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Abstract
Why do some financial crises lead to macroeconomic disasters, while others barely
affect the real economy? How should policy makers deal with such extreme events? This
paper proposes a model to study unusually deep financial crises. Disasters episodes arise
as the consequence of demand-driven coordination failures on the productive sector,
and weak balance sheets on the financial sector. There is an endogenous dynamic
feedback between intermediaries’ balance sheets and coordination. The calibrated model
is able to capture several empirical regularities. Coordination failures alone have small
effects, but once one takes into account the dynamic feedback from the financial sector,
they have a large negative impact on asset prices, investment and welfare, even if the
economy is in good times and they rarely happen. Macroprudential policies that increase
intermediaries’ returns during disasters greatly improve welfare, growth and financial
stability, almost mitigating the negative effects of coordination failures.
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Introduction

Some financial crises have little effect on economic activity, while others are real economic
disasters with deep and long-lasting effects. A recent example of the latter is the 2007-2009
crisis. The financial turmoil quickly spread to the real economy and by 2013, US output was
13% below its trend path from 1990 to 2007. Many macroeconomic aggregates have not fully
recovered yet.1 Such events are rare and seem to build up in the background, with no apparent
shock that justifies them at the time they happen. But their immediate consequences are
startling and evident: very low economic activity and a deeply harmed financial sector. If
agents somehow anticipate such severe crises, their effects may go far beyond what we observe
during those episodes, affecting agents’ decisions even in tranquil times. This paper raises the
following questions: What are the consequences of those episodes for asset prices, economic
growth and welfare? What role does the financial sector play in such events and how should
it be regulated? To tackle these and other questions, a theory of endogenous disasters based
on coordination failures is presented.
Two ingredients are at the heart of the mechanism proposed: financial frictions and
coordination frictions. Financial frictions force financial intermediaries to invest is risky
assets while funding themselves through risk-free debt. That implies that they use leverage
in equilibrium, exposing their balance sheets to aggregate risk and requiring them to cut
down intermediation when negative shocks hit. Coordination frictions affect the productive
sector. Due to demand externalities, a firm’s decision to increase its production depends
on its expectation of aggregate demand, which in turn depends on the production of other
firms. Firms may want to scale up their production only if they believe others will do the
same. This opens the possibility of the economy getting trapped in a self-fulfilling regime with
low economic activity and low aggregate demand. Disaster episodes, understood as periods
where output is significantly below its potential, are times of low demand expectations and
weak intermediaries’ balance sheets. The dynamic interaction between financial frictions of
intermediaries and coordination frictions of producers turns out to be a powerful propagation
mechanism.
How are financial frictions and coordination frictions linked? When capital is efficiently
allocated, firms are more productive and more likely to increase production, enhancing
coordination. Financial intermediaries have expertise in channeling capital from households
to firms. Thus, when intermediaries have strong balance sheets and intermediate a lot of
capital, firms have good projects and are more likely to coordinate on the high regime. If
intermediaries are not channeling funds from households to firms, good projects do not find
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Hall (2015) nicely documents the aftermath of the great recession.
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the required capital and there are a lot of firms with bad projects out there that do not have
much to gain by increasing the utilization rate of capital. Even if a producer happens to have
good projects and capital available, she may cut down production because she knows others
are not likely to do the same. Demand expectations are low, coordination is hard.
Importantly, coordination failures also affect the financial sector, creating an endogenous
two-way feedback between intermediaries’ balance sheets and firms’ decisions. When the economy enters a coordination trap, firms reduce their demand for capital services. Intermediaries’
capital returns and asset prices fall, harming intermediaries’ balance sheets. Moreover, it
turns out that in equilibrium only intermediaries’ capital returns are affected by coordination
failures, which contributes to a larger relative reduction in their capital demand. Therefore,
intermediaries respond to coordination failures by intermediating even less capital, further
discouraging coordination.
The dynamic feedback is also very important: coordination failures at a given date
lower intermediaries’ expected net worth in the future, further lowering intermediation and
asset prices in the present. Similarly, the mere expectation of a coordination failure at
some future date reduces asset prices and intermediation in the present. If intermediaries
expect a coordination failure in the future, they cut down their demand for capital, reducing
intermediation and confirming their initial expectations. In equilibrium, intermediaries’
precautionary behavior ends up precipitating a coordination failure.
The model is solved globally, building on techniques similar to those in Brunnermeier
and Sannikov (2014). Differently from that paper, here there are strategic complementarities
among financial intermediaries and their returns depend directly on what other intermediaries
are doing. If intermediaries expect others to hold a lot of capital, firms coordinate on high
capacity, capital returns are high, balance sheets are strong, and consequently intermediaries
are happy to hold capital. The converse is also true and therefore expectations are selffulling. It implies that on top of the multiple equilibria on firms’ capacity decisions, there are
multiple dynamic equilibria on the financial sector. Firms multiplicity can be dealt with using
global games selection, as in Morris and Shin (2001). But as long as some mild restrictions
are satisfied, the main results do not depend on the specific selection procedure. To deal
with multiplicity on the financial sector, a numerical procedure to compute the two extreme
equilibria is developed. It is verified that the two are close and the results are similar regardless
of the equilibrium selected.
Two types of financial crises emerge from the model. The first type is interpreted as
mild financial crises. Financial intermediaries’ balance sheets are weak and some of the
capital in the economy does not find its first-best use, but firms still have projects good
enough to be able to coordinate on the high regime. The second kind is associated with
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coordination failures. Intermediaries deeply reduce their investments in risky assets, capital is
poorly allocated, firms have low demand expectations and operate way below its full potential.
The propagation from the financial sector to the real sector is non-linear, generating some
heterogeneity across financial crises that is consistent with the empirical evidence.2
Coordination failures episodes introduce some non-monotonic local effects in the model. As
negative shocks hit the economy, financial intermediaries assets lose value and their leverage
increases, even though they are also borrowing less. Initially, they also require a higher risk
premium to hold risky assets, increasing capital returns. But as soon as the economy enters a
coordination trap, capital returns for intermediaries fall, leading intermediaries to be willing
to hold a smaller amount of risky assets and reducing their leverage. Sharpe ratios follow a
pattern similar to leverage. Asset prices are very depressed in a coordination trap, reducing
investment and growth.
To analyze the global effects of disasters, the model is calibrated for the US economy. The
model is able to capture well the empirical regularities observed in the data, matching not
only standard deviations and correlations, but also the long-run growth of many variables.
In equilibrium, disasters have a huge negative impact on investment, assets prices, output
and welfare. Asset prices are much lower than in the model without coordination failures,
even in good times. Low asset prices harm investment and growth, ultimately reflecting
in lower welfare. Moreover, coordination failures increase asset price volatility, raising the
probability of bad states. Surprisingly, coordination failures significantly reduce welfare even
when they are extremely unlikely. The model without coordination failures is compared to a
sequence of models where the expected time to reach a coordination gets extremely large (say,
a thousand years). Those terrible states where firms produce way below their potential affect
prices, allocations and welfare even in tranquil times. The welfare losses operate through
lower asset prices (in bad and good times) and through banks’ precautionary behavior that
reduces their intermediation. Coordination failures alone have small effects, but they become
large once the feedback from the financial sector is taken into account. Global effects matter.
The model have many sources of inefficiencies and there is room for policy interventions.
The inefficiencies are deeply related to two market failures: firms’ monopoly power and
missing markets for aggregate risk (no equity issuance). Firms do not internalize the positive
impact that increasing their production has on other firms profits. Banks do not internalize
the positive effect that higher leverage has on coordination, nor the impact that leverage
has on aggregate volatility. Macroprudential policies that increase banks’ returns in disaster
states can greatly increase welfare, almost mitigating the inefficiencies caused by coordination
2
Looking at approximately forty financial crises across many countries, Krishnamurthy and Muir (2016)
document that while the average three-year contraction in those episodes is -2.6%, the standard deviation of
this rate is 8.5%.
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failures.
Previous work, such as Phelan (2016), often finds that in models with financial frictions
intermediaries take too much leverage in bad times. The story goes like this. Leverage
amplifies the effect of negative shocks on intermediaries’ wealth, increasing aggregate volatility
and the probability of bad states. Intermediaries do not internalize this, and policies that
reduce their leverage in bad times can improve welfare. Here, instead, a policy that increases
banks’ leverage in bad times and keeps it unchanged in good times increases welfare. The
reason is that the effect of leverage on volatility goes on the other direction in this paper.
There are two effects at play: On one hand, leverage can increase volatility by making
intermediaries more exposed to shocks. On the other hand, by leveraging up intermediaries
can avoid a coordination failure (disaster states). The latter contributes to lower volatility,
since coordination traps happen less often and sudden movements in asset prices are avoided.
The effect of leverage on the occurrence of coordination failures dominates, and higher leverage
in bad times can increase not only welfare, but also financial stability. The usual trade-off
between growth and financial stability disappears.
Literature. The kind of coordination problem studied here is present in the seminal
contributions of Kiyotaki (1988), Cooper and John (1988) and Murphy, Shleifer and Vishny
(1989). Recent papers along this line, such as Guimaraes and Machado (2016) and Schaal and
Taschereau-Dumouchel (2016b), use equilibrium selection techniques and are able to generate
strong and long-lasting recessions.3
In Schaal and Taschereau-Dumouchel (2016b), there is a feedback between capital accumulation and coordination. When savings are low, firms are less likely to coordinate on high
capacity, which further decreases capital accumulation. In Guimaraes and Machado (2016)
firms adjust their capacity sequentially and the economy may get stuck in a coordination
trap simply because no firm wants to be the first to switch to a high regime. Schaal and
Taschereau-Dumouchel (2016a) explore the interaction of demand externalities and labor
market frictions: high aggregate demand leads to more vacancy posting, which leads to
lower unemployment and higher demand.4 Here, the feedback comes from banks’ balance
sheets to coordination. The choice of coordination failures to generate endogenous disasters is
motivated by Schaal and Taschereau-Dumouchel (2016b), who show in their RBC model that
coordination failures offer a good explanation for the aftermath of the Great Recession.
The consequences of coordination frictions and multiple equilibria in macroeconomics
3

While Schaal and Taschereau-Dumouchel (2016b) use a global games approach, Guimaraes and Machado
(2016) use the techniques of Frankel and Pauzner (2000). See also Guimaraes, Machado and Ribeiro (2016).
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Similarly, in Kaplan and Menzio (2016) people spend more time searching for lower prices when unemployment is high, which reduces firms’ incentives to increase production.
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have been explored through many different channels. A branch of the literature has relied on
“sunspots” to drive agents’ expectations in real business cycles models, creating the possibility
of agents coordinating on an inefficient equilibrium. Early contributions along that line
include Benhabib and Farmer (1994) and Farmer and Guo (1994).5 Multiple equilibria in
macroeconomics can arise from the interplay of productivity growth and aggregate demand
(Benigno and Fornaro, 2016); Taylor rules and the zero lower bound (Benhabib, Schmitt-Grohé
and Uribe, 2001); decentralized trading and precautionary savings (Chamley, 2014); to name
a few.
There is a large literature that incorporates financial frictions in macroeconomic models,
as in the seminal papers of Bernanke and Gertler (1989) and Kiyotaki and Moore (1997).
As in this literature, this paper has some kind of friction that prevents agents from issuing
fully state-contingent financial claims. More specifically, intermediaries are not allowed to
issue new equity and need to fund themselves exclusively through debt. This is meant to
capture some incentive problem that requires banks to have some “skin in the game”, as
in Townsend (1979), Hart and Moore (1994), among others. Due to the highly non-linear
nature of coordination failures, the model needs to be solved away from the steady-state, and
the continuous time approach of Brunnermeier and Sannikov (2014) is employed.6 From a
technical point of view, the main difference from Brunnermeier and Sannikov (2014) is that
here coordination failures introduce externalities across banks, since capital returns depend
directly on the amount of capital held by other banks.
Gertler and Kiyotaki (2015) develop a macroeconomic model in which bank runs are
possible if intermediaries’ balance sheets are weak. Although the economic mechanism is very
different, the cause of bank runs in their model is roughly similar to the cause of coordination
failures in this paper. The consequences of bank runs are similar to those of coordination
failures too. Output and asset prices fall, and capital is inefficiently allocated. Along this line,
Boissay, Collard and Smets (2016) offer a macroeconomic model of banking crises based on
interbank market freezes. Roughly speaking, the model here presented could be interpreted
as capturing different types of disasters. Extending the analysis of this paper to other types
of events such as bank runs and market freezes seems like an interesting avenue for future
research.7
5

