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Abstract

We study an economy with demand spillovers where firms’ decisions to produce are
strategic complements. Firms have access to an increasing returns to scale technology and
choose their operating leverage trading off higher fixed costs for lower variable costs. The
choice of operating leverage determines the firm’s systematic risk, that is, determines how
responsive the firm’s profits are to an aggregate labor productivity shock, which is the
only risk factor in this economy. We show that firms take excessive risk as they do not
internalize that higher operating leverage increases the likelihood of a coordination failure
where output is inefficiently depressed across the economy. More generally, our analysis
suggests that individual risk-taking decisions aggregate into excessive output volatility in
the presence of strategic complementarities among agents.
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1 Introduction

Strategic complementaries, which often generate multiple equilibria and cause coordination fail-
ures, arise in wide variety of settings. They can be caused, for instance, by thick market
externalities, technological complementaries, imperfect competition and demand spillovers, or

1" These complementarities have been particularly useful in macroeco-

imperfect information.
nomics in explaining why economies sometimes appear to overreact to small shocks.? Strategic
complementaries have been also extensively used in the explanation of financial crises.®> Our

objective is to study risk-taking in an economy that exhibits such strategic complementarities

and that may suffer from a coordination failure.

Specifically, we consider an imperfectly competitive economy with aggregate demand spillovers
as in Murphy et al. (1989). The economy is populated by representative consumers who are
endowed with labor and who collectively own all the firms in the economy. The labor is sub-
ject to a productivity shock, which is the only risk factor in this economy. The economy also
has a continuum of sectors that produce final goods. Each sector, has a competitive fringe of
firms with a constant returns to scale technology and a unique firm with access to an increas-
ing returns to scale technology. This increasing returns to scale technology generates strategic
complementarities across sectors: an increase in profits in one sector translates into a greater
demand for goods of the other sectors, which allows firms in these other sectors to leverage their
own increasing returns to scale technologies and increase profits. There are two dates in this

economy. In the final date, after the labor productivity shock is realized, production takes place

!Early examples include Hart (1982), Diamond (1982), Weitzman (1982), Bryant (1983), Kiyotaki (1985),
Shleifer (1986).

2See Cooper (1998, 1999) from an overview of the effect of strategic complementaries in macroeconomics.

3See Freixas and Rochet (1999) for an example of coordination failures in the banking system and Obstfeld
and Rogoff (1997) for an example of currency crises.



in each sector by either the competitive fringe of firms or by the firm with the increasing returns
to scale technology. In the initial date, each firm with access to the increasing returns to scale
technology chooses its operating leverage trading off higher fixed costs for lower variable costs.
In this economy, the choice of operating leverage is akin to the firm’s choice of systematic risk
as operating leverage will determine how responsive a firm’s profits are to the aggregate labor
productivity shock. Specifically, when productivity is high, the firm benefits from operating
leverage and is able to meet its demand at a lower cost. However, when productivity is low,
operating leverage reduces profits as the demand is not large enough to compensate the firm
for the high fixed costs. In equilibrium, the combination of all firm’s operating leverage choices
endogenously determines aggregate risk, that is, how the labor productivity shock affects the

economy’s aggregate income.

We start by considering a benchmark case in which workers do not earn any rents when
working for the increasing returns to scale firm, that is, the case in which workers are just paid
their outside option. In such case, despite the presence of demand spillovers, there is a unique
production equilibrium in the final date and this equilibrium is efficient. Moreover, firms choose
the socially optimal operating risk in the initial stage and therefore, the amount of risk in the

economy is also socially efficient.

Next we consider the case in which workers earn rents that, for instance, may arise due to a
moral hazard problem. As shown in Murphy et al. (1989), when workers earn rents, the produc-
tion decisions in the final date are not socially optimal as firms tend to underinvest. Specifically,
when the sum of the workers’ rents and the firm’s profits is positive, a firm with negative profits
does not invest while it would socially optimal to do so, as it would lead to a higher aggregate

income and utility for the representative consumer. In addition, the economy now features mul-



tiple equilibria in the production stage. Specifically, for intermediate realizations of the labor
productivity shock, an equilibrium in which all firms with the increasing returns to scale tech-
nology invest coexists with one in which none of them invest. Since our objective is to study
risk taking in the initial date, the indeterminacy of the production equilibrium associated to
the presence of multiple equilibria complicates the analysis. To circumvent this indeterminacy,
we use global game techniques to pin down a unique equilibrium. In this equilibrium, all firms
with the increasing returns to scale technology invest if the labor productivity shock is above an
endogenously determined threshold. In other words, the equilibrium has the appealing economic
property that the economy is more likely to suffer a coordination failure when the productivity
is low, that is, when the economic fundamentals are weak. Therefore, there are two related
sources of inefficiency in the production equilibrium of the final date: firms tend to underin-
vest because they fail to internalize the rents earned by the workers, and firms also tend to

underinvest because of coordination failures.

Having characterized the unique production equilibrium in the final date, we proceed to
study the risk choices in the initial date. We first show that investment inefficiencies in the final
date leads firms to increase their operating leverage. Intuitively, because of the workers’ rents
and the coordination failures, firms now only invest in the final date when the realized labor
productivity shock is high, that is, when demand is high, which makes operating leverage more
profitable. Notice that when deciding their operating leverage in the initial date, firms face a
real options problem as they can always choose not to invest when labor productivity is low
in the final date. The underinvestment inefficiencies has the effect of increasing the investment
threshold in the final date, which induces firms to increase their risk exposure by choosing a

higher operating leverage in the initial date.



Second, we consider the constrained social optimum in which firms only continue in the final
date when they earn a profit and show that the economy exhibits excessive risk taking in the ini-
tial date.* Intuitively, when a firm chooses its operating leverage, it takes the operating leverage
of all other firms and, therefore, the equilibrium investment threshold, as given. Consequently,
firms do not internalize the effect that their combined risk choices have on this endogenously
determined investment threshold. The social planner, however, does internalize the effect and
has incentives to decrease the operating leverage, which lowers the equilibrium threshold and
prevents coordination failures. This excessive operating leverage in the initial date leads to

excessive risk and output volatility.

Our paper is related to a stream of literature in macroeconomics that grounds low aggregate
output realizations into coordination failures. In particular, Cooper and John (1988) provide
a general framework to analyze economies in which agents’ actions are strategic complements,
and examine different ways in which the underlying externalities across agents may arise. In
our paper, demand complementarities originate from a combination of imperfect competition
and increasing-return-to-scale technologies as in Shleifer and Vishny (1988), Kiotaki (1988) and
Murphy et al. (1989). In these papers, coordination motives can generate multiple equilibria
that can be Pareto-ranked, illustrating how economies may be trapped into inferior low-output

equilibria.

While we build on these early contribution to micro-found coordination failures in a produc-
tion economy, we take advantage of global games techniques to sharpen the predictions of these
models. As shown in seminal work by Carlsson and Van Damme (1993) introducing dispersed

information in games of strategic complementarities can lead to a unique equilibrium prediction

4We also show that there is excessive risk taking with respect to the unconstrained social optimum.



pinned down by the realization of an underlying economic fundamental. Chamley (1999) or
Bebchuk and Goldstein (2011) use this insight to study economies where agents’ investment
decisions exhibit a generic form of complementarity. Schaal and Taschereau-Dumouchel (2015)
introduce global games in a dynamic macro-model with demand complementarities, and show
how transitory shocks can trigger long-lasting periods of depressed investment and recession.
More generally, global games have found several applications, notably currency attacks (Morris
and Shin, 1988) and bank runs (Rochet and Vives, 2004, Goldstein and Pauzner, 2005). In
this type of setting, Guimaraes and Morris (2007) show that risk-averse agents’ exposures to
an underlying source of risk affect the outcome of the coordination game they play, but do not
model the origin of these exposures. Goldstein and Pauzner (2004) study how contagion across
economies subject to coordination failures propagates through the portfolios of diversified in-
vestors. We instead focus on firms’ productive decisions to calibrate their exposures to aggregate
shocks by adjusting their operating leverage. Our model relates coordination failures to exces-
sive risk-taking, which stands in contrast with Lamont (1995) where coordination failures stems
from firms’ inability to take on financial leverage because of moral hazard. In Farhi and Tirole
(2012), strategic complementarities in banks’ financial leverage are driven by the anticipation

of bailouts, which is distinct from the demand externalities that operate in our framework.

2 Model

We consider a two-period economy with a representative consumer who has a utility function
exp [ fol In x(q)] dq defined over a unit interval of goods indexed by ¢. There is a unit interval
of consumers each endowed with L units of labor that they supply inelastically. Therefore, L
defines the amount of labor in the economy, which we assume that is drawn from a uniform

distribution defined over [0, L]. Different realizations of L can be viewed as an economy-wide



labor productivity shock, which is the only risk factor in this economy.

Each good ¢ is produced by a sector, and each sector consists of two types of firms. A
competitive fringe of firms with a constant returns to scale technology that produces one unit
of output using one unit of labor and a unique firm, hereafter “the monopolist”, with access to
an increasing returns to scale technology. This increasing returns to scale technology requires

a fixed number of units of labor, F(s,) = and allows to produce one unit of output at a

_Sq_
a—sg)
marginal cost of a — s, units of labor, where av < 1, s, > 0, and F’(.) > 0, F"(.) > 0, F(0) =0
and limg 3 F'(s) = limg 3 F'(s) + co. In this set-up, s, is a choice variable that trades-off
variable and fixed costs and determines each monopolist firm ¢ operating leverage. Specifically,
the increasing returns to scale technology has a lower marginal cost than the competitive fringe
constant returns to scale technology, i.e., @ < 1, but the monopolist can choose to further

decrease its marginal cost, i.e., to increase s,, at the expense of increasing its fixed cost F(s,).

Consumers own all the profits of this economy.

We assume that workers in the monopolist firms earn rents. In particular, workers receive
their outside option, which is determined by the wage in competitive fringe, plus a fraction 5 of
the firm’s revenues. We assume that o+ 3 < 1 which guarantees that the monopolist firm has a
lower marginal costs even after accounting for the worker’s rent. As it will become clear below,
the role of the workers’ rent is similar to the one in Murphy et al. (89), that is, to introduce a
wedge between the social and the private value of production for the monopolist, which results
in multiple equilibrium and in the possibility of a coordination failure. We also assume that
L > 2, which rules out a corner solution in which all firm choose zero operating leverage, i.e.,

sq = 0.

