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Abstract

This paper builds on two empirical observations: (i) financial conditions are rele-

vant drivers of the business cycle, and (ii) early stages of the 2007/08 financial crisis,

in particular, were driven by an erosion of safety and a dry-up of liquidity. Liquid-

ity and safety are broad and interlinked notions, difficult to disentangle empirically.

Their distinction is crucial for monetary and fiscal policy design though. In this

paper, we endogenize the liquidity and safety of private assets in a medium-scale

new-Keynesian model with heterogeneous firms and two financial frictions (on asset

resaleability and quality paired with asymmetric information). Using U.S. macro

and financial data, we estimate this model to (i) identify the structural drivers of

liquidity and safety premia, (ii) study the role of both types of financial shocks over

the business cycle, (iii) revisit the 2007/08 financial crisis in detail, and (iv) provide

several further results on policy, fiscal multipliers, and the so called liquidity puzzle.
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1 Introduction

Both the Great Financial Crisis of 2007/2008 and the more recent Covid crisis have

highlighted the importance of asset liquidity. A common narrative of the Great Financial

Crisis attributes a central role to the sudden dry-up of liquidity in secondary asset markets

(Brunnermeier and Pedersen, 2009). The Federal Reserve responded to the market turmoil

by setting up lending facilities with the objective of easing credit conditions. During the

pandemic several central banks around the world reopened these facilities to preempt

distress in financial markets and avoid more severe consequences for the real economy.

Figure 1: BAA-Treasury convenience yield and its decomposition.

Note: This Figure plots the BAA-Treasury convenience yield, calculated as the spread between the BAA corporate bond

index and the 10-year Treasury at constant maturity (in blue). It is decomposed into a “liquidity premium,” defined as the

spread between the AAA corporate bond index and the 10-year Treasury (in red), and a “safety premium,” defined as the

spread between the BAA and AAA corporate bond index (in green).

At the aggregate level, financial spreads are the most commonly used indicators of liquidity

shocks. Yet, the mapping between spreads and liquidity is typically imperfect. The

reason is that these measures of “market liquidity,” often referred to as convenience yields,

combine the premium due only to “fundamental liquidity” with a component related to the

“safety” of the assets in question. To illustrate this point, consider the convenience yield

that BAA corporate bonds pay relative to 10-year Treasuries (Figure 1). Krishnamurthy

and Vissing-Jorgensen (2012) decompose this convenience yield in two parts: The first is

a liquidity premium, computed as the spread between the yield on the AAA corporate

bond index and the yield on the 10-year Treasury (AAA-10yT). The second is a safety

premium, calculated as the spread between the yield on the BAA and the AAA corporate

bond indexes (BAA-AAA).
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Despite being positively correlated, these two components of the BAA-Treasury conve-

nience yield display different dynamics.1 For example, both spiked during the 2008 finan-

cial crisis. However, while the BAA-AAA spread quickly returned back to its pre-crisis

level, the AAA-10yT spread remained elevated for several years. In the 1981-82 recession,

the BAA-AAA spread went up much higher than the AAA-10yT spread. Even more

importantly though, while this empirical decomposition of the convenience yield is useful

and easy to compute, the BAA-AAA and the AAA-10yT spreads themselves are not clean

measures of safety and fundamental liquidity but in practice reflect elements of both.

In this paper, we seek to understand the fundamental drivers of these spreads in terms

of the underlying frictions that characterize asset markets. Building on Dong and Wen

(2017), we estimate a medium-scale DSGE model with two types of financial frictions

in addition to the standard nominal and real rigidities common in the literature starting

with Christiano et al. (2005) and Smets and Wouters (2007). In the model, heterogeneous

intermediate goods producers invest in new capital and trade existing capital subject to

idiosyncratic investment efficiency shocks. Trade in the market for existing capital is

subject to two frictions: First, firms can only sell an exogenous and time-varying fraction

of the existing capital stock. Second, only the owner of the existing capital being traded

exactly knows its quality, which also changes exogenously over time. The first friction

(resaleability) captures the idea of fundamental asset liquidity. The second (quality) is

related to the notion of safety. Assuming that the government issues a perfectly liquid

and safe bond, the model allows for a tractable decomposition of the convenience yield

of private asset into a liquidity and a safety premium. Taking the model to the data,

we compute the importance of resaleability/ fundamental liquidity and quality/ safety in

driving spreads and macroeconomic variables over the business cycle.

We find that at business cycle frequency, financial shocks are the almost sole driver of

the AAA-10yT spread, and explain about 15% of the variability of real GDP and 25%

of the variability of investment. Conversely, shocks to the supply of safe and liquid

government bonds are key to understand the evolution of the BAA-AAA spread. Delving

deeper into the two underlying financial frictions, it turns out resaleability shocks almost

entirely account for the evolution of the AAA-10yT spread and also for a small fraction

of the BAA-AAA spread. Despite this, quality shocks are substantially more important

than resaleability shocks for both output and investment. The picture that emerges from

our analysis suggests that policies aimed at easing liquidity dry-ups are likely to have

a large impact on spreads but may not be too effective in terms of sustaining economic

activity. In fact, there might be conditions in which pure liquidity interventions might be

1The correlation coefficient over the full sample (1962-2021) is 0.22, going up to 0.55 for the sub-sample
used in the estimation (1985-2019) further below.
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counterproductive allowing agents to circumvent markets characterized by concerns about

asset quality, and thus worsening the asymmetric information problem in these markets.

Literature The decomposition of market liquidity in fundamental liquidity and safety

relates our work to several strands of the literature, both empirical and theoretical.

Gorton and Metrick (2010) and Gorton and Metrick (2012) discuss the dynamics of the

early stages of the 2008 financial crisis in light of “haircuts,” this is, the difference between

the face value and collateral value of an asset. Ashcraft et al. (2010) demonstrate the

effectiveness of the Federal Reserve’s Term Asset-Backed Securities Loan Facility (TALF)

in reducing haircuts on existing securities. Since the face and collateral value of a fully

liquid and safe asset coincide, haircuts are just another way to think about spreads.

The distinction between liquidity and safety is also central in the debate on the nature

of the financial crisis and the role of the Term Auction Facility (TAF) in mitigating

market distress. Taylor and Williams (2009) attribute the rise of the Libor-OIS spread to

increased counterparty risk. Their empirical evidence suggests that TAF had no significant

effect on spreads while McAndrews et al. (2017) reach the opposite conclusion.

Our estimated DSGE model complements this reduced-form evidence focusing on the con-

sequences of shocks to both safety and liquidity for spreads and macroeconomic variables.

Liquidity shocks arise through a resaleability friction as in Kiyotaki and Moore (2019).

Like us, Ajello (2016) and Del Negro et al. (2017) embed this type of liquidity frictions in

medium-scale DSGE models with nominal and real rigidities to study the 2008 financial

crisis and the ensuing policy response. Our contribution is to ask more generally to which

extent liquidity shocks are an important driver of business cycle fluctuations.

In an estimated DSGE model with a financial accelerator à la Bernanke et al. (1999),

Christiano et al. (2014) find that risk shocks—that is, shocks to the volatility of idiosyn-

cratic productivity in the cross section—are the single most important driver of business

cycle fluctuations. The model in our paper introduces a different notion of risk (safety),

tightly linked to assets trading in secondary markets, through a quality friction similar

to the one in Kurlat (2013), Bigio (2015), and most recently, in Bierdel et al. (2023).

Nevertheless, our findings support the conclusion that risk shocks are highly important

in accounting for macroeconomic dynamics.

Finally, He et al. (2016), He et al. (2019), and Bayer et al. (2023) have developed frame-

works in which government-issued assets provide liquidity services to investors. Our find-

ing that the supply of government bonds is important in accounting for the evolution

of the BAA-AAA premium is consistent with the idea in Caballero et al. (2017) and

Caballero and Farhi (2018) that safety is a critical characteristic of publicly-issued assets.
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2 The Model

Our model builds upon Dong and Wen (2017) and Del Negro et al. (2017). Five types of

agents populate the economy: households, labor unions, investment goods firms, produc-

ers, and final goods firms. Households, labor unions, and investment and final goods firms

are standard. At the core of the model are heterogeneous producers. These are subject

to idiosyncratic investment efficiency and two types of financial frictions: (i) a liquidity

constraint on the quantity of capital that can be sold in secondary markets in each period;

(ii) a safety constraint (due to asymmetric information) on the quality of capital that is

traded in each period. A government that conducts monetary and fiscal policy closes the

model. The rest of this Section describes the problem of each type of agent in detail.

2.1 Households

A representative household chooses consumption, ct, labor supply, ℓht, and savings in

shares of producer i ∈ [0, 1], sit, to maximize

VH
t = Et

{
∞∑
s=0

βst

[
ln(ct+s − ℏct+s−1)−

χt
1 + ξ

ℓ1+ξht+s

]}

subject to

(1 + τp)Ptct +

∫
i∈[0,1]

Vitsit di

= (1− τw)
(
Whtℓht + ΩL

t

)
+

∫
i∈[0,1]

(Vit +Dit) sit−1 di+ ΩI
t + ΩF

t − Tt,

where βt ∈ (0, 1) is the individual discount factor, ℏ ∈ (0, 1) is the habits parameter, ξ > 0

is the inverse Frisch elasticity of labor supply, and χ pins down the steady state level of

hours worked. In the budget constraint, Pt is the aggregate price level, and τp and τw are

constant consumption and labor income taxes, respectively. Labor income derives from

the wage households receive for their supply of the homogeneous labor good, Wht, and

profits of labor unions, ΩL
t , that sell the labor good at a markup and are also owned by

households. Vit denotes the market value of shares and Dit the dividend from ownership

of producer i. ΩI
t and ΩF

t are the profits from ownership of investment goods firms and

final goods firms, and Tt denotes lump sum taxes, all expressed in nominal terms. Finally,

time variation in the discount factor captures exogenous shocks to preferences such that

β̂t = ρββ̂t−1 + εβt

where β̂t ≡ ln(βt/β), ρβ ∈ (0, 1), and εβt ∼ i.i.d. N (0, σ2
β).
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Denoting with Λt the Lagrange multiplier on the budget constraint, the three first order

conditions that—with the budget constraint—characterize the household problem are:

1. The expression for the marginal utility of consumption

(1 + τp)λt =
1

ct − ℏct−1

− βtℏEt
(

1

ct+1 − ℏct

)
,

where λt ≡ ΛtPt.

2. The labor-leisure trade off

wht =
χℓξht

(1− τw)λt
,

where wht ≡ Wht/Pt is the real wage households receive.

3. The Euler equations (one for each i)

1 = Et
[
Mt+1

(
Vit+1 +Dit+1

Vit

)]
,

where the first term is the stochastic discount factor for nominal assets

Mt+1 = βt
λt+1

λt

1

Πt+1

,

with Πt ≡ Pt/Pt−1, and the second term is the nominal return from holding shares.

2.2 Labour Unions

Labor unions differentiate the homogeneous labor supplied by households. Labor used in

the production process, ℓt, is a CES aggregator of these differentiated labor inputs, ℓlt,

ℓt =

(∫ 1

0

ℓ
θw−1
θw

lt dl

) θw
θw−1

,

where θw > 1 is the elasticity of substitution among differentiated inputs.

Cost minimization implies that the demand for each variety is

ℓlt =

(
Wlt

Wt

)−θw
ℓt,

and that the aggregate wage index is

Wt =

(∫ 1

0

W 1−θw
lt dl

) 1
1−θw

.
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Labor unions operate in monopolistic competition and set wages on a staggered basis

(Erceg et al., 2000). Each period, a union is able to adjust its wage with probability 1−ιw.
If a union cannot adjust its price, it partially updates its wage following two geometric

averages: First, a geometric average of last period’s growth rate and the trend growth

rate, where µz∗t = z∗t /z
∗
t−1 denotes the stochastic growth rate in the model and γµ ∈ (0, 1)

measures the degree of indexation to lagged growth. Second, a geometric average of last

period’s inflation and a time-varying inflation target Π∗
t , where γw ∈ (0, 1) measures the

degree of indexation to lagged inflation. The problem for a labor union that can readjust

at time t then is

max
W̃lt

Et

{
∞∑
s=0

ιswMt+s

[
W̃ltX

W
t,t+s − χwt+sWht+s

]
ℓlt,t+s

}
,

subject to the demand for its labor input conditional on no further price changes

ℓlt,t+s =

(
W̃ltX

W
t,t+s

Wt+s

)−θw

ℓt+s,

where

XW
t,t+s =


s−1∏
k=0

(µz∗t+k+1)
γµ(µz∗)

1−γµ(Πt+k)
γw(Π∗

t+k+1)
1−γw if s > 0

1 if s = 0,

and χwt is a cost-push shock, introduced to capture distortions in markups, which follows

χ̂wt = ρχwχ̂wt−1 + εχwt,

where χ̂wt ≡ ln(χwt/χw), ρχw ∈ (0, 1), and εχwt ∼ i.i.d. N (0, σ2
χw).

