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A.1 Mechanism in a Simpler Model

Here I construct a simple example to illustrate the tradeoffs firms face in their borrowing

and asset allocation decisions. The main goal is to provide intuition for:

• why the general model requires a combination of negative first-moment shock and

positive second moment shock;

• why the timing of the uncertainty shock matters;

Together, these explain why firms ”borrow to save” in the general model.

There is a single firm in a four-period investment economy. In periods t = 1 and t = 2,

the firm receives interim cash flow shocks u1 and u2, respectively. u1 and u2 are ran-

dom and both are unknown at t = 0. They are independently drawn from the density

functions g1(u1) and g2(u2) with supports (0,∞] and [−∞,∞], respectively. The associ-

ated cumulative distributions are G1(u1) and G2(u2). The hazard rate h(u) is defined as

h(u) = g(u)
1−G(u) .

The firm decides how much to borrow B at t = 0, before any shock has realized. Af-

ter observing the first shock (u1), the firm can invest the fund into two types of assets,

cash A and capital K, subject to the balance sheet constraint: B = A + K. Investment in

capital yields a cash flow of u1 f (K) at t = 3, where f (I) is a standard increasing concave

production function, with f ′ > 0 and f ′′ < 0, and satisfies the Inada conditions. We can

interpret as u1 a productivity shock. Cash A is a reserve that is retained within the firm

and carried over from t = 1 to t = 2. After the realization of the second shock (u2), which

can be interpreted a revenue shock, debt settlement occurs. The firm repays if A+ u2 ≥ B

and defaults otherwise. If the firm repays, it receives the proceeds from investment f (K)

at t = 3. In the event of default, the firm’s payoff is zero. The timing of the problem is

illustrated in Figure A.1.

The setup here contains three ingredients that are crucial in the general model. First,

firms’ debt contracts are state-uncontingent, and when firms cannot meet their financial

obligations, they must experience a costly default. Secondly, firms face gradually resolv-

ing uncertainty in the form of sequential shocks. Thirdly, firms’ leverage is chosen based

on the expectation of the first shock, whereas their assets are chosen based on its realiza-

tion.1

1This assumption is relaxed in the general model with adjustment costs. Nonetheless, it is crucial that firms has the
option to adjust their asset portfolio after the first shock.
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Figure A.1: Timeline in the Simple Example
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A.1.1 Optimal Asset Allocation

At t = 1, the firm chooses the optimal asset allocation by maximizing the expected equity

value, for a given B and u1. Let s denote the fraction of B allocated to capital. The firm’s

problem is given by:

max
s(u1;B)

∫
ũ2

(
u1 f (sB) + u2 − ũ2

)
g2(u2)du2

s.t. (1 − s)B + ũ2 = B (A.1)

where ũ2 denotes the default threshold, such that the firm repays if u2 ≥ ũ2 and defaults

otherwise. The firm’s first order condition is:

(
u1 f ′(s∗B)− 1

)(
1 − G2(ũ2(s∗, B)))

)
= u1 f (s∗B)g2(ũ2(s∗, B)) (A.2)

The left-hand side is the net marginal gain from increasing capital, multiplied by the

probability of survival,
(
1−G(ũ2)

)
. The right-hand side is the loss from default, which is

the value of production u1 f (K), multiplied by the marginal increase in default probability

g(ũ2). Rearranging the first order condition gives:

u1 f ′
(
s∗B
)
= 1 + u1 f (s∗B)

g2
(
ũ2(s∗, B)

)
1 − G2

(
ũ2(s∗, B)

)︸ ︷︷ ︸
≡h2

(
ũ2(s∗,B)

)
(A.3)

where h2(ũ2) is the hazard function. Investment in capital is below the first best due to

costly default, as captured by the term u1 f (s∗B)h
(
ũ2
)
.
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Lemma 1. If the hazard function h2 is non-decreasing, s∗ is an increasing function of u1 as long

as B < Bmax, and Bmax is defined by

f ′(smaxBmax)− f (smaxBmax)h2(ũ2(smax, Bmax)), smax = 1. (A.4)

Proof. Define I(s∗,u1; B) ≡ u1 f ′(s∗B)− 1 − u1 f (s∗B)h
(
ũ2(s∗, B)

)
. Then:

ds∗

du1
= −

∂I
∂u1
∂I
∂s∗

= − f ′(s∗B)− f (s∗B)h2(ũ2(s∗, B))

u1B
(

f ′′(s∗B)− f ′(s∗B)h(ũ2(s∗, B))− f (s∗B)h′2(ũ2(s∗, B))
)

The denominator is unambiguously negative if h′2 ≥ 0 since f ′′ < 0 and f ′ > 0. Thus, for
ds∗
du1

> 0, we only need to find the condition for:

f ′(s∗B) > f (s∗B)h2(ũ2(s∗, B)). (A.5)

Define M(s∗, B) ≡ f ′(s∗B)− f (s∗B)h2(ũ2(s∗, B)). Suppose s∗ = 1 (all funds allocated to

capital). Since limB→0 M = ∞, limB→∞ M < 0, and ∂M
∂B (s∗ = 1) = f ′′ −

(
f h′2 + f ′h2

)
< 0, so

there exists a Bmax that satisfies (A.4), and any B < Bmax satisfies (A.5) at s∗ = 1. We also

know that ∂M
∂s∗ = f ′′B −

(
f Bh′2 + f ′Bh2

)
< 0, for all B > 0. Thus, for any B < Bmax, (A.5)

holds and ds∗
du1

> 0. ■

This result shows the key trade-off that firms face in their asset allocation decision:

capital yields a higher return conditional on survival, but it also increases the probability

of a costly default. As long as the marginal return is greater than the loss of revenue in

the event of default, s∗ is an increasing function of u1. In the general model, the negative

aggregate first moment shock incentives firms to hold a higher buffer stock of cash.

A.1.2 Optimal Borrowing Decision

Given the firm’s optimal asset allocation decision s∗(u1; B) at t = 1, the firm’s problem at

t = 0 is given by:

max
B

∫∫
ũ2

(
u1 f (s∗B) + u2 − ũ2(s∗, B)

)
g2(u2)g1(u1)du2du1

s.t. ũ2(s∗, B) = s∗(u1; B)B (A.6)
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where s∗ ≡ s(u1; B) satisfies equation (A.3). The first order condition is:

∫ (
u1 f ′

(
s∗ + B∗ ∂s∗

∂B
)
−
(
s∗ + B

∂s∗

∂B
))(

1 − G
(
ũ2(s∗, B∗)

))
g1(u1)du1

=
∫

u1 f
(
s∗ + B∗ ∂s∗

∂B
)

g2
(
ũ2(s∗, B∗)

)
g1(u1)du1 (A.7)

The left-hand side of equation (A.7) is the expected net marginal gain from increasing

debt multiplied by the survival probability. The right-hand side of equation (A.7) is the

expected marginal cost from increasing debt, as captured by the loss from default multi-

plied by the increase in default probability.

Next I show how the optimal level of borrowing varies with the volatility of u1 and

u2, respectively. To maintain comparability with the model in Section 3 of the main text,

I consider the case in which the productivity shock u1 is drawn from a log normal dis-

tribution with mean −σ2
1

2 and variance σ2
1 , and the cash flow shock u2 is independently

drawn from a normal distribution with zero mean and variance σ2
2 . To avoid clouding

the key tradeoff that the firm faces at t = 0, I make one more simplifying assumption: the

asset allocation s is assumed to vary exogenously with s1, such that s′(u1) > 0. The first

order condition (A.7) then becomes:

∫ [(
u1 f ′s − s

)(
1 − Φ

( ũ2(u1; B)
σ2

))]
g1(u1)du1 =

∫ [
u1 f sϕ

( ũ2(u1; B)
σ2

)]
g1(u1)du1 (A.8)

where Φ(·) and ϕ(·) denote the cumulative and probability density of standard normal,

since u2 ∼ N(0,σ2
2 ). Let O(s(u1),σ2; B) ≡

∫ [(
u1 f ′s − s

)(
1 − Φ

( ũ2(u1; B)
σ2

))]
g1(u1)du1 −

∫ [
u1 f sϕ

( ũ2(u1; B)
σ2

)]
g1(u1)du1

We have:

∂O
∂B

= −
∫

s2
[

u1 f ′ϕ(·) + u1 f ϕ′(·)σ−1
2 + (u1 f ′ − 1)ϕ(·)σ−1

2︸ ︷︷ ︸
marginal impact on loss in default

change in default cost × change in default probability

− u1 f ′′
(
1 − Φ(·)

)︸ ︷︷ ︸
marginal impact on expected revenue

conditional on survival

]
g1(u1)du1

and

∂O
∂σ2

= σ−2
2

∫
sũ2

[ (
u1 f ′ − 1

)
ϕ(·)︸ ︷︷ ︸

marginal impact on loss in default

+ u1 f ϕ′(·)︸ ︷︷ ︸
marginal impact on default probability

]
g1(u1)du1

If default is small probability event ũ2 < 0 and the loss in default is sufficiently large
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u1 f ′ > 1 (∀u1), then ϕ′(·)> 0, ∂O
∂σ2

< 0. Here the loss in default is the revenue from output,

while in general model, it is the firm’s continuation value. Moreover, with sufficiently

large default cost, ∂O
∂B < 0. Therefore:

dB
dσ2

=
σ−2

2

∫
sũ2

[(
u1 f ′ − 1

)
ϕ(·) + u1 f ϕ′(·)

]
g1(u1)du1∫

s2
[
u1 f ′ϕ(·) + u1 f ϕ′(·)σ−1

2 − u1 f ′′
(
1 − Φ(·)

)
+ (u1 f ′ − 1)ϕ(·)σ−1

2

]
g1(u1)du1

< 0.

In other words, the optimal B is decreasing in the volatility of the second shock if default

is a small probability but sufficiently costly event, which is typically the case. This echoes

the result in existing work on financial frictions and uncertainty shocks (e.g. Gilchrist,

Sim, and Zakrajšek, 2014; Arellano, Bai, and Kehoe, 2019): an increase in volatility in-

creases the risk of default and gives firms incentives to lower the risk by reducing bor-

rowing.

Now we look at how the volatility of the first shock affects the optimal borrowing.

Since lnu1 ∼ N(−σ2
1
2 ,σ2

1 ), let z ≡ lnu1+
σ2

1
2

σ1
and u1 ≡ lnu1, so u1(z,σ1) = zσ1 −

σ2
1
2 and ∂u1

∂σ1
=

z − 1
2 . Let P(s(u1),σ1, B) ≡

∫ [(
s(u1)exp(u1) f ′

(
s(u1)B

)
− s(u1)

)(
1 − Φ

( ũ2(u1; B)
σ2

))]
ϕ
(
z
)
dz

−
∫ [

exp(u1) f
(
s(exp(u1))B

)
s(u1)ϕ

( ũ2(u1; B)
σ2

)]
ϕ
(
z
)
dz

We have:

∂P
∂B

= −
∫

s2
[
u1 f ′ϕ(y) + u1 f ϕ′(y)σ−1

2 − u1 f ′′
(
1 − Φ(y)

)
+ (u1 f ′ − 1)ϕ(y)σ−1

2

]
ϕ(z)dz

As noted above, this is negative if the loss in default is sufficiently large. Moreover,

∂P
∂σ1

=
∫
(z − 1

2
)

[
s′
(
u1 f ′ − 1

)(
1 − Φ(y)

)
− s′u1 f ϕ + s

(
u1 f ′

(
1 − Φ(y)

)
− u1 f ϕ(y)

)
− 1

σ2
ss′ũ′

2

((
u1 f ′ − 1

)
ϕ(y)− u1 f ϕ′(y)

)
+ u1 f ′′Bs′s

(
1 − Φ(y)− ϕ(y)

)]
(A.9)

Importantly, we know that firm’s optimal asset allocation decision must satisfy:

(
u1 f ′ − 1

)(
1 − Φ(y)

)
= u1 f ϕ(y), ∀ u1

We use this to simplify (A.9) to a sum of two terms, which represent two opposing effects
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of a higher σ1:

∫
(z − 1

2
)s
(

1 + u1 f ′′Bs′
)(

1 − Φ(y)
)
ϕ(z)dz︸ ︷︷ ︸

expected marginal change in revenue
conditional on survival

−
∫
(z − 1

2
)su1 f ′′Bs′ϕ(y)ϕ(z)dz︸ ︷︷ ︸

expected marginal change in the cost of default:
change in default cost×change in default probability

(A.10)

Therefore, dB∗
dσ1

=−
∂P
∂σ1
∂P
∂B

> 0 as long as the expected marginal change in revenue conditional

on survival exceeds the expected marginal change in the cost of default. Nonetheless, dB∗
dσ2

remains negative. The asymmetry arises because firms can self-insure (with cash) after

u1, but not after u2. If the volatility of u1 is high, there is a probability of receiving a more

favorable productivity draw, which encourages the firm to issue more debt ex ante, so it

will have enough funds for investment later on. By contrast, after the realization of u2,

firms no long have the means for self-insurance, so they are discouraged from borrowing

if the volatility of u2 is high.

