
associated with higher returns on capital.
The last term, —%El\mﬂ 5(:1 agj;t‘l dF; (&41), captures the marginal cost of leverage.

10



Using the envelope condition we get:

d +(1=X)Q!
d Ut _ (CZ ( l) Qt) ©r. (20>
Mt—1 U

So the marginal cost of leverage is given by the cost of repaying the loans in case of non default:

~ v a+(1=XN)Q!
EtAtth/ “LdF, (&41) = Bl (o ) Qi) ©
St41

ony 41

1 (1= Fy (&) -

Using (19) and (20) in (18) we can rewrite the optimality condition for entrepreneur’s

leverage as:

1-A d w d k e8] *
(=2 Qo+ e (@ + 52 (@i Brpen Je, (6 — Gn) B dF (§n)

(a+(1-2)QL )
Tt+1

flwe)pt

(QF—Qin )EtAt t+1Pt+1 (1 -k (gt—i-l))

(21)
Equations (12), (17) and (21), together with the definition of y; and ¢; in (10) and (15), are
the optimality conditions for the entrepreneurs problem. We now turn to describing aggregation

of the entrepreneurs’ policy fucntions.

2.3 Aggregation of entrepreneurs choices

At the beginning of each period, all entrepreneurs return their net worth to the family. De-
faulting entrepreneurs exit and become workers and are replaced by an equal number of new
entrepreneurs.

New entrants receive a transfer 7 and use these resources to purchase capital
Qb =17 + Qi

To preserve aggregation, we make two assumptions. First we assume that new entrants debt,

l§, is adjusted so that new entrants’ leverage is the same as existing entrepreneurs, that is
ly = mky
Second, we assume that non defaulting entrepreneurs are all given the same amount of capital,

11



I ﬁ fg} &dFy_ (&) Ky—q from the family before making their choices at time t.
—l't—1\<t g

This ensures that the y, in (21) is constant across non defaulting entrepreneurs and hence the

leverage choice is constant across all entrepreneurs active at time ¢.

Aggregate equity of entrepreneurs at time ¢ is then given by:

Xo= f (@) (&= &) REQL | Kin (1= F (§)) + 17
which sums the equity of entrepreneurs that do not default at time ¢ and the transfer to new
entrepreneurs. Aggregate capital demand is then given by

X
(Qf - in) ’

with equations (17) and (21) that determine equity injections, w;, and leverage 7;.

Kt:

2.4 Financial Intermediaries

At each point in time, a fraction b of household members are bankers managing a financial
intermediary. At the beginning of each period, a fraction (1 — o) of bankers returns to the
family and are replaced by an equal number of new bankers, so that the relative proportion
of bankers and non-bankers within the family remains constant. New bankers enter with some
startup funds from the family, as we discuss below. This approach is similar to the one used in
Gertler and Karadi (2011). However, compared to Gertler and Karadi (2011), we assume that
banks hold debt rather than equity in non-financial corporations. In addition to improving the
realism of the model, this assumption allows us to study the implications of non-financial debt
maturity for banks’ balance sheets.

Each bank j, obtains deposits d;; and invests in a continuum of long-term defaultable
corporate loans, [;;, issued at price Q!. Potentially each of these loans could have a different
probability of default and a different price. However, as shown in the previous section, all
entrepreneurs choose the same leverage, implying that bank loans will be priced with the same

Q! by every banker.”

"In addition, the loan price could also be bank-specific, but we show below that, in our model, the pricing
equation will be the same for every banker

12



b

A financial intermediary uses its own net worth, n7,, and deposits to invest in loans:

Qilj,t = ni’-t + dji' (22)

A banker’s net worth is equal to the difference between the return on assets and the return on
liabilities:

”f+1 = thiQilj,t - Rf—‘rldjat (23)

R4 . . . b -
where RY = - 1s the real return on deposits and the variable R/, is the return on firms’ loans,

which takes into account the possibility of default according to
Lb 3 ! PRy et
Ry =[1-F (§t+1)]Rt+1 + " 0! / Eep1dFy (§r11) - (24)
125 0

The first term in (24) represents the real return on loans to non-defaulting firms

I 1(a+(1-=XN)QL,)
Rt+1 -

U Qi

whereas the second term represents the recovery value on defaulted loans, which is equal to
a fraction ~; of the capital of defaulting firms. Because each bank lends to a continuum of
entrepreneurs, Ri’il also represents the realized return on each bank’s loan portfolio.

The banker’s objective is to maximize the payouts to the representative family upon exit,

which can be written recursively as
Vﬁ = EAip [(1 —0p) n?‘t-s—l + Ubv;‘?tﬂ] (25)

where A,y is the stochastic discount factor of the representative household between time t and
t+1.

