Procurement, Cost Reduction, and Vertical Integration*

Simon Loertscher! Michael Riordan?
University of Melbourne Columbia University

December 19, 2011

Abstract

We study a two-stage model of vertical integration that sheds new light on two important
questions: Does vertical integration reduce procurement costs? Does it increase economic
efficiency? In our model, a buyer who wants to procure an input of a given quality runs a
first-price procurement auction. In the first stage, the competing suppliers make simultane-
ous investment decisions that reduce their expected costs of production. In stage two, each
producer observes his cost realization and makes his bid. Without vertical integration, the
buyer procures from the supplier who submits the lowest bid. Therefore, absent vertical
this is a standard procurement auction augmented by a cost reducing investment stage.
With vertical integration, the buyer has access to the production technology of one supplier
and procures from a non-integrated supplier if and only if the lowest submitted bid is less
than her own production cost. Whether or not the buyer is vertically integrated affects
the investment decisions of all suppliers. If the problem of minimizing expected production
cost is convex then non-integration is the efficient market structure. With vertical integra-
tion, the integrated supplier overinvests and non-integrated suppliers underinvest relative
to first-best. If investments shift the mean of the cost distributions, a vertical merger de-
creases (increases) total investment if the marginal cost of investment is convex (concave).
With an exponential cost distribution and quadratic investment costs, non-integration can
be efficient but vertical integration is jointly profitable. If the cost distribution is uniform
and investment cost is quadratic, vertical integration is efficient if absent integration the
number of suppliers is two.
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1 Introduction

That vertical market structure matters for investment incentives is understood. Williamson
(1985) argues that asset specificity, bounded rationality, and opportunism conspire to under-
mine efficient investments. Grossman and Hart (1986) echoes the sentiment by modeling how
incomplete contracting causes a holdup problem that diminishes the investment incentive of
the party lacking control rights. Bolton and Whinston (1993) add that vertical integration may
cause investment distortions motivated by the pursuit of a bargaining advantage.

This paper revisits these issues by examining the consequences of vertical integration for
investment in cost reduction in the context of a simple procurement model. The model features
incomplete contracts in the sense that any transaction between a customer and an external
supplier is determined by a reverse auction in which the supplier must bid the low price to
win the supply contract. The model also features asset specificity by assuming that potential
suppliers make relationship-specific investments in cost reduction before commencement of the
auction. Vertical integration is modeled as a prior acquisition of a potential supplier who then
becomes a preferred supplier. The preferred supplier has the option to produce after observing
the bids of the external potential suppliers, and therefore elects to do so whenever its own
cost is below the low bid. While internal sourcing enables the vertically integrated firm to
avoid paying profits to external suppliers, the acquiring firm must compensate the acquisition
target for the expected value of foregone profits. Furthermore, as an instance opportunism,
vertical integration distorts the sourcing decision, which, in turn, also distorts investments in
cost reduction. In particular, vertical integration leads external suppliers to underinvest in cost
reduction in anticipation of sourcing distortions. Consequently, it is not clear a priori whether
vertical integration is on balance an attractive strategy for reducing expected procurement
costs.

In this procurement environment, the nonintegrated market structure results in socially effi-
cient investments in cost reduction if diseconomies of investment are sufficiently pronounced and
the variance of cost outcomes (given investments) is sufficiently great. In such circumstances,
the distortions arising from vertical integration raise expected production costs. Nevertheless,
a vertical acquisition may be a profitable strategy because it squeezes the profits of the re-
maining external suppliers. Indeed, for a special case of an exponential cost distributions and
quadratic investment costs, we show that a vertical acquisition reduces expected procurement
costs even though it compromises social welfare by increasing expected production cost. On
the other hand, if the benefits of multiple potential suppliers are sufficiently small, then vertical
integration may confer the social benefit of accomplishing an asymmetric pattern of investment
that is more closely aligned with socially optimal cost reduction. We demonstrate this for the
special case of a uniform cost distribution and quadratic cost of investment.

Our idea that vertical is motivated by reducing the profits of external suppliers is reminiscent
of Bolton and Whinston (1993)’s idea that vertical integration is motivated by the creation of
bargaining advantages. Bolton and Whinston (1993) considers how forward integration enables
an upstream supplier to extract rents from downstream customers who make relationship-
specific investments, whereas our model turns the incentives around to consider how backward
integration extracts rents from upstream suppliers who make relationship specific investments in
cost reduction. While the direction of vertical integration is mainly a matter of interpretation,
there are other important differences between the models. First, the models make different
assumptions about information and the market mechansim. The Bolton-Whinston (BW)
model assumes complete information and assumes a particular bargaining process to allocate
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scarce supplies. In contrast, our model features incomplete information about cost reduction
and assumes source selection via a first-price auction. Second, the logic of the distortions
arising from vertical integration is different. In the BW model, the integrated downstream
firm overinvests to create a more powerful outside option when bargaining with an independent
custormer, and this investment distortion leads to distortions in the allocation of scarce supplies.
In our model, vertical integration leads to sourcing distortions, which in turn lead to investment
distortions. Thus the causal relationships between allocation and investment distortions are
different.

Vertical integration in our model effectively establishes a preferred supplier, who serves
to limit the market power of non-integrated suppliers. The integrated firm avoids giving
away rents by allocating production to its upstream division whenever its cost is below the
low bid. These allocation distortions from a preferred suppler are similar to those analyzed
by Burguet and Perry (2009). Our model goes further by analyzing the consequences for
investment in cost reduction. As result of endogenous investments, the preferred supplier has
a more favorable cost distribution than the independent suppliers in our model, in contrast
to the Burguet and Perry (BP) model which assumes identical cost distributions. Obviously,
endogenous investments are an additional dimension along which to consider the consequences
of a preferred supplier. We show quite generally that the integrated supplier overinvests in cost
reduction and independent suppliers underinvest. For the special case in which investment shifts
mean cost, we also provide conditions under which total investment is no larger with vertical
integration. Under auch conditions, a vertical merger reduces and shifts investment away
from nonintegrated suppliers toward the vertically integrated supplier, and may also reduce
total investment if the marginal cost of investment increases too quickly. These investment
distortions, in addition to the sourcing distortion from preferred supplier status, account for
the social inefficiency of vertical integration when more symmetric investments by potential
suppliers are cost minimizing.

