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In standard Walrasian macro-finance models, pecuniary externalities
due to fire sales lead to excessive borrowing and insufficient liquidity
holdings. We investigate whether imperfect competition (Cournot) im-
proves welfare through internalizing the externality and find that this
is far from guaranteed. Cournot competition can overcorrect the ineffi-
ciently high borrowing in a standard model of levered real investment.
In contrast, Cournot competition can exacerbate the inefficiently low lig-
uidity in a standard model of financial portfolio choice. Implications for
welfare and regulation are therefore sector-specific, depending both on
the nature of the shocks and the competitiveness of the industry.

JEL: D43, D62, E44, G18, G21
Keywords: fire sales; pecuniary externalities, overinvestment; liquidity;
financial regulation; macroprudential regulation.

The macro-finance literature has taken great interest in fire-sale externalities. Canoni-
cal models show that such pecuniary externalities lead to overinvestment in risky capital
(e.g. Lorenzoni, 2008) and overinvestment in illiquid assets (e.g. Allen and Gale, 2004)
because perfectly competitive agents do not internalize how their ex-ante choices af-
fect fire-sale prices after adverse shocks. In reality, however, agents may not be perfectly
competitive. Industry concentration has increased substantially over recent decades, both
in the real economy and in the financial sector (see e.g. Gutiérrez and Philippon, 2018,
and Corbae and Levine, 2018, respectively). These increased concentrations raise the
possibility that firms do internalize price impacts in asset markets.

In the standard macro-finance models, pecuniary externalities would be mitigated if
agents internalized their effects on prices: agents would invest in less capital (i.e. borrow
less) or invest in fewer illiquid assets (i.e. hold more liquidity), so that asset prices would
be higher when bad aggregate shocks occur. We show that this mitigating effect of im-
perfect competition is not robust to simple modifications of the standard macro-finance
models. Instead of being mitigated, the inefficiencies can be overcorrected or even ex-
acerbated, depending on whether fire sales occur due to productivity or liquidity shocks
and whether the shocks are purely aggregate or have an idiosyncratic component.

Our analysis covers two standard macro-finance models of fire sales — a model of
firms with risky production funded with debt, in the spirit of Lorenzoni (2008), and a
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model of banks that invest in illiquid projects to issue liquid deposits, in the spirit of
Allen and Gale (2004). What distinguishes the two settings is the force that causes fire
sales. In the first setting, fire sales occur when leveraged agents’ investments experience
bad productivity shocks, forcing them to sell part of their illiquid assets to second-best
users in order to repay debts. In the second setting, fire sales occur when liquidity shocks
force liquidity-transforming institutions to sell all of their illiquid assets to cash-strapped
buyers. In both of these settings, a Social Planner would choose less investment in illiquid
assets, leading to higher asset prices (less severe fire sales).

To these standard setups, we introduce the following crucial modifications: (i) “Cournot
behavior” of agents, i.e. internalizing the marginal impact an agent’s ex-ante balance
sheet decisions have on ex-post asset prices, and (ii) a combination of both aggregate
and idiosyncratic risk. When fire sales occur because some agents receive bad shocks,
then other agents receive good shocks and are therefore in a favorable position to buy
fire-sale assets. Agents strategically consider how their ex-ante choices affect ex-post
prices, both when they receive bad shocks and contribute to fire sales, and when they
receive good shocks and benefit from fire sales.

Our settings nest the standard macro-finance variants of these models, and we confirm
that, in the standard setting, Cournot mitigates the externalities. However, the strate-
gic considerations of potential buyers and sellers have important consequences when
the nature of idiosyncratic and aggregate risk differ from the standard formulations, and
Cournot competition can overcorrect or exacerbate the inefficiency, depending on the na-
ture of asset sales and the relative magnitude of buyer and seller price impacts. Accord-
ingly, we make small, relevant modifications that leave the direction of the externality
intact while the “direction” of strategic Cournot behavior may differ. We first present a
unified model with both productivity shocks and liquidity shocks that clearly identifies
under which conditions market power overcorrects, mitigates, or exacerbates the ineffi-
ciency. The unified model nests general versions of two of the most important models of
fire sales in the macro-finance literature, and thus provides the appropriate representative
setting to study the effects of industry concentration on fire sales. We then turn to the
canonical models to provide the necessary structure to verify the empirical plausibility
of our results in each setting.

The general intuition for our results is as follows. A higher price benefits agents in the
state of the world where they are selling assets but hurts agents in the state where they
are buying. How much an increase in ex-ante investment affects expected utility through
these price effects depends on how much the higher investment impacts the price in
either state. In total, a higher fire-sale price has the potential to provide ex-ante insurance
and to decrease inefficient trades to second-best users. The Social Planner optimally
considers how initial decisions will affect fire-sale prices in the aggregate and values
how the price affects trade between buyers and sellers inasmuch as these distributive
trades provide ex-ante insurance, i.e. the Planner weights the aggregate marginal price
impact by the combined marginal utilities for buyers and sellers. Cournot agents instead
consider separately how their initial decisions affect prices when they end up a buyer and
when they end up a seller, weighing the utility consequences based on their respective
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outcomes. The price impact is different when buying than when selling and Cournot
agents consider how the buying or selling price impacts will affect them when they buy
or when they sell, but the Social Planner considers how the buying and selling price
impacts affect both sets of agents at the same time,

Importantly, buyers always affect the price in the same way — they use available cash
flow to buy fire-sale assets — but how sellers affect the price depends on whether they
are partially liquidating their asset holdings (to cover a fixed debt repayment) or com-
pletely liquidating their asset holdings (to consume as much as possible). When partially
liquidating, the supply of assets sold depends on the price, but when fully liquidating
the supply of assets is inelastic. As a result, the price impact of selling is very different
depending on whether the equilibrium liquidation regime features partial or full liquida-
tion.

When shocks force partial liquidation of assets, as is typically the case when agents
face productivity shocks, the relative price impacts of buying and selling, and therefore
the level of investment under Cournot equilibrium, are mainly determined by the degree
of idiosyncratic risk, i.e. the difference between a good and a bad productivity shock.
Higher idiosyncratic risk increases the price impact as a seller and reduces it as a buyer,
and therefore reduces the incentive to invest in illiquid assets. With no idiosyncratic risk,
Cournot agents partially mitigate the inefficiently high investment of the Walrasian equi-
librium, but sufficiently high idiosyncratic risk pushes down Cournot agents’ investment
below the level chosen by the Social Planner, thus overcorrecting the inefficiency.

In contrast, when shocks force “early consumers” to fully liquidate their assets, as is
the case when agents face liquidity shocks, sellers’ supply of assets is inelastic and their
price impact is proportional to the level of the equilibrium fire-sale price. Importantly,
the fire-sale price is determined by the aggregate level of liquidity in the market, which
is primarily determined by the likelihood of a fire-sale state. The level of investment in
the Cournot equilibrium is therefore mainly determined by the degree of aggregate risk.
A lower likelihood of the fire-sale state, and therefore a lower fire-sale price, reduces
the price impact as a seller, when agents like higher prices, and increases the incentive
for investment. With a high likelihood of the fire-sale state, Cournot agents partially
mitigate the inefficiently high investment of the Walrasian equilibrium, but a sufficiently
low likelihood of a fire sale pushes up Cournot agents’ investment above the Walrasian
level, thus exacerbating the inefficiency.

These contrasting mechanisms are clearly seen within the standard settings of the two
canonical models. While Cournot competition can mitigate the inefficiency arising from
fire sales, in the canonical model with productivity shocks Cournot can instead over-
correct the inefficiency, and in the canonical model with liquidity shocks Cournot can
also exacerbate the inefficiency. As a result, to study the effect of industry concentration
within macro-finance models of fire sales, there is no alternative but to go into specifics
and understand the subtleties within different classes of models.

First, standard models of fire sales due to productivity shocks and borrowing con-

straints typically consider “pure aggregate risk” so that all agents receive a bad shock
at the same time (e.g. Lorenzoni, 2008). Bad shocks force firms to sell some of their
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capital to repay debts, pushing down asset prices and requiring even more sales in order
to raise funds. If firms borrowed less initially, then fire sales would be smaller, and less
capital would be reallocated to inefficient users. Hence, the standard model features over-
investment in capital in the Walrasian equilibrium. To this standard setup we introduce
idiosyncratic productivity risk in the bad state, so that some firms have good productivity
and can buy up capital at cheap prices. With Cournot competition, firms know that when
they receive bad shocks they will sell capital, and so they strategically would like to hold
less capital to minimize the price impact. Firms also know that when they receive good
shocks they will buy capital, and they would like to purchase capital at lower prices,
which they would do by having fewer funds available to buy capital — which occurs by
holding less capital. So whether a buyer or a seller, firms strategically would like to have
invested in less capital in either case. As a result, the Cournot equilibrium can feature
under-investment relative to the constrained efficient level chosen by the Social Planner
because shocks to capital determine the funds available to repay debts or buy new capital.
We discipline our model by matching some key empirical moments, and show that it is
empirically plausible for Cournot competition to overcorrect the pecuniary externality,
so that market power leads to under-investment in capital.

Second, standard models of fire sales due to liquidity transformation typically consider
idiosyncratic liquidity shocks that cannot be adequately insured as a result of incomplete
markets (e.g. Allen and Gale, 2004). Investors receiving liquidity shocks are forced to
sell all of their illiquid assets, and thus their consumption is a function of the asset price.
If investors held fewer illiquid assets, the interim asset price would be higher, providing
better insurance to investors selling their assets because of liquidity shocks. Hence, the
standard model features over-investment in illiquid assets in Walrasian equilibrium. In
our model, investors know that holding fewer illiquid assets will push up the asset price,
which is good when they are sellers but bad when they are buyers. When the price is
sufficiently low, investors have a greater strategic incentive to push down the price (to
buy at cheap prices when they are buyers). As a result, fire sales are more extreme, and
Cournot competition can lead to even lower asset prices. We find that it is empirically
plausible for Cournot competition to exacerbate the pecuniary externality rather than
mitigate it, so that market power leads to over-over-investment in illiquid assets.

