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Abstract

We propose a model that can simultaneously capture the sharp and persistent drop in
macro-economic aggregates and the sharp change in credit spreads observed in the U.S.
during the Great Recession. We use the model to evaluate the quantitative effects of
macro-prudential policy. The model features borrower-entrepreneurs who produce output
financed with long-term debt issued to financial intermediaries and their own equity. In-
termediaries fund these loans combining deposits and equity. Savers provide funding to
banks and to the government. Both entrepreneurs and intermediaries have limited liabil-
ity. The government issues debt to finance budget deficits and to pay for bank bailouts.
Intermediaries are subject to a regulatory capital constraint. Financial recessions, trig-
gered by low aggregate and dispersed idiosyncratic productivity shocks result in financial
crises with elevated loan defaults and more frequent intermediary insolvencies. Output,
balance sheet, and price reactions are substantially more severe and persistent than in
non-financial recession. Policies that limit intermediary leverage redistribute wealth from
savers to equity owners of producers and banks. The benefits of lower intermediary lever-
age for financial and macro-economic stability are offset by the costs from more constrained
firms who produce less output.
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1 Introduction

The financial crisis and Great Recession of 2007-09 underscored the importance of the finan-

cial system for the broader economy. Borrower default rates, bank insolvencies, government

bailouts, and credit spreads all spiked while real interest rates were very low. The disruptions

in financial intermediation fed back on the real economy. Consumption, investment, and output

all fell substantially and persistently.

These events have caused economists to revisit the role of the financial sector in models of

the macro economy. Building on early work that emphasized the importance of credit markets

in amplifying business cycle shocks,1 a second generation of models has added nonlinear dy-

namics and a richer financial sector.2 While a lot of progress has been made in understanding

how financial intermediaries affect asset prices and macroeconomic performance, an important

remaining challenge is to deliver a quantitatively successful model that can capture the dynam-

ics of financial intermediary capital, asset prices, and the real economy during normal times

and credit crises. Such a model requires a government, so that possible crisis responses can be

studied, and explicit and implicit government guarantees to the financial sector can be incor-

porated. Our paper aims to make progress on this important agenda. It delivers a calibrated

model that matches key features of the U.S. macroeconomy and asset prices in a model with

an explicit financial sector. In addition, it makes four methodological contributions.

First, we separate out the role of producers and banks. Most of the existing literature, as

exemplified by the seminal Brunnermeier and Sannikov (2014) paper, combines the roles of

financial intermediaries and producers (“experts”). This setup assumes frictionless interaction

between banks and borrowers and focuses on the interaction between experts and saving house-

holds. It implicitly assumes that financial intermediaries hold equity claims in productive firms.

In reality, financial intermediaries make corporate loans and hold corporate bonds which are

debt claims.3 These debt contracts are subject to default risk of the borrowers. Intermediaries

1E.g., Bernanke and Gertler (1989), Bernanke, Gertler, and Gilchrist (1996), Bernanke, Gertler, and Gilchrist
(1999), and Kiyotaki and Moore (1997).

2E.g., Brunnermeier and Sannikov (2014), He and Krishnamurthy (2012, 2013, 2014), Gârleanu and Pedersen
(2011), Adrian and Boyarchenko (2012), Maggiori (2013), and Moreira and Savov (2016).

3It is well understood that debt-like contracts arise in order to reduce the cost of gathering information
and to mitigate principal-agent problems. See the costly state verification models in the tradition of Townsend
(1979) and Gale and Hellwig (1985), and the work on the information insensitivity of debt by Dang, Gorton,
and Holmstrom (2015). Our debt is non-state contingent which confers the advantage that loan defaults induce
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help to optimally allocate risk between borrowers and savers, and their risk-bearing capacity

becomes a key state variable. Both firms and banks choose leverage optimally, and the model

generates the large differences observed between non-financial and financial leverage. The sep-

aration of producers and intermediaries activates a second financial accelerator, in addition to

the traditional financial accelerator mechanism. Losses on corporate loans reduce intermediary

net worth, make them effectively more risk averse, and reduce their ability to extend loans that

producers rely on to make investments.

The second contribution is to introduce the possibility of default for financial intermediaries,

with the government guaranteeing bank debt for savers (deposit insurance). The combination of

limited liability and government guarantees affect banks’ risk taking incentives, creating scope

for regulation that limits bank leverage.4 We model a Basel-style regulatory capital requirement

that limits intermediary liabilities to a certain fraction of their assets. The minimum regulatory

capital that banks must hold is the key macro-prudential policy parameter. Our calibration

suggests a welfare-maximizing bank equity capital requirement of 10%. Banks optimally trade

off the costs and benefits of default. Our equilibrium features a fraction of banks defaulting,

consistent with the data.5 In case of bank default, the government steps in, liquidates the bank’s

assets and makes whole their creditors. By allowing for the possibility of bank insolvencies, our

model can help explain how a corporate default wave can trigger financial fragility. Bailouts

are financed by government debt issuance, which must ultimately be paid back through higher

taxes. The government’s ability to postpone the cost of financial crises until after the crisis is

a realistic feature of the model.

The third methodological contribution is to endogenize the interest rate on safe debt. Most

models in the intermediation literature keep the interest rate on safe assets (deposits or gov-

ernment debt) constant. With risk averse savers and endogenous safe asset rates, the dynamics

losses for the intermediaries. Costly state verification models also justify the existence of financial intermediaries
who avoid the duplication of verification costs, as in Williamson (1987), Krasa and Villamil (1992), Diamond
(1984). Recent work by Klimenko, Pfeil, Rochet, and Nicolo (2016), Rampini and Viswanathan (2017), and Gale
and Gottardi (2017) also models intermediaries separately from producers. While there are several differences
in model setup, the main difference is that their focus is qualitative while ours is quantitative.

4Excessive risk-taking in the presence of deposit insurance or government guaranteed has long been recognized
as an important rationale for bank regulation. See Kareken and Wallace (1978), Van den Heuvel (2008), or
Farhi and Tirole (2012). Others justify the presence of bank leverage or net worth constraints by the ability of
banks to divert cash flows, as in Gertler, Kiyotaki, and Queralto (2012) for example.

5As Reinhart and Rogoff (2009) and Jorda, Schularick, and Taylor (2014) make clear, financial intermediaries
frequently become insolvent. When they do, their creditors (mostly depositors) are bailed out by the government.
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of the model change substantially. In a crisis, intermediaries contract the size of their balance

sheet, reducing the supply of safe debt in the economy. Simultaneously, risk averse deposi-

tors with precautionary savings motives increase their demand for safe assets. To clear the

market, the equilibrium real interest rates must fall sharply. The low cost of debt allows the

intermediaries to recapitalize quickly, dampening the effect of the crisis. Put differently, the

endogenous price response of safe debt short-circuits the amplification mechanism that arises

in a balance sheet recession in partial equilibrium models that hold the interest rate fixed. A

mitigating effect is the expansion in the supply of government debt that arises as a result of

counter-cyclical government spending.

The fourth methodological contribution is that the model features long-term debt. Interme-

diaries perform the traditional role of maturity transformation. Most models in the intermediary

literature feature no default on corporate loans.6 Those that feature default employ short-term

debt, abstracting from a key source of risk of banking.

What results is a rich and quantitatively relevant framework of the interaction between four

balance sheets: those of borrower-entrepreneurs, financial intermediaries, saving households,

and the government, featuring occasionally binding borrowing constraints for both borrower-

entrepreneurs and for intermediaries, and bankruptcy of both borrowers and intermediaries.

The model generates amplification whereby aggregate shocks not only directly affect produc-

tion and investment, but also affect the financial and non-financial sectors’ leverage. Tighter

financial constraints on banks reduce the fragility of the financial sector, but also limit the

availability of credit to firms which hurts investment and output, beyond the effects familiar

from standard accelerator models.

The model quantitatively matches the maturity, default risk, and loss-given default of cor-

porate debt. It generates a large and volatile credit spread, again matching the data. The

endogenous price of credit risk dynamics amplify the dynamics in the quantity of credit risk.

Intermediary wealth fluctuations are behind this resolution of the credit spread puzzle.7 We

6For example, Crdia and Woodford (2008), Goodfriend and McCallum (2007), Meh and Moran (2010), and
Christiano, Motto, and Rostagno (2014). A few exceptions are Gertler and Kiyotaki (2010), Angeloni and
Faia (2013), Hirakata, Sudo, and Ueda (2013), Clerc, Derviz, Mendicino, Moyen, Nikolov, Stracca, Suarez, and
Vardoulakis (2015), and Gete (2016).

7On the credit spread puzzle in quantitative models, see for example Chen (2010). The model generates
substantial fluctuations in risk premia which can be traced back to the dynamics of the intermediary stochastic
discount factor. A new empirical literature in finance emphasizes the importance of intermediary wealth and
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use the model to study the differences between regular non-financial recessions and financial

recessions, which are recessions that coincide with credit crisis.

Our main exercise is to investigate the quantitative effects of macro-prudential policies for

financial stability, the size of the economy, economic stability, fiscal stability, and economy-wide

welfare. Our model belongs to the class of models where incomplete markets and borrowing

constraints create room for macro-prudential policy intervention.8 We find that while macro-

prudential policies improve financial stability, they also shrink the size of the economy. They

further make intermediaries effectively more risk averse and limit their willingness to absorb

aggregate risk. On net, a reduction in maximum bank leverage has large redistributional con-

sequences, shifting wealth from savers to borrowers, who are the equity owners of firms and

banks. It has modest positive effects on aggregate welfare. We further explore the effect of

a procyclical capital requirement that is conditional on the aggregate uncertainty state of the

economy. We find such a time-varying requirement to be optimal in the sense that it allows a

larger financial sector and improves macroeconomic risk sharing. Out of the policies we evalu-

ate, it is the only one that creates sufficient welfare gains to allow implementation of a Pareto

improving transfer scheme. Our model offers quantitative answers to these important policy

questions.

Our paper provides a state-of-the-art solution technique. The model has two exogenous

and persistent sources of aggregate risk. Standard TFP shocks hit the production function.

In addition, shocks to the cross-sectional dispersion of idiosyncratic firm productivity govern

credit risk. The model also has five endogenous aggregate state variables: the capital stock,

corporate debt stock, intermediary net worth, household wealth, and the government debt

stock. To solve this complex problem, we provide a nonlinear global solution method, called

policy time iteration, which is a variant of the parameterized expectations approach. Policy

leverage for asset prices. See Adrian, Etula, and Muir (2014), He, Kelly, and Manela (2017), and Adrian,
Moench, and Shin (2017).

8Other models in this class are Lorenzoni (2008), Mendoza (2010), Korinek (2012), Bianchi and Mendoza
(2013), Bianchi and Mendoza (2015), Guerrieri and Lorenzoni (2015), Clerc, Derviz, Mendicino, Moyen, Nikolov,
Stracca, Suarez, and Vardoulakis (2015), and . Farhi and Werning (2016) study macroprudential policy in a
model with demand externalities. A different branch of the literature instead studies the interactions between
conventional and unconventional monetary policy and financial intermediation. See Gertler and Karadi (2011),
Angeloni and Faia (2013), Drechsler, Savov, and Schnabl (2017b, 2017a), Crdia and Woodford (2016), Begenau
(2016), Del Negro, Eggertsson, Ferrero, and Kiyotaki (2016), Elenev (2016), Begenau and Landvoigt (2017),
and De Fiore, Hoerova, and Uhlig (2017).
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functions, prices, and Lagrange multipliers are approximated as piecewise linear functions of the

exogenous and endogenous state variables. The algorithm solves for a set of nonlinear equations

including the Euler equations and the Kuhn-Tucker conditions expressed as equalities.9

The rest of the paper is organized as follows. Section 2 discusses the model setup. Section 3

presents the calibration. Section 4 contains the main results. Section 5 uses the model to study

various macro-prudential policies. Section 6 concludes. All model derivations and some details

on the calibration are relegated to the appendix.

2 The Model

2.1 Preferences, Technology, Timing

Preferences The model features a government and two groups of households: borrower-

entrepreneurs (denoted by superscript B) and savers (denoted by S). Savers are more patient

than borrower-entrepreneurs, implying for the discount factors that βB < βS. All agents have

Epstein-Zin preferences over utility streams {ujt}∞t=0 with intertemporal elasticity of substitution

νj and risk aversion σj

U j
t =

{
(1− β)

(
ujt
)1−1/νj

+ βj
(
Et

[
(U j

t+1)1−σj
]) 1−1/νj

1−σj

} 1
1−1/νj

, (1)

for j = B, S. Agents derive utility from consumption of the economy’s sole good, such that

ujt = Cj
t , for j = B, S.

9One output of this research project will be a set of computer code which will be made publicly available.
Discussions with the research department at three different Central Banks indicate that there is a demand
for this type of output. Our method improves on existing methods which compute two non-stochastic steady
states: one steady state when the constraint never binds and one where it always binds, and then linearizes
the solution around both of these states. In this approach, agents inside the model do not take into account
the fact that borrowing constraints may become binding in the future due to future shock realizations. As a
result, the approach ignores agents’ precautionary savings motives related to future switches between “regimes”
with and without binding constraints. While the piecewise-linear solution may prove sufficiently accurate in
some contexts, it remains an open question whether it offers an appropriate solution to models with substantial
risk and higher risk aversion, designed to match not only macroeconomic quantities but also asset prices (risk
premia). See Guerrieri and Iacoviello (2015) for a nice discussion on these issues.
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Production and Intermediation Technology Borrower-entrepreneurs are the only house-

holds that invest in risky equity, both of the non-financial and the financial (intermediary)

sector.10

Borrower-entrepreneurs own the productive capital stock of the economy.11 They operate its

production technology of the form

Yt = ZA
t K

(1−α)
t Lαt , (2)

where Kt is capital, Lt is labor, and ZA
t is total factor productivity (TFP). We assume that

TFP fluctuations follow an AR(1) process; ZA has mean one.

In addition to the technology for producing consumption goods, borrower-entrepreneurs also

have access to a technology that can turn consumption into capital goods subject to adjustment

costs.

Borrower-entrepreneurs and savers are endowed with L̄B and L̄S units of labor, respectively.

We assume that both types of households supply their labor endowment inelastically.

Intermediaries are profit-maximizing firms that extend loans to non-financial firms, and they

fund these loans through equity capital and deposits that they issue to savers.

These are the two additional financial assets in the economy: one risky long-term bond that

borrower-entrepreneurs can issue to intermediaries (corporate loans), and one short-term risk

free bond that intermediaries can issue to savers (deposits).

Timing The timing of agents’ decisions at the beginning of period t is as follows:

1. Aggregate and idiosyncratic productivity shocks for borrower-entrepreneurs are realized.

Idiosyncratic profit shocks for intermediaries are realized. Production occurs.

