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Abstract

We show how information technology affects transfer pricing. With coarse
information technology, negotiated transfer pricing has an informational advantage:
managers agree to prices that approximate the firm’s cost of internal trade more precisely
than cost-based transfer prices. With sufficiently rapid offers, this advantage outweighs
opportunity costs of managers’ bargaining time, and negotiated transfer pricing generates
higher profits than the cost-based method. However, as information technology improves,
the informational advantage diminishes; the opportunity costs of managers’ bargaining
eventually dominate, and cost-based methods generate higher profits. Our results explain
why firms generally prefer cost-based methods, and when negotiated methods are
preferable.
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1. Introduction

In the absence of competitive markets for internally traded products and services, why do some firms
base transfer prices on internal costs and others allow managers to negotiate prices? * Allowing managers
to bargain over transfer prices has several drawbacks: the time that managers spend bargaining is lost to
other productive activities; if negotiations take too long, the firm may miss some market opportunities; and
if haggling leads to ill-will between managers, the firm may suffer from sub-optimal decisions and conflict
(see Brickley, et al., 2004; Kaplan and Atkinson, 1998; Simons, 2000). Faced with these issues, why do
firms ever let managers bargain over transfer prices? And what economic characteristics predict the
preferred pricing method?

In any large firm, local managers have private information — superior knowledge of local conditions,
business processes, and potential cash flows. Other parties in the firm rely on local managers’ reports, but
there are two important problems with this. First, a local manager may distort information; if truthful reports
are desired, top management must provide appropriate incentives. Second, transferring local knowledge may
be costly — it may be difficult or impossible for the local manager to fully describe the precise links between
local information, the multitude of local decisions, all of the available alternatives, and the potential cash
flows. And it may be difficult or impossible for other parties in the firm to quickly understand and act upon
the local manager’s reports. We show that it is the ability to communicate knowledge to top managers and
others that is a key factor determining the preferred transfer-pricing method. Specifically, the more difficult
it is to transfer the local knowledge of the supplying division, the more attractive is negotiated pricing.

The costs of transferring local knowledge to top managers and others vary widely across divisions,
across firms, and over time. A number of factors influence these costs: the nature and complexity of local
knowledge; the cultural, educational, and on-the-job training backgrounds of divisional and top managers;
the necessity for rapid responses to changes in local conditions; the firm’s size; the technology for
communicating local information; and the geographic reach of the firm (Brickley, et al., 2004; Christie, et

al., 2003; Demsetz, 1988; Jensen and Meckling, 1992).

L A survey reports 73% of managers think it important to price internal transfers to maximize operating performance (Ernst &
Young, 1999). Negotiated and cost-based methods are common in practice (Atkinson, 1987; Price Waterhouse, 1984; Tang,
1993). Hirshleifer (1956), Edlin and Reichelstein (1995), Baldenius, et al. (1999), and Vaysman (1996; 1998) analytically
establish the contracting benefits of transfer pricing in various economic environments.



We use the term “coarse information-technology (IT)” to refer to the limitations of the firm’s formal
and informal information systems when transferring local divisional knowledge to top managers.? There is
a continuum; in the extreme “perfect-1T” case, it is possible for the local manager to quickly and costlessly
report on everything of local economic relevance (top managers must still provide truth-telling incentives
if they desire truthful reports); at the other extreme, the local manager cannot provide any relevant reports
whatsoever (reporting incentives are then not an issue). Of course, neither extreme is realistic: all firms
rely on divisional reports, yet no reporting technology fully communicates everything about local
conditions.

In the extreme “perfect-1T” case, cost-based transfer pricing works well. Divisional managers are
given contracts that provide them incentives for truthful reporting (this, of course, costs the firm but cannot
be avoided). Top management then receives all the relevant information about the supplying division,
computes the relevant outlay and opportunity costs of internal trade, and sets the price equal to the total
relevant cost. The buying division’s internal-ordering decision is then optimal from the firm’s point of
view; but since top managers could simply impose this internal-ordering decision, it is not clear why the
firm is organized into profit centers in the first place. Coarse IT provides an answer: if it is not possible to
communicate all the relevant local information, two profit centers and cost-based transfer pricing
guarantee superior decisions (Vaysman, 1996).

If local managers cannot fully and quickly report on everything of relevance to local cash flows, top
management must rely on a concise but incomplete estimate of the supplying division’s costs to optimally
set the cost-based transfer price. Even with contractual incentives for truthful reporting, top management
cannot get all the information necessary to compute the relevant cost of internal trade. At best, the cost-
based transfer price is set to equal top managers’ estimate of the relevant cost (given their necessarily
incomplete information). In Section 3 of the paper, we show that, since this cost estimate is by necessity
sometimes too high and sometimes too low, the buying division’s internal-ordering decision is suboptimal.

On the other hand, when divisional managers bargain over the transfer price (and thus, effectively,

over whether to trade internally), top management can use divisional-profit-based compensation to ensure

2 Jensen and Meckling (1992) describe this continuum as “general” vs. “specific” knowledge. Demsetz (1988) and Christie, et al.
(2003) use the terms “nonspecialized” and “specialized” knowledge.



that the managers come to a price agreement only if it is in the firm’s interest to transfer internally. The
internal-trade decision thus incorporates the managers’ local information better than under cost-based
pricing. This is the informational advantage of the negotiated method. We compare this advantage with the
organizational and opportunity costs the firm faces from managers’ bargaining.® To capture these costs,
we use a multi-period offer-counteroffer bargaining model. We show that top management can use
compensation schemes and bargaining rules to guarantee that divisional managers agree on a transfer price
quickly. Negotiated transfer pricing is then superior to the cost-based method when offers and responses
happen rapidly (this is formalized in Theorems 2 and 4).

We also consider the implications of improvements in a firm’s knowledge-transfer systems. As IT
improves, expected profits increase under both methods. But they increase faster with cost-based pricing:
IT improvements enhance the supplying manager’s ability to communicate local knowledge and,
consequently, top management’s ability to set transfer prices that approximate the relevant costs of internal
trade. The informational advantage of the negotiated method decreases with IT improvements, and is
eventually outweighed by the opportunity and organizational costs of managers’ bargaining. Thus, with
sufficiently fine IT, the cost-based method generates higher profits than negotiated transfer pricing; we
document this in Theorem 3.

An important caveat is that our study does not address two important practical issues. First, to
simplify the analysis, we ignore the effect of taxes on transfer-pricing method choice. Income taxes,
tariffs, and domestic content laws influence a firm’s transfer-price decisions, while national tax laws and
international treaties constrain the firm’s choices.® Our results apply directly to situations where the tax
effects are not an overriding consideration for internal trade, either because the trade does not cross tax

jurisdictions, or because the firm maintains a system of transfer prices for performance evaluation

% Two papers compare negotiated with cost-based pricing schemes without explicitly considering opportunity costs of bargaining:
Baldenius, et al. (1999) study the setting with symmetric information, and Baldenius (2000) with asymmetric information. They
represent price negotiations by a static surplus-sharing rule and focus on specific investments and the hold-up problem as the
key incentive issues under incomplete contracting. By contrast, we use dynamic bilateral bargaining to represent negotiations,
allowing us to focus on bargaining time as an important organizational variable and to trade off the opportunity costs of the time
spent bargaining against the informational advantage of the negotiated method.

* The taxation literature studies several related issues: (i) the impact of tax rates and regulations on production, location, and
pricing decisions (Copithorne, 1971; Halperin and Srinidhi, 1987; Harris and Sansing, 1998; Horst, 1971; Samuelson, 1982); (ii)
incentives to make investments in incomplete-contract settings (Sansing, 1999; Smith, 2002); (iii) computations of optimal
transfer prices as functions of different tax rates (Baldenius, et al., 2004; Narayanan and Smith, 2000). In contrast, we focus on
the incentive, coordination, and performance-evaluation objectives of transfer prices.



separately from tax transfer prices (note though that in the latter case the taxation authorities can argue that
the tax transfer price has no legitimate business purpose and take legal action to use the internal system for
taxation purposes; see Ernst and Young, 1999, and Springsteel, 1999). Where tax effects are important, our
model can be extended to include these effects, along the lines of Baldenius et al. (2004).

Second, when a firm is implementing a cost-based pricing system, divisional managers may expend
time and effort attempting to influence the system’s design. But, as is typical in standard models of
mechanism design with private information, it is optimal for the top management to disallow any influence
activities by proposing the cost-based system to the managers in a “take-it-or-leave-it” fashion. Our
analysis of optimal contracting under cost-based pricing thus does not admit the possibility that there are

opportunity costs of managerial time from system-design-stage influence activities.

2.  The model
2.1 Basic model with perfect information technology

The firm consists of headquarters (HQ) and two divisions: production and marketing. HQ represents
the firm’s risk-neutral owners. Manager 1’s production division manufactures an intermediate product that
serves as the input to Manager 2’s marketing division; the product is not available in any outside market.
The marketing division finishes and sells the product, earning revenues for the firm (net of any marketing
division costs). For simplicity, the quantity q of the intermediate product is either zero or one.”