Angeletos and La’O (2010) and Angeletos and La’O (2013) formalize the idea of shifts in expectations
(akin to sunspots) in unique equilibrium models.
6
See also He and Krishnamurthy (2014) and He and Krishnamurthy (2011). For comprehensive surveys
on the recent continuous time macro-finance literature, see Isohätälä, Klimenko and Milne (2016) and
Brunnermeier, Eisenbach and Sannikov (2013).
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The different economic mechanism imply some other differences to Gertler and Kiyotaki (2015). In their
paper, and subsequently in Gertler, Kiyotaki and Prestipino (2016b), the region where bank runs are possible
depends exclusively on fundamentals, but the bank run itself depends on the realization of some sunspot (that
is possibly correlated with fundamentals). In this paper, sunspots equilibria are possible too, but they are
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There is a large empirical literature that tries to explain the equity premium puzzle
through rare disasters (e.g., Rietz (1988) and Barro (2006)). That literature is concerned
with the effect of exogenous disasters on asset prices and as such, their definition of disaster is
broader than the one used here. It includes not only deep financial crises, but also wars and
natural disasters. In this paper, the goal is to understand how disasters happen endogenously
and what are their consequences for investment, growth, welfare and asset prices. Therefore,
the term disaster here refers exclusively to deep financial crises, such as the Great Recession
and the Great Depression. Still in the disasters literature, but more related to this paper, is
the work of Tiu and Yoeli (2013), who study endogenous disasters in a model with production
externalities and labor market frictions.
Layout. The remainder of the paper is organized as follows. Section 2 presents the model.
Section 3 characterizes the equilibrium and discusses some of its properties. Section 4
characterizes the welfare and the first-best. Section 5 calibrates the model, and Section 6
discusses the global effects of coordination failures. Section 7 analyzes some policy interventions
and Section 8 concludes. All proofs are relegated to the appendix.

2
2.1

Model
Preliminaries

Time is continuous and indexed by t. There are three types of agents: banks (financial
intermediaries), households and firms. Households and banks are in a unit-measure continuum
each and they can hold capital and a risk-free bond in their portfolios. Capital is rented to
firms in a competitive market. There are two types of firms, a unit-measure continuum of
intermediate goods producers and a competitive final good producer. Intermediate goods
firms use capital and labor to produce differentiated varieties, which are aggregated by the
competitive final producer. The final good is the numeraire.
Capital held by banks (ktb ) and households (kth ) evolves according to
dkti = gti kti dt + σkti dZt ,
where i ∈ {h, b}, gtb and gth are the capital growth rate (investment) for banks and households,
respectively, dZt are aggregate Brownian shocks and σ > 0 is the exogenous volatility.
not needed to generate coordination failures and are not considered. Thus, coordination failures will happen
exclusively as the result of negative fundamental shocks. Gertler, Kiyotaki and Prestipino (2016a) offer a
intuitive way of modeling the run probability in their model.
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Investment gti implies standard adjustment costs ι(gti ), where ι0 (·) > 0 and ι00 (·) > 0. The
total capital of the economy is Kt = ktb + kth .
The price of capital qt follows a diffusion process:
dqt = µqt qt dt + σtq qt dZt ,
where µqt and σtq will be determined in equilibrium.

2.2

Households

Households own banks and firms, and have net worth nb0 at the initial date. Households
are risk neutral and can have negative consumption, so that the equilibrium risk-free rate is
constant and equal to households’ discount rate ρ.8 Capital invested in firms by households
pays a rental rate Rth (to be determined in equilibrium), while the risk-free bond pays an
interest rate rf . Using Ito’s Lemma, we can write the household’s capital return drtkh as
drtkh =



Rth − ιht
dt + gth + µqt + σσtq dt + (σ + σtq ) dZt .
qt
{z
}
|
{z
} |
h
h
capital gains rate (dqt kt /qt kt )
dividend yield

The households’ problem is given by
"ˆ ∞

max

h
ct ,ϕh
t ,gt ,lt

#
−ρ(t−τ )

e

Eτ

(ct − ξlt ) dt

τ

s.t. dnht = ϕht nht drtkh + (1 − ϕht )nht rf dt + (ζt + Πt + wt lt − ct ) dt
nht ≥ 0,
where ct denotes consumption, lt denotes hours worked, wt is the wage, ϕht is the share of the
net worth nht invested in capital, ζt denotes dividends paid by banks, Πt denotes dividends paid
by firms and ξ > 0 denotes the marginal disutility of labor. Since agents are risk-neutral, any
inefficiency that arises in equilibrium comes from distortions in production, capital allocation
and/or investment, not from consumption smoothing.
8
One can think of negative consumption as a backyard technology: households can produce the final good
in their backyard at a disutility that equals the amount produced. Alternatively, one could think of a small
open economy that has access to inelastic lending at the global interest rate ρ. In equilibrium, aggregate
consumption will always be positive.
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2.3

Banks

Each bank is managed by a banker. Bankers maximize the discounted dividends they pay
during their lifetime, but they are subject to mortality risk: in each interval dt, they die with
probability λdt. When a banker dies, it is immediately replaced by a new banker who inherits
her assets. As usual in the macro-finance literature, this kind of assumption is necessary to
prevent banks from accumulating too much net worth.9
Banks dividend payouts ζt cannot be negative, implying that banks cannot issue new
equity. Thus, the only way banks can obtain funds to invest in capital is through risk-free
debt, having to absorb all the risk in their balance sheets. This restriction is standard in
macro-finance models and it can be justified by some incentive problem of bankers that
requires them to have some “skin in the game”, as extensively shown in the corporate finance
literature.10
Banks earn a rental rate Rtb on capital. Therefore, similarly to households’, banks’ capital
returns are


Rb − ιbt
drtkb = t
dt + gtb + µqt + σσtq dt + (σ + σtq ) dZt .
qt
The banks’ problem is given by
"ˆ ∞

max

ζt ,ϕbt ,gtb

#
−(ρ+λ)(t−τ )

e

Eτ

ζt dt

τ

s.t. dnbt = ϕbt nbt drtkb + (1 − ϕbt )nbt rf dt − ζt dt
nbt ≥ 0, ζt ≥ 0.
Despite the fact that households have additional sources of income (dividends and wages),
the main difference between banks’ and households’ problems is the non-negativity constraint
ζt ≥ 0. One can interpret it as a solvency constraint: given that the bank cannot issue new
equity, whenever a banker’s net worth drops to zero she will be wiped out.

2.4

Firms

There are two types of firms: a continuum of intermediate goods producers j ∈ [0, 1], each
producing a differentiated good, and a competitive final good producer.
9
10

Mortality risk guarantees a non-degenerate stationary distribution of wealth.
See Sannikov (2013) for a survey of this literature.
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2.4.1

Final good producer

The competitive final good firm uses intermediate goods to produce the final good Yt , according
to the production function
ε
ˆ 1 ε−1 ! ε−1
ε
Yt =
yj,t dj
,
0

where ε > 1 is the elasticity of substitution and yj,t is the quantity of good j used as input.
This technology implies the usual demand for each variety:
pj,t =

Yt
yj,t

!1
ε

Pt ,

(1)

where Pt is the price of the final good, which is normalized to one.
2.4.2

Intermediate goods producers

Intermediate goods firms rent capital and hire labor to produce their variety. It is assumed
that banks are better at intermediating capital. This assumption is meant to capture banks’
expertise on screening and monitoring projects. In the model, it means that banks rent their
capital to projects that have a higher return. A simple way to capture this is by assuming that
each unit of capital intermediated by households contributes to production only a fraction
β < 1 of what it would contribute if intermediated by banks. Let kj,t denote the amount of
b
h
b
h
capital rented by a firm in efficiency units. It is given by kj,t = kj,t
+ βkj,t
, where kj,t
and kj,t
are the amounts of capital rented from households and banks, respectively. Firms’ production
function is a standard Cobb-Douglas:
α 1−α
yj,t = uj,t Akj,t
lj,t ,

(2)

where uj,t is a capacity utilization variable and α ∈ (0, 1) denotes the capital share. These
assumptions justify why the capital rental rate will be different for banks and households. I
denote the rental rate per efficiency unit of capital as Rt , implying that in equilibrium we
must have Rtb = Rt and Rth = βRtb .
In order to add non-convexities to the model and generate a coordination problem, I
follow Guimaraes and Machado (2016) and Schaal and Taschereau-Dumouchel (2016b). It is
assumed that capacity can take only two values, ut ∈ {uL , uH }. That is the simplest way to
model coordination failures and, as shown in Schaal and Taschereau-Dumouchel (2016b), a
binary capacity choice is enough to match several features of the Great Recession. I normalize
uL to 1 and set uH > 1. Choosing the low capacity uL = 1 can be interpreted as inaction.
Adopting high capacity entails a fixed cost ft > 0 (in units of the final good).
10

To prevent firms from growing out of the fixed cost, it is assumed that fixed costs scale
with aggregate capital. The fixed cost firms pay to increase capacity is written as ft = χKt ,
where χ > 0. Therefore, fixed costs are proportional to firms’ size. If ft was constant, in the
long run firms would always coordinate on high capacity, since they would become very large
relative to the fixed cost. This linear specification is specially useful, since it preserves the
scale invariance properties of the economy. Moreover, this linear specification is common in
the investment and corporate finance literature.11
Firms take the wage wt and the rental rate Rt as given. They choose capacity uj,t , capital
kj,t (in efficiency units) and labor lj,t to maximize profits
πt = pj,t yj,t − wt lj,t − Rt kj,t − 1{uj,t =uH } ft ,

(3)

subject to the demand schedule (1) and the production function (2). To ease the exposition,
the firms’ problem is split in two stages. In the first stage, firms choose their capacity uj,t . In
the second stage, taking as given the proportion of firms with high capacity, denoted by xt ,
they choose capital and labor.

3

Equilibrium

Having described each agent’s problem, the equilibrium definition is standard. An equilibrium
is a set of stochastic processes for prices and quantities defined on some filtered probability
space adapted to the Brownian motion {Zt , t ≥ 0} such that: (i) banks, households and firms
solve their problems and (ii) markets clear.
Given banks’ and households’ capital (ktb and kth ), we can find the equilibrium on the real
sector. Therefore, first the static equilibrium of firms is characterized for a given ktb and kth .
Then, the map from banks’ and households’ capital to firms’ decisions is used as an input to
solve for the banks’ and households’ portfolio choices and asset prices (dynamic equilibrium).

3.1

Static equilibrium

In this section I describe how to derive the static equilibrium. The equilibrium is solved
backwards. First, firms’ production decisions are computed for a given proportion xt of firms
with high capacity (second stage). Then, firms’ capacity decisions are determined (first stage).
11

See Cooper and Haltiwanger (2006), Bolton, Chen and Wang (2011) and Decamps et al. (2016).
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3.1.1

Second stage equilibrium

Since firms with the same capacity make the same decisions in equilibrium, sometimes firms’
subscripts j are replaced by L or H, where L is used for firms in regime low and H for firms
in regime high.
Firms optimality. Remember that firms take the wage wt , the rental rate Rt and the
aggregate demand Yt as given. The aggregate demand Yt shifts the demand schedule each
firm faces. Let mcj,t denote a firm’s marginal cost. It can be shown that12
mcj,t =

1

Rt
uj,t A α


α 

wt
1−α

1−α

.

