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Technical Appendix

This technical Appendix accompanies the paper with the same title.

A Additional Model Detail

A.1 Agency problem and debt-contract

The discussion in the main text regarding the financial intermediary implies that in each

aggregate state in period t, the financial intermediary’s budget constraint is

ξt = Ra
tAt, (A.1)

where ξt is the intermediary’s return on its entire loan portfolio after idiosyncratic un-

certainty has been realized, and where Ra
t and At are predetermined.

In the financial contract, the cut-off value ω̄it is defined as

ω̄it+1R
k
t+1qtKit+1 = Rl

t+1Bit+1. (A.2)

If the entrepreneur’s realization exceeds the threshold such that ωt+1(i) ≥ ω̄t+1(i), the

entrepreneur pays the financial intermediary the contracted amount Rl
it+1Bit+1, keeping

the amount ωit+1R
k
t+1qtKit+1 − Rl

it+1Bit+1. If ωit+1 < ω̄it+1, the entrepreneur defaults,

receives nothing, and the financial intermediary receives (1 − θt)ωit+1R
k
t+1qtKit+1. As

with Rl
it, ω̄it adjusts to reflect the aggregate ex-post realizations of the aggregate state

in period t.

Given these contract details, we can write the financial intermediary’s expected return

on a given loan contract in a given aggregate contingency in period t+ 1 as

ξit+1 = [1− Ft(ω̄it+1)]R
l
it+1Bit+1 + (1− θt+1)

∫ ω̄it+1

0

ωRk
t+1qtKit+1dF (ω, σe

t ) (A.3)
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Substituting in (A.2), we can write (A.3) in terms of the cut-off ω̄ as

ξ(ω̄it+1, θt+1) =

[
[1− Ft(ω̄it+1)]ω̄it+1 + (1− θt+1)

∫ ω̄it+1

0

ωdF (ω, σe
t )

]
Rk

t+1qtKit+1. (A.4)

Defining the financial intermediary’s expected share of gross returns Γ(ω̄) as

Γt(ω̄it) = [1− Ft(ω̄it)]ω̄it +

∫ ω̄it

0

ωdF (ω, σe
t ), (A.5)

and defining Gt(ω̄) as

Gt(ω̄it) =

∫ ω̄it

0

ωdF (ω, σe
t ), (A.6)

we can re-write the financial intermediary’s expected return on a given loan contract in

a given aggregate contingency as

ξt+1(ω̄it+1, θt+1) = [Γt(ω̄it+1)− θt+1Gt(ω̄it+1)]R
k
t+1qtKit+1, (A.7)

where the terms in square brackets represent the financial intermediary’s share of profits

net of default costs. The requirement that the financial intermediary earn an expected

return in every aggregate contingency equal to its opportunity cost of funds,

ξt+1(ω̄it+1, θt+1) = Rt+1Bit+1 (A.8)

then serves as a restriction to define a menu of contracts over loan quantity and cut-off

value for the entrepreneur. Substituting in qtKit+1 = Xit+1 + Bit+1 and (A.7) we can

then write this as

[Γt(ω̄it+1)− θt+1Gt(ω̄it+1)]R
k
t+1qtKt+1(i) = Ra

t+1 (qtKit+1 −Xit+1) (A.9)

which for a given level of net-worth Xit+1 defines a menu of contracts relating the en-

trepreneur’s choice of Kit+1 to the cut-off ω̄it+1.
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A.2 Entrepreneur’s contract problem

The entrepreneur’s expected gross return, conditional on the ex-post realization of the

aggregate state but before the resolution of idiosyncratic risk, is given by

V k
it+1 =

∫ ∞

ω̄it+1

ωRk
t+1qtKit+1dF (ω)−Rl

it+1Bit+1. (A.10)

Substituting in the definitions above yields

V k
it+1 = [1− Γt(ω̄it+1)]R

k
t+1qtKit+1, (A.11)

where 1− Γ(ω̄it+1) is the entrepreneur’s expected share of gross returns.

