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1. Introduction

Investment decisions are typicaly made under uncertainty and once implemented are a least

patidly irreversble. The irreversble nature of invesment has been widdly discussed, not

least in the indudtrid organisation literature in the context of Srategic commitment. The idea
that firms may have an incentive to commit in advance to high investment levels in order to

affect the strategic environment in which future outputs are chosen is now well understood”.

However, the literature on draegic behaviour has largey ignored the fact that most

investment decisions are made againg a backdrop of uncertainty regarding future economic

conditions. By contrast, other recent work on investment takes this stylised fact as a
dating point by assuming tha uncertainty naturdly shapes the environment in which
investment decisons are examined. In their option value gpproach, Dixit and Pindyck

(1994) dressthe importance of ddlaying investment so asto retain flexibility.

The purpose of this paper is to study the trade-off between investment commitment and
flexibility in an oligopoly setting?.  The theme of commitment versus flexibility in a strategic
environment is not entirely new. Appelbaum and Lim (1985) considered to what extent an
incumbent firm, threatened by entry from a competitive fringe, should pre-commit to output
or keep its output flexible instead. Sadanand and Sadanand (1996) and Spencer and
Brander (1992) examine models with uncertainty where two firms compare commitment
versus flexibility with respect to their output decisions. Spencer and Brander aso show, in
an dternative modd with uncertainty, how the same trade-off affects the investment timing of

one firm in a set-up where the other firm cannot invest or commit®.

The model we consider is closest to this last set-up, but here two riva firms have a choice

between investing early or later when future demand conditions are uncertain. Ours is the

! Tirole (1988) provides a textbook treatment of thisissue.

2 Our paper examines microeconomic aspects of the trade-off between investing early or late. From a
macroeconomic perspective, uncertainty induced investment delay, while enhancing flexibility, may lead
to aslowdown in economic growth (Hassett and Metcalf, 1999; Darby et a., 1999).

% Vives (1989) focuses on technological flexibility, which is quite different from the flexibility in timing
discussed here. In his model higher investment can lower the slope of the marginal cost curve and there
need not be atrade-off between flexibility and strategic commitment. Boyer and Moreaux (1997) examine
how technological flexibility choices depend on specific industry characteristics. They emphasise that
their model is not concerned with endogenous investment timing.



first paper of which we are aware to examine an endogenous investment timing game in
which both firms can choose whether to commit or delay. We assume two periods with
uncertainty in period one, which is resolved in period two. If investment takes place in
period one, then capitdl is chosen before the resolution of demand uncertainty, implying a
loss of flexihility required for adjusting to unexpected demand shocks. However, if capitd is
chosen in period two, the firm retains the flexibility to cope with unexpected demand
fluctuations. This choice of when to invest naturdly gives rise to endogenous timing decisons
in the investment game’.

There are two digtinct reasons why a firm may want to invest early. On the one hand, if its
rivd ddays, it can enjoy the benefits of investment leadership by adopting an aggressive
dance and investing early. On the other hand, if its rival dso invests early, defensve
investment commitment adlows afirm to avoid the loss of market share associated with being
a follower. We show that the drength of the incentives to invest aggressvely and
defensvely hinges on the precise form investment commitment takes. We demondrate this
by consdering two different investment timing games. In the first game, firms invest early by
sdecting the invesment level to which they are then committed. In the second game, firms
firs commit to the timing of ther invesment but do not yet fix the actud capitd levd. After
choosing when to inved, firms then sdect investment levels, having observed the timing
choices made earlier. This second form of commitment arises when a firm can credibly
indicate when it will inves without actudly being committed to a paticular levd of
invesment®. Following Hamilton and Slutsky (1990) who first introduced this distinction in
endogenous timing games, we refer to the former game as one of “Action Commitment” and

to the |atter as one of “Observable Delay”®.

* Since the mid 1980s there has been considerable interest in the question of endogenous timing in the
choice of strategic variables in oligopolistic markets. See for instance Gal-Or (1985), Dowrick (1986),
Boyer and Moreaux (1987), Hamilton and Slutsky (1990), Spencer and Brander (1992), Sadanand and
Sadanand (1996), Canoy and Van Cayseele (1996) and van Damme and Hurkens (1999). There has also
been an interest in timing in the strategic trade literature (see for instance Arvan (1991) and Collie
(1994)).

