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This paper investigates firms’ incentives to invest in cost reduction in the first price sealed bid
auction, aformat largely used for procurement. Two central features of the model are that we allow firms
to be heterogeneous and that investment is observable. We find that firms will tend to underinvest in
cost reduction because they anticipate fiercer head-on competition. Using the second price auction as a
benchmark, we also find that the first price auction will elicit less investment from market participants
and that this is socially inefficient. These results have implications for market design when investment is
important.

1. INTRODUCTION

Different market institutions provide different incentives for firms to reduce costs, acquire
information, expand, and so on, in short, to undertake any activity that affects their competitive
positions. Accordingly, the performance of these market institutions should be judged not only
from a static perspective—taking firms’ competitive positions as given—but also from a dynamic
perspective. Auction markets are a natural competitive environment to study because there is a
clear sense in which we can design such markets by choosing appropriate rules for competition.

In this paper, we study how the first price auction (FPA), a format commonly used for
procurement, affects firms’ incentives to invest in cost reduction. Many procurement markets
are characterized by a small number of participants, heterogeneity among firms and low rates of
turnover. Therefore, it is interesting to investigate to what extent the format used for the auction
contributes to these characteristics.

The basic ingredients of our model are as follows. There areN firms and one of them has
the opportunity, prior to the auction, to make an investment. We model this investment as an
improvement in theex antedistribution of costs for this firm. The main question we ask is: what
are the firm’s incentives to invest given that this investment is observed by its competitors?

Clearly, the benefits of such investment depend on how the firm’s competitors react. In
other words, to determine the firm’s incentive to invest, we need to compare the equilibrium
at the procurement stage if it makes this investment and if it does not. In Section 3, we derive
new comparative statics results for the FPA. We find that after the investment, the investor’s
opponents will bid collectively more aggressively. This result holds generally when there are
only two bidders or when the investor’s opponents are symmetric (Proposition 1). Otherwise, a
sufficient condition is that investment changes market leadership (Proposition 2). In the language
of industrial organization, investment has a negative strategic effect in the FPA. This erodes
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2 REVIEW OF ECONOMIC STUDIES

its benefits. Furthermore, the strategic effect can be quantitatively important: we provide an
examplewhere investment hurts the investor even if it comes for free.

In Section 4, we investigate how FPAs and second price auctions (SPAs) compare when it
comes to pre-auction investment. Under the same condition,i.e. that investment changes market
leadership, we find that the FPA will induce less investment than the SPA (Proposition 3). This
result can be tied back to the negative strategic effect identified in Section 3 (notice that there is
no strategic effect in the SPA: equilibrium bidding behaviour is independent of the distributions
of the opponents’ costs). Firms’ investments always benefit the procurement authority, but the
fact that the SPA generates the socially efficient investment incentives (Proposition 4) provides
us with a clear normative interpretation of this underinvestment result.

A number of papers examine investment incentives in procurement auctions for the case
where firms areex antesymmetric and investment is simultaneous and unobservable (e.g.
Tan (1992), Piccione and Tan (1996), Bag (1997)). What distinguishes our model is that
(1) investment is observable, (2) only one firm has the opportunity to invest at a time, and (3) firms
may be heterogeneous. Firm heterogeneity is pervasive in procurement markets, so it is important
to allow for it in a model. We comment on the other two assumptions in turn.

Investment observability is an attractive assumption in many instances. First, empirical
studies have highlighted the role that distance to the market plays in determining firms’
competitive advantage (Bajari (1998, 1999), Porter and Zona (1999)). It is natural to assume that
plant locations are observed by potential bidders. Hence, so are locational investments. Second
and in the same vein, capacity is often observed. Finally, investment observability seems to be
an appropriate assumption for the case of long term investments such as R&D.1

The main motivation for our assumption that investment is sequential is analytical tractabil-
ity, though that assumption too can be justified on empirical grounds. For example, an important
application is the case of repeated auctions when there is some linkage between them (because
of capacity constraints, economies of scale or learning) that affects the winner’s costs in later
auctions. Because there is only one winner in any given auction, only one firm “invests”.2 Alter-
natively, we can reinterpret investment in our model as sequential entry. The investment might
correspond to learning about the procurement competition or developing any specialized capa-
bilities necessary to enter it.

At any rate, understanding investment incentives in the sequential case is a necessary
first step towards understanding investment incentives in the simultaneous case. In particular,
our finding that investment in the FPA has a negative strategic effect has implications for the
simultaneous investment model. A typical finding on simultaneous investment by symmetric
firms is that, in equilibrium, firms invest the same amount. As a result, thepost investment
market remains symmetric and a revenue equivalence theorem holds for the FPA and the SPA
(Tan, 1992). In other words, the particular market institution does not matter. Our results suggest
that the assumption of non-observability of investment that is made in this literature is critical for
these findings. Specifically, the assumption that investment is observable introduces an additional
strategic element that is absent when investment is unobservable. Equilibrium behaviour now
requires that firms adapt their behaviour in the procurement stage following a “deviation” at the
investment stage. Because of the strategic effect associated with investment in the FPA,ex ante
symmetric firms may not invest the same amount in equilibrium. Hence, the equivalence between
the FPA and the SPA can break down even if firms areex antesymmetric and investment is
simultaneous but observable. We elaborate on this point in Section 3.

1. Lichtenberg (1988) provides evidence for significant R&D investment prior to procurement in the defence
industry.

2. Notice that investment observability is again natural in this case. Jofre-Bonet and Pesendorfer (2000) provide
an empirical study of such effects. von der Fehr and Riis (2000) study sequential SPAs.
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AROZAMENA & CANTILLON INVESTMENT INCENTIVES 3

A large portion of the paper is devoted to deriving comparative statics results for the
FPA. In comparing the equilibrium at the procurement stage before and after the investment,
we draw heavily on the recent literature on asymmetric FPAs. Existence and uniqueness of
the equilibrium in the independent private value FPA have been proved under increasingly
general assumptions by Lebrun (1996, 1999) and Maskin and Riley (1996, 2000a). Li and Riley
(1999) and Maskin and Riley (2000b) provide more precise characterizations of the equilibrium
when a stochastic dominance relationship exists among bidders. Riley (1996) and Li and Riley
(1999) allow for more than two bidders. Our results in Section 3 are closest to Lebrun (1998).
Proposition 1 generalizes his result by allowing non-common supports for the distribution of
costs, risk aversion and endogenous quantities. Our main contribution to this literature however,
is Proposition 2, which generalizes the result to the case of more than two bidders.3 When bidders
are asymmetric, there is a big difference between two and more than two bidders. Indeed, there is
in general no explicit solution to the equilibrium in the FPA, so we need to work with the system
of differential equations that characterizes the equilibrium. However, these equations place much
less structure on equilibrium behaviour when there are more than two bidders. We introduce two
“tricks” to obtain analytical results with more than two bidders: (1) we focus on theaggregate
behaviour of the investor’s opponents rather than on their individual behaviour, and (2) we require
that the investment changes market leadership.