We follow Gertler and Karadi (2011) to introduce an agency problem between bankers and
depositors. In particular, we assume that bankers can divert a portion &' of their loans and stop
operating their financial subsidiary. As a result, depositors will limit the amount they lend to

bankers to ensure that bankers do not have an incentive to divert funds:
Vi > 00U, (26)

Given these assumptions, the problem of the banker will be to choose l;;,d;, and ngt in

13



order to optimize (25) subject to (22), (23) and (26). Given the linearity of the problem it can
be shown that the value function satisfies V> = wtn?t where 1); represents the bank’s franchise
value, that is the ratio between the marginal value of wealth inside the bank and the marginal
value of wealth to the household. We will show that this variable does not depend on bank
specific characteristic.

If we define bank leverage as ¢%, = Qil;;/n®, we can then rewrite the bank problem as

max £ A [(1 = 03) + 03¢e44] [ (Rt+1 Rt+1> + Rt+1:| (27)
s.t.
o > 06, (28)

The first order condition for leverage implies
= By (Rt+1 Rt+1> = gle! (29)

where yl represents the expected discounted excess return on loans, ;41 = Ay1 [(1 — 03) + ops41]
is the banker’s stochastic discount factor, and el is the multiplier on the incentive constraint.
We can think of the spread E; (Rt v — Iy +1> as a liquidity premium, as defined in Bocola
(2016) or Ferrante (2019), which, together with the default premium FE; (Ri 41— Ri’fl), affects

the total cost of credit for entrepreneurs. In addition, v, satisfies

Ve = ExAii1 [(1 — 0b) + 0pti41] |:¢?t (er:ﬁl R;lJrl) + Rt+1] (30)

To characterize the solution for the banker’s problem, we have to consider two possible
cases. If the incentive constraint in (28) does not bind, then excess returns are zero and the

banker is indifferent between any leverage choice:
Lb d
B (Rt+1 - Rt+1) =0 (31)

If instead the incentive constraint binds, then pul > 0 and the optimality condition for

leverage is given by the incentive constraint at equality:

Yy = Byl [qb (Rt+1 Rt+1> + Rt—&—l} = ?r (32)

14



The two optimality conditions for leverage, (31) and (32), do not depend on bank specific
characteristics so they imply that all banks will choose the same leverage 2t = ¢? and will have
the same ;.

Equation (32) represents an endogenous leverage constraint for the financial intermediary.
When bank net worth declines enough for the constraint to bind, in order for (32) to hold banks
have to reduce their holdings of loans until lending spreads E; (Ri’fl - RfH) are high enough.
Higher liquidity premia result in lower loans price Q! which exacerbate the decline in net worth
according to a financial accelerator mechanism.

The optimality conditions of the financial intermediary are a key ingredient to determine
how the loan price depends on the entrepreneurs’ leverage 1, and on aggregate variables. In
particular, we can rewrite equations (31) and (32) as two pricing equations for loans to en-

trepreneurs:

EtAff)-&-lRwlfﬁl - (33)

where the banks stochastic discount factor, A 11, depends on whether or not the constraint

binds at time ¢ as follows:

Qi1 . _
AP Enit, =0 (34)
t+1 t41 Zf LU >0
9Z+EtQt+1Rzi+1 (l—jg)

Multiplying (33) by Q. we get an expression for entrepreneurs’ loans price:

B Y l k pk Eet1
Q} = B/}, {[1 = Fi (§41)] 0+ Q=N G) | QiR / ErdFy <§t+1>} (35)
0

Ti+1 Tt

When the constraint does not bind the model is equivalent, at a first order, to a framework
in which banks are just a veil, and loans are directly priced by households.® When bank net

worth is low enough to cause the bankers’ incentive constraint to bind, loans are priced with

Qi1
O+ Ee Q11 R (1*ﬁ
t
Hence, in the region where banks are constrained, loan prices will incorporate also a liquidity

the stochastic discount factor ), which moves inversely with bank leverage.

premium which will move inversely with bank net worth.

From equation (35) we can compute the derivative of the loan price with respect to en-

8A first order approximation in a neighborhood of the steady state where the constraint is slack satisfies
Y~ land Al ~ Qg & Ay

15



trepreneurial leverage as

an ag 1 B k’Rk’ _ k‘Rk §t+1
8_17: = —EtA}ZH {a;n:ft (§t+1) QiRiH - N tnttﬂ §e1| + %ET;;I/O §r1dFy (§t+1)
b c anﬁ-‘rl
+EAN L [1 - F (ft+1)] (1-=X) B Mnt+1 (M) (36)
Mi+1

The top term in (36) includes the impact of entrepreneurs’ leverage on next period default
threshold and on the expected recovery rate in case of default. Because higher 7! results in
a higher expected probability of default and in a lower recovery rate, this term is negative.
The bottom term in (36) captures the effect of current leverage choice on future leverage, as
measured by the derivative of the entrepreneur’s leverage policy function 7,11 () = agt—ntl.g
As noted by Gomes et al. (2016), long-term debt introduces an incentive for entrepreneurs to
dilute the value of preexisting debt by increasing leverage, and rational lenders take this effect
into account. The computation of this derivative complicates the numerical solution of the
model, because it cannot be computed with standard perturbation methods. In the appendix,
we describe a method which uses global solution techniques to capture the local dynamics of

this derivatives around the steady state of the model.