2 General model

2.1 Basic setup

A downstream buyer procures a fixed input from an upstream industry consisting of n > 2
potential suppliers. The value of the final good to the buyer gross of the procurement cost is V.
Supplier 7 makes a costly relationship-specific non-contractible investment x;, which randomly
determines the cost of production ¢; according to a cumulative distribution function F'(¢;; ;)
with positive density f(c;;x;) on its support. We assume the support of F(c;x) is bounded
below and let u(x) denote the infinum of the support; that is, F(c;x) = 0 if ¢ < p(x).! For
expositional convenience, we assume for now that that V' = oo and the support is unbounded
above for all , and assume that lim._,o cF,(c;z) = 0, where Fy(c;z) = %. The cost of
the investment is W(z;). The buyer selects one of the potential suppliers to produce the input.?

The product technology for the input is described by F'(¢;; ;) and ¥(z;). Higher investment
is assumed to shift the cost distribution smoothly according to first-order stochastic dominance,

!The support of F(c;z) is extended on the real line in the usual manner, i.e. the support of F(c) is [co, c°]
then let F(¢;xz) =0 for ¢ < ¢, and F(c;z) =1 for ¢ > ¢°.

2The implicit assumption justifying a first-price auction is V = oo. Alternatively, if the support of support
of F(c;x) is bounded above, then V' is above the supremum of the support for the relevant range of z.
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and the cost of effort is assumed to be convex increasing and differentiable: F,(c;x) > 0 for
all ¢ in the interior of the support of F(c¢;x) and ¥/ (z) = ¢(x) is strictly positive and strictly
increasing for all strictly positive x.

The analysis compares two modes of the procurement. In both modes, cost realizations are
the private information of the suppliers. In the non-integrated mode the buyer is independent
of the suppliers, and procures the input in a first-price reverse auction in which the suppliers
bid a price and the buyer selects the low price supplier. In the vertically-integrated mode, the
buyer is integrated with one of the suppliers, who becomes a preferred supplier, and obtains
bids from each of the remaining suppliers in a reverse auction with a secret reserve price equal
to the realized cost of the preferred supplier.

Vertical integration can be interpreted as forward integration by an upstream supplier to
acquire the property rights of the downstream buyer. Suppose that the buyer has property
rights over the technology to produce the downstream product with a value V' gross of pro-
curement costs for a required input. Each of the n upstream suppliers has property over a
production technology for the required input. Vertical integration occurs when one of the up-
stream firms acquires the downstream production rights. Alternatively, and for our purposes
equivalently, the buyer can be viewed as integrating backwards to acquire one of the upstream
suppliers. On this interpretation, the buyer acquires to control rights to direct the investment
of the acquired supplier and to observe its realized cost. There is an obvious question of why
the buyer stops at only one acquisition. A possible answer is that competition laws prevent a
consolidation of the upstream industry.? A systematic investigation of this competition policy
issue, however, is beyond the scope of this paper.

2.2 Nonintegration

The timing of the game under nonintegration is as follows:
e Suppliers simultaneously choose investments x; and observe costs ¢;.
e Suppliers simultaneously submit bids b;.
e The low-bid supplier, say ', produces the input and incurs cost c; .

The payoff of the buyer is V' — by, the payoff of the low-bid supplier is by — ¢;; — ¥(z;/), and
the payoff of the others is —W(z;). This might be thought of as an extensive form game in
which suppliers choose investments in the first stage, and submit bids in the second stage. The
appropriate equilibrium concept is subgame perfection. Since the investments are unobserved,
the normal formal of the game has firms simultaneously choosing an investment and bidding
strategy. We focus on symmetric equilibria, by which we mean Nash equilibria in which all
firms choose the same investment level z*, so that all firms draw their costs independently from
the same distribution F'(c) = F(¢;2*) and accordingly employ the same bidding function b(c).
The structure of equilibrium bidding is well understood from auction theory. Consider
the bidding incentives of a representative firm with cost realization ¢ when rival bidders use
an invertible bid strategy b(c). A representative bidder chooses § to maximize (5 — ¢)[1 —
F(b~1(B))]" L. Therefore, a symmetric equilibrium bidding strategy b(c) is such that

¢ = argmax {[b(z) — 1 - F(c)]nfl} , (1)

3 Another possible explanation is that first-best may be achieved by vertically integrating with only one
supplier, which may, for example, occur in the model with uniform distributions.
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or

1= e e
1= F("!

Note that b(c) is an increasing function and is indeed invertible on the support F(-).4

Next consider equilibrium investment incentives. Even if a ”deviant” firm had a different
distribution of costs, the deviant would still follow the equilibrium bidding strategy if it expects
its rivals to do so; similarly, rivals also would follow the equilibrium bidding strategy because
the deviation is unobserved. Consequently, in considering conditions for a symmetric Nash
equilibrium of the normal form game, it is enough to consider an isolated investment deviation.