RELATED LITERATURE. — The literature on generic inefficiency arising from pecuniary
externalities dates to Geanakoplos and Polemarchakis (1986) and Greenwald and Stiglitz
(1986), which provide justifications for policy interventions when private agents do not
internalize their effects on prices. Ddvila (2015) and D4vila and Korinek (2018) provide
recent analysis of pecuniary externalities in macro-finance models with borrowing con-
straints, showing that terms of trade and collateral externalities are distinct, as are the
issues of efficiency and amplifications. Stein (2013) is an example of policy thinking
based on academic insights.

Closely related to the literature on pecuniary externalities are the papers on fire sales
and limits to arbitrage: Shleifer and Vishny (1992), Gromb and Vayanos (2002), and
Shleifer and Vishny (2011). All of these papers on pecuniary externalities share the fea-
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ture that inefficiencies arise because price-taking agents do not internalize how their
portfolio decisions affect prices, affecting risk sharing and borrowing capacities.

Our paper relates to the literature on over-investment, which includes Caballero and
Krishnamurthy (2001), He and Kondor (2016), and Lorenzoni (2008). Other recent work
has considered the possibility of under-investment due to market power. In particular,
Gutiérrez and Philippon (2017, 2018) document that investment is low based on Tobin’s
Q and that the shortfall is related to industry concentration. In theoretical work, Kurlat
(2019) shows that the canonical over-investment result can also be reversed if the micro-
foundation for fire sales is based on adverse selection, as opposed to slow moving capital
or other constraints on potential buyers.

The literature on liquidity provision includes Diamond and Dybvig (1983), Bhat-
tacharya and Gale (1987), Jacklin (1987), and Allen and Gale (2004). Recently, Farhi,
Golosov and Tsyvinski (2009) and Geanakoplos and Walsh (2018) study inefficient lig-
uidity provision with private trades in financial markets. These papers study how incom-
plete markets lead to under-provision of liquidity (typically, though, different specifica-
tions of shocks can lead to over-provision).

A few macro-finance papers consider the implications of agents internalizing their ef-
fect on prices. Giancarlo Corsetti, Amil Dasgupta, Stephen Morris and Hyun Song Shin
(2004) consider how the presence of a large trader affects the likelihood of currency
crises, as small traders take into account strategically the behavior of the large trader
(small traders are more aggressive). Korinek (2016) considers how international policy
cooperation depends on whether countries internalize the impact of their policies on ex-
change rates. Dévila and Walther (2019) consider the leverage decisions of large and
small banks when banks internalize how their leverage and size affect bailout probabili-
ties (small banks use more leverage in the presence of large banks). In a complementary
paper to ours, Neuhann and Sockin (2020) consider Cournot agents in a model with in-
vestment and complete Arrow—Debreu markets and study how market power leads to
distortions in risk sharing and investment decisions. In contrast, we consider models
with incomplete markets where pecuniary externalities have welfare effects, and study
the impact of market power on the (in)efficiency of equilibrium allocations. Babus and
Hachem (2019, 2020) show that differences in financial market structure, through the
relative market power of buyers and sellers, have rich effects on endogenous security
design and ultimately welfare.

Diamond and Rajan (2011) study how anticipating potential future fire sales can affect
asset markets today, reducing buyers’ willingness to pay and, in turn, sellers’ willingness
to sell. Gale and Yorulmazer (2013) argue that costly bankruptcy and incomplete markets
cause inefficient liquidity hoarding. Malherbe (2014) argues that liquidity provision can
exacerbate adverse selection. Perotti and Suarez (2002) highlight the incentive to be the
“last bank standing.” Kuong (2016) shows that the pecuniary externality leads to interac-
tions between firms’ borrowing and risk-taking decisions. Finally, Morrison and Walther
(2020) consider how market discipline and systemic risk interact in a competitive setting
with both aggregate and idiosyncratic risk where banks may be in a position to buy or
sell assets.
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I. Cournot in a unified macro-finance model

We first present a unified model that nests the canonical fire-sale models of Lorenzoni
(2008) and Allen and Gale (2004). Agents invest in an asset that is productive in the
long term but illiquid in the short term and face shocks that can require them to sell the
illiquid asset early. Within this unified framework, the key distinction between the two
canonical models is whether the equilibrium regime features fire sales that are caused
by partial liquidations — akin to the entrepreneurs of Lorenzoni (2008) — or complete
liquidations — the early consumers of Allen and Gale (2004). In this section we ana-
lyze optimizing behavior in the unified model within each endogenous regime in terms
of endogenous variables. In Sections II and III we show that the two standard macro-
finance settings provide the general equilibrium structure determining the equilibrium
fire-sale regime allowing us to fully characterize how internalizing price impacts affects
equilibrium investment.

A.  Model setup

There are three periods, t = 0,1,2, and an even number of agents, 2N (to ensure that
they can be split into to equal-sized groups). Agents are risk averse with utility over
consumption at r = 1,2 given by u(c;) + Bu(cz) with u concave, and B < 1. Atr =0,
agents start with a unit endowment that they can invest in either a liquid or an illiquid
asset. Denote the fraction invested in the liquid asset by ¢ and the fraction invested in
the illiquid asset by k, with £ 4+ k = 1. The liquid asset has a gross return of 1 per period
(storage). The illiquid asset has a deterministic gross return R > 1 per unit at = 2 and
can be traded at + = 1 at an endogenous price p. In addition to the agents’ endogenous
illiquid asset demand and supply, there are outside investors with a downward sloping
demand D(p) with demand elasticity &, > 1.1

Agents are subject to two types of shocks at + = 1. First, each agent receives an id-
iosyncratic liquidity shock 6, which is independent of the portfolio decision (¢, k). This
shock is meant to capture an early need for funds, i.e. debt repayments or depositors who
want to consume. We model the liquidity shock as an exogenous required level for con-
sumption c¢;. We suppose that the liquidity shock 6 is sufficiently large to yield a corner
solution for intertemporal substitution between ¢t = 1 and r = 2 and may be so large that
an agent is forced to sell all illiquid assets (see Online Appendix A for details). Second,
each agent receives an idiosyncratic cash flow shock 0; per unit of illiquid assets. This
cash flow is meant to capture a net flow resulting from a stochastic dividend from a (pos-
sibly leveraged) capital investment. The cash flow shock can therefore be negative and
add to the agent’s need to sell illiquid assets.

In sum, there are two reasons why agents may need to sell from their illiquid asset
holdings k at r = 1 to raise cash in addition to their liquid asset holdings ¢: (i) a sufficiently
high liquidity shock 6; or (ii) a sufficiently low (negative) cash flow 9;. Note that the

I'This constraint on the elasticity is needed in the regime featuring partial liquidations but can be ignored in the regime
with complete liquidations.
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effect of the liquidity shock 6; does not depend on the portfolio decision (¢,k), though
the ability to address the shock does, while the effect of the cash flow shock &; does
depend on the portfolio decision since the cash flow is per unit of k. The combination
of the two shocks therefore generates t = 1 liquidity needs that are affine in the t =0
portfolio decision, i.e. 6; — &1k, which allows us to capture both the debt repayments of
agents with net worth in the model of Lorenzoni (2008) as well as the early consumption
needs of agents in the model of Allen and Gale (2004).

There are two aggregate states: a good state occurring with probability o and a bad
state occurring with probability 1 — ¢. Fire sales will occur in the bad state only, but
the likelihood of the bad state affects whether Cournot behavior can overcorrect or ex-
acerbate the inefficiency. In the good state, there is no risk — the the liquidity shock is
6, = 0 and the cash flow is §; = 0 for all agents. In the bad aggregate state, there is
idiosyncratic risk. First, liquidity shocks in the bad aggregate state can be high or low,
denoted by 8y and 6;. Second, the illiquid asset pays either a high or low cash flow,
Oy = 0+¢€or 8 =06 —¢, where 0 is the average (possibly zero), and € captures the
amount of idiosyncratic risk. The case of a negative average cash flow, § < 0, captures
the interpretation of a negative aggregate productivity shock when capital is used for pro-
duction. As a parameter restriction, we suppose that 8y < 1 to generate equilibria with
fire sales.

For tractability, we suppose shocks are perfectly correlated for an agent: an agent either
receives two favorable shocks or two unfavorable shocks. Thus, a “lucky’ agent receives
a low liquidity shock and a high cash flow shock, while an “unlucky” agent receives
a high liquidity shock a low cash flow shock. We suppose that half of the 2N agents,
randomly selected, end up lucky and the other half unlucky, such that each agent is
lucky with probability 1/2 and the aggregate shares of lucky and unlucky agents are
deterministic.

B. Trade att = 1 and resulting consumption

We first study trade between lucky and unlucky agents (and outside investors) att = 1
and how the resulting consumption depends on the asset price at ¢t = 1 and the portfolio
choice at t = 0. While we assume that Cournot agents behave strategically at t = 0, we
assume them to be price takers at t = 1. This is to clearly contrast the Cournot decision
at t = 0 with the Social Planner decision at t = 0 by keeping other periods unchanged.
However, we show in Online Appendix B that allowing for strategic behavior at t = 1
would not affect our results.

In the good aggregate state without risk there is no trade in the illiquid asset, and
consumption is simply ¢; = 6 and ¢, = £ — 8 + Rk, with the intertemporal corner solution
guaranteed by a sufficiently large 6.% In the bad aggregate state, we have to distinguish
between lucky and unlucky agents. Since lucky agents will have high consumption, we
denote lucky agents by H and unlucky agents by L.

20nline Appendix A provides the conditions on the liquidity shock 6; that guarantee c; = 6y, i.e. a corner solution
for intertemporal substitution between t = 1 and t = 2.
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LUCKY AGENTS. — Lucky agents have a high cash flow shock 8y and a low liquidity
shock 6;. We assume that the cash flow shock is sufficiently large so that a lucky agent
has spare cash to buy assets at = 1, i.e. £+ dyk > 6. Lucky agents’ demand for illiquid
assets is therefore
_ U+ 0pk—06r

p Y
and their consumption is ¢y = 6, and ¢ = R (k+dp).

du

UNLUCKY AGENTS. — Unlucky agents have a low cash flow shock &, and a high liquidity
shock Oy. The size of the liquidity shock, 6, relative to the total cash value of the
portfolio, £ + 8.k + pk, determines if an unlucky agent fully or only partially liquidates
the portfolio at t = 1.

