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real economy? This paper proposes a model to study unusually deep financial crises. Deep crises

232 arise from the interplay of demand-driven coordination failures on the productive sector and
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1. Introduction

Some financial crises have a small effect on economic activity, while others are followed by economic disasters, with sudden and
persistent collapses in output. Two years after the start of a financial crisis, output is on average 6.5% lower than what it would
have been if the economy had grown according to its average growth rate.! However, the shortfall in output is very heterogeneous
across episodes: For about 20% of the financial crises, this two-year output loss is above 12%, while this number is below 0.5% also
for approximately 20% of the episodes. The standard deviation of two-year output losses is 51% above the average loss. Financial
crises are rare events that, by definition, feature a lot of financial distress, but are not necessarily followed by large and persistent
downswings in economic activity.

Motivated by those facts, in this paper I propose a model in which financial crises that start off with similar shocks can feature
very heterogeneous real effects. To do so, I augment an otherwise standard model of financial crises with a novel two-way feedback
between financial frictions and demand-driven coordination failures. It is shown that large shocks that depress bank lending can
lead to a self-reinforcing coordination trap where firms scale down production, in which case the path of the economy becomes very
dependent on whether it can leave such state soon enough. Through the lens of the proposed model, I then study how deep financial
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crises (those leading to extreme output losses) affect the economy not only during those episodes, but also in good times, when those
events are relatively unlikely.

The environment consists of a standard stochastic growth model, with two additional ingredients that are at the heart of the
proposed mechanism: financial frictions and coordination frictions. Financial frictions force financial intermediaries (banks) to invest
in risky assets while funding themselves through risk-free debt. That implies that they use leverage in equilibrium, making their
balance sheets exposed to aggregate risk. Coordination frictions directly affect the productive sector. Due to demand externalities, a
firm’s decision to increase production depends on its expectation of aggregate demand, which in turn depends on the production of
other firms. Firms are subject to fixed costs, and may want to scale up production (increase capacity utilization in the model) only if
they believe others will do the same. This opens up the possibility of the economy getting trapped in a self-fulfilling regime with low
economic activity and low aggregate demand.

How do financial and coordination frictions interact? Banks have expertise in intermediating capital, and due to their superior
screening technology they can avoid lending capital to unproductive firms that create no aggregate demand. Thus, when banks have
strong balance sheets and intermediate a lot of capital, productive firms are confident that aggregate demand will be sufficiently
high, increasing their incentives to scale up production. Firms then manage to coordinate on a good equilibrium where output is
high and firms operate at full capacity. On the other hand, when banks cut down intermediation, households directly lend capital to
the real sector. Due to their inferior screening technology, they grant loans to unproductive firms (which simply default), reducing
expectations about aggregate demand and possibly leading to a situation where all firms operate below full capacity. Hence, in
equilibrium, demand-driven coordination failures arise as a result of insufficient bank lending.

Importantly, coordination failures also affect the financial sector, creating an endogenous two-way feedback between banks’
balance sheets and firms’ decisions. When the economy enters a coordination trap, the marginal productivity of capital falls (as firms
operate with idle capacity), reducing the equilibrium rental rate of capital. Banks’ capital returns are more affected than households’,
since the fraction of households’ capital that is lent to unproductive firms is not affected by the coordination failure (as those firms
would default anyway). This implies that the allocation of capital in the economy is re-balanced towards households as a coordination
failure approaches. Fearing a coordination failure is possible in a near future, banks start to unload capital, which is precisely what
causes the coordination trap in the first place. Coordination failures among firms then reinforce what causes them, the insufficient
level of bank lending, and banks’ precautionary behavior precipitates a coordination failure.

Two types of financial crises emerge from the model, depending on how much banks’ balance sheets are affected during a crisis.
The first type is interpreted as “mild” financial crises. Banks’ balance sheets are mildly weak and some of the capital in the economy
does not find its first-best use, but firms are still able to coordinate on the high regime. The second kind, labeled “deep” financial
crises, is associated to larger losses in the banking sector and triggers demand-driven coordination failures. Banks strongly reduce
their investments in risky assets, capital is poorly allocated, firms have low demand expectations and operate below its full potential.

In order to investigate how deep financial crises—understood as demand-driven coordination failures caused by insufficient bank
lending—affect the economy not only during those episodes but also in good times, the model is solved globally, building on techniques
similar to those in Brunnermeier and Sannikov (2014) and Phelan (2016). On a technical note, since firms’ capacity decisions are
subject to multiple equilibria, I use the global games approach of Morris and Shin (2001) to select equilibrium among firms. Differently
from standard global games settings, here the fundamental that determines equilibrium outcomes is endogenous and depends on
banks’ decisions. As explained in the text, banks are also subject to self-fulling prophecies, and for some regions of the state space there
may still be multiple levels of bank intermediation consistent with equilibrium. I numerically verify that, for reasonable parameters,
this multiplicity is not quantitatively relevant.

The model is then calibrated for the US economy, as to match usual unconditional moments, as well as the response of key macroe-
conomic aggregates during the Great Recession of 2008. By changing some parameters of the model, one can turn off the coordination
friction, turning the model into an extension of Brunnermeier and Sannikov (2014) augmented with monopolistic competition and
labor. The calibrated model is then compared to a model with the same parameters, except for the fact that coordination failures
are shut down. The model without coordination failures is also re-calibrated. I now describe the set of results that emerge from my
numerical exercises.

First, I show that deep financial crises have large effects on the economy not only during those episodes but also in good times. The
economy with coordination failures features significantly lower asset prices, and consequently lower economic growth, even in states
where coordination traps are not expected to happen in almost 80 years. During coordination traps, asset prices decline significantly,
as banks fire sell capital to households. Since coordination failures happen because banks are under-capitalized (and therefore cutting
down lending), they hit banks in states where they assign a high value to their net worth. Therefore, although unlikely, coordination
failures affect banks in states where it hurts. Banks fear coordination failures, which reduces their incentives to hold capital even
in good times, reducing asset prices substantially. When coordination failures are turned off, the economy grows on average 2.4%,
while with coordination failures this number is 1.8%, even though they are rare events.

Second, I show that the interaction of coordination and financial frictions produces a powerful amplification mechanism if at least
one of two conditions is satisfied: (i) Shocks are sufficiently large; (ii) Banks are sufficiently under-capitalized when shocks hit. If
those conditions do not apply, the model with coordination failures has a similar response to shocks as the model with coordination
frictions turned off. However, the economies with and without coordination frictions behave very differently for large shocks, with the
main model featuring output losses that can be more than five times larger than those in the model without coordination problems.
If shocks are not so large, the two economies still behave very differently if banks have little net worth when the shock hits. This
large amplification is explained by firms operating with idle capacity and by the fact that coordination failures depress asset prices
and therefore economic growth after the shock. It is also shown that only the model with coordination frictions can match well the
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output losses observed during financial crises in the data, for shocks of a size roughly consistent with the observed frequency of those
events.

Third, the model with coordination failures can generate a lot of heterogeneity in the real effects of financial crises: After a
sequence of bad shocks, the fate of the economy is very dependent on the realization of subsequent uncertainty. If, say, a large
shock has thrown the economy into a coordination trap, the economy may recover quickly in case positive shocks hit, leaving the
coordination trap. Negative shocks, on the other hand, further reduce asset prices and bank intermediation, exacerbating the initial
impact of the shock. The interplay of coordination and financial frictions makes the economy very sensitive to small shocks after a
financial crisis hit. In contrast, for the economy without coordination failures, the effect of a shock of the same relative size is almost
independent of the subsequent history.

Fourth, the welfare costs of deep financial crises are large even in good times. For instance, even in a good scenario where deep
crises are not expected in almost 80 years, they lead to consumption-equivalent losses of around 5%. This is largely explained by
the effect that those events have on banks’ capital demand, which reduces asset prices even in good times. It is also shown that once
one shuts down the two-way feedback between coordination and financial frictions, the welfare costs of coordination failures almost
vanish. In other words, what explains the large welfare losses of coordination failures is not their direct effect on output, but their
effect on banks’ behavior, which harms asset prices and economic growth.

Fifth, on the policy front, I study how leverage constraints affect welfare and financial stability. I show that coordination failures
can make tight leverage constraints welfare improving at the stochastic steady state. By preventing states in which banks suffer larger
losses, it helps to reduce the probability of coordination failures (and hence helps to avoid large output losses), improving welfare,
despite making banks constrained in good times. If leverage constraints are not tight enough, they do not bind before a coordination
failure hits and are not effective in avoiding them. As a result, loose leverage constraints tend to worsen welfare around the stochastic
steady state. Leverage constraints that bind in good times (before a coordination failure hits) tend to improve welfare.

Finally, and still on the normative front, I study how financial innovation that improves household efficiency when intermediating
capital affects welfare. It is shown that when households become better at intermediating capital, the probability of coordination
failure can increase, which tends to reduce welfare. When coordination failures are shut down, however, financial innovation improves
welfare. In other words, the “intermediation paradox” of Phelan (2016) only arises in the model with coordination failures. Intuitively,
when households become better at intermediating capital, banks earn less excess returns, as now households are a closer substitute
to banks. This negatively affects banks net worth, making them less resilient to bad shocks and more likely to substantially cut down
intermediation, which causes coordination failures.

While the macroeconomic literature has made progress incorporating different types of financial frictions that can amplify the
response of real variables to shocks, two characteristics of financial crises remain puzzling through the lens of standard models (such
as Kiyotaki and Moore, 1997 and Brunnermeier and Sannikov, 2014, to name a few). The first is the sudden and discrete nature of
deep financial crises such as the Great Recession of 2008. The second is the large heterogeneity in output losses in the aftermath
of crises that seem similar at first. To deal with the former, models that combine banking panics (that lead to runs) and a usual
financial accelerator have been proposed (Gertler and Kiyotaki, 2015, Gertler et al., 2020). Similarly, others have proposed that
regime switches in information production about collateral lead to run-like episodes that collapse economic activity (Gorton and
Ordonez, 2014, Gorton and Ordonez, 2020). However, as documented by Baron et al. (2021), not all financial crises feature banking
panics, and those crises can lead to large collapses in economic activity even in episodes where no bank run was observed. Hence, this
paper also contributes to that literature by providing a theory that can rationalize why some financial crises turn into real economic
disasters and others do not, even in the absence of bank runs.?

This paper is also related to several other strands of literature. The kind of coordination problem studied here is present in the
seminal contributions of Kiyotaki (1988), Cooper and John (1988) and Murphy et al. (1989). Recent papers along this line, such as
Guimaraes and Machado (2018) and Schaal and Taschereau-Dumouchel (2018), use equilibrium selection techniques and are able to
generate strong and long-lasting recessions in dynamic models.>

In Schaal and Taschereau-Dumouchel (2018), 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
(2018), 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 (2019) 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. Here, the feedback comes from banks’ balance sheets to coordination, which is motivated by the goal of understanding deep
financial crises.