Suppose that a representative firm were to deviate and choose z* + ¢ instead of x*. The
deviant would have cost distribution G(c; ) = F(c; z*+¢), but, as noted above, would continue
to follow the same bidding strategy given by (2). Let U(c) = (b(c) — ¢)(1 — F(c))"~! be the
expected payoff of a firm with cost ¢ when placing the equilibrium bid b(c). By the envelope
theorem, U’(¢) = — [1 — F(¢)]""". Therefore, using integration by parts, the deviant’s expected
profit gross of investment cost is

b(c) =c+ (2)

M(e) = /Oo U(c)dG(c:e) (3)
o

(z*4¢)

= /Oo [1—F(e)]" ' G(c;e)de
17

(z*4¢)

and the derivative of Il(e) is

II'(e) = /( ) (1= F(o))" " Gelce)de — [1 = Fp(a* + )" /(2" + e)g(u(a® +€);¢) (4)
p(xr*+e
where G.(c;e) = 8G8(§55) and g(c;e) = %. A necessary condition for a symmetric equilib-

rium is ¢ (z*) = II'(0), or, equivalently,

o0

P(a”) = / [1— Fc; )" Fulc;a*)de — f(u(a®); ")/ (2%) (5)
w(x*)

since F(u(x*)) = 0. Therefore, for ¢ > p(x*), the equilibrium bid function is

fcoo 1— F(z; x*)]nil dz

ble) =c¢
e e

(6)

For the rest of this section, we maintain the assumption that these equilibrium conditions are
not only necessary but also sufficient for an equilibrium of the normal form game.

In a symmetric equilibrium, the low-cost firm wins the procurement auction. Thus, if
all firms have the same investment z, then the realized production cost is determined by
the distribution of the minimum order statistic for n independent draws from F(c;x). The
distribution of this minimum order statistic is

L(c;z,n)=1—[1— F(c;2)]"

4While this definition is strictly correct if the support of F(-) has no upper bound, it readily extends to the
case of bounded support. If the supremum of the support of F(-) is v, then it is convenient to define b(c) = ¢
on the extended support where ¢ > v.
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and the expected production cost is
C(z) :/ cdL(c;x,n). (7)
m

Consequently, using integration by parts and lim. o, c¢F,(c;z) = 0, the cost reduction from a
symmetric marginal increase in investment is

o0

Cw) = = [ Liomde = @)(u(@);z.n) (8)
p(x)

= oo [T = R Bulea)de — nf(u(e): o ()
w(x)

where Ly (c;z,n) = W and l(c;z,n) = % It follows from (5) and (8) that

d(a") = ——C'(a7) (9)

at a symmetric equilibrium. In other words, each firm fully internalizes the expected cost
reduction from a marginal increase in its investment. The result is summarized as follows.

Proposition 1 In equilibrium under non-integration, downstream investments minimize ex-
pected production plus effort costs, assuming that this minimum is achieved with symmetric
1nvestments.

2.3 Vertical Integration
2.3.1 Model

Under vertical integration, the downstream buyer is vertically integrated with upstream firm
1, and the independent suppliers are labeled ¢ = 2, ...n. The timing of the game is the same as
for nonintegration, except at the last stage the low-bid independent firm (i’ # 1) is selected to
produce only if by < ¢;. Otherwise the vertically-integrated firm produces and incurs c;. The
payoff of the integrated firm is V' — min{b;, c1} — ¥(z1), the payoff of the low-bid independent
firm is by — ¢y — W(xy) if selected and —W(z;) otherwise, and the payoff of the others is
—W(x;). Since the integrated firm and independent firms are positioned asymmetrically, the
analysis focuses on equilibria in which the integrated firm invests z; and the independent firms
symmetrically invest x .

Itis useful to distinguish the concepts of production cost and procurement cost. Production
cost is the cost of actually producing the input, while procuremnt cost is the expense incurred
by the buyer which may include a profi margin for the supplier. Under non-integration, the
distinction is simple. The distribution of minimum production cost is L(c;z*,n), and the
distribution of the price incurred by the buyer is L(b~1(b);z*,n). Thus the probability that
procurement cost is no more than b(c) is also L(c¢; x*,n).

Under vertical integration, the distributions of production and of procurement costs are
illustrated in Figure 1. On the vertical axis is the cost of the integrated firm ¢y, and on the
horizontal axis is the minimum cost draw of a nonintegrated firm cy. The line above the 45-
degree line is b(cy). The integrated firm procures from the lowest-cost independent supplier if
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Figure 1: Distribution of production and of procurement costs

and only if ¢; > b(cy). Consequently, the probability that realized procurement cost (excluding
its investment cost W(zy)) is at least b(¢) is given by the probability mass in the rectangle to
the northeast of the point (¢, b(¢)). This probability is

[1— F(b(@); D)1 — L(Ea,n — 1)
and consequently the probability that this cost is not more than b(¢) is
P(b(&); s ar) = 1 — [1 = F(b(@), an)][1 — L(eaw,n — 1).

On the other hand, the probability that actual production cost is less than ¢ is given by the
probability mass over the shaded area, which is given by R(c;xn,x;). The actual production
cost generally is higher than the minimum production cost because of the sourcing distortion.

The fist-order approach to equilibrium analysis proceeds similarly to the nonintegration
case, except (a) there is one fewer non-integrated firm, (b) the upstream division of the inte-
grated firm is a preferred supplier, and (c) there are different equilibrium investments for the
integrated and nonintegrated suppliers.

2.3.2 Nonintegrated suppliers

Let b(c) and zy denote the symmetric equilibrium bid strategy and investment for noninte-
grated suppliers, and x; the investment of the integrated supplier. In a symmetric equilibrium,
the expected profit of a nonintegrated firm bidding b(c) with cost ¢ is

Un(c) = (b(c) = e)(1 = Fe;an))" (1 = F(b(c); 21))- (10)

This equilibrium profit for a non-integrated firm reflects that the integrated firm will self supply
if its cost is below the low bid b(c¢). Invoking the revelation principle and the envelope theorem,

Un(c) = —(1 = Fe;an))" (1 = F(b(c)); 1) (11)
and imposing the boundary condition

lim Un(c) — 0, (12)