Finally, the evolution of bankers’ aggregate net worth N? will be given by
N? = o, { R' Qi Ly — RD ) + TN, (37)

where L, and D, are aggregate loans ad deposits, and T? represents a transfer to new bankers

proportional to past net worth. Aggregate credit supply is then given by:

Q1L
o =D
t Ntb

(38)

2.5 Final good producers

The final good Y; is a CES composite of different intermediate varieties, given by

Y, = UYt(z)} (39)

9We are abusing notation here since the policy function is the individual entrepreneur’s policy function for
leverage as a function of individual entrepreneur’s leverage. See Appendix for details.
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so that the demand for each variety will be given by

Y; (i) = (Pt (”)_En (40)

where the aggregate price level for the home good is given by

H=V@W”4¢ (1)

2.6 Intermediate goods Producers

The intermediate good is produced with Cobb-Douglas technology by monopolistically com-

petitive intermediate-goods firms
Y, = (K, )Y H{'™Y (42)

where H; and K;_; are aggregate labor and capital
If we define p/* as real marginal costs, then real wages and the real rental rate on capital

will satisfy

Y,
Wo = (1 ) (43
t
Y,
2 = pi'x Ktt : (44)

Retailers with monopoly power sell the variety Y;(i) at price Pi(i) subject to Calvo-style
frictions. In each period a fraction of retailers 1 — 6” can reset their price, while the remaining
fraction index their prices to past inflation according to P;(i) = m;_1P—1(7).

Retailers that reoptimize at time ¢ choose the optimal (real) price p) to solve:

I

; pfﬂfh- ngZLF‘ - ptOW%Jr‘ -
maxEtZAm(l—ep)Z[ Z Y)Y -l Y)Y

=0 Tt t+i T t+i Tt t+i

which yields a standard optimality condition:

A (1 - gp)t (:tn_iﬂ> N Yiri €
o p t,t4i m 45
Dy tZ - A Y ot 1—aY (e — 1)pt+w (45)
120 thzo t+j (1— P) Tt i+ i+
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where 77", ; is the inflation of a retailer that does not reoptimize before ¢ + i.

2.7 Capital goods production

Capital producers sell capital at price QF and face convex adjustment costs. They solve:

max [ ZAt,tJri |:Qt+i]t+i — Iy — E(L - 1)21t+i:|

1=0

Optimality implies the following relation between the price of capital and investment:

2
k Ve, 1Lt 2 Iy Iiq Iiq
=14+ =(——-1 —(=———1)— A — — =1 4
Qi =1+ 5 (7= D mp (- -1 -5 7(1) f-1 (o)

2.8 Monetary policy, shocks, and market clearing

Monetary policy follows a simple inertial Taylor rule that responds to inflation according to

1Og (Rzg,t) = (1 - pr) RSS + pr 1Og (R?,t—l) + Kr log (ﬂ—t) + 6?' (47)

We assume that €7} is a random shock £} ~ N(0,0™). We also assume that the cross-

sectional dispersion of entrepreneurial risk o! follows an AR(1) process

ol = pyol |+ (48)

where €7 captures a risk shock as defined in Christiano et al. (2014).

Market clearing in the goods and investment market requires

YVi—v(l—m) [ §dF(&) =Ci+ L +G (49)
0

K= (1—8K,_+ 1y (50)

i
where the term (1 — ) [* &ldF,(€}) represents default costs, G is government spending, and
0 represents capital’s depreciation rate. The parameter v governs what share of default costs

translate into a loss of real resources.
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3 Numerical Exercises

3.1 Calibration

Table 1 reports the calibration for our baseline model. We calibrate the model so that in steady
state the leverage constraint on financial intermediaries is not binding, and, consequently, the
bank liquidity premium is zero. In order to take into account the nonlinearities arising from
the occasionally binding incentive constraint for banks, we solve the model using the piecewise
linear solution algorithm of the OccBin toolkit (Guerrieri and Iacoviello, 2015). In section
3.3 and 3.4 we consider shocks small enough not to trigger the leverage constraint, whereas in
section 3.5 we study the implications of larger shocks, or sequences of small shocks, which could
push the model in the constrained region.