Each risk-neutral manager has a wealth of local knowledge relevant for the decisions that affect
divisional cash flows. Much of each manager’s relevant local knowledge is private.®° We use a standard
technique for representing informational asymmetry in firms: we condense all of manager i’s private

knowledge into a single private-information variable 8, for ie {1, 2}. The set of possible realizations of this

% The model can be extended to incorporate multiple quantity levels, with similar results about preferred transfer-pricing methods.
The key differences are: (i) the optimal cost-based transfer price is a function of quantity (it is still a marginal-cost plus a
markup price); and (ii) the bargaining procedure under negotiated pricing has two stages: the firm requires the managers to first
bargain over the quantity, and then to bargain over the price (as suggested by Brickley, et al., 2004). Even in our simpler setting,
unless divisional managers can perfectly communicate all of their local knowledge to the firm’s HQ, divisional structure and
delegated decisions provide the firm with higher profits than a single HQ-managed responsibility center.

® Local decisions include purchasing, scheduling, quality control, human-resource management, advertising, and distribution.
Some examples of relevant local knowledge, for the production division, include tradeoffs inherent in product design and
engineering; knowledge of current and replacement production resources and technologies; quality and reliability of local
suppliers; and alternative uses of constrained resources. For the marketing division, examples include knowledge of various
markets, channels, and customers; current demand conditions; competitors’ products and prices; and the competitive dynamics
of the product market.



manager’s private information is ©, = [Qi , 5,] , with lower realizations of private information (e.g. low
product-defect rates in the production division) representing “good news” about the divisional environment.

The private-information variables are independent. The probability distribution function of 6, —F,(8,)
—is common knowledge and has a continuous density function f;(8,). Analyses of contracting and
organizational design with private information rely on a standard assumption about the distribution of
private information: the risk ratio [Fi (6)1f (6?')} is increasing in ,. This condition holds for most
standard distribution functions (such as the uniform, normal, chi-squared, and exponential). It guarantees
that the efficient divisional operations in (2) and (3) below are monotone in the manager’s private
information; this, in turn, allows the replacement of the global incentive constraints by local incentive
constraints in the HQ’s profit maximization program. For convenience, we assume that g, > 0.

After learning private information, each divisional manager makes decisions and takes actions
affecting the firm’s cash flows. Many of these decisions are potential sources of conflict with HQ (two
examples are: a manager’s choice of effort, valuable to the firm but costly to the manager; and
consumption of perquisites, valued by a manager but costly to the firm). It is standard to convert incentive
problems with unobservable actions and private information into economically equivalent pure-private-
information representations by eliminating the action variables (see footnote 7 below for an illustration of
this conversion; Demski and Sappington, 1984 and Guesnerie and Laffont, 1984 document the equivalence
of the two representations).

With the pure-private-information representation, the productive parameter z, eZ, cR",ie {1, 2}
represents manager i’s operating decisions that are valuable to the firm but costly to the manager, as follows:
the firm’s cost C(q,z, ) is strictly decreasing in z,; revenue R(q,z,) is strictly increasing in z,; but manager
i’s personal cost function V, (zi,o.) is strictly increasing in z,. Productive parameters thus capture the effects

of both private information and unobservable actions of the two managers on the firm’s cash flows.” For

" This pure-private-information model with personal costs as functions of private information and productive parameters is a
convenient representation of an economic setting where managers have private information and take unobservable actions
(either must supply personally costly effort or consume slack). To illustrate, suppose the production manager can reduce the
production division’s cost with unobservable effort a at a personal cost a®. If the production division’s cost — a function of
private information and effort — equals [91/ a]n , this private-information-and-effort situation can be converted to the pure-
private-information one by eliminating the effort variable as follows. Set z, = [a/Hl] and treat z; as the variable of analysis,
with C(L,z)=[z]" and V,(z,6,)=[6,-z] . The two representations are economically equivalent; the pure-private-
information one is more convenient to analyze.



simplicity, we assume that the personal-cost functions are multiplicatively separable in strictly increasing
positive differentiable functions of the productive parameter and private information (this does not affect the
main results):

Vi(z.6,)=b(z)v,(6) forie{1,2}. 1)

To normalize the disutility of the “least costly action,” set b, (0) =0 for ie{1,2}. We use x; to
represent manager i’s compensation. Each manager is free to quit after learning private information;
compensation must then be high enough to assure that the manager’s expected utility exceeds a reservation
level, normalized to zero. We impose enough structure on the cost and revenue functions to assure that the
firm’s problem has a well-defined solution and that the standard single-crossing condition holds.®

We focus on the incremental impact of internal trade and, thus, normalize to zero divisional cash
flows when no internal trade takes place: C(0,z,)=R(0,z,)=0 forall z,,z,. The cost function captures
all costs incremental with respect to the transfer decision. The issue of full-cost versus marginal-cost
pricing thus does not arise in our model — full costs and marginal costs are the same.

So far, in this standard asymmetric-information model of the firm, there are no restrictions on: (i) the
managers’ abilities to communicate all local knowledge to HQ costlessly and instantaneously, and (ii)
HQ’s ability to completely understand and act upon this knowledge costlessly and instantaneously. The
Revelation Principle then implies that there is no value to decentralization, divisional structure, transfer
pricing, or divisional performance evaluation. HQ maximizes the value of the firm by asking divisional
managers for their local information, providing them contractual incentives to reveal that information
truthfully, and then making all the decisions about the firm’s operations. To convince each manager to
reveal private information truthfully, HQ must pay a premium above the manager’s reservation wage. This
compensation premium is known as informational rent; it reduces the firm’s profits relative to the first-best

setting without private information.

In the second-best setting with private information and perfect IT, HQ’s expected payment to each

manager equals Eq, [ (z)h(6,) ], where h,(6,)= {vi (6,)+ F.(4) v/ (6, )} note that this exceeds the

f(6)"

® For this, it is sufficient that (i) [C (L z,) +V, (2,6, )] is strictly convex in z;; (ii) [R(1,2,)-V,(z,,6,)] is strictly concave in z,; and
(iii) v, (6’,) convex in @, for ie {1, 2}. We also impose the following standard regularity condition to enable the analysis of
delegated decisions under transfer pricing: (v/(6,)/v,(6,))-(F.(6,)/ f;(6,)) is weakly increasing in 6, for i {1,2}.

6



manager’s expected personal cost E [bi (z)vi (6 )] ¥ We use the term pre-transfer cost to

refer to the firm’s relevant costs in the production division: the sum of production costs C(1,z,) and the
production manager’s compensation b, (z,)h, (6,). We use post-transfer net revenues to refer to the
difference between the marketing division’s revenues R(1,z,) and the marketing manager’s compensation
b, (z,)h,(6,). To maximize the value of the firm, HQ maximizes the difference between the post-transfer
net revenues and the pre-transfer production costs. When internal trade takes place, efficient production-
division operations Z (6, ) minimize the pre-transfer cost; this optimally trades off cost reductions in

divisional cost C(1,z,) and increases in required compensation b, (z,)h,(6,):

7,(6,)=argmin[ C(Lz)+b,(z)h(6,)]. )

22,
Likewise, from the firm’s perspective, efficient operations z, (02) for the marketing division
maximize the post-transfer net revenue; this optimally trades off increases in revenues R(l, 22) and
increases in required compensation b, (z,)h, (6, ):
72(02)zargrz?;azf[R(l,zz)—bz(zz)hz(02)]. ©)

The firm’s gains from internal trade when divisions operate efficiently are

[R(LZ,(6,)-b,(Z(6))h, (6,)|-[C(1.2(6))+b(z(6))n(6) ] (4)

If the gains in (4) are positive, HQ mandates internal trade. Conversely, when the gains are negative,
internal trade reduces the firm’s profits, and HQ prohibits it. Figure 1 shows a typical efficient pre-transfer
total cost function. The efficient net revenue function is constant with respect to changes in the production
manager’s private information. The gains from trade are thus strictly decreasing in the manager’s private
information.

\Insert Figure 1 about here\

Figure 2 shows that the managers’ private-information spaces are partitioned into two regions:
internal trade when private-information realizations are good enough to yield non-negative gains from

trade, and no internal trade otherwise. We assume that the internal-trade decision is non-trivial: the

o Eg[] is the expectations operator over the set S. For details on computing informational rents and solving standard private-
information contracting problems, see Fudenberg and Tirole (1991). Note that Fudenberg and Tirole (1991), among others, refer
to [b;(z;)h; (6)] (capturing the manager’s personal cost b, (z)v;(6;) and informational rent) as virtual cost. We refer to this as
manager’s compensation, to clearly distinguish this term from the production division’s costs.



probability that the firm benefits from internal trade is positive but less than 1.