® This could occur if, for instance, the firm entersinto time-specific contracts that are too costly to break,
before finalising its investment choice.

® Hamilton and Slutsky restrict attention to price and output games and do not look at investment
decisions. In addition, they assume no uncertainty and are not concerned with the tradeoff between
commitment and flexibility.



Whether Action Commitment or Observable Delay is a more appropriate characterisation of
investment rivary depends on whether firms can observe and respond to each other’s
invesment timing  before actua investment levels are chosa’. It cannot be daimed in
generd that one is more “redigtic’ than the other®. For that reason, it does not seem
possible to opt for one game over the other without considering the specific features of the
investment project.

In section two of the paper we set up the basic mode in which two riva firms choose capita
and output for a market characterised by demand uncertainty. In section three the Action
Commitment verson of the modd is solved for different levels of uncertainty, both for
symmetric firms and for the case in which one firm has a cost advantage. In section four we
compuite the equilibrium of the Observable Delay game for different levels of uncertainty and

cost asymmetries. In section five some welfare issues are discussed. Section Six concludes.

2. Themodd: Invessment with demand uncertainty

Two firms produce an identical product and choose capital and output, denoted respectively
by k and g, (i =1,2). Firms face uncertainty about market demand. Thisis captured by
an inverse demand function with a stochastic component:

p=a-Q+u 1)
with Q=q,+qg,and ul [u,T] the stochastic demand component with zero mean and

vaiance s 2. Firmi’stota cost, TC', isgiven by:

2

i K . i - i
TC' =(c - k )g Yo with TC, =-q +% and TC, =¢ - k )

" Both Action Commitment and Observable Delay have been considered in earlier work that discusses
output flexibility versus commitment. In their output choice models Sadanand and Sadanand (1996)
employ Action Commitment and, without mentioning it explicitly, Spencer and Brander (1992) use the
Observable Delay approach.

8 Observable Delay corresponds to the real-world case where it takes a significant amount of time before
the precise size of the investment project is irrevocably fixed, whereas Action Commitment better
describes a scenario in which the time between the planning and implementation of an investment
project is short.



The parameter h is inversaly related to the cost of capitd and c is a postive condant.
TC, and TC, are defined respectively as the margind cost of capita and the marginal
production cogt. Investing in capital reduces the margind cost of production. Without loss
of generdity, we assume that the congtant term in firm two's margina production codsis at
least ashigh asitsriva’sis(c, £c,). Theprofitsof firm i are given by:

p, = pg - TC i=12 3

The modd congsts of two periods. There is uncertainty about demand in the first period,
which is resolved at the start of period two. Firms decide whether to commiit to their capital
in the first period or postpone investment to the second period. For smplicity, we assume
throughout that firms are risk neutrd. Hence, their investment timing decisions follow from
maximisng expected profits. Neverthdess, firms will vaue flexibility because expected

profits are incressing in the variance of demand®.

Outputs are dways chosen smultaneoudy in period two, that is, after uncertainty has been
resolved. The equilibrium output for firm i is'™:

q =%(2A - A +2k - k; +u) @)

with A°a-c adi,j=12 it ]

When capita is chosen in period one, it is set before output. But, if it is chosen in period
two, it is determined smultaneoudy with output. If a firm chooses to invest early, it
determines its capitd in period one by maximisng expected profits (mKax Ep,).

Commitment to capitd in the first period gives firms a strategic advantage because it alows
them to influence future outputs to their advantage. However, by doing so, the firm reduces
its output flexibility compared to when it ddays investment until period two. In the latter
case, period-two profits are maximised with respect to capitdl (mKax p;) and the invesment

® The positive effect of the variance on ex ante expected profitsis due to the fact that the actual ex post
realisation of profitsisconvex inu. Spencer and Brander (1992) adopt a similar approach. Risk aversion
would simply strengthen the gains from remaining flexible.

\We focus on interior solutions only.



level will be chosen in accordance with any unexpected shocks in demand (., k, =k, (u)

with % > 0). Thiswill enhance the firm's output flexibility.

As discussed above, expected profit is increasing in the variance of demand. Due to the
indirect effect of capita on output, the positive effect of the variance on expected profits is
larger under invesment flexibility than under commitment. Hence, our modd captures the
fact that, in practice, investors who vaue flexibility have an incentive to ddlay investment
when they face sgnificant uncertainty.

