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1. Introduction

The vagt mgority of investment decisions share three characterigtics. Firdly, they are carried out
under uncertainty about future economic conditions. Secondly, the investment, once it has taken
place, is a least partly irreversble. Thirdly, the actud timing of the investment is crucid. These three
features of investment shape policy both in amicro- and a macroeconomic setting.

The indudtrid organisation literature on the drategic agpects of investment (surveyed by Tirdle
(1988) and Shapiro (1989)) dresses the importance of investment irreversibility to firms. They
commit early to capitd, cgpacity or R&D with the am of influencing the future course of the game.
In these modds, it is typicaly assumed that firms do not face uncertainty about future demand when
choosng ther invesment level. However, with uncertainty, it is clear that srategicaly motivated
invesment commitment by riva firms implies the loss of the flexibility required for adjugting to
unexpected demand changes. The importance of invesment flexibility has been sressed by Dixit
and Pindyck (1994) for a wide range of economic gpplications. In contrast to the literature on
drategic commitment, their option approach to invetment emphasses the vaue of deaying
investment until (at least part of) the uncertainty has been resolved.

This paper examines the trade-off between invesment flexibility and strategic commitment from the
point of view both of firms and policy makers. In the case of firms, they face a choice between
invesing early or retaning flexibility to cope with demand fluctuations. Retention of flexibility,
however, may imply the surrender of afirs mover advantage. Especidly in newly emerging markets
such as the South-East Asan economies and the reformed economies of Centrd and Eastern
Europe, different trading blocs tend to fight for leadership in key industries. While early investment
fudling an aggressive exporting approach towards these markets may alow the leading exporter to
capture high rents, it dso carries the risk of being overambitious. This is particularly true for many
newly developing regions where the macroeconomic climate istypicaly unstable,

The question of when to invest naturdly gives rise to endogenous timing in the investment game.
Since the 1980s there has been consderable interest in the issue of endogenous timing in the choice



of strategic variablesin oligopolistic markets'. From the perspective of policy makers, it isimportant
to consder how optima policies under a government with commitment power differ to those chosen

by a government with palicy flexihility.

To study these issues, we use a dynamic oligopoly mode in which a home and a foreign firm invest
in capitd and export to a third market and the home government chooses its trade policy’. We
examine the case where the home government is able to use an export subsidy to influence the game
played by firms**. We examine how policy commitment or flexibility affects the firms strategic
investment decisons for an export market where demand uncertainty prevails. In our modd there
are two periods, during the first of which players face uncertainty about future demand in the export
market. In period two, when actual outputs are chosen, uncertainty dissppears’.

We show that governments can, and may wish to, dter the rdative advantages of investment
flexibility to the home firm and its foreign rivd. If the government cannot credibly commit to its policy
in advance and hence sats its policy flexibly, it intervenes after uncertainty has disappeared. In that
case, the vaue to firms of committing early to their capitd invesment is higher than when the
government itsdf commits to policy in advance.

The game is more complicated if the government commits to its trade policy before the firms choose
their capitd levels and the timing of their investments. Government commitment implies a loss of
policy flexibility in the sense that the policy action chosen cannot be adjusted to take account of

! See for instance Gal-Or (1985), Dowrick (1986), Boyer and Moreaux (1987), Hamilton and Slutsky (1990) and
Spencer and Brander (1992).

2 The key early papers on trade policy towards exporting oligopolists without capital investment include Brander
and Spencer (1985) and Eaton and Grossman (1986). Spencer and Brander (1983) examine amodel similar to these
that includes an investment stage. Brander (1995) provides a comprehensive survey of this literature.

% Although the use of export subsidies is prohibited by the WTO Subsidy-Code, most countries surreptitiously
use forms of export subsidisation. The public provision of cheap loans to finance export activities (e.g., export
credits) is one example through which significant subsidies were channelled indirectly to exporters in the late
eighties and nineties (Stephens, 1999), especially to firms targeting newly emerging markets.

* Expanding the number of policy instruments increases the model's complexity without yielding additional
insights. The model we discuss hereis similar in structure to Grossman and Maggi (1998) in which firms choose
capital and output and the government chooses an export subsidy. Goldberg (1995) and Karp and Perloff (1995)
adopt a similar approach. In Neary and O Sullivan (1999) the firms choose R&D and output while the
government choose an export subsidy. Like these papers we do not discuss the first-best policy which entails a
mix of investment and export subsidies. For a comprehensive discussion of first-best versus second-best cases
without uncertainty and endogenous timing, see Neary and Leahy (2000).

® Thistemporal structureissimilar to that in Cooper and Riezman (1989) and Arvan (1991).



actud demand in period two. However, the options of the government are now wider in the sense
that it may choose a policy of Commitment Deterrence with respect to its own firm or the foreign
rivd. This involves intervention to drategicaly manipulate indead of accommodate the timing of
home or foreign invesment. The government can force the foreign firm to remain flexible or

persuade the home firm to avoid commitment.

