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Abstract: In this paper I present a theory of the boundary of the firm that accounts for
some important characteristics of real-world multidivisional firms: Operative decisions
are in the hands of middle managers who are rewarded with incentive contracts based on
the performance of their units; Managers' decisions are subject to approval and
intervention by the top management of the firm; and managers are better informed
regarding the affairs of their divisions than their superiors in the firm's hierarchy. In this
setup, the integration of a producer of an intermediate input and its buyer as separate
divisions within a single firm is unambiguously desirable, as long as the choice of trading
partners can be credibly delegated to the divisions' managers. I show that this is satisfied
not only under the assumption of full commitment by the general office of the firm, but
also interestingly, if it has no commitment power at all. At the time of trade, the
uninformed general office prefers to delegate the choice of trading partners to the
divisions whose decision is ex-post optimal. An explanation of the boundaries of the firm
emerges only if we assume that the general office retains some limited commitment
power. The general office may then mandate internal trade in order to encourage the
divisions to specialize towards one another before the trade. In the context examined, I
show that the general office faces a 'time-consistency' problem. It tends to mandate
internal trades in more instances than would have been optimal with full commitment,
adversely affecting the levels of investment taken by the divisions' managers. Whenever
such inconsistency arises, it may be optimal to have the trade conducted between
independent, non-integrated parties.

JEL Codes: 1.22,D23



1 Introduction

FEconomists have been intrigued with the question of the boundary of the firm ever since
Coase’s (1937) seminal paper. Following the work of Williamson (1975, 1985), Klein, Craw-
ford and Alchian (1978) and others, the discussion has focused on the difficulties of market
transactions when the contracting environment is incomplete. Integrating successive pro-
duction stages within the confines of a single firm was perceived to alleviate some of these
costs, reducing opportunistic behavior and minimizing ex-post holdups. These benefits are
to be weighed against the increased governance costs of managing a larger organization.
Drawing on these informal ideas, modern theories of the firm emphasize the critical
role that the change in the control of firms’ assets due to integration has on the decisions
taken by stakeholders within firms. In the prominent Property Rights Theory of the Firm
(Grossman and Hart (1986), Hart and Moore (1990) ), the joint surplus from trade is
divided between the participants by exz-post negotiations. By transferring ownership of
all physical assets essential for the trade into the hands of the acquiring firm’s owner,
integration changes the bargaining outcomes. Consequently the parties willingness to make
ex-ante trade-specific investments is affected in opposite directions. The costs and benefits
of integration are thus clearly identified, and an explanation of firms’ boundaries emerges,
alluding to such factors as the marginal importance of the parties’ investments and the
degree of complementarity between the assets. Holmstrom and Milgrom (1991), building
on Williamson’s ideas, present a model of integration in which the main determinant of
the boundary are measurement costs. Here again integration matters as it fundamentally
changes the incentives of managers who are no longer owners. In this case the incentives
are for activities that are hard to measure such as asset maintenance and proper utilization.
While the work described above has been fundamental in shaping our thinking on these
issues, these models are more suited to study the implications of the acquisition of an
entrepreneurial small firm than to analyze a merger between two large public firms into a
multidivisional entity.! The reason is that these models do not distinguish between the own-
ership and management of firms which are taken to be in the hands of the same individual.
In most modern enterprises on the contrary, the control of many of the operative decisions is
in the hands of managers who act as agents of a diffuse set of owners and hold only a negligi-
ble stake of the firm. Managers have only limited bargaining power and their compensation
is primarily determined by monetary incentives specified contractually, and is not directly

tied to the set of assets owned by the firm. As a result the forces identified in the models

!See also Bolton and Scharfstein (1998) for a discussion of related issues.



above do not directly apply in these environments. The fundamental change brought by
integration is to place the two trading stages under a unified management structure, where
they are controlled and managed through the firm’s hierarchy.? As described by Chandler
(1962), many large firms came to be organized in a multidivisional structure, distinguished
by the delegation of most operating decisions to the managers of semi-autonomous divi-
sions whose decisions are supervised and coordinated by a general office. For this reason,
the direction of integration, that plays an important role in the Property Rights model, is
no longer as relevant, since either forward or backward integration would result in a similar
final structure.

In this paper, I use a model of internal trade within an hierarchal structure to develop a
theory of the firm’s boundary for such environments. A main difference between integration
and non-integration in this setting, is in the objective of the common principal, the general
office of the firm. Controlling both trading units, the general office may be inclined to change
managerial compensation and to intervene in the decisions taken by division managers.
Specifically, the general office may limit the divisions’ sourcing autonomy and mandate
trade within the firm. As was documented by Eccles (1985), firms vary substantially in this
respect. In his study of transfer price practices of large multidivisional firms, mandated
transactions were quite common, but in other firms, divisions were given broad autonomy
to choose external partners, even when viable internal alternatives existed. General offices
have even sometimes employed different policies with respect to different inputs traded
between divisions in the firm.

Within this framework, I identify the general office’s ability to credibly delegate the
choice of trading partners to the divisions as central to an explanation of firms’ boundaries.
Under the incomplete contracts paradigm, maintaining the divisions’ option to trade for
inputs outside the firm is valuable as it prompts general investments (such as in quality)
by the divisions’ managers. Integration is always desirable as long as divisional sourcing
autonomy can be sustained, yet the general office may be inclined to limit it if the divisions
decisions do not comply with the corporation best interest. In section 2, I consider a simple
model where in the absence of commitment to divisional sourcing autonomy, and if internal
trade is always efficient, the incentives of divisions’ managers to invest are severely impaired
under integration. Surprisingly however, if external trade may be efficient, even only in
extreme circumstances, and provided that the values of different trades are observed only

by divisions’ managers, the general office finds it optimal to let the divisions choose their

20n this, see the discussion in Williamson (2000).



trading partners. This setting does not offer a theory of vertical integration as integration
always outperforms nonintegration even if ex-ante commitment is not feasible.

In order to explain the boundary I turn next to consider a richer environment. I employ
and build on a framework by Holmstrom and Tirole (1991) who study the use of alternative
transfer pricing policies within an integrated firm. In their model, division managers make
general investments as but also decide on how much to specialize their divisions’ production
towards each other. If divisions are allowed to trade externally, investments are high, but
the divisions do not specialize sufficiently, each trying to opportunistically increase its share
of the gains from trade.

Section 3 presents a general model which extends Holmstrom and Tirole’s framework
to allow for external trade to be efficient at times, and posits that the ranking of different
trading relations is known only to the divisions’ managers, not to the general office. These
plausible assumptions were demonstrated to be important in the context of the simpler
model of section 2. In section 4, I show that if full commitment to a divisional sourc-
ing autonomy is feasible, integration always dominates nonintegration. The advantage of
integration, as identified by Holmstrom and Tirole, is in the ”coordination” of incentives
between the managers. Under common ownership, the effect of an increase in a division’s
investment on the profits of the entire firm is internalized and incentives are adjusted ac-
cordingly. In section 5, I consider the case of no commitment. I analyze a particular model
of bargaining between the divisions and demonstrate that the intuition of the simpler model
generalizes to this setting, and integration always outperforms nonintegration. I conclude
that limited, but less than full commitment power by the general office is necessary to
explain firms’ boundaries in this framework.

In section 6 , I then study a particular form of limited commitment, assuming that
the general office is unable to commit ex-ante (before investments are taken) but only in
an interim stage, before the decisions determining the exact specifications of the trade
are made. [ show that the general office faces a ”time inconsistency” problem: since in
the interim stage it no longer takes into account the effect on investments that are already
sunk, it tends to mandate internal trade in too many instances compared to what is optimal
ex-ante. The divisions anticipate this equilibrium behavior, and lower their investments
as a result. Nonintegration may be an optimal organizational form in situations where
the integrated firm suffers from such inconsistency. I also show that the asymmetry of
information between the general office and the divisions regarding the value of external

trade opportunities implies that any choice of transfer pricing policy within an integrated



firm results in some trading inefficiency. In section 7, I consider how various changes in the
environment, including the relative attractiveness of external opportunities and the degree
of cooperativeness of investments affect the optimal organizational form. In section 8, I
investigate whether the findings of the previous section still hold if the general office can
use elaborate mechanisms in order to extract the divisions’ information on the value of
different trades. I show that the essence of the results is retained and that the possibility
of using such mechanisms can adversely affect the incentives of the divisions to invest, and

is therefore potentially harmful. Section 9 concludes.

2 Prologue

How does trade between two units within the hierarchial structure of an integrated firm
differ from that between two independent firms? I argue that within the confines of an
integrated firm, the units can no longer threaten to opt out of an efficient internal trading
relationship, as the general office of the firm may not allow it. This limits the role that
information from external markets can play in monitoring the performance of the units, and
has an adverse effect on the investments made by them, lowering the overall efficiency of the
integrated organization. A safeguard against such intervention is the fact that internal trade
may not always be efficient, and the units are typically better informed than the general
office with respect to the values of different trades. This tends to discourage intervention
and restore incentives to invest.

In this section, I demonstrate these ideas using a simple model in the spirit of Hart
(1995). The purpose here is mainly expository, and the analysis is therefore not intended to
be rigorous. Consider a trading relation between two units, a buying unit B and a selling
unit S. The units can trade a single unit of input that is to be used by B. Each unit is
headed by an employee-manager. Prior to the trading period, each manager can take an
investment that would increase the value of trade. Let v (b) denote the value to the buying
unit B given an investment of b, where v' > 0,v” < 0. Let ¢(s) denote the cost to the
selling unit S given an investment s, where ¢ < 0,c¢” > 0. Investment cost is privately
borne by the managers. Both B and S have alternative trading opportunities, the best of
which yield wp (b,0) and wg (s,0) respectively. The values of those trades increase with

. . . 92
investment as well, subject to decreasing returns. Hence Bg—f > 0, 9wp < ( and 85"

ob?
8828‘35 < 0. External trading opportunities’ values also depend on a realization of a random

s >0,

S

variable 6 which is observed by both managers before the investment decision. Managers

receive monetary compensation based on their unit’s profit o; + 8;7;, ¢ € {B, S} where 7;



is unit ¢’s profit. Their utilities are Ugp = ap + Bgmp — b and Ug = ag + Bgms — s, where
mp = v (b) —t if B and S trade with each other, ¢ is the transfer price, and 7p = wp (b)
if the parties trade elsewhere. Similarly mg = t — ¢ (s) if they trade with each other and
ms = wg (s) if trading elsewhere.