The paper is organized as follows. In Section 2 we present the model and characterize
the equilibrium in the FPA. In Section 3, we derive the comparative statics result for the FPA.
Section 4 compares the outcome in the FPA and SPA. Section 5 gathers the concluding remarks
and outlines directions for future research.

2. THE MODEL

In this section, we present the model and characterize its equilibrium. A single buyer is in charge
of procuring a given good or service. As in Hansen (1988), we allow quantities to be endogenous.
Let D(b) be the buyer’s demand at priceb. We make the following standard assumptions on
demand:4

Assumption 1. D(b) ≥ 0, D′(b) ≤ 0 and increasing price elasticityd
db

[ D′(b)b
D(b)

]
≤ 0.

N ≥ 2 firmstake part in a first price, sealed bid auction for the procurement contract. That
is, the contract is awarded to the firm offering to provide the good or service at the lowest price,
and the winner is paid the per unit price she bid. Ties are resolved by a random draw among the
lowest bidders.

Firms’ constant marginal costs have support on[ci , ci ], where 0 ≤ ci < ci . They
are independently distributed according to the twice continuously differentiable cumulative
distribution function Fi (·), with a density bounded away from zero on its support. These
distributions are assumed to be common knowledge. They can be interpreted as representing
the technology available to firms. Firmi ’s profit when its cost isci and it makes a bidb is given
by

πi (b, ci ) =

{
Vi ((b − ci )D(b)) if it wins

0 otherwise.

3. In addition, the working paper version provides techniques that allow for a systematic treatment of the case
where thesupports of the bidding functions may differ across bidders.

4. These guarantee that the complete information monopolist problem is quasiconcave (see,e.g. Caplin and
Nalebuff, 1991, Proposition 11).
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4 REVIEW OF ECONOMIC STUDIES

Assumption 2. For all i , Vi (0) = 0, V′

i > 0 andV ′′

i ≤ 0.

Lemma 1. Under Assumptions1 and 2, πi (b, c) is strictly log-supermodular in(b, c),
i.e. ∂

∂c

[ ∂πi /∂b
πi

]
> 0 overthe domain whereπi > 0.

Proof. We first claim that, at any equilibrium,D(b)+(b−c)D′(b) > 0 for all b such thatb
is bid by some firmi . D(b)+ (b−c)D′(b) = 0 corresponds to the first order condition (FOC) of
the monopolist facing demandD(b). It trades off the marginal benefit of increasing prices with
the marginal cost of lost trade. In a procurement setting, increasing prices has an additional cost:
the potential loss of the whole market. Therefore,D(b) + (b − c)D′(b) must be strictly positive
at any bidb submitted in equilibrium by some firmi .

Together with Assumptions 1 and 2, this implies that

∂

∂c

[
∂πi /∂b

πi

]
=

1

πi

∂2πi

∂b∂c
−

1

π2
i

∂πi

∂b

∂πi

∂c

=
1

πi
{−V ′′

i [D(b) + (b − c)D′(b)]D(b) − V ′

i D′(b)}︸ ︷︷ ︸
positive

+
1

π2
i

(V ′

i )
2D(b)[D(b) + (b − c)D′(b)]︸ ︷︷ ︸

strictly positive

. ‖

The recent results about existence and uniqueness of equilibrium in the FPA form the basis
for our analysis. An equilibrium in this auction is described by anN-tuple of bid functions
bi : [ci , ci ] → R+, i = 1, . . . , N. For our purposes, it is convenient to look at the inverse bid
functions. We denote them byφi : R+ → [ci , ci ], i = 1, . . . , N.

Given its opponents’ bidding behaviour, firmi ’s optimization problem when its cost isci is

maxb πi (b, ci )
∏

j 6=i
(1 − F j (φ j (b)))︸ ︷︷ ︸

probability ofwinning

.

Maskin and Riley (1996, 2000a) have shown that there exists a unique equilibrium in this
environment.5 The corresponding equilibrium inverse bid functions solve the FOCs of bidders’
maximization problem∑

j 6=i

F ′

j (φ j (b))φ′

j (b)

1 − F j (φ j (b))
=

(∂/∂b)πi (b, φi (b))

πi (b, φi (b))
i = 1, . . . , N. (2.1)

They have support on[l i , u] with boundary conditionsFi (φi (l i )) = 0, and withu, the maximum
equilibrium winning bid, determined uniquely by the following lemma:

Lemma 2 (Adapted from Maskin and Riley, 1996). Suppose that the distributions
(F1, . . . , FN) are ordered so thatc1 ≤ c2 ≤ · · · ≤ cN−1 ≤ cN . Then, ifc1 = c2 = c, then
u = c. Otherwise, u solves

min
{
argmaxb π1(b, c1)

∏
i 6=1

(1 − Fi (b))
}

∈ (c1, c2).

5. If one bidder’s support is very far to the left of all the other bidders’ supports, then the equilibrium is
degenerate.We shall ignore this case. For theN > 2 case, Maskin and Riley (1996) require an additional condition
on the payoff functions to ensure uniqueness. It is satisfied if all bidders are risk neutral or if they have the same CARA
or CRRA utility function.
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AROZAMENA & CANTILLON INVESTMENT INCENTIVES 5

If u < ci for somei , we can consider that, for any realization of costci > u, firm i bids its
cost (and never wins) or stays out of the auction.

Notice that the lower bounds of the supports of equilibrium bids are endogenously
determined by the boundary conditions of the system of differential equations described by (2.1).
These minimum bids need not be common to all firms when there are more than two firms and
asymmetries among them are important. Finally, the equilibrium inverse bid functions are strictly
increasing and twice differentiable on their support. For further details on the structure of the
equilibrium, we refer the interested reader to Maskin and Riley (1996).

We assume that, prior to the auction, one firm has the opportunity to make an investment
that improves itsex antedistribution of costs according to the following definition.

Definition1. Consider two cumulative distribution functionsF and F̃ . F̃ is a distribu-
tional upgradeof F , denoted̃F � F , if

F̃ ′(c)

1 − F̃(c)
>

F ′(c)

1 − F(c)
(2.2)

for all c wherethese expressions are well defined.6

The requirement in (2.2) is one of conditional stochastic dominance. It means that,
conditioning on any minimum level of cost,F is more likely to yield a higher cost thañF .
This condition implies a relation of first-order stochastic dominance between the distributions:
F(c) < F̃(c) for all c on the interior of their common support.7

Definition 1 has become common in the FPA literature (see Tan (1992), Lebrun (1998),
Li and Riley (1999) or Maskin and Riley (2000b) for instance) and in decision theory under
uncertainty (e.g.Eeckhoudt and Gollier (1997), Athey (2000)). In practice, it is a little bit stronger
than needed and a weak inequality in (2.2) would do for our purpose. However, it would also
lengthen the proofs without adding any new insight. Comparing (2.2) with (2.1), it should also
be clear that this is a natural way to order distributions for the FPA.