The first-order condition for the labor union’s problem is

Et

{
∞∑
s=0

ιswMt+s

[
W̃ltX

W
t,t+s − χwt+s

θw
θw − 1

Wht+s

]
ℓlt,t+s

}
= 0.

Since marginal cost—the wage the representative household demands to supply the labor

input—are the same across unions, in a symmetric equilibrium all labor unions that reset

their price choose the same strategy. We can rewrite the optimal relative reset wage as

W̃t

Wt

=

(
θw

θw − 1

)
Dwt

Fwt

,
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where the numerator of the right-hand side is the present discounted value of total costs

Dwt ≡ Et

[
∞∑
s=0

(βtιw)
sλt+sχwt+swht+s

(
(wt+s/wt)(Pt+s/Pt)

XW
t,t+s

)θw
ℓt+s

]

= λtχwtwhtℓt + βtιwEt

{[
πwt+1Πt+1

(µz∗t+1)γµ(µz∗)1−γµ(Πt)γw(Π∗
t+1)

1−γw

]θw
Dwt+1

}
,

and the denominator is the present discounted value of total net revenues

Fwt ≡ Et

[
∞∑
s=0

(βtιw)
sλt+swt+s

(
(wt+s/wt)(Pt+s/Pt)

XW
t,t+s

)θw−1

ℓt+s

]

= λtwtℓt + βtιwEt

{[
πwt+1Πt+1

(µz∗t+1)γµ(µz∗)1−γµ(Πt)γw(Π∗
t+1)

1−γw

]θw−1

Fwt+1

}
,

where we define wage inflation πwt ≡ wt/wt−1. Further, we can rewrite the aggregate

wage index in terms of the optimal relative reset wage and inflation as

W̃t

Wt

=


1− ιw

[
πwtΠt

(µz∗t)
γµ (µz∗ )

1−γµ (Πt−1)γw (Π∗
t )

1−γw

]θw−1

1− ιw


1

1−θw

.

Substituting the expression for the optimal relative reset wage into the last equation, we

obtain the non-linear wage Phillips curve

(
θw

θw − 1

)
Dwt

Fwt

=


1− ιw

[
πwtΠt

(µz∗t)
γµ (µz∗ )

1−γµ (Πt−1)γw (Π∗
t )

1−γw

]θw−1

1− ιw


1

1−θw

.

Finally, staggered wage-setting introduces wage dispersion as not all labor unions will be

able to adjust their prices in every period. Integrating the demand for labor inputs over

the continuum of varieties, we obtain

ℓht ≡
∫ 1

0

ℓlt dl =

∫ 1

0

(
Wlt

Wt

)−θw
dl ℓt = ∆wtℓt,

where ∆wt ≡
∫ 1

0

(
Wlt

Wt

)−θw
dl gives a measure of labor supply lost due to the inefficient

allocation of labor inputs caused by wage dispersion. Rewriting this measure in terms of

the optimal relative reset wage and inflation yields a recursive result for wage dispersion,

∆wt = (1− ιw)

[(
θw

θw − 1

)
Dwt

Fwt

]−θw
+ ιw

[
πwtΠt

(µz∗t)γµ(µz∗)1−γµ(Πt−1)γw(Π∗
t )

1−γw

]θw
∆wt−1.
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2.3 Investment Producers

Perfectly competitive investment goods producers transform final goods into investment

goods, which they sell to producers at price PIt. Taking the price of investment goods as

given, investment goods firms choose investment, it, to maximize,

VI
t = Et

{
∞∑
s=0

Mt+s

{
PIt+s −

[
1 + f

(
it+s
it+s−1

)]
Pt+s
Υt+s

}
it+s

}
,

where f (it/it−1) is an adjustment cost function that depends on the deviation of this

period’s investment to last period’s investment. We adopt the following functional form,

f(xt) ≡
1

2

{
exp

[√
f ′′ (xt − x)

]
+ exp

[
−
√
f ′′ (xt − x)

]
− 2
}
,

where xt = (it/it−1) and along a non-stochastic steady state growth path f(x) = f ′(x) = 0,

while f ′′ = f ′′(x) > 0. The first source of growth in the model is introduced through Υ >

1, which captures a deterministic rise in efficiency in turning output into investment goods.

The joint occurrence of trend growth and adjustment costs in the investment goods pro-

ducers’ problem implies that the price of investment goods will fluctuate strictly above a

declining deterministic path, pIt = 1/Υt, as demonstrated by the first order condition,

pIt =
(
Υt
)−1
[
1 + f

(
it
it−1

)
+ f ′

(
it
it−1

)
it
it−1

]
− Et

{
βt
λt+1

λt

(
Υt+1

)−1
f ′
(
it+1

it

)[
it+1

it

]2}
.

2.4 Intermediate Goods Producers

A continuum of heterogeneous firms, indexed by i ∈ [0, 1], produces homogeneous interme-

diate goods and invests to build new capital conditional on the realization of idiosyncratic

shocks to investment efficiency and subject to two types of financial frictions.

2.4.1 Production

The production process is standard. Firms combine their capital stock, kit−1, with hired

labor, ℓit, and set a level of capital utilization, uit, to produce intermediate output, ymit,

according to a Cobb-Douglas technology

ymit = at (uitkit−1)
α (ztℓit)

1−α,
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where α ∈ [0, 1] is the capital share, and at and zt capture the stationary and non-

stationary components, respectively, of aggregate total factor productivity.

We assume that the stationary component of productivity follows

ât = ρaât−1 + εat,

where ât ≡ ln(at/a), ρa ∈ (0, 1), and εat ∼ i.i.d. N (0, σ2
a); the non-stationary component

µ̂zt = ρzµ̂zt−1 + εzt,

where µ̂zt ≡ ln(µzt/µz), ρz ∈ (0, 1), and εzt ∼ i.i.d. N (0, σ2
z). µzt ≡ zt/zt−1, is the second

source of growth in the model, and the trend rise in productivity is given by µz = exp(Γ).

With the trend rise in the efficiency of producing investment goods and the trend increase

in total factor productivity, the real growth rate in the model is µz∗t = z∗t /z
∗
t−1, where

z∗t ≡ ztΥ
( α
1−α)t. Appendix A.2 documents the system of detrended equilibrium equations.

Producers operate in perfect competition and take the price of intermediate output, Pmt,

and the wage as given. Since firms own capital, we can write their production problem

as maximizing the internal cash flow, which corresponds to the return to capital,

RKtkit−1 ≡ max
{ℓit,uit}

Pmtat (uitkit−1)
α (ztℓit)

1−α −Wtℓit − s(uit)kit−1,

where s(ut) denotes the cost of capital utilization. We adopt the following function form,

s(ut) ≡ rK {exp [σs(ut − 1)]− 1} /σs,

where σs > 1 will determine the convexity of the cost function, rK is the steady state level

of the real return on capital from production, rKt ≡ RKt/Pt, and s(u) = 0, s′(u) = rK ,

and s′′(u) = σsrK . The function is designed to yield a steady state utilization rate of 1.

The first order conditions for this problem give the demand for labor

wt = (1− α)
pmtymit
ℓit

,

where pmt ≡ Pmt/Pt is the relative price of intermediate output, and the utilization rate

s′(uit) = α
pmtymit
uitkit−1

.
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Plugging back into the expression for the internal cash flow, we obtain

rKtkit−1 = αpmtymit − s(uit)kit−1.

With the labor-output and capital services-output ratios the same across firms, the real

return on capital from production is uniform, and aggregation is straightforward.

2.4.2 Investment

Idiosyncratic shocks and financial frictions affect the investment process. After production

takes place, producers adjust their capital stock for production next period, by investing

in new capital formation and by trading existing capital in secondary markets. Before the

asset market opens, a fixed fraction of used capital, γ ∈ [0, 1], depreciates. In addition,

a fraction 1− ψ̄t of the remaining used capital turns into “bad-quality” capital that will

become unproductive at the end of the period. Therefore, the survival probability of

capital is given by 1 − δt ≡ (1− γ) ψ̄t. We assume that the fraction of good-quality

capital evolves exogenously according to

ψ̂t = ρψψ̂t−1 + εψt,

where ψ̂t ≡ ln(ψ̄t/ψ̄), ρψ ∈ (0, 1), and εψt ∼ i.i.d. N (0, σ2
ψ). While the aggregate fraction

of bad-quality capital is public knowledge, the quality of a specific unit of capital is private

information. Due to this asymmetric information problem, bad-quality capital can (and

will) be traded in the market. The shock ψ̄t thus refers to the riskiness of traded capital.

The creation of new capital is subject to idiosyncratic investment efficiency shocks, ϵt,

which occur before the asset market opens for trade. Specifically, one unit of investment,

iit, becomes ϵtiit units of capital, where ϵt ∼ F (ϵt) with support E = [ϵmin, ϵmax] and

E(ϵt) = 1. Since capital is both a productive factor and a financial asset, producers

trade in the asset market to: (i) sell used bad-quality capital ks,bit ; (ii) sell used good-

quality capital ks,git to finance new investment in case the realized investment efficiency

is high enough; (iii) buy used capital kait to use as a store of value for future investment

opportunities. In addition, producers also choose how much to hold in liquid assets

(nominal government bonds), which we denote with Bit. Accordingly, they maximize

ṼP
it = Et

(
∞∑
s=0

Mt+sDit+s

)
,
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where nominal dividends are given by

Dit = (1− τr)
[
RKtkit−1 − PItiit + PKt(k

s,g
it + ks,bit − kait)−Bit +Rt−1Bit−1

]
,

where τr denotes a constant capital income tax—which we set equal to zero for now—,

PKt is the market price of used capital, and Rt denotes the gross return on nominal bonds.

The dividend maximization problem is subject to three constraints:

1. The law of motion of capital

kit = (1− δt)kit−1 + ψ∗
t k

a
it − ks,git + ϵtiit, (1)

where ψ∗
t denotes the equilibrium fraction of good-quality capital in the market.

2. Resaleability constraints on good- and bad-quality capital

ks,git ≤ ω̄tψ̄t(1− γ)kit−1, ks,bit ≤ ω̄t(1− ψ̄t)(1− γ)kit−1,

where ω̄t denotes the exogenous maximum amount of capital a firm can sell as a

fraction of aggregate capital. We will assume that the quantity of capital that can

be traded in secondary markets follows

ω̂t = ρωω̂t−1 + εωt,

where ω̂t ≡ ln(ω̄t/ω̄), ρω ∈ (0, 1), and εωt ∼ i.i.d. N (0, σ2
ω). The shock ω̄t thus

refers to the liquidity of traded capital.

3. A non-negativity constraint on the firm’s choice variables{
Dit, iit, kit, k

s,g
it , k

s,b
it , k

a
it, Bit

}∞

t=0
≥ 0.

For convenience, we rewrite the objective of the producers’ problem in real terms as

VP (kit−1, bit−1, ϵt) ≡ VP
it = Et

(
∞∑
s=0

βst
λt+s
λt

dit+s

)
,

where VP
it ≡ ṼP

it/Pt and real dividends are

dit = rKtkit−1 − pItiit + pKt(k
s,g
it + ks,bit − kait)− bit + (Rt−1/Πt)bit−1. (2)

Consistent with our previous notation, the relative market price of capital is pKt ≡ PKt/Pt

and the real quantity of nominal bond holdings is bit ≡ Bit/Pt. The remaining constraints

of the problem are unchanged since all are expressed in physical units.
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We can write the producers’ objective in recursive form as

VP
it = dit + Et

(
βt
λt+1

λt
VP
it+1

)
.

Following Dong and Wen (2017), we guess the value function of the producers’ problem,

VP
it = ϕKt (kit−1) + ϕBt (bit−1), (3)

which implies the discounted continuation value is

Et
(
βt
λt+1

λt
VP
it+1

)
= qtkit + qBtbit, (4)

where

qt = Et
[
βt
λt+1

λt
ϕKt+1(ϵt+1)

]
,

and

qBt = Et
[
βt
λt+1

λt
ϕBt+1(ϵt+1)

]
.

Substituting (2) and (4) into the recursive formulation of producers’ problem, we obtain

VP
it = rKtkit−1 − pItiit + pKt(k

s,g
it + ks,bit − kait)− bit + (Rt−1/Πt)bit−1 + qtkit + qBtbit.

Next, we substitute the law of motion of capital (1) and collect terms to get

VP
it = [rKt + (1− δt)qt]kit−1 + (pKt − qt)k

s,g
it + pKtk

s,b
it + (ψ∗

t qt − pKt)k
a
it

+ (ϵtqt − pIt)iit + (qBt − 1)bit + (Rt−1/Πt)bit−1.