We compare two alternative forms of organizing the trading relation. Under noninte-
gration, the two units are independent firms, whereas in an integrated relation the units
are divisions within a single firm. Unlike in Hart’s model, the ownership of assets plays no
role here, as managers are employees both under integration and non-integration. However,
I maintain Hart’s assumption that describing contractually the exact nature of the input
that would be required by B is prohibitive costly, and therefore no contract is signed be-
fore investments are made. At the time of trade, the units bargain over the transfer price.
External trade opportunities affect the division of the gains from trade between the units
in the bargaining, and hence the investment decisions taken prior to the trade.

Consider first the case where internal trade is always efficient. Assume
v(b) —c(s) >wp (b,0) +ws(s,0),V(bs,0).

When B and S are two independent firms, assume, as in Hart, that the transfer price splits

the surplus over the external trade payoffs. The profits to the units are then

mn = ws(b0)+ 5[0 —c(s) — (i (5,0) +ws (5.0)]

ms = ws(5,6)+ 5 [0(B) —c(s) ~ (wn (b,0) +ws (5,0))] -

The optimal investments (bN I gNI ) then satisfy

v (b) +wg (b,0)

W1 = —b
arg m?xBB 5 ,
- 0
s = argmax B4 c(s) +2ws (s,6) s
S

Now consider a similar trading relation within the confines of an integrated firm. Divisions
are supervised by the general office of the firm, who is allocated all the control rights and has
the last say over decisions. Assume that the general office observes neither the investments
made by the divisions, nor 6. The general office hence does not know the exact values of
respective trades, and the division managers are allowed to bargain over the transfer price.
Given our assumption that internal trade is always efficient however, the general office does

know the ranking of different trades.



Trade is always efficient and therefore internal. If the general office could have commit-
ted itself to let the divisions bargain freely and trade externally if they choose to do so, then
investments levels would be as in a non-integrated relation, provided that managerial incen-
tives, g, B¢ are the same as under nonintegration. In fact, as will be shown below for the
more general model, the general office sets stronger incentives for the divisions than those
chosen by independent owners. As a result integration would outperform nonintegration.

Things are very different if the general office cannot credibly commit ahead of time not
to intervene. Because internal trade is commonly known to be always efficient, the general
office would not allow the divisions to opt out of jointly profitable internal trade. A threat
by one of the units to opt out and trade externally is no longer credible. Even though
opting out may only occur off the equilibrium path, the possibility of trading externally
has a positive effect on the incentives of the divisions to invest. With no credible option to

trade externally, optimal investments solve

b

o= argmaxﬁBi)—b,
b 2

st = argmaxBS_CZ(s)—s.

Compared with the investments derived under nonintegration, we note that holding incen-
tives fixed across organizational forms, both investments are lower under integration. This
contrasts with the result in Hart’s model, where under integration, one unit’s investment is
higher, and the other is lower than their levels under nonintegration.

In this setting, the boundaries of firms can be explained by a trade-off between two
conflicting effects. On one hand, under integration higher—powered incentives are set for
the units, but the level of investment chosen is lower for any given level of incentives. The
relative efficiency of integration and nonintegration then depends on the magnitudes of the
two effects. This is however somewhat misleading. As we now show, this result only holds
under the assumption that external trade is never efficient. It is then in the interest of the
general office to intervene whenever one of the parties choose to opt out. This assumption
does not seem very plausible, as it is reasonable to believe that external trading options may
be superior at least in some extreme situations. If external trade is sometimes efficient, the
general office cannot rank the respective trades and it will not necessarily prevent opting

out. Hence we assume instead that either internal or external trade can be efficient at times:
V(b,s),30,s.t wp (b,0) +ws(s,0) >v(b) —c(s).

I now sketch the intuition why in this case the general office would not intervene, even if it



cannot commit itself to do so: Bargaining between the divisions always results in an efficient
trade.® In equilibrium, the divisions opt out if and only if wp (b,8) +wg (5,0) > v (b) —c(s).
Whenever this is satisfied, a transfer price t exists such that v (b) — ¢t > wp(b,0) and
t—c(s) > ws(s,0), and no such price exists otherwise. The general office observes neither
0 nor the investments, and its information set therefore does not distinguish when internal
trade is optimal. Given that in equilibrium the trading decision is efficient, it is optimal for
the general office not to overrule the divisions’ decisions to opt out. But then the external
trade opportunities are again viable as outside options, as the divisions can credibly threaten
to opt out. Investments are once again responsive to the returns due to external trading
options, and equal those achieved if full commitment is feasible. An immediate implication
is therefore that integration necessarily dominates nonintegration in this setting.

This simple framework demonstrates that a potential drawback of internalizing trade
within the hierarchial structure of an integrated firm is that the possibility of discretionary
intervention by the general office would have an adverse effect on the investment decisions
taken by the subordinate managers. It is also shown that asymmetric information within the
integrated firm’s hierarchy regarding the ranking of different trades helps to discourage such
intervention, and restore the investment incentives of the managers. These two themes are
central in the analysis below. The simple framework is limited for explaining variation in the
vertical structure of firms, since as long as external trade is sometimes optimal, integration
dominates nonintegration. I now turn to consider a more complex model in which giving
the units autonomy over the trading decision bears a real cost. In this context, the problem
of the general office’s inability to commit not to intervene reappears. In section 5 below,
I consider a similar setup to that of this section in the context of the general model, and

provide a more rigorous treatment.

3 The Model

The model is based on the framework of Holmstrom and Tirole (1991) (henceforth HT).*

study the organization of trade between a selling unit ¢ = 1 and a buying unit ¢ = 2. The

3Tt is important to stress that the division managers bargain over the transfer price and cannot use
their resources to contract secretly between themselves. If secret side payments between the managers are
possible, then unless 85 = 4, the trading decision need not be efficient. Suppose that 35 > 8¢ and that
v—c=13, wp = 10 and wg = 4. In that case external trade is efficient. However by transferring all profits
from internal trade to B using a transfer price of ¢ = ¢ and then having B secretly pay S, the divisions
would do better by trading internally if S5 (v —¢) > Bgwp + Bgws or 1385 > 1085 + 408, that is provided
that 35 > 385 -

4The model corresponds to their example 2. They also allow for monetary investment in quality and
cost-reducing effort, which I do not consider here.



units may trade a single unit of intermediate product that would be used by the buying
unit. Each unit is headed by an employee manager, whose incentives are determined by
contract. There are two possible forms of organization: Under a nonintegrated relationship
the units are independent and separately owned firms. The integrated firm is organized in
a multidivisional form and each one of the units functions as a separate division. Divisions’
managers respond to a general office, who has formal authority over all decisions.> Each
division is capable of trading with external customers and suppliers without the assistance

of other units being required.
Decision Variables and the Values of Alternative Trades

Each manager controls the level of two variables: a quality-enhancing effort s; which
increases the values of both the division’s internal and external trade opportunities, and the
market orientation of its operation m; € [m,m| which determines their relative values. The
cost of quality, c¢(s;), is borne by the manager, measured in monetary terms and strictly
convex. A higher level of m; increases the value of the intermediate input to external
costumers but at a cost of a decrease in its specialization to unit 2’s needs. A higher level
of my raises the value to unit 2 of using substitute inputs from external suppliers but at
the same time lowers the value of using unit 1’s intermediate good. Thus m; bears an
opportunity cost, lowering the value of internal trade, but no direct cost to the manager.
The choices made by the managers are not observed by the owners of the units. Following
HT, I simplify the exposition by taking the units to be symmetric in cost and benefits.
Denote by ® (s1,m1) + ® (s2, mg) the value of trade between the two units, where ® (s;, m;)
is the value added by unit ¢ if the units trade together (I will refer to this as internal trade,
though in the nonintegrated case it should be thought of as mutual trade). Denote by
I (s;,m;, 6) the value of division i’s best external trading alternative. The value of external
trade is uncertain, depending on the realization of a state variable 6 € [Q, 5] . 0 is distributed
according to a continuous distribution with density f (9).

Due to the incompleteness of contracts, the intermediate good cannot be described in
a contract before investment decisions are made. The state variable § and the values of
the possible trades are observed later by both units’ managers, but are not observed, nor

verifiable by any third party, including the general office of the integrated firm.

SWe take the general office’s objective to be maximization of the owners’ surplus. We hence ignore a
second tier of agency relations between the general office and the firms’ owners (stockholders). Bolton and
Scharfstein (1998) emphasize the importance of considering explicitly this two-tier agency relation.



I make the following functional form assumptions on ® and I'. Those assumptions are

similar to the ones made by HT, extended to the case of uncertain external trade.
Assumption 1

1. ®(s,m) = s*xx(m,k) where T, < 0, Ty <0, 2 < 0, pr <0, z(m, k) =1, Vk
and x (m,k) =1, Vm.

2. I'(s,m,0) = s v (m,0) where v,, > 0, Yy <0, 79 >0, Y9 = 0.

x (-, k) is a family of functions parameterized by k € [@, E]. k measures the degree to which
the value of internal value depreciates with an increase in the market orientation of each
unit. Both the opportunity cost and the marginal cost of market orientation increase with

k. For k = k, market orientation is ”costless”.

Assumption 2 T’ (s,m,é) > & (s,m) and ®(s,m) > I'(s,m,0). External trade can be

more or less profitable than internal trade.

In an integrated firm, the general office can choose one of two transfer pricing policies:
exchange autonomy or mandated internal trade. Under the first policy the decision whether
to trade with the internal partner or externally is delegated to the division managers. Under
the latter the divisions are obliged to trade with one another or not at all, but are free to

bargain over the transfer price and whether to trade.