2. Borrower-entrepreneurs with low idiosyncratic productivity realizations default. Interme-

diaries assume ownership of bankrupt firms.

10Our model can be viewed as one of limited stock market participation. There is ample evidence for lack of
participation and for high concentration in stock market wealth in the data.

11In the absence of frictions on equity issuance, this is equivalent to assuming that borrower households own
the equity capital of producing firms, which in turn hold the capital stock.
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3. Individual intermediaries decide whether to declare bankruptcy. The government liqui-

dates bankrupt intermediaries. If intermediary assets are insufficient to cover the amount

owed to depositors, the government provides the shortfall (deposit insurance).

4. All agents solve their consumption and portfolio choice problems. Markets clear. House-

holds consume.

Figure 1: Overview of Balance Sheets of Model Agents

Own Funds

Savers

Deposits

Gov. Debt

Own Funds

Borrower-entrepreneurs

Producer 

Equity

I. Equity

Capital

Stock  

Equity

Corporate

Debt      

Producers

Production,

Investment

Equity

Deposits

Intermediaries

Corporate

Debt

Government

Gov. Debt

NPV of 

Tax 

Revenues

Bailouts

Households
Firms

Figure 1 illustrates the balance sheets of the model’s agents and their interactions. Each

agent’s problem depends on the wealth of others; the entire wealth distribution is a state

variable. Each agent must forecast how that state variable evolves, including the bankruptcy

decisions of borrowers and intermediaries. We now describe each of the three types of maxi-

mization problems and the government problem in detail.
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2.2 Savers

Savers can invest in one-period risk free bonds (deposits and government debt) that trade at

price qft . They inelastically supply their unit of labor L̄S and earn wage wSt . Entering with

wealth W S
t , the saver’s problem is to choose consumption CS

t and short-term bonds BS
t to

maximize life-time utility US
t in (1), subject to the budget constraint:

CS
t + (qft + τDrft )BS

t ≤ W S
t + (1− τSt )wSt L̄

S +GT,S
t +OS

t (3)

and a short-sale constraints on bond holdings:

BS
t ≥ 0, (4)

where saver wealth is simply given by the face value of last period’s bond purchases W S
t =

BS
t−1. The budget constraint (3) shows that savers use beginning-of-period wealth, after-tax

labor income, transfer income from the government (GT,S
t ), transfer income from bankruptcy

proceedings (OS
t ) to be defined below, to pay for consumption, and purchases of short-term

bonds. Savers are taxed on interest rate income at the time they purchase the bonds at rate

τD.12

2.3 Borrower-Entrepreneurs

There is a unit-mass of identical borrower-entrepreneurs indexed by i. The households form a

collective (“family”) that provides insurance against idiosyncratic shocks.

Each entrepreneur has access to a technology that creates consumption goods Yi,t from

capital Ki,t and labor Li,t. At the beginning of the period, each entrepreneur receives an

idiosyncratic productivity shock ωi,t ∼ Fω,t. The shocks are uncorrelated across entrepreneurs

and time. However, the distribution of the ω-shocks varies over time; specifically, the cross-

sectional dispersion of the shocks, σω,t, follows a first-order Markov process. Output depends

12We define the risk-free interest rate as the yield on risk free bonds, rft = 1/qft − 1. Further, we think of the
interest income as being realized at the time they purchase the bonds with a fixed one period yield.
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on aggregate productivity ZA
t and idiosyncratic productivity ωit :

Yi,t = ωi,tZ
A
t K

1−α
i,t Lαi,t.

While each individual entrepreneur manages her own production, the family manages the al-

location of production inputs and consumption and issues debt to intermediaries. The cross-

sectional standard deviation of the idiosyncratic productivity shocks, σω,t fluctuates over time,

and constitutes the second exogenous source of aggregate risk in the model. We refer to it as

the uncertainty shock.13

The corporate debt is long-term, modeled as perpetuity bonds. Bond coupon payments

decline geometrically, {1, δ, δ2, . . .}, where δ captures the duration of the bond. We introduce a

“face value” F = θ
1−δ , a fixed fraction θ of all repayments for each bond issued. Per definition,

interest payments are the remainder 1−θ
1−δ .

At the beginning of the period, the family jointly holds KB
t units of capital, and has ABt

bonds outstanding. In addition, producers jointly hire their own labor and the labor of savers,

denoted by Ljt , with j = B, S. During production, the labor inputs of the two types are

combined into aggregate labor:

Lt = (LBt )1−γS(LSt )γS .

Before idiosyncratic productivity shocks are realized, each producer is given the same amount

of capital and labor for production, such that Ki,t = KB
t and Li,t = Lt. Further, each producer

is responsible for repaying the coupon on an equal share of the total debt, Ai,t = ABt .

The individual profit of producer i is therefore given by

πi,t = ωi,tZ
A
t (KB

t )1−αLαt −
∑
j

wjtL
j
t − ABt . (5)

After production, each producer who achieves a sufficiently high profit, πi,t ≥ π, returns this

profit to the family, where π is a parameter. Further, capital depreciates during production

13Christiano, Motto, and Rostagno (2014) introduce a similar “risk” shock and argue it is an important
driver of business cycle dynamics. Jermann and Quadrini (2012) study how financial shocks affect balance sheet
variables. Alfaro, Bloom, and Lin (2016) study how financial frictions amplify the effect of uncertainty shocks
on investment and hiring.
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by fraction δK , and individual members with profit above the threshold return the depreciated

capital after production. Producers with πi,t < π default on the share of debt they were

allocated. The debt is erased, and the intermediary takes ownership of the bankrupt firm,

including its share of the capital stock. The intermediary liquidates the bankrupt firms’ capital,

seizes their output, and pays their wage bill. The remaining funds are the intermediary’s

recovery value. In return for production, each family member receives the same amount of

consumption goods Ci,t = CB
t .

From (5), it immediately follows that there exists a cutoff productivity shock

ω∗t =
π +

∑
j=B,S w

j
tL

j
t + ABt

ZA
t (KB

t )1−α(Lt)α
, (6)

such that all entrepreneurs receiving productivity shocks below this cutoff default on their debt.

Using the threshold level ω∗t , we define ΩA(ω∗t ) to be the fraction of debt repaid to lenders

and ΩK(ω∗t ) to be the average productivity of the firms that do not default:

ΩA(ω∗t ) = Pr[ωi,t ≥ ω∗t ], (7)

ΩK(ω∗t ) = Pr[ωi,t ≥ ω∗t ] E[ωi,t |ωi,t ≥ ω∗t ]. (8)

After making a coupon payment of 1 per unit of remaining outstanding debt, the amount of

outstanding debt declines to δΩA (ω∗t )A
B
t .

The total profit of the producers’ business is subject to a corporate profit tax with rate

τBΠ . The profit for tax purposes is defined as sales revenue net of labor expenses, and capital

depreciation and interest payments of non-bankrupt producers:14

ΠB,τ
t = ΩK(ω∗t )Z

A
t (KB

t )1−α(Lt)
α − ΩA(ω∗t )

(∑
j

wjtL
j
t + δKptK

B
t + (1− θ)ABt

)
.

The fact that interest expenditure (1 − θ)ABt and capital depreciation δKptK
B
t are deducted

from taxable profit creates a “tax shield” and hence a preference for debt funding.

In addition to producing consumption goods, producers jointly create capital goods from

14Aggregate producer profit is the integral over the idiosyncratic profit (5) of non-defaulting producers, net
of capital depreciation expenses and adding back principal payments θABt which are not tax deductible.
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consumption goods. In order to create Xt new capital units, the required input of consumption

goods is

Xt + Ψ(Xt/K
B
t )KB

t , (9)

with adjustment cost function Ψ(·) which satisfies Ψ′′(·) > 0, Ψ(µG+δK) = 0, and Ψ′(µG+δK) =

0.

Borrower-entrepreneurs further own all equity shares of the economy’s banking sector. Each

period, they receive an effective dividend DI
t from intermediaries, to be defined below in equa-

tion (17).

The borrower-entrepreneur family’s problem is to choose consumption CB
t , capital for next

period KB
t+1, new debt ABt+1, investment Xt and labor inputs Ljt to maximize life-time utility

UB
t in (1), subject to the budget constraint:

CB
t +Xt + Ψ(Xt/K

B
t )KB

t + ΩA(ω∗t )A
B
t (1 + δqmt ) + ptK

B
t+1 + ΩA(ω∗t )

∑
j=B,S

wjtL
j
t + τBΠ ΠB,τ

t

≤ ΩK(ω∗t )Z
A
t (KB

t )1−α(Lt)
α + (1− τBt )wBt L̄

B + pt(Xt + ΩA(ω∗t )(1− δK)KB
t )

+DI
t + qmt A

B
t+1 +GT,B

t +OB
t , (10)

and a leverage constraint:

FABt+1 ≤ Φpt(1− (1− τBΠ )δK)ΩA(ω∗t )K
B
t . (11)

The borrower household uses output, after-tax labor income, sales of old (KB
t ) and newly

produced (Xt) capital units, the dividend from the intermediation sector (DI
t ), new debt raised

(qmt A
B
t+1), where qmt is the price of one bond in terms of the consumption good, transfer income

from the government (GT,B
t ), and transfer income from bankruptcy proceedings (OB

t ) to be de-

fined below. These resources are used to pay for consumption, investment including adjustment

costs, debt service, new capital purchases, wages, and corporate taxes.

The borrowing constraint in (11) caps the face value of debt at the end of the period, FABt+1,

to a fraction of the market value of the available capital units after default and depreciation,

pt(1− (1− τBΠ )δK)ΩA(ω∗t )K
B
t , where Φ is the maximum leverage ratio. With such a constraint,
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declines in capital prices (in bad times) tighten borrowing constraints. The constraint (11)

imposes a hard upper bound on borrower leverage. In addition, costly defaults of individual

borrowers who received bad idiosyncratic shocks, endogenously limit the optimal leverage of

borrowers. Borrowers take into account that each marginal unit of debt issued in t increases

costly defaults in t + 1. Therefore, for a high enough maximum leverage ratio Φ, constraint

(11) will never be binding.

2.4 Intermediaries

2.4.1 Setup

Intermediaries are financial firms (“banks”) fully owned by borrowers that buy long-term risky

debt issued by producers, and use this corporate debt as collateral to issue short-term debt to

savers. Bank debt is guaranteed by the government (deposit insurance) and therefore risk-free.

There are two important frictions in the banking sector:

1. Moving funds into or out of banks is costly, i.e. paying a (positive or negative) dividend

dIt is subject to a cost Σ(dIt ) that is convex in deviation of dIt from a target level.

2. Banks receive idiosyncratic profit shocks εIt , realized at the time of dividend payouts, and

can decide to default on their liabilities. The shocks are i.i.d. across banks and time with

E(εIt ) = 0 and c.d.f. Fε.
15

Together, these assumptions mean that the total cost of paying out dividend dIt is dIt +Σ(dIt )

for the intermediary. The net dividend received by the shareholders is dIt − εIt . Intermediaries

maximize the present value of net dividend payments to their shareholders, by choosing the

dividend dIt , and by choosing a portfolio loans to producing firms (AIt ) and short-term bonds

(BI
t ).

Loans are modeled as bonds aggregating the debt of producers. The coupon payment on

performing loans in the current period is AItΩA(ω∗t ). For firms that default and enter into

foreclosure, banks repossess these firms, including this period’s output, as collateral. Banks

15The idiosyncratic shocks to bank profitability may reflect unmodeled heterogeneity in bank portfolios,
including that resulting from lending to consumers. Technically, the assumption guarantees that there is always
a fraction of banks which defaults.
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must pay the wages owed by the defaulting firms, a senior claim. Payments on defaulted bonds

are:

Mt = (1− ζ)
[
(1− ΩA(ω∗t ))(1− δK)ptK

B
t + (1− ΩK(ω∗t ))(K

B
t )1−αLαt

]
− (1−ΩA(ω∗t ))

∑
j

wjtL
j
t ,

(12)

where ζ is the fraction of capital value and output destroyed in bankruptcy.

Thus, the total (performing and defaulting) payoff per unit of the bond is ΩA(ω∗t ) +Mt/A
B
t .

The price per unit of the bond is qmt .

At the beginning of the period, after aggregate and idiosyncratic shocks are realized and a

fraction 1− ΩA(ω∗t ) of firms has defaulted, the wealth (net worth) of an intermediary is:

W I
t = ΩA(ω∗t )(1 + δqmt )AIt +Mt +BI

t−1. (13)

Each intermediary optimally decides on bankruptcy, conditional on the realization of W I
t

and the idiosyncratic shock εIt . Bankrupt intermediaries are liquidated by the government,

which redeems deposits at par value. Immediately thereafter, borrower households replace all

bankrupt intermediaries with new banks that receive initial equity equal to the non-defaulting

banks, W I
t . This ensures that at the time of the dividend payout and portfolio decisions, all

intermediaries have identical wealth and face identical decision problems.

In addition to making loans, intermediaries can trade in short-term bonds with savers and

the government. They are allowed to take a short position in these bonds, using their loans to

borrower-entrepreneurs as collateral. Intermediary debt is subject to a leverage constraint:

− qft BI
t ≤ ξqmt A

I
t+1. (14)

A negative position in the short-term bond is akin to intermediaries issuing deposits. The

negative position in the short-term bond must be collateralized by the market value of inter-

mediaries’ holdings of long-term loan bonds. The parameter ξ determines how useful loans are

as collateral. The constraint (14) is a Basel-style regulatory capital constraint. The parameter

ξ is the key macro-prudential policy parameter in the paper.
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Intermediaries are subject to corporate profit taxes at rate τ IΠ. Their profit for tax purposes

is defined as the net interest income on their loan business:

ΠI
t = (1− θ)ΩA(ω∗t )A

I
t + rft B

I
t .

They further need to pay a deposit insurance fee (κ) to the government that is proportional to

the amount of short-term bonds they issue.

2.4.2 Recursive Intermediary Problem

Denote by SIt the vector of aggregate state variables exogenous to the problem of the individual

intermediary. At the end of the period, all intermediaries face the same optimization problem:16

V I
t (W I

t ,SIt ) = max
dIt ,B

I
t ,A

I
t+1

dIt + Et

[
MB

t,t+1max
{
V I(W I

t+1,SIt+1)− εIt+1, 0
}]
. (15)

subject to the budget constraint

dIt + Σ(dIt ) + qmt A
I
t+1 + (qft + I{BIt<0}κ)BI

t + τ IΠΠI
t ≤ W I

t , (16)

the collateral constraint (14), and the definition of wealth (13). The continuation value in the

objective function (15) reflects that the value of the bank in case of default is zero. Interme-

diaries discount future payoffs by MB
t,t+1, which is the stochastic discount factor of borrowers,

their equity holders.