If the liquidity shock Oy is smaller than the cash value of the portfolio, the unlucky
agent sells only part of the portfolio, and consumes the desired 6y at t = 1 and the payoff
of the remaining assets at = 2. In this case, unlucky agents’ supply of illiquid assets is
given by

part _ O — ({+ Opk)

ST » )
and their consumption is ¢}5" = @y and ;" = R (k — s1.). If, instead, the liquidity shock
Oy is larger than the cash value of the portfolio, the unlucky agent sells the full portfolio,
stll = &, consumes the entire proceeds at t = 1, cfil! = ¢+ &k + pk, and nothing at t = 2,
=0,

There is a crucial difference between the supply of assets in two regimes, sgm and s
Under partial liquidation, the quantity of assets sold is a decreasing function of the price

p. Under full liquidation, the quantity of assets sold is not a function of p.

full
L -

C. Portfolio choice att =0

We now study portfolio choice at = 0 and consider the Walrasian equilibrium, where
agents take the asset price at t = 1 as given, as well as the Cournot equilibrium, where
agents perceive the impact of their portfolio choice on the asset price. Comparing the
perspective of Cournot agents to that of the Social Planner, we show the potential for
market power to overcorrect or exacerbate the constrained inefficiency of the canonical
models.

When considering portfolio choice at + = 0, we can ignore the utility terms where
consumption is at a corner solution irrespective of the equilibrium liquidation regime
and write the agents’ objective function in general form as

_ -« -«
M apu(er) + —— (u(eir) + Bulcar)) + —— Bulcan).
—— ~
good state bad state, unlucky bad state, lucky

The consumption terms are as derived in Section I.B above, with only the unlucky agents’
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consumption depending on the equilibrium regime, i.e. partial liquidation or full liquida-
tion:

= {+ dyk— 06

EZ:E—G—f—Rk, CZH—R<k—|-—i_HL)7
p
part . . . . .
and ¢y = ¢y = O, with partial liquidation,

MUl = ¢4 & k+ pk, with full liquidation,

cé’i” =R (k — M) ,  with partial liquidation,
CoL = P

el =0, with full liquidation.

WALRASIAN OPTIMIZATION. — Price-taking agents consider the marginal effects of in-
vestment k on utility in each state, so the Walrasian first-order condition with respect to
investment k is given by:

ok 2 ok ok

good state: benefit unlucky: cost lucky: cost or benefit

(2)  apu'(c) Jc: + I~a (u(61L) e + Bu'(car) aaC]iL + Bu/ (com) Iean ) =0
—_———

In the good state, more investment benefits the agent due to the illiquid asset’s return
in excess of the unit return on storage, d¢,/dk > 0. In the bad state, more investment
is costly when the agent is unlucky and has to sell assets at a price below the return on
storage; this cost is irrespective of equilibrium regime as dc!!! /dk < 0 and 8c‘2’2n /dk <0.
For lucky agents, additional investment has the opportunity cost of less “dry powder” in
the form of cash to buy fire-sold assets at = 1 but the benefit of the higher return at t = 2;
more investment is therefore costly (dcay /dk < 0) when the asset price is sufficiently low
but beneficial otherwise.

Whatever the equilibrium liquidation regime, Walrasian agents’ investment in the illig-
uid asset trades off the benefit of higher consumption in the good state against the cost
of lower consumption in the unlucky state, and possibly also missed opportunities in the
lucky state.

SocCIAL PLANNER OPTIMIZATION. — To keep the objectives of the Social Planner as close
to the objectives of the agents as possible, we suppose that the Social Planner maximizes
the ex-ante welfare of the agents, ignoring the utility of outside investors.> Compared
to the Walrasian optimization, a Social Planner explicitly accounts for the effect of ag-
gregate investment on fire-sale prices in the bad state. The Social Planner considers the

3 As discussed in Dévila and Korinek (2018), this assumption is without loss of generality if the Planner can also
engage in initial transfers to make Pareto improvements. Caring about outside investors will encourage the Social Planner
to decrease the asset price (since outside investors buy at # = 1), which pushes against the main objective of the Social
Planner, which is to minimize fire sales (i.e. wanting a higher price). Given our focus on the fire-sale externality, ignoring
or minimizing the role of outside investors is the natural way to proceed.



10 AMERICAN ECONOMIC JOURNAL MONTH YEAR

effect of investment on the price, dp/dk, and considers how changing the price affects
consumption, and thus utility, for agents in each state.

Thus, the Social Planner’s first-order condition will incorporate an additional term
relative to the Walrasian first-order condition (2), reflecting the price impact:

dc deay

1—o dcy / 2L / dp
+ Bu'(car) W‘*‘B” (cam) 8p> 7%

/ L
3) T (U (CIL) W

A higher price is beneficial for unlucky agents who sell as dcy' /dp > 0 and dch;" /9 p >
0 but costly for lucky agents who buy, dcyi/dp < 0. As in the Walrasian case, the extra
term in the first-order condition from price effect depends on the equilibrium liquidation
regime, which we explicitly consider below. Nonetheless, in both equilibrium regimes,
the additional Social Planner term is negative when evaluated at the Walrasian equilib-
rium allocation (as shown below), and therefore the Social Planner chooses lower asset
holdings compared to the Walrasian equilibrium. This is why we say that asset markets
feature fire sales: the price is inefficiently low in the Walrasian equilibrium.

COURNOT OPTIMIZATION. — Like the Social Planner, Cournot agents internalize the price
impact of their initial portfolio choice. However, while the Social Planner considers the
aggregate consequences of initial investment on price at t = 1 as it affects all agents,
dp/dk, Cournot agents consider separately their price impacts when they turn out lucky
and buy or when they turn out unlucky and sell. When lucky, the agent’s initial investment
affects the price through the demand for assets, denoted by dp/dky, and when unlucky,
through the supply of assets, denoted by dp/dk;. We study these price impacts, and
how they very across equilibrium liquidation regimes, in the next section. Hence, the
additional term in the Cournot first-order condition term relative to the Walrasian first-
order condition (2) can generally be written as

1—a , dcir / deog dp /
@ —— <(u (clL)prLﬁM (CZL)ap> X Th+ﬁu (c2n)

deu  dp.
ap dkH '

Compared to the Social Planner term (3), in which the price impact dp/dk factors out,
the Cournot price impacts dp/k; and dp/dky act as weights on the individual marginal
utility terms. This distinction is at the heart of our paper. Because Cournot agents maxi-
mize their individual utility, they value price impacts of buying or selling depending on
whether they will individually benefit from higher prices when they end up a buyer or
when they end up a seller. The Social Planner, in maximizing the ex-ante welfare of all
agents, rightly considers how the price impacts of buying and selling affect both sets of
agents in the economy.

Since the price impacts weight the benefit of a higher price to a seller and the cost of a
higher price to a buyer, the net effect on the Cournot term (4) is ambiguous. First, recall
that the Social Planner term (3) is unambiguously negative in equilibrium. In contrast,
when evaluated at the allocation in the Walrasian equilibrium, the Cournot term could be
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positive, implying that Cournot agents would choose a higher investment compared to
the Walrasian equilibrium (exacerbating the overinvestment externality), or the Cournot
term could be negative, implying that Cournot agents choose lower investment compared
to the Walrasian equilibrium (mitigating the externality).

Second, the Cournot term could be negative like the Social Planner term, but the mag-
nitude could be quite different. When evaluated at the Social Planner allocation, the
Cournot term could be greater than the Social Planner term so that Cournot agents under-
correct the externality or less than the Social Planner term so that Cournot agents over-
correct the externality. It may therefore seem that the effect of Cournot optimization on
equilibrium is ambiguous. This is not the case. A careful analysis of the price impacts in
each regime allows us to make precise predictions regarding the sign of the Cournot term
and how it compares to the Social Planner term. Specifically, the seller price impact is
very different in each regime. Whether Cournot agents amplify, mitigate, or overcorrect
the externality depends in systematic ways on whether liquidation is partial or full.

D. Price impacts and equilibrium allocations with partial liquidation

We now explicitly solve for the price impacts that appear in the first-order conditions
of the Social Planner and of Cournot agents and show how Cournot behavior can overcor-
rect or exacerbate pecuniary externalities, depending on the equilibrium regime of partial
liquidation (this section) or full liquidation (Section L.E). To simplify the exposition, we
fix the total number of agents at two so there is always one lucky and one unlucky agent
in the bad state (i.e. N = 1). In later sections we explicitly consider variations in the
number of agents, N. Given the demand and supply of assets from Section I.B, market
clearing is given by

(5) du(p)+D(p) =sL(p).

With partial liquidation by unlucky agents, both demand and supply depend on price.
Substituting the expressions for dy and szan into equation (5) we can rewrite the market
clearing condition as*

(6) 20428k + pD(p) = 6 + 6.

First, we can solve for the effect of aggregate asset holdings on the equilibrium price by
implicitly differentiating the market clearing equation (6), taking into account £ = 1 — k:

dp  2(1-39)
dk — D(p)(§,—1)

Given the assumption about the outside demand elasticity, £, > 1, and that 6 < 1, the

“Note that for an equilibrium with outside investors purchasing assets, we need & sufficiently small and/or 6; suf-
ficiently large as well as pD(p) decreasing in p, i.e. price elasticity of outside demand exceeding 1: £, = —D'(p) x
p/D(p) > 1.
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price is decreasing in agents’ aggregate holdings of the illiquid asset.

Second, we can solve for the price impacts separately of buyers and sellers. Splitting
up the portfolio holdings for each agent the market clearing condition (6) is

(M l+ (8 +&)kn + L+ (8 — &) kL + pD(p) = O + 6L.
Implicitly differentiating gives the price impact of lucky buyers and unlucky sellers as

dp 1-6—¢ dp 1-6+¢
=—- and —— =
dky — D(p)(§—1)

dk, — D(p)(§,—1)

where both price impacts are negative given the assumption about the outside demand
elasticity and & + & < 1. Without idiosyncratic risk (¢ = 0), the price impacts are identical
and equal to half the aggregate price impact (which sums the impact of both agents). With
idiosyncratic risk, the difference in price impacts is systematically important. The impact
on the price p of an agent increasing illiquid asset holdings k (and decreasing liquid asset
holdings ¢) depends on the difference between the coefficients on the agent’s k and ¢ in
the market clearing condition (7). Taking into account ¢ = 1 — k, the total effect of a
change in k is —(1 — 6 — €) for buyers and —(1 — & + €) for sellers. More idiosyncratic
risk € therefore decreases the effect of a portfolio shift for buyers and hence their price
impact dp/dky (in absolute value) and increases the effect and price impact for sellers
(again in absolute value).