Examples of distributional upgrades. Consider any distributionH(c). The following
are examples of distributional upgrades ofH : (1) additional random draws from the same
distributionF(c; θ) = 1 − (1 − H(c))θ for θ > 1.8 This is a common way of modelling R&D.
(2) Shifts of distributions to the left:F(c; θ) = H(c + θ) for θ > 0, for distributions with a
strictly increasing monotone hazard rate.9 This can be a convenient way to model a locational
investment when transportation costs are important. (3) Distributional contractions with a fixed
lower end of the support:F(c; θ) = θ H(c) for θ > 1 andc ∈ (c, H−1(1/θ)). This could
representthe shift to a more reliable technology. Distributional stretches with a fixed upper end
of the support ((1− F(c; θ)) = θ [1 − H(c)] for θ < 1) satisfy the weaker requirement of
first-order stochastic dominance and weakly higher hazard rate.

6. In this paper, investments are zero–one decisions. Alternatively, we could consider a parametrized class
of distributions F(c; θ), where a higher value ofθ implies an upgrade. In that context, Definition 1 would read
F(c; θ̃ ) � F(c; θ) for θ̃ > θ if 1 − F(c; θ) is strictly log-submodular in(c, θ).

7. In addition, conditional stochastic dominance is implied by the usual monotone likelihood ratio property.
8. The fact thatF(c; θ) does not satisfy the assumption of strictly positive density is not important here. See

Arozamena and Cantillon (2000) for details.
9. Distributions that satisfy this condition include the uniform, the normal, the logistic, the extreme value, the

exponential and theχ2 distributions, as well as the Weibull,γ and β distributions for some parameter values (see
Bagnoli and Bergstrom, 1989).
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6 REVIEW OF ECONOMIC STUDIES

3. COMPARING EQUILIBRIA

To determine firms’ investment incentives when investment is observable, we need to understand
how a distributional upgrade by one firm affects the resulting equilibrium in the procurement
auction. More precisely, starting from an initial configuration of firms(F1, . . . , FN), suppose
that firm j has the opportunity to upgrade its distribution of costs toF̃ j � F j . How does the
equilibrium in this new auction(F̃ j , F− j ) compare with that of the initial one,(F j , F− j )?

We adopt the following notation and terminology. Let(φ j , φ− j ) and (φ̃ j , φ̃− j ) be the
equilibrium inverse bid functions under(F j , F− j ) and (F̃ j , F− j ) respectively. The lower and
upper bounds of the equilibrium bids are denoted byl andu in the original configuration and by
l̃ andũ in the new configuration. We also definepi (b) = Fi (φi (b)), the probability that firmi
submits a bid lower thanb in configuration(F j , F− j ). p̃i (b) is similarly defined.

We say that firmi bids more aggressivelyif it bids closer to its cost,i.e. if b̃i (c) < bi (c) for
all c or equivalentlỹφi (b) > φi (b) for all b. Firm i faces a more aggressive environmentif any
given bidb by firm i has a lower chance of winning than before. With this terminology, bidding
strategies arestrategic complementsif the best response to a more aggressive bidding behaviour
by one’s opponents is to bid more aggressively oneself.

Referring back to (2.1), it is easy to see that the distributional upgrade by firmj shifts
its opponents’ best response schedules upwards (remember, by Lemma 1, the R.H.S. of (2.1)
is increasing inφi ). In other words, their best response is to bid more aggressively to any
given bidding behaviour of firmj . If bidding strategies in the FPA were strategic complements,
this would be the end of the story. Indeed, the “commitment” ofj ’s opponents to bid more
aggressively coupled with strategic complementarity would result in more aggressive bidding
behaviour by all participants in the “post-upgrade” equilibrium (see the early analyses by
Fudenberg and Tirole (1984), Bulow, Geanakoplos and Klemperer (1985), and Vives (1999)
for a general treatment). Unfortunately, bidding strategies are not strategic complements as the
following example illustrates.

Example1. Two risk neutral firms bid for a single object. Firms’ costs are distributed
independently anduniformly over the interval[0,1]. This is a symmetric FPA and the equilibrium
bidding functions are given bybi (ci ) =

1+ci
2 for i = 1,2 (this means thatφ(b) = 2b − 1).

Now suppose that firm 1 suddenly bids more aggressively:b̂1(c1) =
√

c1 <
1+c1

2 (this
corresponds toan inverse bidding function of̂φ1(b) = b2). Firm 2’s best response solves
maxb(b−c2)(1−b2). Let φ̂2(b) be the inverse bid function that corresponds to this optimization

problem.̂φ2(b) =
3b2

−1
2b and hassupport on[1/

√
3, 1]. Note that̂φ2(b) < φ(b). In words, though

firm 1 is biddingmore aggressively, firm 2’s best response,φ̂2, is less aggressive. Examples
where firm 2 responds to a more aggressive behaviour of firm 1 by being more aggressive can
similarly be generated.

Example 1 runs a bit counter to our intuition about the nature of competition in the
private value FPA. However, on a second thought, it should not be so surprising. Indeed, firm
2’s maximization problem is identical to that of the monopolist who faces demandD(b) =

(1− F1(φ1(b))) and has constant marginal costc2. Firm 2 in Example 1 is then analogous to the
monopolist who might respond to a decrease in demand by raising prices. Put differently, in the
same way as a monopolist cares about the elasticity and not the level of the demand he is facing,
bidders in the FPA care about the hazard rate of their opponents’ lowest bid (see (2.1)).