\Insert Figure 2 about here\

2.2 Coarse information technology and profit-sharing contracts

For the remainder of the paper, we discard the assumption that the managers can freely and
instantaneously transfer all local information to HQ. Each manager’s knowledge is rich, multi-
dimensional, and specific to local operations. Transferring some local knowledge to HQ is almost free
(examples are input prices and quantities). Other knowledge is specific and costly to transfer (examples
include technological expertise, product-design tradeoffs, product and process engineering, market
conditions, competitors’ strategies, customer relationships, and alternative uses of constrained resources).

To develop transparent intuition and describe the implications of coarse IT for transfer pricing in a
tractable setting, we initially limit only the production manager’s ability to communicate with HQ (in Section
6 we show that the main results hold when neither manager can fully communicate all local knowledge to
HQ). It is certainly too costly for the production manager to fully explain to HQ the precise links between
local knowledge, the multitude of decisions the manager makes, and the resultant divisional cash flows.
Instead, the manager provides HQ with a report, such as a divisional budget, which includes aggregated
representations. The financial language of budgets captures the complexity of the production manager’s local
knowledge concisely but not completely. Further, there is a delay between the time the manager learns new
information and the time HQ can internalize it and act upon it. HQ can then enhance the value of the firm by
delegating decision rights to divisional managers and compensating them based on divisional profits.

While we do not explicitly model communication and processing costs, the technique introduced by
Melumad et al. (1992) allows us to represent them. Formally, the manager’s reports to HQ can take on at
most k distinct values. The restriction does not specify how the manager communicates with HQ, or what
the manager reports. It simply forces the size of the reporting set M, to be smaller than the size of the
manager’s local-information set ®,; this makes it impossible for the manager to explain everything of
local relevance to HQ. But the following important result allows us to relate the reporting restriction to the
common practice of divisional budgeting (the result also allows us to narrow the set of managerial-
compensation contracts HQ needs to consider).

The technical result is that, with the reporting restriction, it is optimal for HQ to (i) partition the



production manager’s private-information space into k intervals (in general, the intervals will differ in “size”);
and (ii) offer a contract that convinces the manager to truthfully report which of the intervals contains the
manager’s private information.'® We number these intervals in order of increasing 6, , use @' to refer to the u™
interval, and use 51“ to refer to the upper bound of the u™ interval, for u e {1k} The production manager’s
reporting set is then M, = {®1®f®f} HQ requests that the manager report the interval ®} that contains
the local information. The manager’s report m, € M, is strategic — the manager maximizes expected utility and
reports truthfully only if given appropriate contractual incentives. But, since it is optimal for HQ to use
contracts that give incentives for truthful reporting, for the remainder of the paper we focus on these truth-
inducing contracts.

To illustrate the formal technique and the link to divisional budgeting, consider an extreme case of
coarse IT: k = 2. The production manager’s private information space is divided into 2 intervals: divisional
conditions are “favorable” when the manager’s private information is in the interval @;; “unfavorable”
when private information is in ®? (here and below, we show the two intervals of equal lengths for
illustration purposes only; in general, it will be optimal for HQ to choose reporting intervals of differing
lengths):

et e?

A
~ Y
i

| |
) 6 6

i

The production manager’s reports have two economically equivalent interpretations: (i) reports about
local private information (e.g. “favorable” or “unfavorable™), and (ii) budgets, or cost estimates (e.g. low or
high). For example, when the manager reports that local conditions are “favorable”, HQ cannot precisely
forecast either how the manager will operate the division or what the pre-transfer costs will be. But the
“favorable” report corresponds to a unique cost budget. Consider any contract that pays the production
manager a share ¢, of divisional profit, with divisional profit computed by [T —C(l, zl)} — some internal
transfer price T minus divisional cash flows (we use profit-sharing contracts in the analysis below). The

manager will operate the division to maximize the difference between divisional-profit-based compensation

10 The intuition is similar to (but, because of coarse IT, not identical to) the Revelation Principle. Any contracting outcome where
the manager’s reporting strategy is to distort his information can be replicated by a contract where HQ commits to apply the
same distortion to the manager’s report. In the replicating contract, the manager thus has the incentive to report truthfully. Note
that because the marketing manager can fully communicate with HQ, the Revelation Principle implies that the marketing
manager’s reporting set M, is the same as the private-information set ©,.



and personal cost; from the manager’s point of view, optimal divisional operations z; (-)Will depend on local
information ¢, and the manager’s profit share «, : 7 (e,,6,) € argmax, [al (T-C(Lz))-b(z)v (91)].
Lacking full knowledge about the division, HQ cannot predict exactly what the divisional costs

C(l, z (al,el)) will be. But HQ can compute (i) the expected divisional cost E@g [C(l, Z (al,el))]; and (ii)
the production manager’s expected divisional-profit-based compensation.

The manager’s report that local conditions are “favorable” is thus equivalent to the manager
budgeting divisional costs at E@} [C (1, Z (al,Hl))}. HQ can request that the manager provide either (i)
direct reports about private information, or (ii) budgets; the two reporting systems are identical. For
exposition, we will call the production manager’s reports “budgets,” with the understanding that “a budget
report ®, ” refers to the budget Eq, [C (1, Z (al((af),al)ﬂ. It is useful for the analysis below to define
the “typical” private-information realization &' as the private information of the manager with average
total costs in the interval @} ; @' is implicitly defined by

h(6)=E, [M(4)] ©)

In summary, the production manager sends HQ budgets (i.e. cost estimates), but these budgets cannot
fully describe the production division’s economic environment. HQ can neither perfectly predict the
production manager’s operating decisions nor the exact production costs. However, HQ can forecast that
production costs will be in a certain range (albeit with variances from budget) because it is optimal for HQ
to provide incentives for “truthful” budgeting. Overall, with coarse IT on the production side, the firm
benefits from delegating local decisions to divisional managers and guiding internal trade via a system of
transfer prices and divisional-profit-based compensation.

A consequence of coarse IT is that the timing of managers’ reports matters (unlike in the standard
private-information setting, where simultaneous reports are sufficient). When neither manager is able to
fully communicate with HQ (the analysis of our Section 6), receiving one manager’s report first and
conditioning the partition of the other manager’s private-information space on the report is valuable (for
details see Melumad et al. 1997). For simplicity, we restrict our attention to simultaneous reports by the
managers (incorporating the determination of optimal private-information-space partitioning dramatically

complicates the analysis without generating any interesting insights in our setting). The conclusions of our

10



analysis with coarse IT for both managers apply to sequential reporting as well (HQ determines the
optimal reporting sequence and the optimal private-information-space partitions under cost-based transfer
pricing and uses exactly the same reporting sequence and partitions under negotiated pricing). For the
analysis with coarse reporting technology only on the production side, we require simultaneous reporting
because sequential reporting destroys our technical representation of specific, costly-to-transfer knowledge
(if the marketing manager reports first, and HQ conditions the production manager’s partition on
marketing’s report, it is possible for HQ to build a reporting system that bypasses any reporting constraints
and permits full communication of the production manager’s private information).

We now turn to the analysis of cost-based and then negotiated transfer pricing.

3. Cost-based transfer pricing with coarse information technology

With cost-based pricing, HQ sets the transfer price using the production manager’s cost budget. If the
managers trade at some price T and divisional cash flows are C(1,z)and R(1,z, ), divisional profits equal
[T —C(Lz)] for production and [ R(1z,)~T ] for marketing. Each manager’s compensation consists of
a fixed salary and a share of divisional profit. HQ uses budget-based compensation plans: manager i’s
budget m; e M, determines that manager’s fixed salary A (m;)and the profit share &, (m; ). ** The
marketing manager decides whether or not to place an order; we use q°° () to represent this decision. It is
optimal for HQ to make take-it-or-leave-it contractual offers to each divisional manager; the managers are
thus not allowed to attempt to negotiate contractual terms or to otherwise attempt to influence the design of

the cost-based transfer-pricing system. The sequence of events is in the timeline below.
\Insert Timeline 1 about here\

When designing the cost-based pricing system, HQ has three contracting variables — divisional-profit
shares, fixed salaries, and the transfer price — to tackle three related incentive questions:

1. Will the managers truthfully budget costs and revenues?

2. Will the managers trade internally if and only if it is in the firm’s interest?

1 Note the following key ingredients of our model of cost-based transfer pricing: the transfer price is based solely on the report of
the production manager; the production manager can not refuse to fill an order placed by marketing; and each manager’s
compensation contract is independent of the other manager’s report. We comment on these modeling choices below, in the
discussion following Theorem 1.

11



3. When the managers trade internally, will they operate their divisions to maximize the firm’s
profit?

We answer these questions using backward induction, starting at the right-hand-side of the timeline.
First, we examine the managers’ operating decisions following marketing’s internal order (and how HQ
influences these decisions). Armed with predictions about operating decisions, we next consider the
marketing manager’s internal-ordering decision (and how HQ influences this decision). Last, we describe
how HQ convinces the managers to produce truthful budgets.