Incentives and Preferences

Unit ¢ € {1,2}’s recorded profits 7; are a noisy measure of the actual profits. I assume that
T = T + &5,

where ¢;, ~ N (0,02) is additive random noise, and 7; actual profits. Unit managers are

compensated with a linear wage contract, based on the unit’s profits m;,”

w; = a; + by,

5This terminology follows Eccles (1985). Eccles distinguishes between mandated cost-based methods,
where the transfer price is based either on actual costs or standard costs (budgeted costs), and mandated
price-based ones. This distinction does not exist here as we assume that such variables are not verifiable to
the general office, and transfer price is therefore negotiated even if trade is mandated.

"There are some good reasons why less restrictive compensation schemes, including profit sharing ar-
rangements, may not be practical. See Holmstrom and Tirole (1991) for a detailed discussion.
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where a; is a base salary and b; a bonus (or a piece rate) over profits. Managers are

risk-averse, with mean-variance preferences:®

Ui = BEw; — rVar (w;) — c(s;).

Each manager’s reservation utility is U. I assume that the risk due to 6 is unsystematic
and can therefore be fully diversified by the manager, but that the risk associated with ¢; is
not. Therefore only the uncertainty due to ¢; enters the variance term above, which equals
b?az.g Finally we assume that the general office of an integrated firm maximizes the return

to the firm’s owners.
Timing

The sequence of events is depicted in Figure 1:

Wage contracts ' Bargaining over trade
determined 6 realized Profits realized

Hf—/ HK—J Hf—/ g

Ex-ante Interim Ex-post

(s1,52) (m1,m2)
Figure 1: Sequence of Events
Contractual arrangements with the managers are made at the beginning of the employment

relation. One can think of the investments s; as representing a non-contractible investment

in divisional-specific know-how over a long period of product development. The market

81f managers preferences are represented by a CARA utility, given the linearity of wages and the additive
normal noise, utility can be represented in this mean-variance form. See Holmstrom and Milgrom (1987).

9 Addressing the risk due to external trading value directly would unnecessarily complicate the model
without any clear payoff. Risk aversion establishes a cost of incentives, so that the level of incentives
may vary across organizational forms. Alternatively, one can assume risk neutrality, and introduce a cost
of incentives through other means, for example by having the performance measure depend on random
variables that are unobserved at the time the contract is signed but revealed only to the agent before the
choice of effort level, as in Baker (1992).
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orientation decision m; is taken later, closer to the date of trade, and after the realization
of 0. T identify three time periods: the ex-ante stage, when incentive schemes for the units
managers are determined; the interim stage, after the choice of s; and the realization of
# but before the decision on m;; and the ez-post stage, following the decision on m; and
throughout the bargaining stage. I have not yet indicated the time at which the general
office in an integrated firm chooses a transfer pricing policy. The timing of this decision

turns out to be critical. I will discuss it in detail beginning in section 4.
Bargaining over the Transfer Price

At the ex-post stage, the units bargain over the transfer price ¢ to be paid from unit 2 to
unit 1. If they trade together, the gain from trade ® (s1,m1)+ ® (s2, m2) net of the transfer
price is recorded as profit for unit 2, and the transfer price is recorded as unit 1’s profit.
Bargaining yields an efficient trading rule given (s1,m s2,m2,6). Under trade between the
units, the transfer price splits the surplus over the disagreement profits equally. In a non-
integrated relationship and in an integrated firm under a policy of exchange autonomy, units
are free to trade externally and the disagreement payoffs are I" (s;, m;, 6) for ¢ € {1,2}. The
units trade with one another if and only if ® (s1,m1)+® (s2,m2) > I' (51, m1,0)+1" (52, m2 0).
If the divisions of an integrated firm are mandated to trade internally, the disagreement
payoffs equal the value of no-trade.

Under non-integration (NI) and integration+exchange autonomy (E) the transfer price

is therefore determined as follows:
) (81, ml) + o (Sg,mg) —t—-T (32,m2,0) =t—-T (81, mlﬂ) .

Unit 7 € {1,2}’s actual profit is then

Dsismi 0)+®(si,ma)+®s5,my) “T(s5,m5.0) 3¢ 51 ternal trade is efficient

T (si,m;,0) if external trade is efficient

(1)

ﬁi (Siami75j7mj70) = {

For the integration+mandated internal trade (M) case, the transfer price ¢ equals

D (s1,m1) + D (s2,m2)

t =
2 b

and unit ¢ € {1,2}’s actual profit is

D (s, m;) + P (s5,m;
ﬁi(sivmiasjvm%@): (S m)_; (S] m])' (2)

12



I now proceed to the analysis of the game and consider three alternative behavioral
assumptions regarding the use of transfer pricing policy in an integrated firm: First, I
assume that the transfer pricing policy can be publicly announced and committed to ex-ante,
before any investment decisions by the divisions. Following the announcement the general
office refrains from any intervention, and the divisions comply with the announced policy.
Second, I assume that no commitment is possible, and the general office may intervene in
the ex-post bargaining. Finally, I consider a case where commitment is not possible ex-ante
but is possible interim, after the quality-enhancing investments are sunk but before the

decisions over market orientation are taken.

4 Ex-ante Commitment to a Transfer Pricing Policy

Suppose that the general office of an integrated firm can make a public commitment to a
transfer pricing policy at the ex-ante stage, before any investment is made by the managers.
This is the case considered in HT. Under this assumption, the integrated organization always
weakly dominates the non-integration relation. The integrated firm can always commit to
an exchange autonomy policy, and replicate the non-integrative structure. Furthermore, as
HT establish, and as is shown in section 6 below for this model, division managers within an
integrated firm receive more powered incentives, as the firm internalizes the full impact of
an increase in a division’s quality investment on profits. This implies that under exchange
autonomy, an integrated firm would do better than independent firms. The integrated firm
may do even better than this by committing to a mandated internal trade policy, spurring
the divisions to specialize more closely towards one another whenever trading internally.
There are several reasons to doubt that such commitment is possible in organizations.
As documented in Eccles (1985), firms tend to change transfer pricing policies over time,
as external circumstances change and due to internal politics. The fact that the top man-
agement of organization changes over time may imply that the current management may
not feel bound by a policy adopted by previous management. Also, large multidivisional
corporations tend to employ several transfer pricing policies for different trades within the

firm, making an early commitment less plausible.

5 No Commitment to a Transfer Pricing Policy

Suppose now that the general office of an integrated firm is unable to commit to a transfer

pricing policy throughout the ex-ante and interim stages. Any early announcement of a
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transfer pricing policy can be ignored at no cost when the time to trade arrives. The general
office can therefore intervene in the bargaining between the two divisions, and dictate both
the identity of the trading partners and the transfer price for internal trade. In order to
analyze the implications for the comparison between organizational forms, a model of the
bargaining between the divisions subject to the possibility of discretionary intervention by
the general office is required. Consider first the following one-stage bargaining procedure,

without the possibility of intervention:

e With probability %, each one of the units is chosen to offer a division of internal gains
from trade ®; + ®;, where ®;, = ® (si, my), k € {1,2}. We denote the proposer by i,
and the offer by z = (%, 2;) € R%r, such that z; + z; = ®; + ¢;.

e Unit j then responds to i’s offer. If it accepts, then the units trade with each other
and the gains of trade are divided according to z. If it rejects the offer, the units trade
externally and each unit k € {1,2} gets I'y = I' (s, mg,0). Denote j’s response by
r(z) e {Y,N}.

Unit k € {1,2}’s preferences are given by U; = b7 Such bargaining procedure corresponds

to the non-integrated relation. One can verify the following result:

Lemma 1 The bargaining game without possibility of intervention has a unique family of
subgame perfect equilibria: z* = (®; + ®; —I';,T;) if internal trade is efficient and any
offer with z; > T'; otherwise, and 7"; (2) =Y if and only if z; > T'j. The expected profits for
unit k € {1,2} in any equilibrium are

Byl Iy if external trade is efficient
Tk = _
k %I‘k + % (P + P —T_p) = q>k+q>*k;rr’“ Lk if internal trade is efficient

Thus under nonintegration, the bargaining results in an efficient trade, and a split (in
expectation) of the surplus over the external trade payoffs when trade is internal.
Next consider an integrated setting, where we allow for an intervention by the general

office of the integrated firm, G. We modify the bargaining procedure above as follows:

e If unit j rejects unit ¢’s offer, the general office can intervene and force unit j to accept
it. If the general office does not intervene then the units trade externally. Denote by

g(z,7(2)) € {0,1} the general office decision where g = 0 implies no-intervention.

The general office preferences are given by Ug = (1 —b1)m1 + (1 — b2) m2. We restrict

attention to the symmetric case by = by = b and hence Ug = (1 — b) (w1 + m2) . The general
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office has not observed 6, and it holds a prior f () over its distribution. It also has not

observed the previous choices of (s1, s2, m1, m2).

Suppose first, as is assumed in HT, that internal trade is always efficient. That is,

Y (s1, 82, m1, ma,0), ®1 + o > T'; +T's. We can then show the following:

Lemma 2 If internal trade is always efficient, then in every weak perfect baysian equilib-
rium (PBE) of the bargaining game with intervention, g (z,N) =1 and z = (®1 + $9,0).
The general office always mandates internal trade if no agreement is reached by the divi-
sions. The proposer claims all the gains from trade to itself. The expected profits of unit
ke {1,2} are

E[m) :%*o+%(q>k+q>_k) _ %

Proof. As internal trade is always efficient, it maximizes joint profits and therefore
given G’s preferences above, internal trade is always mandated by the general office if unit
j rejects the offer. Given that behavior, it is optimal for unit ¢ to ask for the entire surplus
for itself. m

The bargaining splits the surplus over the no-trade payoffs. The values of external
trading opportunities have no effect on the divisions’ profits. Although the general office
does not actually observe the exact values of different trades, it is still able to rank them, and
as a result, it intervenes whenever a non-efficient external trade would take place. Though
this happens only off the equilibrium path, the result is that external trade opportunities
can no longer play a ”monitoring” role, and therefore have no effect on the investment
decisions of the divisions. The divisions’ behavior would be identical to that in the case
where internal trade is mandated ex-ante.

