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Abstract

We analyze the effects of tacit collusion in a dynamic general equilibrium model of oligopolis-
tic sectors with capital investment, real frictions, and entry. Through their effects on equilibrium-
and off-equilibrium stock prices, fundamental shocks impact incentives for defection from tacit
collusion, amplifying the interaction between the real economy and financial markets as well as
firms’ risk exposure. Quantitively, the model’s endogenous firm- and aggregate-level dynamics
help explain real and financial data. We also find quantitative and empirical support for novel
theoretical predictions regarding the effects of firm, industry and macrofinance characteristics

on cross-sectional and time-varying relation of concentration and returns.
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1 Introduction

Oligopolistic industries are ubiquitous and strategic behavior of firms in oligopolies receives long-
standing interest.! In particular, the literature highlights the role of production capacity in protecting
oligopoly profits through tacit collusion (Brock and Scheinkman 1985; Benoit and Krishna 1987) and
entry deterrence (Spence 1977; Dixit 1980). A related literature examines the effects of oligopolistic
collusion on aggregate real outcomes (Rotemberg and Woodford 1992; Opp et al. 2014) and risk
factors (Dou et al. 2021). Meanwhile, another burgeoning literature considers the effects of industry
concentration and entry on equity returns. However, the effects of capital investment and strategic
capacity utilization on firm-level equity returns and aggregate dynamics through the channels of tacit
collusion, entry deterrence and endogenous capacity depreciation are still largely unexplored. In this
paper, we attempt to fill this gap.

The quantitative analysis of returns and aggregate dynamics with tacit collusion in production
economies with investment remains open because the existing literature mainly examines oligopolistic
outcomes in endowment economies (Dou et al. 2021) or in production economies without investment
(Opp et al. 2014; Loualiche 2021). Meanwhile, there are conflicting empirical results on the relation
of industry concentration and returns: One strand of the literature documents a negative relationship
(Hou and Robinson 2006; Gu 2016); while another strand presents a positive relationship (Bustamante
and Donangelo 2017; Corhay et al. 2020) or finds no significant relationship (Ali et al. 2013). Our
analysis and results help address both these quantitative and empirical issues.

We develop a dynamic general equilibrium model of a production economy with capital invest-
ment, composed of multiple oligopolistic consumer goods industries (or sectors) with unlevered firms.
In concentrated sectors, there is tacit collusion on product prices through strategic capacity utilization
(production) and investment along subgame perfect equilibrium (SPE) paths, enforced by credible
threats of “punishment” through Bertrand-Nash price competition following defection. Analytically,
the novel aspect of the model is equilibrium characterization of firms’ real decisions and equity re-
turns, along with the resultant endogenous aggregate dynamics, through a dynamic optimization
problem of maximizing equity values subject to a tacit collusion incentive compatibility constraint,

namely, that current equity gains from defection not exceed losses from defection.

!Observations on strategic interaction among oligopolistic firms occur at least as far back as Smith (1776). While
the early literature (Cournot 1838) analyzed static interactions, the literature in the past few decades focuses on tacit
collusion in dynamic oligopolies. Friedman (1983), Bresnahan (1989), Feuerstein (2005), and Green et al. (2013)
provide useful surveys of these literatures.



Focusing on oligopolistic strategic interaction with capital investment provides novel insights on
the interaction between the real economy and financial markets at both firm and aggregate levels.
Fundamental (productivity) shocks impact incentives for defection from tacit collusion through their
effects on equilibrium- and off-equilibrium stock prices. In response, firms adjust their real policies to
maintain tacit collusion, thereby linking financial markets and real decisions. In general equilibrium,
tacit collusion mediates the effects of sectoral shocks on endogenous aggregate dynamics in income,
price index, consumption and the risk-free rate. Indeed, productivity shocks in low-concentration
sectors have significant effects on tacit-collusive real and financial outcomes in concentrated sectors
because of intratemporal elasticity of substitution between industry products.

We find that these real and financial interactions in concentrated oligopolistic sectors are quanti-
tatively significant and better explain firm and aggregate real and financial data compared to sectors
with Bertrand-Nash price competition. Thus, while productivity shocks play a central role in the
real business cycle and macrofinance models in competitive settings, these shocks drive micro and
aggregate outcomes in oligopolistic production economies by affecting firm-level defection incentives
channeled through equilibrium- and off-equilibrium equity prices.?

It also follows that firms’ risk exposure to fundamental shocks is amplified by the possibility of
defection from tacit collusion and off-equilibrium behavior plays a significant role in this exposure.
Indeed, our analysis provides a novel perspective on the role of capital and real frictions— that is,
fixed and capital adjustment costs, endogenous depreciation, and entry costs—on priced risks. In the
existing literature, real frictions amplify firms’ risk exposure by restricting responses to fundamental
shocks (Jermann 1998; Carlson et al. 2004). Our framework highlights an additional channel:
On- and off-equilibrium industry production capacities are central to tacit collusion because they
determine short-term benefits and long-term expected costs of defection. Through their influence on
capital investment and entry, real frictions affect defection incentives and hence priced risks .

Similar to the literature (Baxter and Curcini 1993; Boldrin et al. 2001), we quantitatively analyze
a two-sector economy. In our case, these sectors comprise of a tacit-collusive concentrated sector and
a benchmark low-concentration sector with Bertrand-Nash price competition. The representative
consumer has Epstein and Zin (1989) preferences. We assume a moderate risk aversion of 5 and
calibrate the intertemporal elasticity of substitution consistent with recent production-based asset

pricing literature (e.g., Croce 2014). Our modeling of sectoral productivity shocks—the exogenous

2The significant effect of off-equilibrium equity values on equilibrium outcomes is consistent with the well known
importance of off-equilibrium behavior on subgame perfect equilibrium paths (Selten 1975; Kreps and Wilson 1982).



sources of risk in our model—is parsimonious: They follow an AR(1) process in logs and we adopt a
conservative calibration of the second moments of these shocks.

To isolate the effects of entry and exit, we first analyze a baseline model with fixed concentration.
The baseline model generates volatility of aggregate real consumption growth and real risk-free rate
that match the data. But the volatilities of log changes in aggregate (financial) income, price index
and the risk-free rate understate the data. At the firm level, for the concentrated sector, the base-
line model generates an annual equity premium and its volatility that are higher than benchmark
production-based asset pricing models but lower than in the data. On the real side, the baseline
model understates the volatilities of capacity utilization and log changes in capital investment (for
the concentrated sector) relative to the data. However, the empirical performance of the tacit col-
lusion equilibrium path is substantially better relative to the low-concentration sector. The baseline
model does not match well the autocorrelation of aggregate outcomes, but is reasonably close to the
data in terms of autocorrelation of firm-level investment. The model is also largely consistent with
simultaneous correlations of real variables in the data.

We find that the interaction of endogenous entry in the tacit-collusive sector and capital adds
significant volatility to equilibrium real and financial outcomes. At the firm level, the volatilities
of capacity utilization and investment increase significantly with entry and no longer understate
the data. Similarly, at the aggregate level, the volatilities of income, price index, consumption and
risk-free rate also rise significantly. Notably, entry significantly improves the model performance
with respect to the autocorrelations of aggregate consumption and income. Endogenous changes in
industry structure through entry in concentrated oligopolies, along with endogenous capital and real
frictions, therefore appear important in explaining aggregate dynamics.

There is an intuition that with higher sectoral and aggregate volatility, endogenous entry should
further amplify firms’ risk exposure to fundamental shocks in the presence of tacit collusion and
capital. Consistent with this, relative to the baseline, the model with entry generates a significantly
greater equity premium with high volatility. Moreover, higher capital adjustment costs and volatility
of sectoral productivity shocks in the competitive sector significantly amplify the effects of entry on
firms’ risk exposure in industries with tacit collusion.

The presence of tacit collusion also affects the link between micro characteristics and aggregate
dynamics. The existing literature generally finds that variations in micro-level adjustment costs have

negligible effects on aggregate dynamics because of compensating changes in prices (Veracierto 2002;



Khan and Thomas 2008). In contrast, we find significant aggregate effects of variations in firm-level
adjustment costs and productivity processes in the presence of tacit-collusive prices and real frictions.

Our analysis also shows that capital and real frictions in tacit-collusive oligopolies help explain
the conflicting results in the literature on the relation of industry concentration and equity returns.
Specifically, higher concentration has two opposing effects on markups and, hence, equity payofts.
There is an unambiguous negative “market dilution” effect of lower concentration because, for a
given industry capacity, firms’ profits are positively related to concentration. This dilution effect
ceteris paribus leads to a positive relation of concentration and payoffs. On the other hand, lower
industry concentration has a positive “punishment” effect on equilibrium payofts by facilitating a
credible threat of substantially lower equity values following defections. When the dilution effect
dominates, lower concentration is ceteris paribus negatively related to returns, and conversely when
the punishment effect is relatively strong.

We build on this analysis to generate unambiguous predictions regarding the effects of operat-
ing leverage, operating profitability, and investment on the relation of concentration and returns.
To illustrate, equity values of firms with high fixed or adjustment costs are relatively low during
recessions, so that the punishment effect becomes weak for such firms in high SDF states. Hence,
higher fixed or adjustment costs should negatively affect the relation of concentration and returns.
An opposing argument applies for high operating profitability firms and the concentration-returns
relation should switch in sign for such firms. We quantitatively confirm these predictions in an in-
dustry equilibrium setting. Meanwhile, higher depreciation costs of capacity utilization (Greenwood
et al. 1988; Jaimovich and Rebelo 2009) ceteris paribus lower optimal production and raise industry
prices, weakening the punishment effect. Therefore, the concentration-returns relation is predicted
to be more negative in industries with higher marginal depreciation costs of capacity utilization.
Moreover, incumbents in high entry-threat industries with scale economies can deter entry through
large capacities (Spence 1977; Dixit 1981), strengthening the link between concentration and capital
investment, as well as the effect of investment on the concentration-returns relation.

We also examine time-variation in the effects of concentration on returns. Duffee (2005) finds that
the conditional covariance between the SDF and (aggregate) returns rises in high aggregate return
periods, suggesting that the concentration-returns relation will ceteris paribus be greater in high
aggregate return states. Moreover, a growing literature shows that sales concentration and markups

have increased in recent decades for a few “super efficient” firms, accompanied by technological change



that raises the ratio of fixed-to-marginal costs (Berry et al. 2019; Autor et al. 2020). A secular
trend of increasing fixed-to-marginal cost ratios should further weaken the punishment effect for high
fixed cost firms and strengthen the negative effect of operating leverage on the concentration-return
relation. In contrast, superior efficiency of larger incumbents reduces reliance on capital investment
for entry deterrence in high entry-threat industries, weakening the link between concentration and
investment, as well as the effect of higher investment on the concentration-returns relation.

Our empirical tests utilize the Text-based Network Industry Classification (TNIC) Herfindahl-
Hirschman Index of Hoberg and Phillips (2016) as the concentration measure because the TNIC
better matches our model. Our base sample includes all non-financial Compustat firms during 1989-
2019 with available concentration measure. Our cross-sectional tests utilize Fama and MacBeth
(1973) regressions on firms’ stock returns, controlling for Fama and French (1992, 1993) factors and
leverage. We find empirical support for the above-mentioned predictions from the model.

Related literature The interaction of real economy and financial markets attracts much atten-
tion (Morck et al. 1990).% The existing literature highlights the real effects of financial markets based
on the information role of security prices (Chen et al. 2007; Bond et al. 2012). We present a novel
channel for the real effects of stock prices in dynamic oligopolies that are widely prevalent. Indeed,
we find that both equilibrium and off-equilibrium equity prices have an empirically significant effect
on firm-level real decisions as well as on aggregate dynamics.

A growing literature examines real and financial outcomes in industries with imperfect competi-
tion and entry. Some papers in this literature—such as, Aguerrevere (2009), Morrellec and Zhdanov
(2019), Bustamente (2015), Farhi and Guorio (2018) and Corhay et al. (2020)—consider investment,
but not the interaction of capital and real frictions with tacit collusion in a dynamic general equi-
librium setting, as is the case with our study. Opp et al. (2014) and Dou et al. (2021) analyze the
effects of tacit collusion in general equilibrium models with oligopolistic sectors. However, Opp et
al. (2014) consider a production economy with only labor input and hence do not consider the role
of capital, while Dou et al. (2021) analyze an endowment economy model with exogenous aggregate
output. Similarly, other papers in the literature, such as Bustamente and Donangelo (2017) do not
consider endogenous investment. Corhay et al. (2020) and Loualiche (2021) positively link entry
threat and risk premium in imperfectly competitive industries but do not consider the interaction of

tacit collusion with capital and real frictions.

3Morck et al. (1990) frame this issue by asking whether the stock market is a “sideshow.”



In contrast to this literature, we focus on the effects of tacit collusion on firm- and aggregate-
level real and financial variables in dynamic production economies with capital investment and entry.
Our study contributes by theoretically, quantitatively, and empirically showing the importance of
tacit collusion with endogenous capital and entry in helping explain firm-level and aggregate data
on salient real and financial variables. In particular, we highlight the importance of off-equilibrium
capital and real frictions on firms’ priced risks and real behavior, and the significant economy-wide
effects of fundamental shocks through the tacit collusion channel in oligopolistic sectors. Our study
is also novel in highlighting the role of real frictions, strategic entry deterrence, and time-varying
risks in helping resolve the ambiguous relation of concentration and returns in the literature.

The literature also considers effects of operating leverage (Lev 1974; Novy-Marx 2011), operating
profitability and investment (Aharoni et al. 2013; Fama and French 2015), and entry threat (Corhay
et al 2020; Loualiche 2021) on the cross-section of returns, as well as the time-varying effects of
market returns (Duffee 2005). In contrast, these firm, industry and macrofinance characteristics
play a prominent role in our analysis because they help resolve the theoretically ambiguous effect
of industry concentration on equity returns. More generally, these conflicting effects point to the
importance of capital and real frictions in understanding the cross-sectional relation of concentration
and returns.

The received dynamic oligopoly literature also focuses on symmetric SPE that maximize profits
through worst-possible credible punishment following defection (Abreu 1986) and notes the theoret-
ically ambiguous effect of concentration on markups (Brock and Scheinkman 1985). In particular,
Rotemberg and Woodford (1992) use this framework to analyze the effects of aggregate demand
shocks on economic activity in an oligopolistic production economy with tacit collusion. However,
our analysis is distinct from this literature because of our emphasis on the interaction of tacit col-
lusion, capital investment, entry and entry deterrence, and real frictions with equity markets; our
focus yields novel results on the interaction of financial markets with the real economy, as well as on

the relation of industry concentration and equity returns.

2 The basic model

We consider an infinite horizon, discrete time model (indexed by ¢ = 1, ...). For expositional ease,
we initially describe and analyze the basic model, which we subsequently extend to allow entry and

exit, as well as endogenous depreciation and capacity-based entry deterrence.



The economy consists of J consumer goods sectors (or industries) that each produce a homogenous
good, utilizing capital input from a (numeraire) investment goods sector. Firms in each industry are
unlevered and their equity shares are traded in frictionless security markets. Cash flows, determined
by operating profits net of investment and fixed capacity costs, are distributed to shareholders as
dividends. There is a continuum of identical consumer-investors (CIs) in the economy; the number
of Cls is normalized to unity, without loss of generality. CIs purchase consumption goods and
channel their savings back to firms through equity investment or investment in a riskless asset.

Firms maximize discounted expected shareholder value of real dividends.

2.1 Consumer preferences and consumption-investment choice

At each t, the representative CI chooses the consumption profile ¢; = (¢4, ...cs;) with given prices
p: = (p1t, ..., Dst), subject to an income constraint. The CI can invest in a riskless security (f) with a
unit mass that makes a unit payment next period. Asset holdings at the beginning of ¢ are denoted
by the vector q, with the associated dividend vector d; (and ds; = 1). Along with consumption, the
CI simultaneously chooses new asset holdings q;,; taking as given ex-dividend equity prices s;.

The CI has the constant elasticity of substitution (CES) form of Kreps and Porteus (1978) pref-
erences (Epstein and Zin 1989). At each t, the lifetime utility of the CI is recursively given by

1-n | 1—9q

Uy = {(1 - a)ctl_n + ali; [uttﬂ o ) (1)

o/(o-1)

J
where C; = Zgbj(cjt)("_l)/ "] is the aggregated CES consumption basket; o > 1 is the
j=1

common elasticity of substitution (ES); and 0 < ¢; < 1 are aggregation weights. Furthermore, «

1

is the subjective rate of impatience; v determines the degree of risk aversion; and ™" measures the

IES. For tractability, we do not consider non-financial income. The CI’s budget constraint is thus
P-c <q;-(di+8:) — a1 -8 =W, (2)

where W, is the net financial income. Because preferences are strictly increasing, the budget constraint
(2) will be binding in optimum. Intraperiod optimization yields the consumption demand functions

(Online appendix A.1):
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where P, = Z(qu)”(pjt)l"] is the aggregate (consumer) price index. Consumer optimum

j=1
implies that aggregate real consumption C; = %.
The CI’s portfolio optimization equates real current security prices %tt to expected present value

of real equity payoffs next period. Letting A; = g—lé’: = (1 — )C; "U;" denote the marginal valuation

at t, the SDF for the one-period investment horizon is A; ;11 = A*“, where

Ay
Cit1 -
A =
tt+1 Oé( C, >

S d;; +s
% _E, [At,m (M)} | 5)
t

="
Z/{t—i-l ] (4)
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Hence, asset prices satisfy

It will be useful to express (5) in terms of nominal returns,’ namely, the gross return Ry, =

(dt+18—‘tst+1> (with Rs411 = (1/s:)) by defining the nominal SDF Q;;,, = P, (%—f:) ,T7=1,2,... We
can thus rewrite (5) as the equilibrium asset market condition 1 = E; [€2;;1R41], where 1 and R4

are the unit and gross nominal returns vectors, respectively.

2.2 Production and capital investment

The representative firm in the typical sector produces output Y; through the production function®
Y= At(Uth)¢, (6)

where K, is the firm’s capital stock at the beginning of ¢; A; represents the stochastically evolving
industry-wide productivity level; 0 < 1) < 1 is the output elasticity of capital; and u,; € [0, 1] is the

firm’s capacity utilization at t. The sectoral productivity shocks follow an AR(1) process in logs,
ay = pay_1 + &y, (7)

where a; = In(A;) and ; are mean zero variables with a stationary variance-covariance matrix [\;]

across sectors. The sectoral productivity shocks are the only exogenous sources of risk in the economy.

4The literature on cross-sectional and time-series analysis of expected returns usually utilizes nominal returns (Fama
and French 1992, 1993; Lewellen 1999). Our cross-sectional and time-series tests also use nominal stock returns.
For notational ease, we suppress subscripts for sectors and firms unless necessary for exposition.



Firms can undertake capital investment, I;, by deploying a capital good and production capacity
evolves as

Kt+1 — (1 - 6>Kt + It; (8)

where 0 € (0,1) is the depreciation rate. For tractability, it is assumed that there is an infinitely
elastic supply of the capital good with unit price, so that relative prices for consumption goods are
defined in terms of the capital good.® Firms are subject to strictly convex capacity adjustment costs

(Lucas 1967; Liu et al. 2009) and the investment cost function is

I 2
V(1l;, Kt) = It + 0.5¢ (Et - 5) K, (9)

t

where ¢ is the capacity adjustment cost. The quadratic investment cost specification is common
in the literature (Summers 1981; Liu et al. 2009). Consistent with the real business cycle (RBC)

literature (Chari et al. 2000), we assume there are no adjustment costs in the steady state.

2.3 Equilibrium paths

All functional relationships in the model are common knowledge, as is the state of the economy,
denoted by the sequential filtration I';, which includes all economically relevant variables at the
beginning of t. Because industry productivity shocks are the only exogenous shocks in the model,
uncertainty regarding exogenous events in period ¢ is resolved conditional on T7.

Given Iy, firms (denoted by n) in each industry independently choose their prices p; = (pn¢)2_1,
where N is the number of firms in the industry. Firm-level residual demand functions F;(pp; Iy, pr)
are determined similar to the literature (Kreps and Scheinkman 1983; Brock and Scheinkman 1985):
The lowest-price firms sell as much of the quantity demanded subject to their production capacity and
all firms divide the demand equally. There are sector-specific constant variable costs h so that oper-
ating profits are IL,;(pns; pt) = (Pt — h) Fni(pnt), while capacity utilization is u,; = min (1, At(?(—"tt)w> )

Firms then independently decide their investments with the resultant dividends

Dt = Ht — \IJ([t, Kt) — mKt, (10)

6In the literature, multisector competitive production economy models with investment consider heterogeneous
capital input prices (Horvath 2000). Our modeling approach facilitates focus on tacit collusion in consumer goods
prices, as in the received oligopoly literature. It is also useful in highlighting the effects of tacit collusion because Euler
conditions in our model can be readily compared with the RBC or macrofinance literature. In addition, this approach
allows a parsimonious representation of fundamental shocks, which is helpful in our quantitative analysis.



where m is the (sector-specific) fixed cost for operating production capacity. Hence, d; = %. Negative
dividends are financed through equity issuance.