Most macroeconomic parameters are calibrated to standard values from the literature. For
household preferences, we assume log utility and a discount factor equal to .995, implying a
steady state real interest rate of 2 percent. We set the habit parameter to 0.75, in line with,
for instance, Christiano et al. (2014), the inverse Frisch elasticity is set to unity.

The capital share in production and the capital depreciation rate are set to 0.33 and 0.025
respectively. We set the parameter governing the elasticity of the price of capital to investment,
¥ equal to 2, a value in the range of existing estimates (for example, Gertler and Karadi (2011)
use 1.7 and Justiniano, Primiceri, and Tambalotti (2010) estimate a value around 2.5).

The elasticity of substitution across final goods varieties is calibrated to obtain a 10 percent
markup in steady state, and the Calvo stickiness parameters 7 and 0" are set to standard values
from the literature, implying a slope for the Phillips curve for prices and wages of around 0.05.
Monetary policy follows a standard inertial Taylor rule responding to inflation, and we assume
a constant government spending GG equal to 20 percent of output in steady state.

The parameters pertaining to the entrepreneurs and the financial intermediary are specific
to our model. We set \; to obtain a loan duration of 7 years, a value in line with the mean bond
duration reported by Gilchrist and Zakrajsek (2012). The parameters T, «, and o; are jointly
selected to hit the following targets: i) a corporate leverage of 0.5 as in Christiano et al. (2014);
ii) a spread on corporate loans of 110 basis points, in line with the average BAA-AAA spread

over 1980-2019; iii) an annual default rate in steady state of 1.5 percent, between the values of
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1 percent of Gomes et al. (2016) and 2 percent of Christiano et al. (2014). We assume that 100
percent of default costs entail a resource loss, as in Christiano et al. (2014) and Gomes et al.
(2016). We set w = .01 implying a steady state dividend/output ratio of about 4.5 percent,
in line with the data. The parameter governing the equity adjustment costs, «, is a novel
parameter which plays an important role in our model, because it determines whether long-
term debt dampens or amplifies macroeconomic shocks. We describe the empirical procedure
we employ to discipline this parameter in the next section.

As regards the bank’s parameters, we assume a bank’s survival rate o;, equal to .98, in line
with Gertler and Karadi (2011). The parameters ; and T? are jointly calibrated to obtain a
steady state bank leverage of 9.5 and a level of bank net worth about 5 percent above what

required by the leverage constraint.

3.2 Estimation of the equity adjustment cost parameter

The parameter « controls the quadratic adjustment costs of equity issuance. It is critical in
determining the effect of long-term debt in transmitting shocks to the economy. We use our
model-implied restriction on this parameter to directly estimate its value. To a first order, the
value of @ will only affect the optimality condition for entrepreneurs’ equity injections. In the

model, returns on equity injections are defined as

R _ fgil Ver1 (e, §eq1) AFy (§441)
s Qf - Qént .

The associated optimality condition, given by (17) and reprinted here for convenience, shows

how « relates to the expected return to equity injections:

1 1
EA RY = = o1
tAA 14 f/ (Wt> 1 — a — Oé(wt _ (I)) ( )

We then linearize (51) to obtain:

o}
1—a

dw; (52)

X
Eyriyy — 1 =

where 77, and 744, are percent deviation of RY, | and the real risk free rate from steady state.'’

We use firm-level balance sheet data from Compustat to estimate this relationship in the

10The parameter @ is a very small number and does not affect the regression in a meaningful way.
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data. Our sample consists of approximately 21,000 US non-financial firms between 1985q1 and
2023q1.'t We define the return on equity, RY 1, as the time ¢+ 1 cum-dividend market value of

equity of firm 7 over the same firm’s time ¢ ex-dividend book value of equity, Rf, , = VX“;I . The
market value of equity, V41, is measured as the end-of-quarter market value of equity (using
Compustat items cshoq and prccq). The book value of equity, X;;, is given by ceqq. Net
dividend payouts are given by dividends (dvy), minus net repurchases (sstkyq - prstkcyq).
This lets us define w;; as one minus the fraction of net payouts to shareholders over the cum-
dividend book value of equity.
We run the following regression using Compustat data:
Ry

— = W +(SZ+(5+I/Z, 53
I+rim ! ' ' (53)

where r,, is the quarterly realized real rate and d; and d; are firm- and time fixed effects.
This approach produces a value of a = 8.54 with a standard error of 0.26. The result is

robust to the inclusion of the fixed effects.