For a given level of net-worth Xit+1, the entrepreneur’s optimal contacting problem

is then

maxKit+1,ω̄it+1
Et{V k

it+1} (A.12)

subject to the condition that the financial intermediary’s expected return on the contract

equal its opportunity cost of its borrowing, equation (A.9). Letting λit+1 be the ex-post

value of the Lagrange multiplier conditional on realization of the aggregate state, the

first-order conditions are then

Γ′
t(ω̄it+1)− λt+1 [Γ

′
t(ω̄it+1)− θt+1G

′
t(ω̄it+1)] = 0 (A.13)

Et

{
[1− Γt(ω̄it+1)]

Rk
t+1

Ra
t+1

+ λt+1

(
[Γt(ω̄it+1)− θt+1Gt(ω̄it+1)]

Rk
t+1

Ra
t+1

− 1

)}
= 0 (A.14)

[Γt(ω̄it+1)− θt+1Gt(ω̄it+1)]R
k
it+1qtKit+1 −Ra

t+1 (qtKit+1 −Xit+1) = 0 (A.15)

where (A.13) and (A.15) hold in each contingency, but (A.14) holds only in expectation.

4



A.3 Household

The stand-in household’s lifetime utility is given by

E0

∞∑
t=0

βtJt

[
log(Ct − bCt−1)−ΨL

Nh
t
1+σL

1 + σL

]
(A.16)

where Ct is consumption, Nt is hours-worked, β is the subjective discount factor and

Jt follows an exogenous stochastic preference process which we refer to as a preference

shock.

The household enters into each period with real financial securities At which serve as

deposits with the financial intermediary, and nominal bonds Bn
t , earning risk-free gross

real rate of return Ra
t and risk-free gross nominal rate of return Rn

t respectively, receiving

nominal wage W h
t for supplying hours Nh

t to the labour union, and receiving a share of

real profits from the capital-producers, goods-producers, financial intermediary, labour

union and employment agency, denoted collectively as Ft. At the end of the period,

the household chooses its consumption Ct, its holdings of financial securities At+1 and

nominal nominal bonds Bn
t+1. The household’s period t budget constraint is given by

Ct + At+1 +
Bn

t+1

Pt

= Ra
tAt +Rn

t

Bn
t

Pt

+
W h

t

Pt

Nh
t + Ft, (A.17)

where Pt is the price of the final good in terms of the nominal unit under the control of

the central bank. The household’s problem is to choose sequences of Ct, N
h
t , At+1 and

Bn
t+1 to maximize (A.16) subject to (A.17).

Letting λt be the Lagrange multiplier associated with the household’s budget con-

straint, the first-order conditions with respect to Ct, N
h
t , At+1 and Bn

t+1 are respectively

λt =
Jt

Ct − bCt−1

− βbEt
Jt+1

Ct+1 − bCt

(A.18)

λt
W h

t

Pt

= ΨLJtN
h
t

σL (A.19)
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λt = βEtλt+1R
a
t+1 (A.20)

λt = βEtλt+1R
n
t+1

Pt

Pt+1

. (A.21)

A.4 Final goods firm and intermediate goods firms

The final goods firm produces the final good Yt by combining differentiated intermediate

goods yjt, j ∈ [0, 1], according to the technology

Yt =

[∫ 1

0

y
νpt
jt dj

] 1
νpt

, 0 < νp ≤ 1. (A.22)

where νpt follows an exogenous stochastic process which we refer to as a price markup

shock. The producer acquires each jth intermediate good at price Pjt, and sells the

final good at price Pt where it may be used as a consumption or as an input into the

production of investment goods. Each period the producer chooses intermediate goods

yjt ∀j to maximize profits PtYt −
∫ 1

0
Pjtyjtdj, yielding a standard demand curve

yjt =

[
Pjt

Pt

] 1
νp−1

Yt, (A.23)

for the jth intermediate good, and nominal price index

Pt =

[∫ 1

0

P
νp/(νp−1)
jt dj

] (νp−1)

νp

. (A.24)

The jth intermediate goods firms produces the differentiated good yjt according to

the technology

yjt = zt(ñjtχt)
αk̃1−α

jt , (A.25)

where zt is a stationary technology shock while χt denotes a stochastic trend in labour

productivity. The growth rate of the productivity trend gyt = χt/χt−1 follows a stationary

AR(1) process. Also, ñjt is total hours-worked, and k̃jt is physical capital services.