A.2 Definition of Equilibrium

An equilibrium consists of (i) policy and value functions of intermediate goods firms

{b(z, k̂, x;S), k(z, k̂, x;S), a(z, k̂, x;S), k̂(z′,S′,S; a′,k′,b′), â(z′,S′,S; a′,k′,b′), V(z, k̂, x;S)}, and

households {c(S), ah(S), Vh(S)}; (ii) prices {qb(S, k̂,z;b′, a′,k′),qa(S)}; (iii) marginal util-

ity p(S), aggregate output Y(S), wage w(S); (iv) the law of motion for the distribution

Γ(γ′,σ′
z,S), such that:

1. Given the marginal utility p(S), aggregate output Y(S), wage w(S), and the law

of motion for the distribution Γµ(γ′,σ′
z,S), the functions of {b(z, k̂, x;S), k(z, k̂, x;S),

a(z, k̂, x;S), k̂(z′,S′,S; a′,k′,b′), â(z′,S′,S; a′,k′,b′), V(z, k̂, x;S) solve the problem:

Ṽ(z, k̂, x,S) = max
b′,k′,a′

{
p(S)

(
x − k′ − F1,k(k̂,k′) + qb(S, k̂,z;b′, a′,k′)b′ − qa(S)a′

)
+ E

[
max
k̂′,â′

∫
ψ∗(S,S′,z′,k̂′,â′,b′ )̃

V
(

x(S,S′,z′,ψ′, â′, k̂′,b′), k̂′,z′,S′
)

dF(ψ′)dψ′
]}

, (A.11)

subject to (A.12)–(A.18):

d = x − k′ − F1,k(k̂,k′) + qbb′ − qaa′ ≥ 0 (A.12)

x(S,S′,z′,ψ′, â′, k̂′,b′) = ψ′Y(S′)
1
ζ z′h(w(S′))k̂′ot + (1 − δ)k̂′ − Fo(k̂′)− τ′ + â′ − b′

(A.13)
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τ′ = τ(S,S′,z′, k̂′, â′,k′,b′) = τ̄
(

ψ′Y(S′)
1
ζ z′h(w(S′))k̂

′o − δk̂′ − r(S)b′
)

(A.14)

k̂′ + â′ + Fk2

(
k′, k̂′

)
≤ k′ + a′ (A.15)

Fk1

(
k̂,k′

)
=

1
2

(
F+

k 1(k′−(1−δ)k̂)>0 + F−
k 1(k′−(1−δ)k̂)<0

)(k′ − (1 − δ)k̂
k̂

)2
k̂′ (A.16)

Fk2

(
k′, k̂′

)
=

1
2

(
F+

k 1(k̂′−k′)>0 + F̃−
k 1(k̂′−k′)<0

)( k̂′ − k′

k′
)2

k′ (A.17)

ψ∗(S,S′,z′, k̂′, â′,b′) = (A.18)
1

(1 − τ̄)Y(S′)
1
ζ z′h(w(S′))k̂′α

[
x(S′,z′, k̂′)− â′ +

(
1 − τ̄r(S)

)
b′ −

(
1 − (1 − τ̄δ)

)
k̂′ + Fo(k̂′)

]
,

S′ = (σ′
z,γ′,Γ(γ′,σ′

z,S)) (A.19)

as long as x ≥ x̄(z, k̂,S):

x(S,z, k̂) = min
k′,b′,a′

(
k′ + F1,k(k̂,k′)− qa(S)a′ + qb(S, k̂,z;b′, a′,k′)b′

)
. (A.20)

2. The household solves the problem:

Vh(Ah,S) = max
C,Ah′ ,L

{C(S)1−θ

1 − θ
− ιL(S) + βE

[
Vh(Ah′ ,S′)

]}
(A.21)

subject to the budget constraint:

C(S) + qa(S)Ah(S) ≤ w(S)L(S) + Ah(S−1) + D(S) + ΠI(S) + Fo(K(S)), (A.22)

where D, ΠI and K denote aggregate dividends, realized profits or losses incurred

by the intermediaries, and aggregate capital. From the first order conditions:

M(S,S′) = β
C(S′)−θ

C(S)−θ
= β

p(S′)

p(S)
(A.23)

w(S) = ιC(S)θ =
ι

p(S)
(A.24)
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3. Lenders price default risk competitively:

qb(S, k̂,z;b′, a′,k′) + γ (A.25)

= E

[
M(S,S′)

(
1 − F

(
ψ∗(S,S′,z′, k̂′, â′,b′)

)
+ F

(
ψ∗(S,S′,z′, k̂′, â′,b′)

)
R
(

b′, k̂′
))]

qa(S) = E
[
M(S,S′)

]
(A.26)

where

R
(

bt+1, k̂t+1, ât+1

)
=

χ

bt+1

(
(1 − δ)k̂t+1 + ât+1

)
, (A.27)

4. Market clearing for output:

C(S) +
∫

i(z, k̂, x,S)dµ(z, k̂, x) = Y(S)−
∫ (

F1,k
(
k̂,k(z, x, k̂,S)

)
+ γb(z, x, k̂,S)

))
dµ(z, x, k̂),

(A.28)

where

Y(S) =
(∫

y(S,z, k̂)
ζ−1

ζ dµ(z, k̂, x)
) ζ

ζ−1
(A.29)

5. Market clearing for labor:

L(S) =
∫

l(z, x, k̂,S)dµ(z, x, k̂) (A.30)

6. Market clearing for bond:

qa(S)Ah(S) +
∫

qa(S)a(z, x, k̂,S)dµ(z, x, k̂)

=
∫

qb(S, k̂,z;b′, a′,k′)b(z, x, k̂,S)dµ(z, x, k̂) (A.31)

7. The law of motion of distribution is consistent with the policy functions of firms,

households and shock processes.

A.3 Solution Algorithm

Before solving the individual firm’s problem, I assume that firms approximate the in-

tractable cross-sectional distribution µt using the first moment of the distribution of cap-

ital Kt and lagged aggregate shocks {σz,t−1, γt−1}. With a slight abuse of notation, in the

rest of this section I denote the approximate aggregate state vector by St = (σz,t,σz,t−1,γt,Kt).

The equilibrium mappings Γp, Γy, and Γµ are approximated by the following log-linear
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rules:

Γp : log(p) = αp(σz,σz,−1,γ) + βp(σz,σz,−1,γ) log(K)

Γy : log(Y) = αy(σz,σz,−1,γ) + βy(σz,σz,−1,γ) log(K)

Γk : log(K′) = αk(σt,σz,−1,γ) + βk(σz,σz,−1,γ) log(K)

The algorithm begins with guessing the initial coefficients and initializing the forecast

rules Γ(1)
p , Γ(1)

y and Γ(1)
K .

A.3.1 Inner Loop

I discretize the state space of the firm problem. Each aggregate shock, σz and γ, follows a

two-state Markov process. For the idiosyncratic productivity shock z(σz,−1), I discretize

it to nz = 7 nodes using a general version of the procedure by Tauchen (1986) that allows

for time-varying volatility. The idiosyncratic states k̂ and x are discretized into nk = 20

and nx = 15 nodes, respectively. The grid for x is endogenous and depends on z, k̂ and

the aggregate state S. The mean of aggregate capital K is discretized into nkA = 4 nodes.

I redefine the choice variables to be i
k̂
= k′−(1−δ)k̂

k̂
, a′

k̂
, b′

k̂
and î′

k′ =
k̂′−k′

k′ . I use ni =

32 nodes for i
k , na = 48 nodes for a′

k̂
, nb = 64 nodes for b′

k̂
, and nî = 32 nodes for î′

k′ .

â′ is backed out from equation (A.15), which is binding at the optimum.2 To maintain

comparability with the equilibrium definition and the main text, I use the original choice

variables k′,b′, a′, k̂′ rather than the redefined variables in the rest of this section.

Taking as given the current set of aggregate rules, Γ(1)
p , Γ(1)

y and Γ(1)
K , the firm’s policy

functions and debt market equilibrium are solved iteratively and simultaneously. Since

asset prices are forward looking, the equilibrium bond price is computed using the op-

timal second phase policies and hence cannot be solved independently from the firm

problem. Consequently, x is continuously updated in the inner loop. Following Arellano,

Bai, and Kehoe (2019), I find x̄ by first solving a “relaxed” version of the firm’s problem

in which I drop the non-negative equity payout condition for the current period only.

Therefore, along with the value function Ṽ(z, k̂, x,S), the endogenous grid x = {x, ..., x̄} is

updated in each iteration of the inner loop.

Let Ṽ(1,1)(z, k̂, x,S) denote the initial guess of Ṽ(z, k̂, x,S) over a loose grid for x, de-

noted as x(1,1,1) = {x(1,1,1), ..., x̄(1,1)}. In the superscript, the first number denotes the ith

iteration of the outer loop; the second number denotes the jth iteration on the value func-

tion or the net profit; the third number denotes the kth iteration on the lower bound of

net profit. The inner loop proceeds as follows:

2Both a′
k̂

and b′
k̂

grids are non-negative.
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1. Find the policy functions associated with a “relaxed” version of the firm’s problem,

in which the current period’s NEP constraint is dropped:

˜̂V(z, k̂, x,S) = p(S)x + max
b′,k′,a′

{
p(S)

(
− k′ − F1,k(k̂,k′) + qb(S, k̂,z;b′, a′,k′)b′ − qa(S)a′

)
+ E

[(
max
k̂′,â′

∫
ψ∗(S,S′,z′,k̂′,â′,b′ )̃

V
(

x(S,S′,z′,ψ′, â′, k̂′,b′), k̂′,z′,S′
)

dF(ψ′)dψ′
)]}

,

where Ṽ is defined in (A.11), subject to (A.13)–(A.20).

(a) Given x(1,1,1)(z, k̂,S), find x(1,1,1)(z′, k̂′,S′) using linear interpolation in k̂′ and

K′, and a default indicator 1default(z′, k̂′, x′,S′) that is equal to 1 if x′ ≤ x(1,1,1)(z′, k̂′,S′).

(b) Find policy functions k̂NB(z′,S′; a′,k′) and âNB(z′,S′; a′,k′) that solves:

ṼNB(S,z′,S′; a′,k′,b′) =

max
k̂′,â′

∑
ψ′
(1 − 1default(z′, k̂′, x′,S′))V

(
x(S,S′,z′,ψ′, â′, k̂′,b′), k̂′,z′,S′

)
π(ψ′)

The demand shock ψ′ is discretized using the Gaussian quadrature method.

Continuation values are computed using linear interpolation in next period’s

net profit x′ and the forecast value of aggregate capital K′.

(c) Given k̂NB(z′,S′; a′,k′) and âNB(z′,S′; a′,k′), iterate on the debt market equi-

librium condition (A.25) until convergence, to obtain the lower bound of net

profit that is consistent with firm policies in the second investment phase.

i. Given guessed x(1,1,1)
NB (z′, k̂′,S′), construct the default threshold ψ∗(S,S′,z′,

k̂′, â′,b′) that is consistent with policies k̂NB(z′,S′; a′,k′) and âNB(z′,S′; a′,k′)

and the associated debt pricing function qb
NB(S, k̂,z;b′, a′,k′) that satisfies

bond market equilibrium (A.25).

ii. Use qb
NB(S, k̂,z;b′, a′,k′) to update x(z, k̂,S) according to (A.20). Denote the

new lower bound as x(1,1,2)
NB (z, k̂,S). Interpolate this to x(z′, k̂′,S′) and go

back to (a).

Repeat (i) and (ii) until x(1,1,n+1)
NB (z, k̂,S)≈ x(1,1,n)

NB (z, k̂,S). Denote the converged

functions as x(1,1)
NB (z, k̂,S) and qb,(1,1)

NB (S, k̂,z;b′, a′,k′).

(d) Given the debt pricing function associated with x(1,1)
NB (z, k̂,S) and ṼNB(S,z′,S′; a′,k′,b′)

from step (b), find policy functions k̆′(1,1)
NB = k̆(1,1)

NB (z, k̂,S), ă′(1,1)
NB = ă(1,1)

NB (z, k̂,S)
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and b̆′(1,1)
NB = b̆(1,1)

NB (z, k̂,S) that solves:

max
b′,k′,a′

{
p(S)

(
− k′− F1,k(k̂,k′)+ qb

NB(S, k̂,z;b′, a′,k′)b′− qa(S)a′
)
+E

[
ṼNB(S,z′,S′; a′,k′)

]}
.