In section two we describe the basic modd in which a home and a foreign firm choose the timing
and levd of ther investment and export to a third market characterised by demand uncertainty.
Section three briefly presents the investment timing pattern that would emerge under free trade. In
section four we examine the case in which the government chooses its export subsidy flexibly after
uncertainty has been resolved. Our discussion turns to the case of credible government commitment
in section five, where we derive the optima policy under different levels of uncertainty and discuss
the posshility of drategic commitment deterrence. Section Sx examines optima policy when the
government has the option to commit to a free trade sance. The find section concludes and

suggests future research directions.

2. Themodd

Congider a home and a foreign firm which are competing a la Cournot in a third market, facing
demand uncertainty. The stochastic demand component is denoted by u, defined over the closed
interval[u,T] and characterised by a zero mean (Eu=0) and variance of s >. Demand is given by
p=a- Q+u @

where pisthe price prevailing in the export market, Q = x+ y istota output, and x and y denote
output of the home and foreign firm, respectively. Firmsaso invest in capitd, represented by k and
k. Henceforth, starred variables refer to the foreign firm.  We assume the firms tota cost
functions (TC,TC') are

2

TC =(c, - k)x +|2(—h (29)
k*Z

TC = (c*0 - kK )y+E (2b)
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where ¢, and ¢, are congtants. Thetotal capital cost is captured by % whereh is a congant (and

assumed to be identical for both firms)®.

There are two periods, during the first of which players face uncertainty about future demand in the
export market. At the dtart of period two, in which the actud output is chosen, uncertainty
disappears. Firms have the option to commit Strategicdly to investment in period one. However,
gnce this choice implies foregoing capitd flexibility in the second period, commitment is less
appeding for high leves of uncertainty. If investment is delayed to period two, capitd is chosen
smultaneoudy with output and optimdly for the demand then prevailing.

Under free trade, the firms play a three-stage game. In stage one, they decide whether to invest in
period one or two and are then committed to thisdecision. In stage two, firms that are committed to
invest in period one choose their actud capitd level. This investment decison is irreversble. In
gtage three, firms choose output smultaneoudy and firms that have not yet chosen their capitd do

w7

Governments can dter the rdative advantages of investment flexibility. We examine the case where
export subsidies set by the home government influence the timing of the investment chosen by the
home firm and its foreign riva. Depending on whether the government can commit to the subsidy or
not, the subsidy is set before demand uncertainty is resolved (i.e., in period one) or after demand is
known (i.e, in period two). As we will discuss in sections three and four, this will crucidly

determine the investment decisions of both firms.

Profits for the home and foreign firm are given by:

p=(p+s)x-TC t=12 (33)

® Grossman and Maggi (1998) use the same cost specification. Itisaso commonly used in the process R& D-
literature (see d’ Aspremont and Jacquemin (1988)).

" In the terminology of Hamilton and Slutsky (1990) the game we examine hereis one with“ observable delay” . In
a model without policy, Dewit and Leahy (1999) also consider an aternative game structure in which the firms
cannot simply commit to atiming of investment. Instead, afirm can only choose its capital early by selecting the
level of first-period capital investment to which it is then committed. Hamilton and Slutsky refer to this type of
extended game as one with “ action commitment”. They examine and compare extended games of observable
delay and action commitment in simple output and price games without prior capital investment or uncertainty.



p'=py- TC (30)
s isthe export subsidy set in period t.

For amplicity, players are assumed to be risk neutrd. Risk averson raises the range of uncertainty at
which flexibility is preferred to commitment and complicates the andyss sgnificantly, but without
changing the quaitative nature of our results.

Firms dways choose outputs Smultaneoudy in the last stage of the game. Maximising second-
period profits yields expressions (48) and (4b) for optima outputs:

x=[2A- A +25 +2k - Kk +u]/3 with A° a- ¢, and A" ° a- ¢, (4a)
y=[2A" - A- 5 +2k - k +u]/3 (4b)

These expressions clearly show that firms affect their output flexibility by the decison ether to delay
investment until period two or to commit to capita in period one. Capital commitment eiminates the
posshility of digning capita to the actud levd of demand observed in period two. This capita
rigidity indirectly narrows the firm’s scope for output adjustments. Since expected profitsincreasein
output flexibility (formally measured by the variance of the stochastic demand component), firms will
only commit to cgpitd if this choice generaes drategic gans which are sufficiently large to
compensate for the losses suffered by foregoing flexibility®. Thus, our model captures the stylised
fact thet, ceteris paribus, investors prefer investment projects that alow flexibility to those which

require investing in capital which isirrevocably fixed.

The following sections examine the respective invesment timing patterns that prevall under free
trade, when the home government sets its subsdy flexibly and when the home governmert,
dternatively, commits to its subsdy. Since the andyss involves many unwieldy agebrac
expressions, graphica smulations are extensvely used to ease the expogition. This gpproach alows

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

8 Profits are convex inu, implying that expected profitsincrease in the variance of u. Due to the indirect effect of
capital on output, the effect of the variance on expected profits is larger under investment flexibility than with
commitment. This generates the trade-off between flexibility and commitment in our model. Arvan (1991) and
Spencer and Brander (1992) use a similar approach. Explicitly modelling agents as risk averse would simply
reinforce the incentive of investorsto remain flexible.



andyss in any way. We congder both Stuaions in which firms have symmetric and asymmetric
production costs. For completeness, our analysis exhausts all the quditetively different cases.