There are two relevant dates in the economy. At t = 0, each monopolist firm ¢ chooses its
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operating leverage, i.e., s;, which determines its exposure to the labor productivity shock, L.
At t =1, after L is realized, production takes places in each sector by either the monopolist or
the competitive fringe, and consumers consume the output using their endogenously determined
income, y. Throughout, we take the wage that workers earn in the competitive fringe as the

numeraire.

3 The Benchmark Case

We start by studying the case in which workers do not earn any rents, i.e., 5 = 0, which serves as
a benchmark to highlight the firms’ risk choices, i.e., {Sq}qe[o,l}v in this economy in the absence

of coordination failures.

Consider first the consumption decision at t = 1. The representative consumer chooses the
consumption basket, {(q)}4ecp0,1], that maximizes his utility given the prices of the different

goods, {x(q)}qef0,1), and his available income, y

max exp Uollnx(Q)} dg s.t. /OIP(Q)x(Q)Zy, (1)

From the above optimization problem, it immediately follows that consumers spend the same
percentage of their income in each good and, consequently, when income is y, the consumer can

be thought of as spending y on every good x(q).

Consider next the production decision at ¢t = 1. We assume that the monopolist maximizes
its profit taking the demand curve as given and operates (or invests) only if it can earn a profit

at the price it charges. The monopolist is sector ¢ solves the following optimization problem:

=Y an
rgg;w(Q)x(Q) — (o= sqg)x(q) — F(sq) st x(q) = @ dp(g) <1, (2)



where the worker’s wage is set equal to one, i.e., the numeraire. The first constraint, z(q) = zﬁ’
is the demand function, and the second constraint reflects that if the monopolist sets its price
above one, it loses all its sales to the competitive fringe.® Since the demand function is unit-

elastic, the monopolist sets the price highest possible, p(q) = 1, and produces x(q) = y units of

output. Therefore, if the monopolist produces, it generates profits

Ta(y) = (1 — o+ s)y — F(sq), (3)
and it will produce when m,(y) > 0, that is, when y > %

The production and consumption decisions at ¢ = 1 endogenously determined the aggregate
income y. Let n be the fraction of sectors in the economy in which a monopolist is active. The

aggregate income at t = 1 is the sum of profits and labor income, L, that is:

y:/on(l—a—ksi)y—F(si)di—l—L. (4)

Solving, it yields the aggregate income y as a function of the fraction of sectors in the economy in
which a monopolist is active n, the production technologies of the active monopolists {s; }ic(on;

and the amount of effective labor L:

ST i —atsdi

(5)

The numerator of (5) is the amount of labor used in the economy for actual production of
output, after the fixed costs. The inverse of the denominator, i.e., (1 — fon(l —a+ si)di)_l, is
the multiplier that shows the effect on the aggregate income of an additional unit of effective
labor L. Notice that a unit increase in L, raises aggregate income by more than one unit as long

asn >0, ie, (1— [['(1—a+ Si)di)_l > 1if n > 0. Intuitively, when a firm makes a profit, it

5Since the firms in the competitive fringe require one unit of labor to produce one unit of output, the
competitive price would be equal to the worker’s wage in the competitive fringe, which we take as the numeraire.

8



increases the demand of the other firms in the economy, which now are can make a better use

of their increasing returns to scale technologies.

Plugging the aggregate income in (5) into the profits in (3), yields the following expression

for the firm’s profits as a function of n, {s;}icpn and L:

L—fOnFs di

:(1_a+5q) n .
1—fo 1—a+s;di

— F(sq). (6)
Consequently, monopolist ¢ produces if

L— [} F(s;)di - F(sq)
1—[1—a+sdi 1-a+s,

From equation (7), the lemma below follows:

Lemma 1 A monopolist firm is more likely to produce at t = 1 the lower its operating leverage

sq and the higher the effective labor L.

Intuitively, the higher the effective labor L, the higher the demand y, and the larger the
profits m, and, the lower the operating leverage, the smaller the aggregate income needed to
generate positive profits, as a higher fixed cost requires a higher level of aggregate income to

justify production.®

Finally, at ¢ = 0, each monopolist ¢ chooses its operating leverage s,, that is, the ratio of
fixed to variable costs. When choosing s,, the monopolist firm faces the following trade-off:
on the one hand, higher operating leverage decreases the probability of the monopolist being

active at t = 1 (see Lemma 1) and decreases profits for low-levels of aggregate income (i.e.,

87rq (y) 87rq (y)

<0ify < (1 ) but increases profits for high-levels of aggregate income (i.e., >0

Sq

6Tt is immediate to verify that 852 Sq /5‘3 >0.



ify > ﬁ) Notice also that the choice of operating leverage determines the firm’s systematic
q

risk as s, is the sensitivity of the firm’s profits to aggregate income y, i.e., dm,/0y = s,, which

in turn, is proportional to the sensitivity of the firm’s profits to the aggregate shock L, i.e.,

Omy/OL = s4(1 — ['(1 — v+ s;)di) ™. The next lemma summarizes this discussion.

Lemma 2 An increase in operating leverage (i) decreases the firm’s profits for low-levels of
aggregate income, (ii) increases the firm’s profits for high-levels of aggregate income, and (iii)

increases the sensitivity of the firm’s profits to the aggregate shock L.

Hereafter, we focus on symmetric equilibria in which all monopolist firms choose non-
cooperatively the same operating leverage s. Imposing symmetry in equation (7), given L,

s, and n, a firm chooses to produce if

> Fls)
“1—a+s

(8)
Notice that this condition does not depend on n. While the number of active monopolist firms
does affect the profits of the other active monopolists, it does not affect the sign of these profits.
Intuitively, if a monopolists ¢ makes a profit on its own, the other (identical) monopolists that
are active are also making a profit and consequently, these other active monopolist are exerting
a positive demand externality on monopolist ¢, a externality that further increases its originally
positive profits. Alternatively, if a monopolists ¢ were to suffer a loss on its own, other (identical)
monopolists would also be suffering a loss and consequently, these other active monopolist would
be imposing a negative demand externality on monopolist ¢, a externality that would further

decrease its already negative profits. In other words, in equilibrium, the demand externalities

have the effect of increasing profits or decreasing negative profits profits, but these externalities
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do not change the sign of these profits and consequently of the the production decisions. As we

will see, this will not be the case when workers earn rents, i.e., 8 > 0.

F(s)
l—a+s?

Using the condition in (7) and imposing symmetry, at t = 1, if L < no monopolist

are active (n = 0) and the aggregate income is just the amount of effective labor, y = L, and,

L—F(s)

a—s

if L > £ 41 monopolist are active (n=1) and y = and therefore, the aggregate

1—a+s?

income y given L and s can be written as:”

y(s. L) Emax{L_—ﬂ"”),L}. ()

a—s
To find the equilibrium, consider a unilateral deviation where firm ¢ chooses operating lever-
age s, different from all other firms’ operating leverage, s_,. Firm ¢ produces when profits are

positive, i.e., (1 — o+ s,) y(s_q, L) — F(s,) > 0, or equivalenly when

F
(o — Sq)% + F(s—g) if sq = sy,
—a+s
L > L(sq 5-g) = F(s,) ! (10)
— if s, < s_,.
1—a+s,
Let
L
T(Sqy S—q) = / (I —a+sg)y(s—q, L) — F(sq) dL (11)
min{L(SCDS*Q)ﬂL}

be firm ¢’s profit (to a factor 1/L) if it chooses s, and all other firms choose s_,, then s* is a
symmetric equilibrium if

s* € argmax (s, s*). (12)

Let L(s) be the minimum effective labor that induces all identical monopolist with operating

F(s)
l—a+s"

leverage s to produce, i.e., L(s) = L(s,s) = The next proposition characterizes the

unique symmetric equilibrium at ¢ = 0:

"Notice that if L > {22 then L) > [,
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Proposition 1 There is a unique symmetric equilibrium s* €0, a| at t = 0, which is defined

by the the following condition
Ey|L > L(s")] — F' (s") = 0.

The unique symmetric equilibrium s*, which is strictly greater than zero and smaller than «,
increases in L. Intuitively, an increase in L induces the firm to take on more risk as increasing
its operating leverage allows the firm to benefit from the high realizations of the aggregate shock
L and, in the case of a low realization of L, the firm can choose not to operate. It is interesting
to note that there is a single symmetric equilibrium at ¢ = 1 despite the fact that firms exert
demand externalities on each other, that is, the strategic complementary among firms generated
by the demand externality does not lead to multiple equilibria. As in Murphy et al. (89), a
monopolist operates as long as it makes a profit and, while the magnitude of this profit depends
on n, i.e., the number of monopolist operating at t = 1, whether the firm makes a profit or
would suffer a loss does not.® Intuitively, if a monopolist makes a profit operating by itself, then
the only equilibrium is one in which all monopolist operate as by operating it makes operating
even more profitable. Alternatively, if a monopolist were to make a loss operating by itself, then
the only equilibrium is one in which no monopolist operates as, if they all were to operate, it

would increase the loss from operating.

Once characterized the equilibrium risk choice s*, we proceed to study the socially optimum
risk choice s©'B. Specifically, we still assume that, at ¢ = 1, monopolist firms operate only when
they make a profit and that consumers maximize their utility by spending all they available
income and study the risk choice s at ¢ = 0 that maximizes the expected utility of the repre-

sentative consumer. Since in equilibrium, all goods have a price of one (i.e., the marginal cost

8 As already explained, this is reflected in the fact that n does not enter the continuation condition in equation
8.
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in the competitive fringe) and since consumers spend the same amount y in each good, the con-
sumer’s utility in equilibrium income is equal to his income, exp [ fol In w(q)} dq = y. Therefore,
at t = 0, the social planner would choose the s that maximizes the expected income at t = 1
or equivalently, since the labor income equals L and hence does not depend on s, the social
planner would choose the s that maximizes expected profits. The next proposition characterizes

the socially optimum risk choice s2.

Proposition 2 The socially optimum risk choice equals the equilibrium risk choice, i.e., s¥8 =

s*.

Proposition 2 shows that risk taking in this economy is socially optimal. That is, each
firm, by choosing the operating leverage s, that maximizes its expected profits at ¢t = 0, also
maximizes the expected demand externalities that through these profits have on the other firms.
Intuitively, the firm only operates when it makes a profits and, conditionally operating, it
chooses the operating leverage that maximizes profits and hence that has maximizes the demand

externality.

4 Coordination Failures and Risk Taking

In this section we consider the general case in which workers are able to extract a rent in the
monopolist firm. Specifically, workers receive a percentage (5 of the revenue on top of the their
outside option wage of 1. We model the worker’s rent as a fraction of the revenue so that this
rent scales up with the firm. In addition, the rent being a fraction of the revenue also implies
that the rent does not directly impact the choice of operating leverage, that is, the monopolist

firm will not have an incentive to shift between variable and fixed costs in order to reduce the
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rent. This modelling choice is isomorphic to the one in Murphy et al. (89), which assumes
that workers must pay a wage premium to workers in the monopolist sector.” In fact the only
difference is that Murphy et al. (89) considers the wage premium as non-pecuniary costs in the

worker’s utility function and we assume that it is just a pure rent transfer.