A key assumption in all those papers, including this one, is that firms face some non-convexity, such as a fixed cost, in their
production technology. This is necessary to create enough feedback from aggregate demand to firms’ decisions. Non-convexities
played an important role in the 2008 crisis. For instance, using Greek data, Fakos et al. (2018) document that the share of inactive
firms (measured as firms with near-zero investment) almost doubled from 2008 to 2011, and that credit conditions explain a lot of this
variation. Crane et al. (2020) documents that temporary establishment closures are common, and that establishment closures increased
significantly around the Great Recession, mostly driven by small firms. As argued by Schaal and Taschereau-Dumouchel (2019), there

2 Other examples of papers that combine financial accelerator models with bank runs are Clymo (2016) and Gertler et al. (2016). Differently from those papers,
that rely on sunspots to generate deep crises, here those events happen as the result of fundamental shocks only. For a different but broadly related approach, see
Boissay et al. (2016), who offer a macroeconomic model of banking crises based on interbank market freezes.

3 See also Guimaraes et al. (2016) for a static macroeconomic model with coordination failures.
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is evidence that firms are subject to non-convexities when adjusting different factors of production, such as labor (Caballero et al.,
1995), capital (Cooper and Haltiwanger, 2006) and capacity utilization (Hall, 2000). In particular, for the automobile industry, Hall
(2000) shows that accounting for the fact that firms adjust the number of production shifts and the number of operating plants
discretely is essential to understand observed production patterns, a message that is reinforced by Copeland and Hall (2011). Also,
as shown in Online Appendix C.2, aggregate capacity utilization featured sudden and large movements during the 2008 crisis, being
able to explain most movements in output in that period. Consistently with the aforementioned evidence and following Guimaraes
and Machado (2018) and Schaal and Taschereau-Dumouchel (2019), this paper introduces a non-convexity in capacity utilization.

The consequences of coordination frictions and multiple equilibria in macroeconomics have been explored in different contexts.
A branch of the literature has relied on “sunspots” to drive agents’ expectations in real business cycle models, creating the possibility
of agents coordinating on an inefficient equilibrium. Early contributions along those lines include Benhabib and Farmer (1994) and
Farmer and Guo (1994).# 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 et al., 2001), decentralized trading and
precautionary savings (Chamley, 2014), to name a few examples.

As previously mentioned, this paper naturally relates to the 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 that literature, my model
features a friction preventing agents from issuing fully state-contingent financial claims. More specifically, banks are not allowed
to issue new equity and need to fund themselves exclusively through debt. Due to the highly non-linear nature of coordination
failures, however, the model needs to be solved away from steady state, and a continuous-time approach is employed, in the spirit of
Brunnermeier and Sannikov (2014).°

The remainder of this paper is organized as follows. Section 2 presents the model, Section 3 discusses its solution, with the cali-
bration being discussed in Section 4. Section 5 presents the main positive results. Section 6 discusses welfare and policy implications.
Section 7 concludes. All proofs are relegated to Online Appendix A.

2. Model
2.1. Preliminaries

Time is continuous and indexed by . There are three types of agents: banks (financial intermediaries), households and firms.
Households and banks are in a unit-measure continuum each. They can hold capital and a risk-free bond in their portfolios. At
the initial date, each household and bank holds no bonds and has a given amount of capital k(})' and kg, respectively. Banks and
households can rent capital 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 good producer.

Capital held by banks (ktb ) and households (kf‘) evolves according to

dk} = glkidt + okid Z,,

where i € {h, b}, gf’ and g,h are the capital growth rates for banks and households, respectively, d Z, are aggregate Brownian shocks

(capital quality shocks), and ¢ > 0 is the exogenous volatility. Increasing capital at rate g, entails standard convex investment costs

1(g;). For notational convenience, I include the capital depreciation rate in the function i(-). Total capital in the economy is K, = ktb + kf’.
I restrict attention to equilibria where the price of capital ¢, follows a diffusion process:

dq,:u;’q,dt+atqq,dZt, (€]

where ;4:' and a,q are endogenous equilibrium objects.
2.2. Households

Households own banks and firms. They are risk neutral and can have negative consumption, so the equilibrium risk-free rate is
constant and equal to households’ discount rate p.° Households can buy capital and rent it to firms at a rental rate R, or invest in the
risk-free bond that pays an interest rate r ;. To capture the fact that households are not as good as banks at intermediating capital,
I assume that for each unit of capital households lend to firms, only a fraction f € (0, 1) pays the rental rate. The justification is as
follows: There is a fraction f of productive firms that pay back the promised rental rate, and a fraction 1 — § of unproductive firms
that deliver no output and then default on their promised rental rate—bad firms do not run away with the capital rented, they only

4 Angeletos and La’0 (2010) and Angeletos and La’0 (2013) formalize the idea of shifts in expectations (akin to sunspots) in unique equilibrium models.

5 See also He and Krishnamurthy (2019) and He and Krishnamurthy (2011). For comprehensive surveys on the recent continuous-time macrofinance literature, see
Isohatild et al. (2016) and Brunnermeier et al. (2013). For a study of leverage constraints in a model similar to Brunnermeier and Sannikov (2014), see Phelan (2016).
For a recent contribution incorporating household heterogeneity in a continuous-time macrofinance model, see Ferndndez-Villaverde et al. (2022).

6 This assumption follows Brunnermeier and Sannikov (2014) and ensures households can always rebuild their net worth if it drops to zero (which never occurs in
equilibrium). One can think that households have access to some technology to produce the final good themselves, and negative consumption is the disutility incurred
by households when doing so. In equilibrium, consumption is always positive.
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do not pay the agreed rental rate as they deliver no output. Households are unable to screen firms and end up granting bad loans.
The household rental rate is then Rf‘ = fR,, since that is the effective rate they receive. I call § the direct finance efficiency.
Using Ito’s Lemma, we can write the households’ realized capital returns drfh as

Rh _ lh
kh _ t t h q q q
drj" = q—dl+(g, +ul +ocl)dt+ (c+67)dZ,.
t
Q{_/ i . v
dividend yield capital gains rate (dq,krh/q,krh)

The households’ problem is given by

e

max E, /e’/’(”f) (c, - fl,) dt

q.qu' ,g,h Ay
T

st dnl =@ nldri + (1 - o"ynl'r pdt + (G + 11, + w1, — ¢,) dt,
n >0,

where ¢, denotes consumption, /, denotes hours worked, w, is the wage, (pfZ is the share of the net worth nf‘ invested in capital, ¢;
and II, denote dividends paid by banks and firms, respectively, and & > 0 is 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. However, in Online Appendix D.1, I propose an extension of the model where households discount for
risk in their utility and show that the main results are similar.

2.3. Banks

Each bank is managed by a banker. Bankers maximize the discounted dividends they pay during their lifetime, but are subject to
mortality risk: in each infinitesimal interval of length dt, a banker exits with probability Adt. When a banker exits, it is immediately
replaced by a new banker who inherits her assets. As usual in the macrofinance literature, this kind of assumption is necessary to
prevent banks from accumulating too much net worth.”

Banks’ dividend payouts ¢, cannot be negative, that is, banks cannot issue new equity. The only way banks can obtain extra
funds to acquire capital is through risk-free debt, having to absorb all the risk in their balance sheets. This restriction is standard in
macrofinance models and it can be justified by an incentive problem of bankers that requires them to have some “skin in the game”,
as extensively shown in the corporate finance literature.®

Banks have a superior intermediation technology and do not waste capital (they only rent it to productive firms). Therefore, they
earn a capital rental rate Rﬁ’ = R,. Similarly to households, banks’ realized capital returns are

Rb_ b
drf‘b= ’q—’dt+ (gf+uf+o-a;’)dt+ (o-+o',q)er
t

The banks’ problem is given by

o)

max [E, /e_(’”"l)(t_’)é’tdt

ol gl J

s.t. dntb = (pfnfdrf‘b +1- (pf’)nf’rfdt —{,dt,
I’lf’ > Ov {t > 0’

where qof’ is the share of the net worth nﬁ’ invested in capital. Besides the fact that households have additional sources of income
(dividends and wages), the main difference between the banks’ and the households’ problems is the non-negativity constraint ¢, > 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.
A notation remark: For future reference, I refer to the drift of banks’ and households’ realized capital returns as P,b and f“f’,
J

. .. R j ; . .
respectively, that is, 7/ = 'q—" + (gt’ +ul + 00! ), for j = h, b. I refer to those variables as banks’ and households’ expected capital
1

returns, as usual, as they reflect the expected cash flow obtained per unit of capital.

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

There are two types of productive firms: a continuum of intermediate goods producers j € [0, 1], each producing a differentiated
good using capital and labor; and a competitive final good producer that uses intermediate goods as inputs. Moreover, there is a
mass (1 — #)/ of unproductive firms. The only role of unproductive firms is to use a fraction # of households’ capital in each period
without actually producing anything. As will be clear, this implies that when households intermediate capital, part of the aggregate
demand that could be generated will be lost, making the economy prone to demand-driven coordination failures.

2.4.1. Final good producer
The competitive final good firm uses intermediate goods to produce the final good Y, according to the production function

£
1 e—1

el
Y, = /yjj djil .
0

where € > 1 is the elasticity of substitution and y; , is the quantity of good j used as input. This technology implies the usual demand
for each variety:

1

Yr B

pj,r =\ — })f7 2)
Vit

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

2.4.2. Intermediate goods producers
Intermediate goods firms have a standard Cobb-Douglas production function:

Via =y AR LTS 3

where u;, is a capacity utilization variable of firm j, k;, and /;, are the quantities of capital and labor used by firm j, respectively,
and « € (0, 1) is the capital elasticity.

To generate a coordination problem among firms, one must introduce some non-convexity in the model, such as a fixed cost.
As discussed in the introduction, it has been documented that firms face non-convexities in different types of decisions, such as
investment, labor and capacity utilization. Capacity utilization was a particularly important margin of adjustment for firms during
the 2008 financial crisis. As shown in Online Appendix C.2, capacity utilization featured a large and sudden decline in 2008, and
a simple growth-accounting exercise reveals that this variable alone can explain most of the movements in output during the Great
Recession. Hence, I add a non-convexity to the model via firms’ capacity utilization decisions.

Following Guimaraes and Machado (2018) and Schaal and Taschereau-Dumouchel (2018), it is assumed that capacity can only
take two values, u, € {uy,uy }, with uy > u;. Choosing the low capacity u; can be interpreted as inaction. Adopting high capacity
entails a fixed cost f, > 0 (in units of the final good). Consistently with the fact that capacity featured a quick fall during the beginning
of the Great Recession, followed by a relatively quick partial recovery in 2009 and 2010, I follow Schaal and Taschereau-Dumouchel
(2018) and assume that capacity decisions are made every period, so that capacity is not by assumption a slow-moving variable as
in Guimaraes and Machado (2018).

Since the model presented here features endogenous growth, one needs fixed costs to increase as the economy grows. Otherwise,
firms would grow out of the fixed cost eventually and capacity decisions would become trivial. Hence, it is important to eliminate
size effects, as in Cooper and Haltiwanger (2006). There are different assumptions that could deliver that, but a particularly tractable
one is to assume that fixed costs scale with aggregate capital. I then assume that the fixed cost firms pay to increase capacity is given
by f; = ¥K,, where y >0 denotes the scaled fixed cost. That is, fixed costs are proportional to firms’ size. This linear specification is
particularly useful since it preserves the scale-invariance properties of the economy, and it is common in the investment and corporate
finance literature.’