Divisional operations. If the marketing manager orders the product, each manager operates his division to

maximize personal utility, and, following production and sale, receives both a fixed salary and a share of his
division’s profit. We use z°® (mi,ei) to represent manager i’s divisional operating decision (to make the
decision, each manager trades off increases in personal costs and in compensation).*? By now, each manager
has sent divisional budgets to HQ, and HQ has announced the cost-budget-based transfer price T.
Conjecturing for the moment that HQ can provide incentives for truthful reporting, the marketing manager’s

operating decision maximizes the difference between divisional-profit-based compensation
[,(6,)(R(12,)-T)] and personal cost [b, (z,)v, (6,)]:

25°(6,,6,) = argmax| &, (6,)R(L,2,) - b,(2,)v,(6,) ]. (6)

7,€Z,

The production manager’s operating decision maximizes the difference between profit-sharing

payment [al((af)(T -C(1, zl))] and personal cost [ b (z)v,(6,)]:

2 (01,6, =argmin| &, (0} )C(1,2,)+b;(2)w(4) | @)

neZ,
Divisional-profit shares are HQ’s only means of guiding the managers’ divisional operating decisions;
the cost-based transfer price does not affect them, because the price is set before the managers make these
decisions. Further, divisional operations do not depend on how the firm prices transfers: based on cost or

on managers’ negotiations. Different prices, and different pricing methods, determine only whether there is

12 After HQ and manager i agree on the manager’s compensation contract o (),b’I () , the key variables that influence the
manager’s operating decisions are (i) local information &, and (ii) the manager’s report m,. To simplify the notation, we can
then write the manager’s operating decision z™® (mi,ai) as just a function of these two variables. Below, we further simplify the
notation: since it is optimal for HQ to provide the managers contractual incentives for truthful reporting, under efficient cost-
based transfer pricing the marketing manager reports truthfully, i.e. m, =46,.
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internal trade. This simplifies the later comparison of the two pricing methods. Divisional operating
decisions z® (@f,@l) and z,°(6,,6,) that are optimal under the cost-based method are available with
negotiated pricing — HQ simply uses the same divisional-profit shares. The profit shares that convince the

managers to operate their divisions efficiently are®

v (6)) v,(6,) |
h (') h, (6,)

These profit shares, along with budget-based transfer prices, prevent the production division’s

o (0})= and a, (6,) = (8)

manager from exporting cost inefficiencies to the marketing division. The profit shares induce efficient
divisional operations; the budget-based transfer price guarantees that any production-division inefficiency
is borne by that division. Note, however, that our one-period model does not address the possibility of
production overestimating the current budget and operating inefficiently to “pad” future budgets. Also, we
do not address the possibility that the manager derives personal utility from divisional spending (in the
spirit of empire-benefits models in corporate governance). Private benefits from divisional spending
would give the manager strong incentives to budget for and pass on cost inefficiencies; significant
adjustments to the cost-based pricing scheme would be required in this case.

Internal trade. Having set the profit shares to guarantee efficient divisional operations, HQ guides
internal trade using the cost-based transfer price. The marketing manager orders the product if and only

if, given the transfer price, his divisional profit share exceeds his personal cost:
a,(6,)| R(1.2°(6,,6,))-T(©}) |2 b, (27 (6,.6,))v, (6.

Dividing both sides of this inequality by the profit-sharing parameter «, (Hz)from (8) and rearranging,

from the marketing manager’s point of view, internal trade is attractive if and only if
R(L25°(6,.6,))-b,(25° (6,.6,))h,(6,) =T (}). 9)

The remaining question for HQ is then: how to optimally set the cost-based transfer-pricing rule

13 Recall that ;' represents the “typical” private information in the reporting interval @; (see equation (5)). For the marketing
manager, comparison of the operating decision in (6) with the second-best decision in (3) points to the optimal profit share in (8).
The production manager’s profit share takes a similar form, but subject to coarse IT (the derivations of the optimal operating
decisions and, thus, of the optimal profit shares, are in the proof of Theorem 1). Note that each manager’s profit share can be
written as the ratio of personal cost b, (z;)v;(6,) and expected compensation b, (z )h;(6,), which are both strictly positive terms.

Accordingly, the profit shares ¢, (0,) are strictly positive. In fact, because compensation exceeds personal cost, the profit shares
are in the interval (0,1].
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T (@f) to guide the marketing manager’s internal-ordering decision? The firm benefits from internal trade
as long as the marketing division’s post-transfer net revenues (with efficient marketing operations) exceed
the production division’s pre-transfer costs (with efficient production operations). With the marketing
manager’s profit share from (8), the left-hand-side of the decision rule in (9) equals the marketing
division’s efficient post-transfer net revenues. As we show in Steps 2 and 3 of the proof of Theorem 1 in
the Appendix, the production manager’s profit share in (8) convinces the production manager to operate

his division efficiently and attain efficient pre-transfer cost that equals

ofu2 (or)) (& (e1.a) 20 (), @0

Can HQ use the cost-based transfer price on the right-hand-side of (9) to convince the manager to

internalize the production division’s pre-transfer costs? Because of coarse IT, the answer is no — the
production manager’s budget cannot reveal everything about the production division (specifically it cannot
reveal the manager’s private information 6,); and lacking complete knowledge about the production
division, HQ cannot use a cost-based pricing rule to communicate the relevant outlay and opportunity costs
of internal trade to the marketing manager. It is then optimal for HQ to use the cost-based transfer price to
communicate HQ’s estimate of the total relevant cost, given HQ’s necessarily incomplete information,

which is the expected value over the reporting interval ®; of the efficient cost in (10):

T(4)-E, | oLz (08,0))+b (2 (01.0)) A L (o) | )

vl(ef)

Then, using (9), the marketing manager orders if and only if there are expected gains from trade in the
reporting interval ®{. The formal result is in Theorem 1 below; we illustrate it in Figures 3 and 4 for
extremely coarse IT (k = 2). Here the production manager’s budget can take on only two values: “low” or
“high.” The transfer price is based on this budget. Thus, HQ can set at most two different transfer prices: one
when the manager’s local information is “unfavorable” (6, € G)l2 ), and a lower price when the information is
“favorable” (6, € ©}). This triggers two types of inefficiencies for the firm: the “no-trade inefficiency” when
the marketing manager does not order, even though the firm would benefit from internal trade; and the “trade”
inefficiency when the marketing manager does order, even though internal trade destroys profits.

We illustrate the “no-trade” inefficiency in Figure 3 for a given value of the marketing manager’s private

information. The firm benefits from internal trade as long as the production manager’s local information is
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below the breakeven value él; but since the single transfer price in the reporting interval ®: is higher than the
post-transfer revenue (left-hand side of inequality (9)), the marketing manager does not order when the
production manager’s private information is anywhere in ®?. The shaded area in Figure 3 shows the extent of
the firm’s loss; in Figure 4’s unshaded triangles, the marketing manager does not order even though the firm
would benefit.
\Insert Figure 3 about here\

Conversely, for a subset of private-information realizations the marketing manager orders the product
even though internal trade reduces the firm’s profits. This takes place when the post-transfer net revenues
are greater than the transfer price but less than the production division’s pre-transfer cost. The “trade”
inefficiencies are in the shaded triangles between the two boundaries in Figure 4.

\Insert Figure 4 about here\

Truthful budgeting. HQ uses the managers’ profit shares to guarantee efficient divisional operations and
the cost-based transfer price to manage internal trade. That leaves one contracting variable for each
manager — the fixed salary — to convince the manager to truthfully budget divisional cash flows. This is
enough. HQ sets each fixed salary so that the manager faces a forecasting trade-off: a less ambitious
budget allows the manager to exert less effort (or to consume slack), at the expense of lower total
compensation; a more ambitious budget requires harder work, at a higher total compensation. It is then
possible to judiciously set the fixed-salary component of compensation to guarantee that each manager,
when making this trade-off, issues an unbiased budget.

We formalize these results in Theorem 1 (see Appendix B for all proofs).
Theorem 1. Under cost-based transfer pricing, the firm maximizes its expected profit with the take-it or
leave-it offer of the transfer-pricing rule in (11) and divisional profit-sharing contracts in (8). The
managers operate their divisions efficiently. The marketing manager orders the intermediate product if and
only if post-transfer net revenues [R(l, ads (92,62)) —b, (ZZCB ((92,6*2))h2 (6, )] exceed the transfer price in
(12).

At this point, three key modeling ingredients leading to Theorem 1 deserve additional attention: the
transfer price is based solely on the production manager’s report; each manager’s compensation contract is
independent of the other manager’s report; and the production manager cannot refuse to fill an order.

