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Leaders, Followers and Risk Dynamics in IndustryEquilibrium
Abstract

e examine a model in which two �rms strategically compete in a duopolisticproduct market. Firms produce a homogenous product and face stochasticindustry demand. Each �rm has a single option either to expand or contractcapacity, and hence output. In this setup we analyze the risk characteristicsof industries as well as single �rms and look at corresponding asset pricedynamics. We focus on sequential exercise of options. We �nd that strategiccompetition in the product market is risk reducing. Irrespective of expansionor contraction the presence of strategically interacting rivals causes �rm'srisk to decline. This is the consequence of a simple hedging argument.Moreover, we �nd that own �rm and industry characteristics have oppositerisk implications in case of expansion and contraction. Empirical evidence,however, is that a strong negative relationship exists between �rm and rivalrisk measures.
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1 Introduction
Traditional asset pricing largely ignores the in
uence of industry structureand competitors' reactions when analyzing the risk dynamics of a single �rm.Nevertheless it seems obvious that investment decisions in an oligopolisticmarket, that cause the existing capacity of rivals to change, also determinethe cash 
ows earned by the �rms in the industry, and hence in
uence therisk dynamics. Therefore it seems natural to link industry structure withasset returns and risk.The recent literature on corporate investment decisions using a real op-tions framework helps to bridge the gap between asset pricing and industrialorganization. Grenadier (2002) introduces a generalization of McDonaldand Siegel (1986) in which symmetric oligopolists face the option to expandcapacity in an industry where demand is stochastic. Assuming that �rmsoperate in a homogenous product market he derives a symmetric equilibriumwith strategic exercise of options and shows that the value of the option towait diminishes as the industry becomes more competitive (i.e. the number of�rms increases). Aguerrevere (2003) takes up the model of Grenadier (2002)but allows for operating 
exibility, i.e. �rms need not produce with full ca-pacity. He shows that �rms might �nd it optimal to expand capacity even ifcurrent output levels do not fully use existing capacity and that endogenousoutput price 
uctuations are increasing with the number of competitors.While both these papers analyze the link between industry competition andcapacity expansion, they do not look at the risk implications of investmentstrategies.Aguerrevere (2005) is the �rst that relates industry structure and riskdynamics in a model with N symmetric �rms. He introduces two alternativesettings. One in which the symmetric �rms face �xed capacities that canonly be changed by exercising a growth option, the other one in which �rmshave operating 
exibility. He �nds that in case of operating 
exibility indus-try risk is higher the more competitive the industry is. Industry risks are animmediate consequence of operating leverage and irreversibility. While thisis an interesting result that has empirical support found in the paper by Houand Robinson (2005), it is not clear which one of the two e�ects dominates.To explore this, an approach is required that looks at asymmetric �rms inan industry setup.
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There are several papers in the real options literature that study corpo-rate investment decisions in an oligopolistic industry when �rms face optionsto expand. Boyer, Lassere, Mariotti and Moreaux (2004) formulate a modelwith asymmetric �rms that strategically exercise growth options. They con-centrate on preemptive e�ects of capacity expansion and do not study assetprice dynamics. Pawlina and Kort (2002) study an asymmetric duopolymodel with a single option for each �rm and look at di�erent exercise equi-libria.In this paper we study corporate investment decisions of asymmetric�rms that compete in a duopolistic output market and analyze the riskdynamics in such a setup. In particular, we look at a market in which two�rms supply a homogenous product. Demand in the market is stochasticand follows a Geometric Brownian Motion (GBM). Each �rm in the industrystarts out at a given capacity level with �xed costs but holds an option eitherto shrink or to expand capacity depending on the level of demand. Afterexpansion (contraction) each �rm operates with a higher (lower) level ofcapacity, output and �xed costs. Option exercise is costly. In case of anexpansion investment costs include both adjustment costs and the price ofthe investment and in case of contraction �rms get paid a salvage value forthe downsized units.1We assume that investment costs and salvage values are asymmetric sothat there is a high cost and a low cost �rm and a �rm with a high and alow salvage value. In both cases option exercise is sequential with the lowcost (high salvage value) �rm expanding �rst (being the leader) and the highcost (low salvage value) �rm expanding second (being the follower). Thissequential exercise gives rise to three di�erent industry stages: a juvenileindustry in which neither �rm exercised any of the options, an adolescentindustry in which the leader exercised his option but the follower did not,and a mature industry in which both �rms have exercised their options.We �nd that the risk dynamics of the �rms are driven by both oper-ating leverage and irreversibility, two e�ects that have been recognized inthe existing investment literature (see for example Carlson, Fisher, and Gi-ammarino (2004)). In addition we identify a strategic (industry) risk factor1The introduction of both an expansion and contraction option is motivated by theassumption that �rms have to produce at capacity levels. Allowing for both types ofoptions can be seen as a substitute for operating 
exibility.
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that arises because of imperfect product market. It turns out, for example,that in an adolescent industry where a leader has expanded but a followerhas not, the leader's risk is reduced by the follower's potential. Hence, rela-tive to a monopoly situation, the existence of a competitive rival results ina reduction of risk.The intuition for this result comes from what we refer to as a hedginge�ect. If both �rms were at full capacity with no ability to expand orcontract, any demand shock would translate directly into a price shock.Now consider the situation where one �rm has expanded but the other hasnot. There is some demand shock that would induce the follower to exercisetheir expansion option. The increase in capacity will dampen the demandshock, thereby reducing risk. Similarly, the ability to contract will o� setnegative demand shocks.As pointed out above, the risk reducing e�ect in any of the two cases(expansion and contraction) is driven by a hedging argument. The adjust-ment of industry output as a consequence of option exercise of the rivalcauses prices to change less widely so that �rms face a risk reducing e�ect.As it turns out the industry risk e�ect has opposite risk implications in anexpanding industry and same risk implications in a shrinking industry. Thisprediction has important implications for empirical analysis. If we add in-dustry factors to �rm's own risk characteristics we have to expect both, sameand opposite risk implications. Our empirical analysis shows that industrycharacteristics in
uence �rm returns.2Our �ndings are also able to disentangle the two driving forces behindrisk dynamics of individual �rms. As many recent papers on corporate in-vestment decisions and asset price dynamics, such as Gomes, Kogan andZhang (2003), Zhang (2005), and Cooper (2006), point out, the risk dy-namics are governed by operating leverage and the degree of irreversibility.While both e�ects are important, it is not clear how they can be separatedand identi�ed by observable variables. Our approach documents that op-erating leverage must be associated with the �rm's book to market, whileirreversibility can be captured by industry book to market. This impliesa set of new testable hypotheses that can shed new light in the empirical2Our �ndings provide an interesting contrast to Novy-Marx (2007). Based on a sym-metric equilibrium, he predicts and �nds strong within industry e�ects and weak betweenindustry e�ects.
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asset pricing literature. It is important to point out, that only a frameworkwith asymmetric �rms is able to separate these two e�ects. In a symmet-ric equilibrium both e�ects occur simultaneously and therefore cannot beisolated.Our paper is organized as follows. In Section 2 we present the model.Section 3 presents our main results through a series of special cases. Firstwe consider the case of a 
exible �rm that can expand or contract and a rival�rm that is unable to do either. The in
exible �rm shows most clearly theindustry e�ects, i.e. the fact that even without growth options, the risk facedby a producing �rm responds to the growth options held by rivals. We thenlook at the consequences of two �rms having growth options, followed by anexamination of two �rms who have contraction options. Section 4 presentsempirical evidence that clearly show that �rm returns are related to bothindustry and own �rm characteristics. Section 5 concludes the paper.
2 Firms' Growth in an Asymmetric Duopoly
In this section we present the model in which two strategically interacting�rms invest in productive capacities and compete in output levels. We �rstpresent the structure of the model and then derive the general valuationequation for each �rm. Firm values are driven by assets in place includingthe level of �xed costs and option values to either expand or contract existingcapacity.
2.1 Industry Demand, Production Technologies, and CapitalAccumulation
We consider an industry in which two �rms produce a homogenous product.Denote the industry output rate at instant t by Qt = Q1t + Q2t , where Q1tand Q2t are the output levels of �rm one and two, respectively. The industryoutput price is determined by the iso-elastic inverse demand curve

Pt = XtQ
�1t ; (1)
where 0 < 
 < 1, and Xt is an exogenous state variable that represents thelevel of industry-wide demand. The dynamics of Xt are speci�ed by

dXt = gXtdt+ �XtdWt; (2)
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where dWt is the increment of a Wiener process, g is the constant drift, and�2 the constant variance.Firm i produces output at time t using installed capital Kit where i 2f1; 2g. Any capital level Ki is associated with a maximum output levelQi �Ki�, which implies that Qit � Qi �Kit�. For simplicity, capital levels takeone of three discrete values: Kit 2 f�0; �1; �2g, where �0 < �1 < �2. Costsof production for �rm i at date t are given by the increasing function F it =f �Kit�. This cost structure emphasizes the impact of operating leverage,since total expenditures depend only on the installed capital level Ki (aswith, for example, overhead). Given the three possible capital levels, thereare also three possible levels of operating costs: F it 2 ff0; f1; f2g, wheref0 < f1 < f2.To move from one capital state to another, the �rm may incur costs orgenerate revenues, either from buying or selling the productive asset, or frompure adjustment costs. To capture this idea in a general way, we specifyfor each �rm a matrix of discrete transition costs:
�i �

264 0 �i01 �i02�i10 0 �i12�i20 �i21 0
375 : (3)

The instantaneously incurred lump-sum cost for �rm i to move from capitallevel �m to �n is given by �imn. The only source of heterogeneity between�rms in our model is the di�erence between transition costs, i.e., �1 6= �2.We assume as an initial condition that at date zero, each �rm is endowedwith Ki0 = �1 units of capital.We �nally de�ne indicator variables Dimnt that take the value one at theinstant when �rm i switches from capital level �m to �n, and zero elsewhere.3For convenience, we denote by Dit the matrix of investment decisions Dimnt .3Formally, we can de�ne Dimt � d1fKit=�mg, which represents the decision of �rm ito enter or leave state m. The variable Dimt thus takes the value 1 at the instant �rm ienters state m and takes the value �1 at the instant the �rm leaves state m. It takesthe value 0 everywhere else. The equation Dimnt � ��Dim��Din ��Din �Dim + 2� =4� thengives a family of indicator variables with the desired properties.
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2.2 Output, Investment Strategies, and Equilibrium
The economy described above is a dynamic game between �rms 1 and 2.At each instant, the managers of the two �rms choose output rates Qit andmake investment decisions Dit knowing the complete history of the gamedenoted by �t = ��Q1s; Q2s;K1s ;K2s �s<t ; [Xs]s�t�, which is common to bothmanagers.We de�ne the payo� to �rm i as the present value of the expected dis-counted future cash 
ows. The cash 
ows at time t derive either fromrevenues in excess of �xed costs �it � PtQit � F it or from lumpy investmentcosts related to the decision Dit. We assume the absence of agency con
icts,so that manager i maximizes the value function

V it � Et Z 1
t e�r(s�t)Mt+sMt ��it+sds+ 10 �Dit+s � �i�1� ; (4)

where M0 = 1 and dMt = ��r� MtdWt represent the pricing kernel, 10 =[1; 1; 1], and � represents element-by-element multiplication.Given the Markov structure of this environment, it is natural to restrictattention to Markov strategies. Manager i can then take actions Qit and Ditthat depend only on the most recently observed values of the payo� relevantstate variables Xt and Kt� � �K1t�;K2t��, where Kit� � lims"tKis. A purestrategy Markov-perfect equilibrium (MPE) of the game is a pair, i = 1; 2,of vector-valued functions �Qi; Di� (Kt�; Xt). In an equilibrium strategypair, each must maximize the value function (4) in every state (Kt�; Xt),conditional on the equilibrium strategy of the rival.It is straightforward to show that any MPE must have quantity choicesequal to static Cournot equilibrium output levels. In our setting, valuemaximizing �rms always endogenously produce at their capacity limits dueto zero marginal costs and su�ciently low price elasticity. Hence, anyMPE strategy requires Qit = Qi �Kit�. The instantaneous pro�t functions�it = �i (Kt; Xt) = Xt �Q1 �K1t �+Q2 �K2t ��
�1Qi �Kit� � F it are thus fullydetermined by the current capital levels K1t and K2t and the value of thestate variable Xt.To aid future exposition, it is convenient to de�ne the capital dependent
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revenue factors
R1mn � �Q1 (�m) +Q2 (�n)�
�1Q1 (�m) ;R2mn � �Q1 (�m) +Q2 (�n)�
�1Q2 (�n) ;

where m;n 2 f0; 1; 2g index the capital levels of �rms 1 and 2, respectively.We can then conveniently write the pro�t function of each individual �rm ias �i �K1t = �m;K2t = �n; Xt� = XtRimn � F it .Given the simpli�cation of the instantaneous output choices Qit, we canhenceforth focus attention on the dynamic game of option exercise involvingthe capital levels Kit and the investment decisions Dit. Any Markov strategycan be summarized by a set of exercise boundaries that for each player iand each capital state Kt� specify regions of the state variable Xt at whichplayer i will change his capital level to a new state. We can use standardtechniques of backward induction to derive MPE of the dynamic game.In order to focus attention on the marginal impact of a �rm's decisionson its own value, standard practice separates valuation equations into (1)the present value of the existing operations of the �rm as a going-concern,and (2) the incremental value of any real options. Following this logic, inour settings we can consider the decomposition
V i (Kt; Xt) = V iA (Kt; Xt) + V iF �Kit�+ V iO (Kt; Xt) ; (5)

where V iA denotes the value of revenues generated by assets-in-place,V iF isthe present value of �xed costs, and V iO is the value of real options. In thisequation, the �rst two components aggregate to going-concern value, andthe last component re
ects the value of current or future actions to modifyoperations.For a monopolist, the impact of own-�rm decisions on own-�rm valueand risk are fully re
ected in decompositions such as (5). In a duopolythere are consequences of �rm actions on rivals value and risk. In the nextsection we examine speci�c examples that allow a richer decomposition thatidenti�es what we will refer to as 'own' and 'industry' e�ects.
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3 Optimal Capacity Adjustment: Speci�c Exam-ples
In this section we explore several special cases of our general model. In the�rst, we assume that one �rm is 
exible in that it has both an expansionand a contraction option, while the second �rm is in
exible and is not ableto adjust capacity at all. The in
exible �rm in this example is a benchmarkin showing clearly how actions by rivals impact value and risk independentof own actions.In a second example both �rms are 
exible and are equipped with asingle expansion option. Here we are able to characterize the equilibrium ofthe corresponding capacity adjustment game and explore the interactions of�rms when both are 
exible and able to increase their capacity levels.The third example allows for a single contraction option of each �rm. Itturns out that this example has some distinguishing features compared tothe expansion case. Again we derive the �rm values and the risk dynamicsarising in this scenario.
3.1 Industry Risk vs. Own Firm Risk
This subsection explores the simplest case of the general model developed inSection 2. Speci�cally, we assume that one rival is 
exible, and begins withone option to either expand or contract, while the other rival is in
exibleand has no ability to change its capital level. This allows us to add to thestandard decomposition (5) by recognizing that in competitive environments(either oligopolistic or perfectly competitive) rival actions also have impor-tant impacts on �rm value. In this paper, we focus on cross-�rm valuationand risk e�ects that arise due to product market interactions. When productmarkets are shared, one �rm's actions to either expand or contract outputalter the output price dynamics of the industry, and hence contribute tovaluation and risk dynamics of competitors.4 We thus consider an extendeddecomposition in which both the value of the assets in place V iA and theoption value V iO are related to actions taken by the �rm and actions takenby the rival.4Similar cross-�rm real option e�ects could also be transmitted through factor inputmarkets.
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This scenario is useful because it allows us to isolate the two sources ofreal option risk that can occur in a real options duopoly. The 
exible �rmhas risk that depends only on its own real option and leverage. The presenceof an in
exible rival creates a permanent dampening of risk, but has nodynamic impact on the 
exible �rm risk loadings. As in the monopoly caseexplored by CFG (2004, 2006), the 
exible �rm thus has an own-option-leverage risk component but no independent source of dynamic industryrisk.By contrast, the in
exible �rm o�ers the polar opposite case. Thein
exible �rm has no own-option-leverage component in its risk loadings, butnonetheless, it is exposed to dynamic risk due to the investment decisionsof its rival. Thus, the in
exible �rm stock price is exposed only to dynamicindustry risk and has no independent source of own-option-leverage.This example highlights that the presence of a rival is risk-reducing.Intuitively, when a competitor is near an option exercise boundary, its in-vestment decisions act as a natural hedge against variations in the exogenousstate variable. For example, when a rival is near an expansion boundary,good news about demand going up will be o�set by the bad news that thecompetitor is closer to expanding, which will drive output prices down. Asimilar e�ect also hedges risk near competitor contraction boundaries. Fu-ture sections consider cases where both own-�rm and rival-�rm options arepresent, and we �nd that the presence of a rival may tend either to reinforceor to o�set the own-�rm e�ect depending on the circumstance.To achieve a speci�cation where one �rm is 
exible and the other in
ex-ible, we set the capital adjustment costs to
�1 �

264 0 �1 �1S 0 �I�1 �1 0
375 �2 �

264 0 �1 �1�1 0 �1�1 �1 0
375 ; (6)

where S; I > 0. Firm 1, the 
exible �rm, thus begins at capital level �1and has a single option to change capacity, either by expanding to �2 orcontracting to �0. If it expands, it pays the investment cost I and if itcontracts it receives the salvage value S. Once �rm 1 either expands orcontracts, it has no further options to change capacity. Firm 2 begins atcapital level �1 and has no options to change capacity.We now examine the exercise decision of �rm 1 (the 
exible �rm). Taking
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the operating decisions of �rm 2 as given, the 
exible �rm policy is describedby a critical demand level XE at which the �rm will expand, and a demandlevel XC < XE at which it will contract. The value of the 
exible �rm issummarized as our �rst result. Let us denote by V 1AM (Kt; Xt) the value ofthe assets in place of �rm 1 and by V 1OM (Kt; Xt) the investment option valuedue only to the �rm's own actions.
Proposition 3.1: The value of �rm 1, the 
exible �rm, is the sum of thevalue of the assets in place net of the present value of �xed costs and theoption value, i.e.,

V 1(Kt; Xt) = R111Xt� � f1r +B11X�1t +B12X�2t ; (7)= V 1AM (Kt; Xt) + V 1F (Kt) + V 1OM (Kt; Xt);
where B11 and B12 are positive constants determined by the boundary condi-tions, and �1 > 1 and �2 < 0 are the solutions to the characteristic equation12�2�(� � 1) + (r � �)� � r = 0; (8)
given by

�1;2 = 12 � r � ��2 �s�12 � r � ��2 �2 + 2r�2 : (9)
Proof: See Appendix A.As in standard real option models �rm value is given by the value of theassets in place adjusted for the �xed costs and the option value. Whileboth values are only related to �rm 1 own action they do re
ect the initialcapacity and output of both �rms in the industry. Since �rm 1 is the 
exible�rm the value of the assets in place and the option value is only driven byits own actions. There is no value arising from the competitors actions. Asin Leahy (1993) the 
exible �rm acts like a myopic �rm who's valuation isonly driven by its own actions.The value of the in
exible �rm derives only from the assets in place sincethere are no options available. The value of the assets in place, however,re
ect the fact that there will be revenue changes every time the 
exible�rm adjusts its capacity.
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Proposition 3.2: The value of �rm 2, the in
exible �rm, is entirely deter-mined by the value of the assets in place net of the present value of �xedcosts, i.e.,
V 2(Kt; Xt) = R211Xt� +B21X�1t +B22X�2t � f1r (10)= V 2AM (Kt; Xt) + V 2AC(Kt; Xt) + V 2F (Xt): (11)

where B21 � 0 and B22 � 0 are constants determined by the boundaryconditions.
Proof: See Appendix A.In turn, the value of the assets in place can be thought of as having threeparts. One is the present value of the revenue stream assuming that thereare no changes (capacity adjustments), and it is denoted by

V 2AM (Kt; Xt) = R211Xt� : (12)
The second component is the present value of �xed costs associated with agiven level of capacity, V 2F (Kt; Xt) = �f1r : (13)
The third component is the present value of the revenue gain or loss due tothe potential capacity changes elsewhere in the industry. This present valuere
ects the random time at which the 
exible �rm adjusts capacity and ithas the form 5: V 2AC(Kt; Xt) = B21X�1t +B22X�2t : (14)

Since the value matching conditions for the in
exible �rm imply thatB21 � 0 and B22 � 0 hold, the value of the in
exible �rm has a positivepart associated with the put option (contraction) the 
exible �rm exerciseswhen demand gets low, and a negative part related to the call option whenthe 
exible �rm expands and industry prices decrease. These two di�erentforces will also be important when we derive dynamic betas for the 
exibleand in
exible �rm.5See Karlin and Taylor (1973) or Dixit and Pindyck (1994).
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The explicit valuation formulas for the 
exible and the in
exible �rmallow us to derive dynamic betas for both �rms following standard argu-ments. Beta for each �rm can be calculated as the elasticity of �rm valuewith respect to Xt, i.e.,
�i(Kt; Xt) = @V i(X)@X XV i(X) ; i = 1; 2: (15)

Proposition 3.3 a) Dynamic beta for the 
exible �rm, �rm 1, is given by
�1(Kt; Xt) = 1+�(�1 � 1) B11X�1tV 1(Kt; Xt) + (�2 � 1) B12X�2tV 1(Kt; Xt)

�+ f1=rV 1(Kt; Xt) :(16)b) Dynamic beta for the in
exible �rm, �rm 2, is given by
�2(Kt; Xt) = 1+�(�1 � 1) B21X�1tV 2(Kt; Xt) + (�2 � 1) B22X�2tV 2(Kt; Xt)

�+ f1=rV 2(Kt; Xt) :(17)Beta for the 
exible �rm consists of three parts. By assumption revenuebeta is equal to 1. The second part is option risk and the third part isrisk arising from operating leverage. Operating leverage is risk increasing.Since B11 ; B12 � 0 option risk has both a positive (�1 > 1) and a negativecomponent (�2 < 0). The expansion (call) option in
ates risk while theshrinkage (put) option decreases risk.Beta for the in
exible �rm also consists of three parts, revenue beta isequal to 1, operating leverage that is risk increasing and option like risk.Although the analytical structure of beta for the in
exible �rm is the sameas for the 
exible one, the economic interpretation is very di�erent. The
exible �rm's risk depends only on �rm speci�c decisions. In contrast, thein
exible �rm, by construction, has no �rm speci�c decisions to make. Therisk dynamics are entirely due to industry e�ects. Furthermore, the in
exible�rm risk is lower than it would be if it had no competitor. Intuitively,competitors expansion and contraction decisions dampen demand shocks.Near the expansion boundary, increases in the demand level are accompaniedby a greater likelihood that the 
exible �rm will add capacity, increaseoutput, and thereby mitigate the positive impact of a demand increase.Similarly, near the contraction boundary, the likelihood that the 
exible
12



�rm will reduce capacity increases when demand levels fall, again o�settingdemand shocks.This simple case is illustrated in Figure 1 where, in order to highlight theimportance of industry and own e�ects we have assumed that the in
exible�rm also does not have operating leverage and we illustrate the risk of the
exible �rm with and without operating leverage. XC is the critical level ofdemand at which the 
exible �rm shrinks and XE is critical level at whichthe 
exible �rm expands. Starting from demand level such as XM considera series of increases in demand. As demand increases, operating leveragedecreases but option leverage increases in importance. At XE the 
exible�rm expands, extinguishes its option and replaces the option with morecapacity and operating leverage. As demand increases above XE operatingleverage risk decreases. Starting from demand level XM the same path ofdemand increases would lead to a decrease the risk of the in
exible �rmdue to the fact that further positive demand shocks will induce the 
exiblerival to increase capacity and dampen demand shocks. Once the 
exible�rm has expanded, the industry is left with two �rms who are not able too�set demand shocks further so the in
exible �rm's risk re
ects underlyingdemand risk which is invariant to the level of demand. On the other hand,as demand decreases from XM both �rms experience a decrease in risk inthe absence of operating leverage due to the fact that further decreases indemand could induce an o�setting decrease in capacity. With operatingleverage, however, decreases in demand increase risk so the net e�ect couldbe an increase in risk.An important point to note in this diagram is the own and rival �rm risklevels can move in opposite directions. As demand increases, the 
exible�rm's risk increases while the in
exible �rm's risk decreases. If the rival isthought of as the industry, then own and industry risk can move in oppositedirections as well.In the next two sections we generalize the results found in this section byallowing two 
exible �rms. In section 3.2 we consider the case where both�rms have an expansion option each, while in Section 3.3 we consider thecase of each �rm having a contraction option.
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3.2 Equilibrium Exercise of Expansion Options
In this subsection we relax the assumption that there is a 
exible and anin
exible �rm and allow both �rms to expand capacity. In the next sub-section, we consider the case where both �rms are able to reduce capacitythrough a contraction. We treat the expansion and contraction options sep-arately as it allows us to more clearly present the strategic interactions thatare involved.Option exercise in this setting is determined by equilibrium play of both�rms. In principle there are three di�erent types of equilibria when �rmshave asymmetric investment costs. There is sequential exercise of options(the low cost �rm exercises �rst and the high cost �rm second), and thereis preemption and simultaneous exercise of options.Although we derive equilibrium play that includes preemption and se-quential exercise, we are primarily interested in the equilibrium with sequen-tial exercise. This implies that one of the �rms must act as the leader andthe other one as the follower. It turns out that in a sequential equilibriumthe low cost �rm is the leader and the high cost �rm is the follower. Wemake use of standard dynamic programming techniques to derive optimalvalue functions for the di�erent cases.In an equilibrium in which asymmetric �rms exercise their options se-quentially, industry structure can be thought of as consisting of three distinctphases, a juvenile industry, an adolescent industry, and a mature industry.Figure 2 depicts the di�erent industry stages.

-t t t

t = 0 t = �L t = �F time
?