The analysis of the consumption decision at ¢ = 1 is identical to the one in which 5 = 0,
that is, all goods have the same expenditure share and therefore, the representative consumer’s
income y can be thought of as spending on every good z(¢) in the unit interval. At ¢ = 1,
a monopolist ¢ produces if it can earn a profit given aggregate income y and its production
technology s,. Because the monopolist only retains a fraction (1 — /) of revenue, it now solves

the following optimization problem:

SV,
Iﬁgp(@ﬂ@(l — B) — (= sg)z(q) — F(sy) st. 2(q) = @ d p(g) <1, (13)

where, once again, we take the worker’s wage in the competitive fringe as the numeraire. As
in the case in which 8 = 0, since the demand function is unit-elastic, the monopolist sets the
highest possible price, i.e., p(q¢) = 1, and produces z(q) = y units. Therefore, if the monopolist

operates, its profits are
T(y) = (1 = B —a+s.)y — F(sg), (14)

and it will operate when m,(y) > 0, that is, when the aggregate income is large enough:

(15)

Let n be the fraction of sectors in the economy in which a monopolist is active. The aggregate

9In our set up profits are m(z,) = pgzq(1—B) — [(a — s4)x4 — F(s4)] where p, is the price and x, the quantity
produced. If we rewrite 7’(z,) = pyrq — ﬁ [(a = sq)xqy — F(s4)], ﬁ —-1= % would correspond to the wage
premium in Murphy et al. (89).
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income y at ¢t = 1 is the sum of the profit and the labor income

y—/n(l—ﬁ—a+si)y—F(si)+ﬁydi—l—L. (16)
0

Solving for y in equation (16), we derive y as a function of the fraction of sectors in the economy
in which a monopolist is active n:

L— [ F(s;)di

= - . 17
ST i —atsd (17)
Plugging equation (17) into equation (14), it follows that
=(1-p8- 0 — F(sy), 18
and that monopolist ¢ produces if

1—[f1—a+sdi~ 1-F—a+s,

from which the following lemma follows:

Lemma 3 A monopolist firm is more likely to produce at t = 1 the lower its operating leverage

sq and the higher the effective labor L, and the lower the workers’ rent 3.

Similarly to the case in which 8 = 0, a monopolist firm ¢ is more likely to produce the
higher the effective labor L and the lower its operating leverage s,. In addition, a monopolist
firm ¢ is now also more likely to produce the lower the workers’ rents 8. While the production
condition for § = 0 and § > 0 (i.e., equations 7 and 19) are similar, there is an important
economic difference. To see this, consider the case in which all monopolist firms choose the
same operating leverage at t = 0, i.e., s; = s, = s for all 7. Condition (19) can be then written

as
L —nF(s) F(s)
l-n(l—a+s) 1—a-0+s

(20)
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Condition (20) implies that a firm does not continue if no other firm continues (i.e., if n = 0)

when
F(s)
L< ——m——— 21
and that a firm continues when all other firms continue (i.e., n = 1) when
(1 - B)F(s)
L> ———. 22
l—a—pFB+s (22)

Notice that as long as 8 > 0, there will multiple equilibria at £ = 1 when

Ic ( (1—B)F(s) F(s) ) _ (23)

l—-a—f+s'1—a—fF+s

The intuition is the same as the in Murphy et al. (1988). When 5 = 0, a firm operates only
when it earns a profit that is, when by operating the firm exerts a positive demand spillover effect
on the other firms. When 8 > 0, a firms still only continues when it earns a profit, however, now a
firm that makes a loss could still have a net positive demand spillover on the other firms through
the workers’ rents. In other words, when § = 0, the externality of a monopolist firm being active
on the aggregate demand only comes from its profits, while when [ > 0, the externality on the
aggregate demand comes from its profits as well as the workers’ rents. Consequently, when
B > 0, there can be situations in which if no other monopolist operates, a monopolist does
not produce but, if all other monopolist produce, because the demand spillovers generated by
the rents earn by the other firms’ workers, the monopolist makes profits and produces. The

following Proposition summarizes the discussion.

Proposition 3 If all firms choose the same operating leverage at t = 0, then at t = 1: (i)

if L > 1_5&‘9/;%, all firms operate; (ii) if L < %, no firm operates; and (iii) if L €

((1—6)F(s) F(s)

I —aBts 17a7ﬁ+8), there is multiple equilibria, one equilibrium in which no firm operates and
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another equilibrium in which all firms operate, which Pareto dominates the one in which no firm

operates.

The presence of multiple equilibria captures the idea that the economy can suffer from
a coordination failure. Specifically, when there are multiple equilibria, the economy can be
trapped in an equilibrium in which no firm operates, while this equilibrium is Pareto dominated
by an equilibrium in which all firms operate. The existence of multiple equilibria at ¢ = 1
makes it difficult to predict the equilibrium operating leverage (the risk choice) at ¢t = 0, as this

equilibrium depends on the anticipated production equilibrium at t = 1.

Next, we use global games techniques as a refinement to obtain a unique production equi-
librium at ¢ = 1 that will allow us to study the operating leverage decision at ¢ = 0. Specifi-
cally,suppose all firms have chosen s at ¢ = 0 and that each monopolist firm ¢ observes a noisy
signal of L, I, = L 4§, where ¢ is uniform on [—¢,¢], at £ = 1. Assume that firm ¢ follows a
threshold strategy, that is, the firm operates at ¢t = 1 if [, is above a threshold {*. Then, for a

given realization of L, the number of monopolist firms that operate is

1 ifL>0"+¢
n(L)=q M=l i Le I —el* + ¢ (24)
0 if L<l*—¢

At the threshold, a firm with signal [* must be indifferent between operating and not operating,

that is, the following condition must hold:

1 [rrE L—n(L)F

(1—a—ﬁ+3)1_n(L)(1_a+s)—FdL:O. (25)

2e Jp_e

Then, taking the limit when ¢ — 0, the next proposition follows.
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Proposition 4 If all monopolist firms choose the same operating leverage s at t = 0 and ¢
tends to 0, then at t = 1, all monopolist operate if and only if L > LT (s) and all monopolist do
not operate if and only if L < LT (s), where

P BF
l—a+s (1-a-B+s)n(X)

a—s

L' (s)

Notice that threshold LT (s) is always higher than the first-best threshold 1—5 — In equation

8 as long as 8 > 0. There are two reasons for this result. First, because the workers’ rents, the

minimum L required to sustain an equilibrium in which all firms operate is larger. Specifically,

U=BF()  which increases

from equation 22, for all firms to operate, L needs to be larger than —= Frs

with beta 3 as long as s < a.!% Second, even when L is large enough to sustain an equilibrium in
which all firms operate, there is a range of realizations of L above (Eﬁﬂ such that firms fail to

l—a—pB+s

coordinate and all end up not operating. Indeed, the threshold L% (s) in Proposition 4 falls within

the multiple equilibria region, i.e., LT (s) € ((11_—5 _)gfs), 1_5&2, +S). In other words, the global

games refinement partitions the multiple equilibria region in two, and chooses the equilibrium

in which all firms produce for large enough realizations of L, i.e., for L € <LT(S), 1_§£S[.); +S>,

and chooses the equilibrium in which all firms fail to produce for low enough realizations of L,

i.e. for L € (%, LT(3)>. Therefore, the refinement links the probability of a coordination

failure to the economy’s fundamentals, in our specific case, the aggregate labor productivity

shock L. The next lemma summarizes the discussion.

Lemma 4 If all monopolist firms choose the same operating leverage s at t = 0, then at t =

1, the economy suffers from a coordination problem when L € <%,LT(S)>, that s, a

monopolist firm would be willing to operate if all the other firms operate but the equilibrium is

one in which no firm invest.

OWhen s — a then F(s) — 400, therefore in any equilibrium s < a.
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Once characterized the production equilibrium at ¢t = 1, we proceed to analyze the choice
of operating leverage (and hence, of risk) at ¢t = 0. As in the case in which g = 0, we focus
on symmetric equilibrium in which all monopolist firms choose non-cooperatively the same
equilibrium s, = s and choose to operate at ¢ = 1 when L > L*(s). Therefore, the aggregate
income y at t = 1 given L and s can be written as:

LF&) ip > [7(s) } (26)

L) = a—s
ys(s L) max{ L it L < LT(s)

To find the equilibrium, consider a unilateral deviation where firm ¢ chooses operating lever-
age s, different from all other firms’ operating leverage, s_,. Firm ¢ produces when profits are

positive, i.e., (1 —a — B+ s,) yg(s_q, L) — F(s,) > 0, that is, when

F
max ¢ (o — s_q) 1 — Esqﬂ)+ . + F(s_q), LT(S_q)} if s, > s_g,
L > Lg(sg5-4) = (27)
{1 E— ﬁ s LT (s_y) if s, < 5_4.
Let
L
Ra5p ) = (1= =B+ s)yls o L) — Fls,) dL (28)

min{Lﬂ (S(I 75*4)7Z}

be firm ¢’s profit (to a factor 1/L) if it chooses s, and all other firms choose s_g, then s% is a
symmetric equilibrium if

sp € argmax mg(s, p). (29)

Next we characterized the equilibrium.

Proposition 5 If at t =0, a symmetric equilibrium exists, s this equilibrium is interior, i.e.,

€10, «f, unique, and defined by the the following condition
Ely|lL > L"(sy)] — F' (s3) = 0.

There is a L large enough such that a unique symmetric equilibrium exists.
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The condition that defines the equilibrium in Proposition 5, E [y|L > LT(s}g)} —F (sg) =0,
is similar to the one in Proposition 1 E [y|L > L(s*)] — F' (s*) = 0, except that in Proposition
5 firms operate at ¢ = 1 when L > LT<S}§) while in Proposition 5 firms operate at ¢ = 1
when L > L(s*). Economically, this constitutes an important difference as in the case in which
£ > 0, when L = LT(sg) firms make profits while if 5 = 0, when 5 = 0, firms L = L(s*)

firms just break even, which again highlights the coordination failure in this economy for L €

<<1—5>F(s;;>

T Brs LT(SE)>. From the comparison between LT(.) and L(.), we obtain the following

corollary:.

Corollary 1 Let s* be a symmetric equilibrium when 5 =0 and sj be a symmetric equilibrium

when B > 0, then s* < sj.