Nevertheless, Example 1 is problematic because it rules out the kind of comparative statics
exercise based on the properties of best responses. The alternative approach that we take here is to
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AROZAMENA & CANTILLON INVESTMENT INCENTIVES 7

impose the condition of equilibrium, andcomparethe equilibria(prior to and after the upgrade)
directly. In this section, we show that the kind of comparative statics that did not hold for best
responses (more aggressive response to more aggressive behaviour) does hold at equilibrium and
that the upgrader faces a more aggressive environment in the new equilibrium.10

When firms are asymmetric (Fi 6= F j for somei 6= j ), there is in general no explicit
solution to the equilibrium in the FPA. Therefore, we resort to firms’ FOCs in order to compare
equilibria. WithN = 2 and a slight abuse of notation, (2.1) becomes

p′

j (b)

1 − p j (b)
=

(∂/∂b)πi (b, φi )

πi (b, φi )
i 6= j (3.1)

wherethe term on the R.H.S. is increasing inφi (from Lemma 1). ForN > 2 firms, the equations
in (2.1) can be rewritten as∑

j 6=i

p′

j (b)

1 − p j (b)
=

(∂/∂b)πi (b, φi )

πi (b, φi )
. (3.2)

Solvingfor
p′

j (b)

1−p j (b)
yields:11

(N − 1)
p′

j (b)

1 − p j (b)
=

∑
i 6= j

(∂/∂b)πi (b, φi )

πi (b, φi )
− (N − 2)

(∂/∂b)π j (b, φ j )

π j (b, φ j )
. (3.3)

The key in both (3.1) and (3.2) is that firms’ equilibrium bidding behaviour is related and that

knowing howi ’s opponents bid
(
the

∑
j 6=i

p′
j (b)

1−p j (b)
function

)
, allows us to pin downi ’s bidding

behaviour through its FOC. This property of equilibrium, together with the fact thatF̃ j � F j for
the upgrader in the new configuration, is used in the proofs.

Comparing (3.1) and (3.2) also makes clear that there is a fundamental difference between
two firms and more than two firms. With more than two firms, fixing the bidding behaviour
of firm i in (3.2) only places constraints on theaggregatebidding behaviour of its opponents
(intuitively, what matters for firmi is its probability of winning). However, it leaves much room
for manoeuvre concerning theirindividualbidding behaviour.

Note. The only property of(∂/∂b)πi
πi

used in the proofs is that it is increasing inφi .
Therefore, for simplicity, we will write the FOCs for the single object risk neutral case. So for
example (3.3) becomes

(N − 1)
p′

j (b)

1 − p j (b)
=

∑
i 6= j

1

b − φi (b)
− (N − 2)

1

b − φ j (b)
.

Any result proved for this case also holds for the more general case (allowing for risk aversion
and endogenous demand).

Our argument proceeds in three steps. First, we show that the upper bound to the equilibrium
bids must be non-increasing,i.e. ũ ≤ u (Lemma 3). Second, we show that the lower bound to
equilibrium bids is strictly decreasing,l̃ < l (Lemma 5). Finally, we show that the upgrader faces
a more aggressive environment after the upgrade when there are two firms (Proposition 1) and,
under some additional condition on the type of upgrade, for more than two firms (Proposition 2).

10. This is a strictly weaker statement than strategic complementarity because (1) it applies to theaggregate
behaviour of the investor’s opponents, and (2) it does not apply to the investor’s own behaviour.

11. In this section, we assume for simplicity that firms share the same lower bound to equilibrium bids. The
working paper deals with the general case.
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8 REVIEW OF ECONOMIC STUDIES

Lemma 3. Let u(F1, . . . , FN) bethe upper bound of the equilibrium bids in configuration
(F1, . . . , FN). u(F1, . . . , FN) is weakly decreasing in its arguments. That is, ifF̃i � Fi , then
u(F̃i , F−i ) ≤ u(Fi , F−i ).

Proof. Let u = u(Fi , F−i ) and ũ = u(F̃i , F−i ). Without loss of generality,c1 ≤ c2 ≤

· · · ≤ cN . Let c̃i be the maximum cost under̃Fi (̃ci ≤ ci ).
If c1 = c2, thenũ ≤ u follows from Lemma 2. Ifc1 < c2, Lemma 2 implies thatu solves

min
{
arg maxb π1(b, c1)

∏
i 6=1

(1 − Fi (b))
}
.

In particular, u satisfies the FOC

(∂/∂b)π1(u, c1)

π1(u, c1)
−

∑
i 6=1

F ′

i (u)

1 − Fi (u)
= 0. (3.4)

Whenu ↓ c1, the first term of this expression goes to infinity whereas the second term remains
bounded.Therefore, at the solution (remember,u is the smallest value that solves the FOC), the
expression in (3.4) crosses thex-axis from above. If firm 1 is the upgrader, Lemma 1 implies that
(3.4) shifts downward and̃u ≤ u follows. If the upgrader is not firm 1, then the second term in
(3.4) increases. Again, (3.4) shifts downward andũ ≤ u. ‖

Lemma 4 is central to the rest of the argument:

Lemma 4. It cannot be that, at some point, bidding is less aggressive for all bidders
after the investment than before. More precisely,φ̃i (̂b) ≤ φi (̂b) for all i and for somêb ∈

[max{l , l̃ }, ũ) is impossible.

Proof. The proof proceeds in two steps.

Claim 1. φ̃i (̂b) ≤ φi (̂b) ∀ i =⇒ φ̃i (b) < φi (b) ∀ i and∀ b > b̂.

Proof. Towards a contradiction, suppose thatφ̃i (̂b) ≤ φi (̂b) for all i and imagine that
φ̃i (b) < φi (b) ∀ i does not hold at a later point. Define

b∗
= infb>b̂ {b s.t.φ̃ j ≥ φ j for some j }.

Sinceφ̃ j (b∗) = φ j (b∗), firm j ’s FOC yields

1

b∗ − φ̃ j (b∗)
=

∑
i 6= j

p̃′

i

1 − p̃i
=

∑
i 6= j

p′

i

1 − pi
=

1

b∗ − φ j (b∗)
. (3.5)

In addition,φ̃′

j (b
∗) ≥ φ′

j (b
∗) must hold hence

p̃′

j

1 − p̃ j
≥

p′

j

1 − p j
. (3.6)

Finally, for any firmk 6= j , φ̃k ≤ φk atb∗, so∑
i 6=k

p̃′

i

1 − p̃i
≤

∑
i 6=k

p′

i

1 − pi
for k 6= j . (3.7)

We claim that conditions (3.5)–(3.7) are incompatible as soon as any of the inequalities in (3.6)
or (3.7) is strict. To see this, suppose first that (3.7) is strict for somek. Adding (3.5) and (3.6)
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AROZAMENA & CANTILLON INVESTMENT INCENTIVES 9

implies that ∑
i

p̃′

i

1 − p̃i
≥

∑
i

p′

i

1 − pi
.

Comparing with(3.7), we conclude that

p̃′

i

1 − p̃i
≥

p′

i

1 − pi
for all i 6= j, andstrictly so fork.

Summing these terms leads to a contradiction with (3.5). The case when (3.6) is strict is
analogous.

Next, we show that (3.6) or (3.7) strict must happen atb∗. Suppose not, theñφi = φi for all
i and the definition ofb∗ implies that̃φ′

i ≥ φ′

i . In addition, when all three conditions hold with

equality,
p̃′

i
1−p̃i

=
p′

i
1−pi

for all i . However, one of these firms is the upgrader for which

p̃′

i

1 − p̃1
=

F̃ ′

1(φ̃1)φ̃
′

1

1 − F̃1(φ̃1)
>

F ′

1(φ̃1)φ̃
′

1

1 − F1(φ̃1)
≥

F ′

1(φ1)φ
′

1

1 − F1(φ1)
=

p′

i

1 − pi
.