Firms are instructed by shareholders to maximize the conditional present value of real divi-

dends,

o0
. . Aptor ..
A Deer ) 1. or, in terms of the nominal SDF Q.. = P (247 ) | to maximize
L+ \ Py, ) ’ S+ )
7=0

Piyr

By

ZQMJFTDHT . Using the Bellman representation, we can define the nominal cum-dividend
7=0

value function recursively by Vi(I'y) = max,, 1,y D¢ + By [Vig1(T'e41)] . The ex-dividend value of the
firm is denoted by S;. Finally, similar to the literature, we adopt the convention that while there is
imperfect competition within sectors, firms take aggregate quantities and the SDF as given.

Our model specifies a multi-stage game with perfectly observed actions (Fudenberg and Tirole
1991), where I'; defines a subgame. Along a SPE, at every I'; : (i) the CI chooses optimal consumption
and portfolio policies (see (3) and (5)); (ii) in each sector, the profile of firms’ price and investment
strategies (p, I;) comprise a Nash equilibrium; (iii) no firm strictly gains from deviating from the
prescribed action at any stage and then returning to the equilibrium path thereafter; (iv) prices
pe clear the product market in each sector; and (v) stock prices s; clear equity markets, that is,
Arr1 = Qur1. Without loss of generality, firms’ shares are normalized to unity at every t. Note that

any SPE, <{pjt,ljt}§i0>;]:1, determines at each t firms’ dividends across industries (see (10)) and

wy

hence aggregate income W, (see (2)), price index F; and real consumption C; = 5

3 Tacit collusion and equilibrium characterization
We now characterize the equilibrium, focusing on the role of tacit collusion and capital investment.

The consumption function (3) yields the pricing or inverse demand function

(Y™ = o ()T (Wepr ) (1)

Note that p; is strictly decreasing in industry output and is well defined for all positive output levels.
Hence, price is ceteris paribus negatively related to industry capacity utilization (see (6)).

It facilitates intuition to consider tacit collusion and defection incentives in a one-shot setting,

with industry capacity K. As usual, we can characterize the maximal industry (monopoly) profits

in terms of prices or quantities. Using (3) and solving max, c¢(p®, W) (p — h) yields the monopoly

price p = (%) h. Utilizing (11) and (6) then gives the industry profit-maximizing capacity utilization

10



1_o-1 1%
4, = min (1 [%} ) . But one can reframe the choice problem in terms of choosing the
oh o (Kmad)o

profit maximizing industry capacity utilization, that is, @ € arg max, (p(Y?) — h) A(uK™®)"  which
yields the same solution. Now, @ can be implemented by setting firm-level capacity utilization u,, =
a(N )%, which is decreasing in N (since 1) < 1). Hence, @ > i, whenever N > 2.7 But 4, < 1 is
not incentive compatible in the one-shot game: Any firm n can reduce its price slightly from p, raise
capacity utilization to 1 and increase profits by (p — h)A(K)¥(1 — (@)?).

With an infinite horizon, firms can attempt to enforce tacit collusion on prices—through strategic
capacity utilization—based on credible retaliation threats. In particular, in the stochastic production
and financial market setting of our model, defection incentives will evolve stochastically as firms
evaluate their current profit gains from defection against loss of future equity value from retaliation.

We turn now to characterize the equilibrium path.

3.1 Equilibrium characterization

The worst credible punishment path following a defection is the Bertrand-Nash (BN) SPE, where
firms compete on prices subject to their capacity constraints. Consistent with the literature (Abreu
1986; Rotemberg and Saloner 1986), and to generate empirical predictions, we focus on the (symmet-
ric) optimal SPE that maximizes equity values of industry firms through tacit collusion enforced by
threats of switching to the BN SPE following defection. Along the BN SPE, firms choose capacity
utilization and investment policies (@, ft) subject to the constraint of no gains from defection to a
lower price. Because of product homogeneity and symmetric cost structure, the BN SPE involves
full capacity utilization (Kreps and Scheinkman 1983). We indeed verify that 4, = 1 in our setting

(Online appendix B.1). I, is determined by the Euler condition, 1 + ¢ (If(—tt — 5) = E; [8?;1} that

equates marginal investment costs with marginal expected present value of gains

OVig1
ol

B

"Note that the industry output with @ is ¥ = A(a(NK))?¥, which is implemented by @, such that NA(i, K)¥ =Y.
Thus, i, = 4(N )VT_ Furthermore, % is a decreasing and convex function with the range (0,00) on the domain
1 € (0,1). Hence, N~ <1andis decreasing in N.

11



where I:It+1 are the operating profits with full capacity production by all firms (Online appendix B.2).
The resultant dividends are D, = II,,; — \Il(ft, K;) — mK,;, which determine cum- and ex-dividend
equity values f/t, S‘t, respectively, through the asset market condition E; [Qt,tﬂ <Dt%tst“>] =1.In
particular, the OEP BN equity values will significantly affect equilibrium real and financial variables.

We now characterize the equilibrium path for the representative firm in the typical sector,
{ug, I*, S7}%°,. For any I';, the product price is pf = p;(Y;"%*), with the industry output Y;"¥* =
NAy(u; K;)¥, and resultant dividends D; (see (10)). Defection potentially occurs by some firm choos-
ing the price and capacity utilization (p} — ¢, u}), where ¢ is arbitrarily small and «} is the optimal
defecting capacity utilization. But a firm willing to defect and suffer future loss of value from retalia-
tion will seek to maximize current profits and set 4 = 1 (see Online appendix C.1),® thus yielding the
defection profits, IT¥ = (p; — h)A,(K;)?. Because a defecting firm reverts to the equilibrium path at
the next (investment) stage, it invests I; and the defecting dividends are D} = T} — WU (I}, K;) —mK}.

Following defection at any ¢, all firms switch to the punishment (BN) equilibrium at ¢ + 1 and

onwards. The tacit collusion incentive compatibility constraint (T'CIC) is therefore

Di — Df <Ey |V (Tega) — ‘7t+1(rt+1)] ; (13)

that is, current gains from defection do not exceed the future loss of value from retaliation. Because
of the equivalence between collusive prices and capacity utilization, firms’ equilibrium value function

is recursively defined by the constrained maximization problem

‘/;*(Ft) = max Dt +Et [‘/ij_l(rt+l)i| > S.t., (13) (14)

utG[O,l],It

To see the effects of the TCIC, note that the immediate cash flow gain from defection is D} — D} =

IT¥ — I} and hence the TCIC (13) becomes
(b — WYACKD (1= (4)*) < Bo [V (i) = Vi (D) (15)

(15) implies that gains from tacit collusion require excess capacity, that is, u; < 1, else V/,; = Vtﬂ.

Letting ¢; be the Lagrange multiplier for the TCIC, the optimality conditions with respect to

8The situation is more subtle if there are capacity depreciation costs of higher capacity utilization, a case we will
consider in Section 5.2 below.
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(uf, I}), respectively, are (see Online appendix C.2)

aDt St aDt
_ 16
8ut (1 + §t) 8Ut ’ ( )
I av;j_l . St Iy 8‘25—0—1
_{H@(Kt—a)}ﬂat{ah = mrot re () | R o

Equations (16)-(17) clarify the effects of TCIC on the equilibrium. In the absence of the TCIC or
when it not binding (¢; = 0), we obtain the unconstrained optimum for capacity utilization (u;)
and the standard Euler condition for investment (I;). But with a binding TCIC, higher capacity
utilization ceteris paribus lowers current dividends from defection, D;, by reducing the industry price
p: and hence the gains from defection to full capacity (see (15)). The optimal u; in (16) thus takes
into account its effect on relaxing the TCIC. Next, eliminating the Lagrange multiplier from (16)-(17)

and rearranging terms yields the Euler condition

I oV
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where y, = <g—%) / (%—fj) = (;—i) (pr — o(py — h)) and represents the shadow value of using
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ol

Xt (18)

investment to relax the TCIC. Now, investment impacts defection incentives through its effects on
(defection) dividends D; and on the punishment (BN) equity value next period because V;,; depends
on firms’ capacity, K;,1. Equation (18) therefore quantifies the effects of tacit collusion on optimal
investment. It also follows that the equilibrium path real decisions (uj, [;) cannot be determined
independent of the equilibrium and OEP equity values (S} and S;) because of the TCIC.

We note that (18) suggests novel effects of real frictions—specifically, fixed and capital adjustment
costs—on equilibrium policies through the tacit collusion channel. To explicate, suppose there is
defection at t, so that firms utilize the BN-equilibrium investment policies (f +)r>t+1. But these policies
and, hence equity values V;, are affected by fixed and adjustment costs (see (12)). For example,
because adjustment costs are strictly convex in I/K (see (9)), they will be affected by capacity
K (Abel 1981); hence, investment along the equilibrium path will impact adjustment costs in the

punishment equilibrium. Thus, in addition to the usual channels, real frictions influence equilibrium
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investment through their effects on off-equilibrium behavior. More formally,”
vy, oL I\’
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Comparing (18)-(19) and the BN-equilibrium Euler equation (12) above helps clarify the “non-

standard” effects of real frictions on investment in the tacit collusion equilibrium: The “standard
effects” are captured by terms in the first row of (19) while the effects due to tacit collusion are
reflected in the presence of OEP investment I, and the TCIC-related terms y, and Y, 41

The tacit collusion channel suggests that firms’ risk exposure due to fixed and adjustment costs,
which is highlighted in the literature (Jermann 1998; Carlson et al. 2004), will also be affected by the
interaction of these real frictions with off-equilibrium-path behavior. For example, higher adjustment
costs will ceteris paribus impede firms’ capacity modification to address the greater price competition
in the BN equilibrium. In a similar vein, higher fixed costs ceteris paribus raise value exposure to
lower profits of the BN equilibrium. We will build on this intuition below to examine aggregate effects
of real frictions and to derive predictions on the relation of industry concentration and returns.

Now, the TCIC will be binding as long as the monopoly outcome is not incentive compatible at
the firm level. However, in our model with a continuous state space, the monopoly outcome will
not generically be incentive compatible for realistic number of industry firms even in concentrated
oligopolies. In the other polar case, it can be shown—consistent with intuition—that u; < 1 is not
sustainable when the number of industry firms gets sufficiently large (Online appendix C.3). Thus,
the TCIC condition will generically apply for oligopolistic sectors except for low concentration levels;
our analysis will henceforth focus on equilibrium paths with binding TCIC.

In sum, the equilibrium path real and financial outcomes (uj, I}, S;) are determined from three
conditions: the Euler equation (18); the (binding) TCIC (13); and the asset market clearing condition
B¢ Q41 R}, ] = 1, where R}, = (D, + S;,1)/S;. But, as noted by Cochrane (1991) and Liu et al.

(2009), equilibrium returns can also be computed through the returns on investment (ROI) because

9Detailed characterization of the equilibrium path is given in Online appendix C.2. In particular, the detailed
representation of the Euler condition (18) is given in Equation (C2.27).
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the firm’s optimality conditions imply E; [Qt7t+1 ROI; +1] = 1. In particular, using (18),

oV Vg1
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ROI},, = [1+@<f%_5>1] (1_Xt)_ (20)

4 Model dynamics and outcomes

We now quantitatively analyze the equilibrium responses of salient real and financial model vari-
ables to the fundamental productivity shocks {A;};.,'" utilizing perturbation methods (Jin and
Judd 2002). Specifically, we undertake quadratic approximations around the deterministic steady
state of the model,!* an approach widely adopted by the literature (Schmitt-Grohe and Uribe 2004;
Kim et al. 2008); and desirable properties of the accuracy of such approximations are documented
in the literature (Caldera et al., 2011; Ferndndez-Villaverde et al. 2016; Andreasen et al. 2017).

Similar to the literature (Baxter and Curcini 1993; Boldrin et al. 2001), we implement our
quantitative model in a two-sector setting. To focus on the role of tacit collusion, we consider a
concentrated sector (sector 1) with tacit collusion and a low-concentration sector (sector 2) where
tacit collusion is not sustainable and there is Bertrand-Nash price competition. The BN equilibrium
path behavior not only serves as a useful benchmark for equilibrium outcomes in the concentrated

sector but also provides intuition on the effects of productivity shocks on its off-equilibrium behavior.!?

4.1 Calibration
We take industry-level data on capital, investment, output and productivity from the NBER-CES
manufacturing database. The latest data available are for 1958-2018 (annual). However, because pro-

ductivity data are generally available only through 2016, our sample period is 1958-2016. Consistent

10For parsimony, our framework follows the multisector general equilibrium literature (e.g., Horvath 2000) in focusing
on sectoral productivity shocks as the primary sources of risk in the economy. Empirically, sectoral productivity
shocks are a major component of aggregate shocks and the importance of the former relative to the latter appears
to be increasing in recent decades (Foerster et al. 2011). Our approach is also consistent with Gabaix (2011) who
emphasizes the microfoundations of aggregate shocks.

T As mentioned above, (9) implies that there are no adjustment costs in the deterministic equilibrium and OEP
steady states. And, consistent with the received RBC literature, we assume that there are no other adjustment costs
in the equilibrium steady state. We provide details on the OEP and equilibrium steady states in Section C.4 of the
Online appendix.

12For computational tractability, we take a linear approximation of the (OEP) Bertrand-Nash general equilibrium—
when the concentrated sector also follows the BN equilibrium path—around its deterministic steady state. This analysis
yields the policy functions for investment (f 1t) and ex-dividend equity price (S'u) that allow us to compute the (binding)
TCIC (13) for the equilibrium path simulations through quadratic approximations around the steady state when there
is tacit collusion in the concentrated sector. We utilize Dynare software (version 5.4) for our computations.
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with our framework, we focus on consumer goods industries. We obtain times-series data on capacity
utilization in U.S. manufacturing industries and consumer goods industry production from the Fed-
eral Reserve Board (FRB). We extract information on aggregate variables that match quantities in
our model from National Income and Product Accounts (NIPA). Specifically, we use real per capita
personal consumption expenditures on durable and non-durable goods to quantify C, and (nomi-
nal) per capita personal income on assets (or “financial income”)—that is, dividends and interest
income—to calibrate W (see (2)). We obtain population data from the U.S. Census Bureau and the
price deflator for personal consumption expenditures on goods (P) from the Bureau of Economic
Affairs (BEA). In addition, we obtain data on returns from Kenneth French’s website.

Table 1 summarizes the calibration for the baseline model. In the standard fashion, certain
parameters are externally calibrated, while others are internally calibrated to help match equilibrium
steady state outcomes and the model’s simulated moments with the data. We use a 1% annual
discount rate, that is, & = 0.99, which yields a steady state annual real risk-free rate of 1%, which
is close to the average real risk-free rate of 0.91% during 1960-2016. There is no consensus on
parameterization of relative risk aversion and the IES in the literature. We use a risk aversion of 5,
which is similar to Jermann (1998), and is close to the midpoints of the range of risk aversion (2-10)
considered reasonable by Mehra and Prescott (1985), as well as the range of risk aversion estimates
(2-7) in the finance literature (Elminejad et al. 2022). We set the IES (') at 1.9, which is consistent
with the parameterization in recent production-based asset pricing models (e.g., Croce 2014). We
internally calibrate the intratemporal ES ¢ = 5.99, which is in the range of ES estimates in Redding
and Weinstein (2020) and Broda and Weinstein (2006).

We construct the concentrated (or tacit collusive) sector with manufacturing industries that are
in the top quintile of sales concentration, defined as the industry sales share of the largest eight firms;
correspondingly, the low-concentration sector (or BN equilibrium) is constructed by industries that
are below the median sales concentration. The annual depreciation rates in the two sectors are in the
5%—5.3% range, consistent with their mean investment rate (IR), or the investment-to-capital ratio
(I/K), in the steady state, which equals the depreciation rate. This calibration is also consistent
with the RBC literature (Gomme and Rupert 2007). We calibrate the autocorrelation coefficients of
sectoral productivity shocks p; (see (7)) from the data. Meanwhile, there is a wide variation in the
literature regarding estimates of the capital adjustment cost parameter (), ranging from low to large

values over 20 (see Cooper and Haltiwanger 2006). In particular, Liu et al. (2009) report significant
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estimates of 7.7 and 1 using different estimation approaches. We therefore calibrate adjustment costs
in the concentrated sector at 8 and the low-concentration sector at 1.1* The production elasticities
of capital (¢;,j = 1,2) in the two sectors (0.49 and 0.46, respectively) are consistent with strictly
decreasing returns; these parameters, along with marginal and fixed costs, are internally calibrated.

The variance-covariance matrix of the productivity shocks is internally calibrated to match the
volatility of real per capita consumption growth for the baseline model. The assumed annual volatil-
ities of productivity shocks in both sectors are conservative; that is, they are lower than the range
utilized in the RBC literature (Gomme and Lakhagvasuren 2012) as well as in the aggregate cap-
ital investment literature (Bachman et al. 2013)." The negative correlation between the sectoral

productivity shocks is consistent with the data and with the conservative approach adopted here.

4.2 Productivity shocks and equilibrium responses

To develop intuition on the effects of tacit collusion on model dynamics, we utilize impulse response
functions (IRFs) and examine equilibrium path responses of salient firm and industry level variables
to (one standard deviation) sectoral productivity shocks, which are displayed below in Figures 1-3.
We follow these responses over a ten year horizon (horizontal axis); and, in the standard fashion, the
vertical axis represents the displacement from the “pre-shock” equilibrium path. These responses
also determine, through the general equilibrium mechanism, the endogenous responses of aggregate
variables in the model, namely, (W, P, C;) as well as the risk-free rate (77,41).

Figure 1 displays the dynamics of equilibrium responses to a positive productivity shock in the
concentrated sector (¢7;). We note that £, has a positive effect on equilibrium equity price S;; greater
than its impact on the OEP equity price Sy;. Consequently, the TCIC is relaxed (see (15)),'" and
the equilibrium capacity utilization (uy;) falls toward the monopoly level, consistent with intuition
on u; and tacit collusion provided in Section 3. This raises the industry price (py;) and sales (p1,Y1s),
thereby increasing dividends Dy, other things being equal. Higher dividends raise aggregate financial

income (W;), which has a reinforcing effect on industry price (see (11)).

13We use a lower value of ¢ for the non-concentrated sector to be consistent with economic survival in an industry
with implicit higher rates of entry.

1 Recall that the relationship between quarterly (¢) and yearly (y) volatility is A, = Aj\/(1 + p+ p% + p3). Using
aggregate data, Gommes and Lakhagvasuren (2012) estimate a quarterly productivity shock volatility of 0.86% with
p = 0.96, which implies an annual volatility of 1.66%. Meanwhile, Bachman et al. (2013) utilize SIC-3 manufacturing
data to calibrate a quarterly volatility of 2.73% with p = 0.86, which implies an annual volatility of 4.91%.

5Note that the TCIC (13) is defined in terms of levels of on- and off-equilibrium equity values. Hence, the dis-
placements of these equity values from the “pre-shock” equilibrium path quantify the effects of the shock on the
TCIC.
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In a related vein, there is a mutually reinforcing relation of p;; and the aggregate price index
P,. Indeed, because of the positive effects of W, and P, on industry prices, we also find a positive
general equilibrium effect of €], on the product price of the low-concentration sector (ps;) that follows
a similar trajectory as pi;. This reinforces the observed positive response of P; to £f,. Now, because
Cy = %, the net effect of ], on consumption is theoretically ambiguous. We find, however, that
consumption responds immediately and positively to &7,.

The effects of €], on the variables annunciated above are long-lasting even though they begin a

recovery to the original pre-shock levels after the immediate response. In particular, because of the

reversion process, the expected growth rate of consumption (Et [ln (C(tf)]) falls, which raises the
expected SDF, other being equal. This has implications for other variables of interest.