The corollary implies that operating leverage increases with . Intuitively, for a given oper-
ating leverage s, the higher the beta, the higher the threshold L (s). Consequently, each firm
now benefits from having a higher operating leverage as the aggregate income conditioning on

other firms operating is higher as now firms only operate for higher realizations L.

Once characterized the equilibrium risk choice sj, we proceed to study its efficiency. We
continue to assume that, at ¢t = 1, monopolist firms operate only when they make a profit and
that consumers maximize their utility by spending all they available income. As we saw in
Lemma 4, now firms may choose not to continue when it is socially optimal to so. Therefore,
we are considering constrained efficiency, that is, the socially optimal risk choice at ¢ = 0 given

that the economy can suffer from a coordination failure at t = 1.1

"Notice that Proposition 2 and Corollary 1 implies that sp > s* = sF'B | that is, the operating leverage
when there are coordination failures is going to be larger the first-best operating leverage when there are no
coordination failures.
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Since in equilibrium all goods have a price of one and since consumers spend the same
amount y in each good, the consumer’s utility in equilibrium income is equal to his income,
exp [ fol In x(q)] dq = y. Therefore, at t = 0, the social planner would choose the s that maxi-
mizes the expected income at t = 1 or equivalently, since the labor income equals L and hence
does not depend on s, the social planner would choose the s that maximizes the sum of expected
profits and the workers’ rents. The next proposition characterizes the constrained efficiency of

the equilibrium risk choice.

Proposition 6 In any symmetric equilibrium sj, there is excessive risk taking.

Proposition 6 shows that the equilibrium is constrained inefficient and specifically that in
equilibrium there is excessive risk taking. The intuition for this result comes from the fact that
the economy can suffer from a coordination failure and that firms when choosing its operating
leverage do not internalize the effect that their risk choices have on the probability of such coor-
dination failure. Indeed, as indicated in Proposition 4, the economy suffers from a coordination
failure when L falls bellow LT(sg), which is increasing in sj. While this threshold depends
of the operating leverage of all firms in the economy, each individual firms when choosing its
own operating leverage takes this threshold as given and hence, ignores the negative externality
imposed on the other firms through the effect on the threshold of its choice of operating leverage.

It is important to notice that when [ = 0, firms also take the operating threshold of all other
firms as given. However, when = 0, firms at the operating threshold, i.e., at L = L(s*), make
zero profits while, when # > 0, firms at the operating threshold, i.e., at L = LT(SE), make pos-
itive profits. In other words, excessive risk-taking is the product of coordination failures among
firms which we pin down through global games techniques. To drive this point further down,

consider the equilibrium in Proposition 3 and instead of applying a global games treatment,
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simply assume that firms always coordinate on the Pareto-superior production equilibrium: for

F(s) We then obtain the

any common leverage s, they produce if and only if L > (1 — B)m.

following result

Corollary 2 If att = 1, firms coordinate production decisions on the Pareto-superior equilib-

rium in Proposition 3, then ex-ante risk-taking is constrained-efficient at t = 0.

5 Discussion

Proposition 6 delivers the main message of the paper, that is, the idea that when the economy
can suffer from coordination failures, firms take excessive risk as they do not internalize the
effect that their risk choices have on the probability of a coordination failure. Following some of
the seminal papers in the literature, e.g., Hart (1982), Kiyotaki (1988), Murphy et al. (1989),
Shleifer (1986), Shleifer et al. (1988), Weitzman (1982), etc., we have illustrated this effect in the
context of a model with demand externalities. However, excessive risk taking can also arise in
other situations with strategic complementarities and coordination failures. For instance, strate-
gic complementaries can also work through investment and technological externalities (Bryant,

1983) or through search externalities (Diamond, 1982).

In general, as Propositions 1 and 2 illustrate, the presence of demand externalities is not
enough to generate multiple equilibria and the possibility of a coordination failure. In the model,
what generates multiple equilibria is the fact that workers earn rents. As shown in Murphy et
al. (1989), there are other reasons that can lead to the existence of multiple equilibria in the
presence of demand externalities, including workers demanding a wage premium or firms using
resources to invest at one point in time (which decreases aggregate demand today) that generate

labor savings at a later point (which increases aggregate demand tomorrow). Therefore, while
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our modelling choice is both technically convenient as well economically relevant (there are
numerous reasons that explain why workers can earn rents), it is by no means the only reason
that can generate a coordination failure in the context of the modelled economy.'? From an
empirical point of view, the analysis indicates that economies in which workers are able to
capture rents will tend to be more prone to coordination failures and to excessive risk taking

(Corollary 1).

In a similar model, Shleifer and Vishny (1988) shows that the presence of aggregate demand
spillovers can lead firms to underinvestment even in the absence of a coordination failure. Their
underinvestment result is related to the fact that the multiplier, which depends on the number
of active monopolist firms, is not constant across states. In our model, all monopolist firms make
the same risk choice at t = 0 and consequently all have the same technology and make the same
operating decision at ¢t = 1. Specifically, either all firms operate or no firm operates depending on
the realization of the aggregate shock L at ¢ = 1. This implies that, in equilibrium, the demand
multiplier is constant across all states L in which the firm operates, that is, when L > L*(s}).

Specifically, when n = 1, the multiplier is constant and equal to —— > 1.3 We have shown

that in the absence of coordination failures (5 = 0) with homogenous firms, firms’ risk choices
are socially optimal (Proposition 2). We have also shown that coordination failures (8 > 0)
lead to excessive risk taking (Proposition 6). Consider next the case of no coordination failures

(6 = 0) and but with two types of monopolist firms with a different investment technology.

Specifically, while all monopolist firms still have the same fixed costs F(s,) = aiqsq, now, we

assume that in a fraction n; of the sectors, the monopolist firms have marginal cost o + ¢ — s,

12 A5 explained before, our modelling of the workers’ rents is isomorphic to the modelling in Murphy et al.,
(89). See footnote 4.
13The demand multiplier refers to increase in aggregate income for each dollar of profits that a firm generates.

In the model, as we explained following equation 5, the multiplier equals (1 — fon(l —a+ Si)dz’)il.

23



with @ + ¢1 < 1 while, in a fraction ny (= 1 — ny) of the sectors, the monopolist firms have
marginal cost marginal cost of o + ¢y — 54, With a + 2 < 1 and ¢; # ¢,. We also assume
that L > 2/a to rule out corner solutions but otherwise the model remains the same. The next

proposition characterizes the efficiency of the equilibrium.

Proposition 7 Any symmetric equilibrium in which all type-1 firms choose s and all type-2

firms choose s} is constrained inefficient and features insufficient risk-taking.

Proposition 7 shows that with heterogenous firms and no coordination failures there is insuf-
ficient risk-taking, which contrasts with the excessive risk-taking result of Proposition 6. This
highlights the difference between the investment problem at ¢ = 1 and the risk-taking prob-
lem at ¢ = 0. Specifically, while in both set ups —the set up in Proposition 6 and the one in
Proposition 7— there is underinvestment (i.e.,sometimes firms do not operate at t = 1 when it
would be socially efficient to do so), the risk-taking inefficiency goes in opposite direction.!* To
understand the intuition behind the insufficient risk-taking result of Proposition 7, consider first
the benchmark case with § = 0 and homogenous firms (as in Propositions 1 and 2). In general,
while firms choose their operating leverage to maximize expected profits, the social planner’s
objective is to maximize the sum over each realization of L of the product of the profits and

the demand multiplier. When g = 0 and firms are homogeneous, all monopolist firms are active

when L > L(s) and the multiplier is also constant and equal to —— for all L > L(s). The

s*

constant multiplier makes maximizing the sum of the product of the profits and the demand

1410 the set up of Proposition 7 with heterogeneous firms, there is underinvestment because firms underweight
the profits that they make in the higher productivity states (higher realizations of L) when there are a lot of
firms operating and therefore, the demand multiplier is larger. (This underinvestment problem is similar to the
one in Shleifer and Vishny, 1988.) In the set up of Proposition 7, there is underinvestment because firms fail to
fully internalize the demand externalities from operating. (This underinvestment problem is similar to the one
in Murphy et al., 1989.)
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multiplier equivalent to maximizing expected profits, which implies that the firms’ risk choices
are efficient as Proposition 2 states. Consider now the case of Proposition 7 with § = 0 and het-
erogeneous firms. Assume without loss of generality that in equilibrium type-1 firms have a lower
operating threshold, L;, than type-2 firms, Lo, that is, assume that for L € [L;, Lo| only type-1
firms operate while for L € [Ly, L] both types operate. In that case, the demand multiplier is
(1—ni(1—a—¢@i+s1)) "t for L € [Ly, Ly while is (1—ny(1—a—p1+s1) —na(l—a—pa+s2))7!
for L € [Ly, L]. Since (1—n1(1—a—p1+351)) P < (1—ni(1—a—pi+51)—na(l—a—ps+s9))~"
and extra dollar of profits is more valuable from the social point of view when L € [L;, Lo[ than
when L € [Ly, L] while for the point of view of type-1firms the extra dollar is equally valuable,
that is, from the social point of view type-1firms overweight profits in the [L;, Ls[ region while
underweight profits in the [Ly, L]. Consequently, since operating leverage has the effect of shift-
ing profits from lower to higher realizations of L, type-1 firms tend to have too little operating
leverage. Finally notice as well, that the contrast between the excessive risk-taking result of

Proposition 6 and the insufficient risk-taking result of Proposition 7 also highlights the fact that

the excessive risk-taking is specifically associated to the existence of coordination failures.

The analysis has implications for public policy as the government may be able to decrease
the probability of a coordination failure by controlling risk-taking. For instance, the presence of
a public sector that internalizes demand externalities and therefore, that takes less risk can help
reducing the probability of an economy-wide coordination failure. It is important to notice that
the effect of the public sector on the probability of a coordination failure would work directly
through its own risk-taking behaviors as well as indirectly through the risk-taking behavior of
the private sector. Intuitively, as seen in Proposition 5, firms choose their operating leverage by

equation at the margin their expected demand to cost of increasing the operating leverage, that
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is,

Ely|L > L"(s*)] = F'(s"). (30)
The presence of a public sector with lower risk and consequently, with lower operating, would
have the effect of reducing the operating threshold of the private sector and, as a consequence,
also of reducing its risk taking behavior. From the empirical point of view, the analysis suggests

that economies with a large public sector will tend to be less volatile.