From this expression, working towards verifying our guess, we set qBt = 1 and ψ∗
t = pKt/qt.

Therefore, the equation above simplifies to

VP
it = [rKt + (1− δt)qt]kit−1 + (pKt − qt)k

s,g
it + pKtk

s,b
it + (ϵtqt − pIt)iit + (Rt−1/Πt)bit−1.

The next step is to characterize the threshold for investment. For this purpose, we define

ϵ∗t ≡
pIt
qt

and ϵ∗∗t ≡ pIt
pKt

.

Note that these thresholds are independent of idiosyncratic characteristics, which greatly

simplifies aggregation below. Because of adverse selection, the market value of capital is

lower than its internal value (pKt < qt), which implies ϵ∗∗t > ϵ∗t . Furthermore, because of

asymmetric information, all firms find it optimal to sell their bad-quality capital in its

entirety. Therefore, the resaleability constraint on bad-quality capital holds with equality.
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We then have two cases depending on the realization of the idiosyncratic efficiency shock:

Case I: ϵt > ϵ∗t

If the realization of the idiosyncratic investment efficiency shock is high enough, the

producer will pay no dividends (Dit = 0) because investing as much as possible is more

convenient. From (2), we obtain that the investment level in this case is

iit =
[
rKtkit−1 + pKt(k

s,g
it + ks,bit − kait)− bit + (Rt−1/Πt)bit−1

]
/pIt.

Substituting into the guess for the value function and collecting terms, we obtain

VP
it |ϵt>ϵ∗t = [(ϵtqt/pIt)rKt + (1− δt)qt] kit−1 + (ϵtpKt/pIt − 1)qtk

s,g
it

+ω̄t(1−ψ̄t)(1−γ)(ϵtpKt/pIt)qtkit−1−(ϵtqt/pIt−1)(pKtk
a
it+bit)+(ϵtqt/pIt)(Rt−1/Πt)bit−1,

where we also substituted the resaleability constraint on bad-quality capital at equality.

We propose to interpret ϵtqt/pIt as the shadow value of investment in terms of investment

costs, ϵtpKt/pIt is the market value of investment in terms of investment costs.

Since ϵt > ϵ∗t , ϵtqt/pIt = ϵt/ϵ
∗
t > 1. Therefore, the firm will find it optimal not to acquire

any used capital and not to save in liquid assets (kait = bit = 0). Intuitively, investment is

too attractive to save and not take advantage of the opportunity.

At the same time, the firm will sell good-quality capital only when the realization of

idiosyncratic investment efficiency is high enough (that is, ks,git > 0 if and only if ϵt > ϵ∗∗t

which implies ϵtpKt/pIt > 1). In this case, the firm will go all in and the resaleability

constraint on good-quality capital will also bind.

Combining these considerations, we rewrite the value function as

VP
it |ϵt>ϵ∗t = [ϵtrKt/pIt + (1− δt) + ω̄t(1− δt)max(ϵtpKt/pIt − 1, 0)

+ ω̄t(1− ψ̄t)(1− γ)ϵtpKt/pIt]qtkit−1 + (ϵtqt/pIt)(Rt−1/Πt)bit−1,

which implies

ϕKt (ϵt)|ϵt>ϵ∗t = [ϵtrKt/pIt + (1− δt) + ω̄t(1− δt)max(ϵtpKt/pIt − 1, 0)

+ ω̄t(1− ψ̄t)(1− γ)ϵtpKt/pIt]qt,

and

ϕBt (ϵt)|ϵt>ϵ∗t = (ϵtqt/pIt)(Rt−1/Πt).
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Case II: ϵt ≤ ϵ∗t

In this case, firms will not find it convenient to invest (iit = 0) and instead will pay out

dividends. The value function becomes

VP
it |ϵt≤ϵ∗t = [rKt + (1− δt)qt]kit−1 + (pKt − qt)k

s,g
it +

ω̄t(1− ψ̄t)(1− γ)pKtkit−1 + (Rt−1/Πt)bit−1,

where we have already substituted the resaleability constraint for bad-quality capital.

Since pKt < qt, these firms choose to keep their good-quality capital (ks,git = 0). Therefore,

the value function becomes

VP
it |ϵt≤ϵ∗t = [rKt + (1− δt)qt + ω̄t(1− ψ̄t)(1− γ)pKt]kit−1 + (Rt−1/Πt)bit−1,

which implies

ϕKt (ϵt)|ϵt≤ϵ∗t = rKt + (1− δt)qt + ω̄t(1− ψ̄t)(1− γ)pKt,

and

ϕBt (ϵt)|ϵt≤ϵ∗t = Rt−1/Πt.

2.4.3 Policy Functions

We can therefore summarize the policy functions for the producers’ problem as follows:

• Dividends

dit =

{
0 if ϵt > ϵ∗t

rKtkit−1 + pKt(k
s,g
it + ks,bit − kait)− bit + (Rt−1/Πt)bit−1 if ϵt ≤ ϵ∗t .

• Investment

iit =


[
rKtkit−1 + pKt(k

s,g
it + ks,bit − kait)− bit + (Rt−1/Πt)bit−1

]
/pIt if ϵt > ϵ∗t

0 if ϵt ≤ ϵ∗t .

• Acquired capital

kait =

{
0 if ϵt > ϵ∗t

indeterminate if ϵt ≤ ϵ∗t .
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• Good-quality capital sold

ks,git =

{
ω̄t(1− δt)kit−1 if ϵt > ϵ∗∗t

0 if ϵt ≤ ϵ∗∗t .

• Bad-quality capital sold

ks,bit = ω̄t(1− ψ̄t)(1− γ)kit−1 ∀ ϵt.

• Bonds

bit+1 =

{
0 if ϵt > ϵ∗t

indeterminate if ϵt ≤ ϵ∗t .

2.4.4 Aggregation

The capital and bonds loadings in the value function can compactly be written as

ϕKt (ϵt) =

[
1 + max

(
ϵt
ϵ∗t

− 1, 0

)]
[rKt + ω̄t(1− ψ̄t)(1− γ)pKt]

+

[
1 + max

(
ϵt
ϵ∗∗t

− 1, 0

)]
ω̄t(1− δt)qt + (1− ω̄t)(1− δt)qt,

and

ϕBt (ϵt) = (Rt−1/Πt)

[
1 + max

(
ϵt
ϵ∗t

− 1, 0

)]
.

Therefore, the Euler equation for capital becomes

qt = Et

{
βt
λt+1

λt

[
1 +

∫ ϵmax

ϵ∗t+1

(
ϵt+1

ϵ∗t+1

− 1

)
dF (ϵ)

]
[rKt+1 + ω̄t+1(1− ψ̄t+1)(1− γ)pKt+1]

}

+ Et

{
βt
λt+1

λt

[
1 +

∫ ϵmax

ϵ∗∗t+1

(
ϵt+1

ϵ∗∗t+1

− 1

)
dF (ϵ)

]
ω̄t+1(1− δt+1)qt+1

}

+ Et
{
βt
λt+1

λt
(1− ω̄t+1)(1− δt+1)qt+1

}
. (5)

Similarly, the Euler equation for bonds is

qBt = Et

{
βt
λt+1

λt

Rt

Πt+1

[
1 +

∫ ϵmax

ϵ∗t+1

(
ϵt+1

ϵ∗t+1

− 1

)
dF (ϵ)

]}
.
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Given qBt = 1, we can rewrite the Euler equation for bonds as

Rt = Et

{
βt
λt+1

λt

1

Πt+1

[
1 +

∫ ϵmax

ϵ∗t+1

(
ϵt+1

ϵ∗t+1

− 1

)
dF (ϵ)

]}−1

. (6)

Aggregate investment is the sum of investment by all firms with high enough realizations

of the idiosyncratic efficiency shock

it =

∫
ϵt>ϵ∗t

iit dF (ϵ)

=

∫
ϵt>ϵ∗t

rKtkit−1 + pKt(k
s,g
it + ks,bit − kait)− bit + (Rt−1/Πt)bit−1

pIt
dF (ϵ)

=
(Rt−1/Πt)bt−1 + [rKt + ω̄t(1− ψ̄t)(1− γ)pKt]kt−1

pIt
(1− F (ϵ∗t ))

+
ω̄t(1− δt)pKtkt−1

pIt
(1− F (ϵ∗∗t )) .

These firms finance investment with: (i) the proceeds from liquidating their bond holdings;

(ii) the return on their existing capital; (iii) the sales of bad capital; (iv) the sales of good

capital (if the efficiency shock is above the high threshold).

In the aggregate, acquired capital corresponds to aggregate good-quality capital sold.

Therefore, the aggregate law of motion of capital is

kt =

∫ 1

0

kit dF (ϵ)

= (1− δt)kt−1 +
(Rt−1/Πt)bt−1 + [rKt + ω̄t(1− ψ̄t)(1− γ)pKt]kt−1

pIt

∫ ϵmax

ϵ∗t

ϵtdF (ϵ)

+
ω̄t(1− δt)pKtkt−1

pIt

∫ ϵmax

ϵ∗∗t

ϵtdF (ϵ).

The last step consists of characterizing the equilibrium fraction of good-quality capital

in the market. Recall that we have obtained pKt = ψ∗
t qt. The equilibrium fraction of

good-quality capital is the ratio between good-quality capital and total capital traded

ψ∗
t =

∫ 1

0
ks,git dF (ϵ)∫ 1

0
(ks,git + ks,bit )dF (ϵ)

=

∫ ϵmax

ϵ∗∗t
ks,git dF (ϵ)∫ ϵmax

ϵ∗∗t
ks,git dF (ϵ) + ks,bt

=
ω̄t(1− δt)kt−1[1− F (ϵ∗∗t )]

ω̄t(1− δt)kt−1[1− F (ϵ∗∗t )] + ω̄t(1− ψ̄t)(1− γ)kt−1

=
(1− δt)[1− F (ϵ∗∗t )]

(1− δt)[1− F (ϵ∗∗t )] + (1− ψ̄t)(1− γ)
.
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2.4.5 Convenience Yield

Since bonds are perfectly safe and liquid, in equilibrium capital must pay a premium

over bonds. This premium (the “convenience yield”) consists of two parts, one related to

liquidity and one to safety, capturing the two key financial frictions in the model.

The demand for perfectly safe and liquid bonds is increasing in response to a negative

shock to ω̄t (“flight to liquidity”) and to a ψ̄t (“flight to safety”).

We define the convenience yield as the risk-adjusted difference between the real return on

capital and bonds

cyt ≡ Et

{
βt
λt+1

λt

[
1 +

∫ ϵt+1

ϵ∗t+1

(
ϵt+1

ϵ∗t+1

− 1

)
dF (ϵ)

](
r∗Kt+1 −

Rt

Πt+1

)}
,

where the real return on capital is

r∗Kt ≡
rKt + (1− δt)qt

qt−1

.

Notice that the effective discount factor is higher than the individual discount factor.

This term captures the option value of one real dollar (shadow value of a unit of output).

If the realization of the efficiency shock is low, a producer can decide not to invest, in

which case one real dollar remains such. However, if the realization is good (above the

threshold ϵ∗t ), the producer can invest in capital, which is worth ϵtqt > 1. Therefore, the

option value of one unit of output at time t is∫
ϵt≤ϵ∗t

dF (ϵ) +

∫
ϵt>ϵ∗t

ϵt
ϵ∗t
dF (ϵ) = 1 +

∫
ϵt>ϵ∗t

(
ϵt
ϵ∗t

− 1

)
dF (ϵ).

Indeed, this additional term in the discount factor applies to both capital and bond

returns, as we can see from equation (5) and (6).2

2Along similar lines, we can interpret the second term in square bracket in equation (5) as the option
value of one unit of high-quality capital.
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We divide through (5) by qt and add and subtract (1− δt+1)qt+1/qt to obtain

1 = Et

{
βt
λt+1

λt

[
1 +

∫ ϵmax

ϵ∗t+1

(
ϵt+1

ϵ∗t+1

− 1

)
dF (ϵ)

]
[
r∗Kt+1 −

(1− δt+1)qt+1 + ω̄t+1(1− ψ̄t+1)(1− γ)pKt+1

qt

]}
+ Et

{
βt
λt+1

λt

[
1 +

∫ ϵmax

ϵ∗∗t+1

(
ϵt+1

ϵ∗∗t+1

− 1

)
dF (ϵ)

]
ω̄t+1(1− δt+1)qt+1

qt

}

+ Et
{
βt
λt+1

λt

(1− ω̄t+1)(1− δt+1)qt+1

qt

}
.