We examine two different games in which firms face this trade-off between flexibility and
commitment. In the fird game, commitment takes the form of “Action Commitment”,
meaning that, if afirm decidesto invest early, it commits not only to invest in period one, but
adso to a paticular level of capitd. In other words Action Commitment implies
compressing the timing and levd of investment into a sngle action. The nature of
commitment is different in the second game, which will henceforth be labelled as the game
with “Obsarvable Day”. In that game, firms firgt decide the timing of their investment but
not yet the actud level of the capitd. These timing decisons of the firms are assumed to be
too codly to reverse. After the timing decisons have been made, firms sdect ther
investment level, now knowing in which period the riva will invest. So, afirm that choosesto
commit, determines its capita level after the investment timing choices are made, but before
uncertainty has been resolved. In the remainder of this section we will discuss festures that
are common to both the Action Commitment and the Observable Delay games.

There are four possible timing combinationsin either game: (C,,C, ), (C,,D, ), (D,,C,) ad
(D,,D,), where C and D, refer to commitment and delay, respectively. Under

Observable Delay, these combinations are the candidate timing equilibria. In two of these
candidate equilibria, firms choose their capitd Smultaneoudy (see table 1): they both invest
ealy (C,,C,), or dternatively, chooseto delay (D,, D, ). In those cases, firms choices of

cgpitd per unit output are symmetric, but larger for investment commitment than for delay



. kicc kidd (U)
b g ™ Eq

). Inthe other two candidate equilibria ((C,, D, ),(D,,C,)), one firm

is a Stackelberg leader in investment, while the other is a follower. The committed capitdl
leve per unit output chosen by the leader is larger than that chosen by ether firm when both

cd dc cc
k™ _ K > K )- Under Action Commitment, it is aso straightforward

firms commit (—— = =% =
Ea,” Eo;” Eq

to show that there are four candidate equilibria. These dso correspond to the four possible
timing combinations™. The capita levels for each of the four candidate equilibriain Action
Commitment are the same as those in the corresponding equilibria under Observable Delay.
Thus, the capitd levels chosen under Action Commitment are aso represented by the

expressonsin table 1.

Table 1. Capital levels for the different candidate equilibria under Action
Commitment and Observable Delay?

C..C, C..D, D,,C, D,, D,
cc_4 cc cd _2(2'h) cd
k| TR TR R ()= hai(u) | k() =ha ()

_4 cc 6_2(2' h) c
k| K =FMER | keu)=hge(u) | T3 % | k() =hg (u)

4Thefirst [second] superscript on the kI and the (], variables refers to the commitment (c) or delay (d)
decision by firm one [two].

In the next two sections, we derive and discuss the investment timing paitern that emerges
from each game. Since the andysis involves many unwieldy agebraic expressons, graphica
amulations are extengvely used to ease the expodtion. This gpproach dlows usto minimise

the number of equations we give in the text, but does not reduce the generdity of our

" To see this for Action Commitment, define I, (K; ) asfirm i's first-period capital reaction function. If
firm two delays, then (depending on s ?and other parameters) firm one’s best response is either delay
or play K*.If ki is played, firm two's best response is either delay or r,(k™).But, k™ is not the
best reply to T, (k™) (hence, (kfd,rz(klm| )) is not an equilibrium). So, if firm two delays, the only
possible equilibriaare (k™ ,D,) and (D,,D,) . If firm two commits to a particular capital level K, , firm
one’s best response is either delay or ,(K,) . But (r,(k,),K,) is only an equilibrium if k,=kZ (and
r,(k®) =k™). If firm one delays, firm two leads and plays k°. So, if firm two commits, the only



andyss in any way. We condder both dtuations in which firms have symmetric and
asymmetric production costs. For completeness, our andysis exhaudts all the quditetively

different cases.

3. Action Commitment versusflexibility

In this section we look at the game with Action Commitment. The sequence of the movesis
illugrated in figure 1. If afirm decides to commit, it has to do o by choosing an invesment
level in stage one. However, if investment delay is preferred, the firm chooses its capita
invesment flexibly in the second period. Which of the candidate equilibria represented in
table 1, if any, eventualy prevail, depends crucidly on the level of uncertainty (s ?), the h-
parameter (which isinversaly related to the margina cost of capita) and the cost asymmetry
between firms. It is naturd to start with the symmetric case. Afterwards, the effect of
asymmetric codtsis examined.