CcC— 00
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simple integration implies

o0
Un(e) = [ (U= Fltsan)™ (1 - FO@):n)dr (13)
. . FC(A=F(t;xn))""2(1—F(b(t);x1))dt
From these ?elatlonshlps, b(c) =c —|— L (§—F(£;:§N]\S;)"*2((I—F(gz(i));mjl))))
If a nonintegrated supplier deviates and invests xx + €, then the expected profit of the
deviant is

/ Un(c)dF(c;xn + €) (14)
(@ N+e)
A representative non-integrated firm’s investment problem is therefore
max/ Un(c)dF(c;xn +€) — ¥(zy +€), (15)
wlzn+e)

yielding the equilibrium first order condition

dan) = [ UNOE )~ Us ) e ex) 00

N

= /:O )(1 — F(e;zn)"2(1 — F(b(c);21) Fry (c; 2n)de
TN

1 (o]
= /“ (1= F(b(c);zr)Ly(c;x,n — 1)de

n—1 (zN)

where the second equality follows from integration by parts and substitution of (??), and the
third inequality is definitional.

The investment incentives of non-integrated frims can be understood alternatively with
reference to the distribution of procurement cost. Since

Poy (b(e);an,xr) = [1 = F(b(c);z1)]La(c;an,n — 1)] (17)
for ¢ > p(zn), in a symmetric equilibrium,
v(xy) = / P, (b(c);zn,zr)de (18)
wEn)

o0
= —/ cdPy (b(c);xn,xr).
w@n)
where the second equality follows from integration by parts.
This alternative characterization leads to the conclusion that noniintegrated firms underin-
vest in cost reduction. The distribution of actual production costs is

b(c)
R(c;xn,xr) = P(b(e);zn,xr) — / [1— L7 Yt);zn,n — 1)]dF(t; z). (19)

Notice that R(c;xn,xr) is the probability that the production cost is not greater than c. For
¢ < u(xy), the distribution of production cost is simply R(c;xn,x1) = F(c;z1). Therefore the
expected cost of production in the integrated case is

Clzn,zr) = / cdR(c;xn, xr) (20)
w(@r)
00 w(zN)
= / cdR(c;:UN,:L‘I)—i—/ cdF(c;xr) (21)
m(@N) m(zr)
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with

dR(c;xn,x7) = dP(b(c);zn,zr) —[1 — L(c;xn,n — 1)|dF(b(c); xy)
+ [ =L Ye);zn,n —1)]|dF(c;21) (22)

for ¢ > p(xy) and dR(c;zn,z7) = dF(c;xy) otherwise. This characterization leads to the
conclusion that nonintegrated firms underinvest in cost reduction.

Proposition 2 In equilibrium under vertical integration, non-integrated firms symmetrically
invest less effort than if they minimized actual expected production plus effort costs.

Proof. We prove the statement by showing that

vaw) = = [ PGy
p(xN)
< —/ cdeN(c;xN,xl):M (23)
p(xN) Orn

The first equality follows from (18) and the second from (?7), so we are left to establish the
inequality. From (22) we get

ARz (c;xn,xr) = dPgy(b(c);xn,xr) + Loy (c;xn,n — 1)]dF(b(c); xr) (24)
—Lyy (b7 (¢); 2Ny, n — 1)dF (c; 7).

Inserting this into (23) and canceling terms, the inequality in (23) is equivalent to

o0

/00 cLyy (b7 (e);xy,n — 1)dF (c; 1) — / cLyy(c;xn,n—1)]dF(b(c);xr) > 0. (25)

(zn) w(xN)

A change of variables reveals that the first integral is equal to

/ ) Lax (i, n — 1)dF(b(c); 21). (26)

(zn)

Therefore, the inequality in (23) is equivalent to

/00 [b(c) — ¢|Lgy (c;xn,n — 1)dF(b(c);xr) > 0. (27)

(zn)

which follows because b(c) > ¢ and Ly, (¢c;zny,n—1) > 0. =

Propositions 2 seems intuitive on the surface. Non-integrated suppliers are discouraged, at
the margin, from exerting effort because they do not enjoy the benefits from investments in some
of the instances when they are the low-cost potential supplier. This is because the integrated
firm opportunistically sources internally to avoid paying profit margins to the nonintegrated
suppliers. Note, however, that the definition of expected procurement cost already accounts
for the sourcing decision. Thus non-integrated firms underinvest taking the sourcing rule as
given. The reason is that a nonintegrated supplier does not fully internalize the benefit of
reducing the sourcing distortion (by shifting the cost distribution downward) because of the
monotonicity, i.e even though the independent supplier might beat the cost of the integrated
supplier, its success is uncertain and the winning price is lower.
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2.3.3 Integrated Supplier

The integrated supplier chooses z; to minimize its expected procurement cost, which equals
payments to independent suppliers plus production costs of self-supply plus the investment cost.
Assuming p(zr) < b(pu(zn)), a sufficient condition for which is x; > z, expected procurement
cost is given by

- b))
O(us,y) = / b()AP(b(c): 2. 21) + / cdF(c: 1) + U (x;) (28)
w(xN) w(zr)
and the first order condition for the integrated firm is given by
V@) = — / b(c)dPs, (b(c): 2w, 1) (29)
()

b(u(zN))
-/ L elE e e (i)
mes:

Proposition 3 In equilibrium under vertical integration, the integrated supplier invests more
effort than if it minimized expected production plus effort costs.