Hours-worked is a composite of both household and entrepreneurial labour, such that
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ñjt = nΩ
jt(n

e
jt)

1−Ω, where njt is worker labour, n
e
jt is entrepreneurial labour , and where Ω

parameterizes the elasticity of the hours composite to household labour. Capital services

is defined by k̃jt = ujtkit, where kjt is the stock of physical capital and ujt is the utilization

rate of that stock, chosen by the entrepreneurs.

The jth firm hires njt and ne
jt at wage rates Wt and we

t respectively, rents capital

services k̃jt at rate rt, and sells its output at price Pjt. Intermediate goods firms have

market power, and can thus set prices subject to the demand curve (A.23). The firms

face Calvo frictions in setting their prices such that each period they can re-optimize

prices with probability 1 − ζp. A firm that is unable to re-optimize its price in a given

period re-sets it according to the indexation rule Pjt = Pjt−1π
ιp
t−1π

1−ιp , 0 ≤ ιp ≤ 1,

where πt = Pt/Pt−1 and π is its steady state, and where 0 ≤ ιp ≤ 1. A firm that can

re-optimize its price in period t chooses its price P ∗
jt to maximize

Et

∞∑
s=0

ζspβ
sλt+sPt

λtPt+1

[
P ∗
jt(Π

s
k=1π

ιw
t+k−1π

1−ιw)yjt+s − Pt+sS(yjt+s)
]
, (A.26)

where βs λt+sPt

λtPt+1
is the household owner’s nominal discount factor, given the production

technology (A.25) and the demand curve for yjt, and where S(yjt) is the firm’s real cost

function as a solution to its cost-minimization problem for a given level of output yjt.

A.5 Employment agency and employment unions

The employment agency combines differentiated labour nqt, q ∈ [0, 1], into a composite

Nt according to

Nt =

[∫ 1

0

nνwt
qt dq

] 1
νwt

, 0 < νw ≤ 1. (A.27)

where νwt follows an exogenous stochastic process which we refer to as a wage markup

shock. Each period the agency acquires each qth differentiated labour service at wage Wqt

from the labour union, and sells the composite labour to the intermediate goods producers

for wage Wt. The agency chooses nqt ∀q to maximize profits WtNt−
∫ 1

0
Wqtnqtdq, yielding
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a demand function

nqt =

[
Wqt

Wt

] 1
νw−1

Nt, (A.28)

for the qth labour type, and wage index

Wt =

[∫ 1

0

W
νw/(νw−1)
qt dq

] (νw−1)
νw

. (A.29)

The qth labour union acquires labour Nh
t from the household at wage W h

t , differenti-

ates it into labour type nqt, q ∈ [0, 1], and then sells it to the employment agency for wage

Wqt. The unions have market power, and can thus choose the wage for each labour type

subject to the labour demand curve (A.28). The unions face Calvo frictions in setting

their wages, such that each period they can re-optimize wages with probability 1 − ζw.

A union that is unable to re-optimize wages re-sets it according to the indexation rule

Wqt = Wqt−1π
ιw
t−1π

1−ιw , 0 ≤ ιw ≤ 1, where πt = Pt/Pt−1 and π is its steady state, and

where 0 ≤ ιw ≤ 1. A union that can re-optimize its wage in period t chooses its wage

W ∗
qt to maximize

Et

∞∑
s=0

ζswβ
sλt+sPt

λtPt+1

[
W ∗

qt(Π
s
k=0π

ιw
t+k−1π

1−ιw)−W h
t+s

]
nqt+s, (A.30)

subject to the demand curve for nqt.

A.6 Capital-producer

The competitive capital-goods producer operates a technology that combines existing

capital with new investment goods to create new installed capital. At the end of each

period it purchases existing capital Kk
t from entrepreneurs at price q̄t, combining it with

investment It to yield new capital stock Knk
t , which it sells back to entrepreneurs in the

same period at price qt. The capital-producer faces investment adjustment costs in the
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creation of new capital, and incurs depreciation in the process, so that

Knk
t = (1− δ)Kk

t + It

[
1− S

(
mtIt
It−1

)]
, (A.31)

where mt follows an exogenous stochastic process that we refer to as a marginal efficiency

of investment (MEI) shock and S(x) is an investment adjustment cost function with the

properties S(x) = 0, S ′(x) = 0, and S ′′(x) = s′′, where s′′ is a parameter. The capital

producer’s period t profits are given by Πk
t = qtK

nk
t −q̄tK

k
t −It. Since the capital producer

faces intertemporal investment adjustment costs, it faces a dynamic problem, choosing

Knk
t , Kk

t and It to maximize

E0

∞∑
t=0

βtλt

λ0

Πk
t (A.32)

subject to (A.31).