Since the idiosyncratic shocks are independent of the aggregate state of the economy, an

individual bank’s probability of continuing (i.e. not defaulting) conditional on the aggregate

16At the time intermediaries decide on dividend payout and portfolio, they have already decided whether
or not to default. If they defaulted, they were replaced by new intermediaries with identical wealth W I

t , and
the idiosyncratic shocks of these intermediaries were absorbed by the government. If they did not default, the
contemporaneous idiosyncratic shock εIt is no longer relevant for the optimization problem. Hence we do not
need to distinguish between individual and aggregate intermediary wealth. We can define an intermediary value
function V I that does not condition on the idiosyncratic shock.
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state, but before realization of the idiosyncratic shock is17

Prob
(
V I(W I

t+1,SIt+1)− εIt+1 > 0
)

= Prob
(
εIt+1 < V I(W I

t+1,SIt+1)
)

= Fε
(
V I(W I

t+1,SIt+1)
)
.

Hence we can express the intermediary problem as

V I
t (W I

t ,SIt ) = max
dIt ,B

I
t ,A

I
t+1

dIt + Et

[
MB

t,t+1Fε
(
V I(W I

t+1,SIt+1)
) (
V I(W I

t+1,SIt+1)− εI,−t+1

)]
.

The conditional expectation

εI,−t = Eε(ε | ε ≤ V I(W I
t ,SIt )).

is the expected idiosyncratic loss conditional on not defaulting.

2.4.3 Aggregation and Government Bailouts

The aggregate net dividend to borrowers from the banking sector is

DI
t = Fε,t(d

I
t − ε

I,−
t )︸ ︷︷ ︸

Dividend of non-defaulters

+ (1− Fε,t)(dIt −W I
t )︸ ︷︷ ︸

Dividend of defaulters net of initial equity

=dIt − Fε,tε
I,−
t − (1− Fε,t)W I

t . (17)

Defaulting intermediaries are liquidated by the government. During the bankruptcy process,

a fraction ζ of the asset value of a bank is lost. Hence the aggregate bailout payment of the

government is

bailoutt = (1− Fε,t)
[
εI,+t −W I

t + ζ(ΩA(ω∗t )(1 + δqmt )AIt +Mt)
]
. (18)

The conditional expectation

εI,+t = Eε(ε | ε ≥ V I(W I
t ,SIt )).

17By the law of large numbers, this is also the aggregate survival rate of intermediaries, i.e. 1−Fε
(
V I(W I

t ,SIt )
)

is the intermediary default rate.
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is the expected idiosyncratic loss of defaulting intermediaries.

2.4.4 Aggregate Bankruptcy Costs

Default of producing firms and intermediaries causes bankruptcy losses. When firms default,

a fraction ζ of their capital value and output is lost to banks, see equation (12). When banks

default, a fraction ζ of their asset value is lost to the government, see equation (18). We assume

that only a fraction η of this total loss from bankruptcy is a deadweight loss to society while

the remainder is rebated to the households in proportion to their population shares; these are

the Oi
t terms in the budget constraints:

∑
i=B,S

Oi
t =ζ(1− η)

[
(1− ΩA(ω∗t ))(1− δK)ptK

B
t + (1− ΩK(ω∗t ))(K

B
t )1−αLαt

]
+ ζ(1− η)(1− Fε,t)

[
ΩA(ω∗t )(1 + δqmt )AIt +Mt

]
.

This can be interpreted as income payments to the actors involved in bankruptcy cases. We

avoid the strong assumption that all bankruptcy costs are deadweight losses to society.

2.5 Government

The actions of the government are determined via fiscal rules: taxation, spending, bailout, and

debt issuance policies. Government tax revenues, Tt, are labor income tax, corporate profit tax,

deposit insurance fee receipts, and deposit income tax:

Tt =
∑
j=B,S

τ jt w
j
tL

j
t + τBΠ ΠB

t + τ IΠΠI
t + τDrft B

S
t − I{BIt<0}κB

I
t

Government expenditures, Gt are the sum of exogenous government spending, Go
t , transfer

spending GT
t , and financial sector bailouts:

Gt = Go
t +

∑
j=B,S

GT,j
t + bailoutt.

The aggregate bailout payment is defined in equation (18).
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The government issues one-period risk-free debt. Debt repayments and government expen-

ditures are financed by new debt issuance and tax revenues, resulting in the budget constraint:

BG
t−1 +Gt ≤ qft B

G
t + Tt (19)

We impose a transversality condition on government debt:

lim
u→∞

Et

[
M̃S

t,t+uB
G
t+u

]
= 0

where M̃S is the SDF of the saver.18 Because of its unique ability to tax, the government can

spread out the cost of default waves and financial sector rescue operations over time.

Government policy parameters are Θt =
(
τ it , τ

i
Π, G

o
t , G

T,i
t , κ,Φ, ξ

)
. The deposit insurance fee

κ and the capital requirement ξ in equation (14) can be thought of as macro-prudential policy

tools.

2.6 Equilibrium

Given a sequence of aggregate productivity shocks {ZA
t }, idiosyncratic productivity shocks

{ωt,i}i∈B, and idiosyncratic intermediary profit shocks {εt,i}i∈I , and given a government policy

Θt, a competitive equilibrium is an allocation {CB
t , K

B
t+1, Xt, A

B
t+1, L

j
t} for borrower-entrepreneurs,

{CS
t , B

S
t } for savers, {dIt , AIt+1, B

I
t } for intermediaries, and a price vector {pt, qmt , q

f
t , w

B
t , w

S
t },

such that given the prices, borrower-entrepreneurs and savers maximize life-time utility, in-

termediaries maximize shareholder value, the government satisfies its budget constraint, and

markets clear.

18We show below that the risk averse saver is the marginal agent for short-term risk-free debt. In the numerical
work below, we keep the ratio of government debt to GDP contained between bG and bG by decreasing taxes
convexly when the debt-to-GDP threatens to fall below bG and raising taxes convexly when debt-to-GDP
threatens to exceed bG.
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The market clearing conditions are:

Risk-free bonds: BG
t = BS

t +BI
t (20)

Loans: ABt+1 = AIt+1 (21)

Capital: KB
t+1 = (1− δK)KB

t +Xt (22)

Labor: Ljt = L̄j for all j = B, S (23)

Consumption: Yt = CB
t + CS

t +Go
t +Xt +KB

t Ψ(Xt/K
B
t )

+ ηζ
[
(1− ΩA(ω∗t ))(1− δK)ptK

B
t + (1− ΩK(ω∗t ))(K

B
t )1−αLαt

]
+ ηζ(1− Fε,t)

[
ΩA(ω∗t )(1 + δqmt )AIt +Mt

]
The last equation is the economy’s resource constraint. It states that total output (GDP)

equals the sum of aggregate consumption, discretionary government spending, investment, and

aggregate resource losses due to bankruptcies.

2.7 Welfare

In order to compare economies that differ in the policy parameter vector Θt, we must take a

stance on how to weigh the two households, borrowers and savers. We propose two different

measures of aggregate welfare. First, we compute an ex-post utilitarian social welfare function

summing value functions of the agents

Wt(·; Θt) = V B
t + V S

t ,

where the V j(·) functions are the value functions defined in the appendix. The value functions

already incorporate the mass of agents of each type (population shares `i).19

Secondly, we compute an ex-ante measure of welfare based on compensating variation. Con-

sider the equilibrium of two different economies k = 0, 1, characterized by policy vectors Θ0

19Equivalently, we could first express the value functions per capita by scaling them by their population
weights, and then calculating a population-weighted average of the per capita value functions.
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and Θ1, and denote expected lifetime utility at time 0 for agent j in economy k by

V̄ j,k = E0[V j
1 (·; Θk)].

Similarly, denote the time-0 price of the consumption stream of agent j in economy k by

P̄ j,k = E0

[
∞∑
t=0

Mj,k
t,t+1C

j,k
t+1

]
,

whereMj,k
t,t+1 is the SDF of agent j in economy k. We can then compute the percentage welfare

gain for agent j from existing in economy Θ1 relative to economy Θ0, in expectation, as:

∆V̄ j(0→ 1) =
V̄ j,1

V̄ j,0
− 1.

Since the value functions are expressed in consumption units, we can multiply these welfare

gains with the time-0 prices of consumption streams in the Θ0 economy and add up

W̄(0→ 1) = ∆V̄ B(0→ 1)P̄B,0 + ∆V̄ S(0→ 1)P̄ S,0.

This measure is the minimum one-time wealth transfer into the Θ0 economy (the benchmark)

required to make agents at least as well off as in the Θ1 economy (the alternative). If this

number is positive, it means that a transfer scheme could be implemented (taking as given

state prices in the benchmark) to make the alternative economy a Pareto improvement. If

this number is negative, it means that such a scheme cannot be implemented because it would

require a bigger transfer to one agent than the other is willing to give up.

3 Calibration

The model is calibrated at annual frequency. The parameters of the model and their targets

are summarized in Table 1.
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Table 1: Calibration

Par Description Value Target

Exogenous Shocks

ρA persistence TFP 0.7 AC(1) HP-detr GDP 53-14 of 0.55

σA innov. vol. TFP 2.0% Vol HP-detr GDP 53-14 of 2.56%

σω,L low uncertainty 0.095 Avg. corporate default rate of 2%

σω,H high uncertainty 0.175 Avg. IQR firm-level productivity (Bloom et al. (2012))

pωLL, pωHH transition prob {0.91, 0.80} Bloom et al. (2012)

Production, Population, Labor Income Shares

ψ marginal adjustment cost 2 Vol. investment-to-GDP ratio 53-14 of 1.58%

α labor share in prod. fct. 0.71 Labor share of output of 2/3

δK capital depreciation rate 8% Investment-to-capital ratio, 53-14

`i pop. shares i ∈ {S,B} {69,31}% Population shares SCF 95-13

γi inc. shares i ∈ {S,B} {60,40}% Labor inc. shares SCF 95-13

Corporate loans and Intermediation

δ average life loan pool 0.937 Duration fcn. in App. B.1

θ principal fraction 0.582 Duration fcn. in App. B.1

ζ Losses in bankruptcy 0.6 Corporate loan and bond severities 81-15 of 44%

η % bankr. loss is DWL 0.2 Bris, Welch, and Zhu (2006)

Φ maximum LTV ratio 0.45 Vol. of non-fin sector debt-to-GDP 53-14 of 5.17%

π profit default threshold 0.04 FoF non-fin sector leverage 85-14 of 37%

σε cross-sect. dispersion εIt 0.025 FDIC failure rate of deposit. inst. of 0.5%

σI marg. dividend payout cost 5 FoF fin sector leverage 85-14 of 93%

Preferences

βB time discount factor B 0.931 Capital-to-GDP ratio 53-14 of 2.24

σB = σS risk aversion B & S 1 Standard value

νB = νS IES B & S 1 Log utility

βS time discount factor S 0.982 Mean risk-free rate 76-14 of 2.2%

Government Policy

Go discr. spending 17.17% BEA discr. spending to GDP 53-14 of 17.58%

GT transfer spending 2.42% BEA transfer spending to GDP 53-14 of 3.18%

τ labor income tax rate 29.5% BEA pers. tax rev. to GDP 53-14 of 17.30%

τBΠ = τ IΠ corporate tax rate 21.7% BEA corp. tax rev. to GDP 53-14 of 3.41%

τD interest rate income tax rate 13.2% tax code; see text

bo cyclicality discr. spending -2.5 slope log discr. sp./GDP on GDP growth

bT cyclicality transfer spending -25 slope log transfer sp./GDP on GDP growth

bτ cyclicality lab. inc. tax 2 slope log discr. sp./GDP on GDP growth

κ deposit insurance fee 0.001 Deposit insurance fee 97-06

ξ max. intermediary leverage 0.94 Basel II reg. capital charge for C&I loans
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Aggregate Productivity Following the macro-economics literature, the TFP process ZA
t fol-

lows an AR(1) in logs with persistence parameter ρA and innovation volatility σA. Because TFP

is persistent, it becomes a state variable. We discretize ZA
t into a 5-state Markov chain using

the Rouwenhorst (1995) method. The procedure chooses the productivity grid points and the

transition probabilities between them to match the volatility and persistence of HP-detrended

GDP. The latter is endogenously determined but heavily influenced by TFP. Consistent with

the model, our measurement of GDP excludes net exports and government investment. We

define the GDP deflator correspondingly. Observed real per capita HP-detrended GDP has a

volatility of 2.53% and its persistence is 0.55. The model generates a volatility of 2.43% and a

persistence of 0.55.

Idiosyncratic Productivity We calibrate the firm-level productivity risk directly to the

micro evidence. We normalize the mean of idiosyncratic productivity at µω = 1. We let

the cross-sectional standard deviation of idiosyncratic productivity shocks σt,ω follow a 2-state

Markov chain. Fluctuations in σt,ω are the second source of aggregate risk. Fluctuations in σt,ω

govern aggregate corporate credit risk since high levels of σt,ω cause a larger left tail of low-

productivity firms that will default in equilibrium. We refer to periods in the high σt,ω state as

high uncertainty periods. We set (σL,ω, σH,ω) = (0.095, 0.175). The value for σL,ω targets the

unconditional mean corporate default rate. The model-implied average default rate of 2.2% is

similar to the data.20

The high value, σH,ω, is chosen to match the time-series standard deviation of the cross-

sectional interquartile range of firm productivity, which is 4.9% according to Bloom, Floetotto,

Jaimovich, Saporta-Eksten, and Terry (2012) (their Table 6).

The transition probabilities from the low to the high uncertainty state of 9% and from the

high to the low state of 20% are also taken directly from Bloom et al. (2012).21 The model

20We look at two sources of data: corporate loans and corporate bonds. From the Flow of Funds, we obtain
delinquency and charge-off rates on Commercial and Industrial loans and Commercial Real Estate loans by U.S.
Commercial Banks for the period 1991-2015. The average delinquency rate is 3.1%. The second source of data
is Standard & Poors’ default rates on publicly-rated corporate bonds for 1981-2014. The average default rate
is 1.5%; 0.1% on investment-grade bonds and 4.1% on high-yield bonds. The model is in between these two
values.

21They estimate a two-state Markov chain for the cross-sectional standard deviation of establishment-level
productivity using annual data for 1972-2010 from the Census of Manufactures and Annual Survey of Manufac-
tures. We annualize their quarterly transition probability matrix.
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spends 31% of periods in the high uncertainty regime. Like in Bloom et al., our uncertainty

process is independent of the first-moment shocks. About 10% of periods feature both high

uncertainty and low TFP realizations. We will refer to those periods as financial recessions or

financial crises. Using a long time series for the U.S., Reinhart and Rogoff (2009) find the same

10% frequency of financial crises.