Finally, an important assumption in terms of the timing of the model is the fact that firms
choose their technology —their operating leverage— at t = 0, before the realization of the aggregate
labor productivity shock at t = 1. Our interpretation of the model is one in which firms choose
a technology and operate in a business as usual situation, and the economy suffers a labor
productivity shock at some point in time. Since changing the cost structure is something that
takes time or may not be feasible at all, at that point, firms have to decide whether to continue
operating or to foreclose given their current cost structure. In the model, for tractability, we
assume that firms do not operate at t = 0. However, one can think of an alternative model
in which firms operate in both dates. In this alternative model, the choice of technology at
t = 0 would depend on the known productivity of labor at ¢ = 0 as well as on the expected
productivity of labor at ¢ = 1. However, the same economic effect that leads to excessive risk-
taking in the paper would also be present in that model, that is, firms would still not internalize
the effect that their risk choices at ¢ = 0 have of the probability of a coordination failure at

t=1.
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6 Conclusion

The role of demand externalities and the possibility of a systemic crises in which the economy is
trapped in a low activity equilibrium has been extensively studied in the literature. In essence,
this literature views economies as interdependent systems in which agents need to coordinate
their investment and consumptions decisions. The paper shows that this type of economies
feature excessive risk-taking as agents do not internalize the effect that their risk choices have
on the probability that the economy suffers a coordination failure. The analysis has implications
for public policy as well as for the role of the public sector. Specifically, a public sector that
internalizes the effect that its risk choices have on social welfare can help coordinating the
economy and reduce the probability that the economy ends up trapped in a low activity Pareto-

dominated equilibrium.

While the model emphasizes the role of demand externalities because of its economic im-
portance, there are other sources of strategic complementaries —search frictions, technological
spillovers, investment complementarities— that can generate multiple equilibria and the possibil-
ity of a coordination failure. In general, we expect the same economic forces to apply in these
alternative set-ups. Indeed, as long as risk increases the probability of a coordination failure

and agents do not internalize this effect, the agents will incur in excessive risk-taking.

Strategic complementarities are also particularly important in the financial system as illus-
trated by recurrent systemic crises. Indeed, its liquidity transformation role combined with the
fact that financial institutions constantly interact in a highly interdependent system makes the
financial system particularly vulnerable to a coordination failure. Our analysis then suggest
that economies that feature a more concentrated financial system, for instance, the Canadian

economy, may be more stable as the large financial institutions will internalize to a larger extent
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the effect that their risk choices have of the probability of a systemic financial crises. Alterna-
tively, it also indicates that the economies with a more disperse financial system will require

stricter regulation to curve excessive risk-taking.

The model is a one-factor model, that is, the unique source of risk is the labor productivity
shock. In general however, there can be multiple sources of risk and risks can be either systematic
or idiosyncratic. The existence of different types of risk and its interaction can have important
implications for the probability of a systemic crisis. For instance, going back to the example
of the financial system, in a more concentrated financial system, on the one hand, financial
institutions will do a better job internalizing the externalities caused by their risk choices but,
on the other hand, their idiosyncratic risks will not be as well diversified and can become
an important source of aggregate risk. The interaction between different types of risks is an

interesting avenue for future research.
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Appendix

Proof of Proposition 1

Let L(s) = L(s; = s,5_, = s) and assume for now that L(s) < L. Assume further that firm

q takes the lower bound L(s) as given. Then firm ¢ would solve the following optimization

problem:
1 L
max:/ 7(sq, 8)dL (A.1)
Sq L(s)
which writes as:
1 [T L—F(s) F(s)
= —(1 - —F dL where L(s) = ————— A2
max /L(S) (1 —as,) = Fls,)dL where L(s) = 7= 2—  (A2)
The first derivative with respect to s, writes:
L L—F(s) :
E (s dL = ElyIL = L(s) — F' (s,) (A.3)
L(s) a— S

The second derivative with respect to s, writes:

- / b (5,) <0 (A4)

(s5q)

Therefore, given s, the unique interior solution s; to A.1 would be defined by

Ely|L > L(s)] — F' (s;) =0, (A.5)
and if we impose symmetry s = s; = s* then we would have

ElylL > L(s")] - F' (s") =0, (A.6)

which is the condition in Proposition 1.
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Next we explore the properties of this condition, F [y|L > L(s*)] — F' (s*) = 0:

AGs) = E [ny > %1 _F(s) = (A7)
B Z+1§(()¢S<i)'s o F(s) e (S)
_ o5k ;i(s) + 0.5% — F'(s) (A.8)
- aof)s (z_ais+ 1—2—1—5 _&z—as)
B 0.5 T(1—a 8_2524-5—1—2@(1—04)
- G ey et ——
Therefore,
sign [A(s)] = sign {f(l —a+s)— 25 S;—Ei(l - a)] (A.9)
d - L
oN(s) T 4s(a — s) + 2s? a 2a (1 — a)
_ I- - _ (A.10)
Js (v — )2 (o — )2 (v — )2
_ T —28% + 4sa + a (3 — 2a)
(a —s)?
PQs)  [As+ds](a—5)? = 2(a—5)[-25 + 4sa + a (3 — 2a)]
0s2 (a—s)4 (A.11)
. 2(a—5)? + 3a
= 2 >

Next, 2”(.) > 0 together with Q(0) = (1 — a)(L —2) > 0 and lim,_,, (s) = —oo implies
(s) = 0 has a unique solution that belongs to (0, ), and therefore, (A.6) has a unique solution.
Since ©(0) > 0, % cuts L(1 — a + s) from below at s*.

Consider first a deviation to a lower s,. Let s* be an equilibrium and consider a deviation by

a firm by firm ¢ to an s, smaller than s°¢. In a deviation to s, < s* the firm would solve the

following optimization problem:

1 L L—F (Seq) 1 Toatseq
H}S?Xf/lp(ing W(l—a—ksq)—}?(sq) dL+f/1F(‘9f) L(l1—a+s,)—F (s;)dL (A.12)
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The first derivative w.r.t. s, is

T F(s°9) -
1 [F L — F (s 1 [T-asset 1 (L
:/ LoFGH) oy :/ U LdL - = F(s,). (A.13)
L J_Fee9) o — 5% L J Fia L J_ £Go

1—a+s€9 l—a+sq l—a+sq

Imposing symmetry, s/ = s,, and setting first derivative in A.13 to zero, we have A(s%7) = 0,
which means that s* €]0, o[ is the only possible equilibrium.

Notice that

L[ (F L-F(s) s ot z
= / ————%L+/HW um—/‘ qum—/‘ F' (s,) dL(A.14)
L|J_EcH  a—s* 0 0 F(sq)
L 1—a+sS 11—« Sq
r o+ F(sq) F(sq) -
1 L L — F l—a+sq l—a+sq L
>::/ ——iﬂﬂ+/ +LdL—/ +LdL—/ me4
L F(sq) o — Sq 0 0 F(sq)
L l-a+tsq 1—a+sq
1 [ L-F B
- = / L=Flsa) —/ F' (s,) dL]
L F(sq) a — Sq F(sq)
L l—a+tsg 1—a+sgq
F F
— Pr(LE&) E y|LZ<—Sq) —F'(s,)
1 —a+s, l—a+s,
F(s,)
= Pr(L> —"Y A
(L2 A,

where the inequality follows from the fact that s* is the unique social optimum (as we prove
below in Proposition 2) and the social optimum maximizes the expected aggregate income.

Notice that we showed above that, if & < 1 and L > 2, then sign[A(0)] > 0 and that there is

2s2+s4+2a(l—a

a unique s* such that A(s*) = 0 where s* €]0,«[. Indeed, at s, = s* ) will cut

L(1 —a+s,) once from below, which implies that A(s,) > 0 for all s, < s* and therefore , there

’ a—sq
1s no incentive to deviate to an 54 < 8",

Consider now a deviation to a higher s,. Let s be an equilibrium and consider a deviation by
a firm by firm ¢ to an s, larger than s*. In a deviation to s, > s°! the firm would solve the

following optimization problem:

1 [t L — F(s%)
- S - — F(s,)dL A15
BT [ e (1705 = F () (A1)
where
L(sg,s) = —2 5" p(s,)+ F (s9). (A.16)
@ l—a+s, °
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The first derivative w.r.t. s, equals

i/L il G (s,) dL, (A.17)

J— €
L Jr(sqseny @ = 5%

which can be also rewritten as

L L(sy,s) [5G — s
- p— — F'(s,) (A.18)
L— L(sg,s%) |1L—F(s9) 1 <1Oi;isqF<5q) +F (Seq)> — F(s%) F(s)
= — = — — F'(s
L 2 a—sv 2 o — 5% a
L—L €q -1 L — F (s 1 F
— &SW S ) - (S ) + - (SQ) _ F,(Sq) )
L 2 a— s« 21 —a+ s,
L — L(sq,s%) [1 L — F(s4)
= — — Y A.19
L {2 o T ) (A.19)

where ¥(s,) = %f&‘:ﬁlq — F'(sq).

Notice that we saw before that A(0) > 0 and that there is a unique solution s* €]0, o[ such
that A(s*) = 0. Notice also that if we impose s, = s°¢ in the first derivative w.r.t. s, (equation
A.18) and set it equal to zero then, we have A(s*) = 0, which means that at s* there is no
local incentive to deviate to a higher s,. Furthermore, since s* €0, a[ is the unique solution
to A(s*) = 0, it also means that s* is again the only possible equilibrium. Next we verify that

there is no non-local incentive to deviate to an s, higher than s*.

We saw that at s*, 22F5+200-0) 40 L(1 — a + s) from below, that is, A'(s*) < 0, i.e.,

’ a—s

|9l B
- a—s; - —a+s; o F// * ) A2
2 aSi + 2 83,- . (S ) <0 ( 0)
Notice that
0 (a=9)F () +L—F(s) R
ds - (o — 5)? (A.21)
1 [L-F
— [ (S) . F/ (S):|
a—s| a-—s
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and that

LR 1 FG) ey oo L

A *
<S> 2 «oa-—s* 21 —a+ s*

Equations A.21 and A.22 imply that

>0
0s ’

‘ af—F(s)

s=s*

and equations A.20 and A.23 imply that
U'(s*) < 0.

Next, we calculate the derivative of U(s,) w.r.t. s,

(1 —a+sy) F'(s,) = F(sq)

1
U'(s,) = = — F"(s
( Q) 2 (1—O[+Sq)2 ( !I)
! a—a’+s; Ao
2 (1—a+s) (a—5.)2 (a—s5g)°

(a0 —a® +52)(a—s5,) —4a(l —a+s,)
2(1 —a+s,)% (@ —s,)?
—s3 —3as; — 9a(1 — a)sy + 90* — 4o — 50

2(1 —a+5,)° (0 — s,)3

Provided that a > s,
sign {U'(s,)} = sign {—s2 — 3as? — 9a(1 — @) + 9a” — 4o — 50’ }
and since {—s; — 3as? — 9a(1 — a) + 9a” — 4o — 5%} in 54, then
U'(s*) < 0= ¥'(s) <0 for all s, €]s", o

and therefore
U(s,) < ¥(s") for all s, €]s™, af.