3. Investment timing under freetrade

It proves useful to first sketch the results under the free trade benchmark. In this case, stage one
can be represented in normd form (see figure 1). In figure 1, C represents commitment and D
dands for delay. The outcome of this game depends on the level of uncertainty and the margina
production and capital cost. Given the margina production costs for both firms, we caculate the
vaues of 52 (with s?2°s?/A?) and h for which each firm is indifferent between capitd
commitment and invetment delay. Indifference in this context means that investing in period one
and two yields the same leved of expected profits given the timing choice of the competitor. Hence

there is atotal of four indifference loci in 52, h -space; each firm has two, one of which is derived

given rivd commitment whereas the other is caculated given riva ddlay.

[Figure 1 about here]

The position of these four indifference loci in (57%,h) -space depends on the cost asymmetry
between firms at the start of the game. With free trade, congdering the entire range of possible cost
asymmetries yields only three quditatively different outcomes. More specificdly, depending on
whether the rdative cogt difference between the riva firms is “large’, “samd|” or zero, different
invesment timing patterns emerge. Defining a as a ° A*/ A, the term “large’ reative cost
difference refersto avaue of a for which the indifference loci of the low-cogt firm both lie above
those of its higher-cost rival. “Small” rdative cost differences refer to vauesof a for which thisis
no longer true and as aresult firms' indifference loci may intersect.

We firgt discuss the outcome of the investment timing game under free trade for the case where the
home firm has a “large’ relative cost advantage, illusrated in Figure 2 (for a =0.8). Here, only
two loci are rlevant for demarcating the separate commitment/delay regimes, which are graphicaly
represented by regions I-11l.  Commitment is chosen by the home firm in area . Given home
commitment, the foreign firm chooses to commit as well. Hence, commitment by both firms is the



unique equilibrium. In region 11, the foreign firm delays, while commitment continues to be chosen
by the home firm. In this region the firm with the reative cost advantage emerges as the naturd
leader Snce it vaues commitment more highly thanitsriva. A firm that chooses its capita before its
rivas output in a srategic manner credibly commits itsdf to a higher future output. But the
advantage of a higher output is greater the wider is the gap between the expected price and the
margind cost. The low-cost firm has a larger price-cost margin and hence vaues drategic
commitment more highly. In arealll, the uncertainty is o high that both firms prefer to stay flexible
and ddlay investment.

[Table 1 about here]

Capita investment for given outputs under free trade are represented in table 1. It is clear from this
table that the functiond forms are symmetrica (compare C,D* and D,C*). However, the actua
levels of capitd are not identical as they depend, through the outputs, on the margina production
costs.

[Figure 2 about here]

If, instead of the home firm, the foreign competitor has a Smilar large cost advantage, the (572,h) -

gpace is demarcated in exactly the same way asin figure 2. The only difference is that the foreign
firm now commits in area |l, whereas the home firm chooses to delay at intermediate levels of

uncertainty.

When firms have the same cods, the outcome of the investment timing game looks somewhat
different (seefigure B.1 in Appendix B). Here too, both firms will delay at high levels of uncertainty
and commit when uncertainty is low. But, it is no longer true tha, a intermediate levels of
uncertainty, an investment leader emerges. Instead there are two equilibriaiin area ll, one of which
involves dday by both competitors while the other is characterised by investment commitment by
both. Note that commitment implies that firms drategicdly overinvest, which is not the case with
investment delay. Hence, investment dedlay by both firmsis the Pareto-dominant equilibrium in area
1.



In addition to these two generic cases, there is the case where there is only a “smdl” cost
asymmetry between firms. Clearly, the outcome of the investment game for this case takes a hybrid
form (as illugraed in figure B.2 of Appendix B for a =0.97). It combines features of the
symmetric case and the “large’ cost asymmetry case. When the margina cost of capita ishigh (i.e,
alow h), investment leadership by the low-cogt firm is the equilibrium a intermediate levels of
uncertainty (seeregion 11a), while commitment and delay by both firms are the equilibria in region
b,

4. Investment timing and gover nment flexibility

We now alow the home government to choose an optima strategic export subsidy. In the next
section we examine the case in which the government commitsto this subsdy at the beginning of the
game. However, here we assume the government sets its subsidy flexibly in period two (hence

s =s,(u)). So, the government sets its export subsidy after uncertainty has disappeared. It

maximises second-period welfare, which is equa to profit of the home firm net of the subsidy cost:
max W=p - s,x ®)

While the optima subsidy is st flexibly after uncertainty is resolved, it is dso influenced by the
investment choices firms make in period one. Figure 3 shows the move orders implied by the four
possible combinations of investment timing, chosen by firms in sage one of the game. The subsidy
and capita levels as functions of outputs for each of those four scenarios are reported in table 2.

[Figure 3 about here]

Table 2 shows that, unlike in the free trade case (see table 1), the equilibrium capital functions are no
longer symmetric if firms commit. This is due to the fact that the subsidy is affected by firg-period
cgpital decisons.  This affects the firms first order conditions for firgt-period capitd in an

asymmetric manner.