3.3 The role of equity adjustment costs

We start by illustrating the role of equity adjustment costs in transmitting a pure inflation
shock in a version of our economy without nominal rigidities and without real costs of default,
i.,e. v = 0. We consider the case of no equity adjustment costs and infinite equity adjustment
costs, and compare the responses with long-term debt and one period short-term debt.!?
When it is costless to adjust equity injections at the margin, i.e. a = 0, the optimality

conditions for the entrepreneur’s problem can be summarized by the following three equations:

wi Ny
K= ————, 54
' Qf - Qzlfnt ( )
. QF > 5\
1= ﬁEtAt,tH B (ft+1 - ft+1) Rt+1dFt (§t+1) ) (55)
(Qt - tnt) &t

HDetails about the data can be found in the Appendix.

12Tn the appendix, we show that when « is exactly equal to zero, the first order conditions of the entrepreneur’s
problem do not select an optimum, but a saddle point. Therefore, we can think of the case with no equity
adjustment cost that we study below as a calibration in which adjustment costs are arbitrarily small. In
addition, it can be shown that as o goes to zero, the derivative of the leverage policy function, n,, goes to zero
as well.
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R (1 - Al)ﬁt—liKt—l

1-F (&) EA Hl— (1 — 56
( t(ftﬂ)) t1\¢ t11 T ( +€m) Ene T n K, (56)
where €,, = %g_té < 0 is the elasticity of the price of debt.

Equation (54) is the entrepreneur’s budget constraint. Equation (55) is the optimality
condition for leverage, equation (17), where we used the fact that f'(w;) =1 = ¢; when o = 0.
Equation (56) is the optimality condition for leverage, equation (21), after dividing through by
Q! and using (55).

With no equity adjustment costs, the value of entrepreneurial net worth, N;, does not matter
for capital demand as entrepreneurs can always adjust equity injections wy, to satisfy any given
level of capital demand. The level of capital demand is determined by equation (55), which
requires that the rate of return on capital leaves the entrepreneurs indifferent between paying
out dividends and injecting equity. This rate of return will depend on the leverage choice of

and

k
entrepreneurs, which affects both the total amount of capital per unit of equity, ﬁ,
t t

the expected default threshold & .

Figure 2 shows the response of the economy to an exogenous decrease in inflation with no
persistence.'® The blue solid line is the economy with long-term debt, \; = 2—18, while the dotted
red line is an economy with short-term debt, A\; = 1. The decline in inflation causes the real value
of entrepreneurs debt to increase and hence their net worth to decline. In the economy with
short-term debt, entrepreneurs react to this decline in net worth by reducing dividends payouts,
hence increasing equity injections, and keeping the allocation unaffected. This is because with
short-term debt, the optimal choice of leverage is not affected by the decline in inflation. In
contrast, with long-term debt, the increase in the real value of debt raises the entrepreneurs
benefits from leverage, as shown by the last term in equation (56). This is because the larger
value of debt makes it more profitable for the entrepreneur to dilute the preexisting creditors
position by increasing leverage and hence decreasing the price of debt. The increase in leverage
causes expected defaults to increase and the required expected return on capital implied by
optimal equity injections in equation 56 to rise. As a result, in the economy with long-term
debt, investment declines in response to a temporary decline in inflation. This mechanism

captures the debt overhang channel described, for example, in Gomes et al. (2016).

13This is the same experiment as in Proposition 1 of Gomes et al. (2016). In our flexible price economy we
implement this shock by removing the monetary policy rule and replacing it with m; = exp(e]) where €] is an
i.i.d. random variable.
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Turning to the case of infinite equity adjustment costs, i.e. a = 0o, the optimality conditions

are given by:

Tt

c+(1-=X\ Q,lS
K (étRfo—l - M%l)

Ki=w (57)
' (Qf - Qim)
_ R 1 —\) M1 @ Ky
(1= F (€41)) Bbosnionn DL =y (11 ¢,,) — 6, L2 ok,
Tt+1 Tt Ky

In this case, as entrepreneurs cannot adjust equity injections, the response of net worth is
key in determining the overall response of the economy. When net worth declines entrepreneurs
want to increase their leverage, but their ability to do so is limited by the effect of higher leverage
on expected default. Two features will determine the overall response of investment to a given
shock: the magnitude of the decline in net worth and the degree to which entrepreneurs increase
leverage in response to this decline.

Figure 3 shows the response of the economy to the same decrease in inflation as in Figure
2 but in the case of infinite adjustment costs of equity. The decline in net worth caused by the
increase in the real value of debt leads to a decline in investment in both the economy with
long-term debt, blue solid line, and in the economy with short-term debt, red dotted line.!* The
investment drop however is dampened in the economy with long-term debt. This is due to two
reasons. First as entrepreneurs increase leverage the price of debt goes down, dampening the
drop in net worth. Second, the elasticity of leverage to a given drop in net worth is higher with
long-term debt because of the extra benefit of leverage that comes from diluting pre-existing
creditors. Due to this debt overhang channel, leverage is higher in the economy with long-term
debt, even with a smaller drop in equity, and this dampens the contraction in investment.
Interestingly, the same channel that is responsible for the drop in investment when there are

no costs of adjusting equity, causes a smaller drop when it is impossible to adjust equity.