Now suppose as in assumption 2, that either internal or external trade may be efficient.
As the next lemma shows, the bargaining game then has an equilibrium which yields an
efficient trade and a split of the surplus over external trade payoffs when internal trade is

efficient.

Lemma 3 Under assumption 2, the following is a weak PBE of the game, in which trade is
efficient: z* = (®; + ®; — I';,T;) if &;+P@; > I'; +1'; and any offer with z} > T'; otherwise.
r*(2) =Y if and only if z; > T'j, and g (2, N) =0 for every z.

Proof. Given the equilibrium behavior of the units, the general office believes that

with probability one external trade is efficient whenever j opts out, and therefore finds it
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optimal not to intervene. As the general office never intervenes, the equilibrium behavior
of the units is optimal. m

In the equilibrium described above, the general office does not intervene in the bargaining
procedure. Whenever the divisions choose to trade externally, the general office believes
that external trade is efficient and refrains from intervening. The expected profits to the
units are as in the case of bargaining without intervention.!®

It is useful to interpret this result using the concepts of ”"real” and ”formal” authority
(Aghion and Tirole (1997)). The general office of an integrated firm retains formal authority
over all of the decisions regarding the trade. However, when the divisions are better informed
than the general office on the ranking of different trades, the general office can credibly
transfer real authority over the choice of trading partners to the units.

Even though we analyze a special bargaining procedure, the insights seem to be shared
with other bargaining procedures, provided that the choice of trading externally is irre-
versible and final. An alternating offers game with external trade options playing the role
of "outside options” (as in Osborne and Rubinstein (1990)) is likely to give a similar result.!!

To conclude, when commitment to a transfer pricing policy is infeasible, and under
assumption 2, the divisions would be given autonomy to decide on their trading partners.
Holding incentives fixed at the levels of nonintegrated relation, the divisions investments
(s1,82), interim decisions (mj mg) and their profits under integration would equal those
under nonintegrated relation. By the same reasoning of the last section, integration then
dominates non-integration, as incentives can be coordinated. Because internal trade is
never mandated, the joint surplus under no-commitment can be lower than under ex-ante

commitment.

6 Interim Commitment to a Transfer Pricing Policy

The two polar assumptions on the commitment ”technology” considered above imply that

integration always weakly dominates nonintegration. As such they are a limited basis for a

10The bargaining game has several other equilibria in which the general office intervenes, either on or off
the equilibria path. For example, if we assume that Ef [I'; + I';] < ®; + ®;, and that ®; + ®; > I'; for all
(si,mi, s5,m;,0), then the following is a weak PBE:

o 2" = (P;+P;,0), 7" (2) =Y if and only if z; > 0 and g(z,N) = 1 for every z. The general office
belief following (z, N) equals its prior belief.

The trade in this equilibrium however is inefficient as the units never trade externally. The efficiency of the
non-intervention equilibrium renders it more plausible then other equilibria which result in some inefficient
trades.

"1 Though not a split-the-surplus rule.
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positive theory of firms’ boundaries. Under no-commitment the model also fails to explain
the observed use of mandated internal trade. I now consider an intermediate form of
commitment, assuming that the general office cannot commit ex-ante to a transfer pricing
policy but can commit at the interim stage once quality-enhancing investment s; has been
sunk, but before m; has been taken.

The proximity between the announcement of the transfer pricing policy and actual trade
suggests that this form of limited commitment is more plausible then ex-ante commitment.
For one reason, management is less likely to change in this time period. Also, some level
of commitment is available, as we observe mandated internal trade between divisions.!? In

the remaining analysis, I therefore maintain the assumption of interim commitment.

6.1 Choice of Market Orientation

Proceeding backwards, I consider first the interim choice of market orientation m;, given
investments (s1, s2) and a realization of §. Our assumptions on the bargaining imply that the
units expect to trade efficiently given (s1, s2,60) and their decisions on (mq,mg). Consider

now the choice of (mj, mg) given each of the organizational forms:
Integration + Mandated Internal trade

Mandating internal trade effectively implies that m; = m is optimal for ¢ € {1,2}. The
equilibrium choices of market orientation are therefore mj = m3 = m. The total gains from
trade under mandated internal trade, from the point of view of the general office that does

not observe the realization of 0, are
P (s1,m) + @ (s52,m). 3)

The cost of quality-enhancing effort and the cost of incentives (in terms of risk) which are

already sunk are omitted.

Nonintegration and Integration 4+ Exchange autonomy

12An alternative interpretation of interim commitment is the following. Suppose that the opportunity
cost of market orientation, k, is observed only at the interim period, but that unlike 0 it is observed by
everyone in the firms’ hierarchy. Provided that k can vary substantially, it may be too costly for the general
office to commit ex-ante to a transfer pricing policy, even if it is within its power. To put it differently, the
temptation to renege interim on an earlier decision may be too great. To accommodate such an interpretation,
the analysis to follow has to be slightly modified, but it is conjectured that the essence of the results should
nevertheless hold.
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Given (b;, b;) and (s;, sj), unit ¢ manager’s equilibrium choice of market orientation m;
solves:
* — * 2 2
m; = argmaxa; + b; [m (si,mi, Sjy M7, 9)] —c(s;)—r(by) o=
As s; and b; are already determined at the interim stage, this is equivalent to a maximization
over T; (si, mj, S, m}f, 9). When the parties trade internally in a continuation equilibrium,
the part of 7; that depends on m; can be seen from (1) to be

r (5i> myg, 0) + P (Si7 ml)
2

=s;*xh(m;0,k),

where
h(m, 0, k) = x(m”“)‘;”m’e). @)

By assumption 1, h (m, 0, k) is concave in m and so hy, changes sign at most once on [m,m).

If the choice of m; does not affect whether the trade is internal or not, then the optimal
choice of market orientation given internal trade is:

m(6,k) =arg max s;*h(m;,60,k). (5)

Given the multiplicative form of ® and I';, m (0, k) is independent of s; and %z’k) =

——TIml > (). When the discussion does not involve a comparison across k, I write m (6)

Tmm+Ymm

for short, but the dependence in k should not be ignored.

I now characterize the equilibrium choice (mj, m3) given (s1,s2) and a realization of 6.

In general, multiple equilibria are possible.

Lemma 4 In any equilibrium of the subgame beginning in the interim stage, (mj,m3)

(m,m) if trade is external in the continuation equilibrium, and (mj,m3) = (m(0),m(9))

if trade is internal.

Proof. If the units trade externally in the continuation equilibrium then it is clear that
m} =m,Vi € {1,2}. Otherwise each manager can deviate profitably to 7 while keeping
trade external. Now suppose that in the continuation equilibrium the units trade with one
another. Then m} < m(6), Vi € {1,2} or else a deviation to m (f) increases the value
of internal trade and is profitable as m (6) is optimal given internal trade. Suppose then
that m! < m () for some ¢ € {1,2}. Clearly we cannot have ® (s1,m]) + ® (s2,m3) >
I' (s1,m],0) + I (s2,m3,0) or else, as h(m;,0, k) is increasing in m; for m; < m (6), some

small increase in m; would still result in internal trade and would be profitable. Therefore
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O (s1,m]) + P (s2,m3) =TI (s1,m7,0)+1I (s2,m5,0). Given the bargaining rule, each unit’s
profit equals its disagreement payoff I'(s;, m},6). But then each manager can deviate to
m; = m, guaranteeing himself a payoff of I (s;,7,60) at least, and hence a contradiction,
since I' (s;,m,6) > I'(s;,m},0) given m? < m(#) < m and I';, > 0. Therefore if trade is
internal, m =m (0), Vi € {1,2}. m

Proposition 1 For every (s1,s2), there exist 5(51,82) S [Q,g] and 5(51,32) € [Q,g],
5(31,52) < 5(51,82), such that the equilibria of the subgame starting with the choice of

(my,m2) are characterized as follows:

1. For 0 € [Q, @(81,32)] , (mi,mb) = (m(0),m(0)) is the unique equilibrium and the
units trade internally.

2. For 0 ¢ [5(51,52) ,5(51,82)} , there are two pure strateqy equilibria: one in which
(mi,m%) = (M, m) and trade is external, and another where (m¥, m3) = (m (6),m (9))
and trade is internal.*®

3. For 0 € [9(31,32),9} , (mi,m3) = (M, m) is the unique equilibrium and the units

trade externally.

Proof. Appendix. m
As the next lemma shows, whenever multiple equilibria exist, the equilibrium in which trade

is internal is Pareto-dominant.

Lemma 5 If for (s1,s2,0) an equilibrium of the interim subgame with (m (0),m (0)) and

internal trade exists, then it is the Pareto-dominant equilibrium.

Proof. By lemma 4, the only other possible equilibrium of the subgame has the units
choose m; = m each and trade externally. As each unit can always unilaterally guarantee

itself at least I'(s;,mm,0), profits under an (m (6),m (0)) equilibrium has to be at least

I' (s;,m,0). But these are exactly the profits in an equilibrium with (7,77). =

In what follows, I focus on equilibria of the complete game in which a Pareto-dominant
equilibrium is played in the subgame starting with the choice of (mj, m2). Define the cutoff
point between internal and external trade under nonintegration and integration+exchange

autonomy by 6 (s1, s9) = 5(51, s2). The pareto-dominant equilibrium has

~ . 5
m: (51,52,0) = { ﬁ(@) it <0 (31732)

m otherwise ,

13There also exists a mixed strategy equilibrium.
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for i € {1,2}. If s; = sy = s, it is easily verified from (20) in the appendix, that 6% (s, s)

is independent of s which can then be omitted. In this case x (ﬁz (HE) ,k) =7 (m, HE) and

z(m (0),k) >~ (m,0) if and only if # < . An implication that is used extensively below

is that

z(m(0), k) +~(m,0)
2

0F is also a function of k and we denote this explicitly whenever appropriate.

z(m(9),k) > > h(m(0),60,k) for 6 <6F.