SociAL PLANNER. — With partial liquidation, the extra term (3) in the Social Planner
first-order condition due to the price effect dp/dk becomes

l1—o
2

Rdp
/ part ./ ney
(u (CZL) SL u (Cz[{)dy) P dk'

Substituting in the price effect, the Social planner term can be written as
®) ~2(1-8) (W (ea0) "~ (cam) ) X,

with X = %%W > 0. Since ¢y, < ¢y and sgm > dpy, the Social Planner term is
Y4

unambiguously negative at the Walrasian allocation, and so the Social Planner chooses
lower illiquid asset holdings, k5 < kWE,

Proposition 1 (Standard inefficiency of Walrasian equilibrium). With partial liquidation,
the pecuniary externality leads to inefficiently high investment in the Walrasian equilib-
rium, kWE > k5P

This is the standard result as shown by Lorenzoni (2008); the Social Planner holds less
capital, which reduces fire sales, increasing the asset price in the bad state and increasing
production since less capital is sold to low-productivity households.
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COURNOT. — The extra term (4) in the Cournot first-order condition with partial liquida-

tion becomes | 4 p
—Q / part 4P ! p R
- Rt dy—2 ) =
> (M (CzL) St dk; u (C2H) Hdk,q) p7

which, when substituting in the price effects with partial liquidation, can be written as

©  —(1-9) (u'(cL) Sy (en) dH> X—¢ (u'(cL) S 4 () dH) X.
1/2 SP term Value of redistributive trades

Proposition 2 (Overcorrection in Cournot equilibrium). With partial liquidation, the
pecuniary externality leads to inefficiently low investment in the Cournot equilibrium,
kCE < kP, if and only if agents face sufficiently high idiosyncratic cash flow risk (€
is large). In the Lorenzoni (2008) model this condition is satisfied if firms face large
idiosyncratic productivity risk.

Compared to the Social Planner, the expression in (9) shows that we can separate
the strategic behavior of Cournot agents into two forces.> First, Cournot agents do not
completely internalize their aggregate impact on the price, which is the first term that
is half of the Social Planner term in (8). This force alone would lead Cournot agents
to partially mitigate the externality. Second, Cournot agents value separately the price
impact when a buyer (when they don’t want to push up the price) and when a seller (when
they don’t want to push down the price). How important this second force is depends on
the amount of idiosyncratic risk &, which determines the difference between lucky and
unlucky agents’ shocks. The greater is €, the more cash lucky agents have to buy assets
(and hence the more they will increase the price when they buy) and the more unlucky
agents need to sell assets (and hence the more they will decrease the price when the sell).
Compared to the Social Planner term, higher idiosyncratic risk makes the Cournot term
more negative, and if € is sufficiently large then Cournot agents will even overcorrect the
externality.

To understand why Cournot generates these two effects, it is helpful to consider that
there are two different types of trades occurring in equilibrium, each with different wel-
fare implications. First, there are net sales to outside investors, which are inefficient, so
the Social Planner wants to minimize these trades. But second, there are trades between
lucky and unlucky agents. These trades are purely redistributive ex post and do not affect
overall welfare because agents are symmetric ex ante. The Social Planner does not care
about these redistributive trades per se, but individual agents do care. As a result, it is
privately optimal for Cournot agents to consider how they will impact the price in these
redistributive trades between lucky and unlucky agents — and this occurs only because
agents consider the price impacts of buying and selling separately. When this effect is

SWe thank an anonymous referee for suggesting this decomposition.
%Note that the demand elasticity & » of outside investors shows up in the same way for the Planner and Cournot terms
(through X), scaling the overall effect together.
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strong, there is overcorrection of the externality.’

Showing this result explicitly requires closing the model. In Section II we explicitly
consider a variation of the Lorenzoni (2008) model to see precisely when the the previous
intuition carries through in equilibrium.

E. Price impacts and equilibrium allocations with full liquidation

With full liquidation by unlucky agents, asset demand is unchanged but supply no
longer depends on price (sz"“ = k). Substituting the expressions for dy and sE““ into

equation (5) and rewriting market clearing in terms of cash supplied and demanded yields
(10) 0+ 6k + pD(p) = pk+6L.

First, we can implicitly differentiate the market clearing equation (10) for the effect of
aggregate asset holdings on the equilibrium price:

dp 1-6y+p

dk — D(p)(&—1)+k

Given the assumption about the outside demand elasticity and dy < 1, the price is de-
creasing in agents’ aggregate holdings of the illiquid asset.

Second, we again solve for the price impacts separately of buyers and sellers. Splitting
up the portfolio holdings for each agent, the market clearing condition (10) is

EH + 51-]/([-1 +pD(p) = pkL + BL'
Implicitly differentiating gives the price impact of lucky buyers and unlucky sellers as

dp _ 1— 06y , dp _ p
dkn . D(p)(&—1)+k " dk,  D(p)(&—1)+k’

where both price impacts are negative given the assumption about the outside demand
elasticity. In contrast to the partial liquidation case, due to the fact that under full lig-
uidation the unlucky agents’ supply is fully inelastic, their price impact dp/dky is now
proportional to the price. As a result, the price impact of a seller can be much lower than
that of a buyer if p is low.

7If we supposed that the Social Planner also cared about the welfare of outside investors, then this would further
strengthen our result. Caring about outside investors would decrease the magnitude of the Social Planner term, but the
Cournot term would be unaffected. In the language of this paragraph, the Planner would put less weight on decreasing
inefficient trades between agents and outside investors, but Cournot agents would continue to put the same weight. Thus,
Cournot agents would be even more likely to “overcorrect” the externality in this case.
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SociAL PLANNER. — With full liquidation, the extra term (3) in the Social Planner first-
order condition due to the price effect dp/dk becomes

11—«

T <u’(c1L)k—Bu’(02H) dH> Zi

Substituting in the price effect, the Social Planner term can be written as
/ / R
— (1 — 6[-1 +p) (u (c1L)k—[3u (Cz[-]) de) V4

with Z = 2 m > 0. With k > dy (net sales to outside investors) and supposing

the standard condition that u'(cy) > Bu/(com) % (e.g. Diamond and Dybvig, 1983), the
Social Planner term is negative, and so the Social Planner chooses lower illiquid asset
holdings, k57 < kWE, the standard result.

Proposition 3 (Standard inefficiency of Walrasian equilibrium). With full liquidation,
the pecuniary externality (again) leads to inefficiently high investment in the Walrasian
equilibrium, kVE > kY, under the standard assumption u'(c11) > Bu'(con) %

The standard result of inefficiently high investment therefore holds irrespective of
whether liquidation is partial or full.

CourNoOT. — The extra term (4) in the Cournot first-order condition with full liquidation
becomes

-« dp
T (u (ClL)Szquk Bu (CQH) dek >

Substituting in the price effects with full liquidation, this can be written as

_ (pu’(clL)k— (1= &) (cam) f;dH> z

Thus, Cournot agents choose higher illiquid asset holdings than the Walrasian level,
kCE > kWVE if and only if, at the Walrasian allocation we have

W (1) kp < Bil (can) I;dﬂ (1—54).

Proposition 4 (Exacerbation in Cournot equilibrium). With full liquidation, the pecu-
niary externality leads to even higher inefficient investment in the Cournot equilibrium
than in the Walrasian equilibrium, kKt > kVE, if and only if the fire-sale price p is suffi-
ciently low. In the Allen and Gale (2004) model, this condition is satisfied if the likelihood
of the bad aggregate state is small (high ).
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While this condition is given in terms of endogenous objects, notably investment and
the asset price, we see that high illiquid asset holdings in Cournot are more likely the
lower the equilibrium price p is. Note that all else equal, the weight on the marginal
utility as a seller goes to zero as the price p decreases since the price impact goes to
zero; similarly, the weight on the marginal utility as a buyer explodes as the price de-
creases. This suggests that the Cournot term can be positive at the Walrasian allocation,
i.e. Cournot agents would prefer to hold even more illiquid assets than in the Walrasian
equilibrium, and thus internalizing price impact would exacerbate the externality.

In contrast to the partial liquidation case, with full liquidation redistributive trades
between lucky and unlucky agents are at the very heart of addressing the externality
(we can even remove outside investors entirely, D(p) = 0, and the model goes through).
Because markets are incomplete, agents have no way to insure against receiving a bad
liquidity shock; the only thing unlucky agents can do is sell their entire asset holdings
to lucky agents. The asset price p thus plays a critical role in “providing insurance”: a
higher price transfers resources from lucky agents to unlucky agents, which is precisely
what insurance would do. These price transfers are what Davila and Korinek (2018)
call “distributive externalities.” The Social Planner therefore considers how aggregate
investment affects the ability of these redistributive trades to provide insurance between
agents, similar to Geanakoplos and Polemarchakis (1986). The utility benefit from these
redistributive trades is given by u/(ci.) k — Bu' (com) gdy, which is multiplied overall by
the aggregate price impact d p/dk. For the Social Planner, lower investment in the illiquid
asset (and thus a higher price p) is unambiguously good for providing insurance.

Cournot agents consider how they privately fare when they are unlucky or when they
are lucky. Because of the difference between the price impact when selling and when
buying, the Cournot term puts a weight of p on the marginal utility when unlucky and a
weight of 1 — 8y on the marginal utility when buying — but the Social Planner makes
no such distinction. When the asset price is very low, the marginal impact of selling ad-
ditional illiquid assets is very low, and thus it is not privately optimal for agents to worry
about pushing down the price when selling. However, the marginal impact of buying
additional assets is comparatively much higher, and so it is privately optimal to worry
about pushing up the price when buying. When the price is low, Cournot agents there-
fore care ex-ante more about pushing up the price compared to pushing it down, which is
why they hold more illiquid assets and less liquidity. Hence, the marginal private value
of illiquid investment can be positive for Cournot agents, whereas it is strictly negative
for the Planner.

Showing this result explicitly requires closing the model to solve for the price as a
function of investment to also consider the joint behavior of consumption/marginal utili-
ties and the price. In Section III we explicitly consider a variation of the Allen and Gale
(2004) model to see precisely when the asset price is low in equilibrium.