3.4 Debt maturity and financial shocks

We now turn to study the response of our baseline model to financial shocks. In our baseline,

parameters are as reported in Table 1. In particular, with respect to the model version we

14The economy with infinite equity adjustment costs and short-term debt is very similar to the framework
considered in Bernanke et al. (1999) and Christiano et al. (2014).
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used in the previous section, here we turn on nominal rigidities and the real costs of default,
and we set equity adjustment costs in line with the empirical evidence in section 3.2. The
estimated value of a = 8.54 implies that it is quite costly for firms to adjust their equity in
response to shocks. The magnitude of the shocks considered in this section is small enough that
intermediaries’ financial constraint is never binding in the simulations, so that we can ignore
the banks’ balance sheet for these experiments.

Figure 4 reports the impulse responses to a monetary policy shock which causes the policy
rate to increase by 100 basis points on impact. The red dashed line reports the response
of the economy with short-term debt. In this case, higher interest rates cause a decline in
the price of capital QF and lower inflation, which result in a drop in firms’ net worth and
in higher default rates. Lenders charge a higher default premium and restrict the supply of
credit, amplifying the contraction in investment and in net worth through a standard financial
accelerator channel, as in Bernanke et al. (1999). Despite a reduction in dividend payouts
by more than 20 percent, firms’ equity declines by about 3 percent and aggregate investment
declines by about 2.5 percent. The blue line in figure 4 shows that the response to the same
shock is dampened if we consider long-term debt. This result is due to the two forces described
in the previous section. First, the price of long-term debt declines by about 0.7 percent in
response to a higher path of the policy rate, dampening the decline in entrepreneurial net
worth. Second, the debt dilution incentive results in a higher leverage compared to the short-
term debt model, supporting the demand for capital. These effects are absent with short-term
debt, and they become stronger the longer the maturity of corporate loans. Compared to the
model with short-term debt, with long-term debt equity declines 50 percent less, investment
declines 40 percent less and output by about 15 percent less. *°

Figure 5 reports the impulse responses of our model to an unanticipated risk shock, €7,
with a persistence of 0.97, as in Christiano et al. (2014). A higher value of ¢! increases the
future dispersion of the idiosyncratic entrepreneurial shocks, implying persistently higher future
defaults. As a result, lenders contract the supply of credit sharply, as witnessed by the decline

in firms’ leverage. A higher external finance premium implies a lower investment demand

15The smaller difference in the output response between the long-term debt model and the short-term debt
model, compared to the investment response, is due to the lower investment to output ratio in the steady state
of the short-term debt model.
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and, through a decline in Q¥, a lower net worth which ignites the standard financial accelerator
mechanisms. However, also with this type of shock, the response of the economy with long-term
debt is quite smaller compared to the one with short-term obligations. In fact, higher future
defaults imply a large and persistent drop in the price of long-term debt, @Q!, which prevents
net worth from declining. In addition, due to the debt overhang effect, the decline in leverage
is quite smaller with long-term debt. As a result, the drop in investment and output are about
70 percent and 50 percent smaller with long-term debt. By estimating a model nested within
our framework, with infinite equity adjustment costs and short-term debt, Christiano et al.
(2014) find that this financial shock is the main driver of business cycle fluctuations. However,
the impulse responses in figure 5 suggest that the effects of the risk shock on real and financial

variables are very sensitive to the assumptions on corporate debt maturity.

3.5 Debt maturity and financial intermediaries

Part of the reason why long-term debt delivers a dampening of the effects of contractionary
financial shocks in our model is that lower loan prices mean lower real value of firms’ debt
and higher net worth, which is a relevant state variable for aggregate investment when equity
adjustment costs are large enough. However, long-term debt represents an asset on the lenders’
balance sheet, so that a decline in Q! causes a redistribution of resources from financial inter-
mediaries to firms, and a deterioration in banks aggregate value of equity, as shown in 37.' In
the quantitative experiments performed so far, the decline in N? was not large enough to cause
the banks leverage constraint to bind for a prolonged period.