This implies that the first derivative in A.18, which is zero at s, = 5%/ = s*

(A.22)

(A.23)

(A.24)

(A.25)

(A.26)

(A.27)

(A.28)

, is negative for

all for all s, €]s*,a] and s*9 = s* and hence, there is no incentive to deviate to an s, €]s*, a/.

Finally notice that as s, — « then F'(s,) — +00 so the agent will not deviate to an s, > a.
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Therefore, s* €]0,a] such that A(s*) = 0 is an equilibrium and is the unique symmetric

equilibrium. Q.E.D.

It is useful to note that:

afﬁ;‘iﬁsl (I —a+s) F'(si) — F(sy) (A.29)
Jsi (1—a+s)’ .
. (0% B Si
(I—a+s)(a—s) (a—s)(l—a+s)
- 1 a Si
 (l—a+s)(a—s)\a—s l1—a+ts;
a4 g2
= @ a;—sl >0 for a < 1.
(1—a+s) (a—s;)?
Proof of Proposition 2
The social planner chooses the operating leverage s that maximizes expected profits:
1 [t F
max:/ 7(s,s)dL s.t. L(s) = _Fls) (A.30)
S L(s) ]_ — —|— S
or -
1 F(s)
= L)1 —a+s)—F(s)dL s.t. L(s) = ————. A.31
mact [y, D1t =P () ()= (A3
The f.o.c. writes
1 L FB T,
:/ M(l—a—l—sFB)%—y(sFB,L)—F’(SFB)CZL:O (A.32)
L L(sFB) 0s
Since 82—2‘9) is increasing in s, i.e.,
OL(s) _ Ol _ (L—a+s)F'(s) = F(s) (4.33)
Os Os (1—a+s) '
Q s

(I—a+s)(a—s)? (a—s)(1—a+s)

- ﬂ—a+iﬂa—@(ais_1—i+8>

a—ao?+s?
= (1—a+s)2(a—s)2 >0 for a <1,
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and goes to infinity as s — «, and since the f.o.c evaluated as s = 0 (equation A.32) is positive,

ie.,

L a? o?

i/OL(£—i>(1—a)+§—édL (A.34)

I _
= — L —1dL >0 for L > 2,
o?L 0
it follows that the social planner’s maximization problem has at least one solution, and any such

solution is interior, i.e., sfZ €0, af.

The social planner equivalently also chooses the operating leverage s that maximizes the
expected aggregate income, i.e.,

F(s)

“T-ats (4.35)

1 L 1 L(s)
max:/ y(s,L)dL—i—:/ LdL s.t. L(s)
s L Jr) L Jo

which yields the following f.o.c. (I Think we need to mention y(s, L(s)) = L(s) to get to

the foc: -

1 y(stB L

- / Oy(s L) g g (A.36)
L L(sFB) 88

Putting together the two f.o.c. (equations A.32 and A.36) it follows that

% /L (LSFB) y(s"P, L) — F' (s"P)dL =0, (A.37)

that is,
Ely|lL > L(s"™)] = F'(s"7) =0 (A.38)
We have shown in the proof Proposition 1 that the unique solution to this equation is s*, that is,
s'B = s*. Therefore s* the equilibrium operating leverage also maximizes s* the social planer’s

objective function. Q.FE.D.

Proof of Lemma 3

The result that a monopolist firm is more likely to produce at t = 1 the higher the effective
labor L, and the lower the workers’ rent g follows directly from condition 19. Deriving the right

hand side of condition 19 w.r.t. s,
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F(sq)

alfﬂf—oﬁqu _ Fl(‘SQ) F(SQ) <A39)

05, l1—f—a+s, (1—F—a+s,)?

F(s,) o B 1
(1-08—a+s,) ((cx—sq)sq 1—ﬁ—a+sq)
_ F(sy) N
B <a_5q)5q(1_5—a+sq)2( 1-6 +5q) = ( 4)Sq)
_ F(3q> ol — B — a 2
- (O‘_Sq)sq(l—ﬁ—a+3q)2( (1=p—a)+s,) >0,

which implies that a monopolist firm is more likely to produce at ¢ = 1 the lower its operating

leverage s,. Q.E.D.

Proof of Proposition 4

Suppose all firms choose s, and firm ¢ observes a noisy version of L, i.e., a signal [, = L + &,
where ¢ is uniform on [—¢,]. Suppose firm ¢ produces iff [, > [*. Then, for a given realization

of L, the number of firms that produce is

1 ifL>0"+¢
n(L)=q M= ifLel*—e 1" +¢] (A.40)
0 if L<l*—¢

The firm with signal [* must be indifferent, i.e.,

1 e L—n(L)F
5 ). Uma= Bt g s

— FdL=0. (A.41)

Consider the following change of variable: z = =42 & [, = 2ez + [* — . (A.41) becomes

i [ {amampe B e oI a0
ey PN, e
and
1 ifz>1
n(z)=4{ = ifzeo,1] (A.44)
0 ifz<0
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So when € — 0, then z — % and hence, n(z) — z Therefore, from equation A.42 L(s) is given

by, )
L(s) —nF
l—a-— —Fdn=0 A.45
/0( “ B+S)1—n(1—a+s) " ( )
and operating:
! L(s) —nF
l—a-— —Fdn=0 A .46
@/0( BT T ats) " (4.46)

& dn—F =0

1—a—6+s/1 (1—a+s)L(s)—(1—a+s)nF+F—F
l—a+s J l—n(l—a+s)

p— p— 1 p— P
- l1—a« ﬂ+s/ (1 —a+s)L(s) F—}—Fdn—F:O
0

l—a+s l-n(l—a+s)
l1—a- L1 — -

- a 54—5/(1 a+s) L(s) Fdn— 64 e
l—a+s J, 1—-n(l—a+s) l—a+s

& (l—-a-—-0+ s)/o (11__(1”—:18)_[/0581 ;)Fdn —BF =0

s l1—-a—-0+ 8)/0 (11__6);;;18)_1;05'2 ;)Fdn —pBEF =0

l—a—pF+s
= —mKl—Oé—i-S)L(S)—F]IH(OJ—S)—ﬁF—O
F F
< LT(S):l—a+8+ 1 BB In (-
T’ e mGs)
irst Best .

Distortion

Now, it is apparent that the RHS of (A.43) is increasing in I*, which guarantees the uniqueness
of an equilibrium in threshold strategies for any e. Iterated deletion of strictly dominated
strategies ensure global uniqueness in a setting with global strategic complementarities (e.g.,
Morris and Shin 2003). One potential concern in this setup is that firms’ actions are not

complement if L is small enough. Specifically, letting n be the fraction

a—ﬂ >0 L > LS)
on l—a+s
Note however, that
F(s) _ (1=B)F(s)
l—-a+s 1—-a—B+s’
i.e., the region where the firms’ actions are not strategic complement is strictly smaller than the

upper bound of the lower-dominance region. Therefore if

(1—pB)F(s) F(s)

2e < - )
c l—a—pF+s 1—a+s
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F (S)
a+s’

(1 5)F s)
—B+s

the region where actions are complement. This, in turn, allows to apply the standard iterated

a private signal [, consistent with L > rules out L < i.e., ensures that L is in

deletion of strictly dominated strategies. It follows that the threshold equilibrium derived in

(A.43) is the unique equilibrium for ¢ small enough, hence when ¢ — 0.

Proof of Proposition 4

BF 1-pr .
We need to show that — a+s + T g > Tahrs
F BE (1-5)
& + > A .47
l—a+s (I-a-f+s)h(x) 1-a—-fF+s ( )
s 1-p 1
= —+ > _
l-a—-B+s)h() 1-a-F+s 1-a+s
1— 1-B8) —(1—a—
o B (a490-p-(-0-f+s)
In (L) l—a+s
1
& —1>1In ( > which is verified for all & — s € (0, 1).
a—s a—s
BF .
Next we show that 1= a+s + —apro () < 1—o£5+s :
F BF F
+ < A .48
l—a+s (1-a-B+s)h(X) 1-a—-fF+s (4.48)
& p < ! !
(1—a—pf+s)n(zL) l—a—f+s l—a+s
1
& l—(a—s)<In < ) which is verified for all & — s € (0,1)
a—s
Q.E.D.
Proof of Proposition 5
I- Local Conditions: Suppose all firms choose s and firm ¢ chooses s,.
- If no other firm operates, firm ¢ operates if
F(sq)
L>1L_ = 1 ) A.49
)= T (A.49)

L' (sq) has the sign of a(l —a — ) 4+ s2 > 0 (given that o + § < 1). Also, (A.45) implies
(I—a—pB+s5)L"(sh) — F(s;) <0, therefore L_(s%) > L"(s}). Since L(0) =0 < L"(s}), there
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is a unique s_ such that L_(s_) = L"(s}) and s_ < s5. If L < L"(s}) and s, < s_, ¢ operates
iff L > L_(sg). If L < L"(s}) and s, > s5_, ¢ never operates.

- If all other firms operate, firm ¢ operates if

+ F(s5), (A.50)

which is strictly increasing in s,. Also, (A.45) implies (1 —a— ( + SE)LT(?)i—;;(S@ — F(s3) >0,
therefore L (s5) < L'(s}). Since lim, o Ly (s) = 400, there is a unique s, < « such that
Li(sy) = L"(s3) and s > s5. If L > L"(s}) and s, > sy, @ operates iff L > L, (s,). If
L > L"(s3) and s, < sy, q always operates. This implies in particular L’ (s%) = L' (s5) = 0,
therefore the f.o.c. for an interior solution writes

& EylL > L(sh)] — F' (s5) (A51)

L L — F(s}
o [
LT(S;) OZ_SB

_ a + S5
& L+LT(sy) =2—2
_ s Bs5
& LI=——|2a+s)) — = ﬁ+ _ 5 1 (A.52)
@ =955 QT Ss (1—a—ﬁ+sg)ln<a752>

If sj = 0, the RHS of (A.52) is equal to 2. If s — a, the RHS of (A.52) tends to +oo. It
follows that if L > 2, (A.52) has at least one solution.
Rewrite, (A.52) as

_ — 1
al=2a+s5 |2+ L — - P (A.53)

l—a+sy (1—a—6+sg)ln( 1*>

OL—Sﬂ

(&

£3)
f'(.) > 0 and lim,_,, f(s) = 1 + L > 0 implies there exists § (possibly equal to 0) such that
f(s) > 0iff s > 5. L > 2 implies that s < § cannot be solution to (A.53) since the RHS is then
lower than 2. If s > §, then f(s) > 0 and f'(s) > 0 imply that the RHS of (A.53) is strictly

increasing. Therefore (A.53) has a unique solution.
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Hence, if there exists a symmetric equilibrium, this equilibrium is unique, interior, i.e.,
s5 €]0,a[, and defined by the f.o.c. in A.51.