The capital producer’s first-order conditions are given by

q̄t = qt(1− δ) (A.33)

qt −
1

Υt

− qtS

(
mtIt
It−1

)
− qtS

′
(
mtIt
It−1

)
mtIt
It−1

+ Et

{
βλt+1

λt

qt+1mt+1

I2t+1

I2t
S ′

(
mt+1It+1

It

)}
.

(A.34)

A.7 Monetary policy

Monetary policy takes the form of a monetary authority that sets the gross nominal

interest rate Rn
t+1 according to a rule in the form

Rn
t+1

Rn
=

(
Rn

t

Rn

)ρR
[(

Πt

Π

)ϕπ
(

Yt

Yt−1

)ϕy
]1−ρR

ηt, (A.35)

where variables without subscripts are steady-state values, Πt is the gross inflation rate,

and ηt follows an exogenous stochastic process that we refer to as a monetary policy

shock.
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A.8 Equilibrium

Equilibrium in this economy is defined by contingent sequences of Ct, c
e
t (i)∀i, Nt, Nth ,

njt∀j, ujt∀j, ne
jt∀j, Pjt∀j, yjt∀j, It, At+1, Kit+1∀i, uit∀i, Bit+1∀i, ω̄it+1∀i, Knk

t , Kk
t , B

n
t+1,

Wt,W
h
t ,W

e
t ,Wqt, rt, R

a
t+1, R

l
it+1∀i, Rk

t , q̄t, qt, R
n
t , Pt, that satisfy the following conditions:

(i) the allocations solve the household’s, final goods-producer’s, intermediate goods pro-

ducers’, financial intermediary’s, entrepreneurs’, capital producer’s, employment agency’s

and employment union’s problems, taking prices as given, (ii) all markets clear, (iii) the

resource constraint Ct + Ce
t + Gt + It + θtG(ω̄t)R

k
t qt−1Kt + a(ut)Kt = Yt holds, where∫ 1

0
Kit+1 = Kt+1,

∫ 1

0
Bit+1 = Bt+1,

∫ 1

0
Xit+1 = Xt+1,

∫ 1

0
ceit+1 = Ce

t+1,
∫ 1

0
N e

i = N e = 1 and

where all entrepreneurs choose the same cut-off such that ω̄it+1 = ω̄t+1 ∀i, and therefore

Rl
it+1 = Rl

t+1 ∀i.

Equilibrium in the capital goods market implies that Knk
t = Kt+1 and Kk

t = Kt, and

equilibrium in the securities market implies that At = Bt. Nominal bonds are in zero

net-supply such that Bn
t = 0.

In equilibrium the financial intermediary’s return on its entire loan portfolio just

covers its opportunity cost of funds, implying that its budget constraint holds in every

aggregate contingency and after idiosyncratic uncertainty is resolved as

[Γt(ω̄t+1)− θt+1Gt(ω̄t+1)]R
k
t+1qtKt+1 = Ra

t+1At+1. (A.36)

Aggregate net-worth evolves as the accumulated gross returns of surviving entrepreneurs

plus their labour income. Letting Vt be aggregate gross entrepreneurial returns, we can

compute it as the average gross idiosyncratic returns,

Vt = [1− Γt(ω̄t)]R
k
t qt−1Kt, (A.37)

which after making substitutions yields

Vt = Rk
t qt−1Kt −

[
Ra

tBt + θtGt(ω̄t)R
k
t qt−1Kt

]
, (A.38)
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so that aggregate net-worth evolves as

Xt+1 = γVt + we
t . (A.39)

Finally, entrepreneurial consumption Ce
t is equal to the aggregated gross return of dying

entrepreneurs,

Ce
t = (1− γ)Vt. (A.40)

For reference later in the discussion of our results, we also define the equilibrium real

risk-free net interest rate as rft = 1
Etβ

λ1t+1
λ1t

− 1, the credit spread as Rl
t −Ra

t , and leverage

as Lt =
qtKt+1

Xt+1
.
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