Firms take the wage w, and the rental rate R, as given. They choose capacity u; ,, capital k; , and labor /; ; to maximize profits

Tt =DjtYjr— wtlj,t - Rtkj,t - ]l{uj’,=uH}ft’ (€))

subject to the demand schedule (2) and the production function (3). To ease the exposition, the firms’ problem is split in two stages.
In a first stage, firms choose capacity u; . In a second stage, taking as given the fraction of firms with high capacity, denoted by x,,
they choose capital and labor.

9 See Cooper and Haltiwanger (2006), Bolton et al. (2011) and Décamps et al. (2016).
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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 {Z,,7 > 0} such that: (i) banks,
households and firms solve their problems, and (ii) markets clear.

Given banks’ and households’ capital (kf and kfz), one can find the equilibrium on the real sector. The equilibrium characterization
is then divided in two blocks. First, for a given ktb and kf, one can solve for firms’ decisions. Then, using the map from banks’ and
households’ capital to firms’ decisions as an input, one can solve for banks’ and households’ optimal decisions and asset prices.

3.1. Firms equilibrium
In this section, I describe how to derive the equilibrium of firms for a given level of banks’ and households’ capital. The equilibrium

is solved backwards. First, firms’ production decisions are computed for a given proportion x, of firms with high capacity (second
stage). Then, firms’ capacity decisions are determined (first stage).

3.1.1. Second stage equilibrium
As firms with the same capacity make the same decisions in equilibrium, firm subscripts j are often replaced by L or H, which
denote firms in the low and high regime, respectively.

Firms optimality Remember that firms take the wage w,, the rental rate R, and the aggregate demand Y; as given. The aggregate
demand Y, shifts the demand schedule each firm faces. Let mc; , denote a firm’s marginal cost. It can be shown that!?

1 (R "‘( w; )1*" )
mcj”—uj,,A a l-a '

Firms with high capacity have a lower marginal cost (with mc ; = (g /uy ) meg ), but have to pay the fixed cost f;. Due to market

power, firms optimally set their prices above the marginal cost, with mc; ; = Eé;lp ;1 Using the demand schedule (2), this implies that

1
— Y, \ ¢
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€ Vit
which, together with (5), pins down a firm’s choice of y; ,. Capital expenditures represent a share a of total costs, and therefore

yi.mc;
=aZ2 and I, =(1-a)
R, w;
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Market clearing Due to the linear disutility of labor, the labor supply is flat and the labor market always clears at the wage w, =¢&.
Capital and goods market clearing imply
Xkp o+ (1= x)kp, = kP + pk”

and

e-l el 1
Y,:(x[yl_;J +(1—x,)nyt ) .

Using firms’ optimality and market clearing, we find the equilibrium in stage two for a given proportion of firms with high
capacity, x,. Proposition 1 characterizes the second stage equilibrium. The variable y, is the share of total capital intermediated by
banks, y, = kf/K,.

Proposition 1. Let the (weighted) average capacity u, and the endogenous TFP Z, be

1 —
EIE (x;uii_l + (1 _xr)ui_l): and AIEAEZ (Wf(l _‘B)+‘B)a'

Then, in equilibrium, wages and the rental rate of capital are

a—1

wmt and r=a( )T ()]

Aggregate labor and gross output are

10 The details are provided in the proof of Proposition 1.
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L= [(121)!) (5;1)2t]a K, and Yt:Z,K;'Lrl"’.

For j € {L, H}, firms’ production and profits are

Note that I refer to Y, as gross output since it ignores the fixed costs paid. Recall that the final good is used as an input to pay for
firms fixed costs. Thus, the actual output available for investment and consumption is given by Y, — x, f;.

Proposition 1 shows that the endogenous TFP of the economy depends on the average capacity u, and on the share of capital
intermediated by banks y;,. The effect of y, on Z, 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 u,, which captures the
coordination effect, as in Schaal and Taschereau-Dumouchel (2018).

Proposition 1 also shows that the rental rate of capital increases when firms coordinate on high capacity. Intuitively, when firms
coordinate, they demand more capital, raising rental rates. Thus, coordination increases banks’ and households’ incentives to hold
capital.

Define Az, = 7y, — 7y, as the relative gain of being in the high regime (relative profits) and let A%, = Arx, /K, be the scaled
relative profits. Using Proposition 1, we can write it as

Aﬁ't:BEtQ (Wr(l_ﬁ)+ﬁ)_)(s @)
where B = [(1 —a)(e-1) /5] % (A/e)ﬁ (uEH_l — uEL‘l) and Q=1+ 1/a — e. One can see that the return of paying the fixed cost is
affected by two endogenous variables, y;, and u,. Therefore, we can write A#, = A7(y;,, u,). Note that relative profits are increasing in
y,. The more capital banks intermediate, the more aggregate demand there is in equilibrium for a given average capacity, as capital
flows to productive firms. This increases incentives for firms to pay the fixed cost and scale up their production.

As for average capacity, A7, increases with u, when Q > 0. In this case, firms’ capacity decisions are strategic complements, that
is, a firm has higher incentives to increase its production when others do the same. When Q < 0, instead, firms’ capacity decisions
are strategic substitutes. This ambiguity arises because there are two effects at play. On the one hand, an increase in average capacity
raises the aggregate demand Y;, 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 Q. This
tension between demand externalities and competition in the market for factors is a common characteristic of models with demand
externalities. From now on it is assumed that Q > 0, since it holds in my calibration, and hence I focus on the case with coordination
failures. The case with Q <0 is discussed in Online Appendix D.3.

3.1.2. First stage equilibrium
In the first stage, firms play a capacity game. Proposition 2 characterizes firms’ capacity decisions in equilibrium for different
values of banks’ capital share y,.

Proposition 2. Let y and {7 be such that A#(y,uy) = AZ(,uy) =0. Then:

1. If y; <y, there is a unique equilibrium and all firms choose low capacity (x, = 0);
2. If y, >y, there is a unique equilibrium and all firms choose high capacity (x, = 1);
3. Ify, e [Z, IT/], there are three equilibria: x, =0, x, =1 and x, = h(y,) € [0, 1], where h(-) is a decreasing function of y,.

It is easy to see that { > y. To guarantee that the three cases in Proposition 2 can happen, I impose the following parametric
condition throughout the paper: y > 0 and Y < 1. For y, < v, choosing low capacity is dominant, and for y; > ¥, high capacity is

the dominant action for firms. For y, € [%, 17/], there is no dominant strategy and firms are willing to scale up their production only

if they are confident that a sufficient number of firms will do the same. Choosing low capacity in the interval [1//, 17/] is a coordination

failure, as firms would be better off if they coordinated on the high regime (and doing so is consistent with equilibrium).

In fact, choosing low capacity can be inefficient even when it is a dominant action for firms (y; < y). The reason is that firms
do not internalize that when they choose high capacity they increase the demand for others. Hence, even when the equilibrium is
unique it can be inefficient. For instance, if y; is slightly below y, all firms would happily sign a contract committing to choose
high capacity. However, no firm has incentives to honor that contract, since choosing low capacity is a dominant choice in those
circumstances. Next proposition provides a sufficient condition for firms to always prefer a regime where all choose high capacity
(x; = 1) versus a low regime (x, = 0), regardless of the amount of bank intermediation y;,. In the calibrated model (Section 4), that
condition will hold.
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Proposition 3. Suppose that the following condition holds:

I1-a
x—BD _ 1L L 1—a)/e—1\| ¢ i 04
D(l_—ﬂ) <0, where D = ;A" [( f >( . )] <MH—ML> . 8)

Then, for all y, € [0, 1], firms’ equilibrium profits are higher if x, =1 than if x, = 0.

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 in 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 action of others. A small departure from this benchmark may lead to equilibrium uniqueness.'?

The global game approach of the continuous-time debt-run model of Morris and Shin (2001) is applied to uniquely pin down
firms’ capacity choices. I explain the procedure in Online Appendix A.8. The main idea is to consider a slightly perturbed version of
the model where firms observe banks’ capital share y, with a small amount of idiosyncratic noise.'®

In the unique equilibrium selected by global games, firms choose high capacity whenever banks intermediate a large enough
fraction of the capital in the economy: There is a cutoff y;; such that all firms choose high capacity if y, > w;; and low capacity
if w, < wgg-'* Intuitively, if a large fraction of capital is channeled to unproductive firms (y, is low), productive firms anticipate
that gross output Y; will be lower and therefore they will face a low demand (see the demand schedule (2)). These low demand
expectations reduce firms’ incentives to expand production. Further anticipating that other firms also have low incentives to pay the
fixed cost, all firms in the economy refrain from choosing high capacity and the economy ends up in a coordination trap. On the other
hand, when banks intermediate a lot of capital (y; is high), firms anticipate a relatively high aggregate demand, even if the economy
fails to coordinate, which induces them to choose high capacity. Hence, by avoiding the destruction of part of the aggregate demand,
bank intermediation can help firms to coordinate.

The threshold y; is given by the indifference condition of a firm that has a uniform belief over the proportion of firms choosing
high capacity (Morris and Shin, 2003). It is given by

la . B
— 1 X ¢ « /1 € \a % %
WGG_(I_ﬁ> ;<l—a> <Xs—1> (uH—uL) - 81, ©

which is increasing on the fixed cost (the higher that cost, the more difficult it is to coordinate).
Different selection devices would lead to the same qualitative conclusions. For instance, if we select the best equilibrium, where
firms choose high capacity whenever y, > y, the equilibrium can still be inefficient, as shown in Proposition 3. The dynamics of the

economy would be similar, but coordination failures would happen less often. In the calibration, the scaled fixed cost y is chosen to
match a given frequency of coordination failures. Different selection devices that still select a cutoff strategy increasing in y will only
lead to different choices of y in the calibration. Also, the fact that all firms take the same action in equilibrium is not crucial for the
results. In Online Appendix D.2, I present an extension of the model where heterogeneity in fixed costs among firms leads them to
choose different actions in equilibrium, and switches between high and low regimes are more gradual. The dynamics and the results
are similar, but the model becomes computationally much more demanding.

A key implication of the global games equilibrium, characterized by the cutoff (9), is that what happens in the financial block
of the model affects coordination outcomes. Unlike in standard global games, where the fundamental that ultimately determines
equilibrium outcomes is exogenous, here, it is going to be determined in equilibrium by banks’ and households’ dynamic decisions.
Banks’ and households’ decisions, in turn, are affected by coordination outcomes, as those impact the rental rate of capital.

To summarize the discussion so far, the firms equilibrium unravels a two-way feedback that is at the heart of the mechanism
proposed: (i) Firms coordination increases their demand for capital, affecting banks’ and households’ rental rates and their incentives
to hold capital; (ii) When banks intermediate more capital, they help firms coordinate on high economic activity by increasing their
expectations about aggregate demand.