A contradiction.

Claim 2. φ̃k(̃u) < φk(̃u) for k a non-upgrading firm, is impossible.

Proof. By Lemma 2,φ̃k(̃u) = min{ck, ũ}. In addition, Lemmas 2, 3 together with the
fact that equilibrium bidding strategies are increasing imply thatφk(̃u) ≤ min{ck, ũ}. Hence
φ̃k(̃u) ≥ φk(̃u). ‖

Lemma 5. l (F1, . . . , FN) is strictly decreasing in its arguments. That is, ifF̃ j � F j , then
l (F̃ j , F− j ) < l (F j , F− j ).

Proof. Towards a contradiction, supposẽl ≥ l . This implies φ̃i (̃l ) ≤ φi (̃l ) which is
impossible by Lemma 4. ‖

We are now able to prove the main result of this section, that the upgrader faces a
more aggressive bidding environment after the investment. We prove this result under two
complementary circumstances: when there are two firms, and under an additional assumption,
when there are more than two firms. We start with the simplest case: two firms.

Proposition 1. Let N = 2. Thenp̃ j (b) > p j (b) for all j and for all b in the interior of
their common support.

Proof. Let 1 be the upgrader. From Lemma 5,p̃ j > p j close tol . In addition, as long as

p̃2(b) > p2(b), φ̃2(b) > φ2(b) and so (using firm 2’s FOC)
p̃′

1
1−p̃1

>
p′

1
1−p1

. Therefore, starting

from the left, p̃1 > p1 as long as̃p2 > p2.
Now, towards a contradiction, suppose thatp̃2 and p2 intersect first atb1 < ũ:

φ2(b1) = φ̃2(b1). (3.8)

In addition, we have
p′

2(b1)

1−p2(b1)
>

p̃′

2(b1)

1−p̃2(b1)
so (usingfirm 1’s FOC)

φ1(b1) > φ̃1(b1). (3.9)

By Lemma 4, (3.8) and (3.9) together are impossible.‖
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10 REVIEW OF ECONOMIC STUDIES

Generalizing Proposition 1 to more than two firms is harder. However, note that Proposi-
tion 1 is already stronger than what we need to determine investment incentives. LetW1(b) and
W̃1(b) be the probabilities that the upgrader wins when it submits a bidb before and after the
upgrade. For our purpose, comparingW1(b) and W̃1(b) is enough (that is, in the case of two
bidders, 1− p2 and 1− p̃2).

Relaxing the claim in this fashion is helpful but not sufficient to get analytical results and we
need to impose further conditions. First, we assume that firms have the same payoff functions,
Vi for all i . Second, we impose that the upgrader moves from a situation where he is a “laggard”
(or one of the laggards) to a situation where he is a “leader” (or one of the leaders). Formally, let
F̃ � F , stand forF̃ � F , according to Definition 1 or̃F = F , and suppose that firm 1 is the
upgrader. We impose that prior to the upgrade,F j � F1 for all j 6= 1, and that̃F1 � F j for all
j 6= 1.

These restrictions are useful because it can be shown that ifFi � F j thenφi < φ j and
pi > p j at equilibrium (see,e.g.Maskin and Riley (2000b) and for a generalization toN > 2
bidders, Li and Riley (1999)).12

Proposition 2 then covers any patterns of “catching-up” by the investing firm. Arguably,
these also represent the relevant cases when one talks about market turnover and leadership
changes.

Proposition 2. Let F̃ � F, stand forF̃ � F, according to Definition1 or F̃ = F. Let
firm 1 be the upgrader and suppose there are N firms withF̃1 � F j � F1 for all j 6= 1 and
F̃1 � F1. Define W1(b) =

∏
j 6=1(1 − p j (b)), i.e. W1(b) is the probability that firm1 wins with

a bid of b in the original configuration. DefinẽW1(b) similarly. ThenW̃1(b) < W1(b) on the
interior of their common support.

Proof. Bidders’ FOCs (3.2) can be rewritten as

−
W′

j (b)

Wj (b)
=

1

b − φ j (b)
.

Because thedistributions are partially ranked, the equilibrium inverse bid functions can also be
partially ordered. We have

φ̃1 ≤ φ̃ j

φ j ≤ φ1 (3.10)

for all j 6= 1 (with some strict inequalities).

Claim 1. W̃1(b) < W1(b) close to u.

Proof. This claim is clear wheñu < u. If ũ = u, suppose towards a contradiction that
W̃1 ≥ W1 close tõu = u. It can be shown (see Lemma 6 in the working paper) that this implies

that
W̃′

1

W̃1
≤

W′

1
W1

close tou. Therefore, using firm 1’s FOC,̃φ1 ≥ φ1 close tou, and by (3.10),

φ̃ j > φ j for j 6= 1. Hencẽp j > p j andW̃1 < W1 close tou. A contradiction.

12. In addition, firms with identical technologies will bid identically at equilibrium (Fi = F j impliesφi = φ j ).
An importantconsequence is that we can already stretch the interpretation of Proposition 1. Suppose there areN firms
with firms 2 toN sharing the same payoff function and the same technologyF . Firm 1 is the upgrader. Then the claim
of Proposition 1 also applies to describe the relationship between the equilibria prior to and after the investment (without
any additional restriction on the kind of upgrade).
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AROZAMENA & CANTILLON INVESTMENT INCENTIVES 11

Now, by Lemma 5,̃l < l . Hence,close tol , p̃ j > p j andW̃j < Wj for all j , andφ̃ j > φ j for
all j 6= 1. Together with Claim 1, this means that the only way for the claim of Proposition 2 to
fail is that some of thẽp and p must cross over their common supports.

Claim 2. Starting from the left(i.e. froml onwards), the first̃p and p to cross cannot be
for the upgrader. Moreover, at that first crossing, it must be thatφ̃1 < φ1.

Proof. Since p̃1 would need to crossp1 from above, we must have

p̃′

1

1 − p̃1
<

p′

1

1 − p1
. (3.11)

At the same time, becausẽφ j ≥ φ j for all j 6= 1 andφ̃1 < φ1 (sinceF̃1 > F1), (3.3) implies

(N − 1)
p̃′

1

1 − p̃1
=

∑
j 6=1

1

b − φ̃ j
− (N − 2)

1

b − φ̃1

>
∑

j 6=1

1

b − φ j
− (N − 2)

1

b − φ1
= (N − 1)

p′

1

1 − p1

a contradictionwith (3.11). Now, suppose that the first̃p and p to cross from the left are for
bidder j 6= 1. Because, by hypothesis,̃φk ≥ φk for all k 6= j, 1, we need̃φ1 < φ1 to get

p̃′
k

1−p̃k
<

p′
k

1−pk
(and thisis possible since, by FOSD,̃φ1 < φ1 is compatible with̃p1 > p1).