Proof. The partial derivative of expected production cost C(zr,zn) as given in (??) with
respect to xy is

00 mzN)
9C(xr,xN) = / cdRy, (c;xr,vN) + / cdFy(c;xp) (30)
Oxy pan) (@)

—p (zr)p(er) f(u(er); zr)

Making use of the expression for dR(c; zr,xn) in (22), this derivative can be written as

9C(r, zn) = / cdPy, (b(c);xr,zN) — / (1 = L(c;xn,n —1))dFy, (b(c); xr)
dxp I wxn)

(zN)
+/°° c(1—L(b~e));zn,n — 1))dFy, (c;zr)
w(zx

(ﬂUN)
+ / edFy, (¢ 21) — i ()l f(u(er); 21).
w(z

Re-write the term on the second line to get

0 L b(u(zN))
/ c(1 =L (¢),;xn,n —1))dFy, (c;xr) + / cdFy, (c;xr). (31)
b(p(zn)) ()
Substituting, M can now be rewritten as
OCnzN) / cdP,, (b(c): o1, ) — / o(1 = L{eswn,n — 1))dFy, (b(c); 21)
01 e o)

_l’_

/ c(1—L(b~ (c);xy,n —1))dFy, (c;xr)
b(p(zn))
b(p(zn))

/ cdFy, (c;r) — i (e (e f(p(er); ).

xI

_l’_
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Using a change of variables,
/ e(1— L (c) zysn — 1))dFy, (¢ 1) (32)
b

= b(e)(1 — L(c;xn,n — 1))dFy, (b(c); xr).

)
Consequently,
oC(xr,x &
(aIN) = cdPy, (b(c);xr, xN) (33)
2 wzN)
+ (b(c) —¢)(1 = L(c;xn,n — 1))dFy, (b(c); xr)
wzN)
b(u(zN)) )
+f L elE ()~ W e (i)
(s
Observe next that
09(xr, x o©
o) [T yer, (e ) (34)
LI u(zn)
b(u(zn)) ,
+ o cdFy (c;xr) — p(@r)p(er) f(w(zr); ).
(s
Thus, ag(géf]v ) < ac(gé;x]v ) is equivalent to
/ (b(c) — ¢)dPy,(b(c);xr,zn) < / (b(c) —c)(1 = L(c;zn,n — 1))dF,, (b(c);xr).  (35)
HN KN
Since

dPy,(b(c);zr,xn) = (1 — L(c;xn,n — 1))dFy, (b(c); xr) — Fy, (b(c);zr)dL(c;xy,n — 1)  (36)

this inequality is equivalent to
o0
0< / (b(c) — &) Fa, (b(c): 21)dL(c; 1 — 1). (37)
KN

The right hand side is positive because b(c) — ¢ > 0 and Fy,(b(c);xr) > 0. Thus, we have
established a@(gé;”’) < aC(g;fN), which is equivalent to —86%2;9”\’) > —ac(g;’[zN). Since ()

_ 00(zr,xN)
oxy )

is an increasing function and the equilibrium level of investment satisfies ¢ (z7) =
the proof is complete. m

Proposition 3 is quite intuitive. As the integrated firm obtains the additional benefit of
saving procurement costs b(c) in some instances where it is not the lowest cost firm, it has an
additional incentive to invest.

We note for reference in the next section that the integrated firm can be viewed equivalently
as maximizing the procurement cost savings from self-supply. The gross procurement cost
saving of an integrated supplier who invests x; when non-integrated suppliers invest xy is

e b(en)
/ / [b(cny) — c]dF(c;xr)dL(en; oy, n — 1)de (38)
wzn) S p(zr)

= /OO K(b(en);zr)dL(en;zn,n — 1)

(zN)
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where )
K(b;x) = / F(c;z)de. (39)
w(z)
The equilibrium investment choice of the integrated supplier therefore can be viewed as bal-
ancing the marginal cost of investment to the marginal reduction in expected procurement
cost:

Blar) = /OO Ko (b(ew): er)dL(cy:ay.n — 1) (40)
()
where )
K.(b;x) = F.(z;2)dz. 41
(b: 2) / Bl (41)

It is straightforward to show that that this alternative characterization of equilibrium invest-
ment is equivalent to (29). This representation of investment incentives for the integrated
supplier is useful for considering the shifting support model that follows.

3 Shifting Support Model

We now turn to a specialization of the the general model in which increases in investment
effort maintain the shape of the cost distribution but shift its support downward; that is,
F(z;z) = F(z+42;0) and pu(x) = po —x. For notational ease, we let f(z+x) = %. Notice

that under the shifting support assumption we have F,(z;x) = f(z + ). It follows that

b
Ky(bjzr) = / Fy(z;xr)dz = F(b+ x1;0). (42)
m

0—TJ
Keeping the assumption that first-order conditions are necessary and sufficient, we have

o0

Y(zy) = / [1— F(c :):N)}"_2 [1— F(b(c);xr)]Fy(c;zn)de (43)

—00

= /OO [1—F(c+zn;0)]" 2 [1 — F(b(c) + 21;0)] f (¢ + zn)de

—00

- ! /Oo [1 = F(b(c) + 13 0)]dL(c; zn,n — 1)

n—1J_4
and -
V() = /_ F(b(e) + 21: 0)dL(c; 2y, — 1), (44)
Hence
(n— Dp(an) +(zr) = 1. (45)

This implies that the equilibrium aggregate effort depends on the shape of the effort cost
function.

Proposition 4 In the shifting support model, aggregate investment under vertical integration
is the same, higher or lower than under non-integration if, for all x > 0, " (x) =0, ¢"(z) < 0
or ¢ (x) > 0.
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Proof. Under nonintegration, equilibrium effort is given by ¢(z*) = % On the other hand,
1

rewriting the consolidated equilibrium condition with vertical integration, (45), as = (xxn) +
%@Z)(zj) = %, it follows from Jensen’s inequality that (n — 1)zy + 27 = nz* if ¥” = 0 and
(n—1ay+xr > ()na* if " < (>)0. =

Expected production costs are minimized under non-integratio, assuming a symmetric
solution to the cost minimization problem. Outcomes under vertical integration depart from
this benchmark in three important ways. First, if ¢”(x) # 0, then equilibrium aggregate effort
is either too high or too low under vertical integration. Second, even assuming ¢"(z) = 0 so
that aggregate investment is fixed, vertical integration equilibrium inefficiently shifts investment
toward the integrated supplier. This misallocation not only increases expected production cost,
but also the cost of effort because the marginal cost of effort is increasing. Third, the sourcing
decision is distorted in favor of the vertically integrated firm. This sourcing biases increases
expected production cost, even though the integrated firm is motivated to reduce procurement

cost.