Next, we can subtract from this equation the Euler equation for bonds (6) to write

0 = Et

{
βt
λt+1

λt

[
1 +

∫ ϵmax

ϵ∗t+1

(
ϵt+1

ϵ∗t+1

− 1

)
dF (ϵ)

](
r∗Kt+1 −

Rt

Πt+1

)}

−Et

{
βt
λt+1

λt

[
1 +

∫ ϵmax

ϵ∗t+1

(
ϵt+1

ϵ∗t+1

− 1

)
dF (ϵ)

]
ω̄t+1(1− ψ̄t+1)(1− γ)pKt+1 − (1− δt+1)qt+1

qt

}

+ Et

{
βt
λt+1

λt

[
1 +

∫ ϵmax

ϵ∗∗t+1

(
ϵt+1

ϵ∗∗t+1

− 1

)
dF (ϵ)

]
ω̄t+1(1− δt+1)qt+1

qt

}

+ Et
{
βt
λt+1

λt

(1− ω̄t+1)(1− δt+1)qt+1

qt

}
.

The first term of the last expression is the convenience yield. We can thus readjust to get

cyt = Et

{
βt
λt+1

λt

[
1 +

∫ ϵmax

ϵ∗t+1

(
ϵt+1

ϵ∗t+1

− 1

)
dF (ϵ)

]
(1− δt+1)qt+1 − ω̄t+1(1− ψ̄t+1)(1− γ)pKt+1

qt

}

− Et

{
βt
λt+1

λt

[
1 +

∫ ϵmax

ϵ∗∗t+1

(
ϵt+1

ϵ∗∗t+1

− 1

)
dF (ϵ)

]
ω̄t+1(1− δt+1)qt+1

qt

}

− Et
{
βt
λt+1

λt

(1− ω̄t+1)(1− δt+1)qt+1

qt

}
.

We add and subtract ω̄t+1(1− δt+1)qt+1/qt to the first term and combine terms to obtain

cyt = Et

{
βt
λt+1

λt

[∫ ϵmax

ϵ∗t+1

(
ϵt+1

ϵ∗t+1

− 1

)
dF (ϵ)

]
(1− ω̄t+1)(1− δt+1)qt+1

qt

}

+ Et

{
βt
λt+1

λt

[∫ ϵmax

ϵ∗t+1

(
ϵt+1

ϵ∗t+1

− 1

)
dF (ϵ)−

∫ ϵmax

ϵ∗∗t+1

(
ϵt+1

ϵ∗∗t+1

− 1

)
dF (ϵ)

]
ω̄t+1(1− δt+1)qt+1

qt

}

− Et

{
βt
λt+1

λt

[
1 +

∫ ϵmax

ϵ∗t+1

(
ϵt+1

ϵ∗t+1

− 1

)
dF (ϵ)

]
ω̄t+1(1− ψ̄t+1)(1− γ)pKt+1

qt

}
.
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More compactly, we can rewrite the last expression as

cyt = rωt + rψt ,

where

rωt ≡ Et

{
βt
λt+1

λt

[∫ ϵmax

ϵ∗t+1

(
ϵt+1

ϵ∗t+1

− 1

)
dF (ϵ)

]
(1− ω̄t+1)(1− δt+1)qt+1

qt

}
,

and

rψt ≡ Et

{
βt
λt+1

λt

[∫ ϵmax

ϵ∗t+1

(
ϵt+1

ϵ∗t+1

− 1

)
dF (ϵ)−

∫ ϵmax

ϵ∗∗t+1

(
ϵt+1

ϵ∗∗t+1

− 1

)
dF (ϵ)

]
ω̄t+1(1− δt+1)qt+1

qt

}

− Et

{
βt
λt+1

λt

[
1 +

∫ ϵmax

ϵ∗t+1

(
ϵt+1

ϵ∗t+1

− 1

)
dF (ϵ)

]
ω̄t+1(1− ψ̄t+1)(1− γ)pKt+1

qt

}
.

In the decomposition of the convenience yield, the rωt captures the liquidity component

and rψt captures the safety component. As ω̄t+1 → 1, that is, as all capital becomes

tradable in the secondary market, the liquidity premium goes to zero and disappears.

Similarly, as ψ̄t+1 → 1, that is, as all capital becomes of good-quality and the proportion

of bad-quality capital goes to zero, the safety premium disappears.3

2.5 Final Goods Producers

Final goods firms purchase homogeneous intermediate inputs from producers and differ-

entiate them. Final output, yt, is a CES aggregator of these differentiated goods, yjt,

yt =

(∫ 1

0

y
θp−1

θp

jt dj

) θp
θp−1

,

where θp > 1 is the elasticity of substitution among differentiated inputs.

Cost minimization implies that the demand for each variety is

yjt =

(
Pjt
Pt

)−θp
yt,

3The second term of rψt clearly goes to zero as ψ̄t+1 approaches one. To see why the first term does
too, notice that ϵ∗∗t+1 → ϵ∗t+1 in this limit.
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and that the aggregate price index is

Pt =

(∫ 1

0

P
1−θp
jt dj

) 1
1−θp

.

Final goods firms operate in monopolistic competition and set prices on a staggered basis

(Calvo, 1983). Each period, a firm is able to adjust its price with probability 1− ιp. If it

cannot adjust its price, the firm partially updates its price to the geometric average of last

period’s inflation and the time-varying inflation target Π∗
t , where γp ∈ (0, 1) measures the

degree of indexation to lagged inflation. In the absence of firm entry and exit, a fixed cost,

φz∗t , proportional to the stochastic growth rate in the model, is introduced and calibrated

to ensure profits are zero in state. The problem for a final goods firm that can readjust

at time t then is

max
P̃jt

Et

{
∞∑
s=0

ιspMt+s

[
P̃jtX

P
t,t+s − χpt+sPmt+s

]
yjt,t+s − φz∗t , 0

}
,

subject to the demand for its product conditional on no further price changes

yjt,t+s =

(
P̃jtX

P
t,t+s

Pt+s

)−θp

yt+s,

where

XP
t,t+s =


s−1∏
k=0

(Πt+k)
γp(Π∗

t+k+1)
1−γp if s > 0

1 if s = 0,

and χpt is a cost-push shock, introduced to capture distortions in markups, which follows

χ̂pt = ρχpχ̂pt−1 + εχpt,

where χ̂pt ≡ ln(χpt/χp), ρχp ∈ (0, 1), and εχpt ∼ i.i.d. N (0, σ2
χp).

The first-order condition for the firm’s problem is

Et

{
∞∑
s=0

ιspMt+s

[
P̃jtX

P
t,t+s + χpt+s

θp
θp − 1

Pmt+s

]
yjt,t+s

}
= 0.

Since the marginal cost—the price of intermediate inputs—is the same across firms, in a

symmetric equilibrium all firms that reset their price choose the same strategy. We can
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rewrite the optimal relative reset price as

P̃t
Pt

=

(
θp

θp − 1

)
Dpt

Fpt

,

where the numerator of the right-hand side is the present discounted value of total costs

Dpt ≡ Et

[
∞∑
s=0

(βtιp)
sλt+sχpt+spmt+s

(
(Pt+s/Pt)

XP
t,t+s

)θp
yt+s

]

= λtχptpmtyt + βtιpEt

{[
Πt+1

(Πt)γp(Π∗
t+1)

1−γp

]θp
Dpt+1

}
,

and the denominator is the present discounted value of total net revenues

Fpt ≡ Et

[
∞∑
s=0

(βtιp)
sλt+s

(
(Pt+s/Pt)

XP
t,t+s

)θp−1

yt+s

]

= λtyt + βtιpEt

{[
Πt+1

(Πt)γp(Π∗
t+1)

1−γp

]θp−1

Fpt+1

}
.

Further, we can rewrite the aggregate price index in terms of the optimal relative reset

price and inflation as

P̃t
Pt

=


1− ιp

[
Πt

(Πt−1)
γp (Π∗

t )
1−γp

]θp−1

1− ιp


1

1−θp

.

Substituting the expression for the optimal relative reset price into the last equation, we

obtain the non-linear Phillips curve

(
θp

θp − 1

)
Dpt

Fpt

=


1− ιp

[
Πt

(Πt−1)
γp (Π∗

t )
1−γp

]θp−1

1− ιp


1

1−θp

.

Finally, staggered price-setting introduces price dispersion as not all final goods firms will

be able to adjust their prices in every period. Integrating the demand for intermediate

inputs over the continuum of varieties, we obtain

ymt ≡
∫ 1

0

yjt dj =

∫ 1

0

(
Pjt
Pt

)−θp
dj yt = ∆ptyt,

where ∆pt ≡
∫ 1

0

(
Pjt

Pt

)−θp
dj gives a measure of output lost due to the inefficient allocation
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of resources caused by price dispersion. Rewriting this measure in terms of the optimal

relative reset price and inflation yields the familiar recursive result for price dispersion,

∆pt = (1− ιp)

[(
θp

θp − 1

)
Dpt

Fpt

]−θp
+ ιp

[
Πt

(Πt−1)γp(Π∗
t )

1−γp

]θp
∆pt−1. (7)

2.6 Monetary and Fiscal Policy

The government consists of a monetary and a fiscal authority. The central bank sets

interest rates following a standard interest rate feedback rule subject to the constraint of

the lower bound, which we assume to be zero

Rt = max

Rρm
t−1

[
R

(
Πt

Π∗

)ϕπ (yt/yt−1

µz∗

)ϕy]1−ρm
exp (εmt) , 1

 ,

where ρm ∈ (0, 1) is the interest rate smoothing parameter, ϕπ > 1 is the feedback

coefficient on inflation in deviations from its target, and ϕy > 0 is the feedback coefficient

on output growth in deviations from trend growth, Π∗ is the non-zero inflation target,

and orthogonal monetary policy shocks follow εmt ∼ i.i.d. N (0, σ2
m).

Fiscal policy in the model is non-Ricardian as the supply of perfectly safe and liquid

government debt directly affects spreads and investment. We assume the treasury issues

one-period nominal debt, Bt, and levies lump-sum taxes on households, Tt, to fund real

government spending, gt, according to

Bt = Rt−1Bt−1 + Ptgt − Tt.

Government spending, in real terms and as a fraction of output, is exogenous and follows

ĝt = ρgĝt−1 + εgt,

where ĝt ≡ ln[(gt/yt)/(g/y)], ρg ∈ (0, 1), and εgt ∼ i.i.d. N (0, σ2
g). Likewise, we make the

assumption that government debt is exogenous and follows

b̂t = ρbb̂t−1 + εbt,

where b̂t ≡ ln[(bt/yt)/(b/y)], ρb ∈ (0, 1), and εbt ∼ i.i.d. N (0, σ2
b ).

As a consequence, the government budget constraint residually pins down lump-sum taxes.
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2.7 Equilibrium

Labor market clearing implies labor supply by the representative household must equal

the aggregate stock of labor employed by the continuum of producers, ℓt =
∫
i∈[0,1] ℓit di.

Equally, general equilibrium requires the aggregate stock of capital to be equal to the

amount of capital owned by the continuum of producers, kt =
∫
i∈[0,1] kit di.

With linear homogeneity of the Cobb-Douglas technology and equal factor ratios across

producers, final output is then given by the following aggregate production function,

yt = ymt/∆pt =
[
at (utkt−1)

α (ztℓt)
1−α] /∆pt.

Equally, aggregate labor used in the production process can be related to the stock of

homogeneous labor supplied by the representative households according to

ℓt = ℓht/∆wt.

Finally, the representative household’s savings in shares of producers i must be equal to 1.

In equilibrium, the representative household owns all producers, sit = 1 ∀ i ∈ [0, 1].

Also, market clearing in the market for government bonds requires producers’ holdings to

be equal to the aggregate supply of government debt, bt =
∫
i∈[0,1] bit di.

Thus, we can rewrite the household’s budget constraint to yield the economy’s aggregate

resource constraint in real terms,4

(1 + τp)ct = (1− τw)(whtℓht + ΩL
t ) +

∫
i∈[0,1]

dit di+
(
ΩI
t + ΩF

t − Tt
)
/Pt

= (1− τw) [whtℓht + (wt − whtχwt∆wt) ℓt] + (rKtkt−1 − pItit + (Rt−1/Πt)bt−1 − bt)

+

[
pIt −

(
1 + f

(
it
it−1

))]
it + [(1− pmtχpt∆pt) yt − φz∗t ]

− [(Rt−1/Πt)bt−1 − bt + gt − τwwtℓt − τpct − τrrKtkt−1]

= yt − gt − it

[
1 + f

(
it
it−1

)]
− s(ut)kt−1 − φz∗t .