° In other words, when capital investment is expensive, the low-cost firm will, even as a leader, invest relatively
little. Hence, the damage to the high-cost firm in terms of induced future output reductionswill not be very large.
For that reason, the latter prefers to stay flexible. However, as h rises and investment becomes cheaper, a firm
that does not invest in period one while itsrival does, exposes itself to substantial future market share losses. In
region l1b, the high-cost firm chooses therefore to commit, in spite of the relatively high level of uncertainty, so
asto protect its future share of the market.



[Table 2 about here]

For al posshble reative cost differences (i.e, vaues of a) that guarantee interior solutions, an
outcome smilar to the one represented in figure 4 prevails. Figure 4 depicts the rlevant indifference
loci (for a =1), dividing the §2,h- diagram into three areas. When the government moves in
period two, both firms vaue commitment relative to delay much more highly than in the free trade
case or when the government commits to its policy in period one. This can be seen clearly by
comparing the vertica intercepts of the firms' indifference loci in figure 4 on the one hand and figures
2, 5a and 6a on the other hand. Here, commitment by a firm has the additional advantage of
dlowing it to influence the leve of the government's period-two subsidy. The subsidy increases in
the rdative cost advantage of the home firm as shown in de Meza (1986) and Neary (1994).
Hence, both firms strategicaly overinvest to ater the subsidy to their own advantage.

In figure 4, both firms commit to capitdl (s,;C,C*) in aeal. In area Ill where uncertainty is
relatively high, both firms choose to keep capitd flexible (s,; D,D*). For intermediate levels of
uncertainty (area Il), the foreign firm commits whereas the home firm remains flexible (s,; D, C*).
This lagt result contrasts sharply with the choices made, a intermediate levels of uncertainty, by the
respective firms under the previoudy discussed free trade case. While the home firm was assumed
to have a relative cost advantage in the free trade benchmark, here the firms production cost
dructures are symmetric but the subsidy gives the home firm a comparable net cost advantage over
the foreign rivd. Yet, firms investment timing choices are now reversed. Now, the foreign firm
vaues flexibility much less than the home firm. It has an additiond resson for wanting to move
before the home government. By doing <o, it limits its vulnerability to the home government's
subsdy policy. The optima export subsidy depends on the dope of the foreign reaction function.
Compared to foreign delay, foreign investment commitment makes the foreign reaction function less
steep. A comparison of subsidy formulasin table 2 (rows 1 and 3 versus rows 2 and 4) shows that
the subsidy as a fraction of home output (s, / x) is larger for foreign firm deay then for foreign

commitment.

[Figure 4 about here]



Note that the intermediate areain figure 2 will widen if the foreign firm has arelative production cost
advantage (i.e, a >1). Having a reatively large cost advantage increases the attractiveness of
commitment to the foreign firm. Hence, the foreign rival will decide to move before the home
government a levels of uncertainty which are higher than under cost symmetry. Conversdy, if the
home firm has a larger production cost advantage over its rivd (i.e,a <1), area Il will become

more narrow™.

5. Investment timing and gover nment commitment

We now congder the case in which the government dways sets the export subsidy at the beginning
of the game, without being able to change it in period two when the uncertainty has been resolved
(hence, now s =s;). Government commitment to its trade policy implies a loss of flexibility in the

sense that the subsidy chosen can not be adjusted in line with actual demand in period two™. It dso
implies that the government aways moves firg, thet is, before the investment timing decisons are
made by firms. Hence, the firms investment timing and investment levels will depend on the vaue of
the subsidy chosen.

The capita variables for each of the four possible investment timing combinations are of the same
form as those under free trade (see table 1). Now, however, output levels are functions of s, as
indicated by expressons (4a) and (4b). Unlike in the game with subsdy flexibility but asin the free
trade case, the capitd levels per unit of (expected) output are symmetric even if firms commit to
investment. Thisis due to the fact that here the investment timing stage of the game comes after the
government has set the subsidy.

Inthe firgt tage, the government sats the subsidy, maximising expected welfare:

i 20
maxEW = Ep - sEx with Ep = Ej x* - K (6)
s i zh

1% Note that, even if the home firm has a relative cost advantage, the restrictions on a that guarantee an interior
solution for the foreign rival’s output will prevent (S, ; C, D*) from replacing (S,; D,C*) as an equilibrium in
region l.

" This also means that, compared to the previous scenario of government non-commitment, capital flexibility is
now relatively more attractive to the foreign firm.

10



The solution to this maximisation problem dependson h , a and thelevel of uncertainty™.

The fact that the government aways moves first complicates the nature of the game sgnificantly.
Mot importantly, it widens the government’s options. In particular, it implies that, if the government
wants to prevent drategic invesment by firms, it can, as we will discuss below, deter capitd
commitment by choosing the appropriate subsidy. We refer to this strategy as Commitment
Deterrence. The reason for usng commitment deterrence againg the foreign firm differs from the
moativation behind deterring home commitment. By keegping the foreign firm flexible, the government
guarantees that the riva will not have a firs-mover advantage over the domestic firm, whereas home
firm flexibility guarantees adjustment to unexpected demand shocks, while at the same time avoiding
the domestic socia costs associated with overinvestment.  Since commitment deterrence implies
deviating from the subsidies that would be optima given firms capitd commitment or flexibility
choices (as reported in table A.1 of Appendix A), it entails a cost for the government. The
government’s optimal policy will involve commitment deterrence if these costs are outweighed by the

welfare gans from firm flexibility.