4 Exponential-quadratic model

4.1 Cost minimization

There are n potential suppliers whose costs are independent and identically distributed draws
from an exponential distribution that shifts with investment:

F(e;z) =1 — e Meta=h) (46)

Assuming symmetric investments, the minimum cost of production is distributed according to
the minimum order statistic:

L(c,z,n) =1 — ¢~ Anletz=k) (47)

The expected minimum production cost is therefore

C(x,n) = )\n/ ce A etE=R) e (48)
k—x
1
= m + k — X

If in addition investment cost is quadratic, i.e.
U(z)=-x
then total expected cost is

1
Sy SRS (50)

C(z,n) +n¥(r) = v 5

and is minimized at x = %

The more general statement of the cost minimization problem allows for asymmetric in-
vestments. Assume without loss of generality that z1 > x5 > x,. Then expected minimum
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production cost is:
~ n—1 j k—zj+1 A
Clxy,..ty) = A (Z je A ha Ih)/ ce—IMNe=k) 4. (51)
k

j=1 .

+ n)\e_Azz—lwh/ ce MR g,

k—xn

For A < 1, C(x1,...7,) is minimized at the symmetric solution z = % This is easiest to

see for n = 2, in which case the two first order conditions for a minimum are %ﬂ’”) =
-1+ %6_’\(:’:1_””2) +x1 =0 and %11@2) = —%6_)‘(””1_9”2) + 29 = 0. Subtracting the first from
the second yields, the difference equation

1—e M =A, (52)

where A = 1 — xo. Since 1 — e is concave in A and its slope is A at A = 0, it follows that

A = 0 is the unique solution for A < 1. Plugging A = 0 back into the first order conditions
then gives the result. Though the argument is somewhat more complicated for n > 2, the basic
idea generalizes directly to arbitrary n.

4.2 Nonintegration

The equilibrium bid for the exponential model with n symmetric bidders is a fixed markup on
cost:

fcoo e~ AMn—=L)(t+z—k)
ble) = c+ o—An—1)(c+a—F) (53)
1

An—1)

= C—|—

If x is a candidate symmetric equilibrium investment and ¢ = k — x, then a deviant bidder
who increases investment by choosing = + ¢ with € > 0 earns an expected profit:®

1 o
I _ —)\n(c—l—:c—k)/\ —)\(c—i-x-‘,-a—k)d 54
(g, ) M= 1) /k_xe e c (54)
k—x
+/ [1 +k—x—c| e Netete=k) g,
k—xz—e )‘(n_l)
1
—5 (.T +€)2
B e_’\an—l_ln—2+ _1( Loy
X n An-—1 " gWTe

SFor following formulas are useful for this derivation:

/ ce Mg =
u An

/M e MeMge = —
n—e

L
A
o
/ ce Mg = —Egy
p—e A
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The first partial derivative is

oll(e,z)  _y.n—1 B
T = (& 47’1/ + 1 (‘T + E), (55)
1

which at ¢ = 0 if x = . Therefore, in a symmetric equilibrium with n suppliers, total
investment in the exponential-quadratic model is equal to unity.

It remains to consider second-order conditions for profit maximization to show that a sym-
metric equilibrium exists. The second partial derivative of the deviant’s profit function (for
any value of z) is

O?Tl(e, ) wn—1
—— T = e F— — 1. 56
Oe? ¢ n (56)
Since e~ is a decreasing function of ¢, BQSS*’*”) < )\"T_l — 1. This is nonpositive if and only if
n
A < . 57
< (57)

Thus, condition (57) is necessary and sufficient for the profit function to be concave in an in-
crease in effort € starting from any candidate, symmetric equilibrium effort level. Alternatively,
consider a decrease in investment of by € > 0 from the conjectured symmetric equilibrium level
x = 1/n; the profit function is

H(—{—j’ l) _ 1 / e—)\n[(c—l—ax—a—k)}dc _ (ZL' _ 6)2/2
n k—z+e

n—1

NS TS S v S A
N )\n(n—l)e o\n %) (58)

which follows using similar arguments as above. The first partial derivative is

Ol (—e, L
O, ) _ _le*/\("fl)s + <1 — €> : (59)

n

Oe n
which is indeed 0 at € = 0, and the second partial derivative is
1
82H(_57 E) _ )\(TL - 1)6—)\(71—1)6 1
De? n '
which is non-positive for all € > 0 if and only if (57) is satisfied. Thus, (57) is necessary and
sufficient for the existence of a unique symmetric equilibrium. In this equilibrium, z = 1/n.%

(60)

Proposition 5 In the exponential-quadratic model, the socially efficient and unique symmetric
equilibrium outcome under nonintegration is for each supplier to invest % This equilibrium
exists if and only if A < 5.

The equilibrium expected procurement cost to the buyer under nonintegration equals the
expected low bid:

- [ o [T eeleroy g L
P = /kxb(c)dL(c,a:,n)—)\n/kzce dC+A(n—1) (61)
— ket t——
an An—1)
B 11 2n—1
k_ﬁ An(n—1)

SNotice that = does not appear in any of the second partial derivatives; thus the profit function is globally
concave in any symmetric equilibrium. Consequently, the symmetric equilibrium is unique, provided it exists.
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Expected production cost, on the other hand, is

1 1-2X1
—n)=—"- 4k 2
Cln) = — >+ (62

as for the planning problem. The expected profit of a representative supplier is

_ 1 11
M=~~~
An(n—1) 2n?