6 6

Juvenile Industry

Adolescent Industry Mature Industry

Figure 2To achieve a speci�cation for our general model where both �rms only have
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a single growth option we set the capital adjustment costs to
�1 �

264 0 �1 �1�1 0 �I�1 �1 0
375 �2 �

264 0 �1 �1�1 0 ��I�1 �1 0
375 ; (18)

where we assume that � � 1 so that the costs of �rm 1 are lower than thecosts of �rm 2, I1 � I2.Based on the time line of option exercise we apply backward inductionto derive the value functions for the two �rms in the duopolistic industry.In a mature industry �rm values equal the present value of pro�ts minusthe present value of �xed costs. In an adolescent industry the leader hasalready exercised his option but the follower needs to decide when optimallyto exercise his option. Since both �rms are operating in an imperfectlycompetitive output market the �rm value of the leader necessarily dependson the exercise strategy of the follower. In a juvenile industry neither �rmhas exercised their option so that both �rms have to take into account thevalue implications of option exercise by the leader and the follow on exerciseby the follower.To derive equilibrium behavior for our model it turns out that the valueof � plays a crucial role. This relative investment cost di�erence determineswhich behavior corresponds to equilibrium play, i.e., sequential exercise orpreemptive behavior. In deriving equilibrium play for our example we followthe approach of Pawlina and Kort (2006). They also deal with equilibriumoption exercise in an asymmetric cost scenario.
Proposition 3.4 a) There exists a level of �� > 1 such that for all � � ��the unique equilibrium of the investment game is that the low cost �rm, �rm1, acts as the leader and the high cost �rm, �rm 2, acts as the follower.b) For 1 � � < �� any equilibrium of the investment game results in pre-emptive investment, in which the leader preempts the follower. In case ofsymmetric costs there is no pure strategy Nash equilibrium, and the onlyequilibrium that exists is in mixed strategies.
Proof: See Appendix B.Proposition 3.4 allows us to to concentrate on sequential exercise of optionswith �rm 1 being the leader and �rm 2 being the follower. The leaderexercises his growth option at time �L or equivalently at the demand trigger
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X1E , the follower exercises at time �F or the demand trigger X2E . It holdsthat �L < �F and equivalently X1E < X2E . Given these two sequentialexercise dates (trigger levels) the value functions of each �rm consists ofthree components, (i) �rm value in the juvenile industry (Xt < X1E), (ii)�rm value in the adolescent industry (X1E � Xt � X2E), and (iii) �rm valuein the mature industry (Xt > X2E).The �rm values for both �rms are derived now. As pointed out weassume that �rm 1 is the leader who invests at the option trigger X1E , and�rm 2 is the follower who chooses capacity expansion at the trigger X2E .
Lemma 3.1 a) Suppose �rm 1 acts as the leader and let X1E be the invest-ment trigger of the leader and X2E that of the follower. The leader's valuefunction is given by

V 1(Kt; Xt) =
8>>>>>>>><>>>>>>>>:

R111Xt� � f1r + f2�f1+rI1r(�1�1) � XtX1E ��1+X2E� �R122 �R121� � XtX2E ��1 Xt < X1E ;R121Xt� � f2r+X2E� �R122 �R121� � XtX2E ��1 Xt 2 [X1E ; X2E ];R122Xt� � f2r Xt > X2E ;
(19)

with the optimal expansion trigger X1E equal to
X1E = ��1(f2 � f1 + rI1)(�1 � 1)r[R121 �R111] > 0: (20)

b) Suppose �rm 2 acts as the follower with the two expansion triggers X1Eand X2E . The follower's value function is given by

V 2(Kt; Xt) =
8>>>>>><>>>>>>:

R211Xt� � f1r + f2�f1+rI2r(�1�1) � XtX2E ��1+X1E� �R221 �R211� � XtX1E ��1 Xt � X1E ;R221Xt� � f1r + f2�f1+rI2r(�1�1) � XtX2E ��1 Xt 2 [X1E ; X2E ];R222Xt� � f2r Xt > X2E :
(21)

with the optimal expansion trigger X2E equal to
X2E = ��1(f2 � f1 + rI2)(�1 � 1)r[R222 �R221] > 0: (22)
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Proof: See Appendix B.It is important to note that the optimal expansion trigger of the leader(20) only depends on the leader's own characteristics and actions. There isneither a direct nor an indirect in
uence coming from the follower. Firmvalue of the leader is composed of the value of the assets in place, the valueof the �xed costs, the option value, and the value correction arising from theanticipated changes resulting from the follower's option exercise. Before westudy the leader's �rm value in more detail we next turn to the derivationof the follower's value function.Again we want to point out that the optimal expansion trigger of thefollower is only determined by the follower's fundamentals and actions. Itis independent of the leader's investment strategy.To explore the di�erent characteristics of the leader's and follower's valuefunctions consider the juvenile industry. It is helpful to rewrite the triggerlevels X1E and X2E . From (20) we get
X1E��1 [R121 �R111] = (f2 � f1 + rI1)(�1 � 1)r > 0

and from (22) we get
X2E��1 [R222 �R221] = (f2 � f1 + rI2)(�1 � 1)r > 0:

Substituting these expressions into the value functions of the leader (19) andthe follower (21) we arrive at the following. The leaders value function isgiven by
V 1(Kt; Xt) = R111� Xt � f1r| {z }assets in place

+ X1E��1 [R121 �R111]� XtX1E
��1

| {z }growth option
+ X2E� [R122 �R121]� XtX2E

��1
| {z }value adjustment
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and that of the follower is given by
V 2(Kt; Xt) = R211� Xt � f1r| {z }assets in place

+ X1E� [R221 �R211]� XtX1E
��1

| {z }value adjustment
+X2E��1 [R222 �R221]� XtX2E

��1
| {z }growth option

Each value function in a juvenile industry consists of four parts that can begiven the following interpretation. In both cases (leader and follower) the�rst part measures the value of the assets in place assuming that the �rmsuse their initial levels of capacity. The second part measures the value ofthe �xed costs. The third term in the leader's valuation is the option valuethat is only related to the leader's own action (option exercise). The fourthterm in the leader's value function is the value adjustment of the assets inplace after the follower's option exercise. O� course this value adjustmentis negative, because an increase in capacity by the rival causes the marketprice to drop. Since the leader's assets in place are at the capacity level �2this value adjustment can be viewed as an adjustment to the value of theassets in place induced by an action of the rival �rm. Denoting this valueadjustment by V 1AC(Kt; Xt) we can rewrite the leaders value function as
V 1(Kt; Xt) = V 1AM (Kt; Xt)+V 1AC(Kt; Xt)+V 1OM (Kt; Xt)+V 1F (Kt; Xt): (23)
Let us next turn to the value function of the follower. As pointed out abovethe �rst two value components of the follower's value function are the valueof the assets in place and the value of the �xed costs. The third part inthe follower's value is now driven by the leader's action. It is the valueadjustment necessary to account for the change in the follower's revenueswhen the leader exercises the option and the market price drops. As withthe leader's value function this is negative. The fourth part of the follower'svalue function is the option value that accounts for the increase in capacityand takes into account the corresponding revenue change. Taking all thefour value drivers together we get
V 2(Kt; Xt) = V 2AM (Kt; Xt)+V 2AC(Kt; Xt)+V 2OM (Kt; Xt)+V 2F (Kt; Xt): (24)
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We are now in a position to summarize the valuation of both the leader andthe follower and state the following result.
Proposition 3.4 The �rm values of the leader, �rm 1, and the follower,�rm 2, are given by
V i(Kt; Xt) = V iAM (Kt; Xt)+V iAC(Kt; Xt)+V iOM (Xt)+V iF (Kt; Xt); i = 1; 2:(25)This result is an immediate consequence of our preceding discussion. Thevalue functions for both �rms can now be used to derive the risk implicationsin an industry in which each �rm has a single growth option. Our riskanalysis can either be based on the individual �rm or on the industry level.Industry beta is de�ned as the beta of a portfolio that consists of both �rmsin the industry.
Proposition 3.5 Consider a growing industry with sequential exercise ofoptions in which each �rm has a single expansion option. Systematic �rmrisks for both the follower (i = 2) and the leader (i = 1) over di�erentindustry stages (k = 1; 2) are given by
�i(Kt; Xt) = 1+ V iOM (Kt; Xt) + V iAC(Kt; Xt)V i(Kt; Xt) (�1�1)+ fk=rV i(Kt; Xt) ; k = 1; 2(26)where V iAC(Kt; Xt) < 0 holds. Hence, strategic competition is risk reducing.The results in Proposition 3.5 are surprising and have the following im-plications. As stated, competition is risk reducing. This is counter intuitivebut is the consequence of V iAC(Kt; Xt) < 0 which re
ects a hedging role forcompetition. The intuition supporting this hedging role can be seen by �rstconsidering an industry where �rms can neither expand nor contract. De-mand shocks translate directly into price shocks. Now allow either or both�rms to expand in response to a demand shock. In this case, when the de-mand shock causes the expansion trigger to be met, the price increase thatwould come from the increase in demand is o�set by the supply increase thatcomes from the increase in supply. The supply response, therefore, providesa hedge against some of the demand uncertainty. This hedge is larger thecloser the follower comes to exercising his growth option.Figure 3 gives a graphical presentation of the hedging argument. Beforethe follower exercises his growth option, industry output is given by the level
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Q1. Since both �rms have to produce at full capacity levels price 
uctuatesalong the supply curve Q1. Let's suppose that demand increases by ane�cient amount so that the follower �nds it optimal to exercise his growthoption. Option exercise results in an increase in industry output to the levelQ2. The increase in industry supply causes prices to increase less than tothe level indicated by the old supply curve P �. The new price level is P2instead of P �. This dampening corresponds to the hedging e�ect.Systematic �rm risk in a growing oligopolistic industry is driven by thegrowth option (i.e. the size of the �rm), by operating leverage (i.e. �rm'sbook to market), and an industry e�ect (the strategic e�ect). While thegrowth option and operating leverage are risk increasing, the strategic orindustry e�ect is risk reducing. Hence, we �nd that �rm's own and industrycharacteristics can have opposite risk implications.Risks dynamics are sketched in Figure 4. For ease of exposition let uslook at the leader. Prior to the exercise of the growth option risk of theleader is running up until the exercise trigger is reached. Immediately afterthe exercise and prior to the exercise of the follower's expansion option, riskof the leader drops below market risk which is normalized by 1 and deceasesuntil the follower exercises his option. After both �rms have exercised theiroptions risk is only driven by operating leverage.
3.3 Equilibrium Exercise of Contraction Options
The risk analysis of a growing industry in which �rms exercise growth op-tions has revealed two important results. We found that industry e�ectsarising from the strategic interactions of rival �rms are risk reducing andthat �rm's own and industry characteristics have opposite risk implications.Moreover, we have found that equilibrium play crucially depends on theinvestment cost di�erences of the two rival �rms. If the cost di�erence islarge enough it follows that there exists a unique Nash equilibrium withsequential exercise of options. If the cost di�erence is not too high, thereare preemptive equilibria and in case of symmetric costs (� = 1) there onlyexists a Nash equilibrium in mixed strategies (see Boyer et al. (2007)).In this section we assume that each �rm has a single contraction option.Firms are operating with a given initial capacity �1 and that each has asingle option to reduce capacity to a level given by �0 < �1. Contraction
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to a smaller �rm size and capacity will be optimal for the �rms if demandturns out to be low so that existing capacity levels cannot be sustained.Allowing for contraction options can be seen as a substitute for operating
exibility. Operating 
exibility implies that �rms can adjust their outputlevels downwards and omit some idle capacities when industry demand islow.To achieve a speci�cation where both �rms only have a single contractionoption we set the capital adjustment costs to
�1 �

264 0 �1 �1S 0 �1�1 �1 0
375 �2 �

264 0 �1 �1�S 0 �1�1 �1 0
375 ; (27)

where we assume that 0 < � � 1, so that �rm 1 has the high and �rm 2the low salvage value, S2 < S1. This implies that �rm 1 has an incentive tocontract earlier. Our interest again lies in equilibrium play of the two rivalsand it turns out that, contrary to the case of expansion option, sequentialexercise is the unique equilibrium as long as there is a di�erence in thesalvage values, i.e., � < 1.
Proposition 3.6 For every 0 < � < 1 there exists a unique equilibrium ofthe contraction game in which the high salvage value �rm, �rm 1, acts asthe leader and the low salvage value �rm, �rm 2, acts as the follower.
Proof: See Appendix C.The last result is very interesting and establishes an asymmetric role ofexpansion and contraction. The result is driven by the fact that the strategice�ect of a contraction is not negative, because the follower pro�ts from acapacity contraction of the leader. That the leader has an incentive toexercise �rst is the consequence of the higher salvage value. Hence, there isno preemptive role for the players in the contraction game. This result wasalso found by Murto (2004). Hence, we discuss the sequential contractioncase only.As in the case of growth options we start out with an industry in whichboth �rms produce at capacity levels equal to �1. This industry stage isfollowed by an industry in which the leader shrinks to the capacity level �0while the follower still keeps producing at �1. The last stage is the industryin which both �rms have reduced their capacity to �0.

21



In the sequential industry the leader, �rm 1, contracts �rst at the demandtrigger X1C , and the follower, �rm 2, second at the trigger X2C . It holdsX1C > X2C .
Lemma 3.2 Suppose �rm 1 is the leader and let X1C be the contractiontrigger of the leader and X2C that of the follower. The leader's value functionis given by

V 1(Kt; Xt) =
8>>>>>>>><>>>>>>>>:

R111Xt� � f1r + f1�f0+rS1r(1��2) � XtX1C ��2+X2C� �R100 �R101� � XtX2C ��2 Xt > X1C ;R101Xt� � f0r+X2C� �R100 �R101� � XtX2C ��2 Xt 2 [X2C ; X1C ];R100Xt� � f0r Xt < X2C ;
(28)

with a contraction trigger X1C equal to
X1C = ��2(f1 � f0 + rS1)(1� �2)r[R101 �R111] > 0: (29)

Proof: See Appendix C.The sign of the optimal contraction trigger (29) of the leader is determinedby the properties of the revenue factors. The assumption on the price elas-ticity of the inverse demand function implies that
R101 < R111holds. Hence X1C is strictly positive. Rewriting the contraction trigger ofthe leader as X1C��2 [R101 �R111] = (f1 � f0 + rS1)(1� �2)r > 0 (30)

and substituting this into the value function (28) results in
V 1(Kt; Xt) = R111� Xt � f1r| {z }assets in place

+ X1C��2 [R101 �R111]� XtX1C
��2

| {z }contraction option
+ X2C� �R100 �R101�� XtX2C

��2
| {z }value adjustment

:
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The value function has four elements. The �rst one measures the valueof the assets in place starting with the initial capacity level. The secondone measures the value of the �xed costs. Both values are the outcomeof the �rm's own actions. The third element measures the value of thecontraction option. This corresponds to the positive value of a put optionas indicated by �2. The last term measures the value adjustment arisingfrom the contraction of the follower after the leader already has contracted.This term has a positive value because any reduction in the capacity of therival �rm causes the market price to increase which bene�ts the leader whoalready contracted. This last term, however, is not the outcome of the �rm'sown action but has to be attributed to the actions of the rival �rms. Bycombining these elements we obtain
V 1(Kt; Xt) = V 1AM (Kt; Xt)+V 1AC(Kt; Xt)+V 1OM (Kt; Xt)+V 1F (Kt; Xt): (31)
The industry e�ect derived for the leader, also applies to the follower.Prior to the exercise of the put option of the leader, the follower's value alsodepends on the strategic e�ect.

Lemma 3.3 Suppose �rm 2 is the follower and let X1C be the contractiontrigger of the leader and X2C that of the follower. The follower's valuefunction is given by

V 2(Kt; Xt) =
8>>>>>><>>>>>>:

R211Xt� � f1r + f1�f0+rS2r(1��2) � XtX2C ��2X1C� �R201 �R211� � XtX1C ��2 Xt � X1C ;R201Xt� � f1r + f1�f0+rS2r(1��2) � XtX2C ��2 Xt 2 [X2C ; X1C ];R200Xt� � f0r Xt < X2C :
(32)

with a contraction trigger X2C equal to
X2C = � ��2(f1 � f0 + rS2)(1� �2)r[R200 �R201] > 0: (33)

Proof: See Appendix C.Again is should be pointed out that R200 < R201 which ensures that also thecontraction trigger of the follower is strictly positive. Summing up again,the �rm value of the follower is given by the value of the assets in place, the
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value of the �xed costs, the contraction option and the value adjustmentrelated to the option exercise of the leader. To see this value decompositionlet us rewrite again the trigger level of the follower as
X2C��2 [R200 �R201] = (f1 � f0 + rS2)(1� �2)r > 0:

Hence, the value function for the follower becomes
V 2(Kt; Xt) = R211� Xt � f1r| {z }assets in place

+ X2C��2 [R200 �R201]� XtX2C
��2

| {z }contraction option
+ X1C� �R201 �R211�� XtX1C

��2
| {z }value adjustment

:
This value function exhibits all the four di�erent value elements discussedabove. Hence, we are in a position to state our next result.
Proposition 3.7 The �rm values of the leader, �rm 1, and the follower,�rm 2, are given by
V i(Kt; Xt) = V iAM (Kt; Xt)+V iAC(Kt; Xt)+V iOM (Kt; Xt)+V iF (Kt; Xt): (34)
Compared to the results derived for the case of expansion options thestrategic e�ect in case of downsizing is positive V iAC(Kt; Xt) > 0 and hencevalue increasing. But as we now demonstrate, it is also risk reducing.