Lower subsdy levels increase the rdative attractiveness of flexibility to the home firm by reducing
the firm’s relative cost advantage. Likewise, a higher export subsdy to the home firm raises the
relaive vadue of flexibility to the foreign firm. Hence, deterring home capitd commitment requires
lowering the export subsdy, while deterring foreign commitment involves incressing the export
subsidy relative to the Commitment Accommodation leve (i.e, s given the commitment/delay
decisons of firms). Which, if ether, type of commitment deterrence is used depends crucidly on the
level of uncertainty prevailing and the relative cost difference between competing firms. It is natura
to gart with the case in which firms are initidly symmetric (a =1). Subsequently, we examine the
effect of cost asymmetries on firms' investment timing under government commitment.

5.1. Government commitment with initial cost symmetry

2 As an intermediate step in obtaining this solution, it proves useful to calculate the optimal subsidies for given

1



By initid cost symmetry we mean the case in which a=1. The outcome of the game under
government commitment for this case is presented in figures 5a and 5b. While figure 5a shows the
outcome of the game in §2,h-space, figure 5b illustrates how the subsidy under government
commitment (where s, isnormdisedas § © s,/ A) changeswith §2, keeping h congtant. For other
vauesof a tha ental asubsantid cost advantage for the home firm, a quditatively smilar outcome

prevalls.

In area | in figure 53 both firms commit since uncertainty is very low and the firms thus find it
optimd to invest grategicdly. The firms' rdative vduation of commitment to flexibility is high here,
implying that commitment deterrence is very codly in this region®.  So, the government
accommodates the firms drategic investment decisions by setting the optima subsidy given firms
commitment (S ). Thefirst subsidy switch point is determined by the level of uncertainty a which
the cost of commitment deterrence is sufficiently low. Foreign firm flexibility can only be enforced
by raising the subsidy to alevel above S, whereas deviating in the opposite direction is required to
ensure home firm flexibility. The government chooses to tailor its subgdy to the least codtly type of
commitment deterrence. With symmetric initid costs and subsdisation by the home government
(thus giving the home firm a net cost advantage), enforcing foreign firm flexibility is the chegper
option because commitment has lower vadue for the foreign riva than it has for the home firm.
Hence, moving from area | to area Il in figure 5a implies that the government will switch from
commitment accommodation (s ;C,C") to foreign commitment deterrence while dlowing the
home firm to commit ((s;C,D"), where § refers to the lowest possible subsidy that deters

foreign commitment, given home commitment).

[Figure 5a about her €]

[Figure5b about here]

capital commitment/flexibility combinations. The values of these ‘accommodating’ optimal subsidies are reported
intable A.1 of appendix A.

3 Foreign commitment deterrence in this region requires a huge subsidy while home commitment deterrence
implies taxing the domestic firm. The welfare costs involved in either alternative form of commitment deterrence
outweigh the small welfare gains from firm flexibility.



More precisdly, this switch point is indicated by the locus on which the government is indifferent
between these two policies because they vyidd the same expected wefae
EW(sf°*;C,C*): EW(sf“;C,D*). Figure 5b shows tha, a that point, the subsidy jumps
discretely to a higher leve (™) implying that the deviation from the commitment accommodating
subsidy () has to be quite large to ensure that the foreign firm prefers to stay flexible. At higher
levels of uncertainty, a smaler deviation is sufficient to attain that objective, thus, s decreases as
uncertainty rises. Note that the subsidy s is not the optimal subsidy given firms invesment
timing. Instead, it ensures a particular timing decision (i.e. C,D*) which yieds the highest atainable
expected welfare.

Asthe level of uncertainty rises, the commitment deterring subsidy s falls and gpproaches s .
When uncertainty isso high that s isequa to s, the policy of commitment deterrence becomes
obsolete. This second switch point occurs when s = " in figure 5b and is indicated by locus
Ep’ (sfd*;C,C*): Ep*(sfd*;c, D*) in figure 5a.  Hence, in area Il the foreign firm remains
flexible and the government subsdy accommodates home firm commitment and foreign firm

flexibility. At this leve of uncertainty, deterring the home firm from commitment ill proves too
codly.

Home commitment deterrence becomes sufficiently attractive to the government when the maximum
subsidy that enforces home firm flexibility given foreign dday (8" ) is suffidently high. This is
indicated in figure 5a by the locus EW(sfd*;C,D*): EW(sf’*; D,D’ ) Hence, home commitment
consderations shape the subsdy policy prevaling in area IV.  In figure 5b, the switch point
froms® to s is characterised by a discrete drop in the subsidy level, which is the minimum
subsdy deviation necessary to enforce flexibility of the home firm. For higher levels of uncertainty,
this policy involves a subsidy doser to the unconstrained subsidy with firm flexibility ("), which is
reflected in the upwards sloping ™ - segment in figure 5b.