2. Use k̆′(1,1)
NB , b̆′(1,1)

NB , ă′(1,1)
NB to construct x̄(1,1)(z, k̂,S):

x̄(1,1)(S,z, k̂) = k̆(1,1)
NB (S,z, k̂) + F1,k

(
k̂, k̆(1,1)

NB (S,z, k̂)
)

− qb
(

S, k̂,z; b̆(1,1)
NB (S,z, k̂), ă(1,1)

NB (S,z, k̂), k̆(1,1)
NB (S,z, k̂)

)
b̆(1,1)

NB (S,z, k̂) + qa(S)ă(1,1)
NB (S,z, k̂).

Next, I solve for the policy functions at the intermediate points between x(1,1) and x̄(1,1).

At these nodes, since the NEP is binding, one can solve for one of the choice variables

off-grid e.g.

ă′B = ăB(S,z, x, k̂;k′,b′) = max

[
1

qa(S)

[
x − k′ − F1,k(k̂,k′) + qb

B(S,z, x, k̂;b′,k′)b′
]
,0

]
(A.32)

which needs to be consistent with a debt pricing schedule qb
B(S,z, x, k̂;b′,k′) that satisfies

(A.25), in which â′ and k̂′ do not depend on a a′-grid.

3. Find ăB(S,z, x, k̂;k′,b′), the debt pricing schedule qb
B(S,z, x, k̂;b′,k′) consistent with

ăB, and the associated default threshold xB(S,z, k̂):

(a) Let x(1,1,1)
B (z, k̂,S) denote the initial guess of the default threshold level of net

profit. Let qb,(1,1,1)
B (S,z, x, k̂;b′,k′) the initial guess of the debt pricing schedule.

Note that this no longer depends on the a′-grid. Choose a set of intermedi-

ate nodes between x(1,1,1)
B (z, k̂,S) and x̄(1,1)(z, k̂,S), where the latter is obtained

from step 2. Use this tentative grid together with qb,(1,1,1)
B to construct a′ that

satisfies (A.32). Denote this as ă(1,1,1)
B (S,z, x, k̂;k′,b′).

(b) Given ă(1,1,1)
B (S,z, x, k̂;k′,b′), find policy functions k̂B(z′,S′; a′,k′) and âB(z′,S′; a′,k′)

that solves:

ṼB(S,z, x, k̂,S′,z′;b′,k′) =

max
k̂′,â′

∑
ψ′
(1 − 1default(z′, k̂′, x′,S′))Ṽ

(
x(S,S′,z′,ψ′, â′, k̂′,b′), k̂′,z′,S′

)
π(ψ′)

subject to (A.15). Continuation values are computed using linear interpolation

in next period’s net profit x′ and the forecast value of aggregate capital K̃′.
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(c) Given k̂B(S,z, x, k̂,S′,z′;b′,k′) and âB(S,z, x, k̂,S′,z′;b′,k′), iterate on the debt mar-

ket equilibrium condition (A.25) until convergence, to obtain the lower bound

of net profit that is consistent with firm policies in the second investment

phase, given ă(1,1,1)
B (S,z, x, k̂;k′,b′).

i. Interpolate x(1,1,1)
B (z, k̂,S) to find x(z′, k̂′,S′). Then construct the default

threshold ψ∗(S,S′,z′, k̂′, â′,b′) that is consistent with policies k̂B(S,z, x, k̂,S′,z′;

b′,k′) and âB(S,z, x, k̂,S′,z′;b′,k′), as well as the associated debt pricing

function qb
B(S,z, x, k̂;b′,k′) that satisfies bond market equilibrium (A.25).

ii. Use qb
B(S,z, x, k̂;b′,k′) to update xB(z, k̂,S) according to (A.20) without the

a′-grid: xB(z, k̂,S) =

min
k′,b′,x

(
k′+ F1,k(k̂,k′)+ τ

(
S,z, k̂,b′

)
− qa(S)a(S,z, x, k̂;k′,b′)− (1− δ)k̂+ qb

B(S,z, x, k̂;b′,k′)b′
)

.

Denote the new lower bound as x(1,1,2)
B (z, k̂,S). Interpolate this to x(z′, k̂′,S′)

and go back to (i). Repeat (a) and (b) until x(1,1,n+1)
B (z, k̂,S)≈ x(1,1,n)

B (z, k̂,S).

Then qb,(1,1,n+1)
B (S,z, x, k̂;b′,k′) ≈ qb,(1,1,n)

B (S,z, x, k̂;b′,k′).

iii. With x(1,1,n)
B (z, k̂,S) and qb,(1,1,n)

B (S,z, x, k̂;b′,k′), update ă(1,1,1)(S,z, x, k̂;k′,b′)

using (A.32) to ă(1,1,2)(S,z, x, k̂;k′,b′).

Repeat (a)-(c) until ă(1,1,n+1)(S,z, x, k̂;k′,b′) ≈ ă(1,1,n)(S,z, x, k̂;k′,b′). Denote the con-

verged solutions as x(1,1)
B (z, k̂,S), qb,(1,1)

B (S,z, x, k̂;b′,k′), and ă(1,1)(S,z, x, k̂;k′,b′). These

policies are consistent with the binding NEP, debt pricing equilibrium, and optimal

firm policies in the second investment phase, for a given Ṽ(1,1) (z, k̂, x,S).

4. Choose a set of intermediate nodes between x(1,1)
B (z, k̂,S) and x̄(1,1)(z, k̂,S). Denote

the new grid as x(1,1). Given x(1,1) and qb,(1,1)
B (S,z, x, k̂;b′,k′), find policy functions

k̆′B = k̆B(z, k̂, x,S) and b̆′B = b̆B(z, k̂, x,S) that solves:

max
b′,k′

{
p(S)

(
x − k′ − F1,k(k̂,k′) + qb,(1,1)

B (S,z, x, k̂;b′,k′)b′
)
+ E

[
ṼB(S,z, x, k̂,S′,z′;b′,k′)

]}
.

subject to x − k′ − F1,k(k̂,k′) + qb,(1,1)
B (S,z, x, k̂;b′,k′)b′ > 0.

5. Use these policy functions to update Ṽ(1,1)(z, k̂, x,S) to:

Ṽ(1,2)(z, k̂, x,S) =p(S)
(

x(1,1)
B − k̆′B − F1,k(k̂, k̆′B) + qb,(1,1)

B (S,z, x, k̂; b̆′B, k̆′B)b̆
′
B

))
+ E

[
ṼB(S,z, x, k̂,S′,z′; b̆′B, k̆′B)

]

12



Repeat (1)–(5) until Ṽ(1,n+1)
B (z, k̂, x,S) ≈ Ṽ(1,n)

B (z, k̂, x,S). Denote the converged functions

as V(1)(z, k̂, x,S), the lower and upper bounds of the x-grid as x(1)B and x̄(1), and the policy

functions as

• for firms with binding NEP:

ă(1)B (z, k̂, x,S) = a(1)
(
z, k̂, x,S; k̆(1)B (z, k̂, x,S), b̆(1)B (z, k̂, x,S)

)
˘̂k(1)B (S,z, x, k̂,S′,z′) = k̂(1)B

(
S,z, x, k̂,S′,z′; b̆(1)B (z, k̂, x,S), k̆(1)B (z, k̂, x,S)

)
˘̂a(1)B (S,z, x, k̂,S′,z′) = â(1)B

(
S,z, x, k̂,S′,z′; b̆(1)B (z, k̂, x,S), k̆(1)B (z, k̂, x,S)

)
• for firms with non-binding NEP:

˘̂k(1)NB(S,z, k̂,S′,z′) = k̂(1)B
(
z′,S′; ă(1)NB(z, k̂,S), k̆(1)NB(z, k̂,S)

)
˘̂a(1)B (S,z, k̂,S′,z′) = â(1)NB

(
z′,S′; ă(1)NB(z, k̂,S), k̆(1)NB(z, k̂,S)

)
.

A.3.2 Outer Loop

The procedure in the outer loop largely follows the algorithm in other heterogeneous firm

GE models (see, for example, Khan and Thomas, 2013; Bachmann, Caballero, and Engel,

2013; Bloom, Floetotto, Jaimovich, Saporta-Eksten, and Terry, 2018). All markets clear

in each period, and individual firm policy functions are consistent with market-clearing

prices and the optimization problem.

Simulate the model for T = 3,300 periods. Draw aggregate shock series for each pe-

riod (σz,t, γt), which follow the discrete Markov chain structure, once and for all outside

the outer loop. I use a histogram-based approach to tracking the cross-sectional distri-

bution (Young, 2010). I set a time-invariant grid p with np = 20 candidate price values

for solving the market clearing price. Let xt(z, k̂) denote the time-varying grid of x, and

µt(z, k̂, x) the time-varying distribution of firms. I use denser grids in the outer loop than

in the inner loop for x and k̂, such that no
k = 80 and no

x = 60. For each period t = 1,2, ..., T:

1. Define the default decision by Dt(z, k̂, x) = 1 if xt(z, k̂) ≤ x(1)B (St,z, k̂), and zero oth-

erwise. The total mass of exiting firms in period t:

Ωt = ∑
z,k̂,x∈xt

Dt(z, k̂, x)µt(z, k̂, x)

A new firm (ze,−ω, k̂e) can enter if the entry cost drawn ω is sufficiently low to be
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financed by borrowing, i.e.

ω ≤ max
b′,k̂′

(
qb

B
(
St,p,ze,−ω,ke;b′,k′

)
b′
)

.

Let Σ(St,p,ze,−ω, k̂e) = maxb′,k̂′

(
qb

B
(
St,p,ze,−ω, k̂e;b′,k′

)
b′
)

. From the pool of leg-

ible new firms, a subset is randomly chosen so the measure of entrants equals the

measure of exiting firms Ωt.

2. Given current aggregate output:

Yt(p) = ∑
z,k̂

(
y(z, k̂,p)

ζ−1
ζ

) ζ
ζ−1

dµt(z, k̂, x)

where y(z, k̂,p) = zh(w(p))k̂o, for each non-defaulting firms in µt, find their debt

choice bt+1(St,z, k̂, x,p), safe asset choice at+1(St,z, k̂, x,p), investment in both phases

kt+1(St,z, k̂, x,p) and k̂t+1(St,z, k̂, x,p,z′,σ′
z,γ′), and buffer stock cash ât+1(St,z, k̂, x,p,

z′,σ′
z,γ′) by interpolating the policy functions from the inner loop, given the fore-

cast rules Γ(1)
p , Γ(1)

y and Γ(1)
k . Similarly, for each new entrant, their decisions on

debt, safe asset, investment in both phases and buffer stock cash are given by

be
t+1(St,ze, k̂e,−ω,p), ae

t+1(St,ze, k̂e,−ω,p), ke
t+1(St,ze, k̂e,−ω,p), k̂e

t+1(St,ze, k̂e,−ω,p),

âe
t+1(St,ze, k̂e,−ω,p), respectively.

3. Compute aggregate investment and consumption in t. Investment is given by:

It(p) = ∑
z,k̂,x∈xt

(
1 −Dt(z, k̂, x)

)(
kt+1(St,z, k̂, x,p)− k̂

)
dµt(z, k̂, x)

+Ωt

∫
ω≤Σ(St,ze,−ω,k̂e)

(
ke

t+1(St,p,ze, k̂e,−ω,p)− k̂e

)
dF(ω)

Consumption is given by:

Ct(p) = Yt(p)− It(p)

− ∑
z,k̂,x∈xt

(
1 −Dt(z, k̂, x)

)(
F1,k
(
k̂,kt+1(St,z, k̂, x,p)

)
+ γtbt+1(St,z, k̂, x,p)

))
dµt(z, x, k̂)

− Ωt

∫
ω≤Σ(St,p,ze,−ω,k̂e)

(
F1,k
(
k̂,ke

t+1(St,ze, k̂e,−ω,p)
)
+ γtbt+1(St,ze, k̂e,−ω,p)

))
dF(ω)

4. Compute market clearing price in the current period. Given the grid of candidate

price and the implied consumption values, {p,Ct(p)}, linearly interpolate the con-

sumption function that is defined for any p, including those outside the grid p.

Define the economy-wide excess demand as a continuous and strictly decreasing
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function of p: EDt(p) = p−1 − Ct(p). Use bisection to solve for the market-clearing

price p∗t that satisfies EDt(p∗) = 0.

5. Update aggregate transition and firm distribution using the market clearing price

and linear interpolation.

(a) Compute weight ωp(p∗t ) =
p∗t −p∗

−1
p∗−p∗

−1
, where [p∗

−1,p∗] is the nearest bracketing

interval for p∗t on the grid p.