[Figure 1 about here]

3.1 The symmetric cost case

Investment  timing under symmetry (A =A,) is shown in §?h-space (where
§%°s?/ A isthe normaised variance) in figure 22, This figure gives lodi dong which a
firm is indifferent between commitment and delay, given a particular investment timing choice
of itsrival. At levels of uncertainty (S?) above the relevant locus, the firm prefers to delay,
given the choice made by itsrivd. At leves of uncertainty below the locus, it will commit.
There are two digtinct indifference loc for each firm given rivd commitment, but, as will
become clear from our discussion below, there is only one indifference locus for each firm

given that its rival delays. So, there is atotd of three indifference loci for each firm. In the

symmetric case, theloci for firm one naturdly coincide with those for firm two.

possible equilibriaare (K*,k;°) and (D,,K:°). Thus, there are the four candidate equilibria under

Action Commitment, one for each of the four possible timing combinations.
2 Throughout the paper the h-values are limited to guarantee interior solutions and by stability
considerations.



[Figure 2 about here]

To find the equilibriain different regions of 52, h-space we proceed by asking when each of
the candidate equilibriawill not be an equilibrium. We will fird consder the candidate
equilibrium (D,, D, ). On the highest locus in figure 2, each firm is indifferent between
commitment and delay given invesment dlay by its rival. Given rivd dday, firm one, in
deciding when to invest, compares the profits Ep,(D,,D,) and Ep,(C,,D,), taking into
account that its riva reacts to its invesment timing decison. For ingtance, on the locus
(Ep,(C,,D,) = Ep,(D,, D, )) firm one is indifferent between choosing k™ in period one
and ddlaying its capita choice until period two (when it will choosek™ (u) ). Below this

locus, (D,,D,) cannot be an equilibrium.

The highest locus in figure 2 dso demarcates the maximum uncertainty upper limit for the
|eader-follower equilibria, (C,, D,) = (k,D,)and (D,,C,) = (D,,k°). In other words,
(C,D,) (and by symmetry(D,,C,) ) cannot be an equilibrium above this locus, snce in
that region Ep,(k™,D, )< Ep,(D,,D, ). Thelowest of the threelodi in the figure provides
the lower bound for leader-follower equilibria Bedow this locus we have
Epl(Cl, k;'C) > Epl(Dl, kZdC), and hence firm one will wish to deviate from delay given that

firm two chooses the investment |eadership capitd level, ki°.

We now turn to the candidate equilibrium (C,,C,) . Thisis an equilibrium & $%=0, when
there are no flexibility advantages of delaying and both firms commit, regardless of the timing
drategy of their rival. Next, consider therange of §2 and h over which (C,,C,) =(k*, k%)
cannot be an equilibrium. For concreteness and without loss of generdity, let us consder
possible deviations by firm one from this equilibrium. Given k;*, there is alocus (the second
highes in figure 2) dong which firm one is indifferent between commitment and delay.
Above this locus, we have Epl(Cl,k§°)< Epl(Dl,kgc), hence, firm one wants to delay

and therefore (C,,C,) cannot be an equilibrium. On or below the locus, firm one will not



wigh to deviate from k* (by symmetry, firm two will not want to deviate from k;° in that

region). Thus, commitment by both firms will be an eguilibrium at al uncertainty leves that

are not above this locus.

In figure 2, the §2,h-space is divided into four areas by the firms indifference loci.  In

area |1V, both firms dday investment. In this region the leve of uncertainty is too high for
firms to forego flexibility. Ddaying invesment is preferred by each firm, independently of
the riva’ s timing choice, hence dday by both is the unique equilibrium. In arealll, there are
two leader-follower equilibria Here, if one firm commits, the other firm knows that it cannot
influence its competitor's level of invetment by its own investment timing, snce Action
Commitment implies choosing an irrevocably fixed level of capitd in Sage one. So, given
riva commitment, early investment leaves riva capitd unaffected and merely leads to a small
drategic effect on future outputs. This smdl drategic gain from commitment is outweighed
by the benefits from capitd flexibility because uncertainty is ill sufficiently high in region 111.
So, each firm prefersto delay if itsriva commits. On the other hand, if afirm’'sriva deays,
commitment will be chosen since it dlows that firm to manipulate both the riva’s capitd and
output choice. Only in region | is uncertainty so low that commitment by both firms, the
outcome that would prevail under certainty, is the unique equilibrium. Findly, in region I,
the two leadership equilibria and commitment by both firms are sustained as equilibria
Note, however, that this region is very narrow, especidly a low vaues of h **. One could
argue that region Il is merdly a fuzzy boundary between areas | and 1, caused by the
inherent gtickiness of early investment with Action Commitment.