Production Adjustment costs are quadratic. We set the marginal adjustment cost parameter

ψ = 2 in order to match the observed volatility of the ratio of investment to GDP, X/Y , of

1.58%. The model generates a value of 1.56%. The adjustment costs on average amount to a

tiny 0.04% of GDP. We set the parameter α in the Cobb-Douglas production function equal

to 0.71, which yields an overall labor income share of 65%, the standard value in the business

cycle literature. We choose δK to match an annual depreciation of capital of 8% to match the

investment-to-output ratio of 18% observed in the data.

Population and Labor Income Shares To pin down the population shares of our two

different types of households we turn to the Survey of Consumer Finance (SCF). We define

savers as those households who hold a low share of their wealth in the form of risky assets. In

particular, we compute for each household in the survey the share of assets, excluding all real

estate, held in stocks or private business equity, considering both direct and indirect holdings

of stock. Using this definition of the risky share, we then calculate the fraction of households

whose risky share is less than one percent.22 This amounts to 69% of SCF households. The

remaining 31% of households have a nontrivial risky asset share, corresponding to the borrowers

in our model.

The labor income share of savers in the SCF is 60%. The income share of the borrower-

entrepreneurs is the remaining 40%. The income shares determine the Cobb-Douglas parame-

ters γB and γS. By virtue of the calibration, the model matches basic aspects of the observed

income distribution.

Corporate Loans In the model, a corporate loan is a geometric bond. The issuer of one unit

of the bond at time t promises to pay 1 at time t+ 1, δ at time t+ 2, δ2 at time t+ 3, and so

22We use all survey waves from 1995 until 2013 and average across them.
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on. Given that the present value of all payments (1/(1 − δ)) can be thought of as the sum of

a principal (share θ) and an interest component (share 1− θ), we define the book value of the

debt as F = θ/(1− δ). This book value of debt is used in the firm’s collateral constraint. We

set δ = 0.937 and θ = 0.582 (F = 9.238) to match the observed duration of corporate bonds.

Appendix B.1 contains the details. The model’s corporate loans have a duration of 6.8 years

on average.

As in standard trade-off theory, corporate debt enjoys a tax shield but incurs costs of distress.

We set the ζ = 0.6 to match the observed average severity rate of 44% on bonds rated by S&P

and Moody’s rated during 1985-2004. The model produces a similar unconditional loss-given

default of 43%. Combined with the average default rate, this LGD number implies a loss rate on

corporate loans of 1.0%. Our baseline model generates a modest quantity of corporate default

risk, consistent with the data.

A fraction η of the cost of distress to intermediaries is a deadweight loss to the economy.

The remainder 1− η is transfer income that enters in the budget constraint of the agents. We

set η = 0.2 based on evidence in Bris, Welch, and Zhu (2006).

Borrowers can obtain a loan with principal value up to a fraction Φ of the market value of

their assets. We set the maximum LTV ratio parameter Φ = 0.45. This value is just large

enough so that the LTV constraint never binds during expansions and non-financial recessions.

In the simulation of the benchmark model, the borrower’s LTV constraint binds in 3% of

financial recessions. The LTV constraint limits corporate borrowing as a fraction of the market

value of capital. We set Φ to match the volatility of corporate debt-to-GDP of the non-financial

sector, which is 5.2% in the data and 4.3% in the model.

We set the profit default threshold to π = 0.04 to target non-financial leverage. The higher

this threshold, the more firms will default on average for a given level of firm debt. Since

defaults are costly to the borrower family, borrower leverage is decreasing in π. The model

generates a ratio of borrower book debt-to-assets of 36%. In the Flow of Funds data, the

average ratio of loans and debt securities of the nonfinancial corporate and nonfinancial non-

corporate businesses to their non-financial assets is 37%.
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Intermediary and Macro-prudential Policy Parameters The intermediary payout shocks

are distributed Gaussian with mean zero. The cross-sectional standard deviation σε = Var(εIt )
0.5

governs the average intermediary failure rate. The benchmark model generates and average fail-

ure rate of intermediaries of 0.54%, which is exactly the asset-weighted failure rate of depository

institutions in the FDIC data.

We adopt the following functional form for the dividend payout cost of intermediaries

Σ(dIt ) =
σI

2
(dIt − d̄)2,

The marginal dividend payout cost for intermediaries is set to σI = 5 to match the average

credit spread. The higher the payout cost, the more costly it becomes for intermediaries to

deviate from their dividend target d̄.23 A higher adjustment cost causes a higher risk premium

in the corporate loan rate and thus increases the credit spread. We define the credit spread in

the data as a 80.6%-19.4% weighted average24 of the Moody’s Aaa and Baa yields and subtract

the one-year constant maturity Treasury rate. The mean spread over the 1953-2015 period is

2.08%, while the model generates a mean spread of 2.05%.

We can interpret the intermediary borrowing constraint parameters, ξ, as a regulatory capital

constraint set by the government. Under Basel II and III, corporate loans and bonds have a

risk weight that depends on their credit quality. The risk weight on commercial and industrial

bank loans with 2.5 year maturity ranges from 13% for AAA, 54% for BBB-, 125% for B+,

to 325% for CCC. A blended regulatory capital requirement of 6% (8% times a blended risk

weight of 75%) seems appropriate. This implies that ξ = 0.94. This is the key parameter we

vary in or macro-prudential policy experiments.

We set the deposit insurance fee parameter κ to 8.4 basis points. To compute this number,

we divide the total assessment revenue reported by the FDIC for 2016, $10 billion, by the

total short-term debt of U.S. chartered financial institutions from the Flow of Funds, $11,849

billion.25

23We set the target to the dividend level in the deterministic steady state of the model.
24To determine the portfolio weights on the Aaa versus Baa grade bonds, we use market values of the amounts

outstanding from Barclays.
25Our measure of short-term debt includes both insured and uninsured deposits. Therefore, the insurance fee

we calculate is smaller than the fee banks pay per dollar of insured deposits only, which would amount to 14.2
bps.
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Preference Parameters Preference parameters affect many equilibrium quantities and prices

simultaneously, and are harder to pin down directly by data. For simplicity, we assume that

both borrowers and savers have log utility: σB = νB = 1 and σS = νS = 1. The subjective time

discount factor of borrowers βB = 0.931 targets the capital-to-GDP ratio, an obvious target

as it governs borrowers desire to accumulate wealth. The capital-to-output ratio is 2.25 in the

model, and 2.24 in the data.26

The time discount factor of the saver disproportionately affects the mean of the short-term

interest rate. We set βS = 0.982 to generate a low average real rate of interest of 2.2%.

Government Parameters To add quantitative realism to the model, we match both the

unconditional average and the cyclical properties of discretionary spending, transfer spending,

labor income tax revenue, and corporate income tax revenue.

Discretionary and transfer spending as a fraction of GDP are modeled as follows: Gi
t/Yt =

Gi exp {bi(gt − ḡ)} , i = o, T . The scalars Go and GT are set to match the observed average

discretionary spending to GDP of 17.58% in the 1953-2014 NIPA data, and transfer spending

to GDP of 3.18%, respectively.27 We set bo = −2.5 and bT = −25 in order to match the slope

in a regression of log spending to GDP on GDP growth and a constant. We match these slopes:

-0.75 and -7.26 in the model versus -0.71 and -7.14 in the 1953-2014 data.

Similarly, we model the labor income tax rate as τt = τ exp {bτ (gt − ḡ)}. We set the tax

rate τ = 29.5% in order to match observed average income tax revenue to GDP of 17.3%.28

The model generates an average of 18.6%. We set the sensitivity of the tax rate to aggregate

productivity growth bτ = 2 to match the observed sensitivity of log income tax revenue to GDP

26Consistent with our definition of GDP, we include the residential and commercial real estate stock in the
total capital stock.

27We divide by exp
{
bi/2σ

2
g/(1− ρ2

g)(bi − 1)
}

, a Jensen correction, to ensure that average spending means
match the targets.

28We define income tax revenue as current personal tax receipts (line 3) plus current taxes on production and
imports (line 4) minus the net subsidies to government sponsored enterprises (line 30 minus line 19) minus the
net government spending to the rest of the world (line 25 + line 26 + line 29 - line 6 - line 9 - line 18). Our logic
for adding the last three items to personal tax receipts is as follows. Taxes on production and export mostly
consist of federal excise and state and local sales taxes, which are mostly paid by consumers. Net government
spending on GSEs consists mostly of housing subsidies received by households which can be treated equivalently
as lowering the taxes that households pay. Finally, in the data, some of the domestic GDP is sent abroad in the
form of net government expenditures to the rest of the world rather than being consumed domestically. Since
the model has no foreigners, we reduce personal taxes for this amount, essentially rebating this lost consumption
back to domestic agents.
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to GDP growth. The regression slope of log income tax revenue to GDP on GDP growth and

a constant produces similar pro-cyclicality: 0.86 in the model and 0.70 in the data.

Fourth, we set the corporate tax rate that both financial and non-financial corporations pay

to a constant τΠ = 20% to match observed corporate tax revenues of 3.41% of GDP. The model

generates an average of 3.62%. The tax shield of debt and depreciation that firms and banks

enjoy in the model substantially reduces the effective tax rate corporations pay, both in the

model and in the data. We set the tax rate on financial income for savers (interest on short-term

debt) equal to τD = 13.2%, 2/3 of the corporate tax rate.29

Government debt to GDP averages 60% of GDP in a long simulation of the benchmark

model. While it fluctuates meaningfully over prolonged periods of time (standard deviation of

49%), the government debt to GDP ratio remains stationary.30

4 Results

Before discussing the main results on macro-prudential policy, we study the behavior of key

macro-economic and financial variables. They capture important features of the data and lend

credibility to the policy experiments that are to follow. Specifically, we report means and

standard deviations from a long simulation of the model (10,000 years), as well as averages

conditional on being in a good state (positive TFP growth and low uncertainty, i.e. σω,L), non-

financial recession (negative TFP growth, low uncertainty), and financial recession (negative

TFP growth and high uncertainty σω,H).

29This calculation reflects that short term debt in the model also includes government debt, 50-65% of which
is held by foreigners who do not pay US tax.

30In our numerical work, we guarantee the stationarity of the ratio of government debt to GDP by gradually
decreasing personal tax rates τt when debt-to-GDP falls below bG = 0.1 –the profligacy region– and by gradually
increasing personal tax rates when debt-to-GDP exceed bG = 1.2 –the austerity region. Specifically, taxes are
gradually and smoothly lowered with a convex function until they hit zero at debt to GDP of -0.1. Tax rates
are gradually and convexly increased until they hit 60% at a debt-to-GDP ratio of 150%. Our simulations never
reach the -10% and +150% debt/GDP states. The simulation spends 24.4% of the time in the profligacy and
15% of the time in the austerity region. The fraction of time spent in these regions has no effect on the overall
resources of the economy.
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Table 2: Unconditional Macroeconomic Quantity Moments

Data Model

stdev output corr. AC stdev output corr. AC

GDP 2.53% 1.00 0.55 2.43% 1.00 0.55
CONS 1.75% 0.88 0.42 2.43% 0.87 0.60
X/Y 1.58% 0.73 0.57 1.56% 0.55 0.18
X/K 0.82% 0.63 0.72 0.81% 0.60 0.21

4.1 Macro Quantities

Table 2 reports the standard deviation of aggregate quantities, their correlation with GDP,

and their autocorrelation. Moments in the data are computed from HP-detrended log series.

Moments in the model are by assumption stationary, and are also computed from log series of the

simulation. The model matches the volatility of GDP and it autocorrelation. The model further

matches the volatility of the investment to GDP ratio (0.82% vs. 0.81%). The investment/GDP

ratio and investment rate display modest pro-cyclicality in both data and model. Investment

rates are insufficiently persistent in the model. The model overstates consumption volatility.

While in the data log aggregate consumption is clearly less volatile than log output (1.75% vs.

2.53%), these volatilities are identical in the model. Consumption in the model exhibits the

right cyclicality, but is slightly too persistent relative to the data. We will further discuss the

source of the consumption volatility in the model below.

We present impulse-response graphs to explore the behavior of macro-economic quantities

conditional on the state of the economy. We start off the model in year 0 in the average

TFP state (the middle of the five points on the TFP grid) and in the low uncertainty state

(σω,L). The five endogenous state variables are at their ergodic averages. In period 1, the

model undergoes a change to a lower TFP grid point. In one case (red line), the recession is

accompanied by a switch to the high uncertainty state (σω,H); a financial recession. In the

second case, the economy remains in the low uncertainty state; a non-financial recession (blue

line). From period 2 onwards, the two exogenous state variables follow their stochastic laws of

motion. For comparison, we also show a series that does not undergo any shock in period 1

but where the exogenous states stochastically mean revert from the high-TFP state in period

0 (black line). For each of the three scenarios, we simulate 10,000 sample paths of 25 years

and average across them. Figure 2 plots the macro-economic quantities. The top left panel is
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for the productivity level ZA. By construction, it falls by the same amount in financial and

non-financial recessions; a 2% drop. Productivity then gradually mean reverts over the next

decade. The black line shows how productivity would have evolved absent a shock in period 1.

Figure 2: Financial vs. Non-financial Recessions: Macro Quantities
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The graphs show the average path of the economy through a recession episode which starts at time 1. In period
0, the economy is in the average TFP state. The recession is either accompanied by high uncertainty (high
σω), a financial recession plotted in red, or low uncertainty (low σω), a non-financial recession) plotted in blue.
From period 2 onwards, the economy evolves according to its regular probability laws. The black line plots the
dynamics of the economy absent any shock in period 1. We obtain the three lines via a Monte Carlo simulation
of 10,000 paths of 25 periods, and averaging across these paths. Blue line: non-financial recession, Red line:
financial recession, Black line: no shocks.

The other three panels show impulse-responses for output, consumption, and investment.

The percentage drop in output is larger than that in productivity. In the initial period of the

shock, the drop in output is the same when the economy is additionally hit by an uncertainty

shock (red line) as if it is not (blue line). This has to be the case because capital is a state

variable, labor is supplied inelastically, and productivity is identical. In financial recessions,
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the economy suffers from a second period of decline in consumption, despite the rebound in

productivity. Output remains lower for longer in a financial recession. The added persistence

resembles the slow recovery that typically follows a financial crisis. The bottom right panel

shows a 28% drop in investment in financial recessions but only a modest drop in non-financial

recessions. Despite the bounce back in period 2, investment remains depressed for a prolonged

period of time. Aggregate consumption partially offsets the initial decline in investment in a

financial recession: the initial drop in consumption is smaller than in a non-financial recession.