(b) Compute the transition of (mean) aggregate capital. First, compute aggregate

capital on the grid p:

Kt+1(p) = ∑
z,k̂,x∈xt

(
1 −Dt(z, k̂, x)

)
kt+1(St,z, k̂, x,p)dµt(z, k̂, x)

+Ωt

∫
ω≤Σ(St,p,ze,−ω,k̂e)

ke
t+1(St,p,ze, k̂e,−ω,p)dF(ω)

Then evaluate Kt+1 at the market-clearing price p∗t using the weight ωp(p∗t ):

Kt+1 = (1 − ωp(p∗t ))Kt+1(p∗
−1) + ωp(p∗t )Kt+1(p∗)

(c) Compute the transition of firm distribution. Since there is a finite number of

grid points for xi and k̂ j, first I need to allocate the mass of any (z′, k̂′, x′) to

points on the x-grid and k̂-grid, for each point on the grid p. Specifically, I

allocate the mass for any x′ to the bracketing interval [xi−1, xi] on the x-grid

in proportion to how close x′ is to each side of the interval. Specifically, let

ωx(xi, xt+1) be the probability that the choice of x′ is assigned to xi:

ωx(xi, xt+1) =
xt+1 − xi−1

xi − xi−1
and ωx(xi−1, xt+1) = 1 − ωx(xi, xt+1)

and ωx(xi, xt+1) = 0 if x′ /∈ [xi−1, xi]. The same idea goes for k̂′. Let ωk(k̂ j, k̂t+1)

be the probability that the choice of k̂′ is assigned to k̂ j:

ωk(k̂ j, k̂t+1) =
k̂t+1 − k̂ j−1

k̂ j − k̂ j−1
and ωk(k̂ j−1, k̂t+1) = 1 − ωk(k̂ j, k̂t+1)

and ωk(k̂ j, k̂t+1) = 0 if k̂′ /∈ [k̂ j−1, k̂ j]. Then next period’s distribution µt+1(z′, xi, k̂ j;p),
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for a given p, for xi ∈ xt+1(z′, k̂′) and k̂ j ∈ k̂ is given by:

µt+1(z′, xi, k̂ j;p) =

∑
zi,k̂,x∈xt

{∫
ψ∗

t+1

ωx(xi, xt+1)ωk(k̂ j, k̂t+1)dF(ψ′)
}

πz
(
z′|z,σz,t

)
πσ

(
σ′

z|σz,t
)
πγ

(
γ′|γt

)
µt(z, k̂, x)

+ Ωt

∫
ω≤Σ(St,p,ze,−ω,k̂e)

ωx(xi, xe
t+1)ωk(k̂ j, k̂e

t+1)πz
(
z′|ze,σz,t

)
dF(ω)

where

xt+1 = x(St, ât+1, k̂t+1,bt+1,p,z′,ψ′,σ′
z,γ′)

xe
t+1 = x(St, âe

t+1, k̂e
t+1,be

t+1,p,z′,ψ′,σ′
z,γ′)

k̂e
t+1 = k̂e(St,ze, k̂e,−ω,p)

b̂e
t+1 = b̂e(St,ze, k̂e,−ω,p)

âe
t+1 = âe(St,ze, k̂e,−ω,p)

k̂t+1 =


˘̂k(1)B (St,z, k̂, x,p,z′,σ′

z,γ′) if x ≤ x̄(1)(St,z, k̂)
˘̂k(1)NB(St,z, k̂,p,z′,σ′

z,γ′) if x > x̄(1)(St,z, k̂)

b̂t+1 =


˘̂b(1)B (St,z, k̂, xi,p,z′,σ′

z,γ′) if x ≤ x̄(1)(St,z, k̂)
˘̂b(1)NB(St,z, k̂,p,z′,σ′

z,γ′) if x > x̄(1)(St,z, k̂)

ât+1 =

 ˘̂a(1)B (St,z, k̂, xi,p,z′,σ′
z,γ′) if x ≤ x̄(1)(St,z, k̂)

˘̂a(1)NB(St,z, k̂,p,z′,σ′
z,γ′) if x > x̄(1)(St,z, k̂)

ψ∗
t+1 = ψ∗(St,St+1, k̂′,z, k̂, x,p,z′,σ′

z,γ′) =
1

Y(St+1)
1
ζ z′h(w(St+1))k̂o

t

×[
x(St+1,z′, k̂t+1)− ât+1 +

(
1 − τ̄r(γt,σz,t,p)

)
bt+1 −

(
1 − (1 − τ̄δ)− Fo

)
k̂t+1

]
,

Then evaluate µt+1 at the market-clearing price p∗t using the weight ωp(p∗t ):

µt+1(z′, xi, k̂ j) = (1 − ωp(p∗t ))µt+1(p∗
−1) + ωp(p∗t )µt+1(p∗)

Finally, having obtained series of prices pt, mean aggregate capital Kt and output Yt (for

t = 1,2, ..., T), I update the equilibrium mapping coefficients by running the following
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OLS regressions after discarding the first 300 initial periods:

log(pt) = αp(σz,t,σz,t−1,γt,γt−1) + βp(σz,t,σz,t−1,γt,γt−1) log(Kt)

log(Yt) = αy(σz,t,σz,t−1,γt,γt−1) + βy(σz,t,σz,t−1,γt,γt−1) log(Kt)

log(Kt+1) = αk(σt,σz,−1,γt,γ−1) + βk(σz,t,σz,t−1,γt,γt−1) log(Kt)

Iterate on the outer loop until the forecast rules converge.

A.4 Uncertainty Shock: Upside vs. Downside Risk

In the model, an increase in the dispersion of the idiosyncratic productivity shocks in-

centivizes firms to increase leverage, if they have the opportunity to self-insure if the

opportunity to invest does not arise. For the purpose of illustration, Panel (a) of Figure

A.4 shows what is crucial for the mechanism, which is shaded area at the right tail. In

other words, it does not matter if the mean of the distribution shifts to the left, or if the

distribution becomes more negatively skewed, as long as the shaded area exists. Panel (b)

of Figure A.4 confirms that during the Great Recession. I plot the distribution of sales

growth (from the quarterly Compustat database) in 2006 (i.e. before the crisis) and in

2008 (during the crisis). Although there were more downside risks (where orange bars

exceed black bars at the left tail), there are still regions at the right tail where the orange

bars exceed the black bars.

A.5 Model without Adjustment Costs

In this section, I describe a simplified version of the benchmark model, one without in-

vestment adjustment costs. The purpose of this exercise is twofold. First, I demonstrate

that the main mechanism does not rely on the frequency of asset adjustment to be higher

than the frequency of liability adjustment, as there is only one investment phase here.

Second, I show that even without adjustment costs, modeling firms’ decisions to borrow,

invest and save jointly generates a slower recovery compared to only modeling firms’

borrowing and investment decisions. To maintain comparability, the calibration follows

the benchmark model, and the impulse responses are presented in Figure A.5.

Figure A.2 illustrates the timing of a firm’s problem in this model. Notably, without

adjustment costs, it is optimal for firms to choose their assets after some uncertainty has

resolved, that is, after the realization of aggregate shocks and idiosyncratic productivity

shocks. At the end of t− 1, firms choose the level of debt bt to carry to t. At the beginning

of period t, firms learn about their idiosyncratic productivity zt and the aggregate shocks
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Figure A.2: Timeline with One Investment Phase

t t+1idiosyncratic
productivity shocks zt

&
aggregate shocks (σz,t,γt)

(k̂t, ât)
determined

production

idiosyncratic
demand shocks ψt

debt settlement

(dt,bt+1) determined

(σz,t, γt). Then they choose their asset portfolios between capital k̂t and safe asset ât,

respectively, subject to an intra-period resource constraint:

k̂t + ât ≤ bt + xt−1, (A.33)

where xt−1 is the firm’s end-of-period net profit. In other words, firms can invest out

of their cash flows and by issuing debt. Although this is different from the intra-period

resource constraint in the benchmark model, it also captures the idea that firms cannot

issue new debt to finance investment after observing zt, σz,t and γt.

The default rule is similar to the one in the benchmark model: firms default if there is

no feasible choice of bt+1 that satisfies the nonnegative dividend constraint:

dt = xt + qb
t bt+1 ≥ 0 (A.34)

and xt is a non-defaulting firm’s net profit, as defined in (A.13). Therefore, the idiosyn-

cratic states of an intermediate goods firm include its productivity zt, and its net profit

xt. The aggregate state, denoted as St = (γt,σz,t,µt), includes the two aggregate shocks

γt and σz,t, and the distribution of firms µt over the idiosyncratic states. The problem of

a non-defaulting firm is to maximize:

V(z, x,S) = max
b′

{
x + qb(S,z, x,b′)b′

+ E

[
M(S,S′)

(
max
k′,a′

∫
ψ∗(S,S′,z′,k̂′,â′,b′)

V
(

x(S,S′,z′,ψ′, â′, k̂′,b′), k̂′,z′,S′
)

dF(ψ′)dψ′
)]}

,

subject to a law of motion for the joint distribution of the idiosyncratic states, the non-

dividend constraint (A.34), the intra-period resource constraint (A.33), the tax payment
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function (A.14), the default threshold (A.18), and the debt pricing function:

qb(S,z, x,b′) + γ

= E

[
M(S,S′)

(
F
(

ψ∗(S,S′,z′, k̂′, â′,b′)
)
+
[
1 − F

(
ψ∗(S,S′,z′, k̂′, â′,b′)

)]
R
(

b′, k̂′
))]

where k̂′ = k̂(z′,S′,S,b′), â′ = â(z′,S′,S,b′), and b′ = b(S,z, x) are the policy functions.

A.6 Alternative Theories of the Great Recession

In this section, I describe how each of the alternative theories in Section 5.1 differs from

the benchmark model in Section 3. The goal of solving these variations of the benchmark

model is to illustrate that they can also capture the observed changes in public firms’

balance sheets during the Great Recession.

A.6.1 Aggregate Demand Shock

The final good Yt is produced from the technology, Yt ≤
(∫

ψtyt(i)
ζ−1

ζ di
) ζ

ζ−1
, where ψt

captures variations in the final good firm’s demand for all intermediate goods. Thus the

aggregate state is given by St = (ψt,σz,t,µt), where ψt is the aggregate demand shock

that follows an AR(1) in logs: logψt = ρψ logψt−1 + σψεψ,t. The credit supply shock in

the benchmark model, γt, is replaced by a constant µγ. The firm’s problem is given by

(A.11)-(A.20), with the following exceptions:

• Firms are hit with idiosyncratic revenue shocks fo,t, which are realized at the same

time as ψt. So firms face two idiosyncratic shocks, zt and fo,t, sequentially. fo,t

follows a lognormal distribution with mean µ f and standard deviation σf .

• As a result, the end-of-period profit (A.13) becomes:

x(S,S′,z′, f ′o, â′, k̂′,b′) = ψ′Y(S′)
1
ζ z′h(w(S′))k̂′ot + (1 − δ)k̂′ − Fo( f ′o, k̂′)− τ′ + â′ − b′

with Fo( f ′o, k̂′) = f ′o + f̂ k̂′.

• The default threshold (A.18) is given by:

f ∗o (S,S′,z′, k̂′, â′,b′) =

(1 − τ̄)Y(S′)
1
ζ z′h(w(S′))k̂α +

(
1 − (1 − τ̄δ)

)
k̂′ + â′ −

(
1 − τ̄r(S)

)
b′ − f̂ k̂′ − x(S′,z′, k̂′)
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such that the firm defaults if f ′o > f ∗o (S,S′,z′, k̂′, â′,b′).

The calibration of this model closely follows the benchmark model. For the demand

shock process, I follow Basu and Bundick (2017), and set ρψ = 0.9 and σψ = 0.03. The

mean and volatility of the revenue shock, µ f and σf , are calibrated to target the median

and standard deviation of cash-to-asset in the data.

A.6.2 Alternative Uncertainty Shock

In this model, the variance of innovations to the credit supply process, σγ,t, varies over

time according to a two-state Markov process. A higher σγ,t indicates an increase in

the dispersion of γt+1, in other words, higher uncertainty surrounding the credit supply

condition in the next period. The variance of innovations to idiosyncratic productivity

σz is now a constant (and takes the value σz,L from the benchmark model calibration).

In each period the economy is perturbed by σγ,t and the credit supply shock γt, so the

aggregate state is St = (γt,σγ,t,µt). Firms continue to be hit by idiosyncratic productivity

zt and demand shocks ψt sequentially in each period. Their problem is given by (A.11)-

(A.20), as in the benchmark model.

The new parameters are {σ
γ
H,σγ

L , pγ
HH, pγ

LL}, where the latter two are the transition

probabilities. Recall that σγ in the benchmark model is estimated from an AR(1) of the

quarterly excess bond premium (EBP) series. I use σγ from the benchmark model for

σ
γ
L . For σ

γ
H, I compute the standard deviation of the residuals from the AR(1) estimation

for the crisis and post-crisis period, 2007Q4-2010Q3, yielding σ
γ
H = 0.59. For the purpose

of illustrating the firm behavior during a crisis qualitatively (using impulse response

functions), the rest of the parameters follow the benchmark model.