First, €}, raises the investment rate (IR) because of a positive efficiency effect. Because produc-
tivity shocks are persistent, higher current productivity ceteris paribus increases expected marginal
productivity of investment. Moreover, expected marginal value of investment rises because of the
increased expected SDF. This effect of ], on IR is also long-term. Indeed, while investment is ceteris
paribus negatively related to dividends, in the situation at hand &7, raises Dy; because of its strong
positive effect on sales. Second, the real risk-free rate (r},,,) falls. Third, higher expected SDF and
dividends are consistent with the positive effect on stock price (Sy;), which is not surprising because
the firm-, industry- and aggregate-level variables are jointly determined in equilibrium. And, fourth,
because of higher stock price, the expected equity return falls; indeed, even the risk premium falls,
despite the lower real risk-free rate.

Next, Figure 2 shows the general equilibrium effects of positive productivity shocks (holding
other things fixed) in the more competitive, low-concentration sector (£3,) on tacit collusion in the
concentrated sector. In the BN equilibrium, there is an immediate negative output effect of 5, on
industry price (pg;) because firms produce at full capacity. Consequently, because of the intratemporal
substitutability between products of the two sectors, there is a downward effect on the product price
(p1¢) and hence the aggregate price index P, falls. Because of productivity persistence, these negative
price effects are long term. Hence, there is an adverse efficiency effect on the concentrated sector
investment (IR;1). But because of significantly lower sales (p1,Y1;), dividends are reduced resulting in
lower aggregate income W; and consumption C;. Again, due to persistence, the expected SDF falls,
resulting in lower stock prices in both sectors (Sy;, Sa¢), as well as off-equilibrium path stock price Slt.

But in contrast to the earlier analysis, the TCIC now tightens resulting in higher capacity utilization.
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Moreover, in response to the lower expected SDF, the real risk-free rate rises, but the concentrated
sector risk premium still increases because of the significantly lower Sy;. Finally, Figure 2 helps
clarify the effects of productivity shocks when the concentrated sector is in the OEP punishment
(BN) equilibrium and hence provides intuition on the effect of ¢f; on the OEP equity price Sy
observed in Figure 1.

In sum, the IRF analysis above helps clarify the effects of tacit collusion and capital on firms’ and
financial markets’ equilibrium response to economy-wide fundamental shocks. Consistent with the
representation of defection incentives in the TCIC (see (13)), both on- and off-equilibrium responses
of equity markets to shocks and production capacities are central channels for firm- and aggregate-
level real effects of shocks. Thus, firms’ risk exposure to shocks is materially amplified through their

(shocks’) effects on defection incentives. Our analysis below will quantify this intuition.

4.3 Moments and correlations of simulated variables

We now present the moments and correlations of simulations from perturbations around the
steady state.!® We also provide the corresponding figures from the data. Panel A of Table 2 displays
the simulated volatilities of capacity utilization (u;) as well as log changes in investment rates in
the concentrated sector (g;.1) and the low-concentration sector (g;,2). For the endogenous aggregate
variables, we report the volatilities of log changes in aggregate real consumption, financial income
and price index (gc, guw, gr)-

With tacit collusion, the volatility of capacity utilization generated by the model is 9.35%, com-
pared with the 18.11% in the data.!” However, the volatility of log changes in the investment rate
(gir1) is 8.9%, which is lower than the data (15.7%). But despite significantly higher volatility of
productivity shocks, lower adjustment costs, and similar production elasticity parameterization, the
investment rate volatility in the low-concentration sector (g;.2)—that follows the BN equilibrium
path—is far lower than in the data. And, of course, the volatility of capacity utilization is counter-

factually zero in this sector. In addition, untabulated results show that the mean investment-to-sales

16The steady state equilibrium capacity utilization in the concentratrated sector (54%) implies that the average
capacity utilization in our two-sector economy is 77%, which is close to the mean 79.6% capacity utilization in the U.S.
manufacturing sector in our sample period. We note that the FRB data on capacity utilization only cover a relatively
small number of industries and there is sparse representation of the industries that comprise our concentrated sector.
We therefore use the capacity utilization in the manufacturing sector as the benchmark. And as mentioned above,
through the choice of the depreciation rates, the steady state investment rates (IR) in both sectors closely match their
respective sample means.

17This is the annualized volatility of the raw monthly manufacturing sector capacity utilization data from FRB
during 1962-2016.
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ratio (ISR) in the concentrated sector is 0.01 compared with 0.03 in the data; in contrast, the mean
ISR in the low-concentration sector is lower than the data by a factor of 100. We conclude that the
tacit-collusive equilibrium path fits capacity utilization and investment data significantly better than
the BN equilibrium path. For parsimony, we will henceforth focus on the concentrated sector.

For the aggregate variables, the volatility of log changes in real consumption generated by the
model (2.7%) is close to the data (2.6%). But the baseline model understates the volatility of log
changes in financial income (3.4%) and aggregate price index (1%) relative to the data (6.3% and
2.8%, respectively).

In Panel B, we display the correlation of firm-level and aggregate variables (uy,IRy, W, P,C')
generated by the model. The sectoral investment rate (IR;) is positively correlated with (W, P, C),
which is similar to the data, but the model correlation coefficients are significantly lower than in the
data. Equilibrium capacity utilization in the model is negatively correlated with (W, P, C') and this
is similar to the data, although the model correlation coefficients are significantly higher than in the
data.!® In untabultaed results, we also find that, similar to the data, the model generates a very high
correlations among W and P and C.

Panel C analyzes the four-year autocorrelation coefficients (AC'F') of log changes in salient con-
centrated sector and aggregate variables. In untabulated results, the model matches the high positive
autocorrelation coefficients of capacity utilization (u;) and the aggregate variables (W, P,C') in the
data. Turning to Panel C, the model generates negative serial correlation in investment rates (g;-1),
similar to the data (except for year t — 3). There is negative but very low autocorrelation in con-
sumption (g.), which is distinct from the positive ACF(1) and ACF(2) in the data, but similar to
the negative and low ACF(3) and ACF(4) in the data. The autocorrelations in financial income
(gw) and untabulated price index (g,) in the baseline model are not consistent with the data. As we
will show below, however, the autocorrelation of g,, generated by the extended model with entry and
exit is closer to the data.

Panel A of Table 3 displays simulated model moments and correlation coefficients of the concen-
trated sector returns and the economy-wide real risk-free rate. The mean real risk-free rate is 0.86%,
which is very close to the 0.91% average real risk-free rate in our sample, in contrast to the well

known “risk-free rate puzzle” (Weil 1989). The volatility of the risk-free rate (0.11%) is significantly

18The literature documents pro-cyclical capacity utilization by using national income, and not per capita financial
income. To our knowledge, the literature has not investigated correlation of manufacturing capacity utlization with
the price index and per capita consumption of durables and non-durables.
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lower than the corresponding volatility in the data (2.15%), however. The mean equity risk premium
(ERP) is 2.87% versus the mean value-weighted industry portfolio ERP of 6.94% in our sample. The
model generates ERP volatility of 11.87% compared with 22.95% in the data. As benchmarks from
the macrofinance production-based asset pricing literature, Croce (2014) uses a risk aversion of 10
and IES of 2 and finds significantly higher risk-free rate and lower ERP without long-run productiv-
ity risks (the comparable setting to our model). Jermann (1998) utilizes additive utility preferences
and finds a significantly higher risk-free rate and lower ERP with adjustment costs but no habit
formation. Thus, strategic interaction among firms appears to induce additional volatility in the
SDF given that the volatilities of consumption and income generated by our model are either close
to or understate the data (Table 2).

In Panel B of Table 3, we show the autocorrelations of the real risk-free rate and the ERP. The
model generates positively autocorrelated risk-free rate, which is similar to the data. However, the
ERP generated by the model also is positively correlated; in the data, ACF(1) and ACF(2) are
negative while ACF(3) and AFC(4) are positive.

Overall, the baseline quantitative analysis shows that the effects of fundamental shocks on defec-
tion incentives can raise mean firm-level equity risk premia (ERP) and lower aggregate real risk-free
rate (compared with benchmark models) even when consumption volatility matches the data. The
baseline model understates the volatilities of firm-level capital investment and ERP, as well under-
stating volatilities of aggregate income, price index and real risk-free rate. We now turn to examine

the effects of entry and exit.

4.4 Entry and exit

We now consider the interaction of entry and exit with tacit collusion by analyzing model dynamics
when there is entry and exit. Endogenous entry along the tacit collusion equilibrium path occurs
because of productivity shocks that potentially raise expected industry profits. Given I';, a finite
pool of symmetric firms (1,..., N¥) is sequentially given the opportunity to enter after expending
sunk entry costs (¢;) and investing in production capacity that becomes available at ¢ + 1, consistent
with the timing conventions of the model and with the literature (Ericson and Pakes 1995). Similar
to the literature, in our quantitative analysis, we focus on symmetric equilibrium paths (Bilbiie et
al. 2012). In particular, entry capacity size is symmetric with incumbents as in Brock (1972) and
Smith (1974), and firms enter at ¢ with capacity choice K7, ;. In practice, there is displacement of

less efficient firms (possibly due to idiosyncratic shocks) by entrants and, indeed, the asset pricing
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literature highlights displacement risk (Berk et al. 2004; Garleanu et al. 2012). Similar to the
literature (Bilbiie et al. 2012; Corhay et al. 2020), we model displacement risk along the tacit
collusion equilibrium path through an exit rate x; € (0,1). The “law of motion” of the number of
firms is Ny441 = (1 — 21)(Ny; + e1¢), where ey, is the number of entrants at ¢. In equilibrium, entry
occurs as long as (1 — x1)By [V ] — (K70 + () > 0.

We choose entry cost calibration in the concentrated sector to allow a meaningful quantitative
comparison of equilibrium path outcomes with those of the baseline (no entry) model considered
above;!? this is useful to build intuition on the effects of entry and exit with tacit collusion and
capital investment. The exit rate is internally calibrated at 1% to reduce the distance between the
second moments and ACF generated by the model with the data. Apart from the exit rate and entry
cost, the model calibration is the same as in Table 1.

Because of exit, industry capacity falls (unless offset by sufficient entry), which ceteris paribus
raises product prices and hence expected investment returns (ROI;1). This increases optimal invest-
ment and hence capacity sizes of incumbent firms, other things being equal. Thus, exit has conflicting
effects on entry in a production economy with endogenous capacity: On the one hand, exit induces
entry by raising expected returns of incumbent firms; on the other hand, it deters entry because the
required initial capacity (Kj 1) increases.?’

Figure 3 shows the equilibrium response of some salient variables to a positive productivity shock
in the concentrated sector (g7;). We start by focusing on the effects on entry. Because of the positive
efficiency effect (noted earlier), investment rate (IR;) increases and hence K4 rises. The latter raises
entry capacity costs and the initial effect of €], on entry is negative. But this reduces the number
of incumbents in the next period, raising expected returns and entry rate subsequently rises so that
the number of entrants (e;) reverts to the initial levels after two years. This “reverting” effect of
productivity shocks on entry rate is an implication of endogenous capacity entry costs. But because
of exit, the number of incumbents is still below the pre-shock levels, which raises product prices in

subsequent periods allowing capacity utilization (u;) to fall (as explained previously). As the number

19We keep the low-profit low-concentration sector and the off-equilibriun path (OEP) “closed” with a fixed number of
firms, as in the baseline model considered earlier. The entry cost is calibrated so that entry is not optimal with the same
number of firms and steady state outcomes as in the baseline case. These assumptions ensure that we characterize
the equilibriium path with entry and exit through perturbations around the same steady and OEP policies as in
baseline model. We find, however, that allowing OEP entry and exit adds to computational complexity but does not
significantly affect the outcomes.

20But these effects of exit are not present, however, in entry models without production capacity costs of entry, such
as Bilbiie et al. (2012), Corhay et al.(2020) and Loualiche (2021).
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of incumbents recovers due to continued entry, the positive effect of £, on p; reaches its maximum
about two years after the shock and then begins a slow decline. Consequently, the negative effect of
e}, on u; also reaches its maximum after two years.

Meanwhile, because of higher output, there is an immediate downward effect of £]; on the current
industry price (pi¢), which recovers quickly as in the subsequent period because the number of
incumbents is still below the pre-shock level. Due to intratemporal product substitutability, however,
the lower py; reduces demand for the sector 2 product, leading to a significant reduction in pg; and
hence Ds,;. Consequently, the aggregate implications of ], are that P, and W, fall (despite the rise
in dividends of the concentrated sector) but revert to their original values two years after the shock,
in line with the price and entry trajectories. C} also falls but begins recovery only after two years so
that the expected SDF rises due to lower expected growth of consumption. Hence, the real risk-free
rate initially falls but then recovers at t + 2 as consumption growth reverses the initial effect. In
contrast, €], has a strong positive effect on equity price Si; because of higher expected SDF and
dividends. Because of the higher Si;, the ERP falls—despite the lower risk-free rate—but recovers
by the second year after the shock.

A visual comparison of the trajectories of the salient model variables in Figures 1 and Figure 3
indicates greater volatility in the presence of entry and exit, as the post-shock trajectories get reversed
relatively sharply. This intuition is verified in the simulation outcomes with entry and exit reported
in Table 4. For expositional parsimony, we display results of variables that are most significantly
different from the baseline model outcomes (Tables 2 and 3). Panel A of Table 4 shows that, relative
to the baseline results, entry and exit significantly raise the volatilities of concentrated sector capacity
utilization, investment rates, as well as consumption; indeed, these now exceed those in the data.
The volatility of aggregate price index and financial income also rise, with the former essentially
matching the data, while the volatilities of investment rates and financial income are closer to the
data relative to the baseline model.

Panel B of Table 4 shows significant changes in the autocorrelation patterns of log changes in
consumption and income (relative to the baseline). Log changes in consumption are now significantly
positively autocorrelated for years ¢ — 1 and ¢t — 2, similar to the data. The positive autcorrelation
over longer horizon (years t — 3 and ¢ — 4) does not match the data, however. A major change
(from the baseline) is the autocorrelation pattern of log changes in financial income: These are now

significantly positively autocorrelated, similar to the data. Untabulated analysis shows, however,
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that the ACFs of the aggregate price index are still not consistent with the data and the correlation
of the investment rate (IR;) with W and P is weakly negative (with entry and exit).

There is an intuition that with higher consumption and, hence, value volatility, endogenous entry
in the presence of tacit collusion and capital will amplify firms’ risk exposure to fundamental shocks.
In Panel C, we indeed find that entry and exit improve the empirical performance of financial returns
compared to the baseline model above. The mean sectoral equity premium is 5.2%, which is much
closer to the data (6.9%) compared with baseline model and the volatility of ERP is also substantially
higher. Moreover, the risk-free rate is still close to the data (0.94% versus 0.91%) and its volatility
is now much closer to the data.

We conclude that entry and exit improve the fit of the model with data along some dimension,
but not so in others, consistent with the view that the data reflect a large number of industries with
widely varying rates of entry and exit. Our analysis highlights the effects of variations in oligopolistic

industry structure due to endogenous entry and idiosyncratic exit on aggregate dynamics.

4.5 Micro and aggregate effects of adjustment costs

In Section 3.1, we noted the effects of real frictions on equilibrium outcomes through the tacit
collusion channel. We now quantitatively analyze firm- and aggregate-level effects of variations in
capital adjustment costs. Specifically, we simulate our economy with entry and exit (Section 4.4) when
capital adjustment costs are significantly higher in the concentrated sector relative to the baseline
calibration (¢, is raised to 14 from 8, holding other parameters the same). We display simulated
moments of salient variables in the second column of Table 5, and use Table 4 for comparison. Not
surprisingly, volatility of log changes in investment rate falls significantly and the volatility of capacity
utilization is also reduced. We find, however, that entry becomes more lumpy with higher capacity
adjustment costs. Untabulated results show that mean entry per period falls while its volatility rises
and, consequently, the volatilities of log changes in industry product price and dividends increase. We
thus see higher volatility of log changes in W, P and C'. In addition, because of the increased friction
in accommodating productivity shocks both on- and off-equilibrium path, the mean and volatility of
firm-level risk premium as well as the real risk-free rate rise. In sum, real frictions further amplify
the effects of endogenous entry on firms’ risk exposure along the tacit collusion equilibrium path.

A useful benchmark for these results is the influential literature that examines the aggregate
effects of firm- or plant-level real frictions (Veracierto 2002; Khan and Thomas 2008). This literature

generally finds that in competitive settings such frictions are essentially irrelevant for aggregate
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dynamics in general equilibrium because prices adjust to compensate for the frictions. In particular,
Khan and Thomas (2008) analyze a model with non-convex adjustment costs in a competitive setting
and do not consider entry with capacity and sunk fixed costs. They conclude that adjustment
costs are essentially irrelevant for aggregate dynamics once factor supplies are allowed to adjust in
general equilibrium. Our model assumes infinitely elastic supply of investment goods and smooth
adjustment costs. Nevertheless, we find significant effects of firm-level adjustment costs on aggregate
dynamics with tacit-collusive prices and endogenous entry with fixed and capacity costs. Intuitively,
the compensating price mechanisms that appear to be responsible for the neutrality results in the

literature are restricted due to tacit collusion and real frictions in entry.

4.6 Micro and aggregate effects of productivity processes

We examine next the effects of volatility and persistence of productivity shocks through the tacit
collusion channel. Column 3 of Table 5 displays the results when the productivity persistence of the
concentrated sector is varied from 0.73 (in the baseline) to 0.63, holding other parameters the same;
and Column 4 repeats the same procedure when productivity volatility in this sector is reduced to
0.05%. We find that variations in the parameters of the productivity process in the concentrated
sector have marginal effects. In contrast, as seen in Columns 4 and 5, relatively small variations in the
productivity persistence (from 0.96 to 0.95) and volatility (from 1.5% to 1%) in the low-concentration
sector have substantial effects on the tacit collusion equilibrium of the concentrated sector, especially
on the risk premium. In Section 4.2 above, we qualitatively highlighted the cross-sectoral or general
equilibrium effects of productivity shocks in the low-concentration sector on response functions in
the concentrated sector, as well as the aggregate effects of these shocks. The analysis in Table 5

indicates that these general equilibrium effects are quantitatively quite significant.

5 Industry concentration and equity returns

As mentioned before, the literature presents conflicting evidence on the cross-sectional relation
of industry concentration and equity returns.?! In this and the next section, we show—conceptually,
quantitatively and empirically—that tacit collusion with endogenous capital can help resolve the
observed ambiguity in the concentation-return relation. Now, the cross-sectional regressions of returns

on industry concentration are partial, or industry, equilibrium in that they take as given concentration

2'We are grateful to an anonymous referee for highlighting this issue to us.
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and other covariates that affect returns. That is, these regressions empirically examine comparative
statics on returns with respect to exogenous variations in variables that are (at least temporarily)
taken as given. We therefore analyze the implications of tacit collusion and capital investment on
the concentration-return relation in this setting.??

Intuitively, industry production capacity plays a central role in tacit collusion because, as seen
above, defection incentives are determined by firms’ production capacities both on and off the equi-
librium path. In particular, along the equilibrium path, defection incentives are positively related to
excess capacity, while these incentives are negatively related to industry capacity in the OEP punish-
ment path. But industry capacity is strongly affected by concentration. Hence, there is a clear link
between concentration and risk premium through the effects of the former on defection incentives.
More concisely, let us denote, for any variable H;, Ay(H;) = Hy(N + 1) — H,(N). Then it can be
shown using the TCIC (13) (see Online appendix D) that the effect (in terms of sign) of increasing

the number of industry firms on equilibrium industry price is

An(pr) o< Ay (Et [WH(FtH) - ‘N/;EJrl(FtJrl)]) — (pe — h)An(Y; = V2), (21)

where Y; is the firm’s production at full capacity. The first term in RHS of (21) represents the
punishment effect (PE) of lower concentration and is generally positive, while the second term is the
market dilution effect (MDE) of lower concentration and is negative. Thus, variations in concentration
generally have ambiguous effects on p;. The effects of industry concentration and firm-level dividends,
ApN(Dy41), and hence the risk premium, Ay (E; [R;41 — Ry4+1]) , are therefore generally ambiguous.

Now, if Ax (4441) and Ay (Ry441) are small because of realistically large number of sectors, then
the industry Ay (E; [Rip1 — Ryg41]) >~ —AnCouvy <Qt,t+1, (Dt%tst“)) Ry¢+1 (Online appendix D).
But if the MDE is strong relative to the PE, then Ay (Dt%ts”q < 0 and the covariance of the SDF
with equity payoffs increases (in magnitude) with N, so that Ay (E; [Riy1 — Rye+1]) > 0, that is, the
risk premium is negatively related to concentration. An opposing argument applies when the PE is
relatively strong, so that Ay <D’%tst“> > 0 and hence ceteris paribus Ay (E; [Ri+1 — Rye41]) > 0.
We now derive testable empirical hypotheses (or predictions) on the relation of concentration and
returns by considering firm-, industry- and macro-level characteristics that help resolve the conflicting

MDE and PE of concentration on the risk premium.