The low rate of return on savings induces the saver to consume more in a financial crisis.31

Consumption drops subsequently and remains below the non-financial recession level for the

remaining periods, as the capital stock remains depressed.

4.2 Balance Sheet Variables

Next, we turn to the key balance sheet variables in Table 3. The first two columns report

the unconditional mean and volatility. The last three columns report conditional averages in

expansions, non-financial recessions, and financial recessions, respectively.

Non-financial Corporate Sector The first panel focuses on the non-financial corporate

sector. Rows 1 and 2 display the market value of assets (ptK
B
t ) and the market value of

liabilities (qmt A
B
t ), both scaled by GDP. Their difference is the market value of firm equity

scaled by GDP. Their ratio is the market leverage ratio (row 4). Book leverage, defined as the

book value of debt to the book value of assets in row 5, is 35.16%, matching the low observed

corporate leverage in the data. Entrepreneurs own substantially more than half of their firms

in the form of corporate equity (64.84%). Total credit (in book values) to non-financial firms

amounts to 79.1% of GDP. Firms delever in financial recessions, hence the fall in book leverage.

The mild drop in the market price of firm assets mitigates the counter-cyclicality of market

leverage. Indeed, Tobin’s q (the variable p in row 16) falls by 2.6% from expansions to financial

recessions.

31Since output in the first period is by construction identical for both types of recessions, where do the
approximately 2.5% of output go in a financial recession that are not reflected in consumption and investment?
Bankruptcies of firms and banks spike in financial recessions and cause deadweight losses that account for the
remaining output.

29



Borrowers default when their profits fall below the default threshold π. This is more likely

when the cross-sectional distribution of idiosyncratic productivity shocks widens, as the mass

of firms with productivity shocks below the threshold ω∗t increases. The model generates aver-

age corporate default and loss rates of 2.25% (row 7) and 0.96% points (row 9), respectively,

implying an average loss-given-default rate of 43.09% (row 8). All these numbers are in line

with the data. Default and loss rates are 6-7 times higher in financial recessions (5.5% and

2.31%) than in non-financial recessions and expansions (about 0.9% and 0.4% in both). The

model generates the right amount of corporate credit risk, on average, and generates the strong

cyclicality in the quantity of risk observed in the data.32

Most of the time, firms stay away from the leverage constraint because entrepreneurs are

risk averse and take into account the costs of bankruptcy when making their leverage choices.

However, borrowers are constrained in some of the financial recessions (3% of the time, row

6). These are the worst crisis episodes in the simulation. More generally, firms reduce their

reliance on debt financing in financial recessions, as they get close to a binding constraint and

debt funding becomes more costly due to a higher rate of costly bankruptcies. As a result of

the higher cost of debt funding, firms cut their borrowing from the financial sector, and do

not pursue the investment projects they would otherwise undertake. Relative to expansions,

output falls by 4.5% and investment by 20% in financial recessions.

Intermediaries Intermediary leverage is 97.13% on average in book values (row 11 of Table

3) and 93.3% in market values. The average ratio of total intermediary debt-to-assets in the

data for 1985-2014 is 90.7%, close to the intermediaries in our model.33 Intermediaries choose

to be so highly levered for a number of reasons. Like the corporate firms, they are owned

32In the 1991 recession, the delinquency rate spiked at 8.2% and the charge-off rate at 2.2%. For the 2007-09
crisis, the respective numbers are 6.8% and 2.7%. These are far above the unconditional averages of 3.1% and
0.7% cited in footnote 20. Similarly, during the 2001 recession, the default rate on high-yield bonds was 9.9%,
far above the 1981-2014 average of 4.1%.

33Krishnamurthy and Vissing-Jorgensen (2015) identify a group of financial institutions as net suppliers of
safe, liquid assets. This group contains U.S. Chartered Commercial Banks and Savings Institutions, Foreign
Banking offices in U.S., Bank Holding Companies, Banks in U.S. Affiliated Areas, Credit Unions, Finance
Companies, Security Brokers and Dealers, Funding Corporations, Money market mutual funds, GSEs, Agency-
and GSE-backed mortgage pools, Issuers of ABS, and REITs. The group of excluded financial institutions are
Insurance Companies, other Mutual Funds, Closed-end funds and ETFs, and State, Local, Federal, and Private
Pension Funds. We note that intermediaries in the model only hold loans as assets, while intermediaries in the
data hold other, riskier assets such as derivatives in addition that require greater regulatory equity capital.
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Table 3: Balance Sheet Variables and Prices

Unconditional Expansions Non-fin Rec. Fin Rec.

mean stdev mean mean mean

Borrower

1. Mkt Val of Capital / Y 2.250 0.043 2.265 2.273 2.199
2. Mkt Val of Corp Debt / Y 0.806 0.047 0.816 0.804 0.780
3. Book val corp debt / Y 0.791 0.045 0.792 0.802 0.788
4. Market corp leverage 35.82% 1.94% 36.03% 35.38% 35.48%
5. Book corp leverage 35.16% 1.82% 35.32% 34.92% 34.90%
6. Fraction leverage constr binds 0.32% 5.65% 0.00% 0.00% 2.91%
7. Default rate 2.25% 2.07% 0.85% 0.91% 5.50%
8. Loss-given-default rate 43.09% 3.23% 43.95% 42.60% 41.69%
9. Loss Rate 0.96% 0.89% 0.38% 0.39% 2.31%

Intermediary

10. Mkt fin leverage 93.30% 3.16% 93.24% 93.57% 92.92%
11. Book fin leverage 97.13% 4.46% 98.37% 97.66% 92.24%
12. Fraction leverage constr binds 61.30% 48.71% 31.50% 89.70% 91.05%
13. Bankruptcies 0.54% 1.12% 0.10% 0.81% 2.23%
14. Dividends 0.52% 1.57% 1.14% 0.06% -1.26%

Saver

15. Deposits / Y 0.769 0.059 0.780 0.784 0.728
16. Government Debt / Y 0.602 0.498 0.578 0.692 0.648

Prices

17. Tobin’s q 1.000 0.017 1.010 0.990 0.974
18. Risk-free rate 2.19% 2.86% 2.45% 4.10% 0.26%
19. Corporate bond rate 4.24% 0.20% 4.13% 4.40% 4.55%
20. Credit spread 2.05% 2.94% 1.68% 0.30% 4.28%
21. Excess return on corp. bonds 1.09% 3.44% 1.87% -0.15% -0.49%

31



by impatient shareholders. They also enjoy a tax shield. They earn a large spread (2.05%,

row 20) between the rate on corporate loans (4.24%, row 19) and the short-term deposit rate

(2.19%, row 18). They bear the interest rate risk associated with the maturity transformation

they perform, as well as the credit risk on the loans. Given the low (but realistically calibrated)

average loan loss rate and their equity issuance cost, they choose to take up substantial leverage

to reach their desired risk-return combination.

Adrian, Boyarchenko, and Shin (2015) show that book leverage is pro-cyclical while market

leverage is counter-cyclical both for commercial banks and for broker-dealers. Our model gen-

erates this pattern, at least directionally. Market leverage increases to 93.57% in non-financial

recessions. Book leverage, in contrast, falls from 98% in expansions to 92.24% in financial

recessions. Why does book leverage decline in financial recessions? Intermediaries suffer losses

on their credit portfolio in the worst states of the world (row 21). At the same time risk is

high. Low prices (high yields, row 19) of corporate loans reflect the higher default risk and the

higher credit risk premium. This reduces the market value of intermediary assets.

A lower value of bank assets in turn tightens the regulatory capital constraint. The inter-

mediary leverage constraint binds in 91.05% of the financial crises compared to 61.3% uncon-

ditionally and 31.5% in expansions. When binding, intermediaries must reduce liabilities to

meet capital requirements, as measured by deposits to GDP in row 15, which explains the drop

in book leverage. Given the low cost of deposit funding in a financial crises (0.26%) and the

high credit spreads they earn in those states of the world (4.28%), intermediaries make high

profits going forward. They would like to raise more deposits and increase corporate lending

but their constraint prevents them from doing so. Intermediaries raise new equity to partially

offset the credit losses (negative dividends of 1.26% of GDP, line 14), but this is costly due to

the dividend adjustment cost.

In contrast, the credit spread is much lower at 0.3% in non-financial recessions, making lend-

ing less attractive, all else equal. These recessions resemble standard TFP-induced recessions

in real business cycle models: as productivity is temporarily low, depositors want to borrow

against future income to smooth consumption. In addition, the supply of government debt

goes up due to increased government spending and lower labor income tax revenue. As a re-

sult, the risk free rate has to rise to 4.1% to clear the market for short-term debt. At the same
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time, low productivity reduces corporate loan demand, with both factors resulting in the low

credit spread of 0.3% and a drop in bank profits. In response, banks lower dividend payments

to 0.06% of GDP, relative to 1.14% in expansions. The lower profits reduce bank equity and

cause a binding leverage constraint in 89.7% all non-financial recessions, compared to 31.5% of

expansions.

In summary, while banks are roughly equally likely to be constrained in financial and non-

financial recessions, the reasons for the bindingness of the constraint are fundamentally different.

In financial recessions, banks suffer large credit losses and are forced to shrink, delever and issue

equity. However, banks earn high risk premia on corporate bonds in these period and would like

to expand lending, but cannot do so due to the cost of raising equity. In non-financial recessions,

banking becomes unprofitable due to the shrinking net interest margin, which slowly depletes

equity. Banks have no desire to expand lending, but exhaust their borrowing constraint to

avoid raising costly equity.

The size of the intermediary sector, relative to GDP, shrinks in financial recessions. Both

book and market values of intermediary assets shrink about 3-5% relative to their levels in

expansions (rows 2 and 3). At the same time, their liabilities shrink from 78% of GDP in

expansions to 72% of GDP in financial recessions (row 15). Since GDP itself falls, bank liabilities

fall by 11%.

In the equilibrium of our model, 0.54% of banks are insolvent in a typical year (row 13).

Intermediary failures are concentrated in financial crisis, when 2.23% of banks are insolvent,

22 times as many as in expansions and 2.8 times as many as in non-financial recessions. In

those periods, the government steps in, makes whole the depositors (short-term creditors), and

takes over the assets of the banks at their market value. The failed banks are replaced with an

equal number of new banks that are seeded with at the average capital level by the bank equity

holders (through a costly equity issuance). Deposit insurance lowers the cost of debt funding

and provides banks with a risk shifting motive vis-a-vis the government. However, because of

the cost of equity issuance, bank owners try to avoid low intermediary net worth states. The

balance of these two factors generates rare financial disasters when a non-trivial fraction of the

banking system is insolvent.

Figure 3 show the impulse-response functions for assets and liabilities of both non-financial
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Figure 3: Financial vs. Non-financial Recessions: Balance Sheet Variables Intermediaries
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Blue line: non-financial recession, Red line: financial recession, Black line: no shocks.

firms and banks. The top row reports book values of corporate assets (capital) and liabilities

(loans). Corporations shrink on both sides of their balance sheet during financial recessions.

The market value of corporate equity, with both assets and liabilities valued at market prices,

drops sharply in financial recessions due to the sharp drop in Tobin’s q (top row, right hand

side). The book value of corporate liabilities is also the book value of financial assets. In the

first graph on the bottom row, we can see that banks’ liabilities (book value) fall by even more

than their assets during financial recession; simply put, banks delever during these periods.

Because of large losses on their loan portfolio (bottom row, third graph), banks charge large

credit spreads (bottom row, second graph). The spike in the loan spread in the first period

of a financial recession is driven by a large drop in the risk free rate. Even though financial

34



book leverage declines, market leverage increases in crises, or equivalently, the market value of

financial equity initially declines (bottom row, fourth graph). This is because the market value

of liabilities rises more sharply than the market value of assets. Due to the large spread earned

by banks in the first year, bank equity recovers and overshoots in the second year of the crises.

However, high credit losses persist and bank equity declines once more in years 3-5 of the crisis.

From there, banks slowly rebuild their equity capital and expand their loan business as loss

rates return to normal levels. In the simulation, this process takes close to 20 years.

Savers Risk averse savers only hold safe debt, provided both by the intermediaries and the

government. On average, these two sources of safe assets account for 77% (row 15) and 60% of

GDP (row 15). In our model, as in the data, the government’s tax revenues are pro-cyclical and

its expenses counter-cyclical. The supply of safe debt by intermediaries is strongly pro-cyclical.

In financial recessions, intermediaries have to delever due to their equity losses. This delevering

requires savers to increase consumption and reduce savings. To induce savers to dissave, a

large drop in the real interest rate is required – on average the real interest rate is close to

4 percentage points lower in a financial recession compared to a non-financial recession. The

magnitude of this drop depends on savers’ EIS, everything else equal. If savers’ EIS is high,

they are more willing to increase consumption in crises, and the interest will fall by less. A

smaller reduction in the interest rate limits the benefit to borrowers and intermediaries that

arises from low interest rates.34

Prices Real interest rates on safe debt are 2.2% on average and have a volatility of 2.86%

(row 18). Both are reasonable numbers, especially for production-based asset pricing model

which typically struggle with these moments. Financial recessions see declines in collateral

values (row 17), low real interest rates (row 18), high corporate credit spreads (row 20), and

high expected excess returns on corporate loans (row 21). All of these are important features

of real-life financial crises.

One important quantitative success of the model is its ability to generate a high unconditional

34For example, when νS = 60 >> 1, the risk-free interest rate volatility approaches zero. Intermediaries no
longer benefit from low, even negative interest rates in crises. The absence of cheap funding in crises makes
them more reluctant to take on more leverage in the first case.
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credit spread while matching the observed amount of default risk. The credit spread is also

highly volatile (2.94% standard deviation) and more than twice as high in financial recessions

than in expansions. The rise in the credit spread in financial recessions to 4.28% reflects not

only the increase in the default risk but also an increase in the credit risk premium. The model

generates a high and counter-cyclical price of credit risk, which itself comes from the high and

counter-cyclical “shadow SDF” for the intermediary sector. We discuss this further in the next

section.

Figure 4: Financial vs. Non-financial Recessions: Prices
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Figure 4 shows the impulse-responses in the bust experiment for the interest rates, the credit

spread, and the price of capital. In the first period of a financial recession following a boom,

the real risk-free rate turns sharply negative and the credit spread blows out to 9%. Financial

recessions are periods of high credit risk and credit risk premia, both of which enter in the

credit spread. Non-financial recessions are characterized by a rise in the risk-free rate and a
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decline in the credit spread, and a much smaller decline in the price of capital.