A.7 Model with Debt Substitution

A.7.1 Setup

There are two main deviations from the baseline model. First, the intermediate good

firms now choose not only the level of debt, but also the composition of debt. There are

two types of debt: bank loans bt and market debt mt. I model the trade-off between bank

debt bt and market debt mt, and the debt settlement process following Crouzet (2018).

Specifically, on the one hand, bank debt is more flexible than market debt as only the

former can be restructured when a firm is at the risk of default. On the other hand, the

cost of intermediation per unit of lending is always higher for bank lenders (γb) than for
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market lenders (γm), due to the more costly bank-specific activities such as screening and

borrowing.

Secondly, here I model the credit shock as an asymmetric shock to the supply of bank

debt but not market debt. Bond issuance is indirectly affected, as public firms took advan-

tage of their access to the bond market and issued bonds in large quantities. Specifically,

I define the wedge between the intermediation costs as γ∗ = γb
t − γm, and it follows an

AR(1) process:

logγ∗
t = γ̄∗ + ρ∗γ logγ∗

t−1 + σ∗
γϵγ,t; ϵγ,t ∼ N(0,1).

The main difference from the baseline model is that now the firm has three options

at the debt settlement stage: full repayment, debt restructuring, or default. If it chooses

to restructure its debt to avoid default, it enters a debt-renegotiation process with the

bank lenders. Following the debt restructuring procedure in Crouzet (2018), two sets of

possible equilibria arise, such that restructuring may occur in one (R-contract) and never

occurs in the other (NR-contract), and the latter arises when the quantity of bank debt

is too small for restructuring to bring about sufficient gains for the firm to avoid default

on market debt. I outline below the default thresholds and lenders’ payoffs in each type

of contracts. To maintain tractability, I adopt a net worth default rule, though this is not

essential for the mechanism.

NR-contract If m′
1−χ > b′

χ , the firm repays its liabilities in full if their net worth at the

end of a period, defined by π′ = ψ′Y
1
ζ z′h(w(S′))k̂′o + (1− δ)k̂′ − F′

o + â′, exceeds the total

debt repayment, partially defaults (i.e. repays the more senior bank debt but defaults on

market debt) if b′
χ ≤ π′ < b′ + m′; and defaults on both types of debt if π′ < b′

χ . Hence

one can define a pair of thresholds for the demand shock (ψ′
NR, ψ′

NR
) such that the firm

defaults fully in the next period if ψ′ < ψ′
NR

, and defaults partially if ψ′
NR

≤ ψ′ < ψ
′
NR:

ψNR(S
′,z′, k̂′, â′,b′,m′) =

1

Y(S′)
1
ζ z′h(w(S′))k̂o

t

[
b′ + m′ − â′ − (1 − δ)k̂′ + Fo(k̂′)

]
,

ψ
NR

(S′,z′, k̂′, â′,b′) =
1

Y(S′)
1
ζ z′h(w(S′))k̂o

t

[b′

χ
− â′ − (1 − δ)k̂′ + Fo(k̂′)

]
,

The payoffs to the bank and market lender (R̃′
b,NR and R̃′

m,NR) are :

R̃′
b,NR =

{
b′ if ψ′ ≥ ψ′

NR
χπ′ if ψ′ < ψ′

NR
.
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and

R̃′
m,NR =


m′ if ψ′ ≥ ψ

′
NR

χπ′ − b′ if ψ′
NR

≤ ψ′ < ψ
′
NR

0 if ψ′ ≤ ψ′
NR

.

R-contract If m′
1−χ ≤ b′

χ , one can also define a pair of thresholds for the prices (ψ′
R, ψ′

R
)

such that the firm defaults if ψ′ < ψ′
R

, and restructures if ψ′
R
≤ ψ′ < ψ

′
R, and repays if

ψ′ > ψ
′
R:

ψ
′
R(S

′,z′, k̂′, â′,b′) =
1

Y(S′)
1
ζ z′h(w(S′))k̂o

t

[b′

χ
− â′ − (1 − δ)k̂′ + Fo(k̂′)

]
, (A.35)

ψ′
R
(S′,z′, k̂′, â′,m′) =

1

Y(S′)
1
ζ z′h(w(S′))k̂o

t

[ m′

1 − χ
− â′ − (1 − δ)k̂′ + Fo(k̂′)

]
.

The payoffs to the bank and market lender in an R-contract (R̃′
b,R and R̃′

m,R) are given by:

R̃′
b,R =

{
b′ if ψ′ ≥ ψ

′
R

χπ′ if ψ′ < ψ
′
R,

and

R̃′
m,R =

{
m′ if ψ′ ≥ ψ′

R
0 if ψ′ < ψ′

R
.

Both types of lenders price default risks competitively. If mt+1
1−χ > bt+1

χ (NR-contract),

the prices of bank debt and market debt are, respectively:

qb
NR(S, k̂,z; a′,k′,b′,m′) + γb = E

[
M(S,S′)

(
1 − F

(
ψ

NR
(S′,z′, k̂′, â′,b′)

)
(A.36)

+
1
b′

∫ ψ
NR

(S′,z′,k̂′,â′,b′)

0
χπ(ψ′,S′, k̂′, â′,b′)dF(ψ′)dψ′

))]
,

and

qm
NR(S, k̂,z; a′,k′,b′,m′) + γm =E

[
M(S,S′)

(
1 − F

(
ψNR(S

′,z′, k̂′, â′,b′,m′)
)

(A.37)

+
1

m′

∫ ψNR(S
′,z′,k̂′,â′,b′,m′)

ψ
NR

(S′,z′,k̂′,â′,b′)

(
χπ(ψ′,S′, k̂, â′,b′)− b′

)
dF(ψ′)dψ′

))]
.

22



If mt+1
1−χ ≤ bt+1

χ (R-contract), restructuring may occur, and the debt prices are:

qb
R(S, k̂,z; a′,k′,b′,m′) + γb = E

[
M(S,S′)

(
1 − F

(
ψR(S

′,z′, k̂′, â′,b′)
)

(A.38)

+
1
b′

∫ ψR(S
′,z′,k̂′,â′,b′)

0
χπ(ψ′,S′, k̂′, â′,b′)dF(ψ′)dψ′

))]
,

and

qm
R (S, k̂,z; a′,k′,b′,m′) + γm =E

[
M(S,S′)

(
1 − F

(
ψ

R
(S′,z′, k̂′, â′,m′)

))]
. (A.39)

where k̂′ = k̂(z′,S′,S; a′,k′,b′,m′) and â′ = â(z′,S′,S; a′,k′,b′,m′).

The definition of dividend in the model with two types of debt contracts is given by:

dl =ψY
1
ζ zh(w)k̂o + (1 − δ)k̂ − Fo + â − b − m − k′ − F1,k(k̂,k′) + qbb′ + qmm′ − qaa′

if firm repays both b and m at t, (A.40)

dl
R =ψY

1
ζ zh(w)k̂o + (1 − δ)k̂ − Fo + â − bR − m − k′ − F1,k(k̂,k′) + qbb′ + qmm′ − qaa′

if firm restructures b and repays m at t, (A.41)

where the subscript l ∈ {NR, R} denotes whether the firm chooses a NR-contract or an

R-contract for the next period, which has implications for the prices of debt; bR is the

restructured amount of bank debt, and bR = χπ, as shown in Crouzet (2018). The net

liquid asset position of the firm x is now given by:

x =ψY
1
ζ zh(w)k̂o + (1 − δ)k̂ − Fo + â − b − m, if firm repays both b and m

xR =ψY
1
ζ zh(w)k̂o + (1 − δ)k̂ − Fo + â − bR − m, if firm restructures b and repays m

so a firm’s dividend can be rewritten as: dl
(R) = x(R) − k′ − F1,k(k̂,k′) + qbb′ + qmm′ − qaa′.

As in the benchmark model, I assume that firms face a non-negative dividend constraint,

i.e. dl
(R) ≥ 0.

If the firm chooses an R-contract, with m′
1−χ ≤ b′

χ , it has three options in the following

period: payment, restructuring, and liquidation. I denote the corresponding continuation

values as V(x′, k̂′,z′;S′), V(x′R, k̂′,z′;S′), and 0.3 If the firm chooses an NR-contract, it has

only two options in the following period: payment or liquidation, as both partial and full

defaults involve the seizure of assets by the creditors.

3By assumption, firm that liquidates exits with its resources being passed to its creditors, so its continuation value
in liquidation is 0.
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After debt repayment, firms are hit by an exit shock η. Consider a firm that repays in

full and survives the exit shock. Then it solves the problem:

V(z, k̂, x;S) = max
(

VR(z, k̂, x;S),VNR(z, k̂, x;S)
)

where

VR(z, k̂, x,S) = max
b′,m,k′,a′

{
dR + (1 − η)E

[
M(S,S′)× (A.42)(

max
k̂′,â′

∫ ∞

ψR(S′,z′,k̂′,â′,b′)
V
(

x(S′,z′,ψ′, â′, k̂′,b′,m′), k̂′,z′,S′
)

dF(ψ′)dψ′

+
∫ ψ

R
(S′,z′,k̂′,â′,m′)

ψR(S′,z′,k̂′,â′,b′)
V
(

x(S′,z′,ψ′, â′, k̂′,b′R,m′), k̂′,z′,S′
)

dF(ψ′)dψ′
)]}

,

denotes the value function if the firm chooses an R-contract for the following period, and

VNR(z, k̂, x,S) = max
b′,m,k′,a′

{
dNR + (1 − η)E

[
M(S,S′)× (A.43)(

max
k̂′,â′

∫ ∞

ψNR(S′,z′,k̂′,â′,b′,m′)
V
(

x(S′,z′,ψ′, â′, k̂′,b′,m′), k̂′,z′,S′
)

dF(ψ′)dψ′
)]}

,

denotes the value function if the firm chooses an NR-contract. Firms maximize subject to

the non-negative dividend (A.40) constraint, debt pricing functions (A.36)-(A.39), taxes

(A.14), the intra-period resource constraint (A.15), investment adjustment costs (A.16)-

(A.17), and a law of motion for the joint distribution of the idiosyncratic state.

For a firm that restructures today and survives the exit shock, it solves the problem:

V(z, k̂, xR;S) = max
(

VR(z, k̂, xR;S),VNR(z, k̂, xR;S)
)

where

VR(z, k̂, xR,S) = max
b′,m,k′,a′

{
dR

R + (1 − η)E

[
M(S,S′)×(

max
k̂′,â′

∫ ∞

ψR(S′,z′,k̂′,â′,b′)
V
(

x(S′,z′,ψ′, â′, k̂′,b′,m′), k̂′,z′,S′
)

dF(ψ′)dψ′

+
∫ ψ

R
(S′,z′,k̂′,â′,m′)

ψR(S′,z′,k̂′,â′,b′)
V
(

x(S′,z′,ψ′, â′, k̂′,b′R,m′), k̂′,z′,S′
)

dF(ψ′)dψ′
)]}

,
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and

VNR(z, k̂, xR,S) = max
b′,m,k′,a′

{
dNR

R + (1 − η)E

[
M(S,S′)×(

max
k̂′,â′

∫ ∞

ψNR(S′,z′,k̂′,â′,b′,m′)
V
(

x(S′,z′,ψ′, â′, k̂′,b′,m′), k̂′,z′,S′
)

dF(ψ′)dψ′
)]}

,

subject to the definition of dividend (A.41), and all the other constraints described above.

A.7.2 Parameterization and Model Fit

The model is calibrated to quarterly data from between 2006Q1 and 2014Q4. The sample

here consists of a subset of firms in the baseline model calibration, including all non-

financial US firms from Compustat with data available on debt compositions from Cap-

ital IQ. The sample period reflects the availability of data on firms’ debt compositions.

Since the credit shock here captures unexpected changes in the supply of bank loans, I

use data from the Federal Reserve’s Senior Loan Officer Opinion Survey of Bank Lend-

ing Practices (SLOOS) to calibrate {σ∗
γ,ρ∗γ}, in the spirit of Bassett, Chosak, Driscoll, and

Zakrajšek (2014). This survey queries participating banks to report whether they have

changed their standards during the survey period. To identify the component of the

change in lending standards that is orthogonal to the determinants of loan demand, I esti-

mate a VAR(1) specification with quarterly data on macroeconomic variables—including

log real GDP, log GDP deflator, the shadow federal funds rate of Wu and Xia (2016) —and

the net percent of banks reporting tightening standards between 2006Q1 and 2014Q4. The

credit variable is ordered after the macro variables. This yields ργ = 0.94 and σγ = 0.24.

As a proxy for the intermediation cost of market debt, I use existing estimates of un-

derwriting fees for corporate bond issuances, and set γm = 0.01, as in Crouzet (2018).

Instead of analogously measuring intermediation costs of banks – for example, from op-

erating expenses reported in income statements of commercial banks – I calibrate the

wedge in intermediation costs γ̄∗ by matching the average fraction of bank debt among

non-financial corporations in the US. All other targeted moments are the same as in the

benchmark model, and are reported in Table A.3.