First, the transfer price is a function only of the production manager’s report. This captures the idea
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that a cost-based transfer price is based on the actual or estimated costs incurred by the firm up to the point
of internal transfer (we discuss the consequences of setting the transfer price based on both managers’
messages below, in the last paragraph of this section). In our model, the production manager’s report
communicates the cost budget, and the marketing manager takes the budget-based price as a given when
making the internal-ordering decision. With this representation of cost-based pricing, the second key
modeling ingredient — divisional profit sharing — is optimal, because the incentive problem that HQ faces
can be separated into three objectives: (i) guide operations in each division toward efficient ones; (ii)
manage internal trade given efficient divisional operations; and (iii) guarantee truthful reporting. HQ uses
divisional profit shares to achieve (i), the cost-based transfer price to achieve (ii), and the fixed-salary
compensation to achieve (iii). Neither allowing one manager’s compensation to depend on the other
manager’s report nor including the firm’s profit in compensation plans affects the results.

With cost-based transfer pricing, allowing the production manager the right to refuse marketing’s order
is generally detrimental. Given that right and the profit shares in (8) needed for optimal divisional operations,
the production manager will reject orders whenever the manager’s pre-transfer cost exceeds the transfer
price, no matter how positive the marketing manager’s information 6,. This will eliminate the “trade”
inefficiency of cost-based pricing but create additional losses (using the k=2 example of Figure 4, there will
be no internal trade in the regions immediately below each “trade” inefficiency triangle). This could be
beneficial for the firm when the range of marketing’s post-transfer net revenues is narrow. For example, if the
marketing manager’s private information set is a singleton, giving the production manager the right to refuse
eliminates the “trade” inefficiency. The “no-trade” inefficiencies, however, would still remain.

As we note below at the beginning of Section 6, unless the marketing manager’s ability to
communicate is also restricted, the firm’s profits are the highest under a revenue-based transfer-pricing
system where HQ: (i) sets the transfer price based on the marketing manager’s report, and (ii) allows the
production manager to “push” the product to the marketing division. This higher level of profits can also
be attained with the marketing manager placing the order, HQ setting the transfer price based on both
managers’ reports, and the production manager having the right to refuse any order. However, when
neither manager can fully communicate all local knowledge to HQ, negotiated transfer pricing is superior

to both cost-based and revenue-based pricing methods (see Section 6 below).
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4. Negotiated transfer pricing with coarse information technology

With negotiated pricing, divisional managers bargain over whether there is internal trade and, if so, at
what price. Compared with cost-based pricing, this method offers the firm a number of benefits: (i) the firm’s
central management does not have to be involved in setting the price, allowing divisional managers to operate
under greater autonomy (Vaysman, 1998); (ii) the managers may better exploit specific knowledge about
local opportunities, which HQ may otherwise be unable to access (Kaplan and Atkinson, 1998); and (iii) the
agreed transfer price may better approximate the opportunity cost of the internal product (Brickley, et al.,
2004).

However, bargaining is time-consuming and can lead to conflict and ill-will (Brickley, et al., 2004;
Kaplan and Atkinson, 1998; Simons, 2000). The time spent negotiating prices or dealing with
organizational conflict is lost to other value-generating activities. The firm thus incurs opportunity and
organizational costs increasing in bargaining delays. We formally represent managerial negotiations and
capture these costs using the following multi-stage bargaining structure. One of the managers makes a
price offer at the beginning of a bargaining time period ne {1, 2, } and the other manager accepts or
rejects this offer at the end of the time period. The length of a time period (thus the length of time between
offers) is A > 0. The time the managers spend bargaining is not spent on other value-generating activities;
there are thus opportunity costs for the firm and for the managers. Price bargaining for one period
displaces the “next-best” activity. If each manager has many possible value-generating activities, it is then
natural to capture these opportunity costs with a per-period discount factor & (0,1) (decreasing in A), in
the spirit of opportunity-cost-of-capital techniques.**

We now answer the following key questions:

1. How should the top management set up the negotiated pricing system?

2. What prices do managers reach in their negotiations? Do the prices approximate the costs of internal
trade better or worse than the dictated price under the cost-based method?

3. How long will managerial negotiations generally last? How can HQ encourage divisional managers to

reach agreement quickly (and thus to minimize the bargaining-time disadvantages)?

4 Al results are similar as long as there are some opportunity and organizational bargaining costs. The discount factor
representation has a second natural economic interpretation: there is some positive probability r that the managers’ opportunity to
generate gains disappears when they continue bargaining for another period (because of competitor responses, market changes, a
manager’s unexpected separation from the firm, or random factors). Our analysis captures this setting with & =[1-r].
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4. When can we rank the two transfer-pricing methods?

There are two important design issues for HQ to resolve when setting up the negotiated pricing system: (i)
which bargaining procedure should the managers use; and (ii) how to compensate the managers. Initially, we
consider the bargaining procedure where the production manager makes all price offers, and the marketing
manager accepts or rejects them. We comment on the alternative procedure, with the marketing manager
making offers, in the paragraph following Theorem 2 and use the alternative procedure in Section 6.

The second design issue — managerial compensation — is significant for two reasons. First, as under cost-
based pricing, divisional profit shares directly affect local decisions. Second, compensation contracts influence
the range of transfer prices acceptable to each manager. As under cost-based transfer pricing, HQ uses budget-
based compensation plans: HQ specifies these compensation plans and requests a budget from each manager to
determine the manager’s fixed salary and profit share. To guide the managers’ transfer-price bargaining, HQ
makes the budgets available to both managers.™

\Insert Timeline 2 about here\

The precise sequence of events is depicted in Timeline 2. Not depicted in the timeline is HQ’s threat
to intervene if the managers fail to reach agreement by some time n — chosen to make irresolvable
disputes unattractive. The managers, at time periods n e {1, 2,...,ﬁ—1} , simultaneously negotiate the price
and whether or not the product is produced and transferred. The production manager either (i) offers a
transfer price, or (ii) proposes that internal trade not take place. The marketing manager accepts or rejects
the offer. If the managers agree not to engage in internal trade (we use q“*® () =0 to represent this), each
manager is paid a fixed salary. If the managers agree to produce and transfer in period nat transfer price

p", manager i operates his own division; we use ¢"*°(-)=1 to represent the manager’s agreement to
trade, and z\'™® (m,, 8, ) to represent manager i's divisional operations.

We analyze perfect Bayesian equilibria of managerial interactions. A formal definition and additional

notation describing managers’ actions, strategies and beliefs are in Appendix A. As under cost-based pricing,

15 Under cost-based pricing, HQ communicates the production manager’s message ©;' to the marketing manager via the transfer
price T (@f). For negotiated pricing to perform well, HQ must make at least one similar communication. Specifically, HQ
must communicate to the manager making transfer-price offers the other manager’s message (while our proofs are simplified by
both messages being available to both managers, only one communication is required for the results). Without this
communication, there is no clear ranking of the two systems. Also, without budget-based compensation, negotiated transfer
pricing performs poorly compared with the optimal cost-based pricing of Section 3: in this case, divisional decisions are strictly
worse, and managerial bargaining leads to inferior internal-trade decisions.
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HQ uses each manager’s fixed-salary compensation component to provide incentives for truthful reporting
(note that here inducing truth-telling may not be without loss of generality, yet still sufficient for the firm to
enjoy the advantages of negotiated pricing). Our discussion below relies on HQ’s ability to elicit accurate
reports.

When managers negotiate the transfer price, the firm and the managers incur costs because of
bargaining time and internal conflicts. Why then should HQ ever use negotiated transfer prices for internal
trade? Efficiency losses under cost-based transfer pricing in Figures 3 and 4 suggest a possibility: because of
coarse IT, HQ imposes a single transfer price that applies when the production manager’s local information is,
for example, “unfavorable” (i.e. 6, € ®2); the transfer price cannot be tailored to just how unfavorable the
local information is. The cost-based transfer price is HQ’s expectation of the pre-transfer cost consistent with
an “unfavorable” budget; the price cannot fully communicate the production division’s local knowledge and
the relevant outlay and opportunity costs of internal trade. But with negotiated pricing the production
manager, who understands the local knowledge, makes the price offers; HQ provides incentives to convince
him to use this knowledge in the firm’s interest — to make price offers that, compared with the cost-based
transfer price, are more closely tailored to just how unfavorable the local information is.

Despite the production manager’s superior knowledge when making transfer-price offers, the firm
does not necessarily benefit from negotiated pricing — the production manager makes the offers to
maximize individual utility and not overall firm profits; and the marketing manager responds to the offers
also to maximize individual utility. To evaluate the performance of the two pricing methods, we next
consider the range of prices negotiated by the managers, the duration of negotiations, and, most
importantly, the performance ranking of the two pricing methods.

Negotiated prices. If HQ uses the same divisional profit-sharing rules as under cost-based transfer pricing

a1(®f)2:;22:;; @, (‘%)ZM (12)

and the managers agree to internal trade after n bargaining periods at some price p", the managers will

operate their divisions exactly as under optimal cost-based transfer pricing: z'** (©},6,) =z (©},6,),
and 2,°(6,,0,)=15"(6,.6,).