In figure 2, a firm's indifference locus given rivd delay is aove, and rises much fagter in h
than the loc given rivd commitment. Intuitively, the rlative vaue of investment commitment
is much higher if the rivd firm remains flexible than if the latter invests drategicdly. This
suggests that “ defensive commitment” , that is, srategic investment to avoid becoming the
follower, tends to have a redively low vaue in this game compared to “ aggressive

commitment” to become a leader. It is for this reason that for intermediate levels of



uncertainty we get investment leadership despite the fact that firms are ex ante identicd. It is
worth mentioning that a leadership equilibrium implies ared ex post difference between the
firms, with the leader having a higher capital investment and lower margind production costs
then the follower in equilibrium.

3.2. Cost asymmetry

Now, suppose there is an asymmetry between firms, ¢, >c, (implying A, <A). Then,

there are two possible scenarios, depending on the degree of cost asymmetry.

First, consder cases with a“large’ cost asymmetry. This refers to relative cost differences
for which the low-cogt firm's indifference loci all lie above those of its higher-cost rivd.
Figure 3 illudtrates this for A, = 08A, . Here unlike in figure 2, firms indifference loci no

longer coincide. However, only three of the Sx loci are rlevant and these are shown in the
diagram. The three loci ddineate four regions, each with its own sat of investment timing
equilibria While both firms dday invesment in area IV, the low-cost firm emerges as the
investment leader in region 1ll. Here, compared to area lll in figure 2, the cost asymmetry
has diminated one of the two equilibria. The reative benefits of commitment are higher to
the low-cogt firm than to its high-cost competitor. Because the former has a higher price-
cos margin than its rivd, it dands to gain rdatively more from investing srategicaly and
hence from producing a larger future output. When uncertainty isvery low (i.e, inregion 1),
even the high-cogt firm commits and commitment by both firms is once again the unique
equilibrium. Region I forms afuzzy boundary between region | and 111, where commitment
by both firms and investment leadership by the low-cost firm are equilibria.  In this narrow
band, the low-cogt firm will dways choose to commit but firm two's optima investment
timing depends on itsriva’slevel of committed investmen.

[Figure 3 about here]

¥ For instance, at h =015, region Il is only 0.00060 wide in terms of S >, while this distance narrows
down even further toa 5 2 -range of 0.00005 at h = 0.05.

10



The third and fina possible scenario (in addition to the symmetric case and cases with large
cogt asymmetries) prevails when the cogt asymmetry is sufficiently “smal”, implying that the
relative cost disadvantage of the high-cost firm is not large enough for all its indifference loci
to lie below itsrivd’s. The diagram for “smdl” cost asymmetries is shown in figure 4 and
combines features of the symmetric case and the large cost asymmetry case. For amdl
vauesof h (i.e, high margind cogst of capitd), the picture is Smilar to the one for “large’
cod asymmetries, shown in figure 3. For rdatively high vaues of h, an area with multiple
investment leadership equilibria emerges and hence fegtures of the symmetric case gppesr,
paticularly a intermediate levels of uncertainty. As a approaches one, the area with
(C,, D,) vanishes and the picture collapses to the one for the symmetric case.

[Figure 4 about here]

4. Commitment versusflexibility under Observable Delay

With Obsarvable Déay, firms observe each other’s investment timing before determining
ther actud leve of investment. The structure of the game is shown in figure 5. Note that
period one now congists of two stages. In the first stage, firms decide on their investment
timing and determine the levd of investment later (i.e, in dage two if they opt for
commitment, and in stage three if they prefer delaying investment). Because firms observe
the outcome of the invesment timing stage, the nature of commitment is less “gticky” than
under Action Commitment. This festure changes the nature of commitment compared to the

previous game and has severd important implications.
[Figure 5 about here]