Figure 6 presents the impulse responses to a monetary policy shock twice as large as the
one used in Figure 4. The dashed line represents the model response if banks did not face any
constraint. In this case the response of all variables is simply twice the responses shown in figure
4. In particular, higher interest rates cause the price of long-term loans to decline by about 1.5
percent on impact, resulting in a decline in bank’s net worth of about 10 percent. When banks
are unconstrained, they can make up for the lower equity by raising more deposits, making their

balance sheet irrelevant for the aggregate dynamics of the model. The solid line, instead, takes

16 At the same time, lower unexpected inflation causes a transfer from borrowers, who are short nominal debt,
to lenders, who are long nominal assets, on impact. However, in our experiments, the effect of lower loan prices
dominates.
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into account the possibility that the financial constraint on banks becomes binding. Lower
bank net worth causes the leverage constraint in 32 to bind. As a result, banks offload loans
from their balance sheet, causing a liquidity premium on corporate lending, Et(Riﬁl — R{.)
to materialize, as shown in the bottom right panel of figure 6. This additional bank spread
causes a larger decline in Q! compared to the model with unconstrained banks, amplifying the
decline in bank net worth according to the financial accelerator mechanism described in Gertler
and Kiyotaki (2010), and leading the economy into a constrained regime lasting eight quarters.
Banks’ liquidity premium is linked to an endogenous contraction in credit supply which forces
firms to leverage up less compared to the model without constrained intermediaries (middle
panel of figure 6). This effect is akin to the reduction in credit caused by an exogenous risk
shock, and it dominates the positive effect on investment coming from the lower debt value.
As a result, investment and output decline almost 50 percent more than in the model with
unconstrained banks.

In order for the model to enter the region in which the banks’ leverage constraint binds, we
do not necessarily need a very large monetary policy shock. Figure 7 reports the response of our
baseline model to a sequence of small monetary shocks for six periods followed by a larger shock
of the same magnitude as the one used in the experiment in figure 4. These shocks cause an
initial slow decline in the price of debt and in bank net worth. After 5 quarters the constraint
starts binding slightly, but the amplification with respect tho the unconstrained model, as
measured by the difference between the solid and dashed line, is small. However, given the
low level of bank net worth after six quarters, the larger shock in the seventh quarter pushes
the system well into the constrained region, as suggested by the spike in the bank spread.
As a result, after seven quarters the amplification coming from the banking sector is quite
substantial. Figure 7 also reports the response to the same sequence of shocks of the model
with short-term debt. Importantly, without a time varying price of loans bank net worth moves
much less, and it actually increases over time due to the positive effects of unexpected deflation
on the real value of one-period nominal loans. As a result, the financial sector never approaches
the constrained region. Interestingly, the baseline model with long-term debt initially delivers
some dampening in the response of investment compared to the short-term debt model, in line
with the evidence from the previous sections, but once bank net worth declines enough the

effect on investment and output becomes much larger with long-term debt.
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Our model also allows us to study the interaction between banks leverage constraints and
firms constraints on issuing equity. Figure 8, replicates the experiment of figure 6 but assuming
that firms can freely adjust equity, that is a = 0. Interestingly, in this case, a binding leverage
constraint for banks results in a smaller economic contraction. The lower value of loans brings
the financial intermediaries to the constraint in the first period, as witnessed by the spike
in the bank spread. However, with a = 0 firms can substitute away from more expensive
debt towards equity. As a result, leverage declines persistently, implying lower default rates
and a smaller debt overhang effect, which results in a higher path of investment. Hence this
experiment suggests that firms’ equity adjustment costs are also important for evaluating the
macroeconomic effects of shocks originating in the financial sector.

The exercises in this section suggest that the balance sheet of the lenders is another impor-
tant element to assess the implications of longer debt maturity for the transmission of monetary
policy. For example, the events of March 2023, when Silicon Valley Bank, and other regional
lenders, suffered very sudden bank runs caused by the deterioration of the value of their long-
term assets, due to the steep monetary tightening performed by the Federal Reserve, highlight

a mechanism similar to the one described in figure 6 and 7.

4 Conclusion

In the U.S. most of corporate debt is long-term. In addition, debt typically represents the
main financing channel for firms. This paper studies the macroeconomic implications of these
stylized facts in a medium scale New-Keynesian model.