3.2. Households and banks equilibrium

Given the firms equilibrium, we can solve for households’ and banks’ decisions. Coordination affects banks’ and households’
portfolio decisions through its effect on the rental rate of capital. Moreover, portfolio decisions matter for the allocation of capital,
creating a two-way feedback between banks’ balance sheets and coordination.

11 For a survey on global games, see Morris and Shin (2003).

12 For instance, consider a firm making its choice knowing that y, is slightly above . Suppose it thinks other firms may have observed v, with a small error and is
thus not sure that others know that y, > y. If others think that y, <y, they will certainly choose low capacity. Thus, it seems unreasonable that a firm will choose
high capacity in this case, as it has a lot to lose if others do not follow, but not much to gain if they do.

13 A technical requirement for this procedure to work is the existence of dominance regions, which is why w >0 and ¥ < 1 was assumed.

14 Agents’ actions are not determined when they are indifferent between the two actions, which happens with zero probability. Without loss of generality, I assume
that agents choose high capacity whenever y, = ;.
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As usual in macrofinance models that built upon Brunnermeier and Sannikov (2014), the state of the economy can be summarized
by the banks’ share of total net worth:
b
M
b h
n + ny

n=

As will be shown, one can construct an equilibrium in which all endogenous variables only depend on #, (possibly after scaling those
variables by total capital K,). Given the assumption that banks and households start off with some capital only, and no positions in
bonds, 7, = kg / (kg + k(')‘), and therefore #, is a predetermined variable. Since we are looking for equilibria in which asset prices ¢,
have continuous paths, banks’ and households’ net worth must also have continuous paths and therefore, by Ito’s Lemma, we can
write:

dn, = y;’n,dt + a:’r],dZ,,

where /4;7 and 0':7 are determined in equilibrium. I look for Markov equilibria where banks always borrow from households, and prices
and allocations are functions of #,: v, =w(#,) and ¢, = q(#,).

The non-standard feature of the model is the endogeneity of the capital rental rates Rf’ and Rf, since those depend on how much
capital banks and households have on their balance sheets. This will create complementarities in banks’ capital holdings, leading to
multiple equilibria, even when the firms equilibrium is unique, as will be further discussed.'® Let R and R be given by the equilibrium
rental rates defined in Proposition 2 when u, =u; (low regime) and u, = u; (high regime), respectively. Given the firms equilibrium,
R,=Rif y, > yge and R, = R otherwise. In equilibrium, R, will be then a function of the state #,, so I write R, = R(7,).

In what follows, I present some optimality conditions and then discuss how to compute the equilibrium. To ease notation, time
subscripts may be omitted if no confusion arises.

Optimal investment Let g;*, i € {h,b}, denote banks’ and households’ choices of g,. It is given by the marginal Tobin’s Q relationship:
4 (gf* = g,. Investment only depends on the asset price ¢,, and we can write gf* = g,i*(q,). Since investment is the same for households
and banks, superscripts are dropped from now on and I sometimes abuse notation and simply write g(n) = g* (¢()) and 1(n) = 1(g(n)),
when no confusion arises.

From the optimality condition // (g) = q,, note that the growth rate of capital in equilibrium, g, is an increasing function of the
price of capital g, (remember that /(g) is increasing in g). Since gross output Y, scales with capital K, in equilibrium, the growth
rate of output Y, — x, f, will be roughly equal to g if fixed costs f, are small relative to gross output (which is the case under the
calibrated parameters to be presented). Hence, ultimately, what determines the growth rate of the economy is the equilibrium asset
price g,. Asset prices, in turn, will be affected by financial frictions, coordination frictions and their interaction, as will be further
discussed when the numerical solution of the model is presented.

Households optimality Households are happy to hold capital whenever their expected capital returns equal the risk-free rate: Ff” =
ry = p. They must either be indifferent between capital and consumption, or not holding capital:

PR(n) —1(n — —

(qin) 0 g+ uim) +ol(no = rpif 1—y(n) >0, (19
PR(m) —1(n — =0
% +g(n)+ /4‘7(;1) + o‘q(n)d < ry if 1 —w(n) . (1

Banks optimality Let v(n®,5) denote banks’ value function. It depends on the aggregate state # and on individual net worth n®. The
homogeneity of the problem implies linearity in net worth. We can then write v(n®, n) = n?6(y), where the function () represents the
banks’ marginal utility of net worth. Notice that 6(5) > 1, since banks can always pay their total net worth out as dividends at a given
date. Writing down the banks’ Hamilton-Jacobi-Bellmann (HJB) equation, we get that banks are happy to hold capital whenever

R(n) — () 0'(m)

. 12
q(n) 9(,,)) (12)

+gm+uim +oci) =ry—n(c+ai(m)c"(n)

~ v
expected capital returns risk premium

Note that although banks are risk-neutral, they require a risk premium to hold capital if the marginal utility 6() is time-varying.'®
Moreover, the dividend policy must satisfy:

=0 o) >1,
1
¢t {z 0 ifou=1. 13

15 The equilibrium set could further expand if we allowed for non-Markov equilibria, sunspot 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.
16 This happens because banks fear losing future investment opportunities if their net worth drops to zero.
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Therefore, whenever 6(#) = 1, banks start paying dividends, which implies a reflecting boundary #* on banks’ wealth share (1, < 5*
for every 1).

Let g denote the price of capital if banks are wiped out and households have to hold all the capital forever. This is given by the
Gordon growth formula:

{ﬂB—l(g)}
q = max _— .
= e r—g

As usual, it is assumed that parameters are such that ¢ is a positive finite number. Proposition 4 shows how the equilibrium can be
characterized as the solution of a boundary value problem (BVP).

Proposition 4. The economy is in equilibrium if firms act according to the firms equilibrium and the following conditions hold:

1. For a given (1), 0'(n), q(n) and q' (), the functions u?(n), c?(n), u"(n), o"(n), w(n) and R(x) satisfy equations (A.3) to (A.7) in
Online Appendix A and they are consistent with the firms equilibrium:

R(p) = {R if w(n) > ygg» a4

R otherwise.

£

2. The functions 6(n) and q(n) satisfy the following BVP with unknown parameter n*:

A0(n) = nu" ()6’ () + % (6" (m)* 6" (), (15)
’ 1

W=t EL 4 L onepy? LD, (16)
q(m 2 q(m)

with boundary conditions given by (A.10) in Online Appendix A.

Equation (14) was previously discussed and follows from the firms equilibrium. Equation (15) is obtained from banks’ HJB equation
and banks’ optimality (12), and (16) is obtained by applying Ito’s Lemma to g(#). The other variables are obtained using households’
and banks’ optimality conditions (10) to (12), and the laws of motion for #, and g, given by Ito’s Lemma.'” I refer to the set [0,7*] as
the support of an equilibrium, as # always moves within that set.

If the function R(#) were known, Proposition 4 would give us an easy way to compute the equilibrium. One would only have to plug
equations (A.3) to (A.7) (defined in the Online Appendix) in the BVP and solve it using a standard BVP solver, as in Brunnermeier and
Sannikov (2014). However, the rental rate R(#x) depends on the equilibrium share of bank intermediation w(#), since both functions
must be consistent with the firms equilibrium.

It turns out that both a high and a low rental rate may be consistent with equilibrium in part of the state space, as will be
formalized in the next proposition. Before that, some terminology is useful: I say that an equilibrium characterized by the conditions
in Proposition 4 is a good (respectively, bad) equilibrium if for a given n, 0 (1), 8’ (n), g (1) and ¢’ (), R (n) = R (respectively, R () = R)
if, and only if, there is no solution that satisfies the conditions in Proposition 4 with R () = R (respectively, R (1) = R). In simpler
terms, the good equilibrium assumes there is no coordination failure whenever that is consistent with the equilibrium conditions,
and the bad equilibrium does the opposite.

Proposition 5. Suppose ﬂﬁ < i(p). Then, for any good equilibrium E, there is another equilibrium E’ and a non-empty interval I in the
support of both equilibria, such that for all n € I, w () > wgg under E and w () < wgg under E'.18

Intuitively, if banks expect other banks to hold a lot of capital, then they also expect firms to coordinate on the high regime.
Coordination increases the capital rental rate for banks and households, but it turns out that banks’ incentives to hold capital are
more affected by coordination failures than households’. A coordination failure then reinforces what caused it in the first place: the
insufficient aggregate demand brought about by an insufficient level of bank intermediation.

To understand why that is the case, first note that when a coordination failure hits, it must be that y, < 1, that is, both banks and
households are holding capital. Therefore, it must be that for both types of agents:

expected capital returns = risk-free rate + risk premium,

where the risk premium is zero for households due to risk-neutrality. All else constant, when a coordination failure hits, banks’
capital returns fall by (E - 5) /q; while households’ capital returns fall by g (K - 5) /4; (see equations (10) and (12)). Households

initially have their capital returns less affected by the coordination failure precisely because the fraction of capital channeled to bad
loans does not have its rental rate reduced, as those firms default anyway. After the coordination failure hits, the equilibrium drift

17" See the proof in the Online Appendix for details.
18 The condition AR < i(p) is sufficient but probably not necessary for the result to hold.
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and volatility of asset prices will have to adjust to make banks and households hold capital again. However, since the initial wedge
between the actual and the required expected capital returns is smaller for households, it is easier for our Walrasian auctioneer to
convince households to hold a bit more capital. Therefore, the capital allocation in this economy is re-balanced towards households
due to coordination failures: y; jumps downward when a coordination failure hits (see Proposition 6 below for a formalization of
this result).'® But if a coordination failure did not hit, a high , could still be sustained, justifying coordination among firms.

To summarize, in some regions of the state space, if banks expect other banks to hold a lot of capital, a coordination failure is
avoided, which makes banks earn high capital returns, justifying banks’ optimistic expectations about other banks’ capital holdings.
If, on the other hand, banks expect other banks not to hold much capital, a coordination failure hits, which reduces banks’ capital
returns, justifying initial beliefs. Notice that the self-fulfilling argument does not rely on multiplicity of equilibria in firms’ decisions
(that was solved with global games). Instead, it arises from the two-way feedback between firms decisions and banks’ capital returns.

Fortunately, during the numeric integration of (15) and (16), for a given # there are only two possibilities for R(y), it is either Ror
R. This, as detailed in Online Appendix A.7, allows me to construct an objective criterion to select equilibria. As mentioned, in what I
call the good equilibrium, I select the high rental rate R whenever it is consistent with equilibrium. In what I call the bad equilibrium,
I select the low rental rate R whenever it is consistent with equilibrium. To exhaust all possibilities, one could also apply the good
equilibrium selection procedure in a given region of the state space and the bad equilibrium procedure in the complementary region.
Online Appendix A.7 details how it was numerically verified that the equilibrium selection procedure chosen does not affect the
results for the parameters used in the calibration: the good and bad equilibrium are almost identical for the calibrated parameters.
Hence, the results presented hereafter simply focus on the good equilibrium.