Claim 3. W̃1 < W1 for all b.

Proof. Suppose firm 2 is the first from the left (say, atb1) for whom φ̃2 = φ2. We have
W̃1 < W1 for all b ≤ b1, and by Claim 2,̃φ1(b1) < φ1(b1).

Case1. φ̃1(b) < φ1(b), for all b > b1.

Using bidder 1’s FOC, this implies

−
W̃′

1

W̃1
=

1

b − φ̃1
<

1

b − φ1
= −

W′

1

W1
(3.12)

for all b > b1. Then using Claim 1, we conclude that̃W1 < W1 for all b (since a crossing in

(b1, ũ), would require
W̃′

1

W̃1
<

W′

1
W1

in contradictionwith (3.12)).

Case2. There existsb2 > b1 such that̃φ1(b2) = φ1(b2) (b2 is the first one fromb1).

Using (3.10),̃φ j (b2) > φ j (b2) for all j 6= 1, hencẽp j > p j andW̃1(b2) < W1(b2). Arguing as
in Case 1, we havẽW1 < W1 for all b < b2. Sincep̃ j (b2) > p j (b2) for all j , the scenario from
b2 on is identical (the firstp, and p̃ cannot be for the upgrader and at that point we must have
φ̃1 < φ1, . . .) and we can replicate the argument.‖

Before proceeding, we note the following direct consequence of Propositions 1 and 2.

Corollary 1. Investment lowers procurement costs in the FPA.
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12 REVIEW OF ECONOMIC STUDIES

Proof. By definition, the cumulative distributions of the lowest bid are given by 1− (1 −

p̃1(b))W̃1(b) and 1− (1 − p1(b))W1(b) respectively. For the case of two bidders,

1 − (1 − p̃1(b))W̃1(b) > 1 − (1 − p1(b))W1(b)

follows directly from Proposition 1, so expected procurement costs are lower under the new
configuration. ForN > 2, we show that̃p1(b) > p1(b) for all b on the interior of their support.
By Lemma 5, this inequality is satisfied close tol . Towards a contradiction, suppose thatp̃1 and
p1 cross at a later point. Then,

p′

1

1 − p1
>

p̃′

1

1 − p̃1
. (3.13)

Now, by (3.10),̃φ1 ≤ φ̃ j that is, using the FOCs,
∑

i 6=1
p̃′

i
1−p̃i

≤
∑

i 6= j
p̃′

i
1−p̃i

, or

p̃′

1

1 − p̃1
≥

p̃′

j

1 − p̃ j
. (3.14)

Similarly, φ1 ≥ φ j implies that

p′

1

1 − p1
≤

p′

j

1 − p j
. (3.15)

Putting (3.13), (3.14) and (3.15) together yields
p′

i
1−pi

>
p̃′

i
1−p̃i

for all i so
∑

i 6= j
p′

i
1−pi

>∑
i 6= j

p̃′
i

1−p̃i
. Henceφ j > φ̃ j for all j andW1 < W̃1, a contradiction with Lemma 4.13

‖

Propositions 1 and 2 allow us to answer our initial question concerning the incentives of
firms to upgrade their distributions. When firmi upgrades its distribution, it needs to take two
effects on itsex anteexpected payoff into account. First, adirect effect through an improvement
in the ex antedistribution of its costs (holding its opponents’ strategies fixed) and, second,
an indirect or strategic effect through its opponents’ adjustments to the new configuration.
Propositions 1 and 2 tell us that, under the new configuration(F̃i , F−i ), firm i faces a more
aggressive environment (collectively, its opponents bid more aggressively). This means that the
strategic effect isnegativefor distributional upgrades in the FPA.

At this point, it might be useful to remember that the kind of investment we are considering
shifts the best response schedule of the investor’s opponents upwards. In other words, holding
the bidding strategy of the investor fixed, its opponents prefer to bid more aggressively after the
investment than before (refer to (2.1) if needed). One interpretation then, is that at least for the
kind of comparative statics that determines investment incentives, the FPA behaves like a game
with strategic complements.

How strong is the strategic effect? Example 2 illustrates that it can be quite strong. There,
an inefficient firm is better off avoiding a cost reducing investment,even if it came at no cost!
Equivalently, in this example, a firm may gain by becoming less efficient.14

Example2. Consider the following initial configuration for firms 1 and 2:F1 is uniform
over [0,10] andF2 is uniform over[0,5]. Suppose that firm 1 has the possibility to upgrade its
distribution toF̃1 = F2. Denote by5i (F, F̂) firm i ’s ex antepayoff when firm 1’s distribution is
F and firm 2’s distribution iŝF . A numerical solution to the FPA yields51(F1, F2) = 0·90445,

13. Riley (1996) shows that every non-upgrading firm faces a more aggressive environment. Together with our
Propositions 1and 2, his result provides an alternative route to proving Corollary 1.

14. Thomas (1997) provides a similar example with discrete types.
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AROZAMENA & CANTILLON INVESTMENT INCENTIVES 13

52(F1, F2) = 1·93245,51(F2, F2) = 52(F2, F2) = 0·83333. Thechange in its distribution
leaves firm 1 worse off.

Propositions 1 and 2 also shed light on the results derived when firms areex antesymmetric,
investment is simultaneous and unobservable. A typical result in this literature is that there
is a unique symmetric equilibrium, that is,ex anteidentical firms facing the same investment
opportunities will invest the same amount (Tan, 1992). Our results and Example 2 in particular
suggest that this equilibrium might not be subgame perfect when investment is observable (and
so bidders can react to deviations at the investment stage). Indeed, suppose that the symmetric
Nash equilibrium of the investment game with unobservable investment is given by(θ∗, . . . , θ∗)

(whereθ represents firms’ investment level, indexed according to Definition 1). Consider firm 1’s
incentive to deviate. Since(θ∗, . . . , θ∗) is a Nash equilibrium, firm 1 has no incentive to deviate
when its opponents’ behaviour at the procurement stage is held fixed. Because of the negative
strategic effect identified in Propositions 1 and 2, investing more thanθ∗ would not be profitable
either if investment is observable. However, investinglessthanθ∗ might be a profitable deviation:
by choosing a lower investment level, firm 1 induces its opponents to bid less aggressively in
the second stage, and this, together with the cost saving involved, might overcome the effect
of the lower probability of winning. In other words, our results suggest that the focus on the
symmetric equilibrium of the simultaneous investment game can only be justified if investment
is not observable. Otherwise, the simultaneous investment game among symmetric firms might
admit asymmetric (subgame perfect) equilibria.