Firms with high capacity have a lower marginal cost (with mcL,t = (uH /uL ) mcH,t ), but have
to pay the fixed cost ft . Due to the market power, firms will optimally set their prices above
the marginal cost, with mcj,t = ε−1
pj,t . Using the demand schedule (1), it implies that
ε
mcj,t

ε−1
=
ε

Yt
yj,t

!1
ε

(4)

,

which pins down a firms’ choice of yj,t . Capital expenditures represent a share α of total costs
and therefore
yj,t mcj,t
yj,t mcj,t
kj,t = α
and lj,t = (1 − α)
.
Rt
wt
Market clearing. Due to the linear disutility of labor, the labor supply is flat and the
labor market always clears at the wage wt = ξ. Capital and goods market clearing imply
xt kH,t + (1 − xt )kL,t = ktb + βkth
and


ε−1
ε

ε−1
ε

Yt = xt yH,t + (1 − xt ) yL,t



ε
ε−1

.

Using firms’ optimality and market clearing, we find the equilibrium in stage two, for a
given xt . Proposition 1 characterizes the second stage equilibrium. The variable ψt is the
share of total capital intermediated by banks, ψt ≡ ktb /Kt .
12

The details are provided in the proof of Proposition 1.
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Proposition 1 (second stage equilibrium). Let the (weighted) average capacity ut and the
endogenous TFP At be given by


ε−1
ut ≡ xt uε−1
H + (1 − xt ) uL



1
ε−1

and

At ≡ Aut (ψt (1 − β) + β)α .

Then, in equilibrium wages and capital returns are
wt = ξ

and

ξ
Rt = α
1−α

! α−1 
α

ε−1
Aut
ε


1

α

.

Aggregate labor and gross output are
"

Lt =

1−α
ξ

!

ε−1
At
ε


#1

α

Kt

and

Yt = At Ktα Lt1−α .

For j ∈ {L, H}, firms production and profits are
uj,t
=
ut


yj,t

ε

1 uj,t
=
ε ut


Yt

and

πj,t

ε−1

Yt − 1{uj,t =uH } ft .

Note that I refer to Yt as the gross output, since it ignores the fixed costs paid. Remember
that the final good is also used as an input to pay for firms fixed costs. Thus, the actual
output available for investment and consumption is given by Yt − xt ft .
Proposition 1 shows that the endogenous TFP of the economy depends on the average
capacity ut and on the share of capital intermediated by banks ψt . The effect of ψt on At
summarizes the role of capital allocation on output, as in the seminal contribution of Kiyotaki
and Moore (1997). The effect of firms’ capacity choices on output is summarized by the
variable ut . This captures the coordination effect, as in Schaal and Taschereau-Dumouchel
(2016b).
Banks’ and households’ rental rates are given by Rtb = Rt and Rth = βRt . Proposition 1
shows that the rental rate of capital increases when firms coordinate on high capacity. The
intuition is straightforward: when firms coordinate, they demand more capital, raising rental
rates. Thus, coordination increases banks’ and households’ incentives to hold capital.
Define ∆πt = πH,t − πL,t as the relative gain of being in regime high (relative profits) and
let ∆π̂t ≡ ∆πt /Kt be the scaled relative profits. Using Proposition 1, we can write it as
∆π̂t = BuΩ
t (ψt (1 − β) + β) − χ,
where B > 0 is a function of parameters and Ω ≡ 1 + 1/α − ε. One can see that the return
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of paying the fixed cost is affected by two endogenous variables, ψt and ut . Therefore we
can write ∆π̂t = ∆π̂(ψt , ut ). Note that relative profits are increasing in ψt . When capital is
efficiently allocated, firms are more productive and therefore have higher incentives to pay
the fixed cost and scale up their production.
As for average capacity, ∆πt increases with ut when Ω > 0. In this case, firms’ capacity
decisions are strategic complements, i.e., a firm has higher incentives to increase its production
when others do the same. When Ω < 0, we have the opposite and firms capacity decisions
are strategic substitutes. This ambiguity arises because there are two effects at play. On one
hand, an increase in average capacity raises the aggregate demand Yt , shifting up the demand
schedule each firm faces. This high demand provides incentives to pay the fixed cost and scale
up production. On the other hand, an increase in capacity raises the demand for capital, and
consequently its rental rate, reducing firms’ absolute profits and their incentives to expand.
Which effect dominates depends on the sign of Ω. Following Angeletos and La’O (2010),
Ω is named the degree of complementarity of the economy. This tension between demand
externalities and competition in the market for factors is a common characteristic of models
with demand externalities. To focus on coordination failures, from now on it is assumed that
Ω > 0. The case with Ω ≤ 0 is presented in Appendix C.
3.1.2

First stage equilibrium

In the first stage, firms play a capacity game. Proposition 2 characterizes firms capacity
decisions in equilibrium.
Proposition 2 (first stage equilibrium). Assume that Ω > 0 and let ψ and ψe be such that
e
e u ) = 0. Then,
∆π̂(ψ , uH ) = ∆π̂(ψ,
L
e

1. if ψt < ψ , there is a unique equilibrium and all firms choose low capacity (xt = 0);
2. if ψt >

e
e
ψ,
h

there is a unique equilibrium and all firms choose high capacity (xt = 1);
i

3. if ψt ∈ ψ , ψe there are three equilibria: xt = 0, xt = 1 and xt = h(ψt ) ∈ [0, 1], where
e
h(·) is a decreasing function of ψt .
It is easy to see that ψe > ψ , but Proposition 2 does not ensure that the cutoffs ψ and ψe
e
e
are in the unit interval, and thus some of the cases above may not be possible. To guarantee
that the three cases can happen, we need to impose two parametric assumptions: ψ > 0 and
e
ψe < 1. Figure 1 illustrates the equilibrium set in that case.
The cutoff ψ is the lower dominance threshold, since for ψt < ψ it is dominant to choose
e
e
low capacity. Similarly, ψe is the upper dominance threshold, since for ψt > ψe high capacity is
14

Low capacity

Multiple equilibria

High capacity
e

e

t

Figure 1: Firms equilibrium set
h

i

the dominant strategy for firms. For ψt ∈ ψ , ψe , there is no dominant strategy and firms are
e
willing to scale up their production only if they are confident that a sufficient number of firms
h
i
will do the same. Choosing low capacity in the interval ψ , ψe is interpreted as a coordination
e
failure, since everyone would be better off if firms coordinated on the high regime.
Equilibrium selection
Firms play a coordination game with multiple equilibria. In some regions of the state space,
firms may fail to coordinate on high capacity. A central message of the global games literature
is that multiplicity on coordination games usually relies on strong assumptions about agents’
knowledge of the behavior of others in equilibrium. Some equilibria can only be sustained if
agents face no strategic uncertainty about the aggregate action of others. A small departure
from this benchmark may lead to equilibrium uniqueness.13
The global game approach of the continuous time debt-run model of Morris and Shin
(2001) is applied. I briefly explain the procedure here, a formal derivation is left to the
appendix. The main idea is to consider a slightly perturbed version of the model where firms
have private information about ψt . More specifically, I consider a discrete-time approximation
of the model in which time evolves in intervals of length ν > 0. At a given date t, firms
observe only: (i) the history of all variables up to date t − ν; (ii) a private signal about the
productivity shock ∆Zt ≡ Zt − Zt−ν . In the limit where private signals become very precise,
the equilibrium is essentially unique.14 Then, we can go back to continuous time by taking
the limit when the time interval vanishes. A technical requirement for this procedure to work
is the existence of dominance regions, meaning that ψ > 0 and ψe < 1 must be assumed.15
e
As shown in Appendix D, in the unique equilibrium that survives this process, firms
choose high capacity if ψt ≥ ψGG and low if ψt < ψGG (a cutoff strategy). The threshold ψGG
is given by the indifference condition of a firm that has an uniform belief over the proportion
13

For instance, assume that a firm is making its choice knowing for sure that ψt is slightly above ψ . But it
e
knows that other firms may have observed the state with a small error, and thus it is not entirely sure
that
other firms know that ψt > ψ . If others think that ψt < ψ , they will certainly choose low capacity. Thus, it
e will choose high capacityein this case, since it has a lot to loose if others do
seems unreasonable that a firm
not follow, but not much to gain if others follow.
14
“Essentially” here means that players actions are uniquely determined almost everywhere.
15
For a survey on global games, see Morris and Shin (2003).
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Figure 2: Global game unique equilibrium
of firms that will choose high capacity. It is given by16
!

ψGG =

1
χ

1−β
α

ξ
1−α

! 1−α 
α

1 ε
Aε−1

1 
α

1
α

1
α

uH − uL

−1



− β .

(5)

Notice that ψGG is increasing on the fixed cost, which is a desirable property (the higher the
fixed cost, the more difficult it is to coordinate). Figure 2 describes the equilibrium.
Different selection devices would lead to the same qualitative conclusions. For instance, if
we select the best equilibrium, in which firms choose the high capacity whenever ψt ≥ ψ , the
e
equilibrium outcome is still inefficient, as shown in Section 4. The dynamics of the economy
would be similar, but coordination failures would happen less often. When I calibrate the
model, the scaled fixed cost χ is chosen to match a given probability of coordination failures.
Different selection devices that still select a cutoff strategy that is increasing in χ will only
lead to a different choice of χ in the calibration. Thus, what is key for the resuls is that
agents play a cutoff strategy (no sunspots, for instance). Nonetheless, following Guimaraes,
Machado and Ribeiro (2016) and Schaal and Taschereau-Dumouchel (2016b), the global
games equilibrium seems like the natural choice.

3.2

Households and banks equilibrium

Given the firms equilibrium, we can solve for the dynamic equilibrium of the economy.
Coordination affects banks’ and households’ portfolio decisions through the rental rate of
capital. Moreover, portfolio decisions matter for capital allocation, possibly creating a two-way
feedback between bank’s balance sheets and coordination.
The state of the economy can be summarized by the banks’ share of total wealth:
ηt ≡

nbt
.
qt Kt

It must follow a diffusion process:
dηt = µηt ηt dt + σtη ηt dZt ,
16
Agents action are not determined when they are indifferent between the two actions, but that happens
with zero probability. Without loss of generality, it is assumed that agents choose high capacity whenever
they are indifferent, which implies that they invest when ψt = ψGG .
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where µηt = µη (ηt ) and σtη = σ η (ηt ) must be determined in equilibrium. I will look for Markov
equilibria where banks always borrow from households, and prices and allocations are functions
of ηt :
ψt = ψ(ηt ) and qt = q(ηt ).
The non-standard feature of the model is the endogeneity of the capital rental rates Rtb and Rth ,
since those depend on how much capital banks and households have on their balance sheets.
This will create strong complementarities in banks’ capital holdings, generating multiple
dynamic equilibria, even when the firms equilibrium is uniquely determined.17
The rental rates Rtb and Rth can be represented as functions of the state of the economy
η. Thus, I write Rtb = Rb (ηt ) and Rth = Rh (ηt ). First, the equilibrium is computed for an
arbitrary function R(ηt ), where banks and households rental rates are Rb (ηt ) = R(ηt ) and
Rh (ηt ) = βR(ηt ). This is the partial dynamic equilibrium of the economy. Then, I turn to
the general equilibrium where rental rates are jointly determined by the static equilibrium of
firms and the partial dynamic equilibrium of banks and households.
3.2.1

Partial dynamic equilibrium

Before characterizing the equilibrium, households’ and banks’ optimality conditions are briefly
discussed. To ease notation, time subscripts may be omitted if no confusion arises.
Optimal investment. Let gti∗ , i ∈ {h, b}, denote banks’ and households’ choices of gt . It
is given by the marginal Tobin’s q relationship:
ι0 (gti∗ ) = qt .
Investment only depends on q and we can write gti∗ = gti∗ (qt ). Since it is the same for
households and banks, superscripts are dropped from now on and I simply write
g(η) = g ∗ (q(η))

and ι(η) = ι (g(η)) .

Households optimality. Households are happy to invest whenever E[drtkh ] = rf = ρ.
They must either be indifferent between capital and consumption, or not holding capital at
all:
βR(η) − ι(η)
+ g (η) + µq (η) + σ q (η)σ = rf if 1 − ψ(η) > 0,
(6)
q(η)
17

Multiplicity still could arise if we allow for non-Markov equilibria or equilibria where banks are not always
leveraged. A full characterization of the equilibrium set is beyond the scope of this paper and thus I restrict
attention to the equilibrium class most studied in the literature.
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βR(η) − ι(η)
+ g (η) + µq (η) + σ q (η)σ ≤ rf if 1 − ψ(η) = 0.
q(η)

(7)

Banks optimality. Let v(nb , η) denote the bank’s value function. It depends on the
aggregate state η and on individual net worth nb . The homogeneity of the problem implies
linearity in net worth. We can write:
v(nb , η) = nb θ(η).