The f.o.c. in A.51 gives a necessary condition for a symmetric equilibrium to exists as oth-
erwise firm ¢ would have incentive to deviate locally from sj. (Notice that with local deviations
around s the operating threshold does not change from L”(s%). Intuitively, at L”(s}), a firm
makes a profit when all other firms operate and makes a loss when no other firm operates so
a local deviation will not change that a firm makes a profit when L > L”(s}) and a loss when
L < L"(s%).) Next we analyze the possibility of non-local (above or below) deviations from s}

by firm q.

II- Large Deviations:

* Consider first the case of a downward deviation: s, < sj.

Reminder: let s_ € (0, s3] be the unique solution to L_(s_) = L”(s}), where L_(.) is defined
in (A.49). s_ < sjiff >0 and

- if s, < s_, then ¢ invests iff L > L_(s,) = %(: L(s,) to simplify notation),
- if 5, > s, then ¢ invests iff L > L*(s}).
The firm solves
L L—F(s}) L7 (s3)
7(sq) :/ (1—a—pf+s) ———F(s,) dL+/ (1—a—pB+s,)L—F(s,) dL
L7(s3) a—sp min{L(sg), L (53)}
(A.54)
and the first derivative w.r.t. s, is
o L L—F(s LT(sp)
T (s,) = / J — F'(s,) dL + / L— F'(s,) dL. (A.55)
9sq L7(sy) O Sh min{L(sq), L7 (53)}
Two observations:
L. If s, € [s_,s3), 7'(s,) simplifies to
L L—F(sy)
/ 2 Pl(s,) dL >0 (A.56)
LT(S*) o — 86

since "' > 0.
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2. 7'(.) is continuous (though not differentiable at s_), which implies in particular that when

sq — s— from below, 7'(s,) > 0.

Suppose now s, < s_.

(s) = — / L F) = (L) — (5] sy

- [F"(sq) — L(Sq)]2

_ [T _ " A.
[L — L(sg)]F"(sq) + 1—a—-B+s, (A.57)
where I am using (and will use repeatedly) that
—a— "(s,) — F F'(sy) — L
L(s,) = (1—a— B+ s (s9) (sq) _ F'(sq) (sq) (A.58)

(1—a—LFB+s,)? T l-a-B+s,
Next we calculate the sign of the second derivative 7”(s) in equation A.57. Since F”(s,) > 0,

the sign(7"(s,))=sign(n"(s,)/ F"(s4))

m"(sq) _ .y s [F(sq) — L(Sq)]2
Fiey = L +f( R p— S Fsy) (A.59)
Eé(,sq)
G/(Sq) _ F/(Sq) B L(Sq) (AGO)

(1—a—p5+sg)
L 2F(sq) = L(sq)[[F7(sq) — L'(5q)](1 —x = B + Sq)F"(Sq)]
[F"(sg)(1 — v = B+ s¢))?
[F'(34) = L(39)]” [F"(sq)(1 — @ = B+ 54) + F"(s,)]
[F7(sg)(1 — ar = B+ 54)? '
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G'(s4) has the sign of

[F"(3)]*(1 — o = B + 5)
+2[F"(sq) — L'(59))(1 — a = B + 5) F"(5¢)
— [F'(s9) = L(sg)] [F"(sq)(1 — v+ 5¢) + F"(s,)]
= 3[F"(sg)]"(1 — o = B+ 59) — 2[F'(sq) — L(s¢)]F"(5)
— [F'(sg) = L(sg)] [F"(sq)(1 — v = B+ 59) + F"(s,)]
= 3[F"(sg)]’(1 —a — B+ s,)
—[F"(sq) = L(59)][F"(5g)(1 — a = B+ 5¢) + 3F"(s,)]

1202 60
- =% n- - 2% n-
(a—sq)ﬁ( o+ sq) (a—sq)ﬁ( a4+ sg)
Gavs, 602 Gaus

(@—s° (a—s° (a—s(l—a—f+sg)

which, in turn has the sign of
gs)=a(l—a—B+5)*—(1—a—8)(a—s,)?
There two possible cases:

1. 2a+5—-1<0

(A.61)

(A.62)

Then g(.) is concave, g(a) > 0 and g(0) > 0, therefore, g(.) > 0 for s € [0,s_). It follows

that 7(.) is strictly increasing for s € [0,s_).

2. 2a+ 8 —1 > 0 Then g(.) is convex, g(a) > 0 and g(0) < 0. It follows that 7”(.) is first

decreasing, then increasing on [0, s_).

N.B.: 7/(0) > 0 and ©"(s_) < 0 is then sufficient rule out the deviation

Indeed, in (1), 7”(s-) < 0 and 7" increasing imply 7”(.) < 0 on (0, s_). Then since 7'(s_) >

0, 7'(.) >0 on (0,s_).

In (2), 7"”(s_) < 0 implies either 7”(.) < 0 on (0,s_) (then back to previous case), or 7”(.)

is first positive and then negative. Then since 7/(0) > 0 and 7'(s_) > 0, 7'(.) > 0 on (0,s_).

Sufficient conditions for ©'(0) > 0 and ©"(s_) < 0:
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i) 7'(0) > 0 is true if L is large enough, for instance L > 2 is sufficient.

i) 7(s-) <0:
From (A.52), if L — 400 then s* — «, and L(a — s*) — 3. In addition, if L — +oco then

L"(s%) — 400 which implies L(s_) — 400, which implies s_ — «. Finally,

* S— * * *
L(s_)(a—sp) = o s)0-a—F75] (a —sj) =L (sh)(a—s})  (A.63)
S— T * * *\ T
i o S_L(a —s5) = L"(sh)(a — s§) Lo — s_)
Using, limg_, , . L7 (s5) (o — s%) = o, limp_, | L(or — s%) = 3a and limp_, s_ = a yields
— 3
lim L(a—s_)= A.64
i (—s-) - (A.64)
Next,
" _ T 1" [F,(S—) — L(S_)]2
n'(s-) = —[L—L(s_)]F"(s-) + T (A.65)
_ |7 5_ 2a
B (a—s)(l—a—-PF+s_)] (a—s_)3
2
[(a—?)? - (a—s7><1—7a—5+s7>]
l—a—B+s_ ’
which has the sign of
2
s_(a—s_)
_ . o -
o) - ol (A.66)
which tends to
« a a? a?
—(3 — 2 =-3 0 A.67

when L — +0c0. Therefore there exists L such that if L > L, 7”(s_) < 0.
* Consider now the case of an upward deviation: s, > Sh-

The firm continues if L > max{(a — sg)& + F(s3), L' (s3)}. The firm will not deviate

1—a—pB+sq
to a s, > sj such that (o — s})% + F(s%) < L"(s3) as A.51 implies that
. L L— F<SE)
5% :argmax/ —— (1 —-a—-pF+s)—F(s)dL=0. (A.68)
s Jirsy) @ sp



Consider a large deviation such that (o — sg)& + F(s3) > L"(s%) The firm would solve

1—a—B+sq
L L= F ()
max:/ ——— (1 —a—FB+sy) — F(sq)dL, (A.69)
Sq (‘3“7523)175(7351511 +F(s3) Q= SB

which yields the following first derivative

l L L_F(SE> i
. /( DT s, dL (A.70)

* F * - *
L J(a—sp) 2t —1r(s;) @~ 5p

which also writes as

L (o= s)mat, — FOH) |1T-F(s3) 1 F(s,)

- — F' . A.T1
L 2 a-—sjh +21—oz—ﬂ+sq (54) ( )
Eq;(rsq)
Therefore .
| o 1L F(s))
sign(first derivative) = sign { - ——————= + ¥(s,) (A.72)
2 a—sj
Since LT (s%) > (o — s*)F(;E)* + F(s%) and
B B 1,a,5+sﬂ B
1L — F(s* 1 LY(s%) — F (s*
= (55) + = (5) = F'(3) — F'(s5) =0 (A.73)
2 a—sj 2 a— sp
then _ ( )
1L—F (s
——— 2+ U(s}) < 0. A.74
e ) (A74)
Also _ _
1L — F (s 1L — F (s} 1 1 —
——(ﬁ+W(O):—J——>—(L—2)>O (A.75)
2 a-—sp 2 a-—sp a 2«
where the first inequality follows from
L—F (st L _ _
—(ﬂ>—;saF(s;;)<s;;L;x ©_<I (A.76)

which holds since

o+ s§ _ o+ sk o
— P T S

0.5L + 0.5L7(s*) = —. (A.77)

* *
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From A.74 and A.75, ¥(0) > W(s3), and therefore, ¥'(5) < 0 for some 5 < sj. Notice also

oU(s) 1 s2+a(l—B-a) 24
G, T 200 Brs o sP (a_s)p (A.78)
(s2+a(l—B—a))(a—s) —4a(l—a—F+s,)?

2(1 —a— B+ s4)% (a0 — 54)?
—82—30582—904(1—6—0&)8(]4-9062(1—6)—405(1—ﬁ>2—5043
21 —a— [+ 54)%(x — 54)?

which implies that if ¥’(s,) < 0 for all s, > 5 and therefore, that W(sj) > ¥(s,) for all s, > s%.
Since W(sj) > W(s,) for all s, > s, from A.74 it follows that

_ 1L —F(s5) .
sign(first derivative) = sign 5ot W(sy) ¢ <0 for all 5, > s, (A.79)
a—s
B
and therefore, there are no incentives to deviate to an s, > sj such that (a — sg)% +

F(s3) > L"(s}). Q.E.D.