Here too commitment deterrence only prevails until uncertainty is so high that such a policy becomes

unnecessary (8% =g, implying Ep(sfd*;C,D*) = Ep(sfd*; D, D*)). From this point on, the



home firm optimally prefers to remain flexible (area V) given . As a result, the government
amply accommodates firms choices, seting the optima subsidy given capitd flexibility by both

firms.

5.2. Government commitment and cost asymmetry

Now, we consider asymmetric cost cases (a * 1). If the home firm has an initid cost advantage
over its rivd (a <1), the outcome of the game is quditatively the same as with initid cost
symmetry**,  So, we focus on stuations in which the foreign firm's codts are initialy lower than the
homefirm's(a >1). More specificdly, this subsection covers the cases in which the foreign rivd’s
cost advantage over the home firmis“large’. Likein section three, a“subgtantid” or “large’ initid
cost advantage refers to values of a for which the indifference lod of the lower-cog firm dl lie
above those of itsrivd for dl rdevant vdues of h. The outcome of the game is now illugtrated in
figures 6aand 6b (for a =1.4)". Asin the previous case, five areas are demarcated in the 52 ,h -
diagram, now given by figure 6a. For extremey low and high levels of uncertainty, the government
accommodates the investment timing choices of both firms, involving double commitment in area |
and double flexibility in areaVV. The respective subsdies that accommodate firms' investment timing
choices are denoted in the diagran by s (inareal) and §'° (in area V) (their values are reported
intable A.1 of gppendix A).

[Figure 6a about her €]

[Figure 6b about here]
The outcome of the game differs from the outcome under cost symmetry for less extreme levels of
uncertainty. Due to the cost asymmetry, commitment is now relatively more vauable to the foreign

firm than to its home compstitor. As a result, deterring commitment by the home firm will be

raively cheaper, implying that the ranking of the commitment deterrence policy prevaling under

¥ With initial symmetric costs, the home firm effectively has a cost advantage over the foreign firm since it
benefits from the export subsidy. Hence, giving the home firm an additional initial cost advantage will yield the
same qualitative results.

> This value is chosen deliberately because it gives the foreign firm arelative net cost advantage over the home
firm, similar to the relative cost advantage inclusive of subsidy of the home firmin section 5.1.
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symmetry is reversed. Here, home firm flexibility is enforced for rdaively low uncertainty (using
subsidy s inareall), while commitment by the foreign firm is deterred a high levels of uncertainty

(using subsidy §* in area IV)™. In area lll, the government prefers to accommodate foreign
commitment and home flexibility. To do this, it choosesthe subsidy 5™ (again, see gppendix A).

Figure 6b shows the actud subsidy levels for varying levels of uncertainty and is, to a large extent,
the mirror imeage of figure 5b.

The third possble outcome of the game under home government commitment prevails when the
foreign firm's rdaive cogt advantage is “smdl”. We illudrate the outcome for this case in which
A+s, isnear to A* infigure C.1 of Appendix C (with a =1.2). The main difference with the two
generic cases discussed above (no foreign cost advantage and large foreign cost advantage,
respectively) lies in the fact thet, even & intermediate levels of uncertainty, investment leadership is
less likely smply because firms cogt are less dissmilar.  Also, the range of uncertainty over which
the government engages in commitment deterrence shrinks.

6. Commitment to freetrade versus policy intervention

The respective outcomes of the games under a policy active government on the one hand and under
free trade on the other hand were discussed in the previous sections. Here, we examine whether it
is possible for the home government to attain higher welfare by committing to free trade insteed of
being policy active. We first compare a policy of commitment to free trade to the case in which a
government credibly sets an optimal subsidy in period one.  Then, commitment to free trade is
compared to policy flexibility.

The first comparison is trivid. From section four, we know that the optimal subsidy under

government commitment is always posgtive (s >0). Since free trade can be interpreted as policy
commitment to a zero-subgdy (s = 0), it immediately follows that a government with commitment

power never prefers free trade to an export subsidy.

1 §l‘°* isthe maximum subsidy that deters home commitment given foreign commitment, while §f‘* is the minimum
subsidy that guarantees foreign flexibility given home delay.



However, in an environment where the government sets its subsidy flexibly (s, =s, (u) ), the choice

between free trade and policy intervention is no longer trivia. Setting the subsidy in period two has
the advantage that the government can choose its palicy in line with actualy observed demand, but
has the drawback that firms can influence the subsidy by investing strategicaly in period one. By
committing to free trade, the government can avoid policy manipulation by firms, but a the expense
of giving up supporting its domegtic firm once demand is known. Our andlyss indicates that this
trade-off only results in the government preferring free trade to a flexible export subsdy if
uncertainty isreatively low (i.e, for low 52) and if the margina cost of capitd is relatively low (i.e,
forhigh h).

This is illugrated in figures 7a and 7b. In figure 7a, the home firm has an initid production cost
advantage reldive to the foreign rival (a =0.8), while, conversdy, the foreign firm has a amilar
initiad cost advantage in figure 7b (a =1.25)". In both diagrams, the 52, h-space is divided into
two main regions (I and I1). These are separated by a steep upwards doping locus (represented by
abold demarcation line), sarting at a poditive vadue of h and hitting a ‘calling’ a a certain vaue of
§?%. The government chooses free trade over flexible subsidisation in region 11, while the converse
holdsin region |. The dashed lines ddineste various subzones within each region, characterised by
different investment timing decisions by firms.