22Quch partial equlibrium analysis is often utilized in the literature as part of general equilibrium analysis (Veracierto
2002; Opp et al. 2014)
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5.1 Operating leverage, profitability, and adjustment costs

Consider first the case of firms with high operating leverage-to-operating profitability (OL/OP)
ratios. Firms with sufficiently high fixed costs, or high OL/OP ratios, will ceteris paribus have low
dividends and equity values in low W; (or high SDF) states. With smooth consumer preferences
and production relationships (see Section 2), S} = E; [V;*_‘FJ is continuous in W;.?* Hence, for every
el > 0, there exists €}’ > 0 such that S} < € whenever W; < €} (holding fixed other elements
of T';). But due to limited liability, S; and S, are uniformly bounded below by zero. Hence, for
OL/OP sufficiently high and W; sufficiently low, the PE, E; [W—h — fftﬂ] , can be made arbitrarily
close to zero. Consequently, for such firms the MDE must dominate the PE in high SDF states
because the markup (pj — h) stays strictly positive along tacit collusive equilibrium paths. The
argument above then implies that Ay (E; [R},, — R}, +1]) > 0 for firms with high OL/OP ratios.
Similarly, in low W; (or high SDF) states, firms with high adjustment costs ceteris paribus can not
reduce their production capacities, lowering [, [Vtil] and weakening the punishment effect. Hence,
Ay (Et [R;*H - R?Hl]) > 0 for such firms.

An opposing argument applies for firms that have high OP/OL ratios because of low marginal
costs relative to fixed costs. In this case, S; stays strictly bounded away from zero even in low
income states and hence the PE remains significant in high SDF states. Reversing the argument in
the previous paragraph, Ay (B, [Ry, — R},4]) < 0 for firms with sufficiently high OP/OL ratios.**
In a similar vein, optimal investment (I;) is ceteris paribus negatively related to fixed and capital
adjustment costs (see (18)). High investment firms therefore ceteris paribus reflect relatively low fixed
and/or low adjustment costs so that Ay (B, [R},; — R, +1]) <0 for such firms.

It is useful to quantitatively demonstrate the opposing relation of equity returns and industry
concentration based on the foregoing analysis. To do so, we adapt the baseline general equilibrium
quantitative model of the previous section (Sections 4.2 and 4.3) to an industry equilibrium where
aggregate income and price index (W, P,) are taken as state variables (rather than being endogenous).
We consider the relation of returns and concentration over a range of fixed cost, marginal cost, and
adjustment costs parameterizations. Hence, for computational tractability, we adopt the loglinear

approach of Jermann (1998) and Horvath (2000) who also quantitatively analyze returns (or asset

23The value functions V;* and V, will be continuous in the state variables from an application of the Theorem of the
Maximum or from the arguments in Blume, Easley and O’Hara (1982).

24This prediction applies even in the absence of entry. Hence, it is different from Corhay et al. (2020) where a positive
relation of concentration and risk premium arises because of entry induced by higher profits in more concentrated
industries. The argument here relates to firms with higher operating profitability at a given level of concentration.
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pricing) in production economies.?® In this approach, the logs of firms’ state (W;, P, A;), namely,
w, = (wy, 7, a)7 follow an AR(1) process, that is, u, ., = pp, + €441, where € is i.i.d mean zero
with variance-covariance matrix ¥ = [%;;] and p is the square diagonal matrix of auto-correlation
coefficients with diag(p) = (pu, Pr> Pa), 0 < p < 1.

Considering the loglinear representation of returns in our framework provides additional intuition
on our model. Using the standard Campbell and Shiller (1988) loglinear approximation, equity
returns are given by 7,11 = a0 + #p1lai+1 — bar + diy1 — di, wWhere £g is the log price-dividend
ratio log(S;/D;), and sy and 3 are approximating constants that depend on the mean level of
¢4 . As seen above, because of tacit collusion, firms’ equilibrium real policies—and hence dividends—
depend on the aggregate and industry state variables, their existing capital stock and on- and off-
equilibrium stock prices. Consequently, the equilibrium price-dividend ratio is a (linear) function of
the logs of aggregate and industry state variables, as well as the endogenous off-equilibrium stock
price (see Online appendix D.2). The latter distinguishes our analysis from the standard loglinear
return representation in production-based asset pricing models. Heuristically, the coefficients of
{4 capture firm and aggregate responses to sectoral productivity shocks through their impact on
defection incentives from tacit collusion that have been analyzed in general equilibrium above.?°

We parameterize the variance-covariance matrix of shocks to p, = (wy, 7, a¢)7 (that is, ) from
NIPA data on financial income and consumer price index, as well as the NBER-CES database for
consumer goods industries. We maintain the parameterization relating to the discount factor, risk
aversion and IES from the previous section; the taste-factor parameter (¢) takes a lower value to
reflect a generic industry rather than sectors; and the ES (¢) is again in the range estimated by
Broda and Weinstein (2006). The calibration is summarized in Table A.1 of the Online appendix.
We simulate conditional equity returns for various concentration levels as well as a range of OL, OP,
and adjustment costs. The means of simulated returns are displayed in Figures 4 through 6 through
(three-dimensional) “surface maps” plotted against industry concentration and model parameters.

The analysis above predicts that for firms with relatively high OL/OP ratios, the mean re-
turns will be positively (negatively) related to number of industry firms (concentration). And the

concentration-risk premium relation will reverse in sign—that is, be positive—for firms with rela-

25 Jermann (1998) and Horvath (2000) study production economies in a competitive setting. A substantial strand
of the RBC and macrofinance literature also utilizes log-linear analytic approximations around a deterministic steady
state, including dynamic models with tacit collusion (Rotemberg and Woodford 1992).

26 Methodologically, equilibrium investment and capacity utilization policies have to be determined simultaneously
with the stock price, which requires solving a higher-order polynomial compared with the standard case.
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tively high OP/OL ratios. We parameterize high OL/OP ratio firms by choosing high ratios of fixed
to marginal costs (that is, m/h) and conversely for high OP/OL ratio firms. Figure 4 considers the
case of high OL/OP ratio firms and shows that mean returns are monotonically negatively related to
concentration, consistent with the predicted relation, for an open interval of high ratios of fixed and
marginal costs. Next, Figure 5 analyzes the case of firms with high OP/OL ratios, or low OL/OP
ratio firms, by using significantly lower ratios of fixed and marginal costs. In contrast to Figure 4,
but consistent with the theoretical prediction above, mean returns are now monotonically positively
related to concentration. Finally, Figure 6 analyzes the effects of high adjustment costs on mean
returns. In this case, we set the OL/OP ratio to be significantly lower than in Figure 4; nevertheless,
for high adjustment costs, there is a negative relation of mean returns and concentration, similar to
Figure 4. This analysis confirms that high adjustment costs affect the concentration-returns relation

along a channel similar to high operating leverage, as we argued in Section 5.1.

5.2 Endogenous capacity depreciation

The RBC literature examines the implications of endogenous depreciation through capacity uti-
lization, but generally in a competitive framework. However, the trade-off between capacity uti-
lization and depreciation will influence tacit collusion by affecting the relative strengths of PE and
MDE.?" Intuitively, because of depreciation costs of higher capacity utilization, (i, f(t) will ceteris
paribus be lower, raising prices and equity values in the BN equilibrium and weakening the PE. But
defecting firms will not necessarily produce at full capacity, which will weaken the MDE.

To show this, we let K1 = (1 — 0(uy))K; + I, where ¢ : [0,1] — [0,1] is strictly increasing
and convex on (0,1). Similar to Greenwood et al. (1988), we set d(u) = %ug,é’ > 1, so that the
marginal depreciation cost of capacity utilization d(u) = u‘~'. Hence (for a fixed u < 1), both
6(u) and 6(u) are strictly decreasing in &. We verify that @ < 1 and @ < 1 for £ not too high
(Online appendix E). Our focus is on the effect of £ on the risk premium. As noted above, there
are two opposing forces at play here. Lower & (that is, higher §(u)) ceteris paribus weakens the
PE by reducing (a, f(tﬂ). This is easiest to see in the punishment equilibrium steady state where

oK

it can be shown that P > 0 when the marginal cost h is not too large (see Online appendix E).

Thus, higher depreciation costs (lower &) ceteris paribus weaken the PE. On the other hand, lower &

*

dampens defection incentives along the equilibrium path because D* — D* = (p* — h)(@* — u*) and

2TWe are grateful to an anonymous referee for pointing this out to us.
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86—7? > 0 in the steady state. The weaker defection incentives allow higher tacitly collusive prices to be
sustained in equilibrium with lower industry concentration and weaken the MDE. The net effects of ¢
on equilibrium markups and the risk premium are hence theoretically ambiguous. However, because
the PE is (potentially) of infinite duration, we expect that the PE will be weaker than the MDE
for sufficiently high 5(u) Thus, the prediction is that for industries with high depreciation costs of

capacity utilization, Ay (B [R},, — R},.4]) > 0.

5.3 Strategic entry deterrence

A theoretical literature highlights strategic entry deterrence through firms with market power
(Spence 1977; Dixit 1980). We derive empirical implications for the concentration-returns relation by
obtaining from the equilibrium entry condition (Section 4.4) the conditional probability mass function
for the number of potential entrants @7, , = Pr (e;‘H = z‘ft> ;0 =0,1,..., N°. The corresponding

: ) : * * o —
incumbents’ value functions are denoted V', (I'i11,e;,, = 1) =V,

i1(Deg1). In general, let K7, | be

the profile of incumbents’ capacities at ¢t + 1 and partition the state I';; = (f‘t+1, K}, ,). If the MDE
dominates PE, then for all potential entrants, V%, | (K}, ;, Tp1) < ij"tﬂ(f(;l, Ty if K; > IV(Z‘H.
Optimal entry thus implies that the distribution ®;,, = (®§ 4, ..., P}, ;1) is decreasing in K}, in

the sense of first order stochastic dominance if the MDE dominates. Therefore,

OBy (Vi (Tei)] = x OB.r [%ft+1(K;+17ft+1):| Ne 9o

A P Ll [v.* KT 99
aI; 122(; 3,t41 aK;:rl +Z(; 8K£k+1 t,I' z,t+1( t+1» t+1) ) ( )

1=

where E, r[-] denotes expectations with respect to exogenous state I';,1. Now, if the MDE is dominant,
then V; ,, is decreasing in i and ®;,, is decreasing in K}, ;; hence, the second term in (22) is positive
when the MDE is strong. In this case, we get K{7, = K; + I/* > K | = K{ + I, where I{* and I}
denote investment with and without entry threat, respectively. We conclude that in industries where

large incumbent capacities deter entry, higher capital investment indicates a strong MDE and hence

the effect of investment on the concentration-returns relation should be stronger.

5.4 Time-varying relation of concentration and returns

For analytic tractability, and similar to the common approach in the RBC and asset pricing
literatures, we have assumed that the variance-covariance matrix ¥ of innovations to the state
variables is stationary. However, a large literature considers time-varying risk premia. In par-

ticular, Duffee (2005) finds that the conditional covariance between aggregate stock returns and
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consumption growth is high in times of high aggregate stock returns. Because aggregate returns

are weighted averages of firm-level returns, this finding would imply that in our setting, on aver-

Df+1s+*57+1 Rt) < —Cou, (Qt,t+1,D:+15~tS:+l
t t

It then follows that | Ay (B [Riyy — Rjen] [ f) | > ] An (Be[Riyy — Ryp] | i) | Hence,

Ay (Et Rty — Ry | Rt> > Ay (Et Rty — Rpp]| Rt> > 0 for high OL firms, and this in-

age, —Cou, (Qt,tﬂ,

Rt) , for aggregate return R, > R,.

equality will reverse for high OP and high investment firms (Section 5.1).

Another source of time variation in the concentration-return relation is secular trends in industry
fundamentals. Markups and industry concentration in U.S. have increased significantly in recent
decades (Farhi and Gourio 2018; Autor et al. 2020; De Loecker et al. 2020), and these trends are
consistent with our sample (Table A.2 of Online appendix). The literature relates higher markups
to technological changes that have raised fixed costs (Berry et al. 2019), consistent with evidence
that higher concentration and markups are due to a few efficient (“superstar”) firms with higher
fixed-to-marginal cost ratios (Autor et al. 2020). For the concentration-return relation, a secular
trend of increasing fixed-to-marginal cost ratios should weaken the PE for high OL firms and hence
strengthen the negative effect of OL, while superior efficiency of incumbents implies less reliance on

capacity for entry deterrence and hence a weakening effect of investment.

5.5 Summary of empirical hypotheses

We now summarize novel empirically testable hypotheses derived in this Section, which we will
test below. The first three hypotheses are derived from extending the arguments in Section 5.1.
The first part of these hypotheses predicts that the slope of equity returns with respect to industry
concentration is monotone in operating leverage, operating profitability and investment. The second
part asserts that the concentration-returns relation becomes positive or negative for sufficiently high
values of these firm characteristics.
Hypothesis 1. Industry concentration is ceteris paribus more negatively related to returns of firms
with higher operating leverage and the return-concentration relation is negative for high operating
leverage firms.
Hypothesis 2. Industry concentration is ceteris paribus more positively related to returns of firms
with higher operating profitability and the return-concentration relation is positive for high operating
profitability firms.
Hypothesis 3. Industry concentration is ceteris paribus more positively related to returns of firms

with higher investment and the return-concentration relation is positive for high investment firms.
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Next, Section 5.2 predicts that industry concentration will be negatively related to risk premium
when marginal depreciation costs of capacity utilization, ) (u), are high.

Hypothesis 4. Industry concentration is ceteris paribus more negatively related to returns of firms
with higher sensitwity of capital depreciation rates to capacity utilization (that is, 5(u)).

The next hypothesis is an implication of using capital investment for entry deterrence (Section 5.3):
Hypothesis 5. In capital-intensive high entry-threat industries, the positive effect of investment on
the concentration-returns relation is ceteris paribus strengthened.

While Section 5.3 and Hypothesis 5 focus on the effects of entry deterrence in capital-intensive
industries, deterrence can also more generally occur through large size of incumbents (Siegfried and
Evans 1994; Gershon 2013). In this case, higher OL ceteris paribus increases profits by deterring
entry, weakening the relative strength of MDE over PE for high OL firms (see Section 5.1). Thus:
Hypothesis 6. In high entry-threat industries where large incumbent size deters entry, the negative
effect of higher operating leverage on the concentration-returns relation is ceteris paribus weakened.
Next, considering time-varying risk premia (see Section 5.4) yields the hypotheses that:
Hypothesis 7. The concentration-returns relation as well as the effects of higher operating leverage,
tmwvestment, and operating profitability are ceteris paribus stronger in high aggregate return periods.

Meanwhile, the secular rise in market concentration and markups due to technological changes
that have increased fixed-to-marginal cost ratios leads to the prediction:

Hypothesis 8. The effect of higher operating leverage on the concentration-returns relation will
ceteris paribus become stronger in recent years.

The increasing dominance of highly efficient firms in recent years implies that (in high entry-threat
industries) the importance of large capacities for entry deterrence will be weakened.

Hypothesis 9. The effect of higher investment on the concentration-returns relation in capital-
intensive high entry-threat industries will ceteris paribus become weaker in recent years.

Entry deterrence and time-varying industry trends also yield predictions for capital investment.
Cross-sectionally, capital-intensive high entry-threat industries with higher concentration reflect strong
MDE and entry deterrence benefits for investment. But increasing market power of super-efficient
firms will attenuate the importance of larger capacities for entry deterrence in recent years.
Hypothesis 10. In capital-intensive high-entry threat industries, capital investment is ceteris parbus
positively related to industry concentration. But the relation of industry concentration and capital

1nvestment will become weaker in recent years.
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6 Empirical tests

6.1 Data and sample construction

To test the empirical hypotheses, we obtain data on stock returns from CRSP (Center for Research
on Security Prices). We construct a number of firm-specific variables such as size, leverage, etc., using
data from Compustat. We employ the text-based TNIC HHI (THHI) industry concentration measure
of Hoberg and Phillips (2016), obtained from Gerard Hoberg’s website.?® We merge the quarterly
Compustat data with the THHI data.

Our sample begins in 1989 due to the availability of the industry concentration measure. We
merge the annual industry concentration measure with the quarterly Compustat files, holding the
industry concentration constant over the quarter. To base our empirical tests on the most recent
information available to investors, we lag all Compustat data and the industry concentration measure
by one quarter. We merge the quarterly Compustat and the industry concentration data with the
CRSP monthly data. The Compustat variables are held constant over quarter when we combine
the files. We also include the data on Capital Asset Pricing Model (CAPM) betas obtained from
the WRDS (Wharton Research and Database Services) betasuite. We drop financial firms from our
analysis (SIC codes between 6000 and 7000). Further details on sample construction are provided in
the Data appendix. Our final sample covers 1989-2019, with 8784 unique firms. We provide details
regarding the computation/construction of empirical measures for the dependent and independent

variables (used in our tests) in the Data appendix.

6.2 Results

To test the empirical hypotheses, we run Fama and MacBeth (FM) (1973) cross-sectional regres-
sions using interactions of industry THHI with firm characteristics. We extend the Fama and French
(FF) (1992, 1993) three-factor model (FF3) to include financial leverage, similar to Bustamente and
Donangelo (2017), since our theoretical model considers unlevered returns. We implement the FF3

model at quarterly frequency, with lagged stock beta (computed every quarter using past 5 years of

28 (http://hobergphillips.tuck.dartmouth.edu/industryconcen.htm). The THHI measure is especially appropriate in
our setting because we define industries from the viewpoint of product homogeneity or proximity (see Section 2.1). The
THHI measure is derived from text-based descriptions of product characteristics and hence industries are defined in
terms of product homogeneity rather than commonality of activities and resource use, which is the basis for conventional

industry definitions (see Hoberg and Phillips 2016).
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monthly returns).? Our basic regression specification is
Rit = BOt + BltTHHIt—l + thXi,t—l + Bgt(THHIt—l * Xi,t—l) + G(COTLt’I“OlSt) + €ity (23)

where X is the implicated characteristic, such as OL, OP, and investment. In the standard fashion
for FM regressions, the coefficients are estimated each quarter and averaged over time, and the table

report the mean coefficients 3 = Avg(/3,). The first parts of Hypotheses 1-3 impose restrictions on the

OR

m) . The second parts of these hypotheses impose restrictions

sign of (5, the coeflicient of 8% (
on the sign of the slope or total effect of concentration on returns, % =B, + B5X.

Table 6 presents tests of Hypotheses 1-3. The first row shows only the loadings on FF3 and
leverage. Consistent with Fama and French (1992), there are strong effects of size and book-to-market
(BTM) factors but the market beta is not priced. In the second row, we add industry concentration
(THHI), which is not significantly related to equity returns, consistent with the ambiguous evidence in
the literature. The third row analyzes the effects of firms’ OL on the concentration-returns relation.
Similar to the literature (Novy-Marx 2011), we measure OL by the ratio of selling, general, and
marketing expense (zsgaq) to the sum of xsagq and cost of goods sold (cogsq). We use OL lagged by
a quarter, in accord with the lags of the other covariates. Stock returns are significantly positively
related to OL, as is the case in the literature (Lev 1974; Novy-Marx 2011). But the estimated
coefficient for THHI x OL (/3;) is negative and statistically significant, indicating that higher OL has
a negative impact on the on the concentration-returns relation, supporting the first part of Hypothesis
1. The effect of higher OL is also economically significant. The sample mean of OL is 0.32. Hence,
a 1% deviation from the mean OL amplifies the negative effect of concentration on equity returns
(that is, % = 3, + B30L) by 1.6%. Finally, since 3, is insignificant but 3 is reliably negative,
the returns-concentration relation is negative for levels of OL above the sample mean.

We test Hypothesis 2 in the next row of Table 6 by analyzing the effects of lagged operating
profitability (OP) on the relation of concentration and equity returns. We measure (quarterly) OP
as the (total revenue (revtq) — cogsq — wsgq))/(market equity). There is a significant positive

relation of OP and returns, consistent with the literature (Fama and French 2015). The estimate of

THHI x OP (j3,) is positive and significant, which is consistent with the first part of Hypothesis 3.