(8)

Notice that θ(η) ≥ 1, since banks can always pay their total net worth out as dividends at a
given date. Writing down the bank’s Hamilton-Jacobi-Bellmann equation and using (8), we
get that banks are happy to hold capital whenever
θ0 (η)
R(η) − ι(η)
+ g (η) + µq (η) + σσ q (η) + η (σ + σ q (η)) σ η (η)
= rf .
q(η)
θ(η)
|

{z

}

capital returns

|

{z

risk premium

(9)

}

Note that although banks are risk-neutral, they may require a risk premium to hold capital if
the marginal utility θ(η) is time-varying.18 Moreover, the dividend policy must be consistent
with:


= 0
if θ(η) > 1,
ζ(η)
(10)

≥ 0
if θ(η) = 1.
Therefore, whenever θ(η) = 1, banks start paying dividends, which implies a reflecting
boundary η ∗ on banks’ wealth share (ηt ≤ η ∗ for every t).
Let q denote the price of capital if banks are wiped out and households have to hold it
forever. This is given by the Gordon growth formula:
q = max
g

βR − ι(g)
,
ρ−g

where R is the capital rental rate when xt = 0. Proposition 3 characterizes the partial dynamic
equilibrium as a system of differential equations.
Proposition 3 (partial dynamic equilibrium). For a given function R(η), the partial dynamic
equilibrium is characterized as follows:
1. For a given θ(η), θ0 (η), q(η) and q 0 (η), the functions µq (η), σ q (η), µη (η), σ η (η) and
ψ(η) are given by equations (A.3) to (A.7) in Appendix A.
18

This happens because banks fear reaching zero net worth and losing good investment opportunities in the
future.
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2. The functions θ(η) and q(η) satisfy the following boundary value problem with unknown
parameter η ∗ :
1
(11)
λθ(η) = ηµη (η)θ0 (η) + (ησ η (η))2 θ00 (η),
2
µq (η) = µη (η)

ηq 0 (η) 1 η 2 η 2 q 00 (η)
+ σ (η)
,
q(η)
2
q(η)

(12)

with boundary conditions
q(0) = q,

θ(η ∗ ) = 1,

lim θ(η) = ∞,

η→0

q 0 (η ∗ ) = 0

and

θ0 (η ∗ ) = 0.

Equation (11) is obtained from banks’ HJB equation and banks’ optimality (9). Equation
(12) is obtained by applying Ito’s Lemma to q(η). The remaining variables are obtained using
households’ and banks’ optimality conditions (6), (7) and (9), together with the law of motions
for ηt and qt that can be found using Ito’s Lemma.19
3.2.2

General dynamic equilibrium

Now, we need to jointly determine the functions ψ(η) and R(η). The partial dynamic
equilibrium pins down the function ψ(η) for a given function R (η). Similarly, for a given
function ψ(η), we pin down R(η) using the static equilibrium. In general equilibrium, R(η) and
ψ(η) must both be consistent with the static equilibrium and the partial dynamic equilibrium.
Let R∗ (ψ) be the function that determines the rental rate for each ψ, according to the
static equilibrium computed in Section 3.1. We can define a dynamic general equilibrium as
follows.
Definition 1 (general equilibrium). The functions µq (η), σ q (η), µη (η), σ η (η), θ(η), q(η), ψ(η)
and R(η) are a general dynamic equilibrium if: (i) they are a partial dynamic equilibrium given
the rental rate R(η); (ii) R(η) is consistent with the static equilibrium, i.e., R(η) = R∗ (ψ(η)).
Therefore, the set of functions ψ(η) that are part of a general equilibrium can be represented
by the fixed point of the transformation T [ψ(η)] = P [R∗ ((ψ(η))], where P be is the operator
that takes a function R(η) and returns ψ(η) in the partial dynamic equilibrium. It turns out
that there may be more than one fixed point, meaning that we may have multiple dynamic
equilibria.
If banks expect other banks to hold a lot of capital, then firms are more likely to coordinate.
Coordination increases the rental rate of capital for banks and households, but it turns out
that in general equilibrium banks end up with more capital relative to households, confirming
19

See the proof for details.
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banks’ expectations and creating a self-fulfilling prophecy. What is key here is that, although
households and banks rental rates increase by the same factor when firms coordinate, only
banks’ capital returns (drkb ) increase, since in equilibrium households cannot earn more than
the risk free rate. Multiplicity does not arise from multiplicity in firms’ decisions, since we
are already selecting a unique static equilibrium using global games.
There is no obvious equilibrium selection device we can use here. Differently from firms,
banks and households are price-takers. In equilibrium, agents are indifferent between holding
any amount of capital. In the firms’ problem, it seemed unreasonable to assume that firms
would choose the high capacity in states where their gain would be very small if others
followed, but the losses would be huge if others did not follow. Global games took care of it,
by iteratively eliminating this kind of unreasonable equilibria. In the dynamic equilibrium,
however, capital always pays the required risk premium for banks to be happy to hold any
amount of it. There is no penalty for taking the wrong action and betting on the wrong
scenario (for instance, betting that banks will hold a lot of capital when they do not).
In Appendix A.5 I provide an algorithm to numerically compute the two extreme equilibria.
The good equilibrium is such that in any other equilibria we have ψ(η) ≤ ψG (η) for every η,
where ψG (η) is the bank’s share of total capital in the good equilibrium. The same is true for
the bad equilibrium, with the inequality reversed.
In what follows, the good equilibrium is always assumed. This is the best equilibrium in
terms of household welfare. The results for the bad equilibrium are very similar. In fact, for
the parameters used in the calibration the two extreme equilibria practically coincide. For
firms, we could also assume that they play the best or worst equilibrium instead of the global
games one. When the model is taken to the data, the parameter χ is chosen to match a given
probability of coordination failures. Different selection devices would end up delivering similar
dynamics, but implying a different choice of χ. What is important, though, is that sunspots
are not allowed. All the risk in the economy comes from the Brownian shocks dZt .

3.3

Equilibrium description

Before calibrating the model and turning to the main results of the paper, its is useful to
understand the workings of the model through some stark numerical examples, in which
coordination failures are particularly strong. The goal here is to understand some qualitative
properties of the model and the local effects of disasters on equilibrium outcomes. The analysis
of the global effects and the welfare analysis are left to Section 6. The results are reported for
the best equilibrium only, since the results for the worst equilibrium are very similar. Unless
otherwise stated, the qualitative properties of the model do not seem to depend on the choice
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of parameters.20
Figure 3 shows the share of total capital intermediated by banks and their leverage. We can
divide the state-space in three regions. In the interval [0, η̂), banks are poor, intermediation
is low and firms do not coordinate on high capacity. I interpret states in which ηt ∈ [0, η̂) as
financial crises with coordination failures. On the interval [η̂, η ψ ), banks are not sufficiently
well capitalized to hold all the capital of the economy, but still intermediate capital enough
to avoid a coordination failure. The economy is in a financial crisis, but firms are still
coordinating on high capacity. In the region [η ψ , η ∗ ] banks are rich enough to be willing
to hold all capital and no allocative inefficiency arises. As in Brunnermeier and Sannikov
(2014), the reflecting boundary η ∗ denotes the stochastic steady state of the economy, since
the economy spends a lot of time near it. If we had assumed the bad equilibrium both the
boundaries η̂ and η ψ would move to the left, but usually not much.
The amount of banks’ capital holdings decreases continuously as the economy approaches
the boundary η̂ from above, until it jumps down when η̂ is reached. When the economy
hits η̂, both banks’ and households’ capital rental rates decrease in the same proportion.
But it turns out that it does not affect households’ demand for capital, since in equilibrium
households’ capital returns (that also includes capital gains) are always equal to the risk-free
rate. As opposed to households’, banks’ capital returns experience a sudden fall, leading
them to demand less capital (see Figure 4). This sudden and fast unloading of capital on the
household sector can be interpreted as market-run, as in Bernardo and Welch (2004).
There has been some discussion in the literature about whether intermediary leverage
increases or decreases during financial crises. Standard macro-finance models (e.g., He and
Krishnamurthy (2011)) predict that it should undoubtedly increase, while some empirical
evidence suggests otherwise (e.g., Adrian and Shin (2010)). Whether it increased or decreased
in the Great Recession depends on which kind of data one looks at (market-value leverage vs.
book-value leverage) and on the sector analyzed. Yet, the model here presented is able to
generate movements that are consistent with both narratives. As shown in Figure 3, leverage
increases when the economy leaves the stochastic steady-state η ∗ and crosses η ψ (starting
a financial crises). Then it stabilizes and even decreases slowly as we move from η ψ to η̂
(depending on parameters it may keep increasing in that region). The important thing is that
if negative shocks keep arriving, a coordination failure starts and suddenly banks reduce their
capital holdings, paying off part of the debt and deleveraging. It happens because financial
intermediaries are no longer willing to take all that risk now that capital is not paying as
much. For many sectors such as broker dealers, leverage rose at the beginning of the crisis
20
The parameters used are ρ = 0.04, λ = 0.03, σ = 0.1, β = 0.7, uH = 1.3, uL = 1, ε = 4, ξ = 1, α = 0.3,
χ = 0.785, A = 1.1. Moreover, ι(g) = (g + 0.1) + 23 g 2 .
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Figure 3: Intermediation and leverage
(a) Capital share held by banks

(b) Banks’ leverage
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and then suddenly dropped at some point in 2008. If we interpret the fourth quarter of 2007
as the period where the financial crisis started (ηt fell below η ψ ), and then a few quarters
later as when the crisis intensified (ηt fell below η̂), the model can explain this up and down
pattern of leverage. How large is this effect depends, among other things, on how large is
the reduction in capital returns caused by the coordination failure. In fact, in the calibrated
version of the model to be presented, this effect is small.21
Figure 4 shows the stationary distribution and other equilibrium functions. Notice that
the economy spends a large amount of time in coordination failures (as shown by the density
of η). In the absence of coordination failures, the stationary distribution of η would have a
U-shape, with a thinner left-tail. This is because coordination failures are very persistent. As
Panel E shows, the drift of the state variable drops sharply when the economy approaches the
coordination failure region from above. The same happens with the volatility term, meaning
that the forces pushing the economy away from the coordination failure get weaker.
But, depending on parameters, things can get much worse. Panel F shows the drift of η
when we increase the importance of the coordination channel (in that example, it means a
higher uH ) and the exogenous volatility σ. There are two main differences between panels E
and F. In the latter the drift µη increases when the economy enters the coordination failure
region. But most importantly, in panel F the drift of the state variable is negative when the
economy is approaching the coordination failure boundary η̂ from above. As soon as the
economy gets in a coordination failure, the drift becomes positive, pushing the economy away
from it. But as the economy is pushed out of the coordination failure, it is pulled back in
again, since µη is negative to the right of η̂. In the absence of large productivity shocks, the
economy wanders around the cutoff η̂, being in and out the coordination failure for a long
21

Experimenting with some different models suggested that this effect is very large if banks’ rental rate
increases by a larger factor than households when firms coordinate, which is not the case here.
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Figure 4: Equilibrium functions
(a) Stationary density

(b) Asset price volatility
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time. Although intermediaries net worth is growing in that region – they are not paying
dividends and capital returns are positive in the absence of shocks – the total net worth of
the economy is growing faster. Even though asset prices are decreasing to the right of that
boundary (µqt < 0), the drift of the total net worth qt Kt is also affected by σσtq , which can be
large. If uH is small (the gains from coordination are not so large), then the economy looks
more like Panel E. In fact, in the calibration µηt will never be below zero, but coordination
failures are still persistent since they slow down the growth of banks’ net worth.
Finally, note that the Sharpe ratio follows a pattern similar to leverage. Even though
asset price volatility falls once the economy enters the coordination failure region, capital
returns (and spreads) also fall. The fall in capital returns is more significant than the fall in
price volatility, causing the Sharpe ratio to decrease. An important message of the model is
that there may be a lot of non-monotonic relationships between credit spreads, Sharpe ratios,
intermediaries leverage and economic activity. Empirical work trying to use these variables
to predict financial crises should be aware of it, at the risk of missing relevant effects due to
misspecification.
23

4

Welfare

The welfare of the representative household is given by
"ˆ ∞

#
−ρt

W (Kt , ηt ) = E

e

(Ct − ξLt ) dt ,

0

where Ct is the aggregate consumption. By market clearing, Ct = Yt − ιt Kt − ft .
Let Λt denote the household flow utility per unit of capital.22 Using the static equilibrium
(Propositions 1 and 2), we can write it as functions of ψt and ιt . But we know from the
dynamic equilibrium that ψt and ιt are functions of η. Hence, we can write Λt = Λ(ηt ). Next
Proposition shows how to write the welfare of the household as a boundary value problem.
Proposition 4 (welfare). For a given initial K and η, the welfare of the representative
household is given by W (K, η) = KW (η), where W (η) solves the following boundary value
problem:
1
(ρ − g (η)) W (η) = Λ (η) + (ηµη (η) + ησ η (η) σ) W 0 (η) + η 2 σ η (η)2 W 00 (η),
2
with boundary conditions W (0) =
is given by

Λ(η) =


1

Du α
L


Du


where D ≡ α +

4.1

1
ε−1



1−α
ξ

Λ(0)
ρ−g(0)

and W 0 (η ∗ ) = 0. The flow utility per unit of capital

(ψ(η) (1 − β) + β) − ι(η)

1
α

H (ψ(η) (1 − β) + β) − ι(η) − χ

 1−α 
α

A ε−1
ε

1

α

if ψ(η) < ψGG

,

if ψ(η) ≥ ψGG

.