Fird, as aresult of the two-step commitment, the two indifference loci for riva commitment
that prevalled under Action Commitment, here collgpse into a single indifference locus (see,
for ingance, figure 6). Consder, for indance, firm one' s investment timing decison in stage
one, given that firm two chooses to commit but can only fix its capitd leve in stage two.
Firm one will compare its expected profits from aso committing, Epl(Cl,Cz), to those

1



from delaying investment, Ep, (D,,C,), knowing that its investment timing choice will affect
the optimal level of firm two's capitd in stagetwo (kS° if C, and ki if D,). Because each
firm now takes into account the effect of its own invesment timing decison on its riva

cgpitd levd, there is only one indifference locus given rival commitment, implying thet each

firm now only hastwo indifference lodi in totdl.

Second, by contrast to the game under Action Commitment, the indifference locus for a
paticular firm given rival commitment is above and steeper than its corresponding locus
given rival delay. This suggests that under Observable Delay firms tend to commit more for
defensve than for aggressive reasons, that is, more out of fear of ending up as the follower
than to gain a firsd-mover advantage. Under Action Commitment, the opposite was true.

There, “ aggressive commitment” was more valuable than “ defensive commitment” .

Like in the previous game, there are three quditatively different cases. Case | occurs under
symmetry, Case Il prevails when thereisa“large’ cost asymmetry between firms and Case
Il occurs for “small” cost asymmetries. Figures 6, 7 and 8 show the diagrams of the
Observable Ddlay gamein §2,h -space for each of these respective scenarios.

Case |, inwhichfirmsare symmetric (A = A,), is graphically represented in figure 6. In the
discusson we manly point out the differences with the previous game. Unlike in the
corresponding symmetric case under Action Commitment, investment leadership does not
arise as an equilibrium in any region of the graph. Instead, the two equilibria that can prevall
a intermediate levels of uncertainty are commitment by both firms, or investment delay by
both (seeregion Il infigure 6). Inaeall, afirm only invests ealy if itsriva does so aswell.
Its own commitment guarantees that the riva’s drategic investment is smdler, thereby
avoiding severe reductions in future outputs. This confirms the intuition that drategic
investment here occurs out of a predominantly defensve motivation. Also, the area where
both firms choose to commit is larger than under Action Commitment, illudrating thet
commitment is relatively more atractive to firms under Observable Delay. Moreover, the



“fuzziness’ of the boundary between the lower regions, observed under Action Commitment
(seeregion I in figure 2), has disgppeared completely.

[Figure 6 about here]

Consder now the effect of cost asymmetries on firms investment timing. Cost asymmetry
implies that the indifference loci of the two firms no longer coincide (see figures 7 and 8).
The discussion first covers cases where the cost asymmetry is “large’ (Case I1). Likein
section three, a “large’ cost asymmetry refers to cases in which the reative cost difference
causes all the indifferenceloci of the low-cogt firm to lie above those of theriva firm. Such
a case is shown in the diagram in figure 7. As under Action Commitment, investment
leadership by the low-cogt firm prevails at intermediate levels of uncertainty (i.e, region Il in
figure 7), because the rdative vaue of commitment is higher for the low-cost firm than for its
high-cost counterpart. However, given the same cost asymmetry, the area where investment
leadership occurs is smdler here than under Action Commitment, since the high-cost firm
has an increased incentive to invest defensvely. Consequently, here, as in the symmetric
case, the region of commitment by both firmsis larger than under Action Commitment. Note
that, again, the boundary demarcating the region between investment leadership and
commitment by both is now a one-dimensona curve ingead of a fuzzy band. This reflects
the fact that the two indifference loci that demarcated the edges of that band under Action
Commitment are replaced by just one indifference locus under Observable Delay.

[Figure 7 about here]

Ca=e Ill, prevaling for “smdl” cogt asymmetries between firms is illustrated in figure 8.
Again, this case takes a hybrid form, combining features of the symmetric case and “large’
cost asymmetry cases. When the marginad cost of capitd ishigh (i.e, a low h), investment
leadership by the low-cogt firm is the equilibrium at intermediate levels of uncertainty (see
region 118), while commitment and delay by both firms are the equilibriain region 11b. In
other words, when capita investment is expensive, the low-cost firm will, even as a leader,
inves redively little. Hence, the damage to the high-cogt firm in terms of induced future



output reductions will not be very large. For that reason, the latter prefers to stay flexible.
However, as h rises and investment becomes chegper, a firm that does not invest in period
one while its rival does, exposes itsdf to subgtantia future market share losses. In region
lIb, the high-cogt firm chooses therefore to commit, in spite of the reatively high leve of
uncertainty, o asto protect its future share of the market.