ZWhile FF (1992) employ portfolio betas for greater precision, using directly computed stock betas should have a
minimal impact because (as in FF (1992)) the betas are not significant in any specification. We use WRDS betasuiyte
to obtain end-of-quarter betas computed using sixty months returns. We need at least thirty months of returns data
to compute betas.
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Furthermore, because 35 > 0 and 3, < 0, the concentration-returns relation is positive for all firms
with (lagged) OP higher than —(3,/83;) = 6.4%. On average, 12% of firms in a given quarter have
lagged OP levels exceeding this threshold (6.4%), which quantifies the second part of Hypothesis 2.

For testing Hypothesis 3, similar to the literature, we measure investment by capital investment-
intensity (CII): the ratio of capital investment (capzq) and total assets (atq). The next row in Table
6 analyzes the effects of firms’ one-quarter lagged investment on the concentration-returns relation.
Investment loads significantly negatively on average returns, consistent with the literature (Aharoni
et al. 2013; Fama and French 2015). For our overall sample, the coefficient of THHI x CII is positive,
consistent with Hypothesis 3, but is not significant. The concentration-returns relation is positive
for all firms with (lagged) quarterly CII higher than 3.8%. On average, firms in the top decile of CII
(about 7%) in a given quarter have lagged investment exceeding this threshold.

We test Hypothesis 4 using inter-industry variation in 5md(u), the estimated slope of depreciation
with capacity utilization in an industry. We use BEA data on annual depreciation rates and data on
annual capacity utilization available from FRB. The industry coverage of capacity utilization data
is relatively small compared with the depreciation data. There are twenty four three digit NAICS
industries (almost all in manufacturing) where we have both capacity utilization and depreciation
data. For each of these industries, we estimate 5md(u) by regressing depreciation rates on capac-
ity utilization. We classify industries with higher depreciation sensitivity to capacity utilization as
the above-median (top-twelve) industries in terms of the estimated slopes Sind(u), identified by the
dummy variable Iy <imed(s5,,,(u))- WWe €xamine the concentration-returns relation in high depreci-
ation sensitivity industries through the interaction term THHI x Hsmd(u)>med( Sina(u))" Hypothesis 4
predicts that the coefficient for this term should be negative. Panel A of Table 7 shows that this
coefficient is indeed negative and significant, supporting Hypothesis 4.

To test Hypothesis 5, we identify high capital-intensity and high entry-threat industries using data
from Bureau of Labor Studies (BLS) and entry activity analysis in Dunne et al. (1988), respectively.
The list of industries is given in the Data appendix. Panel B of Table 7 shows that, compared to the
full-sample results in Table 6, the effect of higher CII on the concentration-returns relation—that is,

0 ( OR
0AG \OTHHI

)—increases in statistical significance, consistent with Hypothesis 5.
For testing Hypothesis 6, we identify high entry-threat industries (both capital- and labor-
intensive) where large incumbent size deters entry. The US Census Bureau’s Survey of Small Business

provides data on start-up and business acquisition costs, which is a measure of entry costs ({). Retail
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trade, wholesale trade, and transportation and warehousing have low average startup and, hence, en-
try costs. However, large incumbent companies in these industries discourage entry (Gershon 2013).
Panel C of Table 7 shows that the effects of higher OL are not significant in these industries, in
contrast to the full sample results in Table 6, supporting Hypothesis 6.

Now, the high entry-threat industries utilized in Panel C are static over our sample. For ro-
bustness, we also construct a time-varying measure of entry threat based on new aggregate business
formation quarterly data available from the Bureau of Labor Statistics (BLS) from 1993Q2 onwards.
We define high entry quarters as those with rates of new business growth above the sample median
growth rate. Panel D of Table 7 shows that the effect of OL on the relation of concentration and
returns is not significant prior to high entry quarters, similar to Panel C.

We now examine time-variation in the relation of industry concentration and equity returns.
Panels A and B of Table 8 test Hypothesis 7 by analyzing the concentration-returns relation in
“boom” periods (Panel A)—defined as periods with quarterly returns exceeding 10%, which holds
for about 15% of our sample (19/124 quarters)—and in “no boom” periods (Panel B), that is, the
85% of sample periods with quarterly returns less than 10%. The first row of Panel A shows a
significant negative relation of concentration and equity returns during boom periods. In contrast,
in Panel B, there is no significant effect of concentration on returns during the no-boom periods.
Furthermore, we find that the economic and statistical significance of the effects of OL, CII and OP
on the concentration-returns relation is higher during boom quarters relative to “no boom” quarters
and therefore the entire sample (Table 6). The results in Panels A and B thus support Hypothesis 7.

We test Hypothesis 8 by considering the effects of high OL on the concentration-returns rela-
tion in the second half of our sample, namely, 2005-2019. To do so, we utilize dummy variables
I>9005 and I.g005 so that B = Bt220051122005 + Bt<2005ﬂ<2005. Panel C of Table 8 reports coefficients
3122005- Consistent with the hypothesis, the coefficient of THHI x OL is significantly negative. For
Hypothesis 9, we consider the effects of capital investment on the concentration-returns relation in
capital-intensive high entry-threat industries (used in Panel C of Table 7) for the second half of our
sample (2005-2019) adopting the dummy variable approach outlined above. Panel C of Table 8 also
shows that the coefficient of THHI x CII in the returns regression for the annunciated industries is
insignificant during 2005-2019, supporting Hypothesis 9.

For testing Hypothesis 10, we utilize a panel regression of CII on lagged THHI, identifying capital

intensive high entry-threat industries through a dummy variable (High Entry), and controlling for
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(lagged) Tobin’s Q, size, and leverage. We follow standard practice in the literature and use the book
values of firms’ assets as proxies for their replacement value, and compute QQ as the ratio of the sum
of market value of equity and total liabilities and the sum of book value of equity and total liabilities.
Table 9 shows that the coefficient for THHI x High Entry is positive and significant, supporting the
first part of the Hypothesis. We test for weakening of this effect in recent years through the dummy
variable (THHI x High Entry)I>o005. Indeed, the coefficient for this term is negative and significant,
consistent with the second part of the Hypothesis.

7 Summary and Conclusions

Oligopolies are ubiquitous and real and financial outcomes of strategic interaction by firms in
such industries attract long-standing, substantial attention. In a dynamic general equilibrium pro-
duction economy setting with oligopolistic sectors and capital investment, our analysis theoretically,
quantitatively and empirically highlights the interaction of firm- and aggregate-level real outcomes
with financial markets. In response to productivity shocks, industry firms strategically choose ca-
pacity utilization and investment to maximize tacit-collusive equity values subject to a no-defection
constraint governed by on- and off-equilibrium equity values, thereby generating substantial interac-
tion between real outcomes and financial markets. Quantitatively, with moderate risk-aversion and
standard calibration, the model generates relatively high equity premium, low real risk-free rate, as
well as industry and aggregate fluctuations and autocorrelations that help explain the data. Strategic
interaction in our setting also generates novel perspectives on the role of capital and capital-related
frictions—such as, fixed and capital adjustment costs, endogenous depreciation, and entry capacity
costs—on priced risks. We find empirical support for novel predictions regarding the effects of firm
(operating leverage, operating profits and investment) and industry (durability and entry threat)
characteristics, as well time-varying aggregate financial market conditions, on the cross-sectional
relation of industry concentration and returns.

Our analysis highlights the significant effects of capital and real frictions on equilibrium out-
comes with strategic interaction in dynamic oligopolies. For tractability, we do not consider financial
leverage; therefore, the effects of capital and operating leverage we find could reflect the latent im-
pact of leverage. Analyzing tacit collusion in a dynamic production-based asset pricing model with

endogenous operational and financial leverage is an important area for future research.
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Data appendix

D1. Variable definitions

Book Equity (BE): We define book equity = shareholder equity + tzditcq — pstkq, where txditcq are
the (quarterly) deferred taxes and investment tax credit and pstkq is the total preferred stock. We use
Compustat variable seqq for shareholder equity. If it is not available, we compute shareholder equity as the
sum of total common equity (ceqq) and pstkq. If this is not available, we compute shareholder equity as
the difference between total assets (atq) and total liabilities ({tq). We set negative BE to “not available” in
our tests.

Boom periods: We define boom as periods with quarterly market returns exceeding 10%, which holds for
about 15% of our sample—and “no boom” periods (Panel B), that is, the 85% of sample periods with
monthly market returns less than 10%.

Capital investment intensity (CII): Defined as the ratio of capital investment (capxq) and the total assets
(atq).

Industry concentration: As our industry concentration measure, we utilize the Text-based Network Industry
Classifications HHI (THHI) measure of Hoberg and Phillips (2016).

Industry entry threat: In Panel C of Table 7 and in Table 9, we identify capital-intensive high entry
threat industries through a dummy variable (at the two-digit SIC code level) based on industry-specific
entry activity documented in Dunne et al. (1988) and capital intensity in Kutscher and Mark (1983). These
industries include printing, chemicals, business services, research, and engineering and management services.
In Panel D of Table 7, the high entry-threat industries (at the two digit SIC code level) are retail trade,
wholesale trade, and transportation and warehousing.

Leverage: Computed as the ratio of total liabilities (I£q) and the sum of total liabilities and market equity.
Market equity (ME): Computed as the number of shares outstanding times the stock price.

Operating leverage (OL): Computed as the ratio of Selling, General, and Marketing expense (xsgaq) and
the sum of Selling, General, and Marketing expense and Cost of Goods sold (cogsq).

Operating profitability (OP): Computed as the ratio: (Total Revenue (REVTQ) - Cost of Goods Sold
(cogsq) - Selling, General, and Marketing expense (xsga))/Market Equity (ME).

Stock returns: These are firm-level quarterly total equity returns, measured in percentages.

Tobin’s (): We follow standard practice in the literature and use the book values of firms’ assets as proxies
for their replacement value, and compute Q by dividing the sum of market value of equity and total liabilities

with the sum of book value of equity and total liabilities.
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D2. Sample construction

For dependent variables that use Compustat quarterly data, we drop firms with irregular fiscal quarter-
ends, that is, with quarter-ends other than March, June, September, and year-end. To reduce the likelihood
of returns being driven by outliers, we winsorize the compustat data (e.g., markups and capex) at 1 percentile
and 99 percentile levels of their distributions. We then identify firms for which there is a THHI measure.

The sample selection procedure results in 8784 unique firms.
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Table 1. Baseline calibration

This table displays the calibration for simulations of the baseline model.

Consumption and Production

Annual discount factor () 0.99
Risk aversion (v) 5
Intertemporal elasticity of substitution (n71) 1.9
Intratemporal (product) elasticity of substitution (o) 5.99
Output elasticity of capita: Concentrated sector () 0.49
Output elasticity of capital: Low-Concentration sector (¢5) 0.40
Marginal cost: Concentrated sector (hy) 0.1
Marginal cost: Low-Concentration sector (hg) 0.1
Fixed cost: Concentrated sector (01) 0.01
Fixed cost: Low-Concentration sector (03) 0.45
Capital adjustment cos: Concentrated sector (¢;) 8
Capital adjustment cost: Low-Concentration sector (¢,) 1
Annual depreciation rate: Concentrated sector (d1) 5%
Annual depreciation rate: Low-Concentration sector (d2) 5.3%

Variance-Covariance Matrix of Productivity Shocks (Annualized)

Volatility of Concentrated sector shock &1 (A1) 0.1%
Volatility of Low-concentration sector shock eo (Ag) 1.5%
Correlation of &1 and €5 (A12) -0.07

Autocorrelation Coefficients (Annual)
Coefficient for €1 (p;) 0.73
Coefficient for e9 (py) 0.96
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Table 2. Main real moments (baseline model)

This table presents the moments of salient firm-level and aggregate real variables from simulations of the
baseline model with eight firms in the concentrated sector and thirty eight firms in the low-concentration

sector. The displayed moments are based on 100,000 simulations each with 59 yearly observations.

46



Variable Model Data

Panel A: Standard Deviations (%)
Capacity Utilization (u) 9.35 18.11

Log Changes

Investment Rate: Concentrated sector (gir,) 8.88 15.69
Investment Rate: Low-Concentrated sector (gir,) 0.73 14.27
Aggregate Real Consumption (g.) 2.67  2.56
Aggregate Financial Income (W) 34  6.29
Aggregate Price Index (P) 0.73 2.8

Panel B: Correlations

Corr(IRy, W) 0.05  0.65
Corr(IRy, P) 0.03 0.8
Cov(ui, W) 0.92  -0.57
Cov(uz, P) -0.95 -0.58

Panel C: Autocorrelation coefficients (Log changes)

Investment Rate: Concentrated sector (gi,1)

ACF(1) 02  -01
ACF(2) 012 -0.04
ACF(3) 0.07  0.01
ACF(4) 0.04 -0.07

Aggregate Consumption (g.)

ACF(1) 0.0l 025
ACF(2) 0.0l 0.05
ACF(3) 0.0 -0.02
ACF(4) -0.003  -0.09

Aggregate Income (gy,)

ACF(1) 0.0l 0.52
ACF(2) 0.01 0.8
ACF(3) 0.0l 0.12
ACF(4) -0.001  0.16
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Table 3. Main financial moments (baseline model)

This table presents the moments of salient firm-level and aggregate financial variables from simulations of
the baseline model with eight firms in the concentrated sector and thirty eight firms in the low-concentration
sector. The displayed moments are based on 590,000 yearly simulations (100,000 simulations of our sample

of 59 years).

Panel A: Mean and Standard Deviations (%)
Mean S.D. (Log Changes)
Model Data Model Data
Real Risk-Free Rate (1) 0.86 0.91 0.11 2.15
Risk-Premium: Concentrated sector (ERP;)  2.87 6.94  11.37 22.95

Panel B: Autocorrelations

Model Data
Real Risk-Free Rate (r7})
ACF(1) 0.96 0.73
ACF(2) 093  0.55
ACF(3) 092  0.42
ACF(4) 091 021
Risk-Premium: Concentrated sector (ERP;)
ACF(1) 0.88 -0.06
ACF(2) 0.8 -0.25
ACF(3) 0.75  0.01
ACF(4) 0.71 0.03
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Table 4. Main moments with entry and exit

This table presents the moments of salient firm-level and aggregate variables from simulations of the model
with entry and exit. The displayed moments are based on 590,000 yearly simulations (100,000 simulations

of our sample of 59 years).

Panel A: Standard Deviations (%)
Variable Model Data
Capacity Utilization (u1) 28.09 18.11

Log Changes
Investment Rate: Concentrated sector (gi;r1)  19.68 15.69

Aggregate Consumption (g.) 5.72 2.56
Aggregate Financial Income (W) 3.76 6.29
Aggregate Price Index (P) 2.80 2.89

Panel B: Autocorrelation Coefficients (Log Changes)
Aggregate Consumption (g.)

ACF(1) 018  0.25
ACF(2) 005  0.05
ACF(3) 0.06  -0.02
ACF(4) 006  -0.09

Aggregate Income (gy,)

ACF(1) 032 052
ACF(2) 011 0.8
ACF(3) 012  0.12
ACF(4) 012  0.16

Panel C: Mean and Standard of Financial Returns (%)

Mean S.D. (Log Changes)
Model Data Model Data
Real Risk-Free Rate (1) 0.94 0.91 2.82 2.15
Risk-Premium: Concentrated sector (ERP;) 5.19 6.94 32.22 22.95
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Table 5. Effects of adjustment costs and sectoral productivity shock processes

This table analyzes the effects of varying adjustment costs and parameters governing the sectoral productivity
shock processes (relative to the baseline calibration given in Table 1) on the model with entry and exit (see

Table 4). The displayed moments are based on 590,000 yearly simulations (100,000 simulations of our sample

of 59 years).

High ¢; Low p; Low Ay Low p, Low A2
Panel A: Standard Deviations (%)

Capacity Utilization (u1) 26.48 28.09 28.14 23.18 14.85

Log Changes

Investment Rate: Concentrated sector (gir1) 12.94 19.68 19.63 17.48 12.98
Aggregate Consumption (g.) 6.03 5.72 5.7 4.92 3.42
Aggregate Financial Income (W) 3.88 3.76 3.75 3.2 2.03
Aggregate Nominal Consumption (PC') 3.88 3.76 3.75 3.2 2.03
Aggregate Price Index (P) 2.98 2.8 2.79 24 1.73

Panel B: Mean and Standard of Financial Returns (%)

Mean
Real Risk-Free Rate (1) 0.98 0.94 0.94 0.90 0.98
Risk-Premium: Concentrated sector (ERP;) 5.99 5.18 5.24 1.00 2.29

Standard Deviation (Log Changes)

Real Risk-Free Rate (7’;) 2.99 2.82 2.8 2.43 1.74
Risk-Premium: Concentrated sector (ERP;) 31.5 32.22 32.28 26.83 17.38
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Table 6. Industry concentration, stock returns and firm characteristics

This table analyzes the effects of operating leverage (OL), operating profitability (OP) and capital investment-
intensity (CII) on the relation of industry concentration and stock returns at the firm-level using cross-
sectional Fama and MacBeth (1973) regressions. The Text-based Network Industry Classifications Herfindahl-
Hirschman Index (THHI) of Hoberg and Phillips (2016) is used as the measure of industry concentration.
The definitions of other variables are provided in the Data appendix. The sample period is 1989-2019. The
annual industry concentration measure is merged with the quarterly Compustat files, holding the industry
concentration constant over the quarter. All Compustat data and the industry concentration measure are
lagged by one quarter. Quarterly Compustat and industry concentration data are then merged with CRSP
monthly data. The Compustat variables are held constant over quarter when we combine the files. We
also include the data on Capital Asset Pricing Model (CAPM) betas obtained from the WRDS (Wharton
Research and Database Services) betasuite. Financial firms are dropped (SIC codes between 6000 and 7000).
Further details on sample construction are provided in the Data appendix. The sample has 8784 unique
firms. For each estimated coefficient, the number in the parentheses report the corresponding Newey-west

kkk

adjusted standard error. indicates significance at 1% level, ** indicates significance at 5% level, and *

indicates significance at 10% level.

Beta In(ME) BE/ME Leverage THHI OL THHI x OL opP THHI x OP CII THHI x CII

0.61 -0.46%%% 1.64% 014
(0.50)  (0.16)  (0.47)  (1.42)

0.55  -0.49%%%  1.62%%% (.12 -0.87

(0.48)  (0.17)  (0.47)  (1.42)  (0.57)

0.44  -0.A41FFF  1.70%%% 117 0.56  3.45% -4.64%

(0.45)  (0.15)  (0.58)  (1.23)  (0.60)  (1.49) (2.23)

075 -0.66%%%  1.42%% 5 65FFF 9 34wk 62.64%FF 36,74
(0.47)  (0.16)  (0.58)  (1.28)  (0.65) (5.95) (11.51)

0.53  -0.46%** 1.75%¥* 035  -1.50%* -34.03%* 39.69
(0.46)  (0.18)  (0.50)  (1.46)  (0.71) (13.75) (24.21)
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Table 7. Industry concentration, stock returns and industry characteristics

This table analyzes the relation of industry concentration and stock returns at the firm-level using cross-
sectional Fama and MacBeth (1973) regressions for industries with high depreciation costs of capacity utiliza-
tion (identified with a dummy variable), as well as capital- and labor-intensive high entry-threat industries
(see Data appendix and Section 6.3). The Text-based Network Industry Classifications Herfindahl-Hirschman
Index (THHI) of Hoberg and Phillips (2016) is used as the measure of industry concentration. The defin-
itions of other variables are provided in the Data appendix. The sample period is 1989-2019. The annual
industry concentration measure is merged with the quarterly Compustat files, holding the industry concen-
tration constant over the quarter. All Compustat data and the industry concentration measure are lagged
by one quarter. Quarterly Compustat and industry concentration data are then merged with CRSP monthly
data. The Compustat variables are held constant over quarter when we combine the files. We also include
the data on Capital Asset Pricing Model (CAPM) betas obtained from the WRDS (Wharton Research and
Database Services) betasuite. Financial firms are dropped (SIC codes between 6000 and 7000). Further
details on sample construction are provided in the Data appendix. The sample has 8784 unique firms. For
each estimated coefficient, the number in the parentheses report the corresponding Newey-west adjusted
standard error. *** indicates significance at 1% level, ** indicates significance at 5% level, and * indicates

significance at 10% level.