4.3 Consumption and Welfare

Table 4 reports the moments of consumption for both households, as well as each agent’s value

function, and aggregate welfare. For intermediaries, we report the inverse of their marginal

value of wealth instead of consumption. The intermediary SDF is given by

MI
t,t+1 =MB

t,t+1

(
1 + σI(dIt+1 − d̄)

1 + σI(dIt − d̄)

)−1

Fε,t+1,

whereMB
t,t+1 is the borrower SDF, Fε,t+1 is the probability of intermediary failure in t+ 1, and

1
1+σI(dIt−d̄)

is the marginal value of wealth to intermediaries in t. We can think of the inverse of

this marginal value,

cIt ≡ 1 + σI(dIt − d̄)

as a measure of “intermediary consumption” for the purpose of understanding the contribution

of intermediaries to asset pricing and risk sharing.

Using this definition of intermediary consumption, the intermediary has by far the most

volatile consumption growth (14.5%), followed by the saver (4.08%), and the borrower (3.12%).

Intermediaries end up absorbing a disproportionate fraction of the aggregate risk in the econ-

omy. In financial recessions, borrowers and intermediaries suffer large drops in their con-

sumption, while saver consumption remain unchanged. Financial recessions destroy aggregate

wealth (higher DWL from bankruptcy), but they also have important redistributive implica-

tions. Specifically, financial recessions redistribute wealth from borrowers to savers.

The third panel reports moments related to aggregate welfare. Overall welfare, the popula-

tion weighted average of the two households’ value functions measured in consumption equiv-

alent units, is highest in expansions and lowest in financial recessions. The welfare difference

between expansions and financial recessions for savers is small at 0.4%. However, borrowers

have 1.7% lower welfare in financial recessions. The market value of intermediaries shrinks by

30%, going from expansion to financial recession. The large reduction in the market value of

intermediary equity is consistent with the experience in the Great Recession.
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Table 4: Consumption and Welfare

Unconditional Expansions Non-fin Rec. Fin Rec.
mean stdev mean mean mean

Consumption

Consumption, B 0.285 0.011 0.292 0.282 0.268
Consumption, S 0.336 0.014 0.337 0.326 0.337

Consumption, I 0.999 0.076 1.028 0.977 0.916
Consumption growth

Consumption, B 0.00% 3.12% 1.14% -1.06% -2.73%
Consumption, S 0.00% 4.08% 0.41% -1.55% -0.68%

Consumption, I 0.00% 14.45% 1.46% -1.62% -5.01%
Welfare

Aggregate welfare 0.620 0.003 0.622 0.619 0.616
Value function, B 0.285 0.005 0.287 0.283 0.282
Value function, S 0.336 0.003 0.336 0.336 0.335
Value function, I 0.075 0.024 0.083 0.066 0.064
DWL/GDP 0.008 0.007 0.003 0.004 0.020

Marginal utility ratios

log(MU B / MU S) 1.315 0.052 1.297 1.290 1.368

The last panel reports the ratio of marginal utilities between borrowers and savers. In a

complete markets model this ratio would be constant over time. Our model is an incomplete

markets model featuring imperfect risk sharing; the marginal utility ratio displays high volatility

of 5%. For example, the borrower has 30% higher marginal utility than the saver in expansions,

but 37% higher marginal utility in financial recessions.

4.4 Credit Spread and Risk Premium

Figure 5 shows the histogram of intermediary wealth plotted against two different measures of

credit risk compensation earned by intermediaries. The solid red line plots the credit spread, the

difference between the yield rmt on corporate bonds and the risk-free rate, where we compute the

bond yield as rmt = log
(

1
qmt

+ δ
)

.35 Consistent with the result in He and Krishnamurty (2013),

the credit spread is high when the financial intermediary’s wealth share is low. Since our model

has defaultable debt, the increase in the credit spread reflects both risk-neutral compensation

for expected defaults and a credit risk premium.

35This is a simple way of transforming the price of the long-term bond into a yield; however, note that this
definition assumes a default-free payment stream (1, δ, δ2, . . .) occurring in the future.
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To shed further light on the source of the high credit spread, we compute the expected excess

return (EER) on corporate loans/bonds earned by the intermediary. The EER consists both of

the credit risk premium, defined as the (negative) covariance of the intermediary’s stochastic

discount factor with the corporate bond’s excess return, and an additional component that

reflects the tightness of the intermediary’s leverage constraint. This component arises because

the marginal agent in the market for risk-free debt is the saver household, while corporate bonds

are priced by the constrained intermediary. The market risk free rate is lower than the “shadow”

risk free rate implied by the intermediary SDF. When intermediary wealth is relatively high,

the leverage constraint is not binding and the EER is approximately zero in this region of the

state space. Low levels of intermediary wealth result from credit losses, and the lowest levels

occur during financial crises. At these times, credit risk increases and the intermediary becomes

constrained. In the worst crisis episodes when intermediary wealth reaches zero or drops below

zero, the EER reaches 20 percent.

Figure 5: The Credit Spread and the Financial Intermediary Wealth Share
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5 Macro-prudential Policy

We use our calibrated model to investigate the effects of macro-prudential policy choices. Our

main experiment is a variation in the intermediaries’ leverage constraint. In the benchmark

model, intermediaries can borrow 94 cents against every dollar in assets (ξ = .94). We explore

tighter constraints (ξ = .75, ξ = .80, ξ = .85, ξ = 0.90), as well as looser constraints (ξ = .97).

We further explore a time-varying capital requirement conditional on the uncertainty state, σω,t,

with a tighter requirement during low and a looser requirement during high uncertainty periods

(ξ = {.93, .95}). Our third macro-prudential policy experiment is to charge intermediaries

κ = 1.0% for deposit insurance, a much higher tax on leverage than in the benchmark (0.084%).

Tables 5 and 6 show the results. Table 6 reports results in percentage deviation from the

benchmark.

Changing maximum intermediary leverage Rows 10 and 11 of Table 5 show that a policy

that constrains bank leverage is indeed successful at bringing down that leverage. Banks reduce

the size of their assets, both in book and market value terms (rows 2 and 3) and the size of

their liabilities (row 16). On net, intermediary equity increases sharply as ξ is lowered (row 14).

With intermediaries better capitalized, financial fragility falls. Intermediary sector insolvencies

(row 13) drop rapidly from 0.54% to 0.01% first (at ξ = .90) and further to 0% for all tighter

capital requirements. Interestingly, with tighter regulation, intermediaries’ constraints bind less

frequently (row 12). Intermediaries become more cautious when they are farther away from

insolvency, since the option to default (limited liability) is farther out-of-the-money. In sum,

tighter regulation leads to a safer intermediary sector, but also to a smaller one.

The firm value of intermediaries, V I (row 15), increases by less than intermediary capital

W I (row 14). We can interpret the ratio of both, the value of banks per dollar of bank capital,

in row 15A as the gross franchise value of banks. If the value of banks was simply equal to the

difference between the market value of assets and liabilities, this ratio would be equal to one.36

A ratio greater than unity reflects the additional franchise value of banking. We can see that the

franchise value of intermediaries declines as regulation is tightened. At lower levels of ξ, banks

36Savers are the marginal agents in the market for risk free debt. Savers’ SDF effectively determines the
market value of bank debt, which is greater than the internal “shadow” value of debt to banks.
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require more capital to fund a given amount of loans. Bank equity capital is more costly than

debt funding due to (i) tax advantages of debt, (ii) deposit insurance, (iii) dividend adjustment

costs, (iv) differences in patience between borrowers and lenders. Therefore, as intermediaries

are forced to fund each dollar of loans with a greater proportion of equity capital, the value

created for bank shareholders per dollar of capital invested declines. While in the benchmark,

the gross franchise value of intermediaries is 1.34, this value declines to 1.04 at ξ = .75.

The increased safety of the financial sector is also reflected in lower corporate default, loss-

given-default, and loss rates for non-financial firms as ξ falls (rows 7-9). Firms choose to reduce

leverage (rows 4-5) and their LTV constraints never bind (row 6). Firms reluctance to undertake

more leverage despite the safer environment may be understood from the higher interest rates

and spreads they face on debt (rows 21 and 22). When intermediary capacity shrinks (with

lower ξ), the reward for providing intermediation services increases. Higher financial sector net

interest income is evidenced by a higher credit spread in the face of lower loss loan rates.

A first key effect of tighter macro-prudential policy is that the economy’s output shrinks (row

29), and the corporate and financial sectors become less levered and fragile. The capital stock

shrinks sizeably (row 30). The reduction in output arises because firms are smaller and borrow

less from a smaller intermediary sector, since debt finance became more costly. Even though

GDP shrinks, aggregate consumption increases slightly (row 31) as the capital requirement is

tightened. Lower DWL from fewer firm and bank failures offset the decrease in production (row

28).

A second key effect of tighter capital regulation is that it effectively makes banks more

risk averse. Maintaining a larger equity buffer means that intermediaries need to incur larger

(in absolute value) deviations from the dividend target. At lower ξ, the dividend adjustment

cost makes reacting to economic fluctuations by varying dividends more expensive, relative

to the benchmark. Therefore, intermediaries react to fluctuations by adjusting assets and

debt instead of equity (dividends), as can be seen in rows 34-36 of table 6: lower ξ increases

the volatility of asset and debt growth, but reduces the volatility of dividend growth. When

going from the benchmark to slightly tighter regulation, the reduced ability of intermediaries

to absorb aggregate risk thus spills over to higher consumption volatility for both households

(rows 38-40). However, the overall effect on macroeconomic volatility is non-monotonic: tighter
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regulation diminishes the intermediary’s willingness to absorb aggregate risk, but at the same

time it makes financial crises less severe. Volatility of investment and consumption peaks at

ξ = .85. For even tighter regulation, volatility declines as the difference between financial and

non-financial recessions becomes smaller. At a capital requirement of 25% (ξ = .75), volatilities

are lower than in the benchmark. Interestingly, looser regulation than benchmark also raises

macroeconomic volatility. The economy with ξ = .97 experiences severe financial recessions

more frequently, as the indicated by the higher default rates of firms and banks.37

In summary, tightening the capital requirement has two key effects: (1) it shrinks the econ-

omy and lowers leverage of firms and banks, reducing macroeconomic risk; and (2), it effectively

makes banks more risk averse, reducing their willingness to absorb aggregate risk and caus-

ing higher macroeconomic volatility, holding constant risk. The net effect is that population

weighted aggregate welfare (row 24) is maximized at ξ = .90, just 4 percentage points below

the benchmark, for, leading to a welfare gain of 35 bps. An even lower capital requirement

increases volatility without additional benefits from fewer defaults.

The small aggregate gain masks large heterogeneity in gains and losses among borrowers

savers. Tighter regulation redistributes wealth from savers to borrowers: it both reduces the

supply of safe assets and makes it less reliable. As debt finance becomes more expensive,

borrowers rely more on equity finance and a larger share of firm earnings accrues to them. At

ξ = .90, borrower consumption is 3.4% higher than in the benchmark and saver consumption is

2.7% lower (row 32 and 33), leading to welfare gains and losses of similar size (row 26 and 27).

Looser capital requirements have the opposite distributional effect and increase saver wealth at

the expense of borrowers. However, DWL from firm and bank failures are so large at ξ = .97

that consumption of both agents is lower than in the benchmark. The increased financial

fragility makes both agents worse off.

None of the variations of ξ allow a Pareto improving transfer scheme (row 25), which means

that welfare gains to borrowers are not sufficient to compensate savers for their losses.38

37At this low capital requirement of 3%, intermediaries only keep a small equity buffer and are much closer
to their default threshold. Higher likelihood of bankruptcy causes them to optimally absorb less aggregate risk.

38Savers are more patient than borrowers and require greater compensation for the same permanent reduction
in consumption.
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Time-varying Capital Requirement The 7th column of tables 5 and 6 show an experi-

ment with a capital requirement that varies conditional on the uncertainty state σω,t. When

uncertainty is low, banks’ constraint is tightened (ξ = .93) than in the benchmark, whereas it

is loosened (ξ = .95) when uncertainty is high. This procyclical capital requirement causes a

moderate expansion in corporate and financial leverage, leading to slightly higher loan losses

(1.06% vs .96%) and substantially more frequent bank defaults (1.13% vs. .54%). However,

the higher DWL are offset by a greater capital stock (+1.1%) and higher GDP (+.3%), such

that aggregate consumption remains unchanged. Even though credit risk increases, the credit

spread shrinks due to a smaller credit risk premium (+.89% vs. 1.09%). Since intermediaries

are less constrained in financial crises, they require less compensation for carrying aggregate risk

and macroeconomic volatility decreases. Risk sharing among borrowers and savers improves, as

indicated by the lower volatility of the MU ratio (row 41, -34.2%). The greater financial sector

distributes wealth from borrowers to savers: saver consumption increases by 2.2% and welfare

by 1.5%. Borrower welfare declines by 2.4%, implying an ex-post aggregate welfare loss of 42

bps.

However, since the experiment makes the more patient savers significantly better off, it allows

for Pareto improving wealth transfers. The compensating variation wealth residual (row 25) is

17% of GDP. This numbers implies that a transfer scheme making both agents exactly as well

off as in the benchmark would leave the policy maker with a residual payment stream that has

a present value equal to 17% of GDP.39

Increasing cost of deposit insurance The last column of tables 5 and 6 show the result

of an experiment that increases the cost of deposit insurance κ from 0.08% to 1% per unit of

deposit. While this is a direct tax on bank leverage, the incidence of this tax in equilibrium

falls on firms and savers. Firms bear most of the cost through a significantly higher credit

risk premium, paying a 2.39% credit spread (vs. 2.05%) despite a reduction in the loan loss

rate from .96% to .5%. As a result, equilibrium firm leverage is much lower. Contrary to the

39To interpret the number, consider the following thought experiment. In the ξ = {.93, .95} economy, the
policy maker could levy a tax on savers that reduces their utility to the level of the benchmark. The present
value of the tax revenue would be 26% of benchmark GDP. The revenue could be used to pay a subsidy to
borrowers that makes them exactly as well of as in the benchmark; the present value of this subsidy would be
9% of GDP. The remaining revenue has a present value of 17% of GDP and constitutes the Pareto improvement.
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presumed intention of the policy, banks lever up due to the high excess returns they earn on

loans and become more fragile (1.13% bank failures). The capital stock shrinks by 4.2% and

GDP by 1.2%, which is mostly offset by smaller DWL from corporate defaults. Overall, the

policy redistributes wealth from savers to borrowers, as the overall supply of risk free debt

shrinks. The policy leads to the largest ex-post aggregate welfare gain of .49%. However, since

it makes savers significantly worse off, it does not allow for Pareto improving transfers.

Policy transitions The tables above only compare the ergodic distributions of economies

with different policy parameters. How would an unanticipated policy change to a tighter or

looser capital requirement affect output, consumption, and the welfare of borrowers and savers

in the short term?