[Figure 8 about here]

We conclude this section with a comparative overview of the outcomes under Action
Commitment and Observable Delay. Superimposing the corresponding S 2, h -diagrams of

the two games dlows us to compare them, given the same ranges of uncertainty and other

parameter values.

Table 2: Investment timing under Action Commitment and Observable Delay

g2 Action Observable
Commitment Delay
Very High (D,,D,) (D,.D,)
cosT High (D, D,) (D,,D,); (C,.C,)
SYMMETRY Intermediate | (C,,D,); (D,,C,) (c.c,)
Low (Cl,Dz); (D11C2) (C1’C2)
(Cl’ CZ)
Very Low (Cl’CZ) (Cl’C2)
Very High (D,,D,) (D,.D,)
“LARGE” COST High (c,,D,) (c,,D,)
ASYMMETRY Intermediate (c,,D,) (c,.c,)
Low (c.b.); (c.C,) (c..C.)
Very Low C..C,) (€.c,)

Without showing this combined graph explicitly™, the outcomes are shown in Table 2 for
the symmetric case as well as for the case with “large’ cost asymmetries™. The bands of

¥ The combined diagram can be easily obtained from superimposing figures 2 and 6 for the symmetric
case, and figures 3 and 7 for the case with a“large” cost asymmetry.
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uncertainty leves range from the upper zone (labelled as “very high”) to the lowest one
(labdled as “very low”). The comparison clearly indicates the relative importance of
defensive commitment under Observable Delay, reflected in the emergence of (C,,C,) as

an equilibrium, even a “high” leves of uncertainty. Unlike under Observable Deay,
(C,,C,) never coexists with (D,,D,) under Action Commitment. With Action

Commitment, the leader-follower equilibria occur a “intermediate’ and “low” levels of
uncertainty, whereas they can never occur under symmetry with Observable Delay.

With “large’ cost asymmetries, the investment timing outcomes of the two games are more
similar to each other than under symmetry*®.  The main difference between the two casesis
thet, a “intermediate’ levels of uncertainty, the high-cost firm is willing to follow under
Action Commitment but reects with defensve commitment under Observable Dday.
Overdl, thereis less commitment under Action Commitment than under Observable Delay.

5. Welfareissues

In the previous sections, we discussed which of the four candidate invesment timing
equilibria would prevail for various levels of uncertainty. However, it is by no means
guaranteed that, from that set of candidate equilibria, the market sdects the one that yieds
the highest leve of welfare. In our partid equilibrium set-up, wefare is naturdly defined as
the sum of expected consumer surplus and expected industry profits.  Given that welfare
function, we ask what the best timing outcomes are from a socia perspective and whether
they differ from those generated by the market.

Although cepitd commitment raises the socid cost of investment and foregoes the socid
benefits from flexibility, it will dso lead to higher production and therefore lower prices for
consumers. In figures A.1 and A.2 in the appendix, we compare the actua market
equilibrium of the investment timing game under Observeble Dday with the socidly

> The “small” cost asymmetry case is omitted from table 2 because it combines features of both the
symmetric case and cases with “large” cost asymmetries.

® As mentioned earlier, “small” cost asymmetries combine features of the symmetric and the “large”
cost asymmetry cases. Hence, the comparison between Action Commitment and Observable Delay at
“small” cost asymmetrieswill combine features of the two comparisons represented in table 2.



preferred timing outcomes for different parameter vaues'’. When firms are symmetric, we
find that the socidly preferred timing outcomes coincide with the market outcomes a fairly
high and a fairly low uncertainty. In the former case, both firms delay, whereas they both
commit in the latter case. At moderate levels of uncertainty however, commitment by both
firms can arise, but ddlay by both is socidly preferred. Thus we conclude that the market
generates too much grategic commitment in the symmetric case. When there is a substantia
cost asymmetry between firms, we find that having the low-cost firm as the leader is socidly
preferred unless uncertainty is very high. Even under certainty, the consumers benefit from
the low-cogt firm being the leader and producing dl the extra output. However, a low
uncertainty leves both firms commit, implying that too much commitment is generated by the
market, while at fairly high uncertainty both firms delay implying too little commitment from a
socid perspective. Only a intermediate levels of uncertainty, when the market generates a
leader-follower outcome, or a very high levels of uncertainty, when delay by both firmsis
socidly preferred, do the market outcome under observable delay and the socidly preferred

one coincide.