Beta In(ME) BE/ME Leverage THHI THHI x OL THHI x OL CII THHI x CII

L5 ina(w)>med (3ina())

Panel A: High Depreciation Slope

0.62  -0.43*%  2.83%** 0.31 -2.40% -10.67*
(0.50)  (0.18) (0.78) (1.70) (0.93) (6.04)
Panel B: High Entry Threat (Capital-Intensive Industries)
0.04 -0.61%** 0.73 2.90%** 2 33%Hk -58.99* 74.85%
(0.42) (0.26) (0.54)  (1.84)  (1.27) (20.81)  (44.28)
Panel C: High Entry Threat (General)
-2.37 -0.46 -0.81 -0.44 19.71 18.63 -75.16
(2.53)  (0.33) (1.33) (0.53) (19.2) (18.52) (72.9)
Panel D: High Entry Threat (Time-varying, General)
0.19 -0.34 2.19* 0.53 0.80 3.01* -3.66
(0.61)  (0.23) (1.26) (1.81) (0.90) (1.57) (2.39)
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Table 8. Time-variation in effects of industry concentration on stock returns

This table analyzes time-variation in the relation of industry concentration and stock returns at the firm-
level. The Text-based Network Industry Classifications Herfindahl-Hirschman Index (THHI) of Hoberg
and Phillips (2016) is used as the measure of industry concentration. The definitions of other variables
are provided in the Data appendix. The sample period is 1989-2019. The annual industry concentration
measure is merged with the quarterly Compustat files, holding the industry concentration constant over the
quarter. All Compustat data and the industry concentration measure are lagged by one quarter. Quarterly
Compustat and industry concentration data are then merged with CRSP monthly data. The Compustat
variables are held constant over quarter when we combine the files. We also include the data on Capital
Asset Pricing Model (CAPM) betas obtained from the WRDS (Wharton Research and Database Services)
betasuite. Financial firms are dropped (SIC codes between 6000 and 7000). Further details on sample
construction are provided in the Data appendix. The sample has 8784 unique firms. For each estimated
coefficient, the number in the parentheses report the corresponding Newey-west adjusted standard error.
*** indicates significance at 1% level, ** indicates significance at 5% level, and * indicates significance at

10% level.
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Beta In(ME) BE/ME Leverage THHI OL THHI x OL OoP THHI x OP CII THHI x CII
Panel A: Boom Months
TARKKK ] 44Kk 1.62 0.75 -4.70%*
(1.47) (0.54) (1.06) (4.81) (1.96)
6.35%*F*  -1.05%* 1.56 6.97* 3.11 16.50%* -24.33**
(1.30) (0.45) (1.03) (3.89) (2.51) (6.62) (10.95)
6.95%** 1 41%H* 1.24 -2.18 -8.277%H 31.31%* 89.55%4*
(1.42) (0.50) (1.14) (4.12) (2.22) (15.60) (30.37)
6.87FFF  -1.30%* 2.03* 1.15 -6.83%** -112.48%** 137.99%*
(1.42) (0.53) (1.08) (4.86) (2.62) (36.16) (69.24)
Panel B: No-Boom Months

-0.64 -0.31%%  1.62%%* -0.00 -0.18

(0.40) (0.15) (0.51) (1.23) (0.45)

-0.63 -0.30%* 172 0.12 0.10 1.09 -1.08

(0.40) (0.14) (0.65) (1.15) (0.58) (1.04) (1.51)

-0.37  -0.52%**  1.45%F 6287k _1.28%* 68.30%** 27.19%*

(0.41) (0.14) (0.64) (1.19) (0.53) (6.18) (12.26)

-0.62 -0.31%%  17O* 0.20 -0.54 -19.84 21.90
(0.39) (0.15) (0.54) (1.26) (0.52) (13.44) (23.10)
Panel C: Data from 2005 Onwards

0.25 -0.14 0.66 2.13 1.40%%  2.05%* -4.40%F*

(0.53) (0.11) (0.58) (1.54) (0.64) (0.96) (1.62)

-0.17 -0.17 0.40 37T, -1.11 -50.84** 26.47
(0.52) (0.22) (0.74) (1.79) (1.10) (27.63) (61.73)
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Table 9. Entry deterrence and capital investment

This table analyzes effects of strategic entry deterrence on capital investment-intensity (CII) and the time-
variation in these effects. The Text-based Network Industry Classifications Herfindahl-Hirschman Index
(THHI) of Hoberg and Phillips (2016) is used as the measure of industry concentration. The definitions of
other variables are provided in the Data appendix. The sample period is 1989-2019. The annual industry
concentration measure is merged with the quarterly Compustat files, holding the industry concentration
constant over the quarter. All Compustat data and the industry concentration measure are lagged by one
quarter. Quarterly Compustat and industry concentration data are then merged with CRSP monthly data.
The Compustat variables are held constant over quarter when we combine the files. We also include the
data on Capital Asset Pricing Model (CAPM) betas obtained from the WRDS (Wharton Research and
Database Services) betasuite. Financial firms are dropped (SIC codes between 6000 and 7000). Further
details on sample construction are provided in the Data appendix. The sample has 8784 unique firms. For
each estimated coefficient, the number in the parentheses report the corresponding Newey-west adjusted
standard error. For ease of tabulation, the dependent variable is scaled by 100. *** indicates significance at

1% level, ** indicates significance at 5% level, and * indicates significance at 10% level.

Q In(ME) Leverage THHI High Entry THHI x High Entry (THHI x High Entry)I>2005
0.00 0.03%*F*  -1.06*** -1.09%** -1.18%%* 1.21%*

(0.00) (0.01)  (0.06) (0.06) (0.04) (0.07)

Q In(ME) Leverage THHI High Entry THHI x High Entry (THHI x High Entry)I>2005
0.00 0.03%%F*  -1.06*** -1.09%** -1.18%%* 1.26** -0.12*

(0.00) (0.01)  (0.06) (0.06) (0.04) (0.07) (0.07)
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Figure 1. Responses to concentrated sector productivity shock (baseline model)

This figure displays ten-year impulse response functions of salient firm-level and aggregate variables in the

baseline model to a one standard deviation shock of capital productivity in the concentrated sector.

A. Stock Price (S7) B. Off-Equilibrium Stock Price (S;) C. Capacity Utilization (u;)
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Figure 2. Responses to low-concentration sector productivity shock (baseline model)

This figure displays ten-year impulse response functions of salient firm-level and aggregate variables in the

baseline model to a one standard deviation shock of capital productivity in the low-concentration sector.

A. Low-Concentration Price (p2) B. Product Price (p;) C. Investment Ratio (IR;)

-9 ‘ -11.9 0.04
-10 / -12.15 /\ -0.18
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Figure 3. Responses to concentrated sector productivity shock (with entry and exit)

This figure displays ten-year impulse response functions of salient firm-level and aggregate variables in the

model with entry and exit to a one standard deviation shock of capital productivity in the concentrated

sector .
A. Entry (e1) B. Investment Ratio (I Ry) C. Product Price (p1)
1.42 0.08 4.8
-7.79 0.03 1 1.78
-17 -0.02 -1.24
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D. Capacity Utilization (u1) E. Dividends (D) F. Stock Price (S4)
0.06 1.28 0.52
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J. Aggregate Consumption (C) K. Risk-Free Rate (rf) L. Equity Risk Premium (E[r; — 7f])
-0.08 0.04 0.34
-0.22 -0.14 1 -0.33
-0.36 -0.32 -1
2 4 6 8 10 2 4 6 8 10 2 4 6 8 10
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Figure 4. Industry concentration and equity returns with high operating leverage

This figure displays, through a three-dimensional surface plot, the relation of mean equity returns and
industry concentration (inversely related to the number of industry firms) for high ratios of fixed-to-marginal
costs, or high (operating leverage/operating profits) ratios, in the industry equilibrium analyzed in Section

5.1. The mean returns are computed from 1000 simulations of 59 yearly observations.
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Figure 5. Industry concentration and equity returns with high operating profits

This figure displays, through a three-dimensional surface plot, the relation of mean equity returns and
industry concentration (inversely related to the number of industry firms) for low ratios of fixed-to-marginal
costs, or high (operating profits/operating profits) ratios, in the industry equilibrium analyzed in Section

5.1. The mean returns are computed from 1000 simulations of 59 yearly observations.
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Figure 6. Industry concentration and equity returns with high adjustment costs
This figure displays, through a three-dimensional surface plot, the relation of mean equity returns and
industry concentration (inversely related to the number of industry firms) for high levels of adjustment costs

in the industry equilibrium analyzed in Section 5.1. The mean returns are computed from 1000 simulations

of 59 yearly observations.
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A. Derivation of Optimal Consumption and Portfolio Policies

The representative consumer-investor’s (CI’s) optimization problem at any ¢ is to

max Uy, s.t., (A1.1)
Ct,qt+1
Pt - Ct S qt - (dt + St) —qi+1 St = Wt. (A12)

The Lagrangian with respect to (A1.1)-(A1.2) is

max U + x; Wi —pe- ), We=qu- (d¢ +5¢) — Qug1 - s (A1.3)

Ct,dt+1

Because preferences are strictly increasing in consumption, the budget constraint (A1.2) will be binding
in optimum. Using concavity of the objective and convexity of the constraint, the optimal consumption
and portfolio policies can be characterized in the standard fashion through a two-step process, where the
optimal consumption vector c; is first determined as a function of available consumption expenditure

Wy, and the portfolio qs4+1 is then determined taking as given the optimal consumption policy.

o/(c—1)
J
From the definition of the consumption basket C; = Zqﬁj(cﬁ)("*l)/ o , the first order
j=1
optimality conditions for ¢j; can be written
1-no _1
(1= a)(X =n)](Cr) 7 (cjr)” 7 b5 = xepiit- (A1.4)
Isolating ¢, in (Al.4) and multiplying both sides by p,, yields
picit = xi " (pje) 7 (C) T (6;)7[(1 = @) (1 — )] (AL5)
7 1/(1-0)
Then recognizing that Wy = . pjicjy and P, = Z(gbj)"(pjt)l_" , summing both sides of
j=1
(A1.5) over allows one to solve for the Lagrange multiplier as
W\ -~k
t g o 1—no
w= () R - aa- ) (AL6)

Substituting for y, in (A1.4) and rearranging terms then gives the optimal consumption functions

c Wy [Pio;17 .
Cjt(pt;Wt> = ?tt |:p]t]:| , ] = 1, J (Al?)



Now (A1.7) implies

o—1

)7 = oyt = () T @0 (S ). (ALY

J

But since Zj(géj)"(pjt)l_(’ = (P)'79, (A1.8) yields C; = %. Next, conditional on optimal c¢; (and
hence C; = %), the derivation of the optimal portfolio condition (6) in the text with Epstein and
Zin (1989) preferences is standard using straightforward application of arguments in Epstein and Zin

(1989). N

B1. Capacity utilization in Bertrand-Nash equilibrium
We start with the characterization of the punishment or Bertrand-Nash (BN) equilibrium path
(where firms compete on prices) around its deterministic steady state. In the steady state of the BN

equilibrium, the inverse demand, or pricing function in our model is

p(Yind) = M(ynd)=s, (B1.1)

(e—1)

where M = WoP 5 and Y = ZN Y,; is the industry output. Note that (B1.1) implies positive

n=1

prices for any finite industry output. This leads to unique full capacity equilibrium. The proof is
similar to Kreps and Scheinkman (1983) and hence the argument is only sketched here. Recall that the
production function is Y, = A,(u,K,)?. Since A, and K, are state variables (or given) in each period ¢,
for notational ease we write Y,(u,) as the firm-level output function of the capacity utilization choice w,.
Now fix any firm n. Suppose that the prices chosen by other firms, i # n, are p;; = p (25:1 Y (uy = 1)) )
Then firm n clearly does not gain by choosing p,, < p,; because, by construction, it can sell its full
capacity at p,;. On the other hand, the firm will have zero revenues if it chooses p, > p,,. Hence,
Pt =P (Zivzl Yi(uy = 1)) = p; for all firms is a BN equilibrium price in the steady state. It follows
that 4, = 1 is indeed the optimal capacity utilization strategy for each firm in this equilibrium. Suppose
not. Any firm that chooses u,; < 1 receives profits (E .~ h) Yi(unt) < (Et - h) Yi(@:). We note that this
argument applies for any distribution of production capacities (K;,.../Ky,). Finally, the full-capacity

BN equilibrium is clearly the worst equilibrium since it leads to the lowest feasible price. B

B2. Characterization of Bertrand-Nash equilibrium path

Put y = (‘T(l_gw It is convenient to set,

- 1 (=1 ¥(o-1)
Y, = MgN w4, ° K, ° , (B2.1)
~ oe1 221 (Ng—1
TE = MoN—A,° K;( ? ) (B2.2)
g



Then,
D, =T, — hA K — (I, K;) — mK;.

- - 2
We also recall, U(I;, K;) = Iy + 0.5¢ ( — 5) K. It is straightforward to compute:

2

- I,
\I/I<It7Kt) = 1+‘P<Kz_5>,

s 2
- T
vty = oo | () -

Now the optimal investment and firms’ equity value along the BN equilibrium path satisfy:

aif)t E w
alt ‘ 8It+1
Vin(Kyy) = B [Qt,t+1 (Dt+1 + VH?)} ,
Ky = K(1-0)+15

Then, it follows from the foregoing that the Euler condition for investment satisfies

I ol
0 = — 1"‘(,0([;—5) Qt,t—i—l{ Hl—m—i—
t

+E;

~ 2 ~
T 2 It
050 || -FL ) —a?| +(1 -0 (1+¢|—— -6 :
¢ (Kt+1> (1-9) \ &omr

where ~
Ol 4

T N (v=b
o = [TF = na il

(B2.3)

(B2.5)

(B2.6)

(B2.7)

(B2.8)

(B2.9)

(B2.10)

(B2.11)

The resultant dividends are D; = ﬁt 41 —\Il(.ft, K;)—mK; that determine cum- and ex-dividend equity

values V;, S, respectively through the asset market clearing condition E; [Qt}t.}rl (%)] =1 n
t

C1. Price defection and optimal capacity utilization (uj)

We argue that if any firm defects from u; < 1, then it does so by producing at full capacity, that is,

u; = 1. Suppose not and consider some candidate @; < 1. By the construction of the equilibrium, firms

switch to the BN (punishment) equilibrium strategies following any defection from the tacit-collusive

equilibrium path. Hence, the defecting firm’s future payoffs subsequent to the defection are independent

of uy. Therefore, it is the optimal strategy of the defecting firm to maximize the current operating profits

(I,) from defection. We now prove that defection optimally involves choosing possibly a subsequence

of lower prices arbitrarily close to p; and selling output up to full capacity.



Note first that there exists some N,(u}) such that
A(Ky)Y < Ny(up) Ar (ui )Y (C1.1)

n (C1.1), the left hand side (LHS) is the typical firm’s full capacity output and A; (ufK;)" in the RHS
is the firm’s output in the original equilibrium. Clearly, (C1.1) is satisfied if N,(u}) > (u})~%, where
N, (uj) is well defined because 0 < u} < 1 and 0 < ¢ < 1. Then, let the defecting firm initially choose
p; — €, for some small € > 0; doing so allows it to sell at least the industry output in the original
equilibrium, namely, N A,(u; K,)¥. The residual capacity following this sale is no greater than max(0,
Ay(Ky)¥ — NAy(uf K;)?). The firm then chooses pj — 2¢ and sells at least N A,(u} K;)¥. After the second
sale, max(0, A;(K;)¥ — 2N Ay (ufK;)?) is the upper bound on the residual capacity. The firm then
charges p} — 3¢ to sell at least N A,(u} K,)¥ and so on. From the foregoing, the firm must be able to sell
its full capacity through the sequence of prices <p,’f — &, Df — [% rf g> , Where [% } + is the
smallest integer greater than or equal to the ratio N;(u})/N. But since € can be made arbitrarily small,
it follows that the firm can sell its full capacity at price arbitrarily close to pf. Note also that leaving
residual capacity unsold following defection can not be optimal because the firm can sell that capacity

at price close to p; > h. B

C2. Characterization of tacit-collusion equilibrium path

In the following, we suppress the ‘*’ subscript for notational ease. Now, recall that the state along
the equilibrium path is I'y = (W, P, A;, K3). If there is a price defection at ¢, then firms next period
play the BN (or punishment) equilibrium derived above, with the state I'y11 = (Wit1, Pry1, Apgr, Kiv1),
where K, | = K;(1—0)+1I;. The BN value at ¢+ 1 will be denoted Vii1(Ki11), where using the analysis
above (Section B.2)

~ (c—1) lz)(a 1) ~
‘/t—‘rl(Kt‘f’l) Mt+1¢N UAt+1 Kt—I—l h’At t+1 \II(It+17 Kt—l—l) - mKt+1’ (021)

and jt+1 is the optimal BN investment when the state is T'yy1 = (Wiy1, Py1, Ay, K ), that is,
ft 41 = K, o — (1 =0)K;y1. Now, using the fact that along any candidate equilibrium path @, = 1

(established above), the Lagrangian for the constrained optimization problem with choice variables
(

ut7 )

Ly = Dy(uy, Ii; Kp) + By [Vt—i-1<Kt+1)] + St (D (ug, It; K) + By [Vt+1( t+1)]

{Dutu 1 1) + By [ Vi (Ki) | 1) (C2:2)



1 (=D P(o—1)
Dy(u, I; Ky) = MipN UAt+{i (ueKy) *hAt(Uth)w*
\IJ(Ita Kt) - mKt7 (023)

= 1, (e-p  ¥leZh) v »
Dy(uy, I;; Ky) = MigN“ = Ay o K, u © — hAK] —

—U(I,,K,) — mK,. (C2.4)

In (C2.4), we have used the fact that a, = 1. As above, we let y = w It follows that (suppressing

arguments of functions for notational convenience)

oD o—1 1 (o—1) 1/’(00—1) - .

aTt — T/’(U) [Mtgb]\f “A, K, © y] — ALK ul (C2.5)
t

oD 1 (e=D) d‘(ag—l) _ (W+o)

Tut = —% [Mt¢N ‘1’At - K, ug ]’ (C2.6)
t

oDy dD;

_ _ __ L

Now taking the first order conditions of £, (in C2.2) with respect to (u, I, ;) yields the optimality

conditions
oD, _ o,
T’Ll,t(l + §t) = Gt Oy > (028)
I, OV (K ) _ I
<—{1+@<&—5>}+Et[% (1+c) = a|—q1+9p E—(S +
6‘7;5+1(Kt+1)
T ) (02.9)
Dy + By [Viy (Kyp)] = D+ B [‘7t+1(Kt+1)} : (C2.10)

where K, ; = K;(1 =) + I;. Then eliminating ¢, in (C2.8)-(C2.9) by dividing both sides of (C2.9) by
(C2.8) yields

aD ~ oD
g, | ) b1y St 1— o | 4By | T C2.11
t[ o el % o0, + B or oD, (C2.11)
U, Uy




But from (C2.3)-C2.4), we get,

(5) _ (u
Xt = 8Dtt = <ptt> (p; —o(ps — h)) (C2.12)
()
thAlK% V)(f:f+1)
= —(o—Dul+ 727 tM; a (C2.13)
t

Hence (C2.9) can be written as

Vi1 (K I Vi1 (K, )
E, |t e+l g s 1— E, | 2\t ) 214
t[ oL el % (1= x¢) + B a1, Xt (C2.14)
Furthermore, using standard techniques we have
oV, Oy (ug, 1 Kyiy) I 1 \?
E | _ g o t+1 8% 1) 05 1) _ g2
¢ [ a1, } ¢ t,t+1{ Yo m+0.5¢ K. +
av,
1-6)E 210 C2.15
(1= OB |2 (215)
But Byyq [%ﬁt“)} =) [ g;éiﬂ and hence forward induction on (C2.15) yields
oV I Vo (K o)
E t”} = [1—# ( R —6” 1-— + By | —— 27 , C2.16
t+1 |:8Kt+2 4 Kt+1 ( Xt+1) t+1 ETAm t+1 ( )

where X, is defined as in (C2.12)-(C2.13) for ¢ + 1. However, since E;;1 [‘W} =Ein1 [g;?*ﬂ ,
: i

it follows from investment optimality along the punishment equilibrium path (see Section B.2)

3Vt+2(Kt+2) Iy
E — = =1 —0]. C2.17
t41 0K es + ¢ K, ( )

Then substituting (C2.17) in (C2.16) and returning to (C2.15), we get

v, Ol 1 (K I 2
Et[ t“} = E Qt7t+1{w—m+0.5¢<<lg“> —52>+(1—5)><

8It t+1
1+ Ly (1= X)) + Xaga Lr41) _s (C2.18)
4 Ky ’ |




where

(e—1) P(o—1)

1 Yo=1)

o (upsr Kipr) = MendN“2ALS (01 Kin) 7 = hAi (w1 Ki)?, (C2.19)
al—[ o — 1 (c—1) YP(o—1) o 7
78[(7:1 = v [( )MthﬁN ”At+1 u i Kih - hAtJrl“ngKtzérll} - (C2.20)

Furthermore, along the BN equilibrium path at ¢,

~ ~ 2
E; 8%“8(;(”1) E¢ | Q041 8Hg}1((t+f+l> —m +0.5¢ (II;:; - 5) + (1 —0)x
(1 +o (Ilg:l - 6)) }] , (C2.21)
where
i | el w1
M1 (Ki1) = MyaoN 7A.5 K& —hdnK], (C2.22)
w — [(U - 1)Mt+1q§N_EAt+1 K7Y = hA KV (C2.23)

Hence it follows from (C2.20) and (C2.23) that

gfrgi = “:ﬁ"_”gg:i — A Ky (1 - “tﬁ] (C2.24)

Hence, _
gfrgtill - (Ut+1 W’o ’ glrgf T whAtJrthJrl (ut+1)w [1- u;-i-%] (C2.25)
AL - X aﬁt“ = Al (1- Xtut_ﬁ(on_l)) Xt%z)hAtHKt—T-ll) [utgﬂ —1] (C2.26)

0Kiq1 "OK111 OKin

Then using (C2.18) and (C2.26) in (C2.14) and rearranging terms yields the optimality condition:
[1+¢<L—5>} (1-x) =

Ol _w(o-1) ¢ N
B [Qt’tﬂ {(9K:1 (1 — XUy 7 > — xe¥lufy — 1]hAt+th+11_

. 2
Iy )2 Iy 2

1-— m+ 0.5 — —— | —6(1— +

(1—x4) ® ( Komr X\ %o (1—xy)

(1-6) [(1 )t (It+1(1 —Xep1) — D1 (¢ — Xu1) G- Xt)5>] H (C227)
Kit1




C3. Non-viability of tacit collusion for large number of firms
Utilizing the notation in (beginning of ) Section 3, we denote by V;(T';) the equity value of a monopoly
in the typical sector, condition on the state I';. Along a symmetric equilibrium with binding TCIC, and

N firms in the sector, the per-firm equity value with state I'; is V*(I'y; N) < w Then fix any

subgame I'; and hence Vt(Ft). Because % is a continuous and strictly decreasing function of N
that converges to zero as N — oo, it follows that for every e > 0, there exists some N(T';) such that
V(T N) < w < € if N > N(T'}). Since this argument applies for any ¢ and I'y, for every € > 0,
we can set Ne(I'y) = maxp, () {Ne(Ti11)}, where T';11(T';) denotes subgames I';y1 that lie on the
continuation game from I'.