II. Cournot in a productivity shock model

The setting for our model with productivity shocks is similar to Lorenzoni (2008). In
this model, the key choice is the ex-ante scale of debt-funded investment in productive
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but risky capital. Since unlucky agents sell capital to repay debts but continue operating,
this setting corresponds to the partial liquidation case of the model in Section I. Ex post,
more investment is preferred if hit by a good productivity shock, while less investment,
with less debt to repay, is preferred if hit by a bad productivity shock. The canonical
result in this type of model is that a pecuniary externality leads to inefficiently high
borrowing in the Walrasian equilibrium — the “inefficient credit booms” of Lorenzoni
(2008). We show that internalizing the pecuniary externality through Cournot behavior
can overcorrect the standard inefficiency by leading to underinvestment even compared
to the Social Planner.

A.  Model setup

We first present the standard setting common in the literature and then map it to our
unified model of Section I.

STANDARD SETTING. — The 2N agents are now referred to as firms and the outside in-
vestors are 2N households.® Firms consume at # = 2 and have concave utility u(c) with
lim,_,ou/(c) = eo. Capital can be irreversibly produced from consumption goods at unit
cost and is perfectly durable. Firms have access to a linear production technology using
capital in each period. Capital k; held by firm i at = 0 produces A;k; consumption goods
att = 1, where A; is uncertain. Period 2 functions as a continuation value, so we assume
that every unit of capital held at f = 1 produces one unit of consumption at # = 2.° Firms
are each endowed with n > 0 units of capital at # = 0 and can borrow at a rate of r > 1; for
simplicity, we assume that borrowing is risk free.!® We assume that E[A,] > r so firms
will leverage to invest. Denoting borrowing by b; > 0, firm i’s balance sheet at t = 0
satisfies k; = n+ b;.

Households are risk neutral with deep pockets and do not discount consumption. They
have access to an inferior production technology that yields F (k) consumption goods
at 1 + 1 for capital holdings k at ¢, with F (k) = alog(1+ k). This technology implies
that households buy capital to produce if the capital price is below a. To ensure that
households only buy capital following a fire sale at t = 1, we suppose that a < 1.!!
Households are perfectly competitive and their demand for capital is D(p) = a/p —1.12

As in the unified model, there are two aggregate states in the economy at r = 1. In
the good state, all firms have productivity A > r and are therefore able to repay their
debt. In the bad state, half of the 2N firms, randomly selected, are unlucky and have low

8We do not need the number of firms to equal the number of households. We only need the number of households to
be proportional to the number of firms to ensure that the economy properly scales as N varies.

9Modeling firms as risk-averse with linear production is a tractable way to generate a motive for insurance. We could
also model firms as risk-neutral with curvature in their production technology (see Holmstrém and Tirole, 1998).

10We could endogenize r as an outside option available to impatient lenders (see Online Appendix C).

n this case, letting £ denote investments in liquid assets (e.g., cash), the budget constraint would be pok +¢ = n+ b.
It is easy to verify that consumption in each state, as well as quantities of assets sold/purchased, are just a function of
b — ¢, and so ignoring liquidity holdings is equivalent to folding liquidity holdings into the debt in our baseline analysis.

12Households’ demand is the solution to maxp {alog(1+ D) — pD} with first-order condition a (1+D) ™' = p.
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productivity Ay, and the other half are lucky and have high productivity Ay with Ay > Ap
and low average productivity:

A=JA +3Ap<r

We mainly consider the case Ay > r > Ay but also discuss the case r > Ay > Ay below.
We assume that firms cannot borrow more in the bad state at = 1, so an unlucky firm
i has a cash shortfall Ay k; — rb; < 0, forcing it to sell capital. A lucky firm j has a cash
surplus Agk;—rb; > 0, allowing it to buy capital. The low average productivity A ensures
that households, in addition to lucky firms, will buy capital in the bad state.

MAPPING TO THE UNIFIED MODEL. — This setting corresponds to the partial liquidation
regime of the unified model in Section I with households as the outside investors, firms
only holding illiquid assets, and with the shocks mapped as & = A; — r and 6; = —rn."?
Combining these expressions into firm i’s liquidity need at # = 1 from the unified model,
61; — O1;k;, results in the expression rb; — A;k; from the standard productivity shock set-
ting. We now derive the key expressions of Section I, specialized to the present setting,
and show how Cournot in the productivity shock setting can overcorrect the pecuniary
externality.

B.  Cournot overcorrecting the pecuniary externality

In the good aggregate state, all firms have the same productivity and consumption
¢ =rn+ (A+1—r)k. In the bad state, an unlucky firm i with low productivity sells
part of its capital to repay debts and supplies

l’b,‘ —ALk,‘ . (F—AL)ki —rn
p p

SiL =

units of capital, while a firm j with high productivity uses its cash surplus to buy capital

and demands
B Aij—rbj B rn—i—(AH—r)kj

P p

de

units.
The resulting consumption of unlucky and lucky firms are

m r—Ap— m Ay —r—+
=" ey = D T g
p p p p

13 Allowing firms to hold liquid assets in addition to capital is equivalent to having firms simply hold less debt. Accord-
ingly, we will consider firms’ investment and implied borrowing decisions and discuss over-borrowing or over-investment,
though the reader should understand that over-borrowing is equivalent to under-provision of liquidity (i.e. holding too few
liquid assets).
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so the expected utility of firm i at # = 0 is given by

11—« 11—«

(11D Otu(Ei) + M(C,'L) + 5

u(cip) -

Market clearing with N low types, N high types and 2N households, implies that the
equilibrium price of capital (in the bad state) is

(A —r)k;
12) p=a+rn+ —
jGZH 2N ZGZL

(r—Ap)k;
2N '

WALRASIAN EQUILIBRIUM. — The first-order condition (2) of a firm in the Walrasian
equilibrium specializes to

13 a@r1-n@) + 58 (-0 + 2 ) ) <o

good state: benefit low productivity: cost high productivity: benefit

The first term is the benefit of more capital in the good state, where everyone receives a
high productivity shock and holding more capital yields a net return A + 1 —r > 0. The
second term is the cost or benefit of more capital in the bad state, depending on whether
the firm receives a a low or a high productivity shock. Holding more capital hurts a firm in
the bad state if it has low productivity since it forces more costly sales of capital, yielding
anet return —(r— Az — p)/p but benefits a firm with high productivity since it allows for
more profitable purchases of fire-sold capital, yielding a net return (Ay —r+ p)/p.

SociAL PLANNER. — The Social Planner chooses a single level of capital for all firms so,
setting k; = k; = k for all i and j, the price of capital (12) simplifies to

p=a+rm—(r—A)k.

With consumption only at ¢ = 2, the additional term 3 in the Social Planner’s first-order
condition simplifies to'#

L= (e 2 4 e 261 ) 4P
(14) 5 <u(cL) ap +u'(cy) Bp)dk'

A higher level of capital decreases the fire-sale price, dp/dk = — (r —A) < 0. This is
bad for low types who sell capital and have consumption increasing in p (for sufficiently

14To enable a direct comparison to the firms’ first-order condition (13), we do not explicitly consider household wel-
fare in the Social Planner’s problem. Including household welfare would only strengthen our result of Cournot agents
overcorrecting the externality since it would reduce the Social Planner’s incentive to mitigate fire sales that benefit house-
holds.
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small n), dey/dp = ((r—Ar)k —rn)/p? > 0; but it is good for high types who buy
capital and have consumption decreasing in p, dcy/dp = —((Ag — r)k+rn)/p* < 0.
Thus, the Social Planner trades off the loss to low types against the gain to high types
(marginal-utility weighted).

We can simplify the term in parentheses in (14), capturing the trade-off, as

) d 1
u'(cr) ai; +u'(cy) % = (u (cr) s —u'(cu) dn) -

By assumption, capital sales by low types exceed capital purchases by high types, i.e.
51 > dp, and marginal utility of high types is less than that of low types. Hence, sy u'(c1) >
dgu/(cy) and the additional Social Planner term in (14) is negative so that the Social
Planner chooses a lower level of capital, X5° < kVE, which is the result in Proposition 1.

COURNOT EQUILIBRIUM. — The extra term (4) in the Cournot firm’s first-order condition
becomes

L= (e 2L P e 91 4P
(15 2 (“ (L) 5, aig Telen) 5, dkH>’

and considers separately the effect of a low or high type on the equilibrium price (12).
A low type firm has a negative effect on the price since its cash shortfall, which forces
sales, increases with its initial investment; a high type firm has a positive effect on the
price since its cash surplus, which is used for purchases, also increases with its initial
investment:

dp r—Arg dp Ag-—r

A <0 and P _

dki 2N M kg T 2N
Combining the effects on consumption, dc,/dp > 0 and dcy/dp < 0, with the price
impacts, we therefore have

> 0.

derdp g 9cn dp

(16) 9p dky op dig =

That is, both as a seller and as a buyer, the extra term in a Cournot firm’s first-order
condition is negative, biasing downward investment at t = 0.

We first compare the Cournot allocation to the Walrasian allocation. The Walrasian
first-order condition and the Cournot first-order condition differ only in the price-effect
term (15). From (16), we know that the extra term is negative, so the Cournot equilibrium
will always have less capital than the Walrasian equilibrium. In this productivity shock
model, internalizing the price impact therefore does correct the pecuniary externality,
k°E < kVE_ The question is how much.

Next, we compare the Cournot allocation to the Social Planner allocation. Cournot
firms will hold even less capital than the Social Planner if, at the Social Planner allo-
cation, the extra term (15) in the Cournot first-order condition is smaller than the extra
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term (14) in the Social Planner first-order condition. Substituting in for the derivatives
in (14) and (15), and simplifying, we obtain a simple condition for when the Cournot
term is smaller than the Social Planner term, a particular case of Proposition 2.

Corollary 1 (Overcorrection in Cournot equilibrium). The pecuniary externality leads

to inefficiently low investment in the Cournot equilibrium, k°F < k5%, if and only if

2N(F—A) —r—i—AL < MI(CH)dH
2N (F—A) —r+Agy u’(cL) ST, '

A7)

Cournot behavior is more likely to overcorrect the pecuniary externality in the productiv-
ity shock model if (i) the degree of idiosyncratic productivity risk is larger (high Ay —Ar)
and (ii) the number of Cournot agents is smaller (low N).

While the right-hand side of condition (17) is positive, the left-hand side is negative
for small N and large Ay — Ay, holding r and A constant with » — A not too large.