So far we have discussed which of the four candidate investment timing equilibria yied the
highest wdfare without government intervention. However, it is cdear that government
intervention could improve wefare snce the oligopoly digortion implies that firms are
producing too little. In addition, when firms are investing strategically they choose more than
the socidly cog-minimisng capitd levd. The sandard indruments to ded with these
digortions are production subsidies and capitd taxes. Moreover, besdes affecting the
levels of output and investment, the government may aso wish to change firms' investment
timing. FHrms often will invest too early and lose therr flexibility, implying that the government
may want to engage in commitment deterrence’®. Hence, a firgt-best package of policies will
smultaneoudy and directly address these three possible inefficiencies of underproduction,
overinvestment and inflexibility.

Y A similar comparison between market and socially preferred outcomes under Action Commitment
would follow directly from replacing firms' indifference loci in figures A.1 and A.2 by those that are
relevant under Action Commitment, represented respectively in figures 2 and 3.

18 Dewit and Leahy (1999) consider policiesto deter commitment in an open economy setting.
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6. Conclusion

We have andysed the trade-off between drategic investment commitment and flexibility in
an oligopoly setting. Two different forms of investment commitment were consdered.
Under both forms of commitment, the degree of cost asymmetry between the firms, together
with the degree of uncertainty, plays a crucid role in determining equilibrium outcomes. In
particular, we find that the low-cost firm vaues srategic commitment more highly than its
high-cogt rivd. This implies that the low-cost firm will remain committed at higher levels of
uncertainty and that a naturd leader-follower equilibrium will exis if uncertainty is neither too

low or too high.

Cogt symmetry puts the differences between the two forms of commitment into sharper
relief. We have shown that the form commitment tekes, dters the relative advantages of
agoressve versus defensve commitment. More specificaly, due to the greater inflexibility of
investing early in the later game, the gains from defensive commitment are much lower under
Action Commitment than under Observable Delay. As aresult, under Action Commitment,
though not under Observable Delay, leader-follower outcomes can even occur when firms
are ex anteidenticd, implying that the firms end up with different cost and capita investment

leves.

Finaly, there are severd avenues along which our analyss could be extended. First, our
discusson has been confined to interior solutions, implying that both firms dways produce
positive quantities. However, in the presence of fluctuating demand, some firms may not
enter when demand turns out to be low. This rases the issue of firms engaging in
probabilistic entry deterrence. A second interesting extenson would be to dlow for
asymmetric information. We could assume that there is uncertainty about demand or cost
parameters, which is initidly private information. For instance, when a loca firm competes
with aforeign riva, it may have more accurate information about loca market demand than
its rival. These issues surrounding corner solutions and incomplete informetion are il

awaiting future research.
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Appendix

In figures A.1 and A.2, the actua investment timing outcome under Observable Delay is
indicated by superscript m, while the socidly preferred outcome is superscripted by s. The
areas in which the market outcome differs from the socidly preferred investment timing, are
highlighted by a shaded labdl.

[Figure A.1 about here]

[Figure A.2 about here]
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Figure 1: The structure of the game under Action Commitment
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Figure 2: The game under Action Commitment for the symmetric case
(A1=A2)
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Figure 3: The game under Action Commitment for "large" cost asymmetries (A2=0.8A 1)
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Figure 4 : The game under Action Commitment for a "small" cost
asymmetry (A2=0.97A1)
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Figure 5: The structure of the game under Observable Delay
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Figure 6: The game under Observable Delay for the symmetric case
(A1=A2)
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Figure 7: The game under Observable Delay for a"large" cost
asymmetry (A2=0.8A1)
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Figure 8: The game under Observable Delay for "small" cost
o8 asymmetries (A2=0.97 A1)
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Figure A.1: Market outcomes versus socially preferred outcomes for

Observable Delay in the symmetric case (A1l= A2)
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Figure A.2 : Market versus socially preferred outcomes under
Observable Delay for "large" cost asymmetries (A2=0.8A1)
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