4Where we assume the time-varying markups induced through cost-push shocks to wages, χwt, and
intermediate input prices, χpt, are rebated to households in a lump-sum fashion.
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3 Estimation

3.1 Overview

We estimate the model at quarterly frequency using U.S. macroeconomic and financial

data covering the period 1985Q1 to 2019Q2. In total, we use nine time series, seven

of which are standard macroeconomic variables—GDP, consumption, investment, real

wages, hours worked, inflation, and the federal funds rate (substituted by Wu and Xia

(2016)’s shadow rate from 2009Q3).5 The remaining two time series are market-implied

liquidity and safety premia which we construct following Krishnamurthy and Vissing-

Jorgensen (2012) (as displayed in Figure 1).6 As the combination of the two financial

frictions at the core of the model gives rise to an endogenous convenience yield that can

be decomposed into a liquidity and safety premium, we crucially include these two spread

measures in the estimation to get a quantitative sense of the stringency of the two financial

frictions and the importance of the structural shocks to asset liquidity and safety over the

business cycle. Prior to the estimation, we take logarithmic first-differences of trending

variables (GDP, consumption, investment, and real wages), and demean all variables to

prevent low frequency movements in the data that are not accounted for in the model to

interfere with our inference at business cycle frequency.

The structural model as derived in Section 2 comes with ten exogenous shock processes.

For a consistent estimation of the model, we ensure all transformations applied to the data

are are also applied to the variables in the model. In particular, we detrend the structural

model to account for the two non-stationary processes in investment specific technology

and labor-augmenting productivity, and specify demeaned measurement equations.

For a detailed overview, Appendix A.1 gives a complete list of the non-linear equilibrium

conditions as derived in the paper plus all exogenous processes. Appendix A.2 restates the

list of equilibrium conditions after detrending. Appendix A.3 describes the algorithm we

use to solve for the deterministic steady state of the model calibrating selected parameters.

The results of the full estimation of the model are documented in Table 1 and Table 2.

5GDP, consumption (purchases of non-durable goods and services), investment (gross private domestic
investment and purchases of durable goods), and wages (hourly compensation for employees in the non-
farm business) are deflated using the implicit GDP price deflator. Hours worked are constructed as
aggregate non-farm business hours of all persons. Inflation is the log first-differenced GDP price deflator.
From 1985Q1 to 2019Q2, the 3-month average of the daily effective federal funds rate is used as a proxy
for the short-run save nominal interest rate in the model. From 2009Q3, we use Wu and Xia (2016)’s
shadow rate to proxy for unconventional monetary policy. All quantities are measured in per-capita
terms, dividing aggregate quantities by hp-filtered data for U.S. civilian population above 16 years.

6We compute the liquidity premium as the spread between the yield on the AAA corporate bond
index and the yield on the 10-year Treasury (AAA-10yT). The safety premium is computed as the spread
between the yield on the BAA and the AAA corporate bond indexes (BAA-AAA).
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3.2 Calibrated Parameters

We partition the structural parameters and steady state values of exogenous processes

into a first set we fix a priori and a second set that is estimated using Bayesian methods.

The first set of parameters is fixed based on a combination of established results in the

literature and a range of carefully selected calibration targets matched at the posterior

mode for estimated parameters. Appendix A.3 describes the algorithm employed and

provides details beyond the scope of the short summary below. Table 1 states the results.

Table 1: Calibrated parameters.

Parameter Value Parameter Value

Households
σ Risk aversion 1.0000 β Discount factor 0.9901
χ Disutility weight on labor 0.8011 ξ Curvature of labor disutility 1.0000

Labor unions Investment goods firms
θp Elasticity of labor substitution 11.000 Υ Trend in inv specific technology 1.0025

Producers
α Capital share 0.4000 γ Depreciation rate 0.0216
ν Inv efficiency: Pareto param 5.7661 εmin Inv efficiency: Pareto bound 0.8266
a Steady state cyclical productivity 1.0000 µz∗ Trend growth rate of economy 1.0038
ω̄ Steady state capital resaleability 0.7740 ψ̄ Steady state capital quality 0.9966

Final goods firms Government
θw Elasticity of goods substitution 6.0000 Π∗ Steady state inflation 1.0050
g/y Steady state govt spending/GDP 0.2000 b/y Steady state govt debt/GDP 1.6772

We normalize households’ risk aversion σ and the curvature of labor disutility ξ to 1. The

steady state discount factor β is set to 0.9901, which pins down the annualized steady

state federal funds rate R to 3.31%, the mean in our sample. Households’ disutility weight

on labor χ is set to 0.8011 to normalize steady labor supply l to 1. The elasticity of labor

substitution θw is set to 11, the elasticity of goods substitution θp to 6, yielding state state

wage and price mark-ups λw and λp of 1.10 and 1.2, respectively.

We fix the trend in investment specific technology Υ at 1.0023 and the trend growth

rate in the economy µ∗
z at 1.0038 to match the annualized mean decline in the price of

investment goods of −0.92% and the annualized real growth rate of 1.52% in the sample.

The steady state value of cyclical productivity a is normalized to 1. The capital share α

is set to 0.4 and the depreciate rate γ to 0.0216, calibrated to yield an annualized steady

state depreciation rate δ of 10% (accounting for imperfect capital quality ψ̄). We further

fix steady state inflation Π∗ at 1.0050% to match the annualized mean inflation rate of

approximately 2% in the sample. Steady state government spending and government debt
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to GDP, g/y and b/y, are set to 0.2 and 1.677, respectively. In targeting an annualized

steady state debt to GDP ratio of 41.93%, the mean of public debt minus FED holdings,

we use a ’liquid assets in the hands of the public’ concept as in Del Negro et al. (2017).

Finally, at the core of the model are shocks to idiosyncratic investment efficiency and

two types of financial market imperfections: limited resaleability and shocks to capital

quality paired with asymmetric information. We jointly calibrate the remaining four

parameters directly associated with this, {ϵmin, ν, ω̄, ψ̄}, as follows: One, we assume the

level of investment efficiency ϵt is drawn by firm i on a period-by-period basis from a Pareto

distribution described by F (ϵ) = 1−(ϵ/ϵmin)
−ν , where ϵ > ϵmin and ν > 1. Normalizing the

expected realisation of investment efficiency E(ϵ) = ν
ν−1

ϵmin to 1 and targeting a quarterly

steady state investment frequency 1 − F (ϵ∗) = (ϵ∗/ϵmin)
−ν of 5%—an average of values

used in the literature following Dong and Wen (2017)—pins down ϵmin at 0.8266 and ν at

5.7661. Two, rather than matching difficult-to-measure empirical notions of resaleability

and quality in asset markets, we back out the steady state capital resaleability ω̄ and

steady state capital quality ψ̄ targeting the mean liquidity premium and safety premia

in the sample. The combination of a mean annualized liquidity premium rω and safety

premium rψ of 91bp and 99bp, respectively, yields an exogenous steady state capital

resaleability and capital quality of 0.7740 and 0.9966, respectively.

Encouragingly—and as indicative evidence on the validity of our parameterization—the

above calibration yields at least two further untargeted moments, a steady state invest-

ment to GDP ratio i/y of 22% and a market resaleability ω∗ of 30%, both of which are

very close to values commonly used in the literature (e.g. in Del Negro et al., 2017).

3.3 Estimated Parameters

We estimate the second set of parameters using Bayesian methods. Table 2 displays the

results. All of the economic parameters are standard in the new-Keynesian literature and

we follow Smets and Wouters (2007), Justiniano et al. (2010), Christiano et al. (2014),

and Becard and Gauthier (2022) in our selection of priors. With the exception of the wage

stickiness parameter ιw, which is rather small, all of the estimated posterior modes are

close to values found in the above cited literature. The posterior standard deviations are

typically much smaller than the specified standard deviations of the prior distributions,

indicating a certain degree of information about the estimated parameters in the data.

Turning to the nine exogenous processes estimated, a similar picture emerges. While

we manually set the autocorrelation of the monetary policy shock to zero, a range of

exogenous processes display a high degree of persistence, in particularly wage-up mark-
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ups, stationary and non-stationary productivity, and government spending. The standard

deviation of the government debt to GDP innovation is very large—an indication of the

interaction of the supply of save and liquid assets and volatile spreads. Section 4 will shed

more light on this and the importance of the two types of financial shocks in the model.

Table 2: Estimated parameters.

Parameter
Prior Posterior

Distr Mean SD Mode SD

(A) Economic parameters

Households
ℏ Habit parameter beta 0.5000 0.1500 0.6589 0.0544

Labor unions
ιw Calvo wage stickiness beta 0.7500 0.1500 0.4423 0.0643
γw Wage indexing weight on πt−1 beta 0.5000 0.1500 0.6298 0.1553

Investment goods firms
f ′′ Curvature of inv adj costs normal 5.0000 3.0000 1.0333 0.1506

Producers
σs Curvature of cap util costs normal 1.0000 1.0000 5.1870 0.6348

Final goods firms
ιp Calvo price stickiness beta 0.7500 0.1500 0.7975 0.0235
γp Price indexing weight on πt−1 beta 0.5000 0.1500 0.1256 0.0531

Government
ϕπ Policy weight on inflation gamma 1.5000 0.2500 2.6894 0.2337
ϕy Policy weight on output gamma 0.2500 0.1000 0.1442 0.0557
ρm Policy inertia parameter beta 0.8000 0.1000 0.8383 0.0161

(B) Exogenous processes

ρβ AC preference shock beta 0.5000 0.2000 0.9496 0.0215
σβ SD preference innovation invg2 0.0100 1.0000 0.0010 0.0004

ρχw AC wage mark-up shock beta 0.5000 0.2000 0.9839 0.0117
σχw SD wage mark-up innovation invg2 0.0100 1.0000 0.0235 0.0035

ρa AC cyclical productivity shock beta 0.5000 0.2000 0.2089 0.1519
σa SD cyclical productivity innovation invg2 0.0100 1.0000 0.0020 0.0004

ρz AC trend growth rate shock beta 0.5000 0.2000 0.3781 0.1279
σz SD trend growth rate innovation invg2 0.0100 1.0000 0.0060 0.0009

ρψ AC capital quality shock beta 0.5000 0.2000 0.8938 0.0316
σψ SD capital quality innovation invg2 0.0100 1.0000 0.0023 0.0002

ρω AC capital resaleability shock beta 0.5000 0.2000 0.7996 0.0426
σω SD capital resaleability innovation invg2 0.0100 1.0000 0.0647 0.0052

ρχp AC price mark-up shock beta 0.5000 0.2000 0.8997 0.0379
σχp SD price mark-up innovation invg2 0.0100 1.0000 0.0188 0.0032

σm SD monetary policy innovation invg2 0.0100 1.0000 0.0013 0.0001

ρg AC govt spending/GDP shock beta 0.5000 0.2000 0.9674 0.0142
σg SD govt spending/GDP innovation invg2 0.0100 1.0000 0.0156 0.0009

ρb AC govt debt/GDP shock beta 0.5000 0.2000 0.7605 0.0283
σb SD govt debt/GDP innovation invg2 0.0100 1.0000 0.5050 0.0320
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4 Results

4.1 Financial Shocks over the Business Cycle

This Section discusses the result of the Bayesian estimation of the model focusing on the

importance of financial shocks for the dynamics of macroeconomic and financial variables.

Table 3: Variance decomposition.

εβt εχwt εat εzt εψt εωt εχpt εmt εgt εbt

yt 5.11 27.26 0.03 8.13 13.53 0.48 33.93 4.74 4.23 2.56
it 30.83 11.85 0.01 0.86 24.08 0.57 25.45 2.30 0.34 3.72
ct 44.71 11.41 0.00 30.43 7.51 0.11 0.95 0.58 3.62 0.68
Πt 10.19 5.43 0.73 2.00 35.66 1.04 15.77 21.46 1.29 6.43
Rt 6.53 2.16 0.05 1.29 59.11 1.39 4.62 13.37 1.07 10.41
cyt 0.99 0.29 0.00 0.13 51.55 7.30 0.66 0.06 0.02 39.00

rψt 1.40 0.40 0.00 0.18 34.93 7.40 0.87 0.07 0.03 54.71
rωt 0.10 0.02 0.00 0.01 5.36 90.71 0.04 0.00 0.00 3.75

Note: This table displays the percent of the variance of the endogenous variables (rows) explained by the structural shocks

in the model (columns) at business cycle frequency (HP-filtered variables with parameter λ = 1600).

The rows of Table 3 report the variance decomposition of the main macroeconomic and

financial variables in the model at business cycle frequency. Financial shocks (safety, εψt,

and liquidity, εωt) account for about 15% of the variability of output and 25% of the

variability of investment. In both cases, the safety shock is the dominant force while the

contribution of pure liquidity shocks is almost negligible.

Perhaps not surprisingly, financial shocks explain a large fraction of the variance of

spreads. For these spreads, liquidity shocks play a more important role compared to

their contribution to real variables. For the convenience yield as a whole, safety shocks

explain slightly more than 50% of the variance, liquidity shocks account for about 8%,

and the remainder is largely explained by shock to the supply of public debt. Liquidity

shocks are practically the sole driver of the AAA-10yT spread (rωt ), which Krishnamurthy

and Vissing-Jorgensen (2012) indeed consider to be a measure of liquidity attributes.