Capital k
&

—— Walrasian Eqm
Social Planner
—— 2 Cournot Agents (N=1)
—==—=4 Cournot Agents (N=2)
— = 6 Cournot Agents (N=3)

45 ‘ ‘ ‘ ‘ ‘
0 0.1 0.2 0.3 0.4 0.5
Ap — Ag

50

FIGURE 1. COMPARISON OF INVESTMENT OF WALRASIAN AND COURNOT EQUILIBRIUM TO THE EFFICIENT LEVEL.

Note: The figure shows the levels of investment & in the Walrasian equilibrium, the Cournot equilibrium, and the Social
Planner allocation for different levels of idiosyncratic productivity risk, Ay — Ay. With constant relative risk aversion 1,
0=0.85,a=093,n=1,N € {1,2,3}, E[A] = 1.05, r = 1.02, and A = 0.99.

Figure 1 illustrates the potential for Cournot to not only mitigate the inefficiently high
investment of the Walrasian equilibrium but to over-correct it. The figure compares the
levels of investment in capital in the Walrasian and Cournot equilibria to the efficient
level.!> As the degree of productivity risk increases, the efficient level of investment de-

I5For graphical clarity we use N = 1 (two Cournot firms) as a baseline and also show the case with N = 3 (six Cournot
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clines and is always lower than the level of investment in the Walrasian equilibrium. The
Cournot equilibrium corrects this inefficiency as long as productivity risk is sufficiently
low. Once idiosyncratic risk is sufficiently high, the Cournot equilibrium over-corrects
the over-investment of the Walrasian equilibrium, leading to inefficiently low investment.
Naturally, the region of overcorrection is larger the smaller the number of Cournot agents
is.

Of course, for sufficiently low idiosyncratic risk Ay — Ay, condition (17) for under-
investment compared to the Social Planner reverses and the Cournot equilibrium leads to
investment higher than efficient but lower than in the Walrasian equilibrium. In particular,
this is what happens with Cournot in the standard model of Lorenzoni (2008), which our
model nests in the case of no idiosyncratic risk (Ag = Ap < r).

In sum, while Cournot does mitigate the pecuniary externality as in the standard for-
mulation of the model, for sufficiently high idiosyncratic risk, Cournot will overcorrect,
leading to under-investment relative to the Social Planner.

C. Empirical plausibility and welfare

The model in this section is simple and the interesting results depend on parameters.
Whether Cournot overcorrects the inefficiency mainly depends on the degree of idiosyn-
cratic risk. In this section, we argue that the parameter values necessary for the surprising
Cournot effects are not implausible. Given the concavity of agents’ utility, welfare de-
creases as the level of investment £k moves away from the efficient level. How much
welfare in the Cournot and Walrasian equilibria suffers relative to the Planner allocation
depends on how much the level of capital differs from the efficient level, and the utility
cost of that deviation (i.e. risk aversion). In particular, the welfare cost of Cournot be-
havior depends on the level of idiosyncratic risk and the utility benefit associated with
internalizing the price impacts.

First, whether Cournot overcorrects the inefficiency empirically mainly depends on
the degree of idiosyncratic risk. We argue that the parameter values necessary for the sur-
prising Cournot effects are not implausible. We let various moments from data determine
likely values for parameters within this stylized model and find that, in reality, internaliz-
ing price impact likely overcorrects the externality. Second, given the calibrations of our
simple model, we can also compare welfare across the allocations of Cournot, Walras
and the Social Planner. The welfare losses can be meaningful, but whether welfare losses
are worse under Cournot or Walrasian behavior depends critically on the level of curva-
ture in firms’ objective function. However, given the very stylized nature of the models,
the quantitative welfare effects should be taken with a grain of salt.

The most important variable that determines the region we are in is the level of id-
iosyncratic risk facing firms in the bad aggregate state. There is substantial evidence that
productivity dispersion is counter-cyclical (see Kehrig, 2015). Bloom et al. (2018) find
that the standard deviation of micro-productivity shocks in recessions is 20.9%, which

firms), but choosing higher N would not qualitatively change the results so long as N is not too large (see the discussion
of empirical plausibility below). The figure varies the degree of idiosyncratic risk by varying Ay — Ay on the horizontal
axis while keeping average productivity A constant.
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implies Ay — Az = 0.418 in our model.'® Apart from the level of risk aversion, our results
are not sensitive to the remaining variables, which we set in relatively standard ways. We
set a = 0.85, which corresponds to the frequency of expansions post-WWII. We set the
real rate to 2% and the expected return on capital to 5% so that capital earns 3% excess
return in expectation. We let a = 0.93, so that the second-best user of capital has a 7%
productivity loss, and we set A = 0.99, corresponding to an aggregate shock 5% below
average. Table 1 contains the parameters we use.

TABLE 1—PARAMETERS FOR PRODUCTIVITY SHOCK MODEL.

o a n r E[A] A Ay —Ar

08 093 1 102 105 0.99 0.418

Figure 2 plots capital holdings relative to the efficient level and consumption equivalent
losses for several values of risk aversion ¢ and varying the market size N. Regardless of

Capital relative to SP (percent)
Consumption equivalent

-10

FIGURE 2. QUANTITATIVE EFFECTS IN THE PRODUCTIVITY SHOCK MODEL.

Note: The figure shows the effect of market size N on the capital investment of the Cournot equilibrium relative to
the Social Planner allocation (left panel), and on the welfare of the Cournot equilibrium relative to the Social Planner
allocation in terms of consumption equivalent (right panel) under the calibration in Table 1 for different levels of risk
aversion.

the level of risk aversion, the Cournot equilibrium with N = 1 has capital investment

16Bloom et al. (2018) find that the unconditional standard deviation of micro-productivity shocks is 5.1% and that it is
4.1 times higher in recessions.
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that is about 10% below the efficient level. In other words, the level of idiosyncratic
risk is high enough that Cournot overcorrects the externality. Importantly, the fire-sale
discount is on the order of 80%, implying substantial efficiency losses from capital being
allocated to second-best users (households). A critical element of our model is that some
first-best users (firms) are positioned to buy capital cheaply during downturns, which
may seem at odds with the intuition in Shleifer and Vishny (1992), where fire sales occur
because first-best users must sell to second-best (inefficient) users of capital. Our results
show that, indeed, the primary force driving fire sales is the reallocation to households,
which pushes down the price of capital substantially. Opportunistic buying by lucky firms
is important for our mechanism without violating the intuition of Shleifer and Vishny
(1992).

It is thus empirically plausible that Cournot can overcorrect the pecuniary externality,
leading to inefficiently low levels of real investment. The levels of idiosyncratic risk
present in the data are well above the level of idiosyncratic risk required for Cournot to
overcorrect in our model. Nonetheless, there are several caveats that could push against
our results. First, a high level of competition (high N) would bring the level of capital
closer to the Walrasian level, thus weakening the overcorrection. Second, in the model
debt is the only vehicle available for firms to borrow, implying that firms retain all their
idiosyncratic risk. If in reality firms can shed some of this productivity risk, then bad
shocks need not lead to forced sales (and good shocks need not lead to higher levels of
cash).

The welfare implications of the overcorrection depend on the level of risk aversion
for firms. Welfare decreases as the level of capital moves away from the efficient level,
whether due to an overcorrection or due to an under-correction of the externality. If risk
aversion is relatively high (o > 1), then the overcorrection from Cournot is preferred over
the under-correction from the Walrasian equilibrium. With risk aversion o =2 (a plausi-
ble estimate for risk aversion for households), welfare losses are 52% of consumption in
the Walrasian equilibrium and 6% in the Cournot equilibrium. With ¢ = 1, the consump-
tion equivalent losses are 20% and 6.8% respectively. In these cases, the overcorrection
from Cournot is not so severe, and thus welfare is higher with a low level of competi-
tion. The policy implications in this case would be to allow industry concentration but to
provide incentives for investment. One could easily argue that firms should be modeled
as less risk averse than the typical household. For low levels of risk aversion, the welfare
results change substantially. With o = 0.5, the welfare loss in the Walrasian equilibrium
18 2.8% while the welfare loss from Cournot is 8%; with ¢ = 0.25, the welfare losses are
0.16% and 9.1%, respectively. In this case, the Cournot overcorrection is very costly in
terms of welfare losses and the policy implications are quite different because industry
concentration is quite bad for welfare.

III. Cournot in a liquidity shock model
We now consider a standard model of fire sales due to liquidity shocks, in a setting

based on Diamond and Dybvig (1983) with interim trade a la Allen and Gale (2004), po-
tentially at fire-sale prices. In this model, the key choice is an ex-ante portfolio allocation
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between a liquid low-return asset and an illiquid high-return asset. Since unlucky agents
(early consumers) sell all assets to meet liquidity needs, this setting corresponds to the
full liquidation case of the model in Section I. Ex post, the liquid asset is preferred if hit
by a liquidity shock, while the illiquid asset is preferred otherwise. The canonical result
in this type of model is that a pecuniary externality leads to inefficiently low liquidity
holdings in the Walrasian equilibrium (Allen and Gale, 2004). We show that internal-
izing the pecuniary externality through Cournot behavior can exacerbate the standard
inefficiency, leading to even lower liquidity holdings than in the Walrasian equilibrium.

A.  Model setup

We first present the standard setting common in the literature and then map it to our
unified model of Section I.

STANDARD SETTING. — There 2N agents are now referred to as banks that start with
one unit of endowment at + = 0 and have two investment opportunities: (i) liquid assets,
which, for each unit invested at t = 0, deliver 1 at# = 1 or t = 2; and (ii) illiquid assets,
which, for each unit invested at t = 0, deliver R > 1 at t = 2 but nothing before. Denote
by ¢; the fraction of bank i’s funds invested in liquid assets (hence, 1 — ¢; is invested in
illiquid assets).

In the spirit of Diamond and Dybvig (1983), banks can be subject to liquidity shocks,
in which case they only value early consumption at ¢ = 1; otherwise they discount utility
from consumption att =2 by 8 < 1:

u(cy) with liquidity shock,
U(Cl ) CZ) — . . .
u(cy)+ Bu(cy) without liquidity shock.
We will suppose throughout our analysis that banks’ utility «# has relative risk aversion
of at least 1. Together with SR > 1, our assumptions on preferences imply a standard
demand for liquid claims and therefore a role for banks in providing liquidity insurance.'”
As before, there are two aggregate states at t = 1. In the good state, no liquidity shocks
occur and no bank is forced to liquidate early. In the bad state, half the banks, randomly
selected, receive liquidity shocks. These banks sell their illiquid assets to the other half
that did not receive liquidity shocks at an endogenous price p.