Meanwhile, for every I';, the BN equity value V;(T's; N) > 0. It follows that (V;*(I'y; N) = V;(T'y; N)) <
e if N > N.. Now the markup (p;(T's; N) — h) along the tacit-collusive path stays strictly bounded away
from zero, in contrast to the BN equilibrium. Since u;(I';; N) < 1 in a binding TCIC (as shown in the

text), it follows from the foregoing that I'y, there exists some N(I';) such that
(0F (T N) = h) Ae(Ke(Tes N))Y (1 = (uf (T N))?) > Be Vg (Tegr) = Viea (Tern) | (C3.1)

for N > N(T;), which violates the TCIC. B

C4. Existence of deterministic steady state

In the deterministic steady state, sectoral productivity A is time-invariant and hence the endogenous
variables are also time-invariant. In the steady state of the BN equilibrium, the industry price is set
when production is at full capacity, that is, & = 1, following the arguments given above (Section B.1).
The equilibrium capital stock is K and hence I = §K, which satisfies the capital transition condition
K = K(1-8)+1. K is determined under the assumption that the adjustment costs in the transition from
K to K following a defection are amortized over the infinite horizon, so that the per-period adjustment
costs are zero in the punishment equilibrium.! Tt follows that W(I, K) = I = 6K (since (% — 5) =0).

Now, suppose that the initial symmetric capital stock distribution is K for all firms. For any firm n,
let K_,, denote the capital stocks of each of the other firms. Then (with @, = 1), the period operating

profits are

R) = (M¢A—%[(N — 1)KV, + K] - h) ARY, (C4.1)

! Along the equilibrium path, once industry firms switch to the punishment equillibrium path following defection, then
they adopt the optimal punishment path investment policies specified in equation (B2.10) above, which involves adjustment
costs. However, defection in the steady state involves transitioning from the steady state capital stock K to K. Since the
deterministic steady state holds to perpetuity, amortization of the firxed adjustment costs of the transition yields per
period adjustment costs of zero, consistent with the constrained maximization problem set up in (C4.20)-(C4.21).



and dividends are

K)—-V(I,K)—mK. (C4.2)
Furthermore, the firm’s steady state value function satisfies the optimization problem:

V(K_,, K) = max D(I, K_,, K)+aV(K((1—-06)+1). (C4.3)

—n

K is then steady state equilibrium for all firms if the solution to (C4.3) implies I = §K. Hence,
U(I,K) = 6K (since (% — 6) = 0). The Euler condition for (C4.3) evaluated at I = 0K is:

I
12@[3}(—7714—(1—5)], (C4.4)
where for notational ease g—g = w | s—f- To compute this, we rewrite (C4.1) above as
(K_,, K)=M¢A" (N — 1)K’ + K¥) s KY — hAK". (C4.5)
Hence, defining y = (U(l_aw,
OM(K_,, K o1 o4l N
OM(K_,, K) | keig = UMYA™T N=57 K~V [—1 + N] — phAK WD), (C4.6)
0K o
which can be written as
81:[ o—1 o+l ~ No—1 ~
—— =9 [yMpAT N~ K7 —hAKW=D C4.7
oK~V |vMe ( p ) (C4.7)
For convenience, we will set
- 1Yo (o-D)
= M¢N Ko A, (C4.8)
TE = M¢AST N~ KV <N - 1) , (C4.9)
o
so that 3
il . .
ng _ [TK - hAK(l/}—l)} . (C4.10)
Then the Euler condition (C4.4) and dividends D are given by
1= afp(TK - ARV D) —m+(1-0)], (C4.11)
D = YT—hAKY — (6 +m)K. (C4.12)



Now, for every given (W, P) and hence M (= WiP@), (C4.9) and (C4.11) imply that 32—[2 <0
(since y > 0 and ¢ < 1). Furthermore, limy_,o % =00 and limg .o % = 0. Hence, by continuity of
II=7-hAKY in K, it follows that there exists a unique optimal K, namely, the solution to (C4.11).
This implies from (C4.12) that D is well defined as is p = M¢(NAK")~1/7. Hence, W = > Di+1-a
(where 1 — « is the net income from the risk free asset). Hence, W is well-defined, as is P. 1t also
follows that cum- and ex-dividend equity values are well defined in the steady state of the punishment

equilibrium since V = ;£ S =

aD
1—a”

We turn now to the definition and existence of the steady state for the (tacit-collusive) equilibrium

ko

path. As above, we suppress the subscript for notational ease. The firm’s equilibrium choices are

represented by (u, I, K), with I = §K. Hence, ¥(I, K) = I. For further analysis, it is useful to define

T = MeNFKZFEAST Y (C4.13)

" 1 Glo=1) | (o-1)

T = M¢N - (uK) « A =+ | (C4.14)
— e

i = Plo= DI 41
oK (C4.15)

The, for any (u, I), the per-period dividends are:
D(u,I; K) = Y% — hA (uK)¥ — I — mK. (C4.16)
Using Section B.2, the optimal price defection sets © = 1. Hence, the defecting dividends can be written
D(u,I; K) =" — hAKY — I — mK. (C4.17)
Therefore, D(u, I; K) — D(u, I; K) equals

[z\mﬂ\f—%(uK)—%A—l — h| AKY(1 — u¥)

- [T _ hAKﬂ (1 - u¥). (C4.18)

It follows then that

aD(u, 1K) _ (¢> [@;Dru_hA <uK>ﬂ ,

ou n
dD(u, I; K) B P
o) (o) i
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o (“‘”) (v —olp—h))

ou
h( lN)l F,"L’uw@‘ 1)

— _(F— P
= —(c—1u"+ Mo

(C4.20)

Il
i

Then the deterministic steady state of the equilibrium is represented by the time-invariant version
of the tacit-collusion Euler condition (C2.27) under the assumption that the adjustment costs in the
transition from K to K following a defection are amortized over the infinite horizon, so that the per-

period adjustment costs are zero. Hence, in the steady state:

1. (u, K) satisfy the condition

oIl _(o—1) v _
(1-x)=« a—K(l—xu s )= xYu-[l—u

Qe

JhAK®= 4 (1 —)((1 —8) —m)| . (C4.21)
Equilibrium and defecting dividends are given by

D = YT'—hA@uK)" —(m+K, (C4.22)

D = Y -hAKY — (m+0)K. (C4.23)

The tacit-collusion incentive compatibility condition (TCIC) is satisfied:

(D-D) =2~ (D-D), (C4.24)

where D is given by (C4.12).

2. Product price in the representative sector is
1 1 _¥
p=MpA N o (uK) 7. (C4.25)

Aggregate income and price index is given by

W = > Dj+l1-o, (C4.26)
j
; 1/(1-0)
P o= |> ¢ . (C4.27)
j=1

11



The analysis for the existence of solutions to (C4.21) proceeds as follows. Let,

Y(o—1)

qfe-

oK) = (- +a |0y ) (-t RAKE D
(I =x)((1—d) —m)]. (C4.28)

Note that v(u, K) is continuous on its domain [0, 1] x R. Furthermore, we have

gg = TK — YA KO-, (C4.29)

It is then straightforward to check from the foregoing that for any 1 > u > 0

. . . oIl . oIl
Ay x =0, Jim X = o0, lim e = o0, lim 5 =0 (C4.30)

Furthermore, from (C4.20) and (C4.29), if (% +¢— 1) < 0, that is, if

o
4.31
Pl (C4.31)
then it can be shown that
Il(lglov(u, K) = oo, Klgnoov(u, K) = cc. (C4.32)

Hence, from continuity, (C4.32) implies that for every 1 > u > 0, there exist well defined zeros of
the steady state Euler condition (C4.21). The local optimality of these zeros can be checked by

standard methods since v(u, K) is also differentiable. B

D. Derivation of Equations in Section 5

Let Y; = Ay(K;)¥ and Y; = Ay(uK;)?. Using Equation (12) in the text, the (binding) TCIC is thus
(pe — )Yy = Vy) = B | Vis1(Teg1) — Viga (Teqa) | = 0. (D1.1)

Now consider the case where N; is increased to Nyy1, while keeping fixed the aggregate quantities W,
and P;. We will denote the equilibrium path with the additional active firm by subscript “4.” The
TCIC is then

= M) = V) =B [V (Ten) = Vit (D) | = 0. (D1.2)

12



Subtracting (D1.2) from (D1.1) gives

AN, (Et [Vt+1(ft+1) - Vt+1(ft+1)]> — (pt — h)AnN,(Y; = Yy)

An(pt) = ¥ —7)

(D1.3)

Note that ¥; —Y; > 0 because @; = 1 > u;. Hence, the sign of A N, (pt) is determined by the punishment
and market dilution effects defined in Equation (18).

Next, we denote by R;y1(N) and Ri41(N + 1) the gross t + 1—period return of with N and (N + 1)
firms, respectively, holding other things fixed. Furthermore, for notational simplicity, we suppress the
dependence on the “status quo” number of firms N. Then,

AN (Covg (Q 441, Rip1) Rppq1) =

[Cove (Qtp+1(N + 1), Rea (N + 1)) = Covg(Qu 41, Reg)| (R0 + An(Ryp41))
~ [Covy (g1, Rey1(N +1) — Rig1) + Cove (Qp41(N +1) — i1, Repr (N + 1)) Ry 41

~ CO’Ut(Qt t+1, AN(Rt+1)) + Covt(AN(Qt t+1) Rt+1(N + 1))]Rf’t+1

Diiq + S,
>~ CO'Ut <Qt t—i—laAN < t+1S H—l)) Rf7t+1, (D14)
t
when An(€%,4+1) and An(Rf441) are small. B

E. Loglinear approximations (Section 5.1)

E1. Stochastic discount factor

Since C; = %, the SDF in Equation (4) in the text can be written (see Epstein and Zin 1989)

—nd

At Gita o1 1—~

= R 0= —-+ E1.0
A (Gfﬂ Cit+l ’ (EL0)

where GZ_VH and Gﬁrl are the gross growth rates of W and P, respectively, and R¢ 41 is the gross return
on the asset that pays out aggregate consumption. Therefore, from Equation (E1.0), the log of the real

pricing kernel \i11 = log(A¢41/A4) is

Aty1 = Ologa — 10 [guw,t+1 — Grps1] + (0 — D)repra, (E1.1)

where g ++1 and gr ;41 are the log growth rates of income and aggregate price index, respectively, and

Tet+1 = 10g(Re+41). Using the Campbell and Shiller (1988) log-linearization, we can represent ;41 as

Tet+l = 0 + %01€c7t+1 — Lt + Juwt+1 — Grt+1, (E1.2)
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where /. is the log price-consumption ratio. Here

exp(¥.)

s = log(1 + exp(le)) — serle; 1 = 1+ exp(le)’

(E1.3)

where /. is the unconditional mean of £.;. We guess and then verify that /. is a linear function of the

logs of the aggregate state variables W; and P;, that is,
bet = Ke) + KewWt + KenTt. (E1.4)

Now, gu,t+1 = (P — Dwe + ¥y and gr 11 = (pr — 1)m + €7, ;. Then substitution of (E1.3) and (E1.4)
in (E1.2) gives

)\t+1 = BO + wat + B7r7Tt + bwgw,t—‘rl + b7r€7r,t+17 (E15)
where
By = 0loga;
w = (pp = DO —n) =1+ (0 — DEcwlra1py, — 1];
= (o =10 —1)+ 1]+ (0 — ke [s0c107 — 1];
by = —n0+(0—1)c1kew + 1];
by = nb—(0—1)[1 — »1ken)- (E1.6)

We can then obtain the coefficients of ¢, in (E1.4) through the method of undetermined coefficients.

The Euler condition for returns yields

1 = Eilexp(Ag1 + ¢ — Tep1 + Tept1)]

= Elexp(floga — 00 [guwit+1 — grt1] + Orcrp1 + T — Teg1)] (E1.7)

Since (E1.7) must hold for all values of the state variables, all terms involving w; and m; must satisfy

wib[(py —1)(1 =) + Kew(s21py —1)] = 0, (EL.8)
T {0[(pr —1)(n — 1) + Ker (G2e1pr — D] +1—p}p = 0. (EL.9)
From (E1.8)-(E1.9), it follows
_(pp—=DM=1) (o = DA —n)+1]
RKew = veoap —1  Kenr = 00y —1) ) (E1.10)
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And to ensure that the constant terms in (E1.7) equal zero, the coefficient kg is calculated from (E1.2)
and (E1.4) as, ke = lo%f#. We then solve for /. (the unconditional mean of ¢.;) using Equations
(E1.3), E(1.4), (E1.10) and k¢ in the steady state, that is, when £, = kco + KewW + Kerm (Where w and
7 are the steady state values).

Note that the log of the nominal pricing kernel w1 = Ay41 + 7 — T4 1S
w1 = Bo + Bywt + (BW + (1 — pﬂ))ﬂt + bwffw,t—',-l + bﬂ&‘mH_l. (El.ll)

It is also useful to record the log-linearization of the expected nominal SDF around the deterministic
steady state. In subsequent analysis, we let H, = log(H,) — log(H ) be the log deviation of any variable
H, from its steady state value H. Now, in the steady state, m; = my; and hence 2 = A = a, so that

B¢ [411] = Bt [wig1 — o] . Therefore, from (E1.11), we have
E; [ ;ﬁ,t-&-l] = (0 —1)loga+ Byws + (Br + (1 — p,)) 7. (E1.12)

E2. Loglinearization of Bertrand-Nash equilibrium path

We note that the steady state of the OEP BN equilibrium and the equilibrium follows along the
lines of Section C.4 except that W and P are taken as exogenous. Similarly, in perturbations around
the steady state, the paths follow as in Section B2 and C2 with the proviso that W; and P, are now
taken to be exogenous log AR(1) processes (as specified in the text).

Now, log-linearization of the punishment equilibrium dividends (B2.3) gives

W/ —1
4¢+(0 )
g

pp — % [ ! (4+ P+ wfc;ﬂ C ARV (AL 1 R —

SKI — mKK,, (E2.1)

Meanwhile, the derivation of the equilibrium law of motion for capital stock proceeds, in the standard
fashion, by developing a second order difference equation in f(; from log-linearizing the Euler equation

(B2.10) through the log-linearization of the capital transition equation I, = K, ; — (1 — §) K, so that
IA+1) = K[(1+ K} 1) — (1= 6)(1+ K})]. (E2.2)
But because I = 6K, we have K /I = 1/5. And since I = K[1 — (1 — §)], (E2.2) yields

=41 (f(g - 5)1%;) . (E2.3)
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In particular, (E2.3) implies that I, — K| = (0)"(K[,; — K}). Then log-linearization of (B2.10) gives,
upon noting that €2 = «, canceling out the constant terms due to the steady state Euler equation

(E1.12), and taking period ¢ terms under the expectation operator,

Wi + (c—1) (

0 = —p(Kj ., — K} +E [WTK <0492,t+1 + Afy + Pliy) —

YKl ) = ShAKO (00 oy + Appy + (0 = DE ) —m+

04805(K§+2 - Kngrl)) + (1 — 5){0¢Qi,t+1 + 04<P5(K;+2 - fgﬂ)}]- (E2.4)
Using I}, = 0" (K,’HQ —(1- 5)I~(1{+1> and rearranging terms, the RHS of (E2.4) can be written

0 = KT+ B [0 T + KT + Ko T3+

- K - K - K
Wi TE + Pl T 4 A;HTAJ : (E2.5)
where

TK = o [Q/)(TK — hARWD) — (1 - 5)} ,

TIIgO = ¢7T§2:a¢5(2_5)7

lef(l = - [90(1+a5(2—5))+a¢(’i'1(y+(1/}_ 1)hAK'(w71)] :

r T (o 1)
K, = S SN S )

w1 041/) P ,TP]_ Oéw . ,

- K )

K | 0D hAK(w_n] ‘ (E2.6)

Next, we express l~ct+1 as an affine function of the state variables, that is, of the form
I;:t—‘,—l = Zg + Z{f,wt + Zﬁﬂ't + foat + Z}?];Zt, (E27)

and determine the coefficients through the Euler condition (E2.5). Note that under the assumed policy
in (E2.7),
Ee | K{Tfy + K1 TH, + K£+2TII<<2} =

R | TR 28 + TR ZE + TH | + i | 26T o + Z5) + TH Y| +
o [Ty 28 + T + o [ 25T+ 28 + ] +

Zh TR+ Z8) + Ty | = T + T + T, (E2.8)
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To ensure that terms multiplying l-ct equal zero, the following quadratic in Z,’j must be satisfied
Tia(Z5)° + Tio = 0, (E2.9)

so that

k—_ (E2.10)
2TK, 2Tk,

In the standard way, the smallest real root will be chosen. Next collecting terms for w; in the Euler

(E2.5) and requiring them to be zero, we have
we | Zu{TRo(po + Z) + Tia} + pu(Tign + ToBu) | =0, (E2.11)

where we have used ;[ given in (E1.12)). Hence,
tt+1

Zk — prVI[gl + TQBw (E2 12)
it - - —. .
T (pw + Z5) + T,
Similarly, we calculate
7r ~ jd ~ b
TII({2(p7r + Zl]cg) + TII({l
- TK
Zk = Pa” A1 . (E2.13)

TI[((2(pa + Z};) + Tll({l

where B,, and B are defined in (E1.6) above. Finally, Zé“ is determined to ensure that the constant
terms in (E2.8) sum to zero.
Having determined the coefficients of (E2.7), we similarly express d, and 3, as affine functions of log

of state variables, that is,

d, = Z3+ Z%w, + Z%r, + Z%a, + Z1k,, (E2.14)

5, = Z5+Ziwi+ Zim+ Zia, + Zik,. (E2.15)

Then recognizing that D} = d; —dK] = k, — k, and utilizing (E2.1) and (E2.7) yields (up to the constant

17



term)

Next, we use the log-linearization of the equilibrium asset pricing condition

D S
E, | il il
t [ t+1 ( 3, 3,

Loglinear expansion of (C2.35) around the steady state (using 2 = «) gives:

OéEt =1.