However, for the BAA-AAA spread (rψt ) our decomposition shows that it is driven by a

combination of shocks to the supply of public debt (around 40%), safety shocks (35%),

and liquidity shocks (7.5%). This illustrates the relevance of a structural decomposition,

as the BAA-AAA spread is typically considered to be a direct measure of safety attributes.
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Finally, financial shocks strongly matter for the nominal interest rate (about 60%) and

inflation (37%), but much less for consumption (only about 8%). This is in line with the

primary role frictional financial intermediation plays in the funding of investment projects.

A historical decomposition of output, investment, and the convenience yield confirms the

results of Table 3 and provides a range of further insights as Figures 2 - 4 illustrate. The

top panel of Figure 2 plots the historical decomposition of real GDP growth in six shock

groups: preference (dark blue), productivity (cyclical and trend, light blue), monetary

policy (cyan), fiscal policy (spending and debt issuance, green), mark-ups (price and wage,

orange), and financial (safety and liquidity, yellow). Not surprisingly, productivity and

mark-up shocks are important drivers of real GDP growth over the cycle. Financial shocks

are especially important during recessions and their aftermaths. The model attributes a

large fraction of the persistent effects of recessions to financial disturbances.

Figure 2: Historical decomposition of real GDP.

Note: The top panel plots the historical decomposition of real GDP growth. The bottom panel decomposes the contribution

of financial shocks to real GDP growth in liquidity and safety shocks.
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The bottom panel of Figure 2 decomposes financial shocks in its two components: liquidity

(in blue) and safety (in green). It clearly suggests that safety shocks are the main source

of volatility between the two, once again confirming some of the ideas seen above.

Investment is much more volatile than output. Figure 3 shows that financial shocks,

and safety shocks in particular, affect real GDP primarily through investment during

downturns. It is in these downturns, the 2007/08 Great Financial Crisis is a particularly

stark example, that shocks to asset quality paired with asymmetric information are key

in explaining fluctuations in investment and thereby output. In fact, our historical de-

composition suggests that safety shocks might have—through an increase in the perceived

quality of financial assets followed by an abrupt and stark deterioration—played a very

important role both in the run-up to and at the height of the Great Financial Crisis.

Figure 3: Historical decomposition of real investment.

Note: The top panel plots the historical decomposition of real investment growth. The bottom panel decomposes the

contribution of financial shocks to real investment growth in liquidity and safety shocks.
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Figure 4: Historical decomposition of the BAA-10yT convenience yield.

Note: The top panel plots the historical decomposition of the BAA-10yT convenience yield. The bottom panel decomposes

the contribution of financial shocks to the convenience yield in liquidity and safety shocks.

The top panel of Figure 4 shows the historical decomposition of the BAA-10yT conve-

nience yield. Financial and fiscal shocks are the most important in the decomposition. A

tightening of financial conditions increases the convenience yield of safe relative to risky

assets. Similarly, the convenience yield increases because of the relative scarcity of safe

assets, especially in times of high demand such as recessions. Perhaps more surprising is

the result in the bottom panel of Figure 4 (even though it is in line with previous findings).

While safety shocks are almost solely responsible for the financial disturbances affecting

real GDP and investment, liquidity shocks are relevant for the convenience yield.

The top-left panel of Figure 5 shows that financial shocks almost entirely account for the

AAA-10yT spread (the liquidity premium). Conversely, fiscal shocks, particularly shocks

to the supply of government bonds, drive the BAA-AAA spread (the safety premium).
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The bottom panel of Figure 5 reinforces the earlier point about the importance of liquid-

ity shocks for the convenience yield. Liquidity shocks are historically the sole driver of

the AAA-10yT spread and also account for a significant fraction of the variation in the

financial component of the safety premium.

Figure 5: Historical decomposition of the liquidity and safety premia.

Note: The top panel plots the historical decomposition of the AAA-10yT spread (left) and of the BAA-AAA spread (right).

The bottom panel decomposes the contribution of financial shocks to the two spreads in liquidity and safety shocks.

Overall, the message that emerges from the variance and historical decomposition exercises

is nuanced. Financial shocks are important for business cycle fluctuations of output and

investment as well as of the convenience yield. However, while safety shocks are the key

financial disturbances for real activity, directly affecting investment and propagating to

output—suggesting an important for quality frictions in financial intermediation paired

with asymmetric information—liquidity shocks are relevant for financial spreads.
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4.2 Public Liquidity, Fiscal Multipliers, and Liquidity Puzzle

5 Conclusion

While there is a consensus in the literature on financial conditions being relevant drivers

of the business cycle and early stages of 2007/08 Great Financial Crisis, in particular,

being associated with an erosion of safety and a dry-up of liquidity, liquidity and safety

are broad and interlinked concepts that are difficult to disentangle in practice. Yet, their

distinction is critical for policy design, as we show.

In this paper, we endogenize both the liquidity and safety of private assets in a medium-

scale new-Keynesian with heterogeneous firms and two distinct financial frictions on asset

resaleability and quality paired with asymmetric information. Using U.S. macroeconomic

and financial data, we estimate the model matching empirical liquidity and safety premia

and identify their structural drivers in terms of shocks to the supply of safe assets, asset

resaleability, and asset quality. Shocks to asset quality paired with asymmetric informa-

tion turn out to explain a large share of fluctuations in investment and financial spreads

over the business cycle. In further work, we aim to use the current framework to high-

light fiscal-monetary interactions in the spirit of a financial channel of government debt

issuance. We also currently work on new insights regarding the so-called liquidity puzzle

and a thorough investigation of central bank balance sheet policies in this model.
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A The Model: Additional Material

This appendix is divided into three sections. Section A.1 gives a complete list of the non-linear

equilibrium conditions as derived in the paper plus all exogenous processes. Section A.2 restates

the list of equilibrium conditions after detrending. Section A.3 describes the algorithm we use

to solve for the deterministic steady state of the model calibrating selected parameters.

A.1 Equilibrium conditions and exogenous processes

Our model builds upon Dong and Wen (2017) and Del Negro et al. (2017). The features we intro-

duce to the core model that comes with a twofold financial friction—highlighted in blue—include

(i) Calvo-type nominal price and wage rigidities and monetary policy—in red—, (ii) consumption

habits, investment adjustment costs, fixed cost in production, variable capital utilization, and

fiscal policy—in green—, and (iii) two sources of stochastic trend growth and further exogenous

processes used in the estimation of the model—in orange. With some additional definitions,

the equilibrium can be summarized by 33 equations in 33 endogenous variables, {ℓht, Mt+1, λt,

wht, ∆wt, πwt, pIt, ymt, wt, ut, rKt, it, qt, ϵ
∗
t , ϵ

∗∗
t , ψ∗

t , pKt, Πt, pmt, ∆pt, Rt, τt, yt, ℓt, ct, kt,

δt, ω
∗
t , r

∗
Kt, rt, cyt, r

ω
t , r

ψ
t }, and 10 exogenous processes, {β̂t, χ̂wt, ât, µ̂zt, ψ̂t, ω̂t, χ̂pt, ϵmt, ĝt, b̂t}.

Lowercase letters denote quantities, real prices, and real interest rates. Uppercase letters denote

nominal prices and nominal interest rates.

Households {Dit, ℓht,Mt+1, λt}

• Euler equations (one for each i)

1 = Et
[
Mt+1

(
Vit+1 +Dit+1

Vit

)]
( □ )

• Labor supply

(1− τw)whtλt = χtℓ
ξ
ht (A.1)

• Stochastic discount factor (for nominal assets)

Mt+1 = βt
λt+1

λt

1

Πt+1
(A.2)

• Marginal utility of consumption

(1 + τp)λt = (ct − ℏct−1)
−1 − βtℏEt (ct+1 − ℏct)−1 (A.3)
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Labor unions {wht,∆wt, πwt}

• Wage Phillips curve

(
θw

θw − 1

)
Dwt

Fwt
=


1− ιw

[
πwtΠt

(µz∗t−1)
γµ (µz∗ )

1−γµ (Πt−1)γw (Π∗
t )

1−γw

]θw−1

1− ιw


1

1−θw

(A.4)

where Dwt ≡ λtχwtwhtℓt + βtιwEt

{[
πwt+1Πt+1

(µz∗t)γµ(µz∗)1−γµ(Πt)γw(Π∗
t+1)

1−γw

]θw
Dwt+1

}
,

Fwt ≡ λtwtℓt + βtιwEt

{[
πwt+1Πt+1

(µz∗t)γµ(µz∗)1−γµ(Πt)γw(Π∗
t+1)

1−γw

]θw−1

Fwt+1

}
.

• Wage dispersion

∆wt = (1− ιw)

[(
θw

θw − 1

)
Dwt

Fwt

]−θw
+ ιw

[
πwtΠt

(µz∗t−1)γµ(µz∗)1−γµ(Πt−1)γw(Π∗
t )

1−γw

]θw
∆wt−1

(A.5)

• Wage inflation

πwt = wt/wt−1 (A.6)

Investment goods firms {pIt}

• Price of investment goods

pIt =
(
ΥtµΥt

)−1
[
1 + f

(
it
it−1

)
+ f ′

(
it
it−1

)
it
it−1

]
− Et

{
βt
λt+1

λt

(
Υt+1µΥt+1

)−1
f ′
(
it+1

it

)[
it+1

it

]2}
, (A.7)

where f(xt) ≡
1

2

{
exp

[√
f ′′ (xt − x)

]
+ exp

[
−
√
f ′′ (xt − x)

]
− 2
}
.

Producers {ymt, wt, ut, rKt, it, kt, qt, ϵ∗t , ϵ∗∗t , ψ∗
t , pK,t,Πt}

• Production

ymt = at (utkt−1)
α (ztℓt)

1−α (A.8)

• Labor demand

wt = (1− α) pmtymt/ℓt (A.9)

• Capital utilization

s′(ut) = αpmtymt/ (utkt−1) , (A.10)

where s(ut) ≡ rK {exp [σs(ut − 1)]− 1} /σs.

37



• Return on capital

rKt = αpmtymt/kt−1−s(ut) (A.11)

• Investment

it =
{
(Rt−1/Πt)bt−1 + [rKt + ω̄t(1− ψ̄t)(1− γ)pKt]kt−1

} 1− F (ϵ∗t )

pIt

+ ω̄t(1− δt)pKtkt−1
1− F (ϵ∗∗t )

pIt
(A.12)

• Capital stock

kt = (1− δt)kt−1 +
(Rt−1/Πt)bt−1 + [rKt + ω̄t(1− ψ̄t)(1− γ)pKt]kt−1

pIt∫ ϵmax

ϵ∗t

ϵtdF (ϵ) +
ω̄t(1− δt)pKtkt−1

pIt

∫ ϵmax

ϵ∗∗t

ϵtdF (ϵ) (A.13)

• Shadow value of capital

qt = Et

{
βt
λt+1

λt

[
1 +

∫ ϵmax

ϵ∗t+1

(
ϵt+1

ϵ∗t+1

− 1

)
dF (ϵ)

] [
rKt+1 + ω̄t+1(1− ψ̄t+1)(1− γ)pKt+1

]}

+ Et

{
βt
λt+1

λt

[
1 +

∫ ϵmax

ϵ∗∗t+1

(
ϵt+1

ϵ∗∗t+1

− 1

)
dF (ϵ)

]
ω̄t+1(1− δt+1)qt+1

}

+ Et
{
βt
λt+1

λt
(1− ω̄t+1)(1− δt+1)qt+1

}
(A.14)

• Investment cut-off

ϵ∗t =
pIt
qt

(A.15)

• Good-quality capital sale cut-off

ϵ∗∗t =
pIt
pKt

(A.16)

• Endogenous asset quality in the market

ψ∗
t =

(1− δt)[1− F (ϵ∗∗t )]

(1− δt)[1− F (ϵ∗∗t )] + (1− ψ̄t)(1− γ)
(A.17)

• Market price of capital

pKt = ψ∗
t qt (A.18)

• Return on government bonds

Rt = Et

{
βt
λt+1

λt

1

Πt+1

[
1 +

∫ ϵmax

ϵ∗t+1

(
ϵt+1

ϵ∗t+1

− 1

)
dF (ϵ)

]}−1

(A.19)
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Final goods firms {pmt,∆pt}

• Price Phillips curve

(
θp

θp − 1

)
Dpt

Fpt
=


1− ιp

[
Πt

(Πt−1)
γp (Π∗

t )
1−γp

]θp−1

1− ιp


1

1−θp

. (A.20)

where Dpt ≡ λtχptpmtyt + βtιpEt

{[
Πt+1

(Πt)γp(Π∗
t+1)

1−γp

]θp
Dpt+1

}
,

Fpt ≡ λtyt + βtιpEt

{[
Πt+1

(Πt)γp(Π∗
t+1)

1−γp

]θp−1

Fpt+1

}
.