MAPPING TO THE UNIFIED MODEL. — This setting corresponds to the full liquidation
regime of the unified model in Section I with no outside investors and the shocks mapped
as 6; =0, 6, = 0 and By = o. We now derive the key expressions of Section I, specialized

1"We could instead assume that banks may have a high or low fraction of depositors withdraw, rather than a binary
zero-one type of shock. This would have quantitative implications for our results without affecting the qualitative results.
See Online Appendix C for a micro-foundation of such banks pooling resources from many households with correlated
liquidity needs.
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to the present setting, and show how Cournot in the liquidity shock setting can exacerbate
the pecuniary externality.

B. Cournot exacerbating the pecuniary externality

In the good aggregate state, no-one has a liquidity shock and all banks consume ¢; =
li+ (1—4;)R at t = 2. In the bad state, a bank receiving a liquidity shock sells all its
illiquid assets, supplying s;; = 1 — ¥¢;, and consumes at # = 1. A bank that does not receive
a liquidity shock uses all its liquid assets to buy illiquid assets, demanding d;i = ¢;/p,
and consumes at ¢ = 2. The resulting consumption of unlucky and lucky banks are

R
cr=Li+(1=4)p, cin :Ei;+(1_£i)R'

so the expected utility of bank i at # = 0 is given by
(18) ofu(c)+(1—o) (%u(ciL) + %ﬁu(ciy)) .

Market clearing at t = 1 corresponds to cash-in-the-market pricing, where the price is
such that the total value of assets being sold equals the total cash available to buy assets
(Allen and Gale, 1994):

Zjeng
19 . &jeny
(1% Py (-6

Itis clear that p < R in equilibrium since high types would not be willing to pay more than
R for illiquid assets. We suppose that the only buyers of illiquid assets are other banks,
and liquidity shocks therefore lead to an asset price strictly below R in the bad aggregate
state. We show in Online Appendix D that adding outside buyers to the liquidity shock
model does not materially affect our results, as is also the case in the unified model of
Section L.

WALRASIAN EQUILIBRIUM. — The first-order condition (2) of a firm in the Walrasian
equilibrium (taken with respect to liquidity holdings ¢;) specializes to

good state: cost bad state: benefit with or without liquidity shock
/(= -« ! 1 !
(20) (xﬁ(R—l)u(c):T (I1=p)u'(cL)+P ;—1 Ru'(cy) |,

_ “TO‘ (1-p) <u’(cL) +[3§u’(cg)) :

The left-hand side is the cost of holding extra liquidity in the good state, where no one
receives a liquidity shock and holding more illiquid assets instead of liquid assets yields
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anetreturn R — 1 > 0. The right-hand side is the benefit of extra liquidity in the bad state;
since the left-hand side is positive, it must be that the equilibrium price satisfies p < 1.
Holding extra liquidity in the bad state then is good both as a seller of assets, since it
requires fewer sales at net cost 1 — p > 0, and as a buyer of assets since it allows more
asset purchases with net return + — 1 > 0. Note the contrast to the productivity shock
model in Section II where, in the Walrasian equilibrium, holding more capital benefits a
buyer since it allows more purchases but hurts a seller since it requires more sales.

If there is no aggregate risk (@ = 0) so that only the bad state can occur, then the first-
order condition 20 implies p = 1 in equilibrium which leads to ¢; = 1 and cy = R.!8
The resulting wedge in marginal utilities, ’(c.) > BRu'(cy), represents the standard
insufficient liquidity risk sharing of Diamond and Dybvig (1983). If there is aggregate
risk (@ > 0), then the wedge in marginal utilities is u'(cy) > B %u’ (cn), which maintains

the insufficient risk sharing.'”

SociAaL PLANNER. — The Social Planner chooses a single level of liquidity for all banks
so, setting ¢; = ¢; = £ for all i and j, the asset price (19) simplifies to p = ¢/(1 —¢). The
additional term 3 in the Social Planner’s first-order condition can then be written as

21 “T“ (u/(cL)—ﬁ];u/(cH)> (1 —5)%.

More liquidity increases the price by dp/d¢ = 1/(1 — £)?, which benefits sellers who
gain u/(cr), and hurts buyers who lose ﬁ%u/(cH). Since u/(c1) > B%u’(cH), the Social
Planner chooses higher liquidity than the Walrasian equilibrium, #5° > ¢WE which is the
result in Proposition 3.

The intuition for the standard constrained inefficiency of the Walrasian equilibrium is
that the market incompleteness prevents full insurance agains the liquidity risk. The con-
strained Social Planner, by changing the price, can perform a reallocation that is outside
the asset span and thereby increase welfare (Geanakoplos and Polemarchakis, 1986). In
the case without aggregate risk (& = 0), the Social Planner’s first order condition yields
the standard optimal risk sharing condition, u/(c,) = BRu'(cg ), of Diamond and Dybvig
(1983). Without aggregate risk, our setup with trading at = 1 essentially corresponds to
the Jacklin (1987) model, and our result that liquidity under-provision can be corrected
by increasing the asset price is found also in Emmanuel Farhi, Mikhail Golosov and Aleh
Tsyvinski (2009) and Geanakoplos and Walsh (2018).

I8¢ p < 1, then assets are traded below cost so no-one wants to invest in them; sellers (state L) would rather hold
liquidity and buyers (state H) would rather buy assets cheaply; vice versa for p > 1.

Making use of the proof in Diamond and Dybvig (1983), we have 20u/(2¢) > 2(1—¢) R/ (2(1—£)R). Since
c. =20, cg=2(1—{¢)Rand p={/(1—{) in equilibrium, this implies ' (cz) > ,B%L/(CH).
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COURNOT EQUILIBRIUM. — The extra term (4) in the Cournot firm’s first-order condition
becomes

l-a(, .dp LR, dp
(22) T (M (CL) T& — ;M (CH) d€H> (1 —f,-),

and considers separately the effect of a low or high type on the equilibrium price (19). In
contrast to the productivity shock model where the ¢ = 0 choice has opposite effects on
the two prices (more capital increases the buyer price and decreases the seller price), here
the = 0 choice has the same effect on the two prices (more liquidity increases the buyer
price and the seller price). Specifically, a bank selling assets affects the denominator of
the price (19) while a bank buying assets affects the numerator. With 2N banks and taking
as given other banks’ (symmetric) equilibrium choice ¢, we have

dp 1 l dp 1 1
23 P T 50 ad SP-
) iy N(—ef " M aty T N1

> 0.

Compared to the Social Planner’s price impact, dp/d¢ = 1/(1 —£)?, a Cournot bank’s
price impacts are uniformly lower, biasing downward the Cournot liquidity choice at
t=0.

We first compare the Cournot allocation to the Social Planner allocation. Cournot leads
to inefficiently low liquidity if, at the Social Planner allocation, the price-effect term (22)
of the Cournot first-order condition is less than the price-effect term (21) of the Social
Planner first-order condition. Substituting in for the price effects, the condition becomes

24) % <u/(cL)€—ﬁI;u’(cH) (1 —z)> < (cr) —ﬁI;u'(cH).

In the natural case where the good aggregate state lowers the efficient level, i.e. for
p < 1 at the Social Planner allocation, we have «(c.) > 8 %u’(cH) and ¢ < 1/2 so condi-
tion (24) is satisfied and, as expected, Cournot liquidity is inefficiently low, £°E < ¢5P 20

The question is how low.

Next, we compare the Cournot allocation to the Walrasian allocation. Cournot yields
less liquidity than the Walrasian equilibrium and therefore exacerbates the inefficiency if,
at the Walrasian allocation, the price-effect term (22) of the Cournot first-order condition
is negative, a particular case of Proposition 4.

Corollary 2 (Exacerbation in Cournot equilibrium). The pecuniary externality leads to
even lower liquidity in the Cournot equilibrium than in the Walrasian equilibrium, (% <
OWVE if and only if

20The Social Planner will find it optimal to implement p < 1 as long as the good state is sufficiently likely and/or the
illiquid asset sufficiently productive (high o and/or R).
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dp R, dp
= _B= = <0.
CML pu (CH) dﬁH <

(25) u'(cr)
Cournot behavior is more likely to exacerbate the pecuniary externality in the liquidity
shock model if (i) the likelihood of the bad aggregate state is smaller (high o) and (ii)
the number of Cournot agents is smaller (low N).

We know that, at the Walrasian allocation, the marginal benefit of additional liquidity
exceeds the marginal cost, u'(c;) > BRu/(cy). But in the Cournot first-order condition
term (22), the price impacts act as weights on the benefit and the cost. Condition (25)
is therefore satisfied if the seller price impact dp;./d/; is sufficiently low relative to the
buyer price impact dpy /d{;. From (23) we have that the seller price impact relative to
the buyer price impact depends on the level of the asset price p:

dpL/dfi
————=p
de/dfi

This implies that if liquidity ¢ (and thus price p) is sufficiently low in the Walrasian
equilibrium, then Cournot yields even less liquidity than the Walrasian equilibrium, ex-
acerbating the inefficiency. For log utility, the “sufficiently low” condition simplifies to
the fairly weak condition p < f3, and more generally this case of sufficiently low p arises,
e.g. if the bad state is not too likely.
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FIGURE 3. COMPARISON OF LIQUIDITY PROVISION OF WALRASIAN AND COURNOT EQUILIBRIUM TO THE EFFI-
CIENT LEVEL.

Note: The left panel shows the equilibrium levels of liquidity £ in the Walrasian equilibrium, the Cournot equilibrium and
the Social Planner allocation for different values of the probability of the good state, ¢c. The right panel shows the ratios of
the Social Planner and Cournot liquidities to the Walrasian liquidity. With log utility, 8 = 0.9, R=1.5, and N € {1,2,3}.

Figure 3 illustrates the potential for Cournot to exacerbate the inefficiently low liquid-
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ity holdings of the Walrasian equilibrium. The figure compares the levels of liquidity pro-
vision in the Walrasian and Cournot equilibria to the efficient level.?! As the good state
without liquidity shocks becomes more likely (@ increases), the efficient level of liquid-
ity declines but is always higher than the one provided by the Walrasian equilibrium.
The Cournot equilibrium corrects this inefficiency only if the good state is sufficiently
unlikely (liquidity risk is sufficiently high). Once the good state is sufficiently likely and
liquidity risk therefore sufficiently low, the Cournot equilibrium exacerbates the under-
provision of liquidity in the Walrasian equilibrium. The right panel shows that, for high
a, the Cournot level of liquidity is substantially below the Walrasian level. Naturally, the
region of exacerbation is larger the smaller the number of Cournot agents is.