4.3 Vertical Integration
4.3.1 Nonintegrated suppliers

Suppose now there is one integrated bidder I who invests x;, and and n — 1 nonintegrated
suppliers who invest x. Conjecture that the nonintegrated suppliers use a fixed markup
bid function b(c¢) = ¢ + a, where « > 0 is the markup. Substituting the conjecture into the

right-hand side of the equilibrium bid function confirms that o = /\(nlil):

J7( = Ft;zn))" 2 (1 = F(b(t); x1))dt

(1= F(gan))"2(1 = F(b(c); 1))
fCOO e—)\(n—l)zdm

e—A(n—1)c

1
An—1)
Thus, n — 1 independent suppliers under vertical integration use the same bid function as with
n symmetric suppliers under nonintegration.

Consider first an independent supplier’s investment problem given this fixed markup bid

strategy. Let uy = k —xn and puy = k— x7. Following a decrease of effort to xny — ¢, the
representative independent supplier’s profit is

bc) = c+ (64)

= C+

= C+

In(e, pun,pr) = )\(nll) / N e~ Me—pn)(n=2) = Alet A(n1*1>*’”]>\e_’\(c_/“\’_5)clc —(k—pr —e)?/2
UNTE
1 o —Al(c— n—1)—e]-Act+s——5—
B / ¢ Mlempn) =)= =Aet sy —wrl g, _ (k—un —€)?/2. (65)
n—1 UN+e

Letting A, = pun — pr (which is presumably positive), the partial derivative with respect to
UN 1S

olln _ 1 e—A[a(n—l)-i—Au}—ﬁ + A /Oo e—A[(C—MN)n—a—I—AH}—ﬁdC_}_ (k — N — 8)
Oe n—1 n—1Juy+e
Letting € — 0, the first order condition becomes
o0
xy = k—puny= R e Mty _ A / e~ Mle—nnntAu-15 5. (66)
n—1 n—1/.y
= 71 e_AA”_ﬁ — 71 e_AA”_ﬁ
n—1 (n—1)n
= le_AA“_ﬁ
n

Thus, the investment of a nonintegrated supplier is a function of A,, which remains to be
determined in equilibrium.



4 EXPONENTIAL-QUADRATIC MODEL 17

4.3.2 Integrated supplier

Consider now the integrated firm’s investment problem. The integrated firm’s benefit By (¢)
from increasing effort to 7 + ¢ with ¢ > 0 is

/ / b(en) — cr)dF (cr;xp — €)dL(en; an,n — 1) — (k — pr +€)?/2. (67)
pn Jpr—

Neglecting the cost of effort for the moment, the expected profit of the buyer from increasing
effort to x7 + ¢ with e > 0 is

/ / CN — C]]dF(C[, xry — E—I)dL(CN7 TN, T — 1) (68)

CNYt sy
_ n B 1 / / N A(n 1) |:CN n L . CI:| e—)\[cl—y1+s}ef)\(cNf,uN)(nfl)dclch
un - A(n—1)

1
— A1 / [CN N } AT en—n) oy
( ) . A(n—1)

—A(n — 1)/ [,u[ —e+ l — 16)\[0N+A(nll)‘u]+€}] e_)‘(CN_“N)(n_I)dCN
KN )\ )\

Notice that the term in the second to last line is independent of €. Thus, the integrated firm
can be viewed as maximizing

. 1 < _ _ L
Bi(e, un, pr) = —,uN—i-AM—&-a—)\—i-(n—l)/ e Men=mnmt At smn el gon — (k—pp+€)2/2.
UN
(69)
The partial derivative with respect ot ¢ is
OB o _ .
I(E;a/vLNa ,U‘I) — 1 _ A(n _ 1) / e )\[(CN HN)n—FAHJrM"_I)JFE]dCN _ (]{7 _ /,L[ + 5) (70)
€ UN
— 1 CAA, L
n
The first-order condition W = 0 therefore implies
-1
pp=1- "1 T Mua (71)
n
i.e. the integrated firm’s investment also depends on equilibrium A,,.
4.3.3 Equilibrium
Combining (66) and (71), we get
A,=1- efAAu*ﬁ (72)

as the equilibrium difference in effort levels by the integrated and non-integrated firms. The
left hand side is trivially linear while the right hand side is increasing and concave in A,. At
A, = 0 the left hand side is smaller than the right hand side while the converse is true at
A, = 1. Thus, there is a unique A, (), n) solving equation (72). Moreover, 0 < A, (A,n) <1
will hold for any finite n > 2.

Summarizing, we have:
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Proposition 6 For A\ < "5 in the exponential-quadratic model, there is a unique equilib-
rium that is symmetric in the decisions of the non-integrated firms. The effort levels in this
equilibrium are given by (66) and (71) with A, determined by (72).

Uniqueness of the symmetric equilibrium follows from the uniqueness of A, (A, n).

Notice also that the aggregate effort level z; + (n — 1)z = 1 is constant, consistent with
the more general the shifting support model with quadratic effort cost. Furthermore, a higher
value of A, shifts investment toward the vertically integrated. This occurs for higher values

of X and lower values of n:
0A, 1-A,

A 1-ai-4, " (73)

and oA 1 oA
wo_ 1
on — (n—1)2 oA <0 (74)

These partial derivatives are readily established. Their sign depends on the fact that 1 — A(1 —
A,) > 0 which is equivalent to A < ﬁ. Since we assume A < —5, the left hand side is not

bigger than "4 while the right hand side is no less than e/ (1) since A, > 0. To see that

% < e/ (=1 for any finite n > 2 notice first that this holds at n = 2. Since in the limit as

n — oo the two expressions are both 1 while the derivative of e/(=1) is always less than the
derivative of ™5 the result follows.