• Price dispersion

∆pt = (1− ιp)

[(
θp

θp − 1

)
Dpt

Fpt

]−θp
+ ιp

[
Πt

(Πt−1)γp(Π∗
t )

1−γp

]θp
∆pt−1 (A.21)

Monetary and fiscal policy {Rt, τt}

• Interest rate rule

Rt = max

Rρmt−1

[
R

(
Πt
Π∗

)ϕπ (yt/yt−1

µz∗

)ϕy]1−ρm
exp (εmt) , 1

 (A.22)

• Government budget constraint

τt = (Rt−1/Πt)bt−1 − bt + gt − τwwtℓt − τpct − τrrKtkt−1 (A.23)

General equilibrium {yt, ℓt, ct}

• Aggregate output

yt = ymt/∆pt (A.24)

• Aggregate labor

ℓt = ℓht/∆wt (A.25)

• Aggregate resource constraint

ct = yt−gt − it

(
1+f

(
it
it−1

))
/
(
ΥtµΥt

)
−s(ut)kt−1−z∗t φ (A.26)
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Further definitions {δt, ω∗
t , r

∗
Kt, rt, cyt, r

ω
t , r

ψ
t }

• Average survival rate of capital

1− δt ≡ (1− γ) ψ̄t (A.27)

• Endogenous asset resaleability in the market

ω∗
t ≡

[(
1− ψ̄t

)
(1− γ) + (1− δt)

1− F (ϵ∗∗t )

1− F (ϵ∗t )

]
ω̄t (A.28)

• Total return on capital

r∗Kt ≡
rKt + (1− δt)qt

qt−1
(A.29)

• Real return on government bonds

rt ≡ Rt−1/Πt (A.30)

• Convenience yield

cyt ≡ Et

{
βt
λt+1

λt

[
1 +

∫ ϵt+1

ϵ∗t+1

(
ϵt+1

ϵ∗t+1

− 1

)
dF (ϵ)

] (
r∗Kt+1 − rt+1

)}
(A.31)

• Liquidity premium

rωt ≡ Et

{
βt
λt+1

λt

[∫ ϵmax

ϵ∗t+1

(
ϵt+1

ϵ∗t+1

− 1

)
dF (ϵ)

]
(1− ω̄t+1)(1− δt+1)qt+1

qt

}
(A.32)

• Safety premium

rψt ≡ Et

{
βt
λt+1

λt

[∫ ϵmax

ϵ∗t+1

(
ϵt+1

ϵ∗t+1

− 1

)
dF (ϵ)−

∫ ϵmax

ϵ∗∗t+1

(
ϵt+1

ϵ∗∗t+1

− 1

)
dF (ϵ)

]
ω̄t+1(1− δt+1)qt+1

qt

}

− Et

{
βt
λt+1

λt

[
1 +

∫ ϵmax

ϵ∗t+1

(
ϵt+1

ϵ∗t+1

− 1

)
dF (ϵ)

]
ω̄t+1(1− ψ̄t+1)(1− γ)pKt+1

qt

}
(A.33)
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Exogenous processes {β̂t, χ̂wt, ât, µ̂zt, ψ̂t, ω̂t, χ̂pt, ϵmt, ĝt, b̂t}

• Preference

β̂t = ρββ̂t−1 + εβt (S.1)

where β̂t ≡ ln(βt/β), ρβ ∈ (0, 1), and εβt ∼ i.i.d. N (0, σ2β).

• Wage cost-push shock

χ̂wt = ρχwχ̂wt−1 + εχwt, (S.2)

where χ̂wt ≡ ln(χwt/χw), ρχw ∈ (0, 1), and εχwt ∼ i.i.d. N (0, σ2χw).

• Productivity, cyclical component

ât = ρaât−1 + εat (S.3)

where ât ≡ ln(at/a), ρa ∈ (0, 1), and εat ∼ i.i.d. N (0, σ2a).

• Productivity, trend component

µ̂zt = ρzµ̂zt−1 + εzt, (S.4)

where µzt ≡ zt/zt−1, the trend rise in productivity with µz = exp(Γ), will be the second
source of growth in the model, and µ̂zt ≡ ln(µzt/µz), ρz ∈ (0, 1), and εzt ∼ i.i.d. N (0, σ2z).

• Capital quality

ψ̂t = ρψψ̂t−1 + εψt, (S.5)

where ψ̂t ≡ ln(ψ̄t/ψ̄), ρψ ∈ (0, 1), and εψt ∼ i.i.d. N (0, σ2ψ).

• Capital resaleability

ω̂t = ρωω̂t−1 + εωt, (S.6)

where ω̂t ≡ ln(ω̄t/ω̄), ρω ∈ (0, 1), and εωt ∼ i.i.d. N (0, σ2ω).

• Price cost-push shock

χ̂pt = ρχpχ̂pt−1 + εχpt, (S.7)

where χ̂pt ≡ ln(χpt/χp), ρχp ∈ (0, 1), and εχpt ∼ i.i.d. N (0, σ2χp).

• Monetary policy shock

εmt ∼ i.i.d. N (0, σ2m) (S.8)

• Government spending

ĝt = ρg ĝt−1 + εgt, (S.9)

where ĝt ≡ ln[(gt/yt)/(g/y)], ρg ∈ (0, 1), and εgt ∼ i.i.d. N (0, σ2g).

• Government borrowing

b̂t = ρbb̂t−1 + εbt, (S.10)

where b̂t ≡ ln[(bt/yt)/(b/y)], ρb ∈ (0, 1), and εbt ∼ i.i.d. N (0, σ2b ).
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A.2 Stationary equilibrium conditions

To solve the model outlined above, we stationarize it. With two non-stationary exogenous

process —investment specific technology and labor-augmenting productivity— the growth rate

in the model can be defined µz∗t = z∗t /z
∗
t−1, where z

∗
t = ztΥ

( α
1−α)t.

We rescale {wht, ymt, wt, yt, ct, gt, τt, bt} such that xt = xt/z
∗
t . Investment and capital holdings,

{it, kt}, are rescaled following xt = xt/
(
z∗tΥ

t
)
. This means the two state variables in the model,

{kt, bt}, are rescaled with the level of productivity prevalent when the stock of capital/ debt is

being determined/ issued (in contrast to when it is used/ repaid). This timing assumption is in

line with our definition of real bond holdings bt = Bt/Pt and aligns with a ’time-to-build’ notion

for capital. Given the trend in investment specific technology, the prices associated with capital

formation, {pIt, pKt, qt, rKt}, are further rescaled according to xt = xtΥ
t. Finally, detrended

marginal utility of consumption is λt = λtz
∗
t .

Households {Dit, ℓht,Mt+1, λt}

• Euler equations (one for each i)

1 = Et
[
Mt+1

(
Vit+1 +Dit+1

Vit

)]
( □ )

• Labor supply

(1− τw)whtλt = χtℓ
ξ
ht (B.1)

• Stochastic discount factor (for nominal assets)

Mt+1 = βt
λt+1

µz∗t+1λt

1

Πt+1
(B.2)

• Marginal utility of consumption

(1 + τp)λt = [ct − ℏ (ct−1/µz∗t)]
−1 − βtℏEt (µz∗t+1ct+1 − ℏct)−1 (B.3)

Labor unions {wht,∆wt, πwt}

• Wage Phillips curve

(
θw

θw − 1

)
Dwt

Fwt
=


1− ιw

[
πwtΠt

(µz∗t−1)
γµ (µz∗ )

1−γµ (Πt−1)γw (Π∗
t )

1−γw

]θw−1

1− ιw


1

1−θw

(B.4)

where Dwt ≡ λtχwtwhtℓt + βtιwEt

{[
πwt+1Πt+1

(µz∗t)γµ(µz∗)1−γµ(Πt)γw(Π∗
t+1)

1−γw

]θw
Dwt+1

}
,

Fwt ≡ λtwtℓt + βtιwEt

{[
πwt+1Πt+1

(µz∗t)γµ(µz∗)1−γµ(Πt)γw(Π∗
t+1)

1−γw

]θw−1

Fwt+1

}
.
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• Wage dispersion

∆wt = (1− ιw)

[(
θw

θw − 1

)
Dwt

Fwt

]−θw
+ ιw

[
πwtΠt

(µz∗t−1)γµ(µz∗)1−γµ(Πt−1)γw(Π∗
t )

1−γw

]θw
∆wt−1 (B.5)

• Wage inflation

πwt = µz∗t(wt/wt−1) (B.6)

Investment goods firms {pIt}

• Price of investment goods

pIt = µ−1
Υt

[
1 + f

(
µz∗tΥit
it−1

)
+ f ′

(
µz∗tΥit
it−1

)
µz∗tΥit
it−1

]
− Et

{
βtµz∗t+1Υµ

−1
Υt+1

λt+1

λt
f ′
(
µz∗t+1Υit+1

it

)[
it+1

it

]2}
, (B.7)

where f(xt) ≡
1

2

{
exp

[√
f ′′ (xt − x)

]
+ exp

[
−
√
f ′′ (xt − x)

]
− 2
}
.

Producers {ymt, wt, ut, rKt, it, kt, qt, ϵ∗t , ϵ∗∗t , ψ∗
t , pK,t,Πt}

• Production

ymt = at (utkt−1/µz∗tΥ)α ℓ1−αt −φ (B.8)

• Labor demand

wt = (1− α) pmtymt/ℓt (B.9)

• Capital utilization

s′(ut) = αpmtymt/ (utkt−1/µz∗tΥ) , (B.10)

where s(ut) ≡ rK {exp [σs(ut − 1)]− 1} /σs.

• Return on capital

rKt = αpmtymt/ (kt−1/µz∗tΥ)− s(ut) (B.11)

• Investment

it =

{{
(Rt−1/Πt)bt−1 + [rKt + ω̄t(1− ψ̄t)(1− γ)pKt]kt−1

} 1− F (ϵ∗t )

pIt

+ω̄t(1− δt)pKtkt−1
1− F (ϵ∗∗t )

pIt

}
/ (µz∗tΥ) (B.12)

43



• Capital stock

kt =

{
(1− δt)kt−1 +

(Rt−1/Πt)bt−1 + [rKt + ω̄t(1− ψ̄t)(1− γ)pKt]kt−1

pIt∫ ϵmax

ϵ∗t

ϵtdF (ϵ) +
ω̄t(1− δt)pKtkt−1

pIt

∫ ϵmax

ϵ∗∗t

ϵtdF (ϵ)

}
/ (µz∗tΥ) (B.13)

• Shadow value of capital

qt = Et

{
βt

λt+1

µz∗t+1Υλt

[
1 +

∫ ϵmax

ϵ∗t+1

(
ϵt+1

ϵ∗t+1

− 1

)
dF (ϵ)

] [
rKt+1 + ω̄t+1(1− ψ̄t+1)(1− γ)pKt+1

]}

+ Et

{
βt

λt+1

µz∗t+1Υλt

[
1 +

∫ ϵmax

ϵ∗∗t+1

(
ϵt+1

ϵ∗∗t+1

− 1

)
dF (ϵ)

]
ω̄t+1(1− δt+1)qt+1

}

+ Et
{
βt

λt+1

µz∗t+1Υλt
(1− ω̄t+1)(1− δt+1)qt+1

}
(B.14)

• Investment cut-off

ϵ∗t =
pIt
qt

(B.15)

• Good-quality capital sale cut-off

ϵ∗∗t =
pIt
pKt

(B.16)

• Endogenous asset quality in the market

ψ∗
t =

(1− δt)[1− F (ϵ∗∗t )]

(1− δt)[1− F (ϵ∗∗t )] + (1− ψ̄t)(1− γ)
(B.17)

• Market price of capital

pKt = ψ∗
t qt (B.18)

• Return on government bonds

Rt = Et

{
βt

λt+1

µz∗t+1λt

1

Πt+1

[
1 +

∫ ϵmax

ϵ∗t+1

(
ϵt+1

ϵ∗t+1

− 1

)
dF (ϵ)

]}−1

(B.19)
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Final goods firms {pmt,∆pt}

• Price Phillips curve

(
θp

θp − 1

)
Dpt

Fpt
=


1− ιp

[
Πt

(Πt−1)
γp (Π∗

t )
1−γp

]θp−1

1− ιp


1

1−θp

. (B.20)

where Dpt ≡ λtχptpmtyt + βtιpEt

{[
Πt+1

(Πt)γp(Π∗
t+1)

1−γp

]θp
Dpt+1

}
,

Fpt ≡ λtyt + βtιpEt

{[
Πt+1

(Πt)γp(Π∗
t+1)

1−γp

]θp−1

Fpt+1

}
.