[Figure 7a about hereg]

In figure 7a, the home government aways prefers subsidy flexibility to commitment to free trade at
high levels of uncertainty (i.e, inregionslaand Ib). The intuition for this is Sraightforward in region
la, where the high level of uncertainty induces both firms to dday invesment. Under those
investment timing choices, the flexible subsidy alows the government to exploit unexpected demand
shocks in favour of its home firm, without itself being manipulated by ether firm. However, in region
Ib, the government faces a trade-off. On the one hand, the flexible subsdy policy induces the
foreign firm to invest Srategicaly in period one. This affects home wefare negatively and does not

¥ The symmetric production cost case (& =1) isshown in figure D.1 of appendix D.
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occur under free trade. On the other hand, uncertainty is ill sufficiently high in region Ib for the
advantages of policy flexibility to outweigh those under free trade.

In the area below region b, the marginad cost of capital becomes the crucid factor in the home
government’s choice between free trade and palicy flexibility. Here, because uncertainty is lower,
the relaive flexibility advantage from a subsidy in period two is smdler, especidly when the margind
cost of capitd invesment islow (i.e,, h ishigh). By committing to free trade, the home government
shelters itsdf from Srategic manipulation by both the rival and the domedtic firm. Moreover, this
non-active policy stance even deters invesment commitment by firms, provided that the uncertainty

isnot too low. So, the theme of commitment deterrence re-emerges, dbat in a different form.

Inregion lla of figure 7a, both firms are deterred from capita commitment compared to the
invesment timing scenario under subsidy flexibility. In region I1b, free trade till achieves foreign
commitment deterrence, but investment commitment by the home firm cannot be prevented due to
the latter firm'sinitid relaive cost advantage. In region llc, uncertainty is sufficiently low for both
firms to commit to investment, even under the free trade regime. The locus dong which the
government isindifferent between policy flexibility and free trade exhibits a discontinuous jump to the
right when the switch from region Ilb to Ilc occurs. When free trade no longer entails foreign
commitment deterrence (see region 1Ic), its reative wefare gains vis-avis policy flexibility become

weeker a given h than in region Ilb. Hence, a very low vaues of uncertainty, government

indifference between the two aternative policy stances now occurs a higher vauesof h .

Figure 7b depicts the government’s choice between free trade and subsidy flexibility when the
foregn firm has an initid production cost advantage (see figure 7b with a =1.25). The
government’ s indifference locus between the two policy stances, depicted in figure 7b, is very smilar
in shape to the one represented in figure 7a. This indicates that our conclusions about the overdl
conditions under which the government prefers free trade to policy flexibility are robust. The main
difference is that the locus in figure 7b does not show any indentations at very low leves of
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uncertainty because under this cost asymmetry free trade never leads to foreign commitment
deterrence'®.

[Figure 7b about here]

In our discusson we have endogenised the government’s choice between policy action and non-
action. Alternatively, we could endogenise the government’s choice between committing to a
subsidy in period one and choosing aflexible subsidy in period two. Although thisis interesting from
atheoretica pergpective, one could argue that, in redlity, a government is constrained in the timing of
its policy by the inditutional environment in which it operates. Usudly, an economy’s inditutiona
framework favours either palicy flexibility or policy commitment. So, changing the policy timing as
afunction of the level of uncertainty prevailing may not be feasible for governmentsin practice. Ye,
for completeness we conclude our analyss with a brief comparison between wefare under
commitment to the optima subsidy (s) and under policy flexibility (s,(u)). This welfare
comparison yields dear-cut results, which may be more useful for policy conclusons in a“pogtive’
than in a“normative’ sense. The shape of the locus on which the government is indifferent between
the dternative policy optionsis Smilar to the one depicted in figures 7a and 7b. In both cases, it is
manly upwards doping. However, it now gtarts at the origin. Home wefare under commitment to
the optima subsidy is higher than welfare under commitment to free trade. Therefore, the region
where commitment to free trade is preferred to aflexible subsidy (see arealll in figures 7aand 7b) is
asubset of the region in which commitment to a period-one subsidy is preferred to subsdy flexibility
in period two.

7. Conclusion

In this paper we have taken the fird sepsin examining optima trade policy when the timing of firms
investment decisons is endogenous and demand is uncertain. In our set-up, firms face a trade-off
between remaining flexible in order to adjust their capitd gppropriately in the face of uncertain
demand, or moving earlier in order to srategicaly manipulate their rival's future output.

8 At higher levels of uncertainty than those shown in figure 7b, there is another subzone of the subsidy
flexibility regime, characterised by the equilibrium (s,; D, D* ). For a complete representation of the game under

subsidy flexihility, werefer to figure 4.