Our main contribution is to show that the interaction between debt maturity and equity ad-
justment costs is key to gauge the dynamic response of aggregate investment to macroeconomic
shocks. When firms cannot adjust equity, longer debt maturity generates some insurance against
negative shocks. This result is due to two forces: First, the price of outstanding long-term debt
typically declines with contractionary financial shocks, dampening the deterioration of firms’
net worth; second, a debt dilution incentive causes firms’ leverage to increase more, supporting
aggregate investment. After estimating equity adjustment costs consistent with empirical data
on firms’ net dividend payouts, we show that these effects can result in a significantly smaller

effect of monetary shocks and risk shocks, compared with a model with short-term debt.
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Finally, we extend the model by introducing financial intermediaries facing an occasionally
binding leverage constraint. We show that the effect of financial shocks can be amplified if the

decline in the value of long-term corporate debt is large enough to cause a credit crunch.
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Table 1: Calibration

Parameter Value Description Target /Source
Households

B 995  Discount factor Rss = 2%

o 1 IES standard

% 1 Inverse Frisch El. Standard

h 75 Habit parameter Christiano et al. (2014)
Entrepreneurs

oy .0357 Debt duration Tyrs loan maturity

T° .06 Transfer to new ent. n=.5

ol .54 Loans recovery rate 4(R'—R)=1%

oy .2566  Variance idiosync. risk 1.5% Ann. default rate
v 1 Share of real default costs Gomes et al. (2016)
1-—w .01 Dividend Payout Div/Y = .045

o 8.54  Adjustment cost on equity  see text

Financial Intermediaries

6 1 Divertable Loans see text

T® .01 Transfer to new ent. oy =9.5

ob .98 Bankers survival rate Gertler and Karadi (2011)
Intermediate production

X 33 Capital share Standard

€ 11 Elasticity of substitution Standard

or 0.8 Calvo price stickiness Standard

0" 0.8 Calvo wage stickiness Standard

Investment production

Ok .025  Capital depreciation rate Standard

o 2 Capital Inv. adj. cost Gertler and Karadi (2011)
Government

Ky 1.5 Taylor coeff. on inflation Standard

Pr 0.8 Taylor rule inertia Standard

G/Y 0.2 Gov. expenditure over GDP  Standard
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Figure 2: Inflation shock in model with flexible prices: no equity adjustment costs
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Notes: This figure shows the impulse response to a one time shock to inflation in a simple version
of the main model with flexible prices and no real default costs.
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Figure 3: Inflation shock in model with flexible prices: infinite equity adjustment costs

Inflation a.r. o Investment o Leverage
7 7 3
£ g 01 Eo02l
o o o e,
E.05 E.02 E
4 4 o1
S 5 -0.3 S
o o o """-uun.
1 0.4 0 =
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
Default a.r. Price of Debt Marg. Value of NW
0.1 e 0.8
[} 1)) 0 K BRLLLLLITTTITFN 9] .
%) . %) s %) >
= " = .: I 0.6 ".
5 5-0.02| g
£005f " E H E 0.4
< \ < -004r~ < o,
0 Rl LITTTTTTT 0 RLLLLLIT)
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
Net Worth Dividends Equity
0 0
% -.-....-----........-- g JPPPRTTLTLIL L % ‘_..---...-.......----
0.2 0.2 0.2
§ |- £ — £02 ==
E.04f & E.04f & E.04f &
< 5 < s < 5
506§ 5 -0.6f & 506 ¢
o o o
0.8 0.8 0.8
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20

l— Long Term debt =*=**=:*== Short Term Debt l

Notes: This figure shows the impulse response to a one time shock to inflation in a simple version
of the main model with flexible prices and no real default costs.
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Figure 4: Monetary policy shock in the baseline model
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Notes: This figure shows the impulse response to a monetary policy shock in our baseline quantitative
model with long-term debt (blue line) compared with an alternative model with short-term debt
(red line).
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Figure 5: Risk shock in the baseline model
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Notes: This figure shows the impulse response to a risk shock in our baseline quantitative model
with long-term debt (blue line) compared with an alternative model with short-term debt (red line).
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Figure 6: Large monetary policy shock with constrained intermediaries
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Notes: This figure shows the impulse response to a monetary policy shock in our baseline quantita-
tive model with long-term debt. The dashed blue line reports the model responses when financial
intermediaries do not face a leverage constraint, whereas the solid blue line reports the response to
the same shock in a version of the model in which banks face occasionally an occasionally binding
leverage constraint.
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Figure 7: Sequence of monetary policy shocks with constrained intermediaries
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Notes: This figure shows the impulse response to a monetary policy shock in our baseline quantita-
tive model with long-term debt. The dashed blue line reports the model responses when financial
intermediaries do not face a leverage constraint, whereas the solid blue line reports the response to
the same shock in a version of the model in which banks face occasionally an occasionally binding
leverage constraint. The red dashed line reports the impulse responses from a version of the model
in which debt is short-term and banks face a leverage constraint.

37



Figure 8: Large monetary policy shock with constrained intermediaries and o = 0
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Notes: This figure shows the impulse response to a monetary policy shock in our baseline quantita-
tive model with long-term debt. The dashed blue line reports the model responses when financial
intermediaries do not face a leverage constraint, whereas the solid blue line reports the response to
the same shock in a version of the model in which banks face occasionally an occasionally binding
leverage constraint.
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