The expected total gains from trade amounts to:

0

0" (s1,s2)
[ e mO) e m @) @ds [ D00 4T (o2, 7,00} £ (0) .
v 1,52 (6)

It is instructive to compare the choice of market orientation (mj,mg) made in an inte-

>

grated firm under the two possible transfer pricing policies to the "first best” choices that

would maximize the joint profits.

First Best (Integrated Firm)

Denote by (mi® ,miP) the first-best choices of market orientation — the choice of

(mq,mg) that would have been chosen were m; contractible and the general office informed

about (s1, $2,0). It is immediate to verify that Vi € {1, 2},

m — .
v m  Otherwise.

FEB () — { m if ®(s;,m)+ P (s2,m)>T (s1,m,0) + 1T (s2,m,0),
Define 8B (51, s5) as the solution with respect to 6 to ® (s1,m) +® (s2,m) = I' (51,7, 0) +
T (s2,7,0). Given the multiplicative form of ® and T', 077 (s1, s2) is independent of (sy,s9) .

The expected total gains from trade amounts to:

l

I now compare the cutoff level 8% between internal and external trade under exchange

9FB

0
{(I) (517m) + ¢ (327m)}f (9) do + /6’FB {F (517m7 0) + T (527m79)} f (9) do. (7)

autonomy to the first-best cutoff level 077 defined above.
Lemma 6 For every (s1,s2), 0 (s1,s7) < 6FB.

Proof. V (s1,s2) and V0 < 0 (s, s9), (. (A),m (6)) is an equilibrium, and so we know
that
siz (m (0) , k) + sox (m (0) , k) + 517 (m (0) , 0) = say(m (0) , 0)

s1y(m,0) < 5 )
) < BEEOLR) B0 ¢ oy (0.0~ o 0).0)
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Adding up we get (s1 + s2) v(m,0) < (s1 + s2)x (m(0), k), and consequentially as z (m (0) , k) <
z (m, k),
(514 $2)¥(M,0) < (s1 + s2) z (m, k),

and hence 0 < #7'B. Therefore 6F (s1,59) < 0B, m

Many of the managers in multidivisional corporations interviewed by Eccles (1985) felt
that whenever an exchange autonomy policy was employed, profitable trading opportunities
within the firm were foregone, and "too little” internal trade was taken relative to what
they perceived as optimal. The lemma above shows that indeed exchange autonomy can
lead to inefficiently low levels of internal trade. Managers do not specialize enough towards

their internal partners and as a result they find it more profitable to trade outside later on.

6.2 Choice of Incentives and Investments

I now turn to the choice of incentives and quality in the ex-ante stage. Consider first the

choice of incentives {(a;,b;)}-_;. In a non-integrated setting, unit i’s owner chooses (a;, b;)

to satisfy
07 (si,55) [

max / 7 (52,7 (0) 55,7 (8) . 0) f (6) db + / T (s,,7,0) £ (0) d — Ew,

o 0 0F (si,55)
subject to

ai + b ( O s) 7 (s, (0) 55, (6),0) £ (0)dO + [o, T (s,7,8) f (6) a0)
(i) s; € argmax " "\ ’ o ’ 0F (s,55) = V710
S —c(s) —rbio?

.. oF 5i,55) — ~ ~ 0 —
(i) a; +b; (fg oV (50,7.0) 55,77 (0),0) £ (0) dO + [y, , )T (52,77, 0) f (6) dH)
—c(si) —rb?c?>U

Given the linearity of the wage contract w;, the base salary a; is chosen to satisfy the
manager’s individual rationality constraint with equality. One can then substitute the wage

term into the objective and drop this constraint. Given the functional forms in assumption
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1, and after omitting constant terms, the program can be written as follows:

QE(si,Sj) _ _ _ B
maxp, , {Siw(m(9)7k);'v(m(9),9) + s w(m(9)7k);7(m(9)79)} £(0)do
b
S oy 5157 (7,0) £ (0) dO = ¢ (s:) — rb20”
subject to (8)

s; € arg max b; f;E(&Sj) <Sw(ﬁl(9)ak);v(ﬁl(9)v9) py Jf(ﬁ%(ﬁ’),k)gv(ﬁl(9)ﬁ)> f(0)do +
— s -

bi fye (o) S (75,0  (0)dO = c(s)
In a similar fashion, one derives the program for an integrated firm. The choice of
incentives in an integrated firm is conditioned on the transfer pricing policy that would
be chosen in equilibrium interim. For exchange autonomy (FE), optimal incentives are

chosen to satisfy

2 0% (si,55) [ 2 2
max Yosi| [ aw(m(0),k)fO)do+ [ (M) f(0)do| -3 c(si) — X rbio”
{bi,si}i_y i=1 0 07 (s1,5,) i=1 i=1
(9)
subject to
Bg . - . _ _
si € arg max b; fgg (8,55 (Sw(m(9),k);rv(m(9),9) + s x(m(9),k)gv(m(9),9)) £(0)do+

bi Jye oy %7 (,0) £ (0)d0 —c(s), i€ {1,2}
For mandated internal trade (M), the optimal incentives are chosen to satisfy
2 0 2 2
max > s; [z (m,k) f(0)d0— > c(s;) — 3 rbio? (10)

{bisi}e_i=1 g i=1 i=1

subject to

s; € arg max; b; *sff@f(@)d@ —c(s), ie{l,2}
Incentives can be seen therefore to maximize the joint gains from trade under the incentive
compatibility constraints.

We restrict attention to a symmetric choice of incentives, by = by = b/ (k) for j €
{NI,M,E} . Given this, there is a continuation equilibrium in which s; = sg = s7 (k) for
j € {NI,M, E}. Under exchange autonomy (E) and non-integration (NI), the investments
in this symmetric continuation equilibrium are characterized by the following first-order

condition:

. QE 0 .
b][/ h(ﬁz(@),&,k)f(&)d9+/ y(m,e)f(e)de]—c'(sﬂ):o j e NIE},
0

GE

Given the symmetry of the problem, symmetric incentives may be (but are not proved to be here) the
equilbrium choice of incentives when asymmetric incentives are allowed.
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where h (m, 0, k) is defined in (4) , and 6% (s1, s7) independent of (s1, 52) given that s; = sg =
s7. The derivative with respect to the limits of integration can be seen to be proportional
to s/[x (ﬁz (GE) ,k:) — (m, HE)], which equals zero as x (ﬁz (HE) ,k) =7 (m, HE).

Define () =¢ ' (). As¢ >0, " >0—§ >0. We can then write:

oE

SNk = §(bN’(k) [?h(ﬁz(@),@,k)f(&)d@Jr?V(W,G)f(e)cw]), (11)
0

sE(k) = 3(1)’5(@ [2h(ﬁz(9),c9,k)f(0)d9+ jv(mﬂ)f(e)d@]),

QE

and similarly for mandated internal trade

sM (k) = §<bM (k) [ff x(mT’k)f(e) d9]> :
0

Comparing the programs for non-integration, (8), and exchange autonomy, (9), above,
we note that the choice of s; is equal given the same level of incentives, but as = (m (6) , k) >
h(m(0),6,k) for § < 6F, the return to an increase in incentives is higher under exchange
autonomy, and so managers receive higher-powered incentives. The common owner inter-
nalizes the full effect that an increase in s; has on the gains from internal trade, whereas
the owner of a nonintegrated unit internalizes only one half of that gain plus an additional
smaller part through the increase in external trade value. Other comparisons between
incentives under various regimes, are in general ambiguous.

The total ex-ante expected gains from trade for the various organizational forms are

then defined as follows:

0
Vi) (k) = 25" (k) [ @ (@ (6).k) £ ©)d0 + [ 7(,0) £ (6) d&] —2¢ (M (k) — 2r (bV7)” o2

Vibx) (k) = 257 (k) [ { z (M (0),k) f(0)d0+ [ ~(m,0) f(6) d&] —2¢(s¥ (k) —2r (bE)202

0 2
Viex) (k) = 26M (k) [ (m. ) £ (0) 0 — 2e (s (k) —2r (b)) 0"

6.3 Optimal Interim Transfer Pricing Policy in an Integrated Firm

In this section, I consider the problem facing the general office of an integrated firm when

it comes to choose a transfer pricing policy in the interim stage. Given that it set up
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divisions’ managers incentives at b; = b for ¢ € {1,2}, the general office expects them
to invest s; = s(b) each. As the actual investments are not observed, the choice between
transfer pricing policies is based on these expected values. Define the expected gains from
trade at the interim stage, given the different transfer pricing policies as follows:

Vitwy (b,k) = 2 (b) [ @ (m, k) £ (6) O, (13)

zx(ﬁ%(&k),k)f(@)dﬁ fv(m,e)f(e)de}. (14)

VY(?N) (bv k) =
eE

=
—_—— D —

The terms reflecting investment costs and incentives’ costs are omitted as they are already
sunk. As argued before, 0¥ does not depend on the investments as s; = so.

For the purpose of comparison, define also the interim first-best

ViR (b, k) = 25 (b) {Q;Bx(m k) f (0)do + ? 19 de}. (15)
0 oFB

Each of the transfer pricing policies entail a cost relative to the interim first-best. Mandating

g8 ,m. An exchange autonomy

internal trade leads to inefficient internal trade if 6 € [
results in excessive market orientation (or too little specialization) for 6 € [Q, HE] , and
inefficient external trade for 6 € [QE ,0F'B ] . The interim decision on a transfer pricing policy
requires a comparison of those costs. It is optimal for the general office to mandate internal
trade if the expected value of the residual profits under such policy is larger than under
exchange autonomy and vice-versa. Therefore the general office would mandate internal

trade if and only if 1°
AMny (k) = (1= b) (V(]IMN) (b, k) = Vi (0, k)) > 0.
Given assumption 1, the expression for AM (k) can be written as follows:
AMny (k) = (1=0) (Viiky (k) = Viin) (0,8)) = (16)

(1—=0)%2s(b) [z (m,k) f(0)dO —

[SSEEESY|

(k) [
(1—0)x2s(b [f z(m(0,k), k) f(0)do+ f 9)d9]
0 0F (k

)

151f the general office does not commit to any transfer pricing policy at the interim stage, it has effectively
chosen exchange autonomy. See the discussion on no commitment, Section 5.
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The important thing to note is that the sign of AM () (k) and therefore the optimal choice

of transfer pricing interim does not depend on b or s.