Table A.4 reports the untargeted cross-sectional moments in the model and the data.

Compared to Table 7.A, the new moment here is the fraction of bonds for each asset class.

In the data, smaller firms (<50%) have lower fractions of bonds than larger firms. This

is also the case in the model, since smaller firms are more likely to default and so would

value the flexibility of bank loans more than larger firms. The extended model can also

capture the cross-sectional patterns of investment, cash to asset, leverage, and spread.
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A.8 Data Description

This paper uses data from the following sources: Compustat annual database, Compustat

quarterly database, Capital IQ, ICE Benchmark Administration, Moody’s Default and

Recovery Database, U.S. Bureau of Economic Analysis, Financial Accounts of the U.S.

Z.1, and the Federal Reserve’s Senior Loan Officer Opinion Survey. Below I describe the

sample and variables for the corresponding tables in the main text.

• Table 1: Data for all US non-financial corporate businesses are from the (annual)

Financial Accounts Z.1: Debt is the sum of commercial papers, municipal securities,

corporate bonds, loans, depository institution loans n.e.c., and other loans and ad-

vances; Investment is total capital expenditures; Liquid assets are the sum of check-

able deposits and currency, total time and saving deposits, money market fund

shares, commercial paper, Treasury securities, municipal securities, mutual fund

shares, and security repurchase agreements. Data for all public firms are from the

annual Compustat database. The full sample consists of US non-financial firms (ex-

cluding SIC codes 6000-6999) with non-missing and positive total assets between

2007 and 2009. Debt is the sum of debt in current liabilities and long-term debt, and

debt purchase is the change in total debt; Investment is the sum of capital expendi-

tures in property, plant, and equipment, and inventory investment; Liquid assets are

cash and marketable securities. The annual growth rate of each series is computed

as the difference in logs between 2007 and 2009.

• Table 2: The starting sample is the same as for column (2) of Table 1, consisting

of US non-financial firms with non-missing and positive total assets between 2007

and 2009 from the annual Compustat database. Debt and liquid assets are defined as

above. Productive capital is the sum of property, plant, and equipment and invento-

ries. Outliers are removed at the 5th and 95th percentiles, since I am interested in

estimating the growth rates for an average public firm.

• Table 3: The variable definitions are the same as for Tables 1 and 2, except here

I use a longer sample period between 1995 and 2011 from the annual Compustat

database. Outliers are removed at the 5th and 95th percentiles. Crisist is a dummy

variable that is 1 for 2008 and 2009, and 0 otherwise.

• Table 4: The variable definitions are the same as above. For this table, The sample

is from the quarterly Compustat database between 1995Q1 and 2011Q4. For robust-

ness, Table A.9 reports similar results from the annual Compustat database for the

same sample period.
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• Tables 5B, 6A and 6B: All data moments, except those on credit spreads, are con-

structed from the quarterly Compustat database for all US non-financial public

firms between 1995Q1 and 2011Q4. Firm-year observations are included if total as-

sets, cash and marketable securities, debt in current or long-term liabilities, capital

expenditures, and net property, plant and equipment are non-missing. For incum-

bent firms, I restrict the sample for firms to those with at least 40 quarters of ob-

servations since 1985. For entrants, I consider only firms that start appearing in the

database since 1995, and I use the first two years’ data to construct their moments.

Leverage is the ratio of total debt (the sum of debt in current liabilities and long-

term debt) to total assets. Cash-to-asset is the ratio of cash and marketable securities

to total assets. Following Arellano, Bai, and Kehoe (2019), sales growth is defined

as (si,t − si,t−3)/(0.5(si,t + si,t−3)), where si,t the nominal sales deflated by the GDP

deflator. Following Bloom (2009), investment is defined as ii,t/(0.5(ki,t + ki,t−3)),

where ii,t is the sum of net capital expenditures on plant, property and equipment,

and inventory changes, and ki,t is productive capital defined above. Credit spreads

data are from The Bank of America Merrill Lynch Indicators between 1997Q1 (the

earliest available) and 2011Q4. This dataset gives the bond spread for each rating in

a particular quarter. To obtain the moments on spread, I first merge the Compustat

sample with the Capital IQ database to obtain firm ratings, and then merge it with

the BofAML data on the spread for each rating.

• Table 6C: Data for investment, cash, and debt are from the quarterly Compustat

sample described above, aggregated across all non-financial public firms with non-

missing and positive total assets, and non-missing firm characteristic variables be-

tween 1995Q1 and 2011Q4. Data for output and consumption are from the BEA. Data

on default rate are from Moody’s Default and Recovery Database. Output, invest-

ment, consumption, cash, and debt are logged and filtered with a Hodrick-Prescott

filter with a smoothing parameter equal to 1600. For investment, consumption, cash

and debt, I report the relative standard deviations to output.

• Tables 7B, 8A and 8B: The construction of variables follows the same procedure as

for Tables 5B, 6A and 6B, but the sample here is a subset of the sample for Tables 5B,

6A and 6B: I include all observations in the quarterly Compustat database with data

available on debt compositions from Capital IQ between 2006Q1 and 2014Q4. Firm-

quarter observations are included if total assets, cash and marketable securities,

debt in current or long-term liabilities, capital expenditures, net property, plant and

equipment, and debt compositions are non-missing. Fraction of Bonds is the ratio of

bonds to the sum of bonds and loans.
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A.9 Additional Empirical Evidence

Section 2 documents supporting evidence for the “borrowing to save” mechanism at the

firm level. Here I show that the evidence in Section 2 are robust for different samples and

variable definitions. Specifically:

1. Table A.5 is a robustness check for Table 2 using a slightly different sample, where

outliers are defined to be the 1st and 99th percentiles of variables.

2. Table A.6 is a robustness check for Table 2, and shows the within-firm growth rates

of debt-to-asset (leverage), capital-to-asset, and cash-to-asset, respectively, for an

average public firm. Different from Table 2, each key variable (debt, cash, and cap-

ital) for firm i and time t is scaled by the firm’s total book assets.

3. Table A.7 is a robustness check for Table 3, using a larger sample which also in-

cludes firms whose debt positions did not change in 2008-09. Standard errors are

clustered by firm-year.

4. Table A.8 is a robustness check for Table 4, using quarterly instead of annual data

for the same sample period.

A.10 Evidence for the Model with Debt Substitution

In this section, I document additional stylized facts from the Great Recession that further

corroborates the “borrowing to save” mechanism in addition to those reported in Sec-

tions 2 and A.9. These facts directly speak to the extended model with debt substitution

(Section 5.2). The key testable implications from the extended model are:

1. Firms’ cash holdings are positively related to the fraction of market debt (bonds);

2. Firms with more bonds are less likely to use their cash holdings to finance invest-

ment.

Both predictions arise from the model assumption that firms cannot restructure bonds,

so they face higher default risks if they have proportionally more bonds than loans.

The sample includes all Compustat firm-year observations from 2006 to 2015 with

positive values for the book value of total assets, and data available on debt structure

from Capital IQ, for firms with Standard & Poor’s ratings incorporated in the U.S. Fi-

nancial firms, utilities, and the largest 25 cash holders are excluded from the sample.4

4There is substantial evidence that their cash-versus-debt dynamics are significantly different from the remaining
investment-grade firms. Moreover, the mechanism proposed in section 5.2 is likely to be irrelevant to these firms, since
they were almost exclusively bond financed even before the crisis.
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Furthermore, to remove outliers, all firm characteristic variables are winsorized at the 1st

and 99th percentiles.

Figure A.3 is motivational, showing that the “borrowing to save” mechanism was par-

ticularly relevant for firms that switched substantially into bond finance. In this exercise,

I split the sample into investment-grade issuers (BBB- and higher) and speculative-grade

issuers.5 Panel (a) shows that investment-grade firms had largely replaced loans with

bonds since 2009, and the fraction of bonds remained high even after the financial cri-

sis. On the contrary, such substitution had been more moderate for the speculative-grade

firms. Panel (b) illustrates the divergence in cash hoarding behaviors between the two

groups of firms. Investment-grade firms had been accumulating an increasing propor-

tion of their assets as cash since 2009, such that even though the speculative-grade firms

had higher cash-to-asset ratio than the investment-grade firms before the crisis, the latter

rapidly increased their cash holdings and overtook by 2011, with a 5 percentage point

lead by 2015. As the decline in loans was largely replaced by a significant increase in

bonds, investment-grade firms did not suffer from any steep decline in leverage com-

pared to their speculative-grade counterparts, both during the crisis and in the recovery

period, as shown in panel (c). In fact, the investment grade firms had increased their

leverage ratios by almost 10 percentage points from 2008 to 2014. Nonetheless, panel

(d) shows that the speculative-grade firms actually recovered faster than the investment

grade firms since 2009, suggesting that the latter group’s large sum of new bond issues

and cash holdings since the onset of the crisis were not channeled into productive uses to

boost investment and growth. Although the two types of firms had similar investment

rates before the crisis and suffered from similar magnitudes of a decline in investment

during the crisis, the speculative-grade firms recovered much more quickly and their in-

vestment was back to the pre-crisis level by 2012, leading the investment-grade firms by

more than a percentage point.

I also rule out other potential reasons which might have led to the divergence in their

balance sheet policies between the two groups. For instance, one may argue that the

different patterns in investment indicate that the investment-grade firms faced weaker

demands than the speculative-grade firms if the former includes more industries that

suffered from a greater decline in demand during the recession. Nevertheless, this is un-

likely as Table A.10 shows that the distribution of industries in each sample is roughly

similar. Furthermore, Figure A.3 shows that the investment-grade and speculative-grade

5Out of the 938 firms in this sample, 880 of them belonged to either the investment-grade subsample or the
speculative-grade subsample throughout the period 2006Q1-2015Q4, whereas 58 firms (6.2%) have switched between
the two groups at least once. I classify these firms according to the length of time period that they had a certain rating,
e.g. if a firm had an investment grade for more than half of the sample, then it is considered an investment grade firm.
The results on the differences between the investment-grade and speculative-grade firms do not change if I use only
the 880 firms that consistently belonged to the same ratings group in the sample.
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firms show similar patterns of equity issuance and dividend payments during the crisis.

Hence these are also unlikely to be driving the differences in cash holdings and invest-

ment between the two groups.6

Motivated by such evidence, I test the correlations between debt composition and

cash holdings at the firm level. First, I regress cash holdings as a percentage of total

assets on a measure of debt structure:7

Cashi,t = β1DebtStructurei,t−1 + θ′Controlsi,t−1 + ηi + λt + ϵi,t, (A.44)

where the independent variable of interest, DebtStructurei,t−1, is a proxy for firm i’s debt

structure in year t − 1, and Controlsi,t−1 is a vector of firm-level controls including firm

size, cash flow, leverage, market-to-book ratio, capital expenditures, net working capital,

R&D, acquisition expenditures, asset tangibility, and a dummy for whether the firm pays

dividend in any given year. Equation (A.44) also includes a firm fixed effect ηi and a

time fixed effect λt. For robustness, I consider two measures of debt structure. The first

measure, BondFractioni,t, is the ratio of bonds to the sum of bonds and loans for firm i

in year t. In addition, I also construct an indicator variable BondOnlyi,t for each firm-

year in the sample, which is equal to one if BondFractioni,t is one and zero otherwise.

Statistical significance is evaluated using robust clustered standard errors adjusted for

non-independence of observations within firms.

The baseline results are presented in Panel A of Table A.9 for the full sample as well as

the subsets of investment-grade and speculative-grade firms. For each sample, columns

(1) and (2) report the estimates on the proxies for debt structure, BondFractioni,t−1 and

BondOnlyi,t−1, respectively. The coefficients on both proxies are robustly positive and

statistically significant at the 5% level across the samples. Specifically, a one unit increase

in the fraction of market debt is associated with an approximately 3 percentage point

increase in the cash-to-asset ratio for the full sample. Moreover, this estimate is higher for

the subsample of speculative grade firms, suggesting that debt structure is particularly

important for the cash holding decision of firms with lower ratings and higher default

risks, after controlling for the real size of firm among other firm-level characteristics.

Switching from a mixed-finance or bank-only debt structure to a bond-only debt structure

entails a 2 percentage point increase in the cash-to-asset ratio in the full sample (columns

6Following Fama and French (2005), I measure the total net amount of equity raised with the change in the book
value of equity. Dividend payment is measured by the number of shares outstanding times the dollar value per share,
averaged across firms in a particular category in a particular period.

7In order to be in line with the empirical literature on the determinants of corporate cash holdings, I use the annual
counterpart to the quarterly dataset described in the previous section in these regressions, and one period lagged
explanatory variables are used to reduce endogeneity concerns associated with using contemporaneous explanatory
variables.
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(2)). The impact of a switch is larger for the speculative-grade subsample with higher

default risks.