Proposition 3.8 Systematic �rm risks for both the follower (i = 2) and theleader (i = 1) over the di�erent industry stages are given by
�i(t) = 1+V iOM (Kt; Xt) + V iAC(Kt; Xt)V i(Kt; Xt) (�2�1)+ fk=rV i(Kt; Xt) ; k = 1; 0: (35)
where �2 < 0 and V iOM (Kt; Xt) + V iAC(Kt; Xt) > 0 hold. Hence, againcompetition is risk reducing. The last result demonstrates that the strategice�ect is again risk reducing so that competition in our model is risk reducing,independent of whether we are in a growing or a shrinking industry.
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4 Empirical Analysis of Rival E�ects on Returns
In this section, we empirically examine the intuition developed in the previ-ous sections where we show that both own-�rm and rival-�rm characteristicsshould drive risk and return. In a bi-variate analysis, we relate return means,variances, and market betas to �rm and industry book-to-market. A multi-variate analysis using Fama-MacBeth regressions illustrates how �rm andindustry beta, size, and book-to-market impact on expected returns.
4.1 Own and Industry Book-to-market E�ects
Following Fama and French (1992), data on market prices from CRSP andannual book-equity from Compustat are used to assign market values andbook-to-market ratios (B/M) to every available �rm. These �rms are ad-ditionally assigned to one of 49 industries using the classi�cation schemeof Fama and French (1997). We interpret own �rm B/M as a proxy forthe state of own-�rm demand and capital levels and, similarly, the market-value weighted-average of �rm B/M within the same industry as a proxy fordemand and capital states of rivals.Using annual sorts based on own and industry B/M, 25 value-weightedportfolios are formed. Table 1 reports the average of monthly returns forthese portfolios during the time period July 1963 - December 2005, usingboth independent sorts (Panel A), as well as dependent sorts (Panels B andC). The table shows the well-known value e�ect, whereby own-�rm B/M andexpected returns are positively related. For example, Panel A shows thatthe high B/M value �rms produce expected returns as high as 2:11% permonth, while the low B/M growth �rms have much lower expected returns,as low as 0:68% per month.Consistent with the hypothesis that rival actions can a�ect �rm risk,Table 1 shows that industry B/M has a signi�cant impact on expected re-turns. The industry e�ect is opposite to the own-�rm e�ect, since industryB/M and expected returns are negatively related. Thus, holding own-�rmcharacteristics constant, increases in rival B/M cause decreases in expectedreturns.Table 2 shows how �rm risk, as measured by realized volatility usingdaily returns within a year, are related to own and industry B/M. Own-�rmvolatility is relatively high when B/M is either high or low, consistent with

25



the U-shaped pattern relating own B/M to volatility in Carlson, Fisher, andGiammarino (2004). Industry B/M has a robustly monotonic impact on�rm risk, with high levels of B/M predicting low volatility. Table 3 furthersupports the risk-reducing impact of industry B/M. Conditioning �rst onown-�rm B/M, an increase in industry B/M predicts a decrease in beta.
4.2 Fama-MacBeth Regressions
To study the separate impacts of �rm and rival characteristics on expectedstock returns, we analyze monthly Fama-MacBeth regressions of individual�rm returns on appropriately lagged own-�rm and industry beta, size, andB/M. Betas for each �rm are calculated annually using contemporaneous,leading and lagged daily returns.Table 4 presents three sets of results: Regressions (1)-(4) use own-�rmcharacteristics, (5)-(8) use industry characteristics, and (9)-(13) use both.Regressions (1)-(4) are consistent with results from Fama and French (1992),highlighting the ine�ectiveness of beta when combined with size and B/M.Regressions (6)-(8) show that industry characteristics alone are ine�ectivepredictors of the cross-sectional dispersion of �rm expected returns.Our main interest is in the regressions with both own-�rm and industrycharacteristics. In general, the signs on own-�rm and industry characteris-tics are opposite. For example, regression (11) con�rms the results in theprevious subsection by identifying both a signi�cant positive impact of ownB/M and a signi�cant negative impact of industry B/M on expected returns.Industry size also exhibits this pattern when all six explanatory variablesare included.Industry e�ects are further decomposed in regression (13), where a �rm'sown share (OS) is interacted with own-�rm characteristics and industrycharacteristics. In this regression, the variable OS is given by the fraction ofindustry sales in a given year that are generated by an individual �rm, andindustry characteristics are weighted to exclude the �rm's own characteris-tics (the \VWX" characteristics). The industry characteristics as utilizedin the prior regressions are dropped from the regression since they are ap-proximately equal to the own- and industry-share weighted averages of ownand VWX values.To interpret the coe�cients in this regression, it is helpful to consider
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the separate impacts of operating leverage and expansion or contraction de-cisions on expected returns. When own �rm B/M is high, operating leverageand, consequently, expected returns are high. This e�ect holds regardlessof how important the �rm is in terms of product market impact. As ourmodel with contraction options shows, the product market impact of exit isto dampen risky demand shocks and reduce risk. This impact is relativelymore important when a �rm is a signi�cant source of supply in its industry.This e�ect should, in principle, o�set the leverage component in the B/Mproxy and is in addition to the rival B/M e�ects. The coe�cients in theFama-MacBeth regressions are consistent with this hypothesis. Own B/Mhas a positive coe�cient, whereas the coe�cients on the OS and rival B/Mratios are negative.Overall, our empirical results provide robust evidence that rival charac-teristics have an important impact on �rm returns. This analysis providesnew direct evidence on the risk-reducing impact of industry B/M on �rmreturns.
5 Conclusion
In this paper we consider a duopolistic industry with �rms producing ahomogenous product at given capacity levels. Demand in the industryis stochastic and governed by an industry shock that follows a geometricBrownian motion. Firms produce with given capacity levels that are �xed(i.e. there is no operating 
exibility) but can increase (decrease) their outputwith the exercise of a growth (contraction) option. Although there are novariable production costs, �rms operate with �xed costs that change withthe level of capacity. Growth option exercise causes the �rms to incur invest-ment costs that include adjustment costs and the price of the investment,while in case of the contraction option �rms incur a salvage value. We as-sume that one of the �rms is a high cost (high salvage value) and one a lowcost (low salvage value) �rm. In terms of option exercise we only considerthe case of sequential exercise. The low cost (high salvage value) �rm acts asthe leader and exercises �rst and the high cost (low salvage value) �rm actsas the follower and exercises second. We discuss how this exercise behaviorcorresponds to a subgame perfect Nash equilibrium.Given this industry structure we derive �rm values and risk dynamics
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for individual �rms and their rivals. We �nd interesting novel results. First,we identify a strategic e�ect that reduces �rm risk. Hence, relative to amonopolistic situation, we argue that more competition results in lower�rm risk. This reduced risk is the consequence of a hedging e�ect. Incase both �rms operate with �xed capacity levels any pro�t uncertaintyarises from the industry demand shock. Demand shocks directly translateinto changes in the �rm's cash 
ows. If, however, the leader who alreadyexercised his growth option and faces �xed capacity forever, faces an changein the capacity of the follower upon the follower's option exercise, demandshocks are hedged by an output increase or decrease, depending whetherwe are in a growing or shrinking industry. This hedge is larger the closerthe follower comes to exercising his option. As a consequence, the leadersrisk is reduced and is below the market risk normalized by 1. This is acounter-intuitive result and does not con�rm the empirical �ndings of Houand Robinson (2005). The result, however, allows for a better understandingof the driving forces behind a �rm's risks. As pointed out, many existingstudies identify operating leverage and irreversibility as the two channelsthat drive the risk dynamics in a market. In this paper we add an additionalfactor, that we call industry factor. It turns out, that the industry factorbehaves di�erently, depending on whether the industry grows or shrinks.In case of expansion options, �rm own and industry characteristics haveopposite risk implications. In case of a contraction option, �rm own andindustry characteristics have the same risk implications.There are many open questions for further research. It is importantto allow for operating 
exibility and derive the risk dynamics in this case.When �rms have operating 
exibility they need not produce with a givencapacity level but can choose to have idle capacities if demand is low. Itis clear that operating 
exibility substantially changes the risk dynamics.Additionally, it seems interesting to look at risk dynamics in an equilib-rium with simultaneous exercise. This simultaneous exercise can exist evenif �rms are asymmetric. Finally, it is a challenge to allow for a more dy-namic capacity expansion in which each �rm faces several growth options toexpand.
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Appendix
A Proofs
Proof of Proposition 3.1: To derive the value of the 
exible �rm weassume that there exist two traded assets that can be used to hedge indus-try demand uncertainty. Let Bt denote the price of a riskless bond withdynamics dBt = rBtdt where r > 0 is the constant riskless rate of interest,and let St be the price of a risky asset. The price dynamics of the riskyasset is given by dSt = �Stdt+ �StdWt: (36)The risky asset St and the industry demand shock Xt are perfectly corre-lated. Hence, we can use the securities Bt and St, to construct a portfolio ofthe bond and the asset St that perfectly replicates the industry shocks Xtand derive its risk neutral measure. Demand dynamics under risk neutralmeasure are given by

dXt = (r � �)Xtdt+ �XtdŴt; (37)
where � � �� g > 0. All the valuations in this paper are based on the riskneutral measure (37).Under the risk neutral measure (37) the value of the 
exible �rm needsto satisfy the valuation equation12�2X2V 1XX + (r � �)XV 1X � rV 1 +XR111 � f1 = 0: (38)
with the boundary conditions