[ now turn to study how AM (k), and correspondingly the optimal interim transfer
pricing policy, varies with k. I make the following additional assumption:

Assumption 3 For every 6 and every k , —Tmk 4 . <0 at m=m(6,k).

—Zm Tmm+tYmm

The total effect of a change in k on z (m (6,k),k), and hence on the value of internal

W = xm% + xg. It is composed of a negative

trade under exchange autonomy is
direct effect zj and an indirect effect xm%. Differentiating the first-order condition of (5)
with respect to (m, k) yields % = —ﬁj‘;m—m < 0. The assumption states that the direct

effect is stronger than the indirect effect, so that the total effect is negative.
Lemma 7 If AMny (k) > 0 for some k € [E,E], then AMny (k') >0, V&' > k .

Proof. V(]}/IN) is independent of k, as by assumption 1, = (m, k) = 1, Vk. Consider then
the effect on V(]IEN)‘ The derivative of ng(k) x(m(0,k), k) f(0)do+ sz(k) v (m, 0) f (0) do
with respect to the limits of integration equals zero as ~y (m, oF ) =z (ﬁL (9E , k:) ,k). There-

fore

E E ~
OViin) (k) zs(b)/: d[a:(mc(li,k),k)]f(e)dego,

given assumption 3. ®

The lemma implies that a cutoff value k1 € [E, E] exists such that a policy of mandated
internal trade is optimal interim if and only if £ > k;. If the opportunity cost of market
orientation is not too high, the general office prefers to allow the divisions to choose their
trading partners themselves so that profitable external trading opportunities would not be

forgone.

6.4 A Comparison to the Optimal Ex-ante Transfer Pricing Policy

The optimal choice of transfer pricing policy at the interim stage does not depend on the
level of quality-enhancing investments (s1, s2) which are already sunk. If on the other hand
the general office was able to commit ex-ante to a transfer pricing policy, its decision would

also take into account the effect on those investments. From an ex-ante perspective, the
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total gains from trade under mandated internal trade are higher in expectation than under

exchange autonomy if AMgy) > 0, where:

AMgx) (k) = Vigx (k) = Vi) (k) = (17)
p {SM (k) [ (m, k) £ (8)d0 — ¢ (s™ (k) —r (BM () 02} -

[\)
—
w
&
=
=% o —

z (m(0),k) f(0)do+ s (k) } v (m,0) f(0)do — ¢ (s¥ (k) —r (b” (k))202} .
GE

sM (k), s¥ (k) are the symmetric equilibrium investments in quality given mandated internal

trade and exchange autonomy respectively (defined in (11)), and b™ (k),b" (k) are the

optimal incentives. The next proposition shows that as commitment to a transfer pricing

policy is only possible at the interim stage, internal trade is mandated in ”too many” cases

compared to the ex-ante optimum. The reason is that ex-ante the general office also takes

into account the adverse effect that mandating internal trade has on the investment levels.

Proposition 2 All trades that would have been mandated ex-ante are also mandated in-
terim: For all k € [k, k], AMgx) (k) > 0= AMy) (k) > 0.

Proof. Suppose that AM(gx) (k) > 0. Denote by sM the symmetric equilibrium quality
investment when exchange autonomy is chosen ex-ante and incentives are set to b™. As b¥

is optimal, a revealed preference argument then implies that

0F 7
Viex) = 2(SEbrx(ﬁl(@),k)f(H)dH—i—sEafE’y(m,H)f(Q)dg_C(SE)_T(bE)202>
e s B 2
= 2<5M£$(m(9),k)f(9)d0+sMfv(m,e)f(e)dg_c(sM>_T(bM) 02>'
Z 9E

Therefore as AMpx) = V(%[X) — V(%X) >0,

2 <3M Zx (m, k) £ (0)db — ¢ (SM)>

—Q(SM

x(ﬁ(@),k)f(ﬁ)d&%—sﬁj"v(m,e)f(e)dH—c(sM>>
GE

I%%%
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where

B f<9)d9>,

9E

9
J
0
(619” h(m (0),0,k) f(0)do + ?v(m,e)f(e)(w)) .

By definition h (m (9) , 6, k)

v
>

m, 0, k) > 22k g andvo > 07~ (m,0) > z (i (0) , k) >

h(m (0),0, k) implying ~ (1, 6) > m(mQ’k). Therefore
0F 0 9
| n@o.om+ [ o o> [ 12,
0 0E 0 2

and s > sM as 3 > 0. Now the function sx f§ @ (2 (6) , k) f (6) d0+s+ 1 7 (7, 6) f (6) db—

¢ (s) is concave in s, and is maximized at

oF 9
s*:§</ x(ﬁz(@),k)f(@)d&Jr/ fy(ﬁ,&)f(&)d@).
0

eE

Asz(m(0),k) > h(m(0),0,k) then s* > sM > M Tts value at s is therefore higher than

at s™. We can then substitute s™ for s™ in the inequality above, simplify and conclude

that
2 (

which implies that AM(;n) (k) > 0. =

I— I

(4 oF

as(m,ww)da) 2 (?mm(e),mm)dw ?wm,e)f(e)de) >0,

Interim, the general office mandates trade in all cases (i.e. for all values of k) it would
mandate trade ex-ante if able to commit. Note that if #¥ < 8, then sM > gM , and we
can strengthen the result above and claim that AMgx) (k) = 0 = AM;y) (k) > 0. This
implies that for values of k at which the general office is indifferent between transfer pricing

policies ex-ante it strictly prefers to mandate internal trade in the interim stage.

The results of proposition 2 are summarized in the following diagram:
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Figure 2: Ex-ante vs. interim optimal policies

6.5 Choice of Organizational Form

A long-standing tradition in the literature on the vertical organization of firms is to assume
that trade is organized in a form that maximizes the joint (ex-ante) gains from trade (see for
example Hart (1995)). In the environment discussed here, the value of the integrated firm
is constrained because the transfer pricing policy is chosen at an interim stage. Whenever
the ex-ante optimal transfer pricing policy is the same as the interim optimum, integration
must be (at least) weakly optimal. But as demonstrated in proposition 2, the general office
tends to mandate internal trade in too many instances. In those cases, where exchange
autonomy (F) is optimal ex-ante but mandated internal trade (M) is interim optimal, the
optimal organizational form is found by a comparison of a the total gains from trade under a
non-integrated relationship, V(%Q), to that under integration with mandated internal trade,
V(%X). The comparison trades off the advantages of ”coordinating” the incentives of the
two managers (shared by all integrated forms) and of optimal specialization for internal
trades under mandated internal trade, with the advantages of non-integration in terms of
the flexibility to trade externally when profitable, and the improved incentives for quality-

enhancing investment (for a fixed level of incentives). I summarize this as follows:

Lemma 8 Suppose that the organizational form maximizes the ex-ante gains from trade.
Then for any k € [E, E] ,

1. If V(?N) (k) > V(]}/[N) (k) then the units would be integrated and be given an exchange

autonomy.
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2. If V(?N) (k) < V(]}/‘[N) (k) then if V(%{X) (k) < V(%[X) (k) the units would be integrated and

internal trade would be mandated, otherwise the units would be nonintegrated firms.

Proof.

1. From proposition 2, V(]IEN) (k) > V(]IV[N) (k) = V(%X) (k) > V(%[X) (k). As V(%X) (k) >
V(%_IX) (k) for every k, the ex-ante optimum is also the interim optimum and therefore

E is the optimal organizational form.

2. If V('IEN) (k) < V(][VIN) (k), a transfer policy M would be chosen in an integrated firm

interim and the ex-ante comparison is then between M and NI.

7 Comparative Statics

In this section I study how changes in the trading environment affect the optimal choice
of organizational form. I have already noted in the previous section that the choice of
organizational form depends on the value of k, the opportunity cost of market orientation.
Variation in k£ may be interpreted in one of two ways: first, as cross-sectional differences
in the specialization of inputs within an industry; second, as intrafirm variation between
different inputs that are manufactured in-house, with similar implications. Lemma 7 and
proposition 2 together imply that exchange autonomy is optimal both interim and ex-ante
for £ < ki, where ky is the interim cutoff value between transfer pricing policies, and
therefore integration is necessarily weakly optimal for those values of k. Trades in which
internal value only moderately decrease if the input is not fully specialized, are more likely
to be taken internally within an integrated firm. In these cases, the divisions would be given
exchange autonomy and allowed to trade externally. If the cost of insufficient specialization
is higher, exchange autonomy would not be sustainable and the production of the input
would either be outsourced to an independent supplier (if the provision of incentives to the
units is more important) or done in-house (if specialization is more important), in which
case internal trade would be mandated. Integrated firms with very specialized needs (so

that V(Abﬁ[ x) > V(g X)) would mandate internal trade.

7.1 Distribution of external trade opportunities

What is the effect of a favorable change in the distribution of external trade opportunities?

I consider this question for the special case of v (m,0) = (m + ). For this form, as can
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be seen from (5), the choice of orientation, m (6, k), is independent of 6. A first-order
stochastic dominance increase in f () then raises the total gains from trade under non-
integration and integration4exchange autonomy both from an interim, (14), and ex-ante,
(12) , perspectives, but has no effect on the gains from trade if internal trade is mandated.!®

By lemma 8, there are several possible effects:

1. If V(]IV[N) (k) < V(’IEN) (k) before the shift in f (), the optimal organizational form both

before and after is integration + exchange autonomy (E).