Figure 6: Transition Dynamics After Change in Capital Requirement
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Blue line: lower capital requirement; red line: higher capital requirement

Figure 6 plots the evolution of these variables after a policy change from the benchmark

to either a higher (ξ = .9) or a lower (ξ = .97) capital requirement. In the long run, output,

consumption, and agent welfare converge to their ergodic means in tables 5 and 6. In the short
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run, consumption “overshoot” in both cases. Tightening the capital requirement by 4 p.p. leads

a contraction in GDP as investment drops. But lower investment also causes a consumption

boom in the short run as the economy transitions to a permanently lower capital stock.

6 Conclusion

We provide the first calibrated macro-economic model which features intermediaries who extend

long-term defaultable loans to firms producing output and raise deposits from risk averse savers,

and in which both banks and firms can default. The model incorporates a rich set of fiscal policy

rules, including deposit insurance, and endogenizes the risk-free interest rate.

Like in the standard accelerator model, shocks to the macro-economy affect entrepreneurial

net worth. Since firm borrowing is constrained by net worth, macro-economic shocks are am-

plified by tighter borrowing constraints. Unlike the original models, ours features risk averse

infinitely-lived entrepreneurs and long-term defaultable debt. A second financial accelerator

arises from explicitly modeling the financial intermediaries’ balance sheet as separate from that

of the entrepreneur-borrowers and saving households. Intermediaries are subject to regulatory

capital constraints. Macro-economic shocks that lead to binding intermediary borrowing con-

straints amplify the shocks through their direct effect on intermediaries’ net worth and the

indirect effect on borrowers to whom the intermediaries lend.

We explore the dynamics of quantities and prices in this setting and compare them to U.S.

data, with a focus on understanding differences between financial and non-financial recessions.

Our main application studies macro-prudential policy that imposes restrictions on bank lever-

age. While such policies reduce credit risk and bank fragility, they increase the cost of debt

funding for firms and intermediaries, hampering investment and shrinking the size of the econ-

omy. They further redistribute wealth from savers to bank and firm equity holders. Our

experiments show that the incidence of policies designed to limit the riskiness of the financial

sector may fall on other sectors of the economy.
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A Model Appendix

A.1 Borrower-entrepreneur problem

A.1.1 Technology

The exogenous laws of motion for the TFP level ZA
t is (lower case letters denote logs):

logZA
t = (1− ρA)zA + ρA logZA

t−1 + εAt εAt ∼ iidN (0, σA)

Denote µZA = e
zA+

(σA)2

2(1−ρ2
A

) .

Idiosyncratic productivity of borrower-entrepreneur i at date t is denoted

ωi,t ∼ iid Gamma(γ0,t, γ1,t),

where the parameters γ0,t and γ1,t are chosen such that

E(ωi,t) = 1,

Var(ωi,t) = σ2
ω,t.

Individual output is
Yi,t = ωi,tZ

A
t K

1−α
t Lαt .

Aggregate production is

Yt =

∫
Ω

Yi,tdF (ωi) =

∫
Ω

ωdF (ω)ZA
t K

1−α
t (Lt)

α = ZA
t K

1−α
t (Lt)

α.

Individual producer profit is

πi,t = Yi,t −
∑
j

wjLj − At.

Therefore, the default cutoff at πi,t = 0 is

ω∗t =
π +

∑
j w

j
tL

j
t + At

Yt
.

A.1.2 Preliminaries

We start by defining some preliminaries.
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Borrower Defaults

ΩA(ω∗t ) = 1− Fω,t(ω∗t )

ΩK(ω∗t ) =

∫ ∞
ω∗
t

ωdFω,t(ω)

where Fω,t(·) is the CDF of ωi,t.

It is useful to compute the derivatives of ΩK(·) and ΩA(·):

∂ΩK(ω∗t )

∂ω∗t
=

∂

∂ω∗t

∫ ∞
ω∗
t

ωfω(ω)dω = −ω∗t fω(ω∗t ),

∂ΩA(ω∗t )

∂ω∗t
=

∂

∂ω∗t

∫ ∞
ω∗
t

fω(ω)dω = −fω(ω∗t ),

where fω(·) is the p.d.f. of ωi,t.

Capital Adjustment Cost Let

Ψ(Xt, K
B
t ) =

ψ

2

(
Xt

KB
t

− δK
)2

KB
t .

Then partial derivatives are

ΨX(Xt, K
B
t ) = ψ

(
Xt

KB
t

− δK
)

(24)

ΨK(Xt, K
B
t ) = − ψ

2

((
Xt

KB
t

)2

− δ2
K

)
(25)

Dividend Adjustment Cost Let

Σ(dIt ) =
σI

2
(dIt − d̄)2.

The derivative is
Σ′(dIt ) = σI(dIt − d̄).

A.1.3 Optimization Problem

We consider the producers’s problem in the current period after aggregate TFP and idiosyn-
cratic productivity shocks have been realized.

Let SBt =
(
ZA
t , σω,t,W

I
t ,W

S
t , B

G
t−1

)
represent state variables exogenous to the borrower-

entrepreneur’s decision.
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Then the borrower problem is

V B(KB
t , A

B
t ,SBt ) = max

{CBt ,KB
t+1,1,Xt,A

B
t+1,L

j
t}

{
(1− βB)

(
CB
t

)1−1/ν
+

+ βBEt

[(
V B(KB

t+1, A
B
t+1,SBt+1)

)1−σB
] 1−1/ν

1−σB

} 1
1−1/ν

subject to

CB
t = (1− τBΠ )ΩK(ω∗t )Yt + (1− τBt )wBt L̄

B +GT,B
t + pt[Xt + ΩA(ω∗t )(1− δ̃K)KB

t ]

+ qmt A
B
t+1 − ΩA(ω∗t )A

B
t (1− (1− θ)τBΠ + δqmt )

− ptKB
t+1 −Xt −Ψ(Xt, K

B
t )− (1− τBΠ )ΩA(ω∗t )

∑
j=B,S

wjtL
j
t +DI

t (26)

FABt ≤ ΦptΩA(ω∗t )(1− δ̃K)KB
t , (27)

where we have define after-tax depreciation δ̃K = (1− τBΠ )δK .

Denote the value function and the partial derivatives of the value function as:

V B
t ≡ V (KB

t , A
B
t ,SBt ),

V B
A,t ≡

∂V (KB
t , A

B
t ,SBt )

∂ABt
,

V B
K,t ≡

∂V (KB
t , A

B
t ,SBt )

∂KB
t

.

Denote the certainty equivalent of future utility as:

CEB
t = Et

[(
V B(KB

t+1, A
B
t+1,SBt+1)

)1−σB
] 1

1−σB .
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Marginal Cost of Default Before deriving optimality conditions, it is useful to compute
the marginal consumption loss due to an increased default threshold ω∗t

∂CB
t

∂ω∗t
=
∂ΩK(ω∗t )

∂ω∗t
(1− τBΠ )Yt

+
∂ΩA(ω∗t )

∂ω∗t

[
(1− δ̃K)ptK

B
t − ABt (1− (1− θ)τBΠ + δqmt )− (1− τBΠ )

∑
j

wjtL
j
t

]

=− fω(ω∗t )

[
(1− τBΠ )ω∗t Yt + (1− δ̃K)ptK

B
t − ABt (1− (1− θ)τBΠ + δqmt )− (1− τBΠ )

∑
j

wjtL
j
t

]

=− fω(ω∗t )Yt

[
(1− δ̃K)ptK

B
t − ABt (θτBΠ + δqmt )

Yt

]
︸ ︷︷ ︸

=Ft

=− fω(ω∗t )YtFt.

The function Ft has an intuitive interpretation as the marginal loss, expressed in consumption
units per unit of aggregate output, to producers from an increase in the default threshold. The
first term is the loss of capital due to defaulting members. The second term represents gains
due to debt erased in foreclosure.

A.1.4 First-order conditions

Loans The FOC for loans ABt+1 is:

qmt
(uBt )1−1/ν

CB
t

(1− βB)(V B
t )1/ν =

λBt F − βBEt[(V
B
t+1)−σBV B

A,t+1](CEB
t )σB−1/ν(V B

t )1/ν (28)

where λBt is the Lagrange multiplier on the constraint in (27).

Capital Similarly, the FOC for new capital KB
t+1 is:

pt
(1− βB)(V B

t )1/ν(uBt )1−1/ν

CB
t

=

βBEt[(V
B
t+1)−σBV B

K,t+1](CEB
t )σB−1/ν(V B

t )1/ν (29)

Investment The FOC for investment Xt is:

[1 + ΨX(XB
t , K

B
t )− pt]

(1− βB)(UB
t )1−1/ν(V B

t )1/ν

CB
t

= 0,
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which simplifies to

1 + ΨX(XB
t , K

B
t ) = pt. (30)

Labor Inputs Defining γB = 1− γI − γS, aggregate labor input is

Lt =
∏

j=B,I,S

(Ljt)
γj .

We further compute

∂ω∗t
∂Ljt

=

(
wjt
Yt
− ω∗t

MPLjt
Yt

)
,

defining the marginal product of labor of type j as

MPLjt = αγjZ
A
t

Lt

Ljt

(
KB
t

Lt

)1−α

.

The FOC for labor input Ljt is then

(1− βB)(uBt )1−1/ν(V B
t )1/ν

CB
t

[
(1− τBΠ )ΩK(ω∗t )MPLjt − (1− τBΠ )ΩA(ω∗t )w

j
t +

∂ω∗t
∂Ljt

∂CB
t

∂ω∗t

]
= 0,

which yields

(1− τBΠ )ΩK(ω∗t )MPLjt = (1− τBΠ )ΩA(ω∗t )w
j
t + fω(ω∗t )

(
wjt − ω∗tMPLjt

)
Ft. (31)

A.1.5 Marginal Values of State Variables and SDF

Loans Taking the derivative of the value function with respect to ABt gives:

V B
A,t =

[
−
(
1− (1− θ)τ IΠ + δqmt

)
ΩA(ω∗t ) +

∂ω∗t
∂ABt

∂CB
t

∂ω∗t

]
(1− βB)(uBt )1−1/ν(V B

t )1/ν

CB
t

= −
[(

1− (1− θ)τ IΠ + δqmt
)

ΩA(ω∗t ) + fω(ω∗t )Ft
] (1− βB)(uBt )1−1/ν(V B

t )1/ν

CB
t

, (32)

where we used the fact that
∂ω∗

t

∂ABt
= 1

Yt
.

Capital Taking the derivative of the value function with respect to KB
t gives:

V B
K,t =

[
ptΩA(ω∗t )

(
1− (1− τBΠ )δK

)
+ (1− τBΠ )(1− α)ΩK(ω∗t )Z

A
t

(
KB
t

Lt

)−α
−ΨK(XB

t , K
B
t ) +

∂CB
t

∂ω∗t

∂ω∗t
∂KB

t

+ λ̃Bt Φpt(1− δ̃K)

(
ΩA(ω∗t ) +KB

t

∂ΩA(ω∗t )

∂ω∗t

∂ω∗t
∂KB

t

)]
(1− βB)(uBt )1−1/ν(V B

t )1/ν

CB
t

.
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Taking the derivative
∂ω∗t
∂KB

t

= −ω
∗
t

Yt
(1− α)ZA

t

(
KB
t

Lt

)−α
,

we get

V B
K,t =

{
ptΩA(ω∗t )(1− δ̃K)

(
1 + Φλ̃Bt

)
+ (1− τBΠ )(1− α)ΩK(ω∗t )Z

A
t

(
KB
t

Lt

)−α
−ΨK(XB

t , K
B
t )

+(1− α)fω(ω∗t )ω
∗
t

[
ZA
t

(
KB
t

Lt

)−α
Ft + λ̃Bt Φpt(1− δ̃K)

]}
(1− βB)(uBt )1−1/ν(V B

t )1/ν

CB
t

.

(33)

SDF We can define the stochastic discount factor (SDF) from t to t+ 1 of borrowers:

MB
t,t+1 = βB

(
CB
t+1

CB
t

)−1/νB ( V B
t+1

CEB
t

)1/νB−σB

. (34)

A.1.6 Euler Equations

Loans Substituting in for V B
A,t+1 in (28) and using the SDF expression, we get the recursion:

qmt = λ̃Bt F + Et

{
MB

t,t+1

[
ΩA(ω∗t+1)

(
1− (1− θ)τΠ + δqmt+1

)
+ fω(ω∗t+1)Ft+1

]}
. (35)

Capital Substituting in for V B
K,t+1 and using the SDF expression, we get the recursion:

pt = Et

[
MB

t,t+1

{
pt+1ΩA(ω∗t+1)(1− δ̃K)

(
1 + Φλ̃Bt+1

)
+ (1− τΠ)(1− α)ΩK(ω∗t+1)ZA

t+1

(
KB
t+1

Lt+1

)−α
−ΨK(XB

t+1, K
B
t+1) + (1− α)fω(ω∗t+1)ω∗t+1

(
ZA
t+1

(
KB
t+1

Lt+1

)−α
Ft+1 + (1− δ̃K)Φλ̃Bt+1pt+1

)}]
.

(36)

A.2 Intermediaries

A.2.1 Statement of stationary problem

Wealth W I
t is the wealth of all intermediaries after firm and intermediary bankruptcies and

recapitalization of defaulting intermediaries by borrowers.

At the end of each period, all intermediaries face the following optimization problem over
dividend payout and portfolio composition (see equation (15) in the main text):

V I(W I
t ,SIt ) = max

dIt ,B
I
t ,A

I
t+1

dIt + Et

[
MB

t,t+1Fε,t+1

(
V I
t+1(W I

t+1,SIt+1)− εI,−t+1

)]
(37)
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subject to:

W I
t ≥ dIt + Σ(dIt ) + qmt A

I
t+1 + (qft + τΠrft + I{BIt<0}κ)BI

t , (38)

W I
t+1 =

[(
M̃t+1 + ΩA(ω∗t+1)δqmt+1

)
AIt+1 +BI

t

]
, (39)

qft B
I
t ≥ − ξqmt AIt+1, (40)

AIt+1 ≥ 0, (41)

SIt+1 = h(SIt ). (42)

For the evolution of intermediary wealth in (39), we have defined the total after-tax payoff
per bond

M̃t+1 = (1− (1− θ)τ IΠ)ΩA(ω∗t+1) +Mt+1/A
B
t+1,

where Mt+1 is the total recovery value of bankrupt borrower firms seized by intermediaries, as
defined in (12).