Inefficiencies and first-best

Before discussing the inefficiencies that arise in equilibrium, let me first define the first-best
economy. Next proposition characterizes the prices and allocations that maximize welfare.
Proposition 5 (first-best). If ψ̃ < 1 (firms want to choose high capacity if they believe
everyone will do the same) then in the first-best we have that:23
22

Using the static equilibrium and the market-clearing condition Ct = Yt − ιt Kt − ft , one can easily verify
that flow utility scales with capital.
23
The condition ψ̃ < 1 ensures that we are in the interesting case where coordination failures are possible.
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1. Total welfare is given by W F B = q F B K0 , where the first-best Tobin’s q is given by
q

FB

ΛF B
= max
,
g
ρ−g

with

Λ

FB

1/α

≡ (AuH )

1−α
ξ

! 1−α
α

− χ − ι(g).

2. Firms always choose high capacity and set prices equal to the marginal cost, i.e., uj,t = uH
and pj,t = mcj,t .
3. Banks intermediate all the capital (i.e., ψt = 1) and investment satisfies ι0 (g F B ) = q F B .
The economy has a lot of externalities and is far from the first-best. Two market failures
are responsible for this: (i) firms market power and (ii) missing market for aggregate risk (no
equity issuance).
On the productive sector, firms do not internalize the positive impact that choosing high
capacity has on other firms’ demand (coordination failures). Moreover, producers set prices
above the marginal cost (monopoly distortion). A social planner would choose high capacity
in more states and set lower prices.
If banks could issue equity, the price of capital would be constant and larger than the
equilibrium price. Higher asset prices would lead to higher investment, boosting economic
growth. The equity constraint creates externalities that would not be present otherwise.
Banks do not internalize the impact that leveraging up has on asset price volatility and on
the probability of bad states.24 They also do not internalize the positive impact that higher
leverage (and consequently, higher intermediation) has on firms coordination and capital
returns.
As will be shown in Section 7, some macroprudential policies can bring the economy closer
to the first-best.

5

Calibration

Unless otherwise stated, I use quarterly data from 1973Q1 to 2016Q1. The growth rates refer
to the annualized growth rates between two consecutive quarters. The model is simulated
using an Euler scheme and then the obtained data is aggregated quarterly. Data sources and
further details are presented in Appendix B. I assume quadratic adjustment costs on net
investment with depreciation δ:
κ
ι(g) = (g + δ) + g 2
2
24

As will be further discussed in Section 7, in this model higher bank’s leverage does not necessarily imply
higher volatility.
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Table 1: Parameters
Parameter

Value

Source/Target

Panel A: Literature/normalized parameters
ρ
δ
κ
α
ε
uL
ξ

Discount rate
Depreciation rate
Adjustment costs
Capital share
Elasticity of substitution
TFP shifter (low regime)
Marginal disutility of labor

0.05
0.1
3
0.3
3
1
1

Schaal and Taschereau-Dumouchel
Schaal and Taschereau-Dumouchel
He and Krishnamurthy (2014)
Schaal and Taschereau-Dumouchel
Schaal and Taschereau-Dumouchel
Normalization
Normalization

0.011
1.02
1.5445
0.94
0.004
0.0096

GDP volatility
∆ Capacity after 2007
Investment-to-capital rate
∆ Output-to-capital after 2007
Probability of financial crisis
Probability of coordination failure

(2016b)
(2016b)
(2016b)
(2016b)

Panel B: Other parameters
σ
uH
A
β
λ
χ

Capital quality shocks
TFP shifter (high regime)
Productivity
Household’s relative efficiency
Bank’s mortality risk
Scaled fixed cost

Table 1 shows the parameters used.

5.1

Parametrization

The parameters ρ (household discount rate), α (capital share), δ (depreciation rate), κ
(adjustment cost) and ε (elasticity of substitution) are taken from the literature and are
relatively standard. The marginal disutility of labor (ξ) and the capacity in the low regime
(uL ) are normalized to one. The choice of the remaining parameters is discussed below.
The volatility of the productivity shocks σ is chosen to match the average standard
deviation of output growth of 3.2% in my sample. As shown in the next section (Table 2), the
model matches almost perfectly the volatility of output, hours, investment, consumption and
intermediary equity, even though only the volatility of output was targeted. Not surprisingly,
the volatility of capacity utilization is much lower in the model than in the data (due to the
binary capacity assumption).
To calibrate uH , I follow a procedure similar to the one used by Schaal and TaschereauDumouchel (2016b) and use the Federal Reserve Board index of capacity utilization. According
to the Board, this index “tries to conceptualize the idea of sustainable maximum output, which
is defined as the highest level of output a plant can sustain within the confines of its resources”.
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Within the model, the “sustainable maximum output” can be interpreted as the output
of a firm with the maximum capacity uH . Therefore, the index is mapped into the ratio
yL,t /yH,t = (uL /uH )ε . It is assumed that after 2007Q2 the economy shifted to a regime with
low capacity. In the data, the post-2007Q2 average of this index is 6.56% lower than its
level in 2007Q2, implying a parameter uH = 1.022. If we compare it with a post-2009Q4
average (as in Schaal and Taschereau-Dumouchel (2016b)), the implied parameter is 1.019.25
Therefore, an average of those two values is chosen, implying uH = 1.02, which is pretty close
to the value of 1.0182 used in Schaal and Taschereau-Dumouchel (2016b).26
The productivity parameter A is set to get an average investment-to-capital ratio near 10%,
consistent with the usual estimates in the investment literature (see Bachmann, Caballero
and Engel (2013)). The average investment-to-capital ratio in the model is 11.5%.
A tricky parameter to calibrate is the household’s relative efficiency on capital intermediation (β). Everything else constant, it controls the fall in output per unit of capital after the
economy leaves its stochastic steady state and enters a coordination a trap. Output per unit
of capital services fell approximately 8% from 2007 to 2009. I set β = 0.94, which implies
that households earn on average a rental rate 6% smaller than financial intermediaries, and
that expected output per unit of capital, conditional on being in a coordination failure, is
7.8% lower than its level at the stochastic steady state.
Two key parameters are banks’ mortality risk λ and the fixed cost parameter χ. The
mortality risk controls how prone to take risks banks are. If λ is low, banks are very patient
and they would be willing to accumulate a lot of net worth, reducing their leverage and making
financial crises very unlikely. Therefore, λ affects how much time the economy spends in
financial crises. The parameter χ affects how hard it is for firms to coordinate on high capacity,
affecting the probability of coordination failures. In the data, there have not been many
financial crises in the US. Moreover, there is not a clear procedure to identify coordination
failures. I make some conservative choices here. I target a probability of coordination failure
of 8%, and a probability of financial crises of 12% (remember that every coordination failure is
also a financial crisis in the model). The choices of λ and χ imply a probability of coordination
failure of 8.3% and a probability of financial crisis of 12.4% (under the measure given by the
stationary distribution). The expected time to reach a coordination failure when the economy
is on the stochastic steady-state is 77 years, while the expected time for a financial crisis to
happen is 24 years. This is roughly consistent with the interpretation that two coordination
25
This is justified by the fact that a model with a binary capacity choice cannot explain the deep and short
lived fall in capacity after 2007Q4, but can explain the lowest level in which it stabilized after the crisis.
26
Since capacity in 2007Q2 was close to its pre-2007Q4 average, it does not matter whether we use the
index value in 2007Q4 or its average prior to the crisis. The value used here is slightly different from Schaal
and Taschereau-Dumouchel (2016b) because the sample includes more recent data.
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Figure 5: Equilibrium functions
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failures happened from 1929 to 2008.

5.2

Equilibrium properties

Figure 5 shows the stationary distribution of the state variable and some equilibrium functions.
Those are very similar to the ones presented in Section 3.3. The main difference is that the
left tail of the state variable density and the discontinuities around η̂ are much smaller. This
comes from the fact that here I set a low probability of coordination failures, to capture the
idea that those are rare events. From panels B and C, we can get an idea of the magnitude of
the amplification mechanism. When the economy enters the low regime, output falls about
5.5% at once. Due to the fall in asset prices, the investment-to-capital rate also fluctuates a
lot as the economy moves toward the low regime, falling from its steady-state level of 12% to
less than 6%.
Table 2 compares some moments of the model and the data. All the statistics refer to the
annualized growth rate of the variables. The calibration targeted the volatility of output, but
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Table 2: Dynamic properties of the data
Output

Consumption

Hours

Investment

Equity

Capacity

41.6
37.5

6.0
1.8

0.24
0.40

0.71
0.69

Panel A: Standard deviations (%)
Data
Model

3.2
3.2

2.7
2.7

3.3
3.5

8.7
8.9

Panel B: Correlation with output
Data
Model

1
1

0.67
0.95

0.72
0.99

0.73
0.78

Panel C: Correlation with intermediary equity
Data
Model

0.24
0.41

0.31
0.28

0.12
0.40

0.28
0.58

1
1

0.25
0.24

Notes: all variables refer to the annualized growth rate between two consecutive quarters.

the model does a great job capturing the volatility of consumption, hours, investment and
intermediary equity. Not surprisingly, the volatility of capacity utilization is much lower in
the model than in the data. Since this is a binary variable in the model, its growth rate equals
zero in many quarters and therefore the model misses a lot of low frequency movements in
capacity. As for the correlations, the model predicts correlations usually a bit higher than
those observed in the data.
Interestingly, the model matches well the long-run growth rate of most variables, even
though it was not targeted in the calibration. In the data, the average growth rate of output,
consumption and investment are 1.6%, 1.9% and 1.5%, respectively. In the model, these
numbers are 1.5%, 1.5% and 1.6%.