We have shown that endogenous timing of investment creates a new motive for government
intervention. The government may adjust its policy to affect the invesment timing decison of the
firms. This possibility arises because the rdetive vaue of commitment to flexibility for afirm depends
on itsmargind codsrelaiveto that of itsriva. It was shown that, ceteris paribus, firms with lower
margind cogs gan more from commitment then firms with rdativey high coss When the
government setsits subsidy at the beginning of the game before firms decide when and how much to
inves, it may find it optimal to over- or under-subsidise to deter private-sector capital commitment.
If it chooses to deter foreign commitment this necessitates a larger export subsidy which reduces the
relative advantage of commitment to the foreign firm. By contradt, to deter home commitment and
thus guarantee flexible invesment by the home firm, while preventing socidly wadteful
over-investment, the government needs to under-subsidise.

In the case in which the government sets it subsidy in period two, the relative vaue of commitment to
the foreign firm rises sharply, so much so that even when it has an initid cost disadvantage (which is
compounded by the subsidy received by the domegtic firm), it will remain committed &t higher levels
of uncertainty than its dometic rival.

We aso examined a policy of commitment to free trade. Clearly, such a policy is never better than
commitment to the optimal firg-period subsdy. However, if the relevant choice is between a
second-period subsidy and free trade, then commitment to non-intervention can be superior. The
government can gain from committing to free trade as this greatly reduces the incentives of firmsto
commit. This is more likely to be a wefare increasing policy the lower is the margina capitd cost
and the lower isthe leve of uncertainty.

So, we have found two ways in which the government may engineer investment delay. One way
involves manipulating the firms margind cods, while the other entalls choosing to refrain from
intervention dtogether. This leads us to conjecture that there will be a wide range of policy
environments where commitment deterrence in some form would be optimd, implying that the

incentive to pursue a policy of commitment deterrence may be quite generd.

19



Before concluding we wish to discuss briefly some possble extensons of the andyss. In this paper
we have focussed on demand uncertainty. Firms may aso be uncertain about their own and rivd’s
future codts. In that case it would be naturd to assume that they know less about their riva’s costs
than their own. This would raise the issue of asymmetric information which we have assumed away
here. Allowing for asymmetric information in the analyss would lead to other interesting lines of
research. Even with demand uncertainty there may be cases in which one firm knows more than the
other. We could for instance consder a case in which one firm (with loca knowledge) has better

information about the market demand. These issues are | eft as topics for future research.



Appendix A

The subsidies under government commitment for different investment choices are presented in Table

A.l

[Table A.1 about here]
Appendix B

[FigureB.1 about here]

[Figure B.2 about here]
Appendix C

[Figure C.1 about here]

Inarea IVa of figure C.1, (s!*";DD *) is the unique equilibrium, while it is the Pareto-dominant

equilibrium (among other possible equilibria) in area | Vb.

Appendix D

[Figure D.1 about here]

Inregion I1b and in the shaded area of the diagram, there are multiple equilibria under the free trade
regime: both (C,C*) and (D,D*) are equilibria of the timing subgame. In area I1b, the government
will prefer free trade to policy flexibility irrespective of which of the two investment timing equilibria
were to emerge. However, the government’s choice in the shaded area depends on the investment
timing that it anticipates under free trade.  If the government anticipates that under free trade both
firms will dday invetment, it will opt for free trade, but if it anticipates that firms would instead
decide to commit to investment in period one, the home government reaches a higher welfare level
by choosing to set aflexible subsdy.
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Table 1. Capital investment under freetrade

| nvestment Timing k k"
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Table 2: Equilibrium subsidy and capital under gover nment flexibility
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Table A.l: Subsidies under government commitment for given investment

choices by firms
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Figure I Theinvestment timing game under freetradein normal form
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Figure 2: Firms' investment timing under free trade (A*=0.8A)
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Figure 3: The sequence of the game under gover nment flexibility
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Figure 4: Firms' investment timing under policy flexibility of the home government (A*=A)
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Figure 5a: Firms' investment timing for commitment by the home government (A*=A)
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Figure 6a: Firms' investment timing for commitment by home government (A*=1.4A)
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Figure 7a: Commitment to free trade (FT) versus a flexible subsidy (A*=0.8A)%

% LG

084 la (s; D,D*)

0.7 4

0.6 -+

<205 lla (FT; D,D*)

0.4
Ic (s, C,C*)

0.3

0.2 Ilb: (FT; C,D*)

0.1+

o+ T

] & e > > v
LEEFLFFFSLSFSS LSS ES

eta
llc: (FT; C,C*)

—e— EW(FT;D,D*)=EW(s2;C,C*) —m—EW(FT;C,D*)=EW(s2;C,C*) —A— EW(FT;C,C*)=EW(s2;C,C*)

Ep(s:C.C")=Ep(s,i0.C") e (Fric.c’)=ep (Fr.c.0’)

a Note that, to enhance the clarity of the graph, the horizontal axis does not start at the origin.

Figure 7b: Commitment to free trade (FT) versus a flexible subsidy (A*=1.25A)?
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Figure B.1: Firms' investment timing under free trade (A*=A)
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Figure B.2: Firms' investment timing under free trade for a"small" cost asymmetry (A*=0.97A)
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Figure C.1: Firms' investment timing for commitment by the home government (A*=1.2A)
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