Consider the production manager’s price-offer strategy. The manager, when making a price offer p",
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uses marketing’s budget 6, to predict the change in the marketing manager’s utility from accepting the

offer. This incremental utility is the difference between marketing’s profit share and personal cost:

) (0,225 (6,,6,)) - ] b, (225 (6.6,) v, (6, (13)

h,(6,)
The marketing manager will definitely not accept a price offer that decreases his utility; rearranging

(13), the maximum acceptable transfer price equals marketing’s budgeted post-transfer revenue net of
compensation costs (for notational clarity, we suppress the dependence of p"* on 6,)
P =R(12,"°(6,,6,))-b, (2, (6,,6,))h,(6,). (14)

Fully aware of this, what offers will the production manager make? The specific bargaining
procedure required by HQ — price offers by the production manager, and acceptance or rejection by the
marketing manager — allows us to answer this question. The marketing manager’s bargaining power is
limited to accepting or rejecting offers. If internal trade improves the production manager’s utility, the
best price-offer strategy is then simply to make a “take-it-or-leave-it” proposal: offer the maximum price
that the marketing manager would ever accept. That price is p"**.

What is the marketing manager’s best response to this price offer? The manager can either accept the
price or reject it in expectation of a better price offer in a future bargaining period. Under what conditions
could the marketing manager “reasonably” expect a better offer? This could happen only if the marketing
manager, by rejecting a price offer, changed the production manager’s beliefs (in all other elements, all the
bargaining periods are identical). But this cannot happen in equilibrium, since (i) the production manager
only forms beliefs about the marketing manager’s private information; and (ii) HQ’s contract with the
managers assures that all equilibria involve the marketing manager issuing truthful budgets (and, thus,
effectively revealing local private information).

Thus, the production manager will never make a better price offer, and the marketing manager’s best
response is to quickly (after one bargaining period) accept production’s price offer p"*. To summarize,
if the managers ever agree on a transfer price, this agreement takes place after one bargaining period; the

price equals marketing’s budgeted post-transfer net revenues.

Internal trade. Predictable negotiated transfer prices allow precise forecasts of the conditions leading to

X

internal trade. The production manager only initiates price negotiations if trade at p"" increases his
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utility: production’s profit-sharing payment must exceed the manager’s personal cost:
Vi (91“ ) u u
L e (o) Jon (= (er.a)u @),

Substituting the maximum acceptable transfer price from (14) and rearranging, internal trade takes

place if and only if

[R(L2%(6,,6,))-b, (2% (6,,6,))h (6) | 2| C (1.2 (6},8,)) +by (2 (€16 ))\\:((Z;))q(el“) .

The left-hand side of this inequality is the firm’s post-transfer net revenue; the right-hand side is the

firm’s pre-transfer cost. Thus, the managers agree to internal trade if and only if there are gains from this
trade from the firm’s point of view. Negotiated transfer pricing eliminates inefficient trade under cost-
based pricing (in the region (671,51} of Figure 3). This happens because production’s transfer-price offer
is the marketing division’s post-transfer efficient revenue. Because of the bargaining power granted by
HQ, the production manager captures, and thus internalizes, the entire gains from internal trade. We
illustrate this in Figure 5.

\Insert Figure 5 about here\

In Figure 5, the heavy solid line is the boundary between the shaded trade region and the unshaded
no-trade region under negotiated transfer pricing. The thin step-function line is the trade/no-trade
boundary under optimal cost-based pricing (see Figure 4). Note the breakeven point(él,éz) from Figures
3 and 4. Under optimal cost-based transfer pricing, the marketing manager made his internal-ordering
decision based on the transfer price imposed by HQ; the cost-based price could not fully communicate all
of the production manager’s relevant knowledge; and, thus, some inefficient trade was inevitable (here
illustrated by the shaded region below and to the left of(él,éz)and above the thin step-function trade/no-
trade boundary under cost-based pricing).

With negotiated pricing, the production manager, privately aware of local knowledge, captures all the
gains from trade and, with proper incentives, only makes reasonable price offers when the firm benefits
from trade. The breakeven point (él,éz) is thus on the trading boundary; internal trade under negotiated
pricing is efficient.

We can now rank the firm’s profits under the two methods, by comparing the informational
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advantage of the negotiated method with the opportunity and organizational costs of managers’
bargaining. Since price negotiations conclude after one period, the key determinant of the bargaining
costs is the length of each bargaining period. If the managers can be convinced to provide price offers and
responses quickly, the informational advantage of negotiated transfer pricing exceeds the bargaining
costs. We formalize the preceding discussion in Theorem 2.
Theorem 2. With coarse IT on the production-side and production-manager-offer negotiated transfer
pricing, the firm can provide divisional-profit-based incentive contracts that guarantee:

1. Truthful reporting by divisional managers;

2.  Divisional operations identical to the ones under optimal cost-based transfer pricing;

3. Transfer-price agreement after one bargaining period;

4. Internal trade if and only if the firm gains from this trade.
If the length of each bargaining period A is below a threshold value, the firm’s expected profit under
negotiated transfer pricing is strictly higher than under optimal cost-based transfer pricing.

The rapid conclusion and the efficiency of transfer-price negotiations hinge on the production
manager making the first price offer based on the marketing manager’s unrestricted report (we consider
reporting restrictions for both managers in Section 6). If, instead, HQ requires that marketing makes offers
and production accepts or rejects them, there will be delays prior to price agreement: the marketing
manager will initially offer a low price and then increase prices over time.

We next examine the effect of improvements in information technology on our analysis.

5. Negotiated versus cost-based transfer pricing with improving information technology

Decreasing IT costs, the proliferation of enterprise-resource-planning systems, and improved
communication technologies have all enhanced the quantity and quality of information available to
managers (Sircar, et al., 2000). As IT improves, ceteris paribus, HQ can expect increased profitability under
either transfer-pricing method (see, for counter-examples, Arya, et al., 2000; Mishra and VVaysman, 2001;
Sappington, 1986).

But what are the implications of improved IT for the ranking of the two pricing methods? To
formally answer this question, we represent the “IT-improvement” idea with an increase in the number of
reporting intervals. Specifically, given an existing information system that partitions the production

division’s private-information set into k intervals @;,0?,...,0%, we represent an IT improvement by
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dividing each of the k intervals into two new ones. The improved information system splits the production

manager’s information set into 2k intervals: *°

1 2
(0N 0O,
—
Original information system I I |
— ps
) o; 0
1 2 3 4
CH 0, o) o)
A A A A
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Improved information system I } f i i
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Further IT improvements in turn subdivide each of the reporting intervals. Each improvement
increases the number of reporting intervals and reduces the size of each of the production manager’s
reporting intervals. Consequently, the manager’s budget report representing that the private information is
in some interval involves less and less uncertainty for HQ and for the marketing manager; and the
variances between the cost budget and realized costs decrease.

For example, an IT improvement from two reporting intervals (k = 2) to four intervals (k = 4) means
that the production manager can report conditions as “highly favorable”, “moderately favorable”,
“moderately unfavorable” and “highly unfavorable”, rather than simply “favorable” or “unfavorable”.
There are four possible budget reports with the improved system, compared with two possible reports with
the original system; the production manager’s cost estimates are thus more precise.

Cost-based transfer pricing with coarse IT does not achieve goal congruence. However, IT
improvements diminish this problem. As a reporting interval shrinks, relying on average pre-transfer cost
in each of the smaller-sized intervals to set the price triggers correspondingly smaller distortions in internal
trade decisions and thus increases the gains from trades. In Figures 3 and 4, the goal-congruence problem
is the profit-destroying internal trade in the (él,é] region; as the interval surrounding él shrinks, the
impact of the goal-congruence problem with cost-based pricing decreases.

The two panels of Figure 6 illustrate how IT improvements diminish the goal-congruence problem.
Panel A shows the negotiated method’s informational advantage with severely coarse IT: the production

manager’s budget can take on at most two values. The firm improves its IT in Panel B: the manager’s

16 Other representations of IT system improvements provide identical results. For example, an improved system can be one with a
greater number of reporting intervals than the original one, as long as either: (i) HQ decides how to partition the production
division’s private information space, or (ii) IT improvements happen in a regular fashion, over the entire range of the manager’s
private information. Our representation of IT improvements is the simplest, yet sufficient to obtain and illustrate the results.

23



budget can now take on four values. As IT improves, the area where the cost-based method’s goal-
congruence problem causes trading inefficiencies shrinks.

\Insert Figure 6, Panels A & B about here\

While the negotiated method’s informational advantage decreases with each IT improvement,
bargaining necessarily generates opportunity and organizational costs for the firm. Thus, for sufficiently
fine IT, the cost-based method generates higher profits. We formalize this in Theorem 3.

Theorem 3. With a sufficiently fine information system, the firm’s expected profit under cost-based pricing

strictly exceeds expected profit under negotiated pricing.