Before turning to the numerical solution of the model, I partially characterize the local dynamics of the economy when a coordi-
nation failure hits analytically. The intuition for the dynamics of y, and expected capital returns around a coordination failure were
already discussed above to shed light on the multiplicity of equilibria. I relegate the discussion of the other results to Section 5.2,
where those and other results are graphically represented with a numerical solution.

Proposition 6 (Local dynamics around a coordination failure). Suppose that for t < © the economy is not in a coordination failure (R, = R)
and it enters a coordination failure at date © (R; = R). Then, at t = %:

1. Capital is re-balanced towards households: y, jumps downward;
2. Output, consumption and labor discretely fall.

Moreover, if households hold capital as the coordination failure approaches (y; < 1 for all t < % in a neighborhood of 7), then, at t = %:
3. Banks earn less expected returns on capital: Ptb jumps downward.

A technical remark is in order: The condition that households hold capital as we get close to a coordination failure is a sufficient
condition for the third statement to hold. Of course, although natural, it is not obvious that this condition will hold in equilibrium,
but all numerical simulations indicate that this is always the case, and hence the statement is not vacuous.

4. Calibration

Before analyzing the real effects of deep financial crises, I calibrate the model for the US to ensure it is consistent with usual
unconditional moments in the data and with the response of key real variables during the Great Recession of 2008, which I take as
the leading example of a deep financial crisis. In what follows, I give an overview of the calibration strategy, relegating a more detailed
discussion for Online Appendix B.1, with data sources detailed in Online Appendix C.3. Table 1 shows the calibrated parameters and
a summary of the calibration strategy.

Investment is subject quadratic adjustment costs with a capital depreciation rate §:

1(g)=g+5+§(g+5)2,with1<>0. 17)

The discount rate p is fixed to the standard value of 0.05. The marginal disutility of labor (¢) and the capacity utilization in the low
regime (u; ) are normalized to 1. The choice of the remaining parameters is divided in two steps. First, I choose the parameters that
individually pin down some of the chosen targets, which are either moments computed using the data presented in Online Appendix
C.3 or some statistic estimated by previous work. I then jointly calibrate the remaining parameters using a simulated method of
moments. Whenever needed to compute moments, the model is simulated three hundred times for two thousand years using an
Euler scheme (initial conditions are randomly drawn according to the stationary distribution of the state), and the simulated data is
converted to quarterly frequency.?? The parameters that are jointly calibrated are y (scaled fixed cost), f (direct finance efficiency),
A (exit rate of banks), A (exogenous productivity) and ¢ (volatility of capital quality shocks). After the numerical minimization of the
distance between the targets and their counterparts in the model, the relative distance between each targeted moment and its model
counterpart is always less than 0.1%, and therefore this statistic is not reported.

19 The dynamics of y, will be further discussed when the numerical solution of the model is presented.
20 Some moments can be directly computed using the stationary distribution given by Kolmogorov forward equations, which is less computationally expensive.
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Table 1
Calibrated parameters. Time is expressed in years.

Parameter Value Main associated target

Panel (a): Individually calibrated parameters

K Adjustment costs 5.46 Investment sensitivity to marginal Q (Gilchrist and Himmelberg, 1995)
8 Depreciation rate 0.052 Average depreciation of fixed assets

€ Elasticity of substitution 5 Markup ratio of 1.25 (see Basu, 2019)

Uy TFP shifter (high regime) 1.0165 A Capacity in the Great Recession

a Capital elasticity 0.24 Average labor share

Panel (b): Jointly calibrated parameters

X Scaled fixed cost 0.0084  Frequency of coordination failures

p Direct finance efficiency 0.9590 A Output-to-capital in the Great Recession
A Bankers’ exit rate 0.0015 Average banks’ leverage

A Productivity 1.3053  Long-run output growth

c Capital quality shocks 0.0129  GDP volatility

Panel (c): Remaining parameters

p Discount rate 0.05 Standard value
& Marginal disutility of labor 1 Normalization
uy TFP shifter (low regime) 1 Normalization

I now present an overview of the targets and refer the reader to Online Appendix B.1 for details. The adjustment cost « is chosen to
match the sensitivity of investment to Tobin’s Q estimated by Gilchrist and Himmelberg (1995), and the depreciation rate 6 is obtained
from the average depreciation of private fixed assets. The elasticity of substitution ¢ is chosen to match a markup ratio consistent
with usual estimates. Capacity utilization in the high regime, uj, is chosen to capture the response of the Fed index of capacity
utilization during the Great Recession. The capital elasticity « is chosen to match the average labor share for the US economy.?!
The jointly calibrated parameters (y, ff, A, A and o) are chosen to match: (i) A frequency of coordination failures consistent with
the interpretation that since 1929 there were two coordination failures (deep financial crises); (ii) The drop in the output-to-capital
ratio observed during the Great Recession; (iii) The average leverage ratio of the banking sector; (iv) The average growth rate of the
US economy; and (v) The volatility of output growth. While it was not targeted during the calibration, it was also verified that the
obtained direct finance efficiency parameter g is consistent with the differential recovery and default rates of bonds (direct finance)
and bank loans (intermediated finance) reported in the literature.

In order to assess the effects of coordination failures, I compare the main model to two benchmark models that do not feature
coordination failures, which are detailed below.

No coordination failures benchmark 1 construct a benchmark with the same parameters as the calibrated model, but in which firms
always choose high capacity. This is justified by the fact that condition (8) holds for the obtained parameters, and therefore at any
given date all firms would be better off if they could collectively agree to choose high capacity. This is equivalent to setting u; =0 in
the calibrated model, but the results would be similar if we simply fixed the scaled fixed cost y to zero.?? I call this benchmark the
model with no coordination failures, and it should be interpreted as a counterfactual where the coordination mechanism presented in
this paper does not operate.

Calibrated benchmark In order to give the best chance for a model without coordination failures to match the data, I also construct a
benchmark where coordination failures are shut down by fixing the scaled fixed cost y to zero, and re-calibrate it using an analogous
procedure. The calibration of this benchmark is also detailed in Online Appendix B.1. The parameters obtained are A = 0.0012,
A =1.3032 and 6 = 0.01836 (the remaining parameters are the same as in the main model). I call this parametrization the calibrated
benchmark.

4.1. Untargeted moments

I now check whether the model can replicate some untargeted moments in the data, which are reported in Table 2. To make
capacity in the model comparable to the Fed capacity utilization index, the capacity variable here refers to a monotonic transformation
of the capacity variable in the model: It takes value one whenever the economy is in the high regime and (1/uj )¢ otherwise (see the
discussion on the calibration of uy in Online Appendix B.1).

The calibration targets the volatility of output, but the main model almost perfectly matches the volatility of consumption, hours
and investment, and captures a significant part of the volatility in bank equity. Not surprisingly, the volatility of capacity utilization
is lower in the model than in the data. Since capacity is a binary variable in the model, its growth rate equals zero in many quarters

21 Note that, with market power, the labor share of output is approximately equal to 1 — & divided by the markup ratio. See Online Appendix B.1 for details.
22 Under the calibration, the only difference between the model with y =0 and the model with u;, =0 is that output is always a bit lower in the latter due to the
fixed cost.
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Table 2
Unconditional moments. All variables refer to the annualized growth rate between two consecutive quarters.
Targeted moments are marked with an asterisk.

Output Consumption Hours Investment Bank equity Capacity

Panel (a): Standard deviations (%)

Data 3.1% 2.7 3.2 8.3 40.0 6.0
Main model 3.1% 2.7 3.3 8.5 31.0 2.2
No coordination failures 2.2 2.0 2.2 3.9 26.8 0.0
Calibrated benchmark 3.1* 2.9 3.1 4.7 29.0 0.0

Panel (b): Correlation with output

Data 1.00 0.67 0.70 0.70 0.18 0.71
Main model 1.00 0.97 1.00 0.79 0.38 0.64
No coordination failures 1.00 0.99 1.00 0.90 0.44 NA
Calibrated benchmark 1.00 0.99 1.00 0.93 0.45 NA

and therefore the model misses a lot of high-frequency movements in capacity. Note that coordination failures introduce a good
amount of endogenous volatility in the model, as the standard deviation of all variables is considerably lower in the model without
coordination failures. By definition, the calibrated benchmark matches the volatility of output, but it generates much less volatility
in investment than observed in the data. As for the correlations, all models predict higher correlations than those observed in the
data (except for capacity in the main model).

5. The effects of deep financial crises

In this section, I study the effect that deep financial crises—interpreted as demand-driven coordination failures caused by insuffi-
cient bank lending—have on equilibrium outcomes.

First, I further discuss how financial crises may propagate differently to the real sector due to coordination failures and depending
on how much those affect banks’ balance sheets. Second, I analyze how the global dynamics of the economy are affected by those
coordination failures, by comparing the equilibrium in the main model to the one where coordination failures are turned off. Third,
I focus on how the real economy responds during those episodes, emphasizing how much amplification the interaction between
coordination and financial frictions generates. Fourth, I study whether the proposed mechanism can account for the fact that financial
crises have very heterogeneous real effects.

5.1. Two types of financial crises

I now further discuss how the model generates different types of financial crises, depending on how banks balance sheets are
affected. To that end, Fig. 1 shows some equilibrium functions (for now, the discussion focuses only on the solid lines and on a subset
of those graphs). The cutoff /4 below which coordination failures happen in the main model is represented by the dashed vertical line,
and the terminal points of each curve denote the reflecting boundary #* at which banks pay dividends. If an economy starts off with
no > 1", banks pay dividends at an infinite rate and the economy instantaneously moves to n = x*.

The solid line in Fig. 1b—which represents banks’ share of capital in the economy where coordination failures are possible—
shows that the model generates different types of financial crises, depending on how banks’ balance sheets are affected. First, we
have “mild” financial crises, in which banks’ net worth share # is not high enough to sustain y = 1, but it is still above 7, thus sustaining
coordination among firms. Second, we have “deep” financial crises, in which banks are sufficiently under-capitalized (n < #) to induce
a demand-driven coordination failure in the real sector. Hence, as was already hinted from the firms equilibrium, very poor balance
sheets in the banking sector (very low #) cause demand-driven coordination failures in the real sector, while moderately bad balance
sheets do not.

Fig. 1i illustrates how output per unit of capital reacts as banks intermediate less capital. As the economy enters the coordination
failure region, output suddenly falls 5.4% due to firms switching to the low-capacity regime. Since firms use less capacity once a
coordination failure hits, they demand less labor, which explains why labor discretely falls as well (Fig. 1j). Investment (Fig. 1k)
moves continuously around a coordination failure, as it only depends on asset prices, which are forward looking and do not jump
once the coordination failure hits. Since investment does not jump and output does, consumption must adjust for market clearing to
hold in the goods market (Fig. 11).

5.2. Global responses to deep financial crises

To understand how coordination failures affect equilibrium outcomes, both locally and globally, this section compares the main
model to the no coordination failures benchmark (in which u; is set to zero and firms always choose high capacity). That is, we now
compare the solid and dashed lines of Fig. 1.