Proof of Corollary 1

From Proposition 5, s is defined by E [y|L > LT(sg)] = F' (sz), Proposition 5 s* is defined by
Ely|L > L(s*)] = F' (s*). Since

Fis) _ (1=B)F(s)

e LH(s) f A.
(s) —a+s 1—a—,6+s< (s) for any s < « (A.80)
0o

where the first inequality follows from > (0 and the second from Proposition 4. Let s*

op
satisfy that F'[y|L > L(s*)] = F” (s*) and consider an equilibrium s < s*:

EylL > L"(sy)] — F' (s}) > E [y|L > L(s})] — F' (s}) (A.81)

where the inequality follows from A.80. From the proof of Proposition 1, we know that if s* is
an equilibrium that E [y|L > L(s)] — F’ (s) is zero for s = s* and is positive for all s € [0, s*[,
therefore, from A.81, it follows that F [y\L > LT(sg)] — F (sg) > 0, and therefore, sj < s

cannot be an equilibrium, a contradiction. Q.FE.D.
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Proof of Proposition 6

The social planner maximizes over s

W(S)E/L (1—a—ﬁ+s)L_—M

T(s) o — S

— F(s) dL (A.82)

The first-order derivative writes

/L L_—F(S)—F/(s)dL—i—(l—oz—ﬁJrs)/L Q[L_—F(S)} dl - (A83)

[Ty Q—S s 0s | a—s

—[(1—a—ﬁ+s) oL”

LO-F0 ) o
0s

a—S
Consider the three above terms in turn

L—F(s)

- We have shown that foT(s) — F'(s) is 0 at sj and strictly negative for s > sp.

- Next,

/LL Q[L_F@)]: ! /LL LoFS) gy, (A.84)

T 0s | a—s a—s8 Jiry a—s
which, as above, is 0 at s} and strictly negative for s > s7.
- Finally, at the operating threshold L”(s), firms make a strictly positive profit:

L7 (s) = F(s)

a— S

(1—a—-p+s) —F(s)>0 (A.85)

for any s. In addition, % > 0.

It follows, that W’(s) < 0 for any s > s}, i.e., there is excessive risk-taking in equilibrium.

Q.E.D.

Proof of Corollary 77?7

Suppose that for any (common) leverage s, firms coordinate on the Pareto-superior equilibrium
in the production game, i.e., produce if and only if

F(s)

L) 2 (=0 — 5
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Consider firm ¢ with leverage s, when all other firms have leverage s_,. Firm ¢ produces if and

only if
F
min { 1 (54) ,L+(s_q)} if s, < s5_4
L> L*(sq5.g) = ‘a‘ﬁéﬂq (A.86)
(a_s_q)l—oz—l%W—sq T F(s—g) ifsg>s4
As earlier a necessary condition for an interior equilibrium s* is
o [F L—F(s)
— —(1l=-a- —F dL =0 A.87
T o S e B g dL (A87
Note that L*(s,s) = LT (s), and for any s,
Lt(s)—F

Therefore, a marginal change in s, around s* only affects the integral in (A.87) through its

integrand, and (A.87) reduces to

/L L=F)  prigyan —o. (A.89)

*
+(s*) o — S

Consider now the social planner’s problem:

1 T
max :/ y(s,L)(1 —a—p+s)— F(s)dL, (A.90)
s L Lt(s)
where, as earlier, y(s, L) = L;_T Using (A.88) again, (A.90) reduces to
1 [E oy(s. L
:/ M(l—oz—ﬁ—i—s)—l—y(s,L)—F'(s)dL:O (A.91)
L L+(s) 88
Equivalently, the social planner maximizes net aggregate output, i.e.,
1 L 1 Lt (s)
max / (1= B)y(s, L)dL + — / LdL. (A.92)
s L Lt(s) L 0

Since y[s, LT(s)] = L*(s), the f.o.c. for the above problem reduces to

L
[ a=auet o
L+(SFB)

Combining this with (A.89) shows that (A.91) holds at s*, i.e., the equilibrium leverage satisfies

the first-order condition of the social planner.
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Proof of Proposition 7

e If both produce type of firms operate:

_ L— n1F<51) — n2F(82)

T l-nm(l—a—@r+s1) —na(l—a—ps+ o)
Profits of type-i firm: m;(s1, s2, L) = y(s1, S2, L) (1 — p; — a + 8;) — F(s;) (A.94)

Income: y(sy, S2, L) (A.93)

Threshold for type 2 firms if type 1 firms operate, La(s1,$2): ma(s1, S2, La(s1,52)) =0

(A.95)
e If (w.lo.g.) only type-1 firms operate:
L — an(Sl)
I : L) = A.96
ncome: y(s1, L) P ( )
L — 7’L1F<81)

Profits of type i firm: m;(s1, L) (1—a—pi+s;)—F(s;) (A.97)

- 1—ni(1—a—¢;+s1)
Threshold for type 1 firms if type 2 firms do not operate, L;(s1): m(s1, L1(s1)) =0

Next we prove the following claim:
Claim Let (s, s5) be a symmetric equilibrium in which all type-1 firms choose s} and all

type-2 firms choose s} and assume w.l.o.g. that L;(s}) < La(s7, s3), then

Ely|L > Lyi(s7)] — F'(s}) =0 (A.98)
Ely|L > Lo(s],s5)] — F'(s3) = 0. (A.99)
Proof -
Consider the local incentives to deviate of a type-1 firm taking the operating leverage of all

the other firms as given.

For s, < s}, the profits of type-1 are:

L
[ wehsh L) - a et s) - Fls)dL (A.100)
Lo (s7,s3)
Lo
H [ D= a s ps) - Fls)dL
Li(s7)
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The first derivative w.r.t. s, writes:
I3
[ i) - Pl (A101)
L

Lo
+/ y(sy, L) — F'(sg)dL
Li(s7)
L1 (s7) )
+ L — F'(s,)dL

F(sq)
1*"‘*‘P1+5q

For s, to be an equilibrium, it must hold that at s, = s} the first-order derivative must be

greater or equal to zero, that is, since Li(s}) = %
L Lo
[ s D - Pledle [y - Pl (A102)
La(s7,s3) La(s7)
_ BlIL =2 Li(s)] - F'(s)

Pr(L > Ly(s7)) -

Consider now a local deviation such that s, > s}, the profits of type-1 are:

L
/ y(sy 55, L) (1 — = @1 + 5) — F(sy)dL (A.103)
La(s7,83)
Lo
+ . ) y(5 L) (1= o — gy + 5,) — Fls,)dL
i ato]) p
1-—a—p1+sq q 1

The first derivative w.r.t. s, writes:

L
/ y(sy, 85, L) — F'(sy)dL (A.104)
La(s7,s3)
Lo(s7,s3)
* I 0
+ [nl(la¢1+ST)F(3q)+n1F(SI) y(sh L) F (Sq)dL

170cfgal+3q
For s, to be an equilibrium, it must hold that at s, = s}, the f.o.c. must be smaller or equal to
zero, that is, since
1—ni(l—a—¢p +5j)
l—a—p+s]

F(s1) +mF(s7) = L(s7), (A.105)

La(s7,85)

L
[ iD= Fepiie [ s - PGDaL (4100

La(s7,s3) Li(s7)
L>L(s) - F(s) _
Pr(L > Li(s3)) -

_Ely

ol



Therefore, putting the two necessary conditions together:
Ely|L > Li(s7)] = F'(s7) = 0 (A.107)
A similar argument will get the following necessary condition for a symmetric equilibrium is:
Ely|L > Lo(s},s5)] — F'(s5) =0 (A.108)

(Notice that (i) Li(s7) = La(s] s3) cannot be an equilibrium since for s7 = s3, Li(s*) # La(s")
and (ii) s; €]0,af.) Q.E.D.

This completes the proof of the claim. Next we proceed to proove Proposition 7. Again,
let (s7, s5) be a symmetric equilibrium in which all type-1 firms choose si and all type-2 firms
choose s and assume w.l.o.g. that Li(s}) < La(s7, s3). Assuming L;(s1) < La(s1, $2), the social
planner chooses s; and sy to maximize

L

W(s1,82) =my / y(s1,82) (1 —a— 1+ s1) — F(s1)dL (A.109)

Lo(s1,82)

L
+ ng/ Y(s1,52) (1 — ¢ — o + s2) — F(s2)dL
L

2(81,52)
La(s1,s2)
+n1/ y(s1) (1 —a— @1+ s1) — F(s1)dL.
Li(s1)
The first derivatives of equation A.109 write:

L
nl/ y(s1,82) — F'(s1)dL (A.110)
Lo (s1,s2)
0y(s1, s
+[n1(1—a—<p1+81)+n2(1—a—4,02+52)]/ %a%
La(s1,s2) 51
/ F/<81>dL
51)
(s1,82)
1—a— dL
/ 831 ( @ — @1+ 81)
and
L
n2/ y(s1,82) — F'(s9)dL (A.111)
Lo (s1,s2)
0y(s1, s
—l—[n1(l—oz—gol—|—31)+n2(1—a—g02—|—52)]/ %dlz
La(s1,s2) 52
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Since

ay(slv 82)
— = = A112
681 ( )
. —’an/(Sl)
I—ni(1l—a—¢;+s1)—na(l —a—ps+ 89)
L — an(Sl) — ngF(Sg)
+ ny D)
(I—n(l—a—¢1+ 1) —na(l —a— @+ $9))
_ nily(si, s2) — F'(s1)]
I1—ni(l—a—¢1+s1) —na(l —a—ps+ s9)
Oy(s1,82) _ n2ly(s1, s2) — F'(s2)] (A.113)
059 L—n(l—a—@;+s1)—n(l—a— s+ s9) )
ay(sl) — nl[y(‘Sl) - F/<Sl)] (A114)
0sy I1—n1(1—a—¢;+s1)
then
T _p dL La(s1,s2) _ dL
" fL2(81152) y(s1, 52) (s1) ™M JLi(s1) y(s1) (1) (A.115)
T—ni(1—a—@;+s1)—na(l—a—ps+ ) I—ni(1—a—¢+s) '
and _
L
%) fLQ(Sl,SQ) y(817 82) - F,(S2>dL (A116>
I—ni(l—a—¢;+s1)—na(l —a—ps+ 89)
Notice that at (s1,s2) = (s7, s5)
T La(sf,53)
[ sty - Pz [y - Fshd=0 (a1
Lo(s7,s3) Li(s7)
L
/ y(sy,s5) — F'(s3)dL =0 (A.118)
Lo (s7,s3)
Therefore, at (s1,s2) = (s}, s5), the first of the first derivatives it follows:
L * ok * La(s7,s3 * *
M1 f s apy U(T,85) = F(s7) ny [ y(st) — F(s7)dL A1)
l—ni(1—a—p1+s7) —na(l—a—py+sh) I—ni(1—a—¢+s}) '
L * % * L * % *
_ 1 151,09 Y0815 83) — F'(s7)dL M Jpast s Y(5T:83) = F'(s1)dL >0
l—-m(l—a—p1+s)—no(l —a—ps+ $9) l—-n(l—a—p1+s1)
That is
OWI(S1:53) () apa DV E152) (A.120)
681 a32
Q.E.D.
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