Note that Theorem 3 relies on partial-equilibrium analysis: we hold fixed the opportunity cost of
delay per unit of time. If competitors also experience lower IT costs and start to react faster, the
opportunity cost per unit of time may go up. The disadvantages of delays under negotiated pricing are then

even greater, favoring cost-based pricing systems.

6. Coarse IT in marketing and production

Sections 3-5 analyzed the choice of transfer pricing methods in a setting where only communication
between a production division and HQ is coarse; to simplify the analysis, the marketing manager could
communicate perfectly with HQ. This allowed us to describe the economic intuition favoring negotiated
transfer pricing. However, because of marketing’s ability to communicate perfectly with HQ, the
preceding analysis suffers along two dimensions.'’” First, HQ’s delegation of the internal-trade decision
under cost-based transfer pricing is superficial (HQ could make the decision itself, relying on the
managers’ reports). Second, cost-based and negotiated pricing are both dominated by a revenue-based
system, where HQ: (i) sets the transfer price based on the marketing manager’s report, and (ii) allows the
production manager to “push” the product to the marketing division. Under the revenue-based system, the
production manager, whose communication is restricted, makes the resource allocation decision in
possession of all the information relevant for managing internal trade. We now show how to extend our

analysis to incorporate coarse IT for both divisions.

17 We are grateful to Stan Baiman for identifying these caveats and encouraging us to study the setting where coarse IT affects
both managers’ ability to communicate their private information.
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The intuition is as follows. As in the analysis of Sections 3 and 4, HQ uses identical profit shares
under cost-based and negotiated pricing. Coarse IT on the marketing-side does not change the optimal
cost-based transfer price; HQ still sets the price as in (11), at the expected cost in the production division
plus a markup for the production manager’s expected compensation. Consequently, the marketing manager
internalizes the average gains from trade in each reporting interval of the production manager. The cost-
based method thus suffers the inefficiencies identified in Section 3 (see Figures 3 and 4): the “no-trade”
inefficiency when there are gains from trade but the transfer price exceeds the marketing manager’s
incremental utility from trade; and the “trade” inefficiency where the marketing manager orders the
product even though internal trade reduces the firm’s profits.

Negotiated transfer pricing allows the firm to diminish these inefficiencies. Theorem 4 shows that the
“no-trade” inefficiency is reduced with the negotiated pricing system where the firm grants the marketing
manager the right to make price offers (the production manager accepts or rejects the offers). The
equilibrium analysis is simplified by the fact that the production manager’s acceptance strategy takes the
following simple form: accept a transfer-price offer as long as the manager’s private information is below
a cut-off value (the cut-off is a function of the offered price). The marketing manager’s strategy is to start
with low transfer-price offers and increase the price every bargaining period.

HQ threatens to impose the optimal cost-based transfer price if the managers fail to agree by the
terminal bargaining period n. In the region with the “no-trade” inefficiency under cost-based pricing, the
production manager is then willing to accept price offers lower than the cost-based transfer price because if
the threatened cost-based-price intervention is imposed, the marketing manager will not place the order,
and the production manager will forego any available gains from trade. This assures that internal trade in
this region takes place with strictly positive probability under negotiated pricing, increasing the firm’s
profit beyond that available under cost-based pricing.

Of course, with coarse IT on the marketing side, neither manager knows the other manager’s private
information, even if HQ is able to induce truthful reporting. Thus, the earlier result about immediate
resolution of managers’ bargaining does not apply here — the marketing manager cannot guarantee that
production will accept the first transfer-price offer. In general, managers’ negotiations conclude in a given
bargaining period with some positive probability; and with positive probability the managers’ negotiations

last for multiple periods, as late as the penultimate bargaining period n —1. However, the specification of
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maximum bargaining time n is up to HQ. Thus, to show that the firm’s profit is higher under negotiated
transfer pricing than the under the cost-based system, it is sufficient to show that the negotiated system is the
preferred one for some n (HQ will use any other maximum-bargaining-period policy only if it offers still
higher profit). We do this below, in Theorem 4, for n = 2. In this case, the delay under negotiated pricing is
at most two periods. And, as in Theorem 2, if the managers can be convinced to provide offers and
responses quickly, the advantage of negotiated pricing exceeds the bargaining cost. We formalize this in
Theorem 4 (a sketch of the proof is in Appendix B; the complete proof is in Dikolli and Vaysman, 2005).
Theorem 4. With coarse IT limiting communication between both managers and HQ, marketing-manager-
offer negotiated transfer pricing allows the firm to earn expected profit that is strictly higher than under
cost-based pricing when the length of each bargaining period A is below a threshold value.

To conclude the analysis, we note that by symmetry, negotiated transfer pricing also allows the firm
to earn higher expected profit than a revenue-based transfer-pricing system. Also note that the Theorem 3
result concerning information improvements applies to the analysis of this section as well: holding the
length of a bargaining period constant, with sufficiently fine IT, cost-based transfer pricing allows the firm
to earn higher expected profit than does negotiated pricing.

7. Conclusion

A challenge for multi-divisional, vertically-integrated firms is to delegate operating decisions in a
way that encourages divisional managers to use their private information in the best interests of the firm as
a whole. This is complicated by restrictions on the flow and availability of information within the firm.
That better and cheaper information leads to improved profits is recognized; less obvious are the
implications of IT improvements for organizational design. Our results show that a firm’s informational
environment is a key factor determining its transfer-pricing method.

When coarse IT prevents divisional managers from transferring local knowledge about the firm’s
production process, we show that properly structured negotiated transfer pricing has an informational
advantage over the cost-based method: with the right incentives, managers agree on transfer prices that
approximate the costs of internal transfer more accurately. Consequently, when opportunity and
organizational costs of bargaining are sufficiently small, the informational advantage of the negotiated

method generates higher firm profits. However, improvements in IT reduce the informational advantage of
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the negotiated method, because the value-destroying internal trade under cost-based pricing diminishes.
With sufficiently fine IT, the cost-based method provides higher profits than negotiated transfer pricing
because, all else equal, the remaining opportunity and organizational costs of managerial bargaining
outweigh the profit destroyed by inefficient internal trade under cost-based transfer pricing with coarse IT.

Our results have several empirical implications. First, the results help explain survey evidence in
Vancil (1978) who found that: (i) firms comprising unrelated businesses use negotiated transfer-pricing
significantly more than cost-based transfer pricing (34% versus 15%) and (ii) vertically-integrated firms
operating within a single product market use cost-based transfer pricing significantly more than negotiated
transfer pricing (49% versus 12%). Managers in firms comprising unrelated businesses are more likely to
have diverse educational, functional, and training backgrounds; the cost of transferring divisional
knowledge to top managers is thus higher than in vertically-integrated firms in a single product market.
Vancil’s evidence is thus consistent with Theorems 2 and 4.

Second, our results imply that firms with the following characteristics are more likely to prefer
negotiated transfer pricing: (i) understanding divisional operations requires specialized education or
training; (ii) divisional operations are physically located far from the headquarters; (iii) divisional
operations are in quickly-changing environments requiring rapid responses; (iv) lack of sophisticated
enterprise-resource-planning (ERP) systems; and (v) large firm size.*®

Third, Theorem 3 offers testable predictions. The most direct prediction is that the ratio of firms with
cost-based transfer pricing to those with negotiated pricing is higher after the 1990s IT boom than before.
During the 1990s, many firms invested heavily in internal information systems, benefited from increased
computing power per manager, and used ERP systems to streamline communications between different
functional lines in large firms (Cairncross, 2000; Sircar, et al., 2000). The investments in communication
and reporting systems lowered the barriers to internal communication. Theorem 3 predicts that this
reduction in knowledge-transfer costs increases the attractiveness of cost-based transfer pricing.

Fourth, the results can predict preferred pricing methods in modern business-to-business retail

alliances. Any links between two companies’ information systems are likely to be coarse because the

18 The firm-size factor may explain why in 152 Canadian firms, Atkinson (1987) finds 60% use cost-based methods, and 7% use
negotiated ones — statistics that differ significantly from the Tang (1993) and Vancil (1978) surveys that document significantly
higher use of negotiated pricing. If the Canadian firms are smaller than the U.S. firms in the latter surveys, transferring local
knowledge is less costly, and our results predict greater use of cost-based transfer pricing for the firms in Atkinson’s sample.
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benefits of complete sharing of information will be outweighed by associated proprietary costs. If so, a
testable prediction of Theorems 2 and 4 is that the transfer prices in these alliances are more likely to be
negotiated than to be based on the supplier’s cost.

Finally, our results have practical implications. All else being equal, firms with low costs of
transferring divisional knowledge earn higher profits with cost-based than with negotiated transfer pricing.
Firms with high knowledge-transfer costs earn higher profits with the negotiated method, but must strive to
minimize organizational conflict and the opportunity cost of managers’ time devoted to bargaining; these
important implications for job design must be explored in future research.