To get a sense of how likely each state is, Fig. 1a shows the stationary distribution of the state variable # under each parametriza-
tion. In the main model, the unconditional probability of the economy reaching a coordination failure is 11.5%, even though the
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expected time to reach a coordination failure is 78 years on the reflecting boundary #*. Although those events are very unlikely in
good times, once the economy enters a coordination trap, the expected time it spends in such situation can still be high.

One can see that the possibility of coordination traps makes banks more prone to accumulate net worth, as captured by the higher
cutoff #* with coordination failures. When coordination traps are not possible, banks pay dividends when their share of net worth
reaches 16.7%, while this number is 20% in the main model. Given this endogenous response of banks, it is not obvious that the
economy with coordination failures will be more volatile and prone to crisis. In fact, from the volatility paradox in Brunnermeier and
Sannikov (2014), we know that, all else constant, events that make banks more exposed to risk can reduce overall volatility, once
one takes into account the endogenous precautionary behavior of banks.

However, Fig. 1b suggests this is unlikely to be the case. Without coordination failures, banks are much more willing to hold
capital. With coordination failures, banks start to unload part of their capital on households soon after bad shocks hit (when their net
worth share falls below 14.7%). But this behavior is precisely what causes the coordination failure: If banks managed to intermediate
more capital as their net worth dropped, a coordination failure would not happen. Remember that coordination failures also harm
households: Once the economy enters a coordination trap, the marginal productivity of capital is reduced (since firms operate with
idle capacity), and the rental rate falls for both banks and households. However, as discussed in Section 3.2, the coordination failure
affects banks more than households, since the fraction of capital that households lend to firms that default is not affected by a
lower equilibrium rental rate. This helps explain why in equilibrium banks’ expected capital returns fall once the economy enters a
coordination trap, as reported in Fig. 1c.

Importantly, in the main model, banks start to preemptively reduce their capital holdings, even before the coordination failure
starts, as reflected by the fact that the solid curve in Fig. 1b is below the dashed curve for many values of # > #j. Putting it differently,
banks want to avoid being highly leveraged in case a coordination failure hits, as depicted by the almost-flat region in Fig. 1d. This is
partly because banks have their capital rental rate more affected by coordination failures than households. Intuitively, if both agents
feared coordination failures equally, both would try to unload capital if they anticipated a coordination trap, and the bank share of
capital y, should not move much. However, there is more to the story.

Fig. 1e shows banks’ marginal utility of wealth. As banks’ net worth falls, the marginal value of each dollar of net worth increases
for them, for two mains reasons: (i) As a bank’s individual net worth falls, it gets closer to bankruptcy, which bankers want to avoid;
(ii) In equilibrium, when aggregate bank net worth goes down, capital is being fire sold to households at low prices, which provides
good investment opportunities for a rich bank that can buy cheap capital. Households, on the other hand, have a constant marginal
utility of wealth. Therefore, the fact that coordination failures are events that happen when banks have a high marginal utility of
wealth also contributes for them to act more preemptively than households.

Fig. 1f shows how equilibrium asset prices are affected. First, notice that asset prices in the coordination failure region are much
smaller than in good times, which is a result of banks fire selling capital to households (who obtain a lower rental rate), and also a
result of coordination failures reducing the rental rate of capital. Second, notice that even in good states, when coordination failures
are very unlikely, asset prices are considerably lower in the economy with coordination failures. As previously discussed, although
very unlikely, coordination failures hit when bankers assign a high value to their wealth, which reduces their demand for capital
and asset prices. Low asset prices reduce investment in equilibrium, which helps explain the differential growth rates of output: On
average, the economy with coordination failures grows 1.8% per year, while the economy without coordination failures grows 2.4%.
Also, the economy with coordination failures is much more volatile, as shown by the higher volatility of output reported in Table 2.

Figs. 1g and 1h report the drift and volatility of asset prices. As expected from the previous discussion, the economy with co-
ordination failures features more asset price volatility. Also, when the economy enters a coordination trap, the drift of asset prices
increases substantially: To convince households to hold capital (as banks have been more affected by the coordination trap), they
need to expect asset prices to increase. Since, when in a coordination trap, positive shocks take the economy out of it and negative
shocks keep the economy in the low regime, such expectations are consistent with equilibrium.

Asset price volatility initially rises as the economy starts to get bad shocks and a coordination failure approaches, to later decrease
if the bad scenario realizes and the crisis deepens. This is not inconsistent with what happened in the 2008 crisis. For instance, the
VIX index slowly increased in the second semester of 2007, peaking in October of 2008 and quickly falling afterwards. In the model,
price volatility decreases as banks’ wealth share becomes very small as to convince banks to still hold some capital. As banks become
under-capitalized and get closer to bankruptcy, they require a large risk premium to hold even a small amount of assets.

As a final comment, note that the jump in banks’ capital share when the economy enters a coordination failure (predicted by
Proposition 6) is not very high (in fact, it is hard to notice given the scale of Fig. 1b). This is partly due to the fact that banks already
reduce y, preemptively as they anticipate a coordination failure.

5.3. Impulse responses

The interaction between coordination and financial frictions has the potential to greatly amplify the response of endogenous
variables to exogenous shocks. To study how much amplification this mechanism can generate, in this section 1 present impulse
response functions (IRFs) to illustrate the dynamics of the model. I define IRFs in the following way. Let X, be some variable of
interest and let “shock” and “no-shock” denote two events. The impulse response of X at horizon k, denoted by IRF (X, ), is given
by

IRF (X,;;) =E, [X,yIshock] — E, [X,, |no-shock] . (18)
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Fig. 2. Impulse responses with and without coordination failures (u; = 1 and u; = 0). Normal shock and large shock refer to a 1-sd and 2-sd negative shock, respectively.
Normal and good initial conditions refer to #, = 0.2 and 5, = 0.15, respectively.

In other words, the IRF represents how much X is expected to change due to the shock, relative to the no-shock scenario. Instead of
considering one-time shocks, I consider shocks that hit the economy continuously during one year. The advantage of that approach
is that it gives a clear interpretation of the size of the shock in terms of standard deviations.?> More precisely, I define a shock of size
s starting at date ¢ as the event {ad Z,=s, forallte[t,t+ 1]}, where s = o (ZI N Z,) is approximately the fraction of the capital
stock directly destroyed by the shock.?* In the no-shock economy, it is assumed that cd Z, = 0 for all [, + 1], i.e., the event no-shock
represents a shock of size zero.?> Given the non-linearities of the model, one cannot simply set shocks to zero after impact to compute
IRFs. Hence, the model must be simulated several times with an Euler scheme to compute the conditional expectations in (18).

A remark about impulse responses is in order. As usual in the macrofinance literature in the tradition of Brunnermeier and
Sannikov (2014), exogenous shocks are by assumption permanent. While the growth rate of output is stationary in my setting, output
(or capital) does not revert to some trend after a shock. If a shock destroys 5% of the capital in the economy, this automatically
reduces output by 5% in a permanent way, even if financial or coordination frictions are not present. Therefore, impulse responses
here are meant to capture the endogenous response of the economy to permanent shocks, and we are interested in checking how much
additional output losses and persistence the model generates beyond what would automatically happen in a frictionless environment.
That is why I always report the output change that would happen in a frictionless model by a dotted curve in Fig. 2, which is simply
the size of the shock in absolute terms (not in standard deviation units). Any fall in output beyond that is due to the endogenous
propagation mechanisms of the model.

Fig. 2 compares the IRFs of the economies with and without coordination failures (i.e., the economies with u; =1 and u; =0)
under different initial conditions. In the top panels, both economies start with #, = 0.2, which is the reflecting boundary of the main
model. Since the reflecting boundary of the economy without coordination failures is smaller, at date 0 banks pay a lot of dividends
and move to the reflecting boundary, and the impulse responses take that into account. The bottom panels show impulse responses
with worse initial conditions, assuming 7, = 0.15 in both economies. The left panels consider a one-standard-deviation negative shock,
while the right panels consider a two-standard-deviation negative shock.

As Fig. 2a shows, when initial conditions are good and the shock is not too large, both economies behave very similarly to a
frictionless economy: The expected output loss is roughly proportional to the size of the shock. A small shock does not make banks
cut down intermediation, as they are initially as well capitalized as they can be. However, as shown in Fig. 2b, a larger shock creates
some amplification even if initial conditions are strong. Both economies feature larger output losses, but the one with coordination
failures faces considerably larger losses for larger horizons, as the shock increases the risk of banks cutting down intermediation
fearing a coordination failure, and the risk of a coordination failure itself.

2 In continuous-time settings with Brownian shocks, a shock in Z, of one standard deviation in an infinitesimal interval (7,7 + d7) has negligible size.

24 Due to the geometric structure assumed for the process of K, s represents the log change in K, directly induced by the shock in an interval of one year.

2 Alternatively, one could define the no-shock event as the empty set, in which case the IRF would be simply I RF (X,,,) =E, [X,,Ishock] — E, [X,,,]. The results
presented here are virtually the same under this alternative definition of the no-shock economy, but the interpretation of results is a bit more nuanced.
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Fig. 3. Impulse responses with and without coordination failures (u; =1 and u; =0).

The behavior of the two economies becomes really different if banks are not so well capitalized when the shock hits, as reported
in Figs. 2¢ and 2d. For a one-standard-deviation negative shock (Fig. 2c), the main model already displays a discrete and large
collapse in output, while the economy without coordination failures barely shows any amplification. Losses increase through time,
as coordination failures reduce asset prices and economic growth in subsequent periods, even in scenarios where the economy leaves
the coordination trap but does not fully recover. As the economy enters the coordination trap, there is some expected recovery in
the very short run due to an asymmetry: Positive shocks take the economy out of the coordination trap, while negative shocks keep
the economy in the low regime. The message is similar with larger shocks (Fig. 2d), and while the economy without coordination
failures generates some amplification, it is still much smaller than what the main model delivers.

To summarize, the message here is that the interaction of coordination failures and financial frictions creates powerful and
persistent amplification, but only under certain conditions: when shocks are large and/or banks are initially not so well capitalized.

To better understand the non-linearities of the model, Fig. 3 reports the IRF evaluated at horizon k =4 for different sizes of
shocks and initial conditions. Instead of simply comparing our economy to the benchmark without coordination failures, as in Fig. 2,
it compares the main model to the re-calibrated economy with y =0, so that we are comparing two economies that were already
mapped to the data. Good initial conditions refer to #, = 0.18, which is slightly above the average value of 5 in both economies, and
bad initial conditions refer to 5, = 0.08, so that the main model is already in a coordination trap. The 45-degree line represents the
response that would be expected in a frictionless economy.

Fig. 3a shows that, if initial conditions are good, both economies behave similarly to a frictionless one for small negative or
positive shocks: Output changes are roughly proportional to the size of the shock. However, for large negative shocks, the economy
with coordination failures behaves very differently, with much larger output losses after 4 years, in expectation. The larger the shock,
the larger the differences between the two economies. This non-linearity arises because, if the economy starts off at a good situation,
positive shocks do not change the regime, while sufficiently large negative shocks drive the economy into a coordination trap.