6

The effects of endogenous disasters

The goal of this section is to study the impact of coordination failures (disasters) on equilibrium
outcomes and welfare. While the analysis of sections 2 and 5 showed how asset prices, capital
returns, output, and many other variables respond when the economy enters a coordination
trap, the effects of disaster episodes may go far beyond what we observe during those crisis.
To fully understand the impact of endogenous disasters on welfare and long-run dynamics, we
need to look at the global effects and not only local effects. As will be shown in this section,
the global effects are large and affect the system even if coordination failures are very unlikely.
To analyze the impact of coordination failures, we need to compare the baseline model
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Table 3: Properties the economies analyzed
Model

Time to reach disaster (years)
Share of time spent in disasters

Baseline

Second-best

77
0.085

∞
0

Notes: Time to reach disaster is the expected time to reach the cutoff
η̂ when η0 = η ∗ .

to an economy without coordination failures, which I call the second-best economy. In the
second-best economy, financial frictions still exist but firms always coordinate on high capacity.
That is a natural choice, since the main goal of this paper is not to study the impact of
financial frictions, but instead to analyze the role of endogenous disasters that arise as a
consequence of financial frictions. Following the related literature, I think of financial frictions
as coming from some incentive problem of banks that are not easy to overcome.27 To exemplify,
assume that banks’ returns are not verifiable and that a banker can divert assets at a very low
cost. Thus, any contract that allows the banker to transfer some risk to its investors will not
be used, since bankers would misreport its returns and investors would end up empty-handed.
Banks need to have “skin in the game”, and debt contracts are used in equilibrium. I also
assume that in the second-best, firms still set prices as monopolists. Assuming otherwise
would only reinforce the effects presented here.28 Thus, the second-best is identical to the
model of Section 2, except for the fact that firms play according to a cutoff ψ̂ ≤ 0 (they
always coordinate). This could be achieved by imposing a lump-sum tax on households and
using the revenue to subsidize firms’ fixed cost ft .
As will be shown below, coordination failures have a large impact on the behavior of the
system, even when coordination failures are extremely unlikely. Table 3 summarizes the main
differences of the two economies analyzed.

6.1

Welfare losses

We have seen a lot of channels through which coordination failures may affect welfare.
Coordination failures induce firms to produce below its full potential, lowering the endogenous
productivity of the economy. By reducing banks’ capital returns in bad times, it reduces
banks’ demand for capital, leading to lower asset prices. Lower assets prices reduce investment
27

See Townsend (1979) and Carlstrom and Fuerst (1997), to name only a few.
We could shut down the monopoly distortion by subsidizing a fraction 1/ε of firms’ expenditures on labor
and capital. That would induce firms to set prices that are equal to the marginal cost, which would further
increase welfare and asset prices.
28
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and growth. But there are potential benefits too. As shown by Phelan (2016), in models
with financial frictions banks may use too much leverage in bad times. By depressing banks’
returns precisely in bad times, coordination failures could serve as a discipline device (market
discipline, as in Eisenbach (2014)).
Figure 6 shows the welfare in each economy and the welfare gains of avoiding coordination
failures. The results are reported in welfare and consumption equivalent units, for each initial
value of η.29
Figure 6: The welfare costs of disasters
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In the calibrated economy, the welfare gains of avoiding disasters can be equivalent to a
15% permanent increase in consumption when the economy is on the stochastic steady-state
and agents expect a coordination failure to happen in 77 years. In welfare units, the gain is
near 34%. Remember that the economy experiences an instantaneous output loss of 5.5%
when it enters the low regime, and productivity falls only 2% (ignoring the benefit of not
having to pay the fixed cost). Thus, it seems surprising that coordination failures can generate
such a large welfare gain. Some back-of-the-envelope calculations suggest that if we ignored
any general equilibrium effects that the possibility of coordination failures have on banks and
households decisions, and dramatically assumed that productivity falls to zero in disaster
states, the welfare loss should be proportional to the probability of those states. But in fact,
the welfare losses are much larger.
Surprisingly, the perverse effects of disasters propagate through the state-space even
if they are extremely unlikely. In order to show that, Figure 7 compares the second-best
29

Due to the scale invariance properties of the model, the initial level of capital does not matter to compute
welfare gains, since welfare is proportional to the initial capital. Notice also that welfare is defined even when
η0 > η ∗ , since in this case intermediaries pay a lot of dividends and the economy instantaneously jumps to η ∗ .
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Figure 7: Tiny coordination failures
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economy to a sequence of economies that get closer and closer to the second-best. These
economies are identical to the calibrated model but with different values of ψ̂ (firms’ cutoff).
As ψ̂ approaches zero, the expected time to reach a coordination failure becomes very large,
i.e., agents on the stochastic steady-state expect them to almost never happen. One could
interpret lowering ψ̂ as reducing firms fixed costs by providing a partial subsidy to producers
that is not large enough to induce firms to always coordinate.
Figure 7 plots the welfare gains when the economy is at the stochastic steady-state of
the second-best economy for many different values of ψ̂. Note that this is a lower bound for
the welfare gains, since lower initial values of η lead to higher welfare gains, as coordination
failures become more likely. Instead of reporting the value of ψ̂ on the horizontal axis, the
expected time to reach a coordination failure associated to each ψ̂ is reported. For instance,
in the economy with a time to reach near 1350 years, we have ψ̂ = 0.06 and an unconditional
probability of a coordination failure below 1%.
Coordination failures that are not expected in almost 1500 years still have a significant
impact on welfare, as measured in consumption equivalents. One should expect that events
that happen in a so distant future would have no impact on equilibrium outcomes, unless
agents’ discount rate were absurdly low. But even a tiny chance of disasters can have important
global effects, although the economy almost never reaches those states.
To sum up, extreme events that are very unlikely can have important effects on welfare,
even in good times. Next, I show that these effects operate through changes in asset prices
and volatility that harm investment and economic growth, even in good times.
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6.2

Global responses to disasters

Given the huge effects that coordination failures have on welfare, it is not surprising that it
must affect agents behavior and prices even in states where they are very unlikely. Their
perverse effects in bad times spread through the system, affecting the economy even in tranquil
times.
Figure 8 shows the endogenous responses of some variables. I start by analyzing the two
top panels. Note that asset prices are much lower in the calibrated economy with coordination
failures, at any point of the state space. Asset prices get depressed because banks fear the
disaster states, sharply reducing their demand for capital. In principle, banks can adjust
their capital at every period and one could expect that a coordination failure that is not
expected in 77 years would not have a large impact on their capital demand. At a given date
t, banks’ demand for capital depends on the dividend yield of capital and on the change of
asset prices from t to t + dt. Thus, the demand and the price of capital at t will be affected
by the expected price of capital at t + dt, which in turn will be affected by the price of capital
at t + 2dt and so on, ultimately being affected by asset prices in distant bad states. If a
coordination failure is expected T years from now, where T is large, agents expect very low
asset prices at that date. The important thing is that asset prices suffer contagion from bad
to good times, even when bad times seem very remote. Of course, the sooner a disaster is
expected, the larger the effect on asset prices. Low asset prices imply a low growth rate of
capital, reducing economic growth.
The middle panels show that banks intermediate much less capital in the economy with
coordination failures. Moreover, they take on much less risk, as reflected by their lower
leverage in bad states. This happens because, as negative shocks hit, banks anticipate low
capital returns and asset prices, and start to unload their capital on the household sector,
fearing coordination failures. But that is precisely what causes a coordination failure. Banks
deleverage anticipates disasters.
Interestingly, higher leverage in the economy without coordination failures does not imply
higher volatility. As the bottom panels shows, the total volatility of capital returns (σ + σtq )
can be more than twice as large in the economy with coordination failures, even though banks
use less leverage. Volatility of banks’ wealth is higher in the baseline economy too. Since at
the stochastic steady-state positive shocks do not improve the state of the economy, but bad
shocks make things worse, higher volatility is harmful and it increases the probability of bad
states.
Table 4 reports some statistics for both economies. Notice that coordination greatly
increases the frequency of financial crises, given banks’ preemptive behavior when confronted
with bad shocks. Output grows much less in the economy with coordination failures, while
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Figure 8: Effects of coordination failures on equilibrium
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Table 4: Likelihood of bad states

Probability of financial crisis
Time to reach financial crisis
Output growth
Output volatility

Baseline

Second-best

0.12
24
1.5%
3.2%

0.05
84
2.5%
2.0%

Notes: Time to reach financial crisis (coordination failure) is the
expected time to reach the cutoff η ψ (η̂), when η0 = η ∗ . Output
volatility refers to the volatility of the annualized growth rate.

being much more volatile.
The main message of this section is that small-probability events may have huge and
perverse effects on the global behavior of the system – and it happens through banks’
precautionary behavior. Banks require higher returns to hold capital, and welfare, assets
prices and investment are very low. Policies that eliminate this kind of bad states can have
positive effects that go far beyond the output and efficiency losses that they avoid at those
specific episodes. That is what I analyze next.

7

Policies

In the last section, I showed that even rare coordination failures may have huge impacts on the
behavior of the economy, even in tranquil times. The fall in asset prices is not restricted to bad
states. It spreads through the system, harming investment and economic growth. Moreover,
banks’ preemptive behavior increases the frequency of crises. In this section, policies that can
alleviate that problem are discussed.

7.1

Subsidies to producers

A simple way to solve the coordination problem of the economy is to provide subsidies to
firms that operate in high capacity, as in Guimaraes and Machado (2016) and Schaal and
Taschereau-Dumouchel (2016b). The regulator could set a lump-sum tax Tt on the household
and use that to pay firms fixed cost ft . For a high enough subsidy, firms would be happy to
always operate in high capacity and coordination failures would never happen. We would be
in the benchmark case analyzed in Section 6, and thus the welfare gains of such policy are
huge.
In practice, such subsidies may be hard to implement. For this policy to work, the regulator
must provide the subsidy conditional on firms choosing high capacity, which may be hard to
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verify. The productive sector is very large and unregulated, and it may be very difficult for a
regulator to successfully implement such policies on a large number of firms. In what follows
I focus on policies targeted at financial intermediaries instead.

7.2

Insurance against disasters

A simple thing a regulator can do is to protect financial institutions from these economic
disasters that happen from time to time. Since those events are very rare, the cost of this
intervention may be low. One could think that large-scale asset purchases or equity injections
undertaken by monetary authorities during and after the Great Recession were attempts to
increase financial intermediaries’ returns in bad times.
In the calibrated model, the rental rate of intermediaries’ capital is 15.4% in the high
regime and 14.4% in the low regime. Thus, rental rates do not change much, but as we have
seen, this is enough to have a large impact on banks’ behavior. In this section I consider a
policy in which the regulator guarantees a rental rate in bad times that is equal to the rental
rate in good times (using a subsidy, for instance). The policy is broad and the subsidy is
paid to anyone that is intermediating capital, including households. Restricting the subsidy
to banks would only reinforce the effects presented here. One should think of this as a
reduced form for any policy that tries to increase banks’ returns in bad times, such as those
implemented by the Fed during the 2007-2009 crisis.
By protecting financial intermediation from the effects that coordination has on capital
returns, this exercise helps disentangle the inefficiencies caused by the interplay of coordination
failures and financial frictions from those directly caused by coordination failures. As will be
shown below, the direct effects of coordination are very small relative to the overall effects.
Notice that the policy does not require the regulator to insure banks against bank-specific
losses, which could imply large moral hazard costs that are not modeled here. It simply insure
banks against terrible aggregate disasters, but they still have to bear any losses if their assets
loose value (d (qt kt ) < 0). Policies that totally insure banks could worsen the not modeled
moral hazard frictions that justify banks having to bear some risk in the first place.
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Figure 9: Output and TFP
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Policy

Under this policy, banks behave exactly like in the economy without coordination failures
– the second-best economy of Section 6. All variables for banks look exactly like the dashed
lines in Figure 8 and therefore are not reported here. The only difference is that in this
economy, output and the endogenous TFP still fall when η gets low. This is shown in Figure
9, which compares the baseline economy with the one where the policy is implemented. Note
that coordination failures happen much less often (η̂ is lower), since banks do not behave
preemptively and therefore do not hasten coordination failures. Table 5 shows that the policy
reduces the frequency of financial crises and coordination failures considerably.
Table 5: Frequency of crisis before and after policy

Time to reach financial crisis
Time to reach coordination failure
Probability of financial crisis
Probability of coordination failure

Policy

Baseline

84
290
0.052
0.023

24
77
0.124
0.083

Notes: Time to reach financial crisis is the expected time to reach
the cutoff ψ̂ when η0 = η ∗ (in years). Probabilities are computed
using the stationary distribution.