Given the widespread use of transfer pricing in practice, surprisingly little evidence exists that
identifies preferred methods. Moreover, no empirical work on transfer pricing has been guided by
hypotheses generated from the results and economic intuition of theoretical modeling. Our results, as well as
those of Baldenius et al. (1999) and Baldenius (2000), can form a framework of testable hypotheses that can

be used to guide empirical tests of the theory.
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Figure 1. Efficient pre-transfer cost of the production division and the incremental impact of internal trade for any
value &, of the marketing manager’s private information. The production manager’s private information is 6, [Qlﬂl}.
The firm benefits from internal trade if and only if this private information is below the breakeven point 4.
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Ql Production Manager’s Private Information 91

Figure 2. Optimal internal-trade decision rule with perfect IT. The production manager’s private information 6, € [Qlél]
is along the horizontal axis; the marketing manager’s private information 6, € [Qzﬂz] is along the vertical axis.
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Gains from internal utility from Internal trade
trade for the firm

Gains From Internal Trade
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)
=

Production Manager’s Private Information

Figure 3. Cost-based transfer pricing and coarse IT for a fixed generic value éz of the marketing manager’s
information when the production manager can report that private information is either relatively favorable (in the
interval [ 0,6 |) or relatively unfavorable (in the interval (6,6, ]). The firm benefits from internal trade as long as the

production manager’s information is better than the breakeven value él. But the firm’s optimal transfer price can take

on at most two values (one for “favorable” and another for “unfavorable” production reports); the horizontal step
function demonstrates the change in the marketing manager’s utility for the two transfer prices. In this example, the
“unfavorable” transfer price exceeds the marketing division’s revenue; thus, marketing does not order the product

when 6, (51151} Consequently, IT constraints prevent value-enhancing internal trade (depicted by the shaded
area): the firm’s gains from internal trade are positive, yet the gains to the marketing manager are negative when the
production division’s local information 6, is in the region (éféﬂ
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Production Manager’s Private Information
Figure 4. The optimal internal-trade decision rule with cost-based transfer pricing and coarse IT, when the production
manager can report that private information is either relatively favorable (in the interval [Ql,él} ) or relatively
unfavorable (in the interval (511151] ). The marketing manager orders the product if and only if the private information

realizations 6, € [Qlél] and 6, e [Qzé] are in the shaded area. The downward sloping step line is the optimal trade

boundary, unattainable under cost-based pricing; for the firm, there are positive gains from internal trade below this
line (there are no gains above the line). Four triangles of inefficiency are highlighted, showing the areas where (1)
trade takes place that is not in the firm’s best interests (the two shaded “trade-inefficiency” triangles) and (2) the firm
benefits from internal trade but marketing does not order (the two unshaded “no-trade-inefficiency” triangles). The

illustrative breakeven point (él,éz) from Figure 3 is on the optimal trade boundary.
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Figure 5. The internal-trade decision rule with negotiated transfer pricing and coarse IT, when the production
manager can report that private information is either relatively favorable (in the interval [Ql,éf} ) or relatively

unfavorable (in the interval (51151]) Under negotiated transfer pricing, the managers agree to internal trade if and

only if the private information realizations 6, [ 6,,6,] and 6, €[ 6,,6, | are in the shaded area. Note that the region

where the managers trade coincides with the downward sloping step line, which is the optimal trade boundary from
the firm’s point of view. For illustration, the thin step-function line is the internal trade boundary under cost-based
transfer pricing from Figure 4. Note that both the “trade” and “no-trade” inefficiencies from Figure 4's optimal cost-
based transfer pricing are eliminated.
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Figure 6. The effect of an improvement in IT. In both panels, the thick downward sloping line is the boundary between
the trade and no-trade regions under the negotiated pricing method. The thin step-function line is the trading
boundary under the cost-based method. The hatched areas between the two boundaries are the areas with
inefficient trade under the cost-based method. In Panel A, the production manager can report that private

information is either relatively favorable (in the interval [Ql,éll} ) or relatively unfavorable (in the interval (éléﬂ ).
In Panel B, the manager can make four reports: very favorable [Ql,éﬂ; somewhat favorable (511,6712}; somewhat

unfavorable (512,513] and very unfavorable (671351] Note that the IT improvement from 2 reporting intervals in

Panel A to 4 reporting intervals in Panel B decreases the size of the inefficient-trade areas.
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HQ specifies:

— Message spaces;

— Contract terms;

— Transfer pricing schedule.

The budgets determine:

— Specific contract terms;
— Cost-based transfer price.

HQ announces: budgets, price

Each manager:

— Learns private information;
— Submits budget to HQ.

Marketing
Manager

Each manager operates
own division to maximize

utility.

After production and sale,
each manager receives
fixed salary and divisional-
profit-based bonus.

Internal trade interactions
are over.

Each manager receives
fixed salary.

Timeline 1. Sequence of Events for Cost-Based Transfer Pricing System

Rejects: Negotiations Continue

HQ specifies: The budgets

— Message determine specific
spaces; contract terms;

— Contract terms;

HQ announces the

— Bargaining rules. budgets.

Production

Each manager:

— Learns private
information;

— Submits budget
to HQ.

Manager

Marketing
Manager

Marketing
Manager

Rejects: Negotiations Continue

Each manager
operates own division
to maximize utility.

Each manager receives
fixed salary and
divisional-profit-based
bonus.

Internal trade
interactions are over.

Each manager receives
fixed salary.

Timeline 2. Sequence of Events for Negotiated Transfer Pricing System
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Appendix A. Managers’ beliefs and reporting and bargaining strategies.

In each period ne{0,1,..., -1} manager i {1,2} takes an observable action a" € A". Period-0 actions are
managerial reports: A’ = M,. With production-manager-offer extensive form, in periods

ne {1, 2,...,ﬁ—1} , the production manager either (i) offers a transfer price p", or (ii) offers that
production and transfer not take place. At the end of each time period, the marketing manager either (i)
accepts the offer, or (ii) rejects the offer. Then A" = R U"No Production" and A) = {"Accept","Reject"}
for ne{1,2,...,A —1}. With marketing-manager-offer extensive form, A" ={"Accept","Reject"} and

A} =RU"No Production”for ne{1,2,...,Ai—1}. Let a" s(a{‘,ag‘).

If the game continues through any period n, Y" = (a°,al,...,a”’1) is the history for all prior periods,
with Y° =@. If n=0, or if the managers continue price negotiations in period n, the bargaining history Y"is
non-terminal. Otherwise, the history is terminal. Following a non-terminal history Y", manager i’s strategy
is a probability distribution o' (-) over the set A". Forevery a' e A", o (ai” |Y",0i) is the probability that
manager i with information 6, takes the action a following the history Y". Let
o,=(cl.0}.....,00 ),i€{1,2} and o =(0,,0,). Manager i’s beliefs about the private information of
manager j =i are described by the probability density function (Hj |¢9i,Y") after any game history Y.
Let u= (ul,y2 ) A perfect Bayesian equilibrium is then a set of strategies and beliefs (a,y) such that:

1. Following every game history Y", the continuation strategies form a Bayesian-Nash equilibrium for
the continuation game given the beliefs (Hj |o9i,Y”).

2. Bayes’ rule is used to update beliefs whenever possible.

3. Manager i’s beliefs about manager j’s private information are independent of manager i’s private
information and manager i’s actions -v6,,6',6,,Y" . 4, (ej |¢9i,Y”)=yi (Hj |¢9{,Y”) and

44 (.9,. |6},(Y”’1,a“)) = 1 (9,. |49i,(Y“’1,é“)) if " = 4.
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Appendix B. Proofs.

Theorem 1.

We prove this result in four steps. First, we show that the marketing manager’s operations and
compensation equal the optimal second-best ones. Second, we show that the performance of any contract
with the production manager can be replicated by one where HQ provides him incentives for truthfully
reporting the interval containing private information. Third, we derive (i) the optimal divisional operations
and compensation of the production manager; and (ii) the internal-ordering decision optimal for the firm.
Fourth, we show that the production manager does in fact operate his division optimally, and that the
marketing manager orders the product if and only if it is beneficial for the firm.

Step 1 — The marketing manager. Given the transfer-pricing rule in (11) and profit shares in (8), we show

that HQ induces the marketing manager to operate the marketing division optimally at the lowest possible

compensation. The firm’s gains from trade are then
6,
r(:,6.6,)=[R(LZ(6,))-b,(z(6,))h(6,)]- c(1, 2% (0 ,91))+ bl(zch (@;,91))%“9; )} (A-1)

Let f(@f 6,0, ) = max{O,l“(@iJ 6,0, )} HQ sets the marketing manager’s fixed-salary as follows:

BSS

B,(m,)= Zk:{fj(bz (28 (8, ), (m,)—ar (m,)E (65,6, ) + [ b, (25° (8,0)) v, (t)dt) fl(el)dal}.

Assume for now that the compensation scheme <a2 