Next, I include a lagged dependent variable to the specification (A.44):

Cashi,t = (1− α)Cashi,t−1 + β1DebtStructurei,t−1 + θ′Controlsi,t−1 + ηi +λt + ϵi,t, (A.45)

where DebtStructurei,t−1 is either the continuous proxy BondFractioni,t−1 or the indicator

variable BondOnlyi,t−1, as in regression (A.44). This dynamic panel serves two purposes:

first, the baseline results in Table A.9 are robust to allowing for imperfections in cash

re-balancing or partial adjustment in cash ratios; second, I examine the hypothesis that a

higher fraction of bonds lowers the speed of adjustment of cash, which is captured by 1−
α in the dynamic panel regression (A.45). Panel B of Table A.9 reports the GMM estimates

of Blundell and Bond (1998) of the coefficients on Cashi,t−1 and DebtStructurei,t−1, which

is proxied by BondFractioni,t−1. The full sample is split into four subsamples, based on

quartiles of the fraction of bonds. To provide economic intuition, I translate these speeds

of adjustment into half-lives, calculated by ln(0.5)/ln(1 − α), the time (in years) that it

takes a firm to adjust one-half the distance to its target cash after a one unit shock to ϵi,t.

The speeds of adjustment declining monotonically with the fraction of loans.
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Changes in bank lending standards and the macroeconomy. Journal of Monetary Eco-

nomics 62, 23–40.

Basu, Susanto and Brent Bundick (2017). Uncertainty Shocks in a Model of Effective

Demand. Econometrica 85(3), 937–958.

Basu, Susanto and John G. Fernald (1997). Returns to Scale in U.S. Production: Estimates

and Implications. Journal of Political Economy 105(2), 249–283.

31



Bloom, Nicholas (2009). The Impact of Uncertainty Shocks. Econometrica 77(3), 623–685.

Bloom, Nicholas, Max Floetotto, Nir Jaimovich, Itay Saporta-Eksten, and Stephen J. Terry

(2018). Really Uncertain Business Cycles. Econometrica 86(3), 1031–1065.

Blundell, Richard and Stephen Bond (1998). Initial conditions and moment restrictions

in dynamic panel data models. Journal of Econometrics 87(1), 115–143.

Crouzet, Nicolas (2018). Aggregate Implications of Corporate Debt Choices. Review of

Economic Studies 85(3), 1635–1682.

Den Haan, Wouter J. (2010). Assessing the accuracy of the aggregate law of motion in

models with heterogeneous agents. Journal of Economic Dynamics and Control 34(1), 79–

99.

Fama, Eugene F. and Kenneth R. French (2005). Financing Decisions: Who Issues Stock.

Journal of Financial Economics 76(3), 549–82.

Foster, Lucia, John Haltiwanger, and Chad Syverson (2008). Reallocation, Firm Turnover,

and Efficiency: Selection on Productivity or Profitability? American Economic Re-

view 98(1), 394–425.

Gilchrist, Simon, Jae W. Sim, and Egon Zakrajšek (2014). Uncertainty, Financial Frictions,
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Table A.1: Accuracy Statistics for the Benchmark Model

A. Internal accuracy statistics for the approximate equilibrium mappings

log p logY
(γ,σ,σ−1) R2 RMSE(%) R2 RMSE(%)

(1,1,0) 0.9853 0.3687 0.9894 0.4715
(1,0,1) 0.9903 0.2568 0.9903 0.2685
(1,0,0) 0.9906 0.4715 0.9748 0.3829
(1,1,1) 0.9839 0.2143 0.9883 0.5838
(2,1,0) 0.9924 0.1738 0.9815 0.3138
(2,0,1) 0.9828 0.5294 0.9907 0.4622
(2,0,0) 0.9896 0.2947 0.9933 0.3755
(2,1,1) 0.9846 0.3789 0.9784 0.5362

logK′

(γ,σ,σ−1) R2 RMSE(%)

(1,1,0) 0.9953 0.1508
(1,0,1) 0.9915 0.2389
(1,0,0) 0.9945 0.4779
(1,1,1) 0.9887 0.3755
(2,1,0) 0.9924 0.2185
(2,0,1) 0.9943 0.3526
(2,0,0) 0.9866 0.5181
(2,1,1) 0.9908 0.3268

Note: Approximate equilibrium forecast mappings are:

log(p) = αp(γ,σz,σz,−1) + βp(γ,σz,σz,−1) log(K)

log(Y) = αy(γ,σz,σz,−1) + βy(γ,σz,σz,−1) log(K)

log(K′) = αk(γ,σz,σz,−1) + βk(γ,σz,σz,−1) log(K)

The accuracy statistics above are computed from an unconditional simulation of 4,000 quarters of the baseline model,
discarding an initial 200 quarters. Each row in the table above displays the performance of the equilibrium mapping
conditional upon a subsample of the data characterized by a given (γ,σ,σ−1). RMSE (%) represents the root mean
squared error of the indicated rule’s one-period ahead forecasts, and the R2 measure is computed from the log-linear
regression on the appropriate subsample of simulated data.

B. Dynamic forecast accuracy statistics

Den Haan statistic (%) 3 Years 4 Years 5 Years

εmean 0.7395 0.8157 0.9135
εmax 1.5728 1.7257 1.9329

Note: This panel reports the Den Haan (2010) accuracy statistics for the forecasting system for the market-clearing
marginal utility price p. The statistics, εmax and εmean, are based on forward iteration of the forecasting system for
marginal utility to a specific future horizon (3/4/5 years), substituting n-period ahead forecasts as inputs for n + 1-
period ahead forecasts.
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Table A.2: Parameterization in the model with debt substitution

A. Fixed parameters

Description Parameter Target

Households
Discount rate β = 0.99 Annual interest rate 4%
Risk aversion θ = 2 Standard business cycle models

Firms
Depreciation δ = 0.025 NIPA depreciation
Persistence of z ρz = 0.9 Foster et al. (2008)
Share of capital α = 0.3 National accounts
Returns to scale ϕ = 0.7 Atkeson and Kehoe (2005)
Markup ζ/(ζ − 1) = 1.21 Basu and Fernald (1997)
Exogenous exit η = 0.025 Khan and Thomas (2013)

Financial frictions & credit supply shock
Bond recovery rate χ = 0.47 Moody’s Default & Recovery
Bond intermediation γm = 0.01 Crouzet (2018)
Loan supply shock ργ = 0.94,σγ = 0.24 SLOOS

B. Parameters from moment matching

Description Parameter

Uncertainty shock
Volatility levels σH = 0.152, σL = 0.106
Volatility transitions πHH = 0.863, πLL = 0.951

Firms
Invest adj cost F+

k = 2.08
Disinvest adj cost (first phase) F−

k = 3.60
Disinvest adj cost (second phase) F̃−

k = 6.15
Operating cost (fixed) fo = 1.48
Operating cost (proportional) f̂o = 0.130
Revenue shock µψ =-0.82, σψ = 0.20

Credit supply
Wedge γ = 0.035

Entry
Entrant productivity ze

z̄ = 0.82
Entry cost µω = 0.27, σω = 1.6
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Table A.3: Targeted moments in the model with debt substitution

Description (%) Data Model

Sales growth IQR
Mean 22.8 25.2
Std deviation 3.5 4.2
Autocorrelation 71 76
Skewness -0.64 0.50

Investment, leverage, cash holdings
Median investment 12.7 13.5
Median fraction of firms that disinvest 10.3 12.1
Median leverage 34.2 38.2
Median fraction of bonds 58.6 62.3
Median cash-to-asset 19.7 18.3
Std of median cash-to-asset 7.5 7.9

Relative entrant
Productivity 92 88
Investment 125 113
Leverage 88 75

Financial frictions
Mean default rate 1.3 1.8
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Table A.4: Untargeted moments in the model with debt substitution

A. Distribution by firm size

Asset Percentiles
Moments (%) [0,25] [25,50] [50,75] [75,100]

Data
Investment 10.4 12.1 13.5 13.1
Cash-to-asset 26.2 21.2 18.5 15.1
Leverage 27.1 30.4 35.7 38.2
Fraction of bonds 42.7 46.1 63.8 79.6

Model
Investment 12.8 13.5 14.3 13.8
Cash-to-asset 23.3 20.2 18.5 16.7
Leverage 30.5 34.9 37.2 39.1
Fraction of bonds 56.3 63.0 64.8 69.1

Note: For each asset class and moment, I first calculate the median across firms for each quarter, then report the
median of the time series.

B. Firm-level correlations

Correlations with cash-to-asset (%) Data Model
Investment -3.5 -11.7
Leverage 8.5 19.8
Fraction of bonds 7.6 24.6
Spread 4.2 26.2

Correlations
(
∆ log(debtit),∆ log(cashit)

)
(%)

non-crisis -1.7 -4.1
crisis 8.1 19.2

Note: In the data, crisis periods are defined by the NBER recession dates. In the model, crisis periods correspond to
σz,t = σH and γt = γH . All the correlation coefficients are significant at the 5 percent level. The sample period is 2006Q1
and 2014Q4.
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Table A.5: Robustness check for Section 2:
Within-firm growth rates of debt, productive capital, and liquid assets in 2007-09

log(debtit) log(capitalit) log(cashit)

(1) (2) (3) (4) (5) (6) (7) (8) (9)

crisist 0.028*** 0.020*** 0.020*** -0.021*** -0.024*** -0.024** 0.122*** 0.120*** 0.120**
(9.48) (6.86) (5.77) (-2.61) (-2.90) (-2.03) (7.63) (7.53) (4.93)

Firm FE yes yes yes yes yes yes yes yes yes
Firm controls no yes yes no yes yes no yes yes
Clustered SE firm firm firm-year firm firm firm-year firm firm firm-year
R2 (within) 0.012 0.103 0.103 0.006 0.144 0.144 0.008 0.044 0.044
No. of firms 5238 5227 5227 5238 5227 5227 5238 5227 5227

Note: This table reports the estimates from the following fixed effects regressions using the annual Compustat database of non-financial firms in the US between 2007 and 2009:

log(yit) = αi + βcrisist + ΓXit + εit

where crisist is a dummy variable that is 1 for 2008 and 2009, and 0 for 2007. yit are, in turn, total debt (columns 1-2), capital (columns 3-4), and liquid assets (columns 5-6)
for each firm and year. Debt is the sum of short-term and long-term debt, and debt purchase is the change in total debt. Liquid assets are cash and marketable securities (che).
Productive capital is the sum of property, plant, and equipment (ppent) and inventories (invt). Each dependent variable is expressed in logs, so the coefficient estimates (×100)
are the average (within-firm) percentage changes in debt, capital, or cash during the financial crisis, compared to 2007. Firm controls include the log of sales (sale) and the log of
total book assets (at). Outliers are removed at the 1th and 99th percentiles. ***p < 0.01; **p < 0.05; ***p < 0.1.
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Table A.6: Robustness check for Section 2:
Within-firm growth rates of leverage, capital-to-asset, and cash-to-asset

in 2007-09

log
(

debtit
assetit

)
log
(

capitalit
assetit

)
log
(

cashit
assetit

)
(1) (2) (3) (4) (5) (6)

crisist 0.028*** 0.021*** -0.010* -0.022*** 0.121*** 0.145***
(9.13) (6.98) (1.71) (-3.17) (7.60) (9.31)

Firm FE yes yes yes yes yes yes
Firm controls no yes no yes no yes
Clustered SE yes yes yes yes yes yes
R2 (within) 0.011 0.103 0.002 0.131 0.007 0.043
No. of firms 4754 4562 4754 4562 4754 4562

Note: This table reports the estimates from the following fixed effects regressions using the annual Compustat
database of non-financial firms in the US between 2007 and 2009:

log(
yit
ait

) = αi + βcrisist + ΓXit + εit

where crisist is a dummy variable that is 1 for 2008 and 2009, and 0 for 2007. yit are, in turn, total debt (columns 1-2),
capital (columns 3-4), and liquid assets (columns 5-6) for each firm and year, and ait is the total book assets. Debt is the
sum of short-term and long-term debt, and debt purchase is the change in total debt. Liquid assets are the cash and
marketable securities (che). Productive capital is the sum of property, plant, and equipment (ppent) and inventories
(invt). Each dependent variable is expressed in logs, so the coefficient estimates (×100) are the average (within-firm)
percentage changes in leverage, capital-to-asset, or cash-to-asset during the financial crisis, compared to 2007. Firm
controls include the log of sales (sale) and the log of total book assets (at). Outliers are removed at the 5th and 95th
percentiles. ***p < 0.01; **p < 0.05; ***p < 0.1.
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Table A.7: Robustness check for Section 2:
Impact of crisis on investment and cash holdings

∆log(kit) ∆log(cit)