Figure 10 shows the welfare consequences of this policy, by comparing the world in which
the policy is implemented with the second-best. Notice that for high values of η, the policy
brings the economy very close to the second-best, almost mitigating the effects of coordination
failures. For low values of η there is still some room for improvement, but the welfare gains of
avoiding coordination failures are much lower than in the baseline model. The policy is very
effective.
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Figure 10: Remaining welfare gains after policy
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From Panel B of Figure 8, we can conclude that the policy considered here increases banks’
leverage in bad times. Moreover, the policy increases both welfare and stability (see the
bottom panels of Figure 8). This is at odds with some previous literature. In Phelan (2016),
banks take too much leverage in bad times, and policies that reduce their leverage on those
states are welfare improving. The reason is that banks do not internalize the perverse effects
that higher leverage has on volatility and on the probability of bad states. The story here is
quite different. On one hand, by increasing their leverage in mildly bad states, banks also
become more exposed to negative shocks, which contributes to higher volatility. On the other
hand, by leveraging up banks help avoid really terrible states, which helps reduce volatility.
Of course, banks do not internalize any of those effects. But as it turns out, the positive
effect of leverage on financial stability dominates and the policy ends up increasing not only
efficiency, but also making the system more stable.
To summarize, low leverage in bad times is a bad deal, since it throws the economy into
coordination traps and make the system globally volatile. By increasing banks’ returns in
bad times, the regulator alleviates the perverse two-way feedback between the financial and
the real sector, almost mitigating the negative effects of coordination failures.

8

Conclusion

This paper proposes a dynamic model of endogenous disasters that are associated with
financial distress and coordination failures. In the model, there is an endogenous two-way
feedback between intermediaries’ balance sheets and firms’ production decisions.
The model offers a laboratory to study the global effects of extreme financial crises such
as the Great Recession and the Great Depression. It shows that such events can have a large
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impact on welfare, asset prices and economic growth, even if they are extremely unlikely.
Moreover, policies that increase intermediaries risk taking in bad times can improve not only
welfare, but also increase financial stability. The model delivers several predictions about the
relationship between financial and real variables.
This paper restricted the analysis to economic disasters driven by low demand expectations
among producers. Yet, the techniques here developed could be useful to macroeconomists
interested in modeling other non-linear phenomena related to financial crises, such as bank
runs and interbank market freezes. Finally, it would be interesting to relax some preference
and technological assumptions, for instance by allowing a not completely elastic labor supply
and household risk aversion.

A
A.1

Technical appendix
Proof of Proposition 1

I start finding firms optimal production decisions for a given wt , Rt , uj,t and Yt . Plugging the
demand schedule (1) and the production function (2) into the firms profit, and taking first
order conditions for capital and labor we get:
(1 − α)

 ε−1 1
ε−1
ε
α 1−α
uj,t Akj,t
lj,t
Yt ε = w t
εlj,t

and α

 ε−1 1
ε−1
ε
α 1−α
uAkj,t
lj,t
Yt ε = Rt .
εkj,t

Dividing the two equations above and rearranging, we get that under the optimal choice,
kj,t
α wt
= 1−α
. Using this optimal capital-to-labor rate and the production function, we can
lj,t
Rt
write firms profits as a function of their production yj,t :
ε−1

1

πj,t = yj,tε Yj,tθ −
|

{z

}

Revenue

yj,t
Auj,t



Rt
α

α 

wt
1−α

|

1−α

{z

Costs

− 1{uj,t =uH } ft

(A.1)

}

Taking first order conditions with respect to yj,t and using the demand schedule, one can
 α 
1−α
wt
easily verify that pj,t = ε−1
mcj,t , where mcj,t = Au1j,t Rαt
is firm’s j marginal cost.
ε
1−α
Taking the first-order condition with respect to yj,t in (A.1) and using the optimal ratio of
labor and capital, we can find yj,t , kj,t and lj,t by solving the following system of equations:
kj,t = α

yj,t mcj,t
,
Rt

lj,t = (1 − α)

yj,t mcj,t
wt

and

ε − 1 − 1ε θ1
y Y = mcj,t
ε j,t j,t

(A.2)

Let lH,t ,kH,t and yH,t denote the solution of the system above when uj,t = uH , and lL,t ,kL,t
and yL,t denote the solution when uj,t = uL . Those are functions of wt , Rt and Yt . Let
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K̃t ≡ ktb + βkth denote the total capital in the economy in efficiency units. Using the market
clearing condition for capital and final goods we get:
K̃t = xt kH,t + (1 − xt )kL,t



ε−1
ε

ε−1
ε

Yt = xt yH,t + (1 − xt ) yL,t



ε
ε−1

Solving the system of equations above for Rt and Yt , one can find the equilibrium output and
rental rate as a function of wt . Replacing wt = ξ, by the equilibrium condition in labor market,
we get the equilibrium value of Rt and Yt , for a given K̃t . Plugging the equilibrium Yt , Rt and
wt in the solution of (A.2), one can find kj,t , yj,t and kj,t , for j ∈ {L, H} as a function of K̃t .
Then, one can find πL,t and πH,t using (A.1), and Lt = xt lH,t +(1−xt )lL,t . To conclude the proof
and get to expressions in Proposition 1, one should notice that K̃t = (ψt (1 − β) + β) Kt .

A.2

Proof of Proposition 2

Using Proposition 1, we can write firms’ scaled relative profits as
∆π̂t (ψt , ut ) = BuΩ
t (ψt (1 − β) + β) − χ,






 1−α

1





α
ε−1
A α uε−1
where B =
. Firms choose high capacity if ∆π̂t > 0,
H − uL
low capacity if ∆π̂t < 0 and are indifferent if ∆π̂t = 0. If Ω > 0, ∆π̂t is increasing on the
average capacity. Moreover, it is increasing in ψt . This if ψt < ψ , we have ∆π̂t (ψt , u) <
e
∆π̂(ψ , u) ≤ ∆π̂(ψ , uH ) = 0, for any u ∈ [uL , uH ], and thus firms can only choose low capacity.
e
e
Similarly, if ψt > ψ̃, ∆π̂t (ψt , u) > ∆π̂(ψ , u) ≥ ∆π̂(ψ , uL ) = 0, and all firms must choose high
e
e
capacity in equilibrium. If ψt ∈ [ψ , ψ̃], we have ∆π̂(ψt , uH ) > 0 > ∆π̂(ψt , uL ). Therefore, if
e
all firms choose high capacity (xt = 1 and ut = uH ), it is optimal to choose high capacity,
and thus xt = 1 is an equilibrium. Similarly, if no one chooses high capacity, it is optimal to
choose low capacity and xt = 0 is an equilibrium. Finally, by the continuity and monotonicity
of ∆π̂(ψt , ut ), for each ψt ∈ [ψ , ψ̃], there is an unique capacity û such that firms are indifferent
e
between high and low capacity. Thus, there is an xt = h(ψt ) (that implies an average capacity
û) that is also an equilibrium. As ψt increases, firms require a lower average capacity to be
indifferent, and thus h0 (ψ) < 0.

A.3

1
ε−1

ε
ε−1

1−α
ξ

Proof of Proposition 3

First, let me state the complete version of Proposition 3.
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Proposition (full statement of Proposition 3). For a given function R(η), the partial dynamic
equilibrium is characterized as follows:
1. For a given θ(η), θ0 (η), q(η) and q 0 (η), the functions µq (η), σ q (η), µη (η), σ q (η) and
ψ(η) are given by
1 q(η)σθ0 (η) +
η
ησ (η) = −
2

q

(σq(η)θ0 (η))2 + 4R(η)q 0 (η)θ(η)θ0 (η) (β − 1)
,
q 0 (η)θ0 (η)

(A.3)

ησ η (η)q 0 (η)
σ (η) =
,
q(η)

(A.4)

q

ηµη (η) =
µq (η) =

[η (R(η) − ι(η)) − ησ η (η)q(η) (σ + σ q (η))] θ(η) − q(η)θ0 (η)η 2 σ(η)2
,
q(η)θ(η)

(A.5)

[(rf − σσ q (η) − g(η)) q(η) − R(η) + ι(η)] θ(η) − (σ + σ q (η)) ησ η (η)θ0 (η)q(η)
,
q(η)θ(η)
(A.6)

and

(σ + σ q (η)) η + ησ η (η)
,
ψ(η) =
σ + σ q (η)

(A.7)

if we have ψ(η) < 1 above. Otherwise, ψ(η) = 1 and the expressions for σ η and µη are
replaced by:
(1 − η) σq(η)
ησ η (η) =
(A.3’)
(1 − η) q 0 (η) + q(η)
ηµη (η) =

[(σ + σ q (η)) θ(η) + θ0 (η)ησ η (η)] (σ + σq(η)) (η − 1) q(η) + ηθ(η) (R(η) − ι(η))
q(η)θ(η)

(A.5’)

2. The functions θ(η) and q(η) satisfy the following boundary value problem with unknown
parameter η ∗ :
1
(A.8)
λθ(η) = ηµη (η)θ0 (η) + (ησ η (η))2 θ00 (η),
2
µq (η) = µη (η)

ηq 0 (η) 1 η 2 η 2 q 00 (η)
+ σ (η)
,
q(η)
2
q(η)

(A.9)

with boundary conditions
q(0) = q,

θ(η ∗ ) = 1,

lim θ(η) = ∞,

η→0
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q 0 (η ∗ ) = 0

and

θ0 (η ∗ ) = 0.

Proof. I start deriving banks’ optimality condition. The Hamilton-Jacobi-Bellmann equation
for banks can be written as
∂v(nb , η)
∂v(nb , η)
η
+
ηµ
(η)
ϕb (n ,η),ζ(nb ,η)
∂nb
∂η
)
2
b
2
b
2


2 ∂ v(n , η)
1 b nb
1
∂ v(nb , η)
2 ∂ v(n , η)
η
b
nb
η
+ n σ (η)
, (A.10)
+ (ησ (η))
+ n ησ (η)σ (η)
2
∂nb2
2
∂η 2
∂nb ∂η
(

(ρ + λ) v(nb , η) =

max
b

ζ(nb , η) + nb µnb (η)

where,
ζ(nb , η)
Rb (η) − ι(η)
+ g(ηt ) + µq (η) + σσ q (η) − rf + rf −
µ (η) = ϕ (n , η)
q(η)
nb
!

nb

b

b

and
σ nb (η) = (σ + σ q (η)) ϕb (nb , η).
µnb (η) and σ nb (η) come from the law of motion of banks wealth nb . To see that banks value
can be written as v(nb , η) = θ(η)nb consider two banks, 1 and 2, with initial wealth n1 and
n2 = ϑn1 , respectively, where ϑ > 0. Let (ζ̂t1 ϕ1t ) and (ζ̂t2 , ϕ2t ) denote banks’ optimal decisions
at each date t, where ζ̂t1 = ζt1 /n1t and ζ̂t2 = ζt2 /n2t , denote banks’ dividends payments per
unit of wealth. Note that bank 2 is able to implement the policy (ζ̂t1 , ϕ1t ), in which case
dn1t /n1t = dn2t /n2t , for every t. Thus, under this policy she would get a payoff ϑv(n1 , η). Hence,
v(n2 , η) ≥ ϑv(n1 , η). A similar argument shows that v(n1 , η) ≥ ϑ1 v(n2 , η) ⇔ v(n2 , η) ≤ v(n1 , η)
and thus v(n2 , η) = ϑv(n1 , η), implying that the value function is proportional to wealth.
Replacing v(nb , η) = nb θ(η) on (A.10) and using the fact in equilibrium rf = ρ we get:
ζ(nb , η)
Rb (η) − ι(η)
b
b
λθ(η) = b bmax b
(1
−
θ(η))
+
ϕ
(n
,
η)
+ g(ηt ) + µq (η)
ϕ (n ,η),ζ(n ,η)
nb
q(η)
#
)
θ0 (η)
1
2 00
q
q
η
η
0
η
+σσ (η) − rf + η (σ + σ (η)) σ (η)
θ(η) + ηµ (η)θ (η) + (ησ (η)) θ (η)
(A.11)
θ(η)
2
(

"