The expected procurement cost of the vertically integrated firm equals the expected price
paid to the independent suppliers, plus the expected production cost of self supply, plus the
investment cost of the integrated supplier. The expected price paid to independent suppliers is

/OO /OO b(en)dF (cr;xr)dL(en;zn,n — 1) (75)
I

N Jb(en)
= b(en)[1 — F(b(en);xr)]dL(en;zn,n — 1)
uN
> 1 “Aen+1/(A(n—1))—pr)
— CN+:|€ (en+1/(A(n #) S dL(enszn,n— 1)
/MN { |: /\(n - 1)
and the expected production cost of self supply is
oo rb(en)
/ / crdF (er;xr)dL(en;zn,n —1) (76)
un Jur
_ /OO {M +1_ [CN P S 1] e—A(cNH/(A(n—l))—m} dL(cx: y.m — 1)
N A A(n—1) A

Adding these two expressions and cancellation of terms yields a simplified expression:

9 00 b(en)
/ [/ b(en)dF (er;xr) —l—/ crdF (cr;xr)| dL(en;xn,n— 1)
n b

N (en) %53
_ / °° { it % _ ie—mcml/(xw—l))—m} A — 1)e=New—mw)n=) o
uN
_ I In—-1 jaA-1/m-1)
Prts =y ¢
1— A
= k+ xy.
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Finally, adding in the investment cost, the total expected procurement cost under vertical

integration is

1—-A n 1,
rr+ -z

P

where x; is determined according to Proposition 6.

PINT =k+ (77)

4.3.4 Incentive for vertical integration

Finally, we turn to analyzing the incentive for vertical integration in the exponential-quadratic
model. Toward that end, we interpret the expected costs and profits under alternative market
structures as determining the reduced form payoff of an acquisition game. In the the acquisition
game, the downstream firm (buyer) sequentially makes take-it-or-leave-it lump-sum offers to the
n downstream firms (suppliers). After receiving an offer, a supplier accepts or rejects. If any
supplier accepts an offer, then the acquisition game ends and the resulting market structure is
vertical integration. If all suppliers reject, then the resulting market structure is nonintegration.
Each supplier’s objective is to maximize expected profits. The buyer’s objective is to maximize
procurement cost savings (relative to the nonintegration equilibrium) minus the acquisition
price. It is straightforward that in equilibrium the buyer offers a supplier an acquisition
price equal to the expected profit under nonintegration and the supplier accepts if and only
if this outcome is profitable for the buyer; otherwise, the buyer makes nonserious offers that
all suppliers reject. Therefore, the equilibrium outcome is vertical integration if and only if
procurement cost savings from vertical integration exceed supplier profit under nonintegration.
Formally, vertical integration is an equilibrium outcome of the acquisition game if II <
P — Pryr. Substituting the outcomes for the exponential quadratic model, this condition is
equivalent to and vertical integration is the equilibrium outcome of the acquisition game if

2n—1 1 1—A 1, 1 11

R vy Rl e A Rl vyl P

A(n—1) n X\ ]20 (78)

where z; is determined by (71) and (72) as a function of A and n. Note that the parameter k
cancels on the left-hand side of this inequality. Since there is no closed form solution for xj,
the condition is evaluated numerically imposing the parameter restriction A < 5.

Figure 2 evaluates ®(\, n) for different values of A and n. It shows that vertical integration
generally is profitable.

The complete intuition for the result that vertical integration is always profitable in the ex-
ponential case remains to be developed. The following factors seem important. In the shifting
support model with quadratic effort cost aggregate investment is the same with and without
vertical integration (Proposition 4). Since the exponential distribution has a constant hazard
rate, this implies that the expected cost of production is the same on the common support.”

"Denote by Le(c) =1 — (1 — F(c+en —e/(n—1)))""*(1 — F(c+ er +¢€)) the distribution of the minimum
order statistic. So

dL:(c)/de |e=0 = f(c+er)[l— F(c—|—e1\z)]n_1 —fle+en) A —F(c+en))">01—F(c+er) >0
flc+en) flcter)

< 1—F(c+en) 1—F(cter)’

which is a monotone hazard rate condition, i.e. if the hazard rate is increasing, then L.(c) > Lo(c) for € > 0.
So this redistribution will always reduce the expected lowest cost. By the same token, the expected lowest cost
will not be affected if the distribution is exponential because it has a constant hazard rate of 1/\.
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Figure 2: ®(\,n) for different values of A and n.

Because the additional investment of the integrated firm shifts the support downwards, ex-
pected production cost falls. On top of that, the integrated firm self-sources (inefficiently) in
some instances, thereby reducing its procurement cost compared to the case without vertical
integration. The downside to vertical integration for the vertically integrated firm is that its ef-
fort cost increases. Notice that revealed preferences arguments cannot be applied directly here:
Though it is true that it could keep its investment at the pre-integration level but chooses not
to do so, the other firms reduce their investments, and so all we can conclude is that, given
that the other firms reduce their investments, the integrated buyer prefers slightly more to less
investment, but this does not allow us to conclude that it is better off with integration.

5 Uniform-quadratic model (in preparation)

TBD: Uniform ’counter’example: n = 2, quadratic cost with a = 1: The socially efficient
investment is 1 = 1 and zo = 0. Without integration, there is no equilibrium in which first-
best is achieved. However, with vertical integration such an equilibrium exists. Thus, vertical
integration can be beneficial and an equilibrium outcome of the acquisition game.

6 Conclusion

In a procurement environment in which cost minimization requires equal investments by sym-
metric suppliers, a vertical acquisition raises expected costs by distorting sourcing and invest-
ment in favor of the integrated supplier. Additionally, in an environment in which investment
shifts expected costs and the marginal cost of investment rises quickly enough, such vertical
integration also reduces total investment in cost reduction. Nevertheless, despite the cost
inefficiency, there are strong private incentives for vertical integration to reduce expected pro-
curement cost. In contrast, when cost minimization requires asymmetric investment levels,
vertical integration can be more efficient than non-integration and may arise endogenously as
the outcome of an acquisition game.
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