(1) (2) (3) (1) (2) (3)

crisist−1 -0.151*** -0.060*** -0.033*** -0.099*** 0.043** 0.079***
(-15.66) (-5.33) (-2.98) (-6.62) (2.55) (4.78 )

crisist−1 -0.066*** -0.068*** -0.097*** 0.128*** 0.114*** 0.086***
×debtpurch (-4.37) (-4.43) (-6.34) (4.46) (4.30) (3.33)

Firm FE yes yes yes yes yes yes
Time trend no yes yes no yes yes
Firm controls no no yes no no yes
Clustered SE yes yes yes yes yes yes
R2 (within) 0.011 0.017 0.056 0.006 0.012 0.024
No. of firms 4330 4330 4250 4330 4330 4250

Note: This table reports the estimates from the same fixed effects regressions as in Table 3, except using a larger sample
which also includes firms whose debt positions did not change in 2008-09:

∆ log(yit) = αi + β0crisist−1 + β1crisist−1 × debtpurch + ΓXit−1 + γTt + εit

where yit is kit (capital) in columns (1)–(3) and cit (cash) in columns (4)–(6). crisist is a dummy variable that is 1 for 2008
and 2009, and 0 otherwise. debtpurch is a dummy variable that is 1 if a firm’s debt purchase was positive in 2008-09,
and 0 otherwise. Tt is a time trend. Debt is the sum of short-term and (dlc) long-term debt (dltt), and debt purchase
is the change in debt. Cash holdings are the cash and marketable securities (che). Productive capital is the sum of
property, plant, and equipment (ppent) and inventories (invt). Firm-level controls Xit−1 include the log of sales, the
log of total assets, and the net equity raised. Outliers are removed at the 5th and 95th percentiles. Standard errors are
clustered by firm-year in all specifications. t-statistics are reported in brackets. ***p < 0.01; **p < 0.05; ***p < 0.1.
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Table A.8: Robustness check for Section 2:
Correlations between borrowing and cash holdings with quarterly data

∆log
(
cit
)

(1) (2) (3) (4) (5) (6)
OLS OLS FE FE FE FE

∆log
(
bit
)

-0.062*** -0.053*** -0.060*** -0.052*** -0.058*** -0.054***
(-13.48) (-12.44) (-11.12) (-10.54) (-10.96) (-10.43)

∆log
(
bit
)
× crisist 0.079*** 0.065*** 0.075*** 0.064*** 0.080*** 0.068***

(4.38) (3.72) (4.05) (3.36) (4.21) (3.52)

Firm FE no no yes yes yes yes
Industry-time FE no no no no yes yes
Time trend yes yes yes yes yes yes
Firm controls no yes no yes no yes
Clustered SE no no yes yes yes yes
R2 0.002 0.003 0.002 0.007 0.009 0.015
No. of firms 11825 11180 11825 11180 11825 11180

Note: This table reports the estimates from the same fixed effects regressions as in Table 4, except using quarterly data
between 1995Q1 and 2011Q4:

∆log
(
ait
)
= αi + β0∆log

(
bit
)
+ β1∆log

(
bit
)
× crisist + γcrisist + Γ1Xi,t−1 + λt + εit,

I consider two specifications, OLS (columns 1–2) and fixed effects (columns 3–6). In both specifications, crisist is a
dummy variable that is equal to 1 for 2008 and 2009, and 0 otherwise. Xi,t−1 is a vector of firm-level controls including
the log of total book assets, the log change in real sales, and the net equity raised. λt is a set of time dummies. Standard
errors are robust in OLS estimation (columns 1–2), and clustered by firm with fixed-effects estimation (columns 3–6).
t-statistics are reported in brackets. ***p < 0.01; **p < 0.05; ***p < 0.1.
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Table A.9: Evidence for the extended model:
Correlations between debt structure and cash holdings

Panel A: Fixed effects panel regressions

Full sample Investment
grades

Speculative
grades

(1) (2) (1) (2) (1) (2)

DebtStructuret−1 0.027*** 0.019** 0.023*** 0.015** 0.034** 0.024**
(2.57) (2.36) (2.45) (2.29) (2.08) (2.02)

Firm FE yes yes yes yes yes yes
Firm controls yes yes yes yes yes yes
Clustered SE yes yes yes yes yes yes
No. of firms 867 867 327 327 540 540
R2 0.775 0.756 0.820 0.796 0.746 0.718

Panel B: System GMM estimates of cash dynamics by quartiles of fraction of bonds

Full Q1 Q2 Q3 Q4
[0,100] [0,25] [25,50] [50,75] [75,100]

Cashi,t−1 0.514** 0.351** 0.531** 0.617** 0.670**
(2.55) (2.32) (2.35) (2.24) (2.28)

DebtStructurei,t−1 0.023** 0.027** 0.020* 0.012** 0.012*
(2.25) (2.19) (1.81) (2.16) (1.73)

Half-life (years) 1.04 0.66 1.10 1.44 1.73
Firm FE yes yes yes yes yes
Firm controls yes yes yes yes yes
No. of firms 701 143 158 141 119
R2 0.812 0.807 0.813 0.810 0.811

Note: In Panel A, I estimate the following fixed effects regressions:

Cashi,t = β1DebtStructurei,t−1 + θ′Controlsi,t−1 + ηi + λt + ϵi,t,

where DebtStructurei,t−1 is either the ratio of bonds to the sum of bonds and loans for firm i in year t (columns
(1)), BondFractioni,t, or an indicator variable BondOnlyi,t, which is equal to one if BondFractioni,t is one and zero
otherwise. Controlsi,t−1 is a vector of firm-level controls including firm size, cash flow, leverage, market-to-book
ratio, capital expenditures, net working capital, R&D, acquisition expenditures, asset tangibility, and a dummy for
whether the firm pays dividend in any given year. Equation (A.44) also includes a firm fixed effect ηi and a time
fixed effect λt. The full sample (columns (1) and (2)) includes all Compustat firm-year observations from 2006 to
2015 with positive values for the book value of total assets, and data available on debt structure from Capital IQ,
for firms with Standard & Poor’s ratings incorporated in the United States. Financial firms (SIC code 6000-6999),
utilities (SIC 4900-4949) and the largest 25 cash holders are excluded from the sample. I also split the full sample into
investment-grade issuers (‘BBB-’ and higher) and speculative-grade issuers, in columns (3)–(4) and (5)–(6), respectively.
In Panel B, I estimate the following dynamic panel regression:

Cashi,t = (1 − α)Cashi,t−1 + β1DebtStructurei,t−1 + θ′Controlsi,t−1 + ηi + λt + ϵi,t,

with fixed effects, and report the GMM estimates of Blundell and Bond (1998) of the coefficients on Cashi,t−1 and
DebtStructurei,t−1. The full sample is split into four subsamples, based on quartiles of the fraction of bonds. Half lives,
calculated by ln(0.5)/ln(1 − α), are the time (in years) that it takes a firm to adjust one-half the distance to its target
cash after a one unit shock to ϵi,t. t-statistics are reported in brackets. ***p < 0.01; **p < 0.05; ***p < 0.1.
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Table A.10: Evidence for the extended model:
Distribution of firms by industry

Industry SIC Investment
grade

Speculative
grade

Agriculture & Forestry 0100-0999 0.37 0.21
Mining 1000-1499 10.25 14.62
Construction 1500-1799 0.93 3.80
Manufacturing 2000-3999 50.85 40.25
Transportation & Electricity 4000-4999 9.76 12.41
Wholesale Trade 5000-5199 4.11 3.87
Retail Trade 5200-5999 9.98 8.17
Services 7000-8999 13.22 16.59

Note: This table shows the distribution of firms by industry for the investment-grade and speculative-grade firms,
respectively. The sample includes all Compustat firm-year observations from 2006 to 2015 with positive values for
the book value of total assets, and data available on debt structure from Capital IQ, for firms with Standard & Poor’s
ratings incorporated in the United States. Financial firms (SIC code 6000-6999), utilities (SIC 4900-4949) and the largest
25 cash holders are excluded from the sample.
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Figure A.3: Motivational evidence:
A comparison between Flow of Funds and Compustat firms

(a) Debt (b) Investment

Note: This figure compares between Flow of Funds (public and private) firms and Compustat (public) firms on their
total debt outstanding (panel A) and total capital expenditures (panel B). Both samples consider only non-financial
corporate businesses in the US. Debt is the sum of short-term and long-term debt. Following the definition of the Na-
tional Income and Product Accounts, investment is the sum of capital expenditures in property, plant, and equipment,
and change in inventories. See Appendix A.8 for detailed variable definitions.
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Figure A.4: Distribution of sales growth before and during crisis

(a) Illustration

(b) Data
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Figure A.5: Impulse response functions in models without adjustment
costs

A. Debt B. Cash

C. Investment D. Output

E. Labor F. Net profit

Note: This figure shows the aggregate impulse response functions in two models without adjustment costs. In the
baseline model, firms can borrow, save and invest. In the counterfactual model, firms cannot optimize the composition
of their asset portfolios; their cash holdings are exogenously fixed as a constant fraction of assets. The impulse response
functions are averages of 30,000 independent simulations, where each simulation is an aggregation of the impulse
response functions of 3,000 firms for 1,000 periods. In the 971st quarter (period 0 in the figure), the economy switches
to the high volatility regime (σz,t = σH). As a result, the dispersion of idiosyncratic productivity shocks increases in
period 1, when the economy is also hit by an increase in γt by 2 standard deviations. From then onward each economy
evolves normally.
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Figure A.6: Impulse response functions to a positive uncertainty shock
and a negative demand shock

A. Debt B. Cash

C. Investment D. Output

E. Labor F. Consumption

Note: This figure shows the aggregate impulse response functions to a combination of positive uncertainty and nega-
tive aggregate demand shocks. In period 0, the economy switches to the high volatility regime (σz,t = σH). As a result,
the dispersion of idiosyncratic productivity shocks increases in period 1, when the economy is also hit by an decrease
in aggregate demand ψt by two standard deviations. From then onward the economy evolves normally.
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Figure A.7: Impulse response functions to first- and second-moment
financial shocks

A. Debt B. Cash

C. Investment D. Output

E. Labor F. Consumption

Note: This figure shows the aggregate impulse response functions to a combination of positive shocks to σγ,t and γt.
The economy is first hit by higher uncertainty (σγ,t = σH) in period 0, and subsequently by an increase in γt in period
1. From then onward the economy evolves normally.
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Figure A.8: Impulse response functions in models with debt substitution

A. Debt B. Cash

C. Investment D. Output

E. Loans F. Bonds

Note: This figure shows the aggregate impulse response functions in two models without adjustment costs. In the
baseline model, firms can borrow, save and invest. In the counterfactual model, firms cannot optimize the composition
of their asset portfolios; their cash holdings are exogenously fixed as a constant fraction of assets. The impulse response
functions are averages of 30,000 independent simulations, where each simulation is an aggregation of the impulse
response functions of 3,000 firms for 1,000 periods. In the 971st quarter (period 0 in the figure), the economy switches
to the high volatility regime (σz,t = σH). As a result, the dispersion of idiosyncratic productivity shocks increases in
period 1, when the economy is also hit by an increase in γt by 2 standard deviations. From then onward each economy
evolves normally.
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Figure A.9: Motivational evidence for the extended model:
A comparison between investment-grade and speculative-grade firms

(a) Market debt fraction (b) Cash to asset

(c) Leverage (d) Investment

Note: The figure highlights the differences in balance sheet policies between investment (‘BBB-’ and above) and spec-
ulative grade firms for debt structure (a), cash to asset (b), leverage (c), and cash to debt (d). The sample includes
all Compustat firm-quarter observations from 2006Q1 to 2015Q4 with positive values for the book value of total as-
sets, and data available on debt structure from Capital IQ, for firms with Standard & Poor’s ratings incorporated in
the United States. Financial firms (SIC code 6000-6999), utilities (SIC 4900-4949) and the largest 25 cash holders are
excluded from the sample, yielding a panel of 21,402 firm-quarter observations for 938 unique firms. To remove sea-
sonality in financing activities, all panels report the raw series (dashed lines) and its smoothed version (solid lines) as
a moving average straddling the current term with two lagged and two forward terms.
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Figure A.10: Evidence for the extended model:
Equity financing and dividend payments for investment-grade and

speculative-grade firms

(a) Net equity raised (b) Dividend payment

Note: The sample includes all Compustat firm-quarter observations from 2006Q1 to 2015Q4 with positive values for
the book value of total assets, and data available on debt structure from Capital IQ, for firms with Standard & Poor’s
ratings incorporated in the United States. Financial firms (SIC code 6000-6999), utilities (SIC 4900-4949) and the largest
25 cash holders are excluded from the sample, yielding a panel of 21,402 firm-quarter observations for 938 unique
firms. To remove seasonality in financing activities, all panels report the raw series (dashed lines) and its smoothed
version (solid lines) as a moving average straddling the current term with two lagged and two forward terms.
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