It is assumed that banks are always leveraged, and thus they must hold capital. From the
(A.11), one can see that banks will be indifferent between holding capital or risk-free debt
whenever (9) is satisfied. Households’ optimality condition (6) and (7) are straightforward.
b
Notice that in the optimum ζ(nnb,η) (1 − θ(η)) = 0 (either banks are not paying dividends or
b
θ(η) = 1). Using ζ(nnb,η) (1 − θ(η)) = 0 and banks indifference condition (9), equation (A.11)
becomes equation (11) in Proposition 3.
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Applying Ito’s Lemma to q(η) we get (12) and
σ q (η) =
Applying Ito’s Lemma to ηt =
dividends below η ∗ we get:

nbt
,
qt kt

ησ η (η)q 0 (η)
.
q(η)

(A.12)

using ψ(η) = ϕ(η)η and the fact that banks never pay



Rb (η) − ι(η)
ψ(η)+ g (η) + µq (η) − σ 2 − σ q (η)σ − σ q (η)2 − rf (ψ(η) − η) (A.13)
ηµ (η) =
q(η)
η

ησ η (η) = (ψ(η) − η) (σ + σ q (η))

(A.14)

Let’s start assuming in equilibrium ψ(η) < 1. In this case, we can solve for µq (η), σ q (η),
ηµη (η) and ησ η (η) as functions of θ(η), θ0 (η), q(η) and q 0 (η) using (7), (9), (A.12), (A.13)
and (A.14). Doing a lot of algebra, we get two solutions, associated to two different values of
ησ η (η):
1 −q(η)σθ0 (η) ±
η
ησ (η) =
2

q

(σq(η)θ0 (η))2 + 4R(η)q 0 (η)θ(η)θ0 (η) (β − 1)
q 0 (η)θ0 (η)

(A.15)

Next, I show how to eliminate the positive root. Notice that equation (A.14) implies
σ η (η)
ϕ(η) = 1 + σ+σ
q (η) . Taking the limits, we get
lim+ ϕ(η) = 1 +

η→0

limη→0+ σ η (η)
limη→0+ σ η (η)
=
1
+
,
σ + limη→0+ σ q (η)
σ

where in the second equality I used the fact that when banks are wiped out q is constant.
Thus, to have ϕ(η) > 1 for every η > 0 (i.e., banks are always borrowing), we must have
limη→0+ σ η (η) > 0 ⇔ limη→0+ ησ η (η) > 0. Taking limits of (A.15) when η → 0, we can see
that the denominator is negative, since θ0 (0) < 0 and q 0 (0) > 0. Thus, for limη→0+ ησ η (η) > 0,
we must have the numerator negative, which is not possible if the square root term is positive.
Getting rid of the positive root, the unique solution of the system is as stated in Proposition 3
for ψ < 1. If ψ = 1, in (A.7), we drop households indifference condition and solve the system
using (9), (A.12), (A.13), (A.14) and ψ(η) = 1, which yields the unique solution stated in
Proposition 3.
The boundary conditions are standard. The zero derivatives at η ∗ come from the fact η ∗
is a reflecting boundary. The boundary for q(0) is the price of capital when banks are wiped
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out. The conditionθ(η ∗ ) = 1 comes from the fact that banks pays dividend at the reflecting
boundary. To see why limη→0 θ(η) = ∞, notice that if a bank has one unit of capital when
η = 0, she would face no risk (asset prices are constant) and would be able to get a capital
return higher than households time preference ρ (since households would get drkh = ρ with
their inferior technology). Thus the bank could borrow an infinite amount at rate ρ, buy
capital and make infinite profits without any risk.

A.4

Proof of Proposition 4

First, notice that the expression for the flow utility per unit of capital Λ(η) can be obtained
by static equilibrium, assuming x = 0 and ψ = 0. The HJB equation of household’s welfare
can be written as:

∂W(K, η)
∂W(K, η)
+ g(η)K
∂η
∂K
1
∂W(K, η) 1
∂W(K, η)
∂W(K, η)
+ (ησ η (η))2
+ (σK)2
+ ησ η (η)σK
(A.16)
2
2
2
∂η
2
∂K
∂η∂K

ρW (K, η) = Λ (η) K + ηµη (η)

Suppose the initial capital of the economy is multiplied by ϑ > 0, but η is kept constant.
Since the flow utility scales with aggregate capital and a change in the initial capital does not
affect the expected values of ψt (since it only depends of η), household welfare also scales with
aggregate capital. We can write W (Kt , ηt ) = W (ηt )Kt and plug it that in (A.16), yielding the
Λ(0)
ordinary differential equation of Proposition 4. The boundary condition W (0) = ρ−g(0)
comes
0 ∗
∗
from the Gordon Growth formula. Finally, W (η ) = 0 since η is the reflecting boundary.

A.5

Numerical solution

First, for a given function R(η), the partial dynamic equilibrium can be found by solving the
boundary value problem given in Proposition 3. That can be done either by using a standard
boundary value problem solver (such as bvp4c in Matlab), or by using a bisection method as
in Brunnermeier and Sannikov (2014). The Brunnermeier and Sannikov (2014) method works
as follows. First, we guess a value for q 0 (0). Then we solve the system of ODE’s using the
guessed q 0 (0) and the boundary conditions for θ(0), θ0 (0) and q(0). Notice that θ0 (0) = −∞,
since θ(0) = ∞. Moreover, if a function θ(η) solves the system of ODE’s, then so does ϑθ(η),
where ϑ > 0. Thus, we can normalize θ(0) to 1. The system is integrated from η = 0 until
some of those events happen: (i) θ0 (η) reaches zero or (ii) q 0 (η) reaches zero or (iii) q reaches
q = maxg R−ι(g)
, where R is the rental rate of capital if banks hold all capital forever (and
ρ−g
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ut = uH ). If both θ0 (η) and q 0 (η) are near zero at the terminal point, then we can stop and
the reflecting boundary η ∗ is given by the terminal point. Otherwise, we must update the
guess of q 0 (0). If (ii) happens first, we must increase q 0 (0), otherwise we decrease it. Once we
have found the functions θ(η) and q(η), we must divide θ(η) by θ(η ∗ ), so that θ(η ∗ ) = 1. The
remaining functions can be recovered using Proposition 3.
When moving to the general dynamic equilibrium we need to find functions R(η) and
ψ(η) that are consistent with the static equilibrium. To find the best general dynamic
equilibrium I guess for each η that the equilibrium is such that firms coordinate on high
capacity. Thus, when solving for the partial dynamic equilibrium, I set the high rental rate
R on the expressions given by Proposition 3 and check for each point in the state space if
the implied ψ(η) is consistent with the static equilibrium, i.e., ψ(η) ≥ ψGG . If ψ(η) < ψGG ,
then it is assumed that firms do not coordinate, and we must set the rental R associated
to ut = uL in Proposition 3. To find the worst equilibrium, the opposite is done. I start
guessing that firms do not coordinate and then check if ψ(η) < ψGG . Alternatively, one could
guess η̂ 0 is such that firms coordinate if η ≥ η̂ 0 and do not otherwise. Then, the computed
function ψ(η) will imply a new value for η̂ 1 , which is given by argminη {|ψ(η) − ψGG |}). If
it is different from the initial guess η̂ 0 , we must repeat the procedure using η̂ 1 as an initial
guess. The good equilibrium is found by starting the iterations from the right (η̂ 0 = 1) and
the bad equilibrium by starting it from the left (η̂ 0 = 0).

A.6

Proof of Proposition 5

Proposition 5 is a direct consequence of the First Welfare Theorem. The expression for ΛF B
can be found solving the static equilibrium assuming that firms always set prices equal to the
marginal cost and operate in high capacity. The steps are the same as in Proposition 1 and
therefore, are omitted. The welfare is then computed by the Gordon Growth formula. That a
social planner would set ψ = 1 is obvious. Also, the planner would choose high capacity if
ψ̃ < 1, since firms profits are higher in the high regime. Therefore, household utility would be
higher too.

B

Data sources

Table 6 describes the data sources. All time series are quarterly from 1973Q1 to 2016Q1.
All variables but capacity are expressed in per-capita terms. All variables are seasonally
adjusted and all nominal variables are adjusted for inflation using the GDP deflator. The
equity variable is the one with identifier FL793164113.Q in the Fed’s Flow of Funds. After
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1996, it consists of the sum of the market value of common and preferred equity for U.S.
domestic financial corporations in CRSP (based on 2-digit SIC codes). For further details,
check the Fed’s website.
Table 6: Data sources
Variable
Output
Investment
Hours
Consumption
Equity
Capacity
Population
GDP Deflator

C

Source
BEA - Gross Domestic Product
BEA - Fixed Private Investment
BLS - Nonfarm Business Sector: Hours of All Persons
BEA - Personal Consumption Expenditures
Flow of Funds - Domestic Financial Sectors; Public Corporate Equities
FRB - Capacity Utilization: Total Industry
Census - Total Population: All Ages including Armed Forces Overseas
BEA - Gross Domestic Product: Implicit Price Deflator

Model with Ω ≤ 0

If Ω = 0, then firms do not care about the average capacity ut and we can write ∆π̂ as a
function of ψt exclusively. Thus, they all choose high capacity if ∆π̂(ψt ) > 0 and low capacity
if ∆π̂(ψt ) < 0. If ∆π̂(ψt ) = 0, then any xt ∈ [0, 1] is consistent with equilibrium. In what
follows, I focus on the case with Ω < 0.
There will be essentially an unique equilibrium in the firm’s capacity game, but there are
few possibilities, depending on ψt . There are three cases:
1. If ∆π̂(ψt , ut ) ≤ 0, for all ut ∈ [uL , uH ], then the unique equilibrium is the one where all
firms choose low capacity.
2. If ∆π̂(ψt , ut ) ≥ 0, for all ut ∈ [uL , uH ], then the unique equilibrium is the one where all
firms choose high capacity.
3. If ∆π̂(ψt , uL ) > 0 and ∆π̂(ψt , uH ) < 0, we have an unique equilibrium with xt ∈ (0, 1),
where xt is given by the indifference condition ∆π̂(ψt , ut ) = 0.
Notice that it covers all possible cases (for Ω < 0). Depending on parameters, some of the
cases above might not be possible. Figure 11 illustrates the static equilibrium. Notice that,
by using Proposition 1, we can recover Rt for each ψ, which will be a continuous function of
ψ (as opposed to the case with Ω > 0). To solve for the dynamic equilibrium, a procedure
similar to the one applied for Ω > 0 can be used. The main difference is that now one must
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Figure 11: Static equilibrium Ω ≤ 0
xt
1

1

t

search for intermediaries values of xt that are consistent with equilibrium when the guesses
xt = 1 or xt = 0 fail.

D

Global games selection

The results here follow from Morris and Shin (2001) and Morris and Shin (2003).
Suppose time is discrete and firms only make decisions at t ∈ {ν, 2ν, 3ν, ...}. Assume that
√
the capital quality shocks follow Zt = Zt−1 + σ ν$t , where $t and normally distributed iid
shocks with zero mean and unit variance. At the end of each period, firms learn the true state
of the economy. But at the beginning of each date t, before taking their capacity decisions,
all firms observe is the history up to date t − δ. They also know that ψt = st ($t ), where
st ($) is some increasing function of $ that comes from banks’ decisions (if positive shocks
hit, banks intermediate more capital). Moreover, assume that states where ψt = 0 and ψt = 1
happen with positive probability in any interval on length ν > 0 (as is the case in our model).
Finally, assume there are dominance regions, i.e., ψ > 0 and ψ̃ < 1.
e
Therefore, firms start period t with a prior mt−δ (ψt ) over ψt . Assume that before taking
their capacity decision, each firm j also observe a private signal about the shock $:
$̂j = $t + ΓΞj ,
where Ξj are iid error terms with zero mean and positive variance, and Γ > 0. This is
equivalent to getting a private signal signal about ψt , since ψt = st ($t ) (with st (·) increasing).
Since the capacity game satisfies the usual assumptions in the global games literature (see
Morris and Shin (2003) for details), when Γ → 0 there is an unique equilibrium in the capacity
game played by firms, and they play according to the cutoff given by (5). Then we can take
√
the limit when ν → 0, so that Zt = Zt−1 + σ ν$t converges to a Brownian motion. The
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order of the limit here matters. If we first take the limit ν → 0, then the prior becomes too
precise relative to the private signals and multiplicity still survives.
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