V 1(XE) = R121XE� � I � f2r (39)
V 1(XC) = R101XC� + S � f0r (40)
V 1X(XE) = R121� (41)
V 1X(XC) = R101� : (42)

The �rst two equations are the value matching conditions and specify thatthe option value at the critical boundaries are exactly equal to the present
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value of the incremental revenues net of adjustment costs. The last twoequations are the smooth pasting conditions which are necessary for valuemaximization. This system of equations has no convenient analytical solu-tion for XE and XC due to its nonlinearity.Using standard techniques the solution to equation (38) is given by
V 1(Kt; Xt) = R111Xt� � f1r +B11X�1t +B12X�2t ;

where B11 and B12 solve
(1� �1)B11X�1E + (1� �2)B12X�2E = �I � f2 � f1r ;
(1� �1)B11X�1C + (1� �2)B12X�2C = S � f0 � f1r :

For given positive values of XE and XC these solution satis�es B11 ; B12 > 0.The values XE and XC can only be derived numerically. But it holds thatXE > XC . qedProof of Proposition 3.2: Using the risk neutral dynamics (37) the valueof the in
exible �rm has to satisfy the valuation equation12�2X2V 2XX + (r � �)XV 2X � rV 2 +XR211 � f1 = 0: (43)
with the boundary conditions

V 2(XE) = R221XE� � f1r (44)
V 2(XC) = R201XC� � f1r ; (45)

for given trigger levels XE and XC . The boundary conditions are two valuematching conditions. Solving the valuation equation using the value match-ing conditions results in the value of the 
exible �rm given by
V 2(Kt; Xt) = R211Xt� � f1r +B21X�1t +B22X�2t ;

where B21 and B22 are the solutions to the equations
B21X�1E +B22X�2E = R221 �R211� XE � f2 � f1rB21X�1C +B22X�2C = R201 �R211� XC � f0 � f1r :

For this equation system it is easy to show that B12 < 0 and B22 > 0. qed
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Appendix B
Proof of Proposition 3.4a) This proof follows closely that of Pawlina and Kort (2006). Thesequential exercise of growth options only occurs if �rm 2, the follower, doesnot have an incentive to be the leader. Let V 2F (Kt; Xt) be the value functionof �rm 2, when it acts as the follower, and let V 2L (Kt; Xt) be the valuefunction when �rm 2 acts as the leader. In the adolescent industry, whenthe leader already exercised his option the value function of �rm 2 when itacts as the follower becomes

V 2F (Kt; Xt) =
8<:

R221Xt� � f1r + f2�f1+r�Ir(�1�1) � XtX2;FE
��1 Xt � X2;FER222Xt� � f2r � �I Xt > X2;FE ; (46)

where X2;FE is the investment trigger when �rm 2 acts as the follower. Nowassume, instead, that �rm 2 acts as the leader. The value function of �rm 2at the time when it invests as the leader becomes
V 2L (Kt; Xt) =

8<:
R212Xt� � f2r � �I + X1;FE [R222�R212]� � XtX2;FE

��1 Xt � X1;FER222Xt� � f2r � �I Xt > X1;FE ;(47)where X1;FE is the investment trigger of �rm 1 when �rm 1 acts as thefollower. Firm 2 does not have an incentive to be the leader i�
G(Xt; �) � V 2L (Xt; �)� V 2F (Xt; �) � 0

holds.6 The value functions (46) and (47) satisfy the properties:
V 2F (Kt; Xt) is strictly convex in Xt for all Xt � X2;FEV 2L (Kt; Xt) is strictly concave in Xt for all Xt � X1;FE :

Moreover, the trigger level X2;FE is given by
X2;FE = �1�(f2 � f1 + r�I(�1 � 1)r[R222 �R221] (48)

6Since the value functions depend on the relative cost di�erence � we explicitly use itas an argument.
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and that of X1;FE is given by
X1;FE = �1�(f2 � f1 + rI(�1 � 1)r[R122 �R112] : (49)

Given our assumptions on the revenue function it follows that trigger (48)is greater or equal to (49) for � > 1.As mentioned �rm 2 does not have an incentive to become the leaderi� G(Xt; �) � 0 for all Xt � X2;FE . Given the properties of V 2L (Xt; �) andV 2F (Xt; �) this holds true i� we �nd (X�; ��) such that
G(X�; ��) = 0; (50)@G(X�; ��)@X = 0: (51)

It is straight forward to show that (50) and (51) are satis�ed i�
X� = �1�1 � 1 ���I[R212 �R221] : (52)

(52) together with (50) can be used to derive ��. At the point (X�; ��)the value functions of �rm 2 acting as the follower is tangent to the valuefunction of �rm 2 acting as the leader. Hence, for all � � �� the followerdoes not have an incentive to become the leader. Therefore for this set ofparameter restrictions the equilibrium outcome is that �rm 1 acts as theleader and �rm 2 acts as the follower. This is the unique pure strategy Nashequilibrium outcome.b) For � < �� �rm 2 has an incentive to become the leader. This incentiveexists for all values of Xt in the interval [X2;PE ; X1;FE ], where X2;PE is de�nedby V 2F (X2;PE ; �) = V 2L (X2;PE ; �):We are now in the scenario of a preemptive equilibrium. In this equilibrium�rm 1 will either invest at the level X2;PE or at its leader trigger level X1Eif X1E < X2;PE . Further details on the preemptive equilibrium and the non-existence of a pure strategy equilibrium in case of � = 1 can be found inBoyer et al. (2007). qedProof of Lemma 3.1: The value function for the leader (i = 1) needs tosatisfy the Bellman equation12�2X2V 1XX + (r � �)XV 1X � rV 1 +XR111 � f1 = 0 (53)
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together with the boundary conditions
V 1(0) = �f i0r ;V 1(X1E) = X1ER121� � f2r � I +A13(X1E)�1 ;

V 1X(X1E) = R121� + �1A13(X1E)�1�1;
V i(X2E) = X2ER122� � f2r :A general solution to the Bellman equation is given by

V 1(X) = A10 +A11X +A12X�1 (54)
where A1k; k = 0; 1; 2 are constants that are determined together with theboundary conditions. The constant A13 from above expresses the change ofthe value function for the leader after the capacity expansion of the followerhas taken place. It is determined by the boundary condition

V 1(X2E) = X2ER122� � f2r : (55)
Solving the Bellman equation together with the boundary conditions resultsin

A10 = �f1rA11 = R111�A12 = f2 � f1 + rIr(�1 � 1) (X1E)��1 +A13
A13 = X2E [R122 �R121]� (X2E)��1

which results in the value function for the leader given by (19).We proceed as above when deriving the value function for the follower
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(i = 2) and note that the boundary conditions now become
V 2(0) = �f1r ;V 2(X2E) = X2ER222� � f2r � �I +A23(X2E)�1 ;

V 2X(X2E) = R222� + �1A23(X2E)�1�1;
V 2(X1E) = X1ER221� � f1r :The change of the boundary conditions relative to the proof of the leaderis the consequence of the follower's response to the leader's exercise of theoption at the trigger level X1E . The constant A23 accounts for this change.At the trigger level X1E when the leader exercises his option the follower'svalue function needs to satisfy

V 2(X1E) = X1ER221� � f1r (56)
which implies a follower's value function equal to (21). qed
Appendix C
Proof of Proposition 3.6: We follow closely the argument used in theproof of Proposition 3.4. . We assume that now � < 1 so that the salvagevalue of �rm 2 is strictly smaller than that of �rm 1. This suggests that �rm2 is the follower in the contraction game, it is the �rm that contracts later.The value function of �rm 2 when it acts as the follower is given by

V 2F (Kt; Xt) =
8<:

R201Xt� � f1r + f1�f0+r�Sr(1��2) � XtX2;FC
��2 Xt � X2;FCR200Xt� � f0r + �S Xt � X2;FC ; (57)

where X2;FC is the contraction trigger when �rm 2 acts as the follower. Nowassume, instead, that �rm 2 acts as the leader. The value function of �rm 2at the time when it contracts as the leader becomes
V 2L (Kt; Xt) =