2. If V(]IEN) (k) < V(]}/[N) (k) before the shift in f (#) and V(]IEN) (k) > V(]IV[N) (k) after, then
if prior to the change V(%[X) (k) < V(%gf) (k) as well, the organization of trade would
change from non-integration (NI) to integration+exchange autonomy (F£). If prior

to the change V(AE/[ ) (k) > V(%gc) (k), we would observe a change from M into E.

3. If V(?N) (k) < V(]IV[N) (k) before and after the shift in f (), then by the second part of
lemma 8, the effect is determined by comparing the ex-ante gains from trade between
non-integration and integration 4+ mandated internal trade. For k & [@, E] such that
V(%X) (k) > V(%gg (k) before the shift and V(%X) (k) < V(%g() (k) after, the vertical

structure would change from integration to non-integration.

One conclusion that we can draw is that a first order stochastic dominance increase
in the distribution of 6 results in fewer instances (fewer values of k) for which integra-
tion+mandated trade is optimal. But an analysis that ignores the internal organization
of integrated firms (i.e. the transfer pricing policy) but focuses narrowly on the choice of

vertical structure (integration vs. nonintegration) may find no clear effect.

7.2 Cooperativeness of investment

Up to this point, we have limited attention to ”self-investments” in quality: investments by
unit ¢ that increase the value of i’s internal and external trade options, but have no effect
on the value of j’s trade with other partners. The literature on incomplete contracting and
vertical integration (Che and Hausch (1999), Whinston (2003)) has also considered a sec-
ond type of investment, called ”cooperative investment”. An investment by unit 7 is said to
be cooperative when it increases the value of unit j’s external trading options. An example

of a cooperative investment is a buyer who deploys a team of quality specialists to help a

6For the general case, as % > 0 and =, < 0, such shift in the distribution of 6 results in a decrease in

the expected value of trade conditional on it being internal. The overall effect on the total gains from trade
under exchange autonomy and nonintegration is therefore ambiguous.
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supplier streamline its operation. Such an investment also increases the competitiveness of
the supplier in working with other buyers. Here we briefly consider the implications of in-
troducing a cooperative element to the investments in quality by the units. We reformulate

assumption 1 as follows:
Assumption 4
1. ®(s5,55,mi) = [(1 = N) s; + Asj] x x (my, k) .
2. T'(s4,85,m,0) = [(1 = X) s; + Asj] %y (my, 0) .

(1 — X)s; is the "selfish” part of unit j’s investment and As; is the ”cooperative” part.
A = 0 is the self-investment case. In appendix A.2; it is shown that the analysis of the
previous sections carries over to cooperative investments of this form, provided that A is
small enough. It is also shown that a small increase in A has no effect on V(Jg X) but lowers

V(%g() and V(%X) .

Consider the effect of a small increase in the ”cooperativeness” of investments (an in-
crease in A) on the optimal organizational form. The interim choice of transfer pricing policy
in an integrated firm does not change, as it is not affected by the level of investments. By
the second part of lemma 8 then, the change in organizational form is a result of a relative
change in values of nonintegration and mandated internal trade. Following an increase in
A, V(%g() (k) decreases but V(%X) (k) remains constant for every k. Thus mandated trade
is optimal for all values of k for which it was optimal before the change. As investments
become more cooperative we would therefore observe less nonintegration.

The intuition for this result is simple. Whenever external trade is an option, an in-
crease in the cooperativeness of investments has an adverse effect on the units’ incentives
to invest, as it raises the extent to which investment improves the trading partner’s outside
options and bargaining position. It is interesting however to note the difference with a sim-
ilar exercise in the Property Rights model. There, an increase in cooperativeness of both
parties’ investments has an ambiguous effect on the probability of integration (for details,
see Whinston (2003)).

Finally in the case of pure cooperative investments (A = 1), the general office faces a
”time-consistency” problem opposite to the one under pure self investments. It mandates
internal trade in fewer instances (fewer values of k) than it would find optimal ex-ante.

Whereas ex-ante, mandating trade may be beneficial to improve investment incentives, at
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the interim stage investment are sunk, and the benefits of exchange autonomy loom larger.
Integration therefore dominates nonintegration as whenever exchange autonomy is optimal

ex-ante it is also optimal interim.

8 More Elaborate Mechanisms

In the previous discussion, the general office was restricted to choose between one of two
alternatives: either mandate internal trade or grant the divisions exchange autonomy. While
such policies correspond to common transfer pricing practices observed in firms, one may
wish to explore the implications of allowing the general office an additional freedom on this
regard, particularly as both of these policies are suboptimal and do not achieve the interim
first-best.

Assume therefore that the general office can use mechanisms of the type discussed in
Moore and Repullo (Moore and Repullo (1988)) for implementation in complete-information
environments to elicit the realization of the commonly observed state variable 6 from the
divisions. Knowing 6, the general office can then implement the interim first-best by man-
dating internal trade if and only if < 872, Given exchange autonomy, when 6 > 0P the
divisions would both choose m; = 77 and trade externally, as by lemma 6, 6% < 2. Even
without resorting to such complex mechanisms, the general office can implement the interim
first-best rather easily, employing the following simple mechanism: With equal probabilities,
one of the divisions is delegated the right to decide whether trade is internal or external.
The division then has to publicly announce its decision which is thereafter implemented.
If trade is internal, the transfer price is determined by bargaining as before. The mecha-
nism is executed at the beginning of the interim stage, prior to the orientation decisions,
(mq,mz). If internal trade is to follow both divisions choose m; = m and otherwise m; = m
fori =1,2.

Given ex-ante investments (si, s2) , division ¢ chooses internal trade if and only if

(si +s—i)x (m, k)
2

> S (mv 9) .

Note that for a symmetric ex-ante choice s; = so = s the inequality above is equivalent to

that for the jointly optimal rule
x (m, k) >~ (m,0).

Furthermore it can be shown that the choice of investments is symmetric in equilibrium,

similarly to what was shown in section 6.2.
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Note however, and this is the key point, that from an ex-ante perspective, the use of
such a mechanism interim can have a detrimental effect on the incentives to invest. To see
this, suppose that the general office implements the interim first-best using a mechanism

that elicits . Then the ex-ante problem under integration is

2

max isi rf z (m, k) f () d + 7 v (m,0) f (0) dG] — 3 c(s;) — 2rb*o?

b,s1,82 =1 9 9FB i=1
subject to
orB _
s; € argmaxb * s [ [ k) ¢ 9y do + [eny (m,0) f(6) dH] —c(s),
3 ]
for i€ {1,2}

where terms that do not depend on s; are dropped from the agents’ incentive constraints.
Compare this to the non-integration program in (8). For a given level of incentives b; =
by = b, the symmetric investments under integration can be seen to be s; = sy = s’ (b),

where

FB x(m 0
sf(b):§<b< b (—2”“)]0(9)(1%r f v(m,ﬁ)f(ﬁ)cw))
GFB

and 5 (-) was defined above. Under non-integration s; = sy = s/ (b), where

QE

st(b):§<b (2"h(ﬁz(9),6,k)f(0)d9+ jv(ﬁ,@)f(&)d@)).

Now for all 0, @ < h(m,0,k) < h(m(0),0,k). Andfor§ > 0%, ~(m,0) > h(m(0),6,k)
by definition. Therefore for every level of incentives, b, investments are higher under non-
integration than under integration. Integration does have the advantage of incentives coor-
dination and here also of efficiency over the orientation decisions.

While we would not attempt to directly compare the solutions to the two programs here,
we note a couple of points. First, an increase in the opportunity cost of market orientation,
k, clearly favors integration here, as it lowers the value of a non-integrated organization but
has no effect on that of an integrated one. Second, non-integration can indeed be optimal.
Consider the case of costless market orientation: x (m,k) = 1, for all m. In that case
m (0) = m for all @ and #F = #7P. The two programs can therefore be written as follows:

Under integration

max sT(b) 9{ x (m, k) f(0)do + } v (7, 0) f (0)d0| — c (s (b)) — rb*o?
gFB
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(the constant of two multiplying the objective is dropped) and under non-integration

GFB ___ S
ml?x SNI (b) f T (ma k) —2i-’y(m,(9)
(o)

f(6)do + } v (m,0) f(0)do| —c (s (b)) — rb*o?
GFB

We have argued that sV (b) > s’ (b) above. The term in square brackets is bigger
under integration, but the difference can be made arbitrarily small for particular choice of

distribution f (-). For example consider a distribution with the following properties:
Pr(9€ [QFB—,u, HFB]) =1—c¢

for some p > 0 and € > 0 small. Provided that 4 is bounded, for every § > 0, there are
some u, e such that the difference between the two terms is no larger than 4. Under this
conditions, as incentives are more ”productive” under non-integration, the non-integrated
owners would set more powered incentives than the general office of an integrated firm.
Consequentially, the joint surplus from integration under non-integration would be larger
as well.1”

While costless market orientation is an extreme case (in fact the general office would do
equally well interim to allow exchange autonomy), a continuity argument implies that this
holds true also for ”close by” cases where market orientation bears a small price (in which
case the general office would strictly favor using the mechanism interim).

To summarize, the introduction of more complex mechanisms that may be played in
the interim stage, does not change the essence of the results. Non-integration is viable as a
”commitment device”, guaranteeing the incentives of managers to make ex-ante investments,
and is more likely to be observed the less costly the distortion of the orientation decision is.
As the ”conventional” transfer pricing policies are no longer used here, the more elaborate
results obtained in section 6.5 regarding the vertical structure of firms are no longer relevant
in this setup. The results of this section highlights once again the insights established in
section 5 on the value of ”hierarchial ignorance” in organizations. The general office may
be worse off being able to learn the private information held by the division managers, as
by doing so it limits their real authority which, due to the contractual incompleteness, is

essential for their incentives to invest.