Fig. 3b shows the same exercise, but starting at very bad conditions (the economy starts in a coordination trap in the main model).
Note that the model with only financial frictions generates some amplification: The response to good and bad shocks is larger than
in a frictionless economy. However, the response of the economy is still a linear function of shocks, financial frictions only change
the slope of the response. The response of the coordination failures economy is again very non-linear, and the difference from the
calibrated benchmark becomes larger for positive shocks, as those take the economy out of the coordination trap. As this exercise
shows, the interplay of coordination and financial frictions can possibly create very heterogeneous real effects of financial crises, as
it not only amplifies the effects of shocks, but also makes the change in output a very non-linear function of shocks.

5.4. Heterogeneous real effects of financial crises

As discussed in the Introduction, and further detailed in Online Appendix C.1, financial crises have very heterogeneous effects on
output. As the discussion of Figs. 2 and 3 has suggested, the two-way feedback between banks’ balance sheets and firms’ coordination
failures can potentially explain this heterogeneous propagation of financial crises to the real sector, since the effect of shocks on
output is not only amplified in my model, but it is also a highly non-linear function of the size of shocks. I now further investigate
how much heterogeneity in propagation to the real sector the model yields and whether it generates enough amplification to explain
output losses observed in financial crises with reasonably sized shocks. I compare the main model with the calibrated benchmark that
does not feature coordination failures, emphasizing how much heterogeneity in output losses each one can generate after a sequence
of negative shocks. Before, I need to introduce some concepts.

Fix a Brownian path Z, and initial conditions, and let X fh"d‘ and X ;“"Sh"d‘ be the realization of log output conditional on the
shock happening or not happening, respectively. The change in X, implied by the shock at some horizon k is given by AX,,, =
X fﬁzd‘ -X t“fl'jh“k, and the output loss is defined as —A X, ;. The IRFs of Section 5.3 simply computed the expected change [E, [AX + k] .
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Now, I will also compute other moments of AX,,, in particular the standard deviation and quantiles. Those will help to understand
how heterogeneous are the output losses induced by an initial negative shock.

I consider the same type of shock used in Section 5.3, a negative shock that unfolds during one year. For the size of the shock to
be roughly consistent with the frequency of financial crises, I consider shocks of 2 and 1.5 standard deviations (sd). Since Brownian
shocks are normally distributed, a negative shock larger than 2 sd happens 2.25 times every 100 years, while this number is 6.5 for
a 1.5-sd shock. Those numbers are in the ballpark of the frequency of financial crises in the US, as according to the Baron et al.’s
(2021) list there were 4 financial crises in the US from 1930 to 2016. As for initial conditions, I assume that banks’ wealth share #
is initially close to its average. In the main model this number is 17.7%, and in the calibrated benchmark 17.3%, so I set 5, = 0.175.
Results are similar for any 5, € [0.173,0.177]. Fig. 4 shows the results (I postpone the discussion of the dash-dotted curve for later).

Fig. 4a shows that a 2-sd (negative) shock in the main model generates output losses close to the numbers calculated using the
data in Baron et al. (2021) and presented in Figure C.1 in Online Appendix C.1. The model without coordination failures, on the other
hand, generates too little amplification overall. Since I am fixing the frequency of the shocks, the impulse responses already take into
account that exogenous volatility ¢ is about 50% larger in the calibrated benchmark, so the shock simulated in that model is about
50% larger than in the main model, in absolute terms.

The shaded areas in Fig. 4a show 68% confidence bands, computed by estimating the 16th and 84th quantiles of the output loss
experienced after the shock. In the benchmark, the effect of the shock is almost deterministic after it happens: Output will remain low,
with some additional losses, but regardless of whether the economy experiences good or bad realizations of capital quality shocks
d Z, after the initial shock, there is not much variation in output losses (the upper and lower quantiles are very close). In the economy
with coordination failures, the story is very different. A 2-sd shock throws the economy in a coordination trap, but what happens
next depends a lot on the realization of subsequent uncertainty. If good shocks realize after the initial bad shock, the economy leaves
the coordination trap soon, and output losses look like those in the model without coordination failures. However, if the economy
further experiences bad shocks, output keeps falling, banks intermediate even less capital, asset prices and investment fall, and the
economy gets stuck in the coordination trap, with very large output losses. This heterogeneous propagation of an initial negative
shock is illustrated by the large distance between the lower and upper quantiles in the main model.

The message that the model with coordination failures can generate very heterogeneous real effects is reinforced in Fig. 4b, which
reports the standard deviation of the output losses induced by the shock. This is much larger in the model with coordination failures.
As suggested by the discussion in Online Appendix C.1 and its Figure C.1, in the data, a simple measure of output losses following
a financial crisis can have a standard deviation larger than the mean. While the model with coordination failures still delivers a
standard deviation below the mean for the shock considered, it is able to fill a large part of this gap (relative to the benchmark).

Now I ask: If we consider extremely large (and unlikely) shocks in the model without coordination failures, can we obtain a
heterogeneous propagation close to the main model? I simulate a 4-sd negative shock in the calibrated benchmark, and the results
are represented by the dash-dotted curves in Fig. 4. Comparing a 2-sd shock in the main model with a 4-sd shock in the benchmark
is not a fair comparison, as 4-sd sized shocks are much more infrequent. Also, such shocks are inconsistent with the frequency of
financial crises in the data. Still, this exercise serves to illustrate how difficult it is to explain the heterogeneous effects of financial
crises without the mechanism proposed in this paper. As one can see, with a 4-sd shock, the calibrated benchmark roughly matches
the average fall in output of the main model with a 2-sd shock, but is still far from it in terms of the heterogeneous propagation to
the real sector, as illustrated by the confidence bands in Fig. 4a and the dash-dotted curve in Fig. 4b.

If one considers a 1.5-sd negative shock for both models, and also a 3-sd shock for the calibrated benchmark, the results are
very similar (with the main message being actually reinforced), so I relegate the presentation of those additional results to Online
Appendix B.2.
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Fig. 5. Consumption equivalent gain of avoiding coordination failures.

I conclude this section with some remarks on the interpretation of the results. As shown, the model with coordination failures
generates a lot of dispersion in output losses after bad shocks trigger a financial crisis, for shocks of a size consistent with the frequency
of those events, and this is not the case once we take out of the picture the two-way feedback between coordination frictions and the
financial block of the model. This high dispersion happens even though all shocks to banks’ balance sheets are ultimately tied to the
production side of the economy, as capital quality shocks are the unique exogenous source of volatility assumed. This is because an
initial sequence of bad shocks throws the economy in a very fragile state, in which its fate (whether it will leave or not a coordination
failure soon) is highly dependent on the shocks that hit afterwards.

Of course, one can think that in a model with more shocks, in which there are other sources of exogenous volatility, such het-
erogeneity in output losses could possibly also arise, although for more exogenous reasons. If there was another (non-fundamental)
shock moving bank equity for reasons unrelated to the production side of the economy (say there are noise traders moving asset
prices for non-fundamental motives, for instance), then perhaps output losses would be very dependent on what happens to those
non-fundamental shocks after a sequence of bad shocks. But even then, it is not obvious that this would be the case, as adding other
shocks could possibly reduce the variance of fundamental (capital quality) shocks needed to match the volatility of output. Part of
the point of the exercise in this section is to show that the two-way feedback between banks’ balance sheets and coordination can
already generate a lot of dispersion in output losses, without the need to rely on extra sources of exogenous volatility.

6. Welfare and policy implications

I now discuss how coordination failures and different policies affect household welfare within the model, but before that, it is
useful to discuss how welfare is computed. The welfare of the representative household is defined as

I
W (Kun) <[ [ e (€ =eL,)ar,
0
where C, is the aggregate consumption. By market clearing, C, =Y, —1,K; — x, f,. Let A, denote the household flow utility per unit
of capital.?® Using the firms equilibrium (Propositions 1 and 2), we can write A, as a function of y, and 1,. From the banks and

households equilibrium, y, and i, are functions of #,. Hence, we can write A, = A(#,). Proposition A.2 in Online Appendix A.9 shows
how to compute welfare as the solution of a boundary value problem.

6.1. The welfare costs of deep financial crises

I have shown that the interaction between coordination and financial frictions creates a powerful propagation mechanism during
financial crises. Hence, by now it should not be a surprise that coordination failures strongly affect household welfare during financial
crises, as they lead to much larger output losses following a sequence of bad shocks. However, as the discussion in Section 5.2 shows,
the possibility of the economy entering a coordination trap affects the economy not only during those episodes, but also in good times,
when coordination failures are very unlikely. For instance, if the economy is at the reflecting boundary #*, coordination failures are
expected to happen in 78 years, but still asset prices are considerably lower relative to the scenario where they never happen (see
Fig. 1f). This section investigates how much coordination failures affect household welfare, both in good and bad times.

Fig. 5 reports the consumption-equivalent gain of avoiding coordination failures. That is, it compares welfare in the economy
where firms always coordinate (#; = 0) with the main (calibrated) model. As the figure shows, even in very good times, when
coordination failures are not expected for a long time (78 years at %), they still cause welfare losses close to 5% in consumption

26 Using the firms equilibrium and the market-clearing condition C, =Y, —1,K, — f,, one can easily verify that the flow utility scales with capital.
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(b) Gains of eliminating coordination traps
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Fig. 6. Output and welfare gains before and after the policy.

equivalent units. This is because coordination failures affect asset prices, and therefore economic growth, even in good times, for
reasons previously discussed in Section 5.2.

In what follows I study a policy that shuts down the two-way feedback between coordination and banks’ balance sheets by
subsidizing capital intermediation in bad times, ensuring that the rental rate is not affected by coordination failures. The exercise
shows that the gains of avoiding coordination traps almost vanish once the two-way feedback is broken, although coordination failures
still happen with non-negligible probability after the policy. Hence, what explains the large welfare costs of coordination failures is
not their direct effect on output per se, but their effects on banks’ behavior, which harms asset prices and output growth.

6.1.1. Breaking the two-way feedback

As shown in Section 6.1, the two-way feedback between coordination and banks’ balance sheets can lead to very large welfare
losses. In this section, I ask how much of those losses remain if the two-way feedback is eliminated, say, by protecting balance sheets
during coordination traps. If the demand-driven coordination mechanism did not interact much with the financial block of the model,
the losses induced by coordination traps should still remain large when banks are insulated from it.

More precisely, I consider a policy that guarantees that banks and households receive the rental rates R and R (the equilibrium
rental rates in the high regime), respectively, regardless of what happens in the real sector of the economy. This can be implemented
by imposing a lump-sum tax on households and paying a subsidy per unit of capital lent to banks and households as to guarantee
their target rental rate. One should think of this policy as a way to insulate banks and households from coordination traps: The banks
and households equilibrium will be computed as if coordination failures never happened. Asset prices and banks’ balance sheets will
be identical to the benchmark with no coordination failures (u; = 0).27

While this policy ensures the financial block of the model is not affected by coordination failures, in equilibrium they still happen, as
shown in Fig. 6a, which compares the evolution of output after the policy in the main model and in the economy without coordination
failures. Given that the preemptive behavior of banks is eliminated, coordination failures become less frequent: The expected time to
reach a coordination failure in the reflecting boundary #* is 314 years (as opposed to 78 years in the main model). Their unconditional
probability goes from 11.5% to 4.7%, but it is still far from negligible.