8<:
R210Xt� � f0r + �S + X1;FC [R200�R210]� � XtX2;FC

��2 Xt � X1;FCR200Xt� � f0r + �S Xt � X1;FC ;(58)
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where X1;FC is the trigger when �rm 1 contracts as the follower and �rm 2acts as the leader. The two contraction triggers are given by
X2;FC = �2�(f1 � f0 + r�S(1� �2)r[R200 �R201] (59)

and X1;FC = �2�(f1 � f0 + rS(1� �2)r[R100 �R110] : (60)
Given our assumptions on the revenue function it follows that trigger (60)is strictly greater than trigger (59) for 0 < � < 1. From this property andthe value functions (57) and (58) it can be shown that

G(Xt; �) � V 2L (Xt; �)� V 2F (Xt; �) � 0
holds for all Xt. Hence, �rm 2 never has an incentive to become the leader.Therefore sequential exercise of contraction options is the unique pure strat-egy Nash equilibrium. qedProof of Lemma 3.2: The proof of this Lemma follows exactly that ofLemma 3.1 with the only change being that the call option is replaced by aput option with the corresponding terminal conditions.Proof of Lemma 3.3: The proof of this Lemma follows exactly that ofLemma 3.1 with the change that we are now dealing with a contractionoption that corresponds to a put rather than a call option.
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TABLE 1 – Average Monthly Returns of

Portfolios Sorted by Own and Industry B/M

IndVW Own
L 2 3 4 H

A. Independent Sorts
L 0.92 1.41 1.61 1.92 2.17
2 0.71 1.20 1.40 1.50 1.94
3 0.71 1.14 1.36 1.57 1.92
4 0.95 1.18 1.52 1.66 2.01
H 0.68 0.85 1.00 1.32 1.48

B. Own then Industry
L 1.03 1.42 1.56 1.75 2.09
2 0.73 1.28 1.37 1.52 1.96
3 0.72 1.02 1.43 1.60 1.95
4 0.80 1.14 1.42 1.59 1.56
H 0.78 1.01 1.08 1.29 1.59

C. Industry then Own
L 0.76 1.13 1.32 1.63 2.06
2 0.66 1.03 1.29 1.31 1.82
3 0.75 1.03 1.41 1.48 1.92
4 0.98 1.24 1.67 1.65 2.01
H 0.78 1.11 1.31 1.35 1.54

Notes: This table presents average equal-weighted monthly returns (in percent) of portfolios sorted on
own and industry B/M. Sorting is done one of three ways: based on independent own and industry B/M
sorts (Panel A), based on own B/M first followed by sorting into industry groups within each own B/M
quintile (Panel B), and based on industry B/M first followed by sorting into own B/M groups within each
industry quintile (Panel C). In each sort, stocks are assigned into portfolios based on year t− 1 breakpoints
for NYSE-listed stocks. The returns are computed monthly for each portfolio from July of year t to June
of year t + 1. Own B/M is book equity plus deferred taxes in year t − 1, divided by market equity in
December of year t − 1; industry B/M is the value-weighted average industry B/M including own value.
Stocks are assigned into 49 industries based on definitions from Kenneth French’s data library. Sample
period is 1963-2005.



TABLE 2 – Realized Volatility of

Portfolios Sorted by Own and Industry B/M

IndVW Own
L 2 3 4 H

A. Independent Sorts
L 0.46 0.43 0.45 0.48 0.67
2 0.42 0.35 0.35 0.39 0.54
3 0.45 0.32 0.31 0.38 0.52
4 0.46 0.32 0.33 0.31 0.51
H 0.49 0.29 0.22 0.18 0.35

B. Own then Industry
L 0.46 0.43 0.44 0.46 0.61
2 0.41 0.37 0.33 0.37 0.51
3 0.43 0.31 0.33 0.33 0.50
4 0.43 0.33 0.30 0.25 0.44
H 0.47 0.30 0.21 0.15 0.27

C. Industry then Own
L 0.48 0.41 0.42 0.45 0.58
2 0.44 0.35 0.35 0.36 0.51
3 0.46 0.33 0.30 0.36 0.51
4 0.44 0.31 0.32 0.33 0.52
H 0.35 0.18 0.17 0.21 0.40

Notes: This table presents average equal-weighted year t realized volatility of portfolios sorted on own
and industry B/M. Sorting is done one of three ways: based on independent own and industry B/M sorts
(Panel A), based on own B/M first followed by sorting into industry groups within each own B/M quintile
(Panel B), and based on industry B/M first followed by sorting into own B/M groups within each industry
quintile (Panel C). In each sort, stocks are assigned into portfolios based on year t − 1 breakpoints for
NYSE-listed stocks. Own B/M is book equity plus deferred taxes in year t − 1, divided by market equity
in December of year t− 1; industry B/M is the value-weighted average industry B/M including own value.
Realized volatility is computed as the sum of squared daily returns from year t. Stocks are assigned into 49
industries based on definitions from Kenneth French’s data library. Sample period is 1963-2005.



TABLE 3 – Betas of Portfolios

Sorted by Own and Industry B/M

IndVW Own
L 2 3 4 H

A. Independent Sorts
L 1.19 1.04 0.98 0.88 0.78
2 1.09 0.95 0.89 0.84 0.73
3 1.04 0.93 0.86 0.84 0.74
4 1.05 0.94 0.88 0.84 0.78
H 1.01 0.90 0.77 0.71 0.78

B. Own then Industry
L 1.20 1.04 0.96 0.87 0.76
2 1.15 0.97 0.87 0.83 0.74
3 1.11 0.89 0.89 0.86 0.79
4 1.05 0.93 0.84 0.83 0.78
H 1.04 0.92 0.78 0.68 0.79

C. Industry then Own
L 1.22 1.16 1.06 0.98 0.85
2 1.11 0.97 0.91 0.85 0.76
3 1.03 0.93 0.88 0.83 0.75
4 1.01 0.93 0.88 0.83 0.77
H 0.93 0.75 0.70 0.73 0.81

Notes: This table presents average equal-weighted year t betas of portfolios sorted on own and industry
B/M. Sorting is done one of three ways: based on independent own and industry B/M sorts (Panel A), based
on own B/M first followed by sorting into industry groups within each own B/M quintile (Panel B), and
based on industry B/M first followed by sorting into own B/M groups within each industry quintile (Panel
C). In each sort, stocks are assigned into portfolios based on year t− 1 breakpoints for NYSE-listed stocks.
Own B/M is book equity plus deferred taxes in year t − 1, divided by market equity in December of year
t− 1; industry B/M is the value-weighted average industry B/M including own value. Betas are computed
as the sum of slope coefficients from regressing year t excess daily returns on excess market return, its lead,
and lag. Stocks are assigned into 49 industries based on definitions from Kenneth French’s data library.
Sample period is 1963-2005.



Table 4 – Fama-MacBeth Regressions of Returns on Own and Industry Characteristics

Own IndustryVW OS × Own (1− OS) × IndustryVWX
β Size B/M β Size B/M β Size B/M β Size B/M

(1) -0.33
(-2.75)

(2) -0.19
(-3.91)

(3) 0.47
(7.07)

(4) -0.08 -0.19 0.26
(-0.68) (-3.68) (4.30)

(5) 0.00
(-0.01)

(6) -0.01
(-0.21)

(7) -0.06
(-0.47)

(8) -0.04 0.01 -0.14
(-0.17) (0.22) (-1.33)

(9) -0.37 0.32
(-3.59) (1.61)

(10) -0.19 0.02
(-3.92) (0.60)

(11) 0.52 -0.40
(8.87) (-3.44)

(12) -0.12 -0.18 0.29 -0.01 0.05 -0.23
(-1.17) (-3.72) (5.70) (-0.04) (2.24) (-2.64)

(13) -0.13 -0.21 0.28 1.70 0.10 -1.14 -0.02 0.07 -0.18
(-1.27) (-4.01) (5.40) (2.45) (1.03) (-2.39) (-0.10) (2.96) (-2.07)

Notes: This table reports the results of Fama-MacBeth regressions of stock returns on the following
explanatory variables: Own β is 12-month β computed as the sum of slope coefficients from regressing
excess daily returns from year t− 1 on excess market return, its lead, and lag; own size is the log of market
equity in June of year t; own B/M is the log of book equity plus deferred taxes in year t − 1, divided by
market equity in December of year t−1; industry β is the value-weighted industry β; industry size is the log
of value-weighted average industry size; industry B/M is the log of value-weighted average industry B/M.
All VW (VWX) industry averages include (exclude) each observation’s own value. OS is own fraction of
total industry sales. Industry values are computed on the basis of the 49 industry definitions from Kenneth
French’s data library. To ensure availability of accounting information prior to returns, accounting numbers
for year t − 1 are matched with returns for the months from July of year t to June of year t + 1. The
average slope is the time series average of monthly regression slopes for July 1963 to December 2005, and
the t-statistic is the average slope divided by its time series standard error.
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