A.2.2 First-order conditions

Dividend Payout To take the FOC for dividends dIt , eliminate BI
t by substituting the budget

constraint into the transition law for wealth to get

W I
t+1 = (M̃t+1 + δΩA(ω∗t+1)qmt+1)AIt+1 +

W I
t − dIt − Σ(dIt )− qmt AIt+1

qft + τΠrft − κ
, (43)

and for the leverage constraint

−
W I
t − dIt − Σ(dIt )− qmt AIt+1

qft + τΠrft − κ
qft ≤ ξqmt A

I
t+1. (44)

Now we can differentiate the objective function with respect to dIt

1

1 + Σ′(dIt )
=

1

qft + τΠrft − κ

[
qft λ

I
t + Et

{
MB

t,t+1

∂

∂W I
t+1

(
Fε,t+1

(
V I(W I

t+1,SIt+1)− εI,−t+1

))}]
,

where λIt denotes the Lagrange multiplier on the leverage constraint.

To compute the derivative in the expectation, rewrite the expression as

Fε,t+1

(
V I(W I

t+1,SIt+1)− εI,−t+1

)
= Fε,tV

I
t (W I

t ,SIt )−
∫ V It (W I

t ,SIt )

−∞
εdFε(ε).

Differentiating with respect to W I
t gives (by application of Leibniz’ rule)

V I
t V

I
W,tfε,t + V I

W,tFε,t − V I
t V

I
W,tfε,t = V I

W,tFε,t.
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Substituting in this result, the FOC becomes

1

1 + Σ′(dIt )
=

1

qft + τΠrft − κ

[
qft λ

I
t + Et

{
MB

t,t+1V
I
W,t+1Fε,t+1

}]
.

Loans Using the same approach as for the dividend payout FOC, the FOC for loans AIt+1 is

qmt

qft + τΠrft − κ

[
qft λ

I
t + Et

{
MB

t,t+1V
I
W,t+1Fε,t+1

}]
=

1

qft + τΠrft − κ

[
ξqmt λ

I
t + Et

{
MB

t,t+1V
I
W,t+1Fε,t+1

(
M̃t+1 + δΩA(ω∗t+1)qmt+1

)}]
.

Noting that the LHS is equal to the RHS of the dividend FOC above, this can be written more
compactly as

1

1 + Σ′(dIt )
=

1

qft + τΠrft − κ

[
ξqmt λ

I
t + Et

{
MB

t,t+1V
I
W,t+1Fε,t+1

(
M̃t+1 + δΩA(ω∗t+1)qmt+1

)}]
.

A.2.3 Marginal value of wealth and SDF

First take the envelope condition

V I
W,t =

1

qft + τΠrft − κ

[
qft λ

I
t + Et

{
MB

t,t+1V
I
W,t+1Fε,t+1

}]
.

Combining this with the FOC for dividends above yields

V I
W,t =

1

1 + Σ′(dIt )
. (45)

We can define a stochastic discount factor for intermediaries as

MI
t,t+1 =MB

t,t+1

1 + Σ′(dIt )

1 + Σ′(dIt+1)
Fε,t+1. (46)

A.2.4 Euler Equations

Using the definition of the SDF MI
t,t+1 above, we can write the FOC for dividend payout and

new loans more compactly as:

qft + τΠrft − κ =qft λ̃
I
t + Et

[
MI

t,t+1

]
, (47)

qmt =ξλ̃It q
m
t + Et

[
MI

t,t+1

(
M̃t+1 + δqmt+1ΩA(ω∗t+1)

)]
, (48)

where λ̃It is the original multiplier λIt divided by the marginal value of wealth.
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A.3 Savers

A.3.1 Statement of stationary problem

Let SSt =
(
ZA
t , σω,t, K

B
t , A

B
t ,W

I
t , B

G
t−1

)
be the saver’s state vector capturing all exogenous state

variables. The problem of the saver is:

V S(W S
t ,SSt ) = max

{CSt ,BSt }

{
(1− βS)

[
CS
t

]1−1/ν
+ βSEt

[(
Ṽ S(W S

t+1,SSt+1)
)1−σS

] 1−1/ν
1−σS

} 1
1−1/ν

subject to

CS
t = (1− τSt )wSt L̄

S +GT,S
t +W S

t − q
f
t B

S
t (49)

W S
t+1 = BS

t (50)

BS
t ≥ 0 (51)

SSt+1 =h(SSt ) (52)

As before, we will drop the arguments of the value function and denote the marginal value
of wealth as:

V S
t ≡ V S

t (W S
t ,SSt ),

V S
W,t ≡

∂V S
t (W S

t ,SSt )

∂W S
t

,

Denote the certainty equivalent of future utility as:

CES
t = Et

[(
V S(W S

t ,SSt )
)1−σS

]
.

A.3.2 First-order conditions

The first-order condition for the short-term bond position is:

qft (CS
t )−1/ν(1− βS)(V S

t )1/ν = λSt + βSEt[(V
S
t+1)−σSV S

W,t+1](CES
t )σS−1/ν(V S

t )1/ν (53)

where λSt is the Lagrange multiplier on the no-borrowing constraint (51).

A.3.3 Marginal Values of State Variables and SDF

The marginal value of saver wealth is:

V S
W,t = (CS

t )−1/ν(1− βS)(V S
t )1/ν , . (54)
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Defining the SDF in the same fashion as we did for borrowers, we get:

MS
t,t+1 = βS

(
V S
t+1

CES
t

)1/νS−σS (CS
t+1

CS
t

)−1/νS

.

A.3.4 Euler Equations

Combining the first-order condition for short-term bonds (53) with the marginal value of wealth,
and the SDF, we get the Euler equation for the short-term bond:

qft = λ̃St + Et

[
MS

t,t+1

]
(55)

where λ̃St is the original multiplier λSt divided by the marginal value of wealth.

A.4 Equilibrium

The optimality conditions describing the problem are (26), (30), (35), (36), and (31) for bor-
rowers, (38), (47), and (48) for intermediaries, and (49) and (55) for depositors. We add
complementary slackness conditions for the constraints (27) for borrowers, (40) and (41) for
intermediaries, and (51) for depositors. Together with the market clearing conditions (20), (21),
(22), and (23) these equations fully characterize the economy.

B Calibration Appendix

B.1 Long-term corporate Bonds

Our model’s corporate bonds are geometrically declining perpetuities, and as such have no
principal. The issuer of one unit of the bond at time t promises to pay the holder 1 at time
t+1, δ at time t+2, δ2 at time t+3, and so on. Issuers must hold enough capital to collateralize
the face value of the bond, given by F = θ

1−δ , a constant parameter that does not depend on any
state variable of the economy. Real life bonds have a finite maturity and a principal payment.
They also have a vintage (year of issuance), whereas our bonds combine all vintages in one
variable. This appendix explains how to map the geometric bonds in our model into real-world
bonds by choosing values for δ and θ.

Our model’s corporate loan/bond refers to the entire pool of all outstanding corporate
loans/bonds. To proxy for this pool, we use investment-grade and high-yield indices con-
structed by Bank of America Merill Lynch (BofAML) and Barclays Capital (BarCap). For the
BofAML indices40 we obtain a time series of monthly market values, durations (the sensitivity
of prices to interest rates), weighted-average maturity (WAM), and weighted average coupons
(WAC) for January 1997 until December 2015. For the BarCap indices41 we obtain a time
series of option-adjusted spreads over the Treasury yield curve.

40Datastream Codes LHYIELD and LHCCORP for investment grade and high-yield corporate bonds, respec-
tively

41They are named C0A0 and H0A0 for investment grade and high-yield corporate bonds, respectively.
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First, we use market values of the BofAML investment grade and high-yield portfolios to
create an aggregate bond index and find its mean WAC c of 5.5% and WAM T of 10 years over
our time period. We also add the time series of OAS to the constant maturity treasury rate
corresponding to that period’s WAM to get a time series of bond yields rt. Next, we construct
a plain vanilla corporate bond with a semiannual coupon and maturity equal to the WAC and
WAM of the aggregate bond index, and compute the price for $1 par of this bond for each
yield:

P c(rt) =
2T∑
i=1

c/2

(1 + rt)i/2
+

1

(1 + rt)T

We can write the steady-state price of a geometric bond with parameter δ as

PG(rt) =
1

1 + rt

[
1 + δPG(rt)

]
Solving for PG(yt), we get

PG(rt) =
1

1 + rt − δ

The calibration determines how many units X of the geometric bond with parameter δ one
needs to sell to hedge one unit of plain vanilla bond P c against parallel shifts in interest rates,
across the range of historical yields:

min
δ,X

2015.12∑
t=1997.1

[
P c(rt)−XPG(rt; δ)

]2
We estimate δ = 0.937 and X = 12.9, yielding an average pricing error of only 0.41%. This

value for δ implies a time series of durations Dt = − 1
PGt

dPGt
drt

with a mean of 6.84.

To establish a notion of principal for the geometric bond, we compare it to a duration-
matched zero-coupon bond i.e. borrowing some amount today (the principal) and repaying it
Dt years from now. The principal of this loan is just the price of the corresponding Dt maturity
zero-coupon bond 1

(1+rt)Dt

We set the “principal” F of one unit of the geometric bond to be some fraction θ of the
undiscounted sum of all its cash flows θ

1−δ , where

θ =
1

N

2015.12∑
t=1997.1

1

(1 + rt)Dt

We get θ = 0.582 and F = 9.18.
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C Computational Solution

The computational solution of the model is implemented using what Judd (1998) calls “time
iteration” on the system of equations that characterizes the equilibrium of the economy defined
in appendix section A.4. Policy functions, prices, and Lagrange multipliers are approximated as
piecewise linear functions of the exogenous and endogenous state variables. The algorithm solves
for a set of non-linear equations including the Euler equations and the Kuhn-Tucker conditions
expressed as equalities. The general solution approach for heterogeneous agent models with
incomplete markets and portfolio constraints that we employ in this paper is well described by
Kubler and Schmedders (2003). They show that there exist stationary equilibria in this class
of models when all exogenous state variables follow Markov chains, as is the case in our model
as well.

The procedure consists of the following steps

1. Define approximating basis for the unknown functions. The state space consists
of

– two exogenous state variables [ZA
t , σωt ], and

– five endogenous state variables [KB
t , A

B
t ,W

I
t ,W

S
t , B

G
t ].

Denote the sets of values these state variables can take as Sx and Sn respectively. The
aggregate state space is S = Sx × Sn. There are two sets of unknown functions of
the state variables that need to be computed. The first set of unknown functions CP :
S → P ⊆ RN determines the values of endogenous objects specified in the equilibrium
definition at every point in the state space. These are the prices, agents’ choice variables,
and the Lagrange multipliers on the portfolio constraints. There is an equal number of
these unknown functions and nonlinear functional equations. The second set of functions
CT : S × Sx → Sn determines the next-period endogenous state as a function of the
endogenous state in the current period and the next-period realization of shocks. To
approximate the unknown functions, we discretize the state space and use multivariate
linear interpolation (splines or polynomials of various orders achieved inferior results
due to their lack of global shape preservation). One endogenous state variable can be
eliminated for computational purposes since its value is implied by the agents’ budget
constraints, conditional on any three other state variables. As pointed out by several
previous studies such as Kubler and Schmedders (2003), portfolio constraints lead to
additional computational challenges since portfolio policies may not be smooth functions
of state variables due to occasionally binding constraints. Hence we cluster grid points in
areas of the state space where constraints transition from slack to binding, and we test
the accuracy of the approximation by computing relative Euler equation errors.

2. Iteratively solve for the unknown functions. Given an initial guess C0 = {C0
P , C0

T} at
each point in the discretized state space compute tomorrow’s optimal policies as functions
of tomorrow’s states. Then, compute expectation terms in the equilibrium conditions
using quadrature methods. Next, solve the system of nonlinear equations for the current-
period optimal policies. This defines the value of the next iterate C1

P at the given point.
Using it, compute the next iterate of the transition approximation C1

T at the given point.
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Once C1 has been computed at every point on the grid, repeat until convergence in the
sup norm.

The system of nonlinear equations at each point in the state space is solved using a
standard nonlinear equation solver. Judd, Kubler, and Schmedders (2002) show how
Kuhn-Tucker conditions can be rewritten as equality constraints for this purpose. For
example, consider the saver’s Euler Equation for risk-free bonds and constraint:

qft = λ̃St + Et

[
MS

t,t+1

]
0 ≤ BS

t

Now define an auxiliary variable xt and two functions of this variable, such that λ̃S,+t =
max{0, xt}3 and λ̃S,−t = max{0,−xt}3. Then the two equations above can be written as
equalities:

qft = λ̃S,+t + Et

[
MS

t,t+1

]
0 = BS

t − λ̃
S,−
t

The solution variable for the nonlinear equation solver corresponding to the constraint is
xt.

The nonlinear equation solver needs to compute the Jacobian of the system at each step.
Numerical central-difference (forward-difference) approximation of the Jacobian can be
inaccurate and is computationally costly because it requires 2N + 1 (N + 1) evaluations
of the system, whereas analytically computed Jacobians are exact and require only one
evaluation. We follow Elenev (2016) in pre-computing expectations, which simplifies the
nonlinear system such that its Jacobian can be computed analytically. This greatly speeds
up calculations.

3. Simulate the model for many periods using approximated policy functions. To
obtain the quantitative results, we simulate the model for 10,000 periods after a “burn-in”
phase of 500 periods. We verify that the simulated time path stays within the bounds of
the state space for which the policy functions were computed.

In a long simulation, errors in the nonlinear equations are low. Table 7 reports the median
error, the 95th percentile of the error distribution, the 99th, and 100th percentiles.

66



Table 7: Computational Errors

Percentile

50th 75th 95th 99th Max

(35) 0.0004 0.0009 0.0019 0.0033 0.0316

(36) 0.0003 0.0005 0.0011 0.0017 0.0051

(31), B 0.0001 0.0002 0.0002 0.0003 0.0004

(31), S 0.0001 0.0002 0.0002 0.0003 0.0004

(47) 0.0038 0.0079 0.0140 0.0180 0.1302

(48) 0.0042 0.0091 0.0185 0.0212 0.1389

(55) 0.0007 0.0014 0.0026 0.0036 0.0119

(40) 0.0005 0.0011 0.0027 0.0048 0.1069

(51) 0.0055 0.0080 0.0181 0.0288 0.0783

(20) 0.0005 0.0006 0.0007 0.0009 0.0369

(41) 0.0002 0.0006 0.0010 0.0015 0.0079

(27) 0.0041 0.0065 0.0137 0.0228 0.0581

The table reports median, 75th percentile, 95th percentile,
99th percentile, and maximum absolute value errors, evalu-
ated at state space points from a 10,000 period simulation of
the benchmark model. The 12 equations define policy func-
tions. They are a subset of the 21 equations that define the
equilibrium.
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