D . - ~ -
(S‘) (1 + Q1+ Digq — St) + (1 + Q1 + S — Sﬁ)

However, using the steady state return relationship (1 + %) = 1/a, (E2.18) becomes
By [ 1 + (1 0) D4y + 08, — 5] =0
Note that

Be [aSi =8I = (a=1)(Z—3)+ Zilap, — Duwi + Zilap, = i+

Zi(ap, = Vay + Zi (k1 — k),

By (1= a)Dppy| = (1= 0) |23+ Zipywi+ Zipemi + Zipgart
Bl ).
al%tﬂ —k = «a [Z(’f + Z8wy + ZEmy 4+ ZFa, | + (aZF — 1k,
(1-a)kiy, = (1—a) [Z{f + Z%w, + ZEmy + ZFa, + ZFE, |

Thus substituting (E2.22)-(E2.23) in (E2.20)-(E2.21) we get (up to constants),

18

(E2.16)

(C2.35)

(E2.18)

(E2.19)

(E2.20)

(E2.21)
(E2.22)

(E2.23)



Be [ 41 + (1= @)Dy + a8, - 5] =

wi (Bupy + Zi(ap, = 1) + (1= ) Zbp,, + Z5(@Zi + (1= ) Z)) + 7 (Bupy + (1= po)+
Zi(apy = 1) + (1= ) Zdp, + ZE(Zi + (1= ) Z) ) + 0, Zislap, = 1) + (1 — @) Zip, +

Zk(aZs + (1 — a)Zh) + k, (z,gmz;; S+ (- oozgzzg) . (E2.24)

Then to ensure that the coefficient of k, is zero, we must have

. 1—a)ZiZF
gi = U= 2 (E2.25)
1—aZ ,{j
where Zg and Z ],j have been computed above. With Z,ﬁ in hand, we can compute the coefficients of 3,

with respect to the other state variables to ensure that the equilibrium asset market condition (E2.19)

is satisfied. We have:

-, Bu+(1 —a)ngw+Z£(aZ,§+(1 —a)Zg)

Z5 =
v 1- APy ’
Zs — Bﬂ'—l_(l _p7r)+(1 —Ot),Oﬂ_Zg—i-Zﬁ(OAZz—F(l _a)Zlf:l)
T 1- OPr ’
Zas _ (1—a)Zp, + fo(aZ;z +(1- oz)fo). (F2.26)
1- ap,

E3. Log-linearization of tacit collusion equilibrium path

We will use log-linearization to approximate the equilibrium path using the TCIC (C2.10), the Euler

(C2.27) and the asset market equilibrium condition

D S
By [Q 1( Lnm R t+1>}:1. (E3.1)

Note from (C2.13) that, for ¢ = 0,1 (and up to constants)

P / /

Xoi = —(o = Du’ufy + 0 [AL + 0Ly + (0 + Dugy) - Wi — (0 - DPL |, (B3.2)
where 1,1 9 plotl)
hNcAsKou o

o= e “ (E3.3)

We now log-linearize the Euler condition (C2.27). We recall that I} ; — K/ ; = (1/6)(K{ , — K ;)
and I}, = (1/0)(K} 5 — (1 0)K],,). Using these facts, log-linearization of (C2.27) gives (up to steady
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state constants),

0 = uTE + KTE, + 475 + W/TE, + PITX, +
B, [Q:f,t—i-lefl( + K£+1TI[((1 + K£+2TII<<2 + Wt/+1T£1 + Pt’+1T1§1+

AL TR +up T + K£+2T§2} ; (E3.4)

where (using the definitions in (C4.13)-(C4.15)):

5 = a [(TK — whAqu(w*1)> (1 — xu~ MUJU) - wx[u% —1JRAKY™) (1 —x)(1 -6 — m)} ,

o— k)
TE, = ¢(1—x)+vOx <1 +o ((TK - whAqu(¢*1)> w T g — DRAKWD (15— m)>> :

TH = —p(1—x)—a [Ty —xu™ ") + (g - DRAKO V(" = 1) + 9(3(1 - x)—
(1= 6){(1 - x) - SxvOD)],
TH, = opls+(1—x)(1 -0 TE, = —pbx,

o— K
TE = (0@ +1) - (0 — Du¥)x [go&p +a— (T = phAu KOD) w5 g — hAK@D

m—(1-9))],
Ti = «a [MK(U;U — phAK@D <¢ o 25 (1/}(0—1)”#1 _ 1/1) N X(:l)) N

(1= )pdx(O(o +1) = (0 = u?)]

Ty = —x© [1 +a { <TK - ¢hAqu(d’_1)) w5

_ _%(e=1)
T = al@) ' TE ) - (1= 0)pox®)

- Qp(u% — DhAKW™Y — (1§ — m)H :

Tllfo = (o0— 1)TVI[§0>TII3<1 = (o0 — 1)TVII§17T§0 = —Tlgm

—1 o— w»
Y = o [{ <" - ) TH - mAuifK(w—l)} (1= xu %) — x[u” — JRAK®@D 4 (1 - 5)w6x®] .

We next log-linearize the TCIC Because, along the equilibrium path at every ¢, S; = By [Viy1(K41)]
and S; = K, [f/tH(KtH)} , the TCIC can be written as

Dy — Dy —(S; — S;) =0. (E3.5)
Now, D, — D, equals
1 Y- (-1 _w » "
MygpN~ =K, ° A, 7 u,~ —hAK]| (1—uf). (E3.6)

Hence, log-linearization of (E3.6) around the equilibrium steady state gives (after canceling out constant
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terms due to the steady state relation of D — D)

/ —
© (M D (gt o) - L) - hARY(; o) -

g g

T [Wt I Canl U N Kz>}] +hA WK)” (A + (K] + ). (E3.7)

Then, log-linearization of the TCIC (C2.10) by inserting (E3.7) and rearranging terms yields

-~ / -1
u =t (ssi- 58— a-w 1 (4 e

AL H + K{H}]) (E3.8)
where

Hy = o[ - 2 (14w - ).

-1
e = =Dy akd g gme (E3.9)

g

Note that HY < 0 since in the steady state Yu¥ > hA (uK )¢ (as non-negative profits are necessary for

firm survival in steady state). But

1 V(g —1 -1 1 1—uY
T <+“W)> — Tu¥ (U + ) prE=) e (E3.10)
g g g

(o)

Since (E3.8) holds for any ¢ along the equilibrium path, it follows therefore that

o= HHH(SS,, -8S - (1—ub)|T Wi (0 =1 pr
wy = (Hp) t+1 1 — (1 —u?) - + t+1 | T

A Hy + K HY) (E3.11)

We can then use (E3.8) and (E3.11) to substitute out w; and w; ; in (E3.4), thereby obtaining an
approximation of the optimality condition (E3.4) as an affine function of exogenous state variables
(W{, Wy, P}, Ply, A, A, ) and the costate variables (K[, Ki 1, K|.o, Si, Sii1, Si Siiq). We now
use the method of undetermined coefficients to determine the coefficients for the optimality condition

by exploiting the asset pricing equilibrium condition:
oy [ + (1 —a)Dpyy +aSi, —Si] =0. (E3.12)

We start by positing equilibrium affine functions for log investment and and log (ex-dividend) equity
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values, namely,

kiin = Z8+ ZFw + ZEmy 4+ Z%a, + ZFE,, (E3.13)

st = Zy+ Zywi + Zim + Zia, + Zik,. (E3.14)

Using the above two equations, recognizing that S; = s; — s, Kt+] kirj —k,5 =0,1,2, etc., using
Q4 ;11 in (E1.12), and utilizing the fact that p; , = diag(p)' g+, yields the log-linearized optimality
condition (E3.4) of the firm he form:

0 = By |kHfy+ kt+1HI]:1 + kt+2Hll:2 +w HYy + Himy +

HFa, + HE, (E3.15)

where the coefficients with respect to the state variables are

K

T
oy = TKO+<
Hy

K

0) [s2¢ - 52 - (1- )t

T,
Hh = i () 52— - - w )
Hil§2 = Tll((Qv

TE + p,TX
HF = 7K.+ p, (TJV<1+TS§<Bw)+<OP“J> %

Hy
~ = T
1875 = 525 — (1= u¥)—_] + (T, + p, i) 78,

TE + p, T
Hy = Tpo+ peThy + T4 (pr(Br — 1) +1) + <H€”> X
0
- Y(o—1
[SZ;"; - 87— (1- uw)(")} +(Tg1 + pxTi2) 25,
g

TE + p, TE
HE = T+ (TR
0

(525 — 5Z; — (1 —u)Hy] + (Tiy + paTi2) Zs. (E3.16)

where the terms T have been defined in (E3.4). However, in (E3.16) Hf, and H}, include (as yet)
undetermined stock price loading on capital, Z7, that is the coefficient of k; in s; (see (E3.14)).
To determine the coefficients of s, in general, we utilize the log-linearization of the asset pricing

condition in (E3.1), which requires Dj. Log-linearizing D,, we have

/ J—
DDy = T" <V? G - D {P/+ A} + (K] + u@)}) — hA(uK)¥
(AL +(K! +u))) — 0KI, — mKK], (E3.17)
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where I} = (1/0)(K{,; — (1 —0)K{). Hence, since D; = d; — d, substituting for u; from (E3.8) and k,_,

from (E3.13), we can write
dy = Z§ + Z3wy + Z%my + Z3ay + Ziky + Z%s; + 785, (E3.18)

where (up to the constant term),

a _ 1 N gupe ey SO Do o\ _ ggk
z8 = cHED HyY" — (1 —u¥)Y . T — hA (uK) KZ;|,
d _ (071) U U o (0-71) u L2 k
74 = oD {HOT (1 —u)Y {0 YT* — hA (uK) KZF|,
(e — ha (uk)")
7l = A7 [H“ (1 — ulﬁ)H“} —KZF
a HgD 0 a a’
) ¢(Egﬁru—hA@uQ¢)s
Z =
. HYD ’
. put (1220~ na (uK)") §
s - Hél‘D )
gi _ M=0-—m-ZK v (O%l)w —hd (“K)w) s — (1~ )] (E3.19)
F D * HYD ’ ‘

and where H{ and H}* are defined in (E3.16), while the coefficients Z¥ of k,,, in (E3.13) will be
determined next. We note from (E3.13)-(E3.14) that k; and s; do not directly depend on the (log of)
the off-equilibrium ex-dividend price §;, while d; in (E3.18) does so. The reason is apparent from the
Euler condition (C2.27) and the equity market clearing condition (E3.1). These conditions do no not
directly depend on S; for example, in the Euler condition off-equilibrium behavior operates through
off-equilibrium path investment ft+1. However, the optimality condition for capacity utilization u; in
(E3.11) depends directly on S;, which in turn directly affects d;.

Returning to the asset market equilibrium condition, we can utilize (E3.18)-(E3.19) to substitute
for diy1 in the asset pricing condition (E3.12) to derive the equilibrium coefficients for s;,. To this end,

note that

ki1 —k = a [Z{f + Zhwy + ZEmy + ZFa,) + (aZF — 1k, (E3.20)

(1—a)ks = (1—a) [Z{; + ZRwy + ZEmy + ZFa, + Z,’jkt] . (E3.21)
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Hence, collecting terms in (the LHS) of (E3.12), the asset pricing condition requires

wi [(1 = a)pu (2 + Z2235) + Zil(apy — 1) + (1= a)p, Zi 1+
Z{(1 = )2 + aZi} + Bu| + i (1 = a)pa (22 + 2223) + Zi{(ap, — 1)+

(1= a)pe 2} + ZE{(1 = )2 + aZi} + Ba + (1 - p,)] +

a, (1 = o, (28 + 2223) + Zi{(ap, = 1) + (1 — a)p, ZE )+

ZH@1 - )z + azg}} + k, [(1 —a)(Ze+ 2878 + Zi(aZf — 1)} + Zg5. (E3.22)

It is clear that to ensure that the coefficient of k; is zero for all values of the state, we must have

(1— o)z + 242;)

But we notice from (E3.19) that

75— E3.23
k 1—042,’;C ( :
= H!-KZ
5 T — hA (uK)¥) [HY — (1 — u¥)HY
_ 0-i-mE (uEK)") [Hy — (L~ u")H}] (E3.24)
D H§D

Hence, substituting (E3.24) in (E3.23) and then substituting the resultant expression for Z; in (E3.16),

we get

where

1
Hf = (1 - aZ’f> =60 + ZRER],
k
1
K _
Hip = (1 — aZ,’j) =15+ Ze=1is (E3.25)

K

TE + <Tﬁ> (S —a)HI +SZ (1 —a)Z¢ — 1) — (1 —u¥)HP)]
K1 Hg k k S k ’
K
—aTE, - (Zg) [SK(1 —a) — a(SZ; + (1 —u¥)HY). (E3.26)

Returning to (E3.15)-(E3.16), to ensure that the terms involving the log of the capital stock are collec-
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tively zero, Z,’j is derived as the smallest real root of the cubic equation:

A + BEZE + BE(ZE)? + BE(ZE) =0, (E3.27)
where
HE = =K,
Hi = E§+Eh,
ﬁ,ﬁg = H,g + aE{(l,
HE = —oHE. (E3.28)

Note that the determination of Z¥ (in (E3.27)-(E3.28)) also yields Z¢ (from (E3.19)) and Z; (from
(E3.23)). In a similar fashion, we can compute the loadings of k;, ; of s, on the other state variables
(wy, ¢, ag) by utilizing the Euler condition (E3.15) and the asset market condition (E3.22), which then
yield the corresponding loadings of d, (from (E3.19)). More explicitly, because we require the coefficients
of the state variables in the asset market condition (E3.22) to each be zero, we can solve for the loadings

of s; as

(=) (Zg + Z823) + ZE{(1 — ) Z + aZ} + By
s (1 - apw) + (Oé - 1)prsd ’
(1 = a)p(ZF + HEZ) + Z3{(1 — ) 2 + aZ}} + Br + (1 — py)
(1 - apw) + (OZ - 1)p7ng ’
(1= a)pa(Z8 + 2823) + ZH(1 — ) Zf + 0 Z)
(1 - apa) + (O[ - 1)paZg .

(E3.29)

Finally, we utilize the foregoing derivations to compute nominal equity returns (for the representative

firm in any industry) by using the Campbell and Shiller (1988) approximation

Tir1 = 240 + 2q1la 1 — Lar + dir1 — dy, (E3.30)

where {4 is the log price-dividend ratio log(Sy/Dy) = sy — di. And 549 and 54 are given by

exp(£a)
g0 = log|l 4+ exp(bq)] — »q18q, %91 = ————, E3.32
do gl p(£a)] d1td, #d1 = 7 T exp(fy) ( )
where ¢, is the unconditional mean of £4. From the foregoing, it follows that
Edt = Rdo T KdwWt + KdrTt + KdaOt + Hdkkt -+ /idggt, (E3.33)
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where (using (E3.14) and (E3.18)):

o — Zg—zg%d :Z;—fo}_ﬁd :Z:;—ng :Zg—Zg.
0 1—'—25’ w 1+Z57 ™ 1+Z§a a 1+Z37
zZi—Zf -z
Kay = —r_k = i (E3.34)

1+23 " T 1y 7y

In our numerical simulations of conditional returns r.y1, we take ¢; to be the mean of the simulated

(st — d¢), using the equilibrium rules derived above. B

F. Depreciation costs of capacity utilization
We now consider the case where §(u) = %ug, & > 1. The steady state capital adjustment cost function

is W(I,K) =1+05p(%— 5(u))2 K. It is convenient to define

~ o— ~ wU*
T = MeN—7A @R)~5,
TH - {M¢N"“A“a“"‘”ky(]v"_l>}
o )
T = {MqﬁA%lN—”ila—ykw(”a” <N‘7_1>}, (F1.1)
(o

Yy = (e=¥)+¥)  And when used without time subscripts—that is, T, TX and T“—the notation will

o

refer to the steady state values of these variables. The firm’s optimization problem, conditional on

capital stock K and other firms’ (symmetric) strategies (@i_y, K_,), can be represented as

V(K,K_n) = max D(u,I|i_pn, K, K)+aV(K((1-0d(u)+1), (F1.2)
u€l0,1],1
where
(u, iy, K_n, K) = (quA—%[(N —D)(@k)Y + wk)¥]"7 — h) AKY®,  (F1.3)
D(u, 1, p, K, K) = (|t p, K o, K) =V, K)—mK. (F1.4)

Then, (@, K) is the steady state equilibrium for all if the solution to (F1.2)-(F1.4) implies I = K,

where § = %(fo)é. Thus, (4, K ,) are, respectively, characterized by the optimality conditions

0 = (mg‘l’tm_a(ﬂ)@nff‘g]f)? (F1.5)
0 = —l+a M—m+(l—5) (F1.6)

oK
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Now, from (F1.3)

8H(ﬂ, K) - 8H(U7K|(ﬂ—n7k—nak)) ~
ou = ou |u=ﬂ,K=K
= 9 [(" ~Diu_ hAﬁ(wl)f(“’} . (F1.7)
g

Similarly,

aﬂgj;’(K ) _y {(“ — Dy _ hA(a)iﬁ(f()(w—U} . (FL8)

g

And dividends in the punishment steady state are:

D=1(i,K) — V0K, K) —m. (F1.9)
(F1.7)-(F1.9) determine the steady state cum- and ex-dividend equity values as V = ll_ia’ S = 104_1?1

In the standard fashion, we can use the implicit function theorem on the optimality conditions

a‘g(uK) =0 (F1.5) and a‘glK L) (F1.6) to derive comparative statics with respect to the depreciation

cost parameter . Note that (F1.6) implies 1 = aa‘g%{). Substituting this in (F1.5), we compute

9%V (K)
oud€

= —log(u)(@)¢ VK >0, (F1.10)

since log(u) < 0 (as 0 < u < 1). And from (F1.6) we have

9%V (K) Do
= —a—= . F1.11
D108 o (FL.11)
Next, from Young’s Theorem, we have 8;3520 = 8;}?25) and hence from (F1.7) and (F1.5)
62‘7(]%) 1!12 o—1 2 ) "(7/)—1) - ~(£_1) 82V(I~()

Then using standard comparative statics techniques for multivariate optimization we get

- PV(K) 9?V(K) | 9?V(K) 9V (K)

0K _ T OK)* oI% OKou  OudE (F1.13)
o€ 92V (K) 92V(K) <azv(f<) )2 ' '
OK)? (0u)? K Ou
Now the local second order conditions for an optimum, % < 0 and the denominator of (F1.13) is
positive. Hence, from (F1.10) and (F1.11), % > 0 if 8;}?59}5) > 0. Returning to (F1.12), the second

term is positive by the local second order conditions. And from (F1.5), ang’m > 0, that is, (F1.7) is
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" . . 92V (K) .
positive. Hence a sufficient condition for 55> > 0 is that

2
ho< (" 1) M¢N— AT (aK)~% <NU 1)

g g

- (";1)2N(NUU_1>;5. (F1.14)
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Table A.1. Calibration for quantitative analysis in Section 5.1

This table displays the parameterization used for the numerical computations of the loglinear approximation
of the industry equilibrium presented in Section 5.1. p,,, p,. are the estimated autocorrelation coefficients
of the first order autoregressive processes of wy = log W, and m; = log P, that is, wy = p,wi—1 + Eur
and 7, = p,m—1 + €. Wy and P, are described in Section 4.1. Y, 2 and X, are the volatilities and
covariance of the estimated income and price index shocks €,; and €,;. The autocorrelation coefficients of
sectoral log productivity shock (p, ), as well as the covariances of industry productivity shocks with w; and
Tt (Baws Lar, Bzw, Dzr) are estimated from the first order autoregressive processes of log productivity in

the NBER-CES (annual) data for U.S. manufacturing consumer goods sector during 1958-2016.

Consumption and Production

Annual discount factor () 0.99
Intertemporal elasticity of substitution (n7!) 1.9
Risk aversion (7) 5
Product elasticity of substitution (o) 2.5
Sectoral weight (¢) 0.05
Output elasticity of capital (¢) 0.78
Capital adjustment cost (¢) 5
Annual depreciation rate (J) 5.5%

Variance-Covariance Matrix ¥ (Annual)

Volatility of eyt (Zuw) 2.5%
Volatility of exy (Sy) 2.85%
Volatility of g4 (3Z4) 0.5%
Cov(ew,,ent) (Zwn) 0.001
Cov(ew,;Ear) (Zaw) 0.0002
Cov(er,,€a,) (Zan) 0.0005

Autocorrelation Coefficients (Annual)
Coefficient of wy (p,,) 0.95
Coeflicient of 7 (, p,;) 0.965
Coefficient of a; (p,) 0.88
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