Fig. 6b shows that the welfare costs of coordination failures almost disappear when the two-way feedback is shut down, even
though their frequency has not vanished. For most initial conditions, the welfare gain of avoiding coordination failures is virtually
zero, being still small even in cases where the economy starts off deep into a coordination trap. Therefore, what explains the large
welfare losses of coordination failures is not their direct impact on output, but their effects on banks’ behavior, which depresses asset
prices and growth.

6.2. Other welfare and policy implications

6.2.1. Leverage constraints

Section 6.1.1 studied a policy that insulated banks and households from coordination failures by guaranteeing that the rental
rate they receive from renting capital is not affected by those events. From a theoretical perspective, that exercise had not only a
normative but also a positive goal, as it allowed us to understand how much of the welfare losses from coordination failures were
driven by its two-way feedback with the financial block of the model. However, one could argue that, in practice, implementing such

27 While the main objective of this exercise is to shut down the two-way feedback, and the policy is modeled as a simple subsidy to capital holdings (financed through
lump-sum taxation), one can think of this policy more broadly as different measures taken by authorities to incentivize intermediation during financial crises, such as
asset purchase programs (e.g., the Troubled Asset Relief Program), equity injections or a “Fed Put” (as in Chen and Phelan, 2023).
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Fig. 7. Consumption equivalent welfare gain of implementing leverage constraint.

policy may be difficult, as it requires the policymaker to perfectly observe the rental rate earned by households and banks (beyond
the fact that the subsidies are costly). In this section, I analyze within my model a policy that is commonly found in the regulatory
toolkit: leverage constraints.

I consider a regulation that constraints the amount of leverage banks can have, as in Phelan (2016). In particular, I say that
whenever leverage constraints are in place, each bank, individually, must satisfy the following constraint:

" <o, (19)

where @ is the maximum leverage allowed. For computational reasons, I assume that the policymaker lifts this restriction whenever
banks’ wealth share drops beyond some level 7;;,. However, in my computations I make it a very small number, always assuming
that 77 = 107> (results are not sensitive to this number, as long as it is sufficiently small).?® One can think that there is some small
cost associated with maintaining the institutional apparatus to enforce leverage constraints, and that the policymaker finds it optimal
to cease the regulations when the banking sector becomes too small. The problem of banks is the same as before, except that now
restriction (19) must be satisfied whenever 5 > 7. Online Appendix A.10 discusses how the model is solved.

In the model with coordination failures, leverage is equal to 6.28 on average. I then simulate my model with leverage constraints
(LC) in two scenarios, with leverage constraints above and below 6.28: ¢ = 5 (tight leverage constraints) and @ = 8 (mild leverage
constraints).?’ I simulate this policy using the parameters of the main calibration (with coordination failures), the “no coordination
failures benchmark” (in which coordination failures are shut down in the main calibration) and the “calibrated benchmark” (in which
coordination failures are shut down and the model is re-calibrated).

Fig. 7 shows the consumption equivalent gains obtained from imposing leverage constraints, as a function of the state. As one
can see, tight leverage constraints worsen welfare without coordination failures, which lends support to the claim of Brunnermeier
and Sannikov (2014) that “crude bounds on leverage are often counterproductive and reduce welfare” in their setting. However, with
coordination failures, tight leverage constraints can actually improve welfare in most regions of the state space, leading to consumption
equivalent gains of almost 1% close to the stochastic steady state. This goes in line with the results obtained by Phelan (2016), who
also finds that leverage constraints can increase welfare in a different setting.>’

To better understand the mechanism through which leverage constraints improve welfare, Fig. 8 reports the outcome of some
equilibrium variables with and without leverage constraints for the main model. Starting with the case of tight leverage constraints,
one can see that those yield lower asset prices, for a given state, which suggests that such tight leverage constraints could be harmful
to growth and welfare. However, as shown in Fig. 8c, tight leverage constraints strongly reduce the probability of bad states, as the
probability of 1 being below # decreases with leverage constraints (as indicated by intersection of the vertical lines with the CDF).
Avoiding such states is particularly important in the model with coordination traps, and imposing leverage constraints increases
welfare at the stochastic steady state.

Intuitively, and as emphasized by Phelan (2016), leverage constraints have two effects on equilibrium outcomes. On one hand,
by preventing banks from intermediating more capital, they can worsen the productive efficiency of capital. On the other hand,
by preventing banks from facing large losses when negative shocks hit, they may reduce the probability of states in which banks’

28 This is a sufficient (and probably not necessary) condition for the boundary conditions derived in the main model to continue to hold in the model with leverage
constraints.

2% 1 have explored different definitions of tight and mild constraints, and the main results were similar whenever the numerical algorithm used to compute the
equilibrium converged.

30 In Phelan (2016), there are two goods, and households are better at producing one good and banks are better at producing the other. Here, households are always
worse than banks at intermediating capital, but there are coordination failures. Hence, the two models depart from Brunnermeier and Sannikov (2014) in different
ways, but it turns out that both ways open room for leverage regulation to improve welfare.
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Fig. 8. Equilibrium functions for the model with and without leverage constraints.

net worth is very low. In a model with coordination failures, preventing states in which banks become very under-capitalized is
particularly important, as those induce large output losses. This helps explain why tight leverage constraints are beneficial in the
economy with coordination failures but are not in the economy without those.

As shown in the lower panels of Fig. 8, less strict leverage constraints are not effective in preventing the most relevant bad states
(the probability of coordination failures is practically unchanged by the implementation of leverage constraints), since they do not
bind before coordination failures hit, only after. This explains why they tend to worsen welfare around the stochastic steady state.
They can still improve welfare if the economy starts off in very bad states, as they help prevent scenarios in which banks are almost
wiped out (that is, states in which 7 is close to zero).

6.2.2. Financial innovation
Financial innovation, such as the emergency of fintechs, can create better ways through which non-traditional intermediaries can

channel their funds to productive activities. To provide one example, the emergence of equity crowdfunding and peer-to-peer lending
may allow non-traditional investors to allocate their funds to firms more efficiently (Cong and Xiao, 2024). In my model, this type of
financial innovation can be captured by an increase in the efficiency of direct finance f. Taking it to an extreme, if f = 1, financial
frictions would become irrelevant: There would be no reason for banks to exist in the model as households would be equally efficient
at intermediating capital, but would not be subject to financial frictions.

An interesting finding of Phelan (2016) is that when households get better at intermediating capital, their welfare sometimes
decreases in models with balance sheet recessions (the “intermediation paradox”). This is because, as households improve their
intermediation skills, banks earns less excess returns on capital, making the financial sector less resilient and possibly increasing the
probability of states in which banks are under-capitalized. In this section 1 ask whether increasing f is good or bad, and argue that
coordination failures contribute to make financial innovation more destabilizing for the economy as a whole.

The effect of increasing household efficiency on banks’ capital returns is not obvious in my setting. All else constant, an increase
in f makes banks earn a lower excess return for a given level of “firm efficiency” (capital utilization). On the other hand, it affects
the coordination failure cutoff vy, and coordination failures affect banks’ capital returns. Using (9), we get

Wee :_l—ll/cc
9p 1-p

>
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Fig. 9. Welfare gains of increasing and reducing f.

which is negative, since y;; € (0, 1), given the assumption that dominance regions exist. That is, when households intermediate
capital more efficiently, coordination failures become less prevalent, for given beliefs about bank intermediation. However, in my
model, banks’ intermediation decisions are endogenous and whether this lower cutoff will translate into a higher or lower probability
of coordination failures will depend on how banks change their risk taking decisions, which in turn depends, among many things, on
how their capital returns are affected by the change in f.

Fig. 9 presents the results for an increase and decrease of f, relative to its benchmark value of 0.959, for the main model, the
“calibrated benchmark” and the “no coordination failures benchmark”. As one can see, in this example, the intermediation paradox
does not arise in the models without coordination failures, but it does arise in the model with coordination failures. The main reason
is that, by increasing expected capital returns throughout the state-space, a lower f helps banks to maintain a healthy balance sheet
after bad shocks, which is crucial to avoid a coordination failure.3!-32

Interestingly, in the numerical examples presented, the probability of a coordination failure increases with f, even though y ;5
decreases with #.%3 This would not happen if y were an exogenous fundamental, as is usually the case in global games models, since
in that case any decrease in y;; would reduce the probability of the fundamental falling below that cutoff. However, in my setting the
“fundamental” of the coordination game is endogenous: When § moves, y;; moves, which, together with the fact that banks’ capital
returns change, makes banks adjust their capital holdings decisions, changing the distribution of the “endogenous fundamental” y.
Hence, my global game with an endogenous fundamental leads to comparative statics that are very different from what one would
obtain in standard global games settings.

Of course, a lower f has costs. In the event that the economy ends up in a situation where banks cannot intermediate all capital, the
instantaneous output losses will be higher the lower f. In the economy with coordination failures, the lower probability of coordination
failure events outweighs this cost in the proposed numerical example, but this is not always the case. If g falls sufficiently, welfare falls
in almost all regions of the state space for the main model, but numerical computations indicate that § has to fall quite significantly
(below 0.5) to get such result.>*

7. Final remarks

This paper proposes a model to rationalize why some financial crises lead to sudden and persistent collapses in economic activity
and others have mild real effects. There is an endogenous two-way feedback between banks’ balance sheets and demand-driven
coordination failures on the real sector. Low levels of bank lending reduce expectations about aggregate demand, which may cause
firms to fail to coordinate on high economic activity, operating below full capacity. When firms operate with idle capacity, they
demand less capital, affecting equilibrium capital returns and feeding back negatively into banks’ balance sheets, further reinforcing
what causes a coordination failure. Deep financial crises arise from a demand-driven coordination failure caused by insufficient bank
lending.

The model can help explain why financial crises feature very heterogeneous real effects during those events and in its aftermath.
Also, it is shown that deep financial crises have significant negative effects on the economy, not only during crises, but also in good
times, when such episodes are not expected for a long time.

31 The effect of § on expected capital returns is illustrated in Figure B.2 in Online Appendix B.2.

32 Note that increasing # or shutting down coordination failures are two measures that reduce output losses in states where banks intermediate little capital (low
y), but they have different welfare implications. This is in part explained by the impact of # on banks’ capital returns already discussed.

33 The unconditional probability of # < # with §=0.9, § =0.959 and § = 0.98 are 4.1%, 11.5% and 26.9%, respectively.

34 Similarly, welfare should increase for a large enough increase in f, as setting f = 1 is equivalent to removing financial and coordination frictions at the same time
(households would intermediate all capital in that case, but they would do that as efficiently as banks).
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I have shared replication files to be uploaded to the RED website.
Appendix A. Supplementary material

Supplementary material related to this article can be found online at https://doi.org/10.1016/j.red.2024.101236.
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