• Price dispersion

∆pt = (1− ιp)

[(
θp

θp − 1

)
Dpt

Fpt

]−θp
+ ιp

[
Πt

(Πt−1)γp(Π∗
t )

1−γp

]θp
∆pt−1 (B.21)

Monetary and fiscal policy {Rt, τt}

• Interest rate rule

Rt = max

Rρmt−1

[
R

(
Πt
Π∗

)ϕπ (µz∗t(yt/yt−1)

µz∗

)ϕy]1−ρm
exp (εmt) , 1

 (B.22)

• Government budget constraint

τt = (Rt−1/Πt) (bt−1/µz∗t)− bt + gt − τwwtℓt − τpct − τrrKtkt−1/ (µz∗tΥ) (B.23)

General equilibrium {yt, ℓt, ct}

• Aggregate output

yt = ymt/∆pt, (B.24)

• Aggregate labor

ℓt = ℓht/∆wt, (B.25)

• Aggregate resource constraint

ct = yt − gt − (it/µΥt)

(
1 + f

(
µz∗tΥit
it−1

))
−s(ut)kt−1/ (µz∗tΥ)−φ (B.26)
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Further definitions {δt, ω∗
t , r

∗
Kt, rt, cyt, r

ω
t , r

ψ
t }

• Average survival rate of capital

1− δt ≡ (1− γ) ψ̄t (B.27)

• Endogenous asset resaleability in the market

ω∗
t ≡

[(
1− ψ̄t

)
(1− γ) + (1− δt)

1− F (ϵ∗∗t )

1− F (ϵ∗t )

]
ω̄t (B.28)

• Total return on capital

r∗Kt ≡
rKt + (1− δt)qt

Υqt−1
(B.29)

• Real return on government bonds

rt ≡ Rt−1/Πt (B.30)

• Convenience yield

cyt ≡ Et

{
βt

λt+1

µz∗t+1λt

[
1 +

∫ ϵt+1

ϵ∗t+1

(
ϵt+1

ϵ∗t+1

− 1

)
dF (ϵ)

] (
r∗Kt+1 − rt+1

)}
(B.31)

• Liquidity premium

rωt ≡ Et

{
βt

λt+1

µz∗t+1λt

[∫ ϵmax

ϵ∗t+1

(
ϵt+1

ϵ∗t+1

− 1

)
dF (ϵ)

]
(1− ω̄t+1)(1− δt+1)qt+1

Υqt

}
(B.32)

• Safety premium

rψt ≡ Et

{
βt

λt+1

µz∗t+1λt

[∫ ϵmax

ϵ∗t+1

(
ϵt+1

ϵ∗t+1

− 1

)
dF (ϵ)−

∫ ϵmax

ϵ∗∗t+1

(
ϵt+1

ϵ∗∗t+1

− 1

)
dF (ϵ)

]
ω̄t+1(1− δt+1)qt+1

Υqt

}

− Et

{
βt

λt+1

µz∗t+1λt

[
1 +

∫ ϵmax

ϵ∗t+1

(
ϵt+1

ϵ∗t+1

− 1

)
dF (ϵ)

]
ω̄t+1(1− ψ̄t+1)(1− γ)pKt+1

Υqt

}
(B.33)
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A.3 Deterministic steady state

This Section describes the algorithm used to solve for the deterministic steady state of the

detrended model. To simplify the exposition, both the color coding and equation names align

with the list of equilibrium conditions in sections A.1 and A.2.

[1] Calibration targets

Set steady state values for the five endogenous variables directly pinned down by the calibration

targets. The fourth and fifth target also implicitly determine the steady state convenience yield.

An additional sixth target on investment frequency, ifreqTARGET, is used to pin down the parameters

of the Pareto distribution of idiosyncratic investment efficiency further below.

• Target 1: labor supply (to pin down χ)

l = lTARGET ( □ )

• Target 2: nominal interest rate (to pin down β)

R = RTARGET ( □ )

• Target 3: average death rate of capital (to pin down γ)

δ = δTARGET ( □ )

• Target 4: Liquidity premium (to pin down ω̄)

rω = rωTARGET ( □ )

• Target 5: Safety premium (to pin down ψ̄)

rψ = rψTARGET ( □ )

• Implicit target: Convenience yield

cy = rωTARGET + rψTARGET ( □ )

[2] Exogenous processes and analytical steady state results

Set steady state values for 7 of 10 exogenous processes—all but {βt, ψ̄t, ω̄t} calibrated further
below—and compute a first range of steady state results where it can be done analytically.

χw ≡ χ̄w, a ≡ ā, µz ≡ exp(Γ), χp ≡ χ̄p, g/y ≡ ḡ/ȳ, b/y ≡ b̄/ȳ

• Wage dispersion

∆w = 1 (C.1)
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• Wage inflation

πw = µ∗z (C.2)

• Price of investment goods

pI = 1 (C.3)

• Capital utilization

u = 1 (C.4)

• Price Phillips curve

pm = (θp − 1) /θp (C.5)

• Price dispersion

∆p = 1 (C.6)

• Interest rate rule

Π = Π∗ (C.7)

[3] Iterative solution for a subset of endogenous variables

Set an initial guess for the investment efficiency cut-off level, ϵ∗0, and sequentially solve the

following system of equations to derive ϵ∗i+1 given ϵ∗i . Iterate until convergence.

ϵ∗ = ϵ∗i

• Target 6: Investment frequency [and normalization of E(ϵ) = 1]

E(ϵ) =
ν

ν − 1
ϵmin = 1 ifreqTARGET = 1− F (ϵ∗) = (ϵ∗/ϵmin)

−ν

Substitute and find the root to determine {ν, ϵmin}: ifreqTARGET = [ϵ∗/(1− 1/ν)]−ν ( □ )

• Return on government bonds

M =

{
R

[
1 +

∫ ϵmax

ϵ∗

( ϵ
ϵ∗

− 1
)
dF (ϵ)

]}−1

(C.8)

• Stochastic discount factor (for nominal assets) [used for calibration]

β = M(µz∗Π) (C.9)
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• Liquidity premium [used for calibration]

ω̄ = 1− rω/

{
(β/µz∗)

∫ ϵmax

ϵ∗

( ϵ
ϵ∗

− 1
)
dF (ϵ)(1− δ)Υ−1

}
(C.10)

• Real return on government bonds

r = R/Π (C.11)

• Convenience yield

r∗K = cy/

{
(β/µz∗)

[
1 +

∫ ϵmax

ϵ∗

( ϵ
ϵ∗

− 1
)
dF (ϵ)

]}
+ r (C.12)

• Total return on capital

rK/q = r∗KΥ− (1− δ) (C.13)

• Shadow value of capital
[Rearranging + sequentially substituting the following equations: (1) average survival rate
of capital, (2) endogenous asset quality in the market, and (3) market price of capital]

q = (β/µz∗Υ)

[
1 +

∫ ϵmax

ϵ∗

( ϵ
ϵ∗

− 1
)
dF (ϵ)

] [
rK + ω̄(1− ψ̄)(1− γ)pK

]
+ (β/µz∗Υ)

[
1 +

∫ ϵmax

ϵ∗∗

( ϵ

ϵ∗∗
− 1
)
dF (ϵ)

]
ω̄(1− δ)q + (β/µz∗Υ)(1− ω̄)(1− δ)q

(R/Π)Υ = (rK/q) + ω̄(1− ψ̄)
[
(1− δ)/ψ̄

]
(pK/q)

+MR

[
1 +

∫ ϵmax

ϵ∗∗

( ϵ

ϵ∗∗
− 1
)
dF (ϵ)

]
ω̄(1− δ) +MR(1− ω̄)(1− δ)

(R/Π)Υ = (rK/q) + ω̄(1− δ) {{1 + [1− F (ϵ∗∗)](1− ψ∗)/ψ∗} − 1} (pK/q)

+MR

[
1 +

∫ ϵmax

ϵ∗∗

( ϵ

ϵ∗∗
− 1
)
dF (ϵ)

]
ω̄(1− δ) +MR(1− ω̄)(1− δ)

(R/Π)Υ = (rK/q) + ω̄(1− δ)[1− F (ϵ∗∗)](1− ϵ∗/ϵ∗∗)

+MR

[
1 +

∫ ϵmax

ϵ∗∗

( ϵ

ϵ∗∗
− 1
)
dF (ϵ)

]
ω̄(1− δ) +MR(1− ω̄)(1− δ)

Find the root to determine ϵ∗∗. (C.14)

• Investment cut-off

q =
pI
ϵ∗

(C.15)

Making use of this result for q, solve for the level steady state of {rK}, then continue.
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• Good-quality capital sale cut-off

pK =
pI
ϵ∗∗

(C.16)

• Market price of capital

ψ∗ = pK/q (C.17)

• Endogenous asset quality in the market [used for calibration]

ψ∗ =
(1− δ)[1− F (ϵ∗∗)]

(1− δ)[1− F (ϵ∗∗)] + (1− ψ̄)(1− γ)

ψ̄ = {1 + [1− F (ϵ∗∗)](1− ψ∗)/ψ∗}−1 (C.18)

• Average survival rate of capital [used for calibration]

γ = 1− (1− δ) /ψ̄ (C.19)

• Return on capital

ym
k

= (rK/µz∗Υ)/(αpm) (C.20)

• Aggregate output

y

k
=
ym
k
/∆p (C.21)

The updated guess for the price of capital, ϵ∗i+1, is found by solving equation (C.22) for ϵ∗.

• Capital stock

k =

{
(1− δ)k +

(R/Π)b+ [rK + ω̄(1− ψ̄)(1− γ)pK ]k

pI

∫ ϵmax

ϵ∗
ϵdF (ϵ)

+
ω̄(1− δ)pKk

pI

∫ ϵmax

ϵ∗∗
ϵdF (ϵ)

}
/ (µz∗Υ)

∫ ϵmax

ϵ∗
ϵdF (ϵ) =

[
µz∗Υ− (1− δ)− ω̄(1− δ)pK

pI

∫ ϵmax

ϵ∗∗
ϵdF (ϵ)

]
/
(R/Π)(b/y)(y/k) + rK + ω̄(1− ψ̄)(1− γ)pK

pI

ϵ∗i+1 =

{
ν − 1

ν
ϵ−νmin

[
µz∗Υ− (1− δ)− ω̄(1− δ)pK

pI

∫ ϵmax

ϵ∗∗
ϵdF (ϵ)

]
/

(R/Π)(b/y)(y/k) + rK + ω̄(1− ψ̄)(1− γ)pK
pI

} 1
1−ν

(C.22)

Specify a tolerance level ς and test for convergence.

If |ϵ∗i+1 − ϵ∗i | > ς, update ϵ∗i and iterate. If |ϵ∗i+1 − ϵ∗i | ≤ ς, stop and set ϵ∗ = ϵ∗i+1.
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[4] Remaining steady state results

With ϵ∗ determined, solve for the remaining steady state results one by one.

• Investment

i

k
=

{{
(R/Π)(b/y)(y/k) + [rK + ω̄(1− ψ̄)(1− γ)pK ]

} 1− F (ϵ∗)

pI

+ω̄(1− δ)pK
1− F (ϵ∗∗)

pI

}
/ (µz∗Υ) (C.23)

• Aggregate resource constraint

c

k
=
y

k
− g

y

y

k
− i

k
(C.24)

• Marginal utility of consumption

(λk) = [1− (βℏ/µz∗)]
{
[1− (ℏ/µz∗)]

c

k

}−1
/ (1 + τp) (C.25)

• Labor supply (& Wage PC & Labor demand & Aggregate labor) [used for calibration]

(1− τw)whλ = χℓξh ; wh/w = (1− τw) (θw − 1) /θw ; w = (1− α) pmym/ℓ ; ℓ = ℓh

χℓξ = (1− τw) [(θw − 1) /θw] [(1− α) pmym/ℓ]λ

χ = (1− τw) [(θw − 1) /θw]
(1− α) pm

ℓ(1+ξ)
ym
k
(λk) (C.26)

• Production

k = ℓ
(
(1/a) (µz∗Υ)α

ym
k

)1/(α−1)
(C.27)

Making use of this result for k, solve for level steady states of {i, c, y, ymλ}, then continue:

• Labor demand

w = (1− α) pmym/ℓ (C.28)

• Wage Phillips curve

wh = [(θw − 1) /θw]w (C.29)

• Aggregate labor

ℓh = ℓ∆w (C.30)

• Endogenous asset resaleability in the market

ω∗ =

[(
1− ψ̄

)
(1− γ) + (1− δ)

1− F (ϵ∗∗)

1− F (ϵ∗)

]
ω̄ (C.31)

• Government budget constraint

τ = [(R/Π)/µz∗ − 1] b+ g − τwwℓ− τpc− τrrKk/ (µz∗tΥ) (C.32)
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