For intuition, note that in the limit o — 1, liquidity has little ex-ante value and en-
dogenously ¢ — 0, resulting in p — 0. The seller price impact dpy/d¢;, weighting the
benefit of liquidity in condition (25), goes to zero while the buyer price impact dpy /d/;,
weighting the cost of liquidity, does not. The Cournot equilibrium then holds very lit-
tle liquidity because more liquidity would have a negligible price benefit when agents
receive liquidity shocks and sell assets but a non-zero cost when agents do not receive
liquidity shocks and instead buy assets.??

To understand this difference in the limit behavior of buyer and seller price impact,
consider the equilibrium condition determining the price p in (19). Additional liquidity
of buyers enters directly in the form of more cash while additional liquidity of sellers
enters indirectly in the form of more assets with a factor p. The marginal effect of cash
on the equilibrium condition is therefore always 1 but the marginal effect of additional
assets is low if the price p is low.

In sum, with aggregate risk, Cournot can provide even less liquidity than the Walrasian
equilibrium, in violation of the hypothesis that internalizing the pecuniary externality
should lead to an allocation closer to the Social Planner’s.

C. Empirical plausibility and welfare

Internalizing price impact in the liquidity shock model can either mitigate or exacer-
bate the pecuniary externality, depending on parameter values. Given the concavity of
agents’ utility, welfare decreases as the level of liquidity £ moves away from the efficient
level. How much welfare in the Cournot and Walrasian equilibria suffers relative to the
Planner allocation depends on how much the level of liquidity differs from the efficient
level and the utility cost of that deviation (i.e. risk aversion). In particular, the welfare
cost of Cournot behavior depends on the marginal price impacts (driven primarily by
the equilibrium fire-sale price p) and the utility benefit associated with internalizing the
price impacts.

21For graphical clarity we use N = 1 (2 banks) as a baseline and include N = 3 (6 banks), but choosing higher N
would not qualitatively change the results so long as N is not too large (e.g. the results are similar with 10 banks with our
preferred calibrations; see the discussion of empirical plausibility below).

22This requires that ;TpLu/(cL) goes to zero as long as the marginal utility does not increase too quickly, which holds
as long as if risk aversion is not too high or marginal utilities are bounded.
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First, we find that, in reality, internalizing price impact likely exacerbates the exter-
nality. Empirically, whether Cournot exacerbates the inefficiency mainly depends on the
severity of the fire sale in the bad state. We argue that the parameter values necessary
for the surprising Cournot effects are not implausible. Internalizing price impact in the
liquidity shock model can either mitigate or exacerbate the pecuniary externality, de-
pending on parameter values. We let various moments from data determine likely values
for parameters within this stylized model and find that, in reality, internalizing price
impact likely exacerbates the externality. Second, given the calibrations of our simple
model, we can also compare welfare across the allocations of Cournot, Walras and the
Social Planner. The welfare consequences from Cournot behavior are orders of magni-
tude larger than the negligible welfare losses from Walrasian behavior. However, given
the very stylized nature of the models, the quantitative welfare effects should be taken
with a grain of salt.

Before considering the full exercise, consider the following back-of-the-envelope exer-
cise. The risk aversion of banks is probably low; in the model, the lowest we can set risk
aversion to is 1 (log utility). The impatience parameter 8 determines how much banks
discount illiquid relative to liquid claims. Estimates of liquidity premia are typically on
the order of basis points (20bps in Gertler and Kiyotaki, 2015) and so 8 should be close
to 1. From our analytical results, Cournot will exacerbate the externality with log utility
whenever the Walrasian fire-sale price is below (. Thus, if fire sales are a meaningful
discount of fair value (more than 10% seems very conservative) and fair value is not too
much greater than 1, then internalizing price impact will exacerbate the externality.

We consider two strategies to calibrate our parameters: target liquidity holdings to be
13% of banks assets?? or target the fire sale to a 35% discount relative fair value. Table

TABLE 2—PARAMETERS FOR LIQUIDITY SHOCK MODEL.

Calibration 1 2 3
B 096 092 0.99
BR 1.03  1.03 1.03
a 098 097 091
o 1.01 1.05 1.00

2 contains the parameters used for each calibration, which we discuss in detail below.
Figure 4 plots Cournot liquidity holdings relative to the Walrasian level and consumption
equivalent losses for each calibration varying the market size N.

We show two parameterizations to hit 13% liquidity. In the first, we let f = 0.96, which
corresponds to a standard annual discount rate; we suppose that BR = 1.03, so that illig-
uid assets earn about 3% excess returns; we suppose that o = 0.98, so that financial
crises occur 2% of the time (see Gertler and Kiyotaki, 2015, for similar estimates). With

2This corresponds to the ratio of bank liquid reserves to bank assets in the U.S. (IMF International Financial Statis-
tics).
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FIGURE 4. QUANTITATIVE EFFECTS IN THE LIQUIDITY SHOCK MODEL.

Note: The figure shows the effect of market size N on the liquidity provision of the Cournot equilibrium relative to the
Walrasian equilibrium (left panel), and on the welfare of the Cournot equilibrium relative to the Social Planner allocation
in terms of consumption equivalent (right panel) under the calibrations in Table 2.

relative risk aversion o = 1.01, the model then delivers 13% liquidity holdings in the
Walrasian equilibrium. At this calibration, the efficient level of liquidity is 3.6% higher
than the Walrasian level, but a Cournot equilibrium with N = 1 holds 43% less liquid-
ity than the Walrasian equilibrium (i.e. banks hold 7.4% liquid assets), exacerbating the
externality. In terms of welfare losses, the Walrasian equilibrium has welfare that is neg-
ligibly below the efficient level, while welfare in the Cournot equilibrium corresponds to
a 0.16% loss in terms of consumption equivalent compared to the efficient outcome.

While this parameterization is entirely plausible, the probability of crises is somewhat
low. Instead we now let o = 0.97 (following Gertler and Kiyotaki, 2015), which on its
own would significantly increase liquidity holdings in equilibrium. To hit our liquidity
target, we set B = 0.92 and get 6 = 1.05. For this calibration, the efficient level of lig-
uidity is 9.8% higher than the Walrasian level, but a Cournot equilibrium with N =1
holds 38.5% less liquidity than the Walrasian equilibrium, exacerbating the inefficiency.
In terms of welfare, the loss in the Walrasian equilibrium is 0.008% in terms of con-
sumption equivalent, while the loss in the Cournot equilibrium is 0.26%. In either case,
the parameters are well within the range of parameters for which Cournot competition
exacerbates the externality.

In the model, the level of liquidity directly determines the fire sale price in the bad
state. Liquidity holdings of 13% imply a fire sale price of p = 0.15. It is fair to wonder
if the right variable to target is liquidity holdings and not the level of fire sales directly,
since the externality is after all determined by the fire sale in the asset price. We now
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target p = 0.65 x R, which corresponds to a 35% discount over fair value for financial
assets. One could reach this number, e.g. by considering the history of prices for ABX
during the financial crisis and comparing trough levels to what prices ultimately returned
to. It is more difficult to get the model to provide liquidity holdings high enough so that
the fire sale price is this high. To do so, we set B = 0.99 and o = 0.91, implying a
very high likelihood of financial crises (higher than we believe to be empirically plausi-
ble). Maintaining BR = 1.03, the model requires ¢ = 1 in order to hit the target for fire
sales. At this calibration, the efficient level of liquidity is 0.57% higher than the Wal-
rasian level, but a Cournot equilibrium with N = 1 holds 19.3% less liquidity than the
Walrasian equilibrium, exacerbating the inefficiency. In terms of welfare losses, the Wal-
rasian equilibrium is negligibly below the efficient level, while welfare in the Cournot
equilibrium corresponds to a 0.13% loss in terms of consumption equivalent.

In sum, all three calibrations are well within the range where Cournot exacerbates
the externality, and the results for liquidity provision and welfare are meaningful. We
do not take these results quantitatively seriously, but they do provide strong evidence
at least for the direction of how the externality is affected (exacerbated, not mitigated).
Furthermore, since we find that Cournot exacerbates the externality, the question “how
much” depends on the competitiveness of the industry (i.e. on N). Less competition will
lead to greater under-provision of liquidity. Thus, industry concentration is strictly bad
for the fire sale externality, and policy should respond by providing greater incentives to
hold liquid assets (disincentives to hold illiquid assets).

IV. Conclusion

In light of increasing concentration in both real and financial markets, we have con-
sidered the effects of market power in standard macro-finance models of fire sales where
pecuniary externalities lead to constrained inefficiency. We show that market power can
not only mitigate but overcorrect the inefficiently high borrowing in a canonical model
of leverage choice with productivity shocks, representative of firms with real investment.
In contrast, we show that internalizing the price impact can exacerbate the inefficiently
low liquidity holdings in a canonical model of portfolio allocation with liquidity shocks,
representative of financial intermediaries engaged in liquidity transformation.

In terms of policy implications, our results highlight that intervention has to be tailored
to both the type of activity and the competitiveness of a given sector. We interpret the
liquidity risks faced by the real sector as generally corresponding to partial liquidation,
whereas we interpret the liquidity risks faced by the financial sector as corresponding to
full liquidation. Accordingly, the policy implications for the real and financial sectors are
completely different. For the real sector, where market power overcorrects the tendency
toward inefficient credit booms, our results imply a need for stronger investment stimu-
lus as the sector becomes more concentrated, e.g. through an expansion of the favorable
tax treatment of debt financing. For the financial sector, where market power exacerbates
the tendency to hold insufficient liquidity, our results imply a need for stronger liquid-
ity regulation as the sector becomes more concentrated, e.g. through a tightening of the
Basel III Liquidity Coverage Ratio. Finally, our results speak to antitrust policy, high-
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lighting additional welfare-relevant effects of market power. For example, in the debate
whether concentration enhances financial stability (Bordo, Redish and Rockoff, 2015),
our results show how important stringent liquidity regulation is for achieving stability
benefits from concentration.
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