17Tn fact the joint surplus under integration when the use of such mechanisms is feasible can be lower than
in the case where only two transfer policies are considered. Surplus is clearly higher in those cases where
trade was mandated (k > k1), but may be lower for cases where exchange autonomy is granted (k < k1).
The argument follows similar lines to those used above.
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9 Conclusions

In this paper, I have discussed the determinants of vertical organization in a framework that
accounts for some important characteristics of real-world firms: First, operative decisions
are in the hands of middle managers who are rewarded with incentives contracts based on the
results of their units. Second, managers’ decisions are subject to approval and intervention
by the top management of the firm, and third managers are better informed regarding the
affairs of their divisions than their superiors in the firm’s hierarchy. I demonstrated that a
key factor explaining whether a trade occurs within the firm or on the market is whether the
general office of an integrated firm can credibly delegate the choice of trading partners to
the managers of the trading divisions. Whenever such delegation is sustainable, integration
of the trade is beneficial. I show that this is satisfied not only under the assumption of
full commitment power, but also, interestingly, if the general office has no commitment
power at all. In the latter case, asymmetric information within the firm’s hierarchy on the
values of different trading opportunities implies that at the time of trade, the general office
finds it optimal to let the divisions choose trading partners, so that profitable opportunities
for trading externally are not foregone. An explanation of the boundaries of the firm
emerges only when we assume that the general office retains some limited commitment
power. Specifically, in the context examined, I have shown that the general office of the firm
faces a "time consistency” problem. It tends to mandate internal trades in more instances
than would have been optimal if full commitment was possible. This has an adverse effect
on the investments taken by the divisions’ managers. Whenever such inconsistency arises, it

may be optimal to have the trade conducted between non-integrated, independent parties.
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A Appendix
A.1 Proofs

Proof of Proposition 1: Assume without loss of generality that s; > s3. The proof

builds on the following three lemmas.
Lemma 9 30 (s1,82) such that (m,m) are chosen in equilibrium if and only if 0 > 6 (s1, $2).
Proof. The proof proceeds in several steps:

1. To check if (77, m) is an equilibrium, only deviations to m; = m () need to be con-

sidered.

For each unit ¢ € {1,2}, a deviation to m; < ™ can only be profitable if trade in the
continuation equilibrium is internal. A deviation to m (6) is then optimal if it leads to
internal trade. Suppose then that the optimal deviation that induces internal trade
is to m; < m (). Optimality of m; implies that the total gains from internal and

external trade are equal:
six (Mg, k) + sjx (M, k) = siy (Mg, 0) + sy (M, 0) ,

or else, as h (m, ) is increasing in m for m < m (), trade would also be internal for
a slightly higher m;, and ¢’s profits would be larger. But in this case, unit ¢’s profits

equals its disagreement payoff s;y (m;, @), which is smaller than s;y (7, 0).

2. For each ¢ € {1,2}, there exists a 5(31-, sj) € (Q, 5), such that a profitable deviation
by unit ¢ from (77, M) exists if and only if 6 < 5(81, S5).
A deviation by unit 7 is profitable given 0 if

siy(7.0) < six (m (0) , k) + sy (m (0) ,29) + sjz (M, k) — s;v(m, 9)' (18)

Rearranging,
(si +s5) (M, 0) < sifw(m(0),k)+~(m(0),0) —v(m,0)] + sjz (m, k). (19)

The term on the left is increasing in 6, as 79 > 0. The derivative with respect to 6 of

right-hand side term is, by the envelope theorem,

dfz(m(0) k) +~(m(0),0) —~(m, 0)]
do

=79 (m () ,0) —v4(m,0) <0,
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since 7,,p > 0 and m () < m. It can also be verified that given assumption 2,
V (s1,s2) and Vi € {1,2}, there exists a profitable deviation for § = § and there is no
profitable deviation for § = . A unique cutoff 5(51, s5) € (Q, ?) thus exists, such that
a deviation by i € {1,2} is profitable if and only if § < g(si, 55).

o~

3. If 57 > s9 then 5(31,52) > 0 (s2,51).

First note that by definition of m (6) in(5),
z(m(0),k) +~(m(0),0) —~(m,0) >z (m,k).

Therefore if s1 > s9 then

»
=
)
N
=
=
+
)
N
=
<

) - ’Y(mv 0)] + sow (ma k)
> szple(m(0),k) + 7 (m(0),0) —~(m,0)] + s1z (m, k).
Comparing condition (19) above for ¢ = 1 and ¢ = 2 then, the left-hand side term is

equal while the right-hand side is larger for i = 1. As the right-hand side term was

shown to be decreasing in 6, this implies that 5(51, s9) > 5(52, 51).
(0, M) is therefore an equilibrium if and only if 6§ > 8 (s1,s2). ®
Lemma 10 36 (s1, s3) such that (i (0) ,m (0)) is an equilibrium if and only if § < 6 (s1, s2).

Proof. A deviation from (m (0),m ()) by unit ¢ is profitable given (si, s2,0) if

S;T (ﬁl (9) 7k) + 8y (ﬁl (9) ’9) + 5T (ﬁl (9) ) k) - SjV(ﬁl (9) 70) )

) (20)

Si’Y(mv 9) >

The net gains from deviation are increasing in 6. To see this, rearrange the condition above

as follows:
si [29(m,0) —x (m(0) . k) — v (m(0),0)] — s; [z (m (0) , k) —~v(m(0) ,60)] >0,

and take a derivative of the left-hand side term with respect to 8. This equals

2 [2707.0) 39 (7 (6),0)] — 5 (o + 1) T2 413, 7.6) ,0) — 5 (s — )

om (0)

a0
The second term above equals zero by the definition of m (). All other terms are positive.
Thus for i € {1,2}, a deviation is profitable if and only if 6 > 6 (s;, s;) for some 0 (s;, s55) €
(0.9).
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To compare 0 (s1,$2) and [ (s2,81), rewrite the condition for profitable deviation as follows:

si[2y(m, 0) —~ (m(0),0)] + sj7(m (0) ,0) > (si + 5) x (m(0) , k) . (21)

s1[2v(m,0) — v (m (0),0)] + s2y(m (0) ,0)
> s2[29(m,0) — v (m(0),0)] + s1v(m (0) ,0),

The term on the right in (21) is equal for ¢ = 1,2, whereas the term on the left is larger
for + = 1. Therefore whenever unit 2 has a profitable deviation so does unit 1. Hence

6 (s1,52) < 0 (s2,s1), and (m (6) ,m (0)) is an equilibrium if and only if 6 < 0 (s1,s5). m

Below, the abbreviations 51 = 5(51, s9) and 51 = 5(81, s9) would be used at times .

~ ~

Lemma 11 6 (s1,s2) < 6(s1,52).

Proof. First, for every 0,

siz (m (6) ,k) + siv (m(0),0) + s;z (m(0) k) — s;7(m (6) ,0)
2
six (m(0), k) + siy (m (0),0) + sjx (M, k) — sjy(m, 0)
2

>

Suppose /0\1 > 51 so that s;y(mm, 51) > siv(m, 51) As (18) holds with equality for 51 and

(20) holds in equality for 61, we can write

S;T (7% <51> ,k) + sy (ﬁz <§1> ,51> + sjx (M, k) — Sﬂ(m,@l)

2
- S; & (772 (51) ,k) + SiY (772 (51) ,51) ;— S5 (772 (51) ,k) — S]"'}/('ﬁl (51) ,51)
N 8;T (ﬁz <§1> ,k:) + sy (ﬁz <§1> ,51> + sz (m, k) — Sﬂ(m,gl)
- 2 Y

where the second inequality follows from the first claim above. But as the right-hand side

of (18) is decreasing in 6, a contradiction. m

The proof of Proposition 1 then follows immediately from the three lemmas above.
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A.2 Cooperative investments

In here, I demonstrate that the analysis of this paper can be extended to cover cooperative
investments. I therefore posit (assumption 4) that the respective values of trade are as

follows:

D (si,s5,mi) = [(1—A)si+ Asj]xx(my, k),
I'(si,85,mi,0) = [(1—A)s; + Asj] v (my,0).

Consider first the choice of market orientation (mq,mz). Unit ¢ € {1,2} is ”in charge” of
an investment of value

5= (1= \)si + Asj.

The analysis of the subgame starting with the choice of market orientation then follows
exactly that of subsection 6.1 for the self-investments case, where s; is replaced by s;. The

interim decision on the transfer pricing policy is determined by the sign of
0
AMyny (k) = (1 = b) * 5 (b) [ J z(m(0,k).k) f@0)dd+ [ W(W,G)f(@del :
[ 0 (k)

which does not depend on the equilibrium investments s; = s = 5(b).
Consider next the choice of investments in the ex-ante stage. Given incentives b;, unit

1’s investment s; under non-integration and exchange autonomy solves:

/9E{ =) @(m(0). k) +y(1(0).0)) 4+ Mz (m(6) k) =y (7 (6).0)) |
2

0\ s (L) @(7(0) )~ (F(0 )+ ((0).)-+1((0).0) } f(0)do+

—c(s).

max b; *
S

/gEs*a_Aw(m,e)f(e)de

And therefore

Si—§<bi rfx(ﬁl(@),k)+(1—2)\)7(ﬁl(9)79)f(9)d9+?‘(1_)\)7(m79)f(9)d9]>7

[% 2 oE

where 5(+) is defined in subsection 6.2. Under mandated trade, s; is a solution to

(I =Nz (m,k)+ Az (m, k)

f(0)do —c(s).

I~— <l
[\]

maxb; * s
S

Therefore




As § > 0, an increase in A, other things being equal, has no effect on investment under
mandated trade, but lowers investment under exchange autonomy and non-integration.
Finally, we argue that the proof of proposition 2 is still valid for the case of cooperative
investments, provided that A is small enough. The only part of the proof that has to be
verified is the comparison between s™ and SM, the symmetric equilibrium investments that

would have been chosen under exchange autonomy, given incentives of b :

M= §<bM
M = §<bM

For A = 0, s™ > sM_ following the argument made in proposition 2. Therefore as s™

at LT cw) ,

— e —
o — %

x(m(e),k)+(12—2A)7(ﬁ1(9),9)f(9)d9+ } (1_)\)fy(m,0)f(6)d9]>.
9E

is

continuous in A, there exists a A such that s > sM for A < X. The rest of the proposition

then holds under this restriction.
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