Remark1. The current model is framed in terms of a two-stage game. However, log-
supermodularity ofexpected payoffs in bids and costs (Lemma 1) is all that is needed for the
comparative statics result of this section. In particular, consider a repeated auction setting with
costs drawn independently each time. In addition, suppose that there is some learning-by-doing
so that winning positions a firm better for future auctions (in the context of our model, winning
corresponds to an investment). At timet , the optimization problem a typical firm solves is

maxbt {((bt − ct ) + Ṽt+1) pr(win with bt ) + Vt+1 pr(lose withbt )}

whereṼt+1 andVt+1 are the continuation values if the firm wins or loses the current auction.
This objective function is also log-supermodular in(b, c), hence a winning firm can expect more
competition in the next auction.

Remark2 (Sequential entry). Our model is one of investment by an incumbent firm (that
is, the investor is already a relevant player prior to the upgrade). However, the proofs of
Proposition 2 can be straightforwardly adapted to the case of entry, that is, where the investor
is irrelevant in the initial configuration. In that case then, the potential entrant can expect more
aggressive behaviour on the part of the incumbent firms.

4. INVESTMENT INCENTIVES IN PROCUREMENT AUCTIONS

In this section, we turn to our original question of investment incentives and compare the FPA
and the SPA. Comparing the two auction formats is interesting in two respects. First, both are
commonly used auction rules (remember that in our setting the SPA is equivalent to the English
auction). Second, the SPA provides an excellent benchmark to analyse the properties of the FPA
because the strategic effect identified in the previous section for the FPA is absent in the SPA.
Indeed, bidding one’s own cost is a dominant strategy in the SPA, irrespective of the distributions
of one’s opponents. Therefore bidding behaviour at the procurement stage is not affected by
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14 REVIEW OF ECONOMIC STUDIES

firms’ investment in the first stage. To allow for a comparison between the two auction formats
(using theRevenue Equivalence Theorem), we return in this section to the standard assumptions
of risk neutrality and a single indivisible object.

To provide intuition for our next result, consider the following two-firm example. Suppose
that both firms have originally the same distribution of costs and consider an incremental
investment by firm 1. Firm 1’s change in payoff can be split into two terms: a direct effect
(holding its opponents’ behaviour fixed) and a strategic effect. By the Revenue Equivalence
Theorem, the direct effect for an incremental change is the same under the FPA and the SPA.15

Moreover, Propositions 1 and 2 suggest that the strategic effect is negative for the FPA. Since
there is no strategic effect for the SPA, this implies that firm 1 will invest less under the FPA than
under the SPA.

Proposition 3 shows that this intuition extends to situations where firms are notex ante
symmetric and investment is not necessarily incremental: firms will tend to invest less when the
FPA format is used because they anticipate the more aggressive behaviour of their opponents. As
in Proposition 2, Proposition 3 requires some level of leadership change for the analytical proof
to go through.

Proposition 3 (Underinvestment). The FPA provides less incentives than the SPA for
investmentsthat involve a change of market leadership. Formally, suppose there are N≥ 2 firms
and let firm1 be the upgrader. Then, investment incentives are lower in the FPA than in the SPA
for investments such that̃F1 � F j � F1 for all j 6= 1 and F̃1 � F1.

We start with the following lemma:

Lemma 6 (Bidders’ ranking of the auction formats). Suppose N ≥ 2. Denote by
5F P A

i (Fi , F−i ) and 5SP A
i (Fi , F−i ), bidder i ’s ex anteexpected payoffs in the FPA and SPA

respectively. Then:

(1) If Fi % F j for all j 6= i , then5F P A
i (Fi , F−i ) ≤ 5SP A

i (Fi , F−i ).
(2) If Fi - F j for all j 6= i , then5F P A

i (Fi , F−i ) ≥ 5SP A
i (Fi , F−i ).

(the inequalities are strict if Fi 6= F j for some j).

Proof. Consider the general direct revelation game equivalent of our auction. Letxi (ci )

andT(ci ), be the expected probability that firmi wins the contract and its expected payment,
when it announces costci . Then, its expected payoff when it (truthfully) announcesci can be
written as5(ci ; Fi , F−i ) = −ci xi (ci ) + Ti (ci ). By the envelope theorem,

5′(ci ; Fi , F−i ) = −xi (ci ).

Let xF P A
i andxSP A

i be the probability functions in the FPA and SPA respectively. We have

5F P A
i (ci ; Fi , F−i ) = 5F P A

i (ci ; Fi , F−i ) +

∫ ci

ci

xF PA
i (c)dc (4.1)

5SPA
i (ci ; Fi , F−i ) = 5SP A

i (ci ; Fi , F−i ) +

∫ ci

ci

xSPA
i (c)dc. (4.2)

15. The Revenue Equivalence Theorem (Myerson, 1981) states that, under the assumptions of independent values
and riskneutrality, the auctioneer’s and bidders’ expected payoffs are fully determined by their probabilities of getting
the contract and their expected payoff at their worst cost realization (see also equations (4.1) and (4.2) for an example).
Under symmetry, these are the same in the SPA and FPA.
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AROZAMENA & CANTILLON INVESTMENT INCENTIVES 15

SupposeFi % F j for all j 6= i . Then firm i bids less aggressively than its competitors in the
FPA, bi (c) ≥ b j (c) for all j 6= i (cf. equation (3.10)). As a result, its probability of winning
the contract is lower than its probability of being the low cost producer,xF P A

i (c) ≤ xSP A
i (c) for

all c.
Next, bidderi ’s expected payoff atci differs from zero only ifci < c j for all j 6= i

(Lemma2). DefineG(·) =
∏

j 6=i (1 − F j (·)). From Lemma 2,5F P A
i (ci ; Fi , F−i ) = maxb(b −

ci )G(b). 5SPA
i (ci ; Fi , F−i ) = −

∫ min j 6=i c j

ci
(x−ci )dG(x) =

∫ min j 6=i c j

ci
G(x)dx usingintegration

by parts. This represents the area under theG(·) curve betweenci and minj 6=i c j and maxb(b −

ci )G(b) is included in it. Hence,5F P A
i (ci ; Fi , F−i ) ≤ 5SPA

i (ci ; Fi , F−i ).
Putting bothelements together yields5F P A

i (ci ) ≤ 5SP A
i (ci ). Claim (2) is proved

similarly. ‖

Lemma 6 generalizes Maskin and Riley’s (2000b) Proposition 2.6 to more than two bidders.
Intuitively, the FPA favours the weak bidders because their competitors adjust to their presence
by bidding less agressively (and the other way round for the case of strong bidders). No such
effect is present in the SPA. This property drives our underinvestment result. It generalizes to
less restrictive conditions to the extent that Lemma 6 captures a more general idea thatrelatively
weaker bidders prefer the FPA to the SPA, andvice versa.

Proof of Proposition3. The claim follows directly from Lemma 6 (1) and (2).
5F PA

1 (F̃1, F−1) − 5F P A
1 (F1, F−1) < 5SP A

1 (F̃1, F−1) − 5SP A
1 (F1, F−1). ‖

It is interesting to compare Proposition 3 with the revenue ranking derived by Maskin
and Riley (2000b) for exogenous distributions of valuations. Though neither auction format is
generally better in their environment, they find that the FPA performs better for a plausible class
of asymmetries. Proposition 3 suggests that allowing for endogenous distributions could overturn
this result.

Our next proposition confirms the qualities of the SPA and provides a normative interpre-
tation of the underinvestment result of Proposition 3. Not only does it induce higher levels of
investment, it also induces thesocially optimal levelof investment.

Proposition 4. The SPA provides the socially optimal level of investment incentives.

Proof. Let F1 be bidder 1’s initial distribution of costs and define byF2, the distribution
of the best cost realization among bidder 1’s competitors. Using integration by parts, we can
express bidder 1’sex anteexpected payoff as

5SP A
1 (F1, F2) =

∫
d F1(c)

∫
c
(x − c)d F2(x)

=

∫
F1(c)(1 − F2(c))dc = −

∫
cd[F1(c)(1 − F2(c))].

Next, social surplus is defined by the minimum cost realization among bidders. Hence, a measure
of expected social surplus is the negative of the expected value of the second order statistic, that
is,

SS(F1, F2) = −

∫
cdS(c)
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16 REVIEW OF ECONOMIC STUDIES

with S(c) = F1(c) + F2(c) − F1(c)F2(c) = F2(c) + F1(c)(1 − F2(c)). Thatis,

SS(F1, F2) = 5SP A
1 (F1, F2) −

∫
cd F2(c).

HenceSS(F̃1, F2) − SS(F1, F2) = 5SP A
1 (F̃1, F2) − 5SP A

1 (F1, F2) for all F1, F̃1: private and
social incentives are perfectly aligned.‖

Remark3. Proposition 4 illustrates a very general property of the SPA. With one qualifi-
cation, it extends to situations where firms invest simultaneously: when investment is simulta-
neous, the socially optimal outcome is always an equilibrium but not necessarily the only one
(Stegeman, 1996). In addition, Bergemann and Välimäki (2001) find a similar result for the case
of information acquisition in private value environments.16 In all cases, what drives the result
is the fact that the SPA corresponds to the Vickrey–Clarke–Groves mechanim for which agents’
optimization problems are aligned to the social planner’s.

5. CONCLUSIONS AND DIRECTIONS FOR FUTURE RESEARCH

Asymmetries among bidders are widespread in procurement. They are also a source of concern
for procurement authorities. However, our understanding of these market situations has been
largely limited to date by the lack of explicit solutions for the equilibrium in the asymmetric
FPA.

In this paper, we have provided comparative statics results for a class of investments in cost
reduction in the FPA. In Section 3, we showed that, after the investment—with two bidders, and
in general when investment changes market leadership—the investor faces a more aggressive
environment. In the terminology of industrial organization, investment in the FPA has a negative
strategic effect. In turn, we found in Section 4 that this effect leads to lower investment levels in
the FPA than in the SPA. It is tempting to interpret the low level of competition and of turnover
in many procurement markets in light of these results.

Traditionally, auction theory and, in particular, the comparison between market rules, takes
the distributions of private information as exogenously given. Our results contribute to an
emerging literature that attempts to endogenize the relative strength of market participants. In
this paper, we have offered a first comparison between the FPA and the SPA when firms are
not necessarily symmetricex ante, the distributions of costs are endogenous and investment
is observable. Our analysis has highlighted two attractive features of the SPA: (1) it generates
higher investment levels than the commonly used FPA and (2) these investment levels are socially
efficient. These results suggest that in markets where investment prior to the auction is deemed
important or where there exist positive synergies between auctions, the SPA is likely to be better
at fostering a healthy level of competition.

Finally, we sketch several directions for future research:

Simultaneous investment. Our analysis has assumed that only one firm has the oppor-
tunity to invest at a time. In Section 3, we have argued that the presence of a negative strategic
effect for investment in the FPA is likely to lead to a breakdown of the equivalence between the
FPA and the SPA, even when investment is simultaneous and firms areex antesymmetric. It
would be interesting to investigate whether our underinvestment result continues to hold in that
setting (based on several numerical examples along the lines of Example 2, we conjecture that
this is the case).

16. In their setting, bidders’ valuations are exogenously given and fixed, but unknown to them. An investment
refers togetting a better signal about one’s own valuation.
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Market turnover and the dynamics of competition. Investment by market participants
always benefits the procurement authority in our model. Nevertheless, the fact that the SPA elicits
more investment than the FPA does not in itself imply that it should be favoured. First, Maskin
and Riley’s (2000b) results suggest that the FPA may lead to lower expected costs than the SPA
for given investment levels. Second, the level of asymmetry among firms is as important as the
efficiency levels in determining costs (Cantillon, 2000). Hence, a natural next question is to what
extent these auction formats lead to increasing market asymmetries by favouring investment by
the current leader. Recently, Athey and Schmutzler (2001) have derived sufficient conditions
for leaders in oligopoly markets to invest more than followers (an outcome they term “weak
increasing dominance”). In our setting, their conditions reduce to: (1) the return to investment
must be decreasing in the initial competitive level of one’s opponents, and (2) the higher one’s
initial competitive level, the higher the return on investment.17 A complete analysis is outside
the scope of this paper, but looking at gross investment incentives (that is, ignoring the costs of
investment) is suggestive. For the SPA, we can use the fact that social and private investment
incentives are perfectly aligned (Proposition 4) to check that conditions (1) and (2) hold for
all the examples of distributional upgrades given in Section 2, with the exception of the extra
draw for which leaders and laggards have the same gross incentives to invest.18 Numerical
simulations based on Li and Riley’s (1999) Bidcomp2 program suggest that similar results hold
for the FPA. Obviously, more work needs to be done but a tentative conclusion is that, in most
cases, both auction formats are likely to reinforce or at least maintain asymmetries among market
participants.19

Other auction environments. Our analysis has focused on the independent private
value paradigm. If values are private but correlated, the system of differential equations that
characterizes the equilibrium is similar to the one we have considered. However, an investment
by one firm now also affects the costs of the other firms (this can be viewed as an investment with
externalities). This suggests an even stronger negative strategic effect. By contrast, the nature of
strategic interactions is fundamentally different in common values environments. How our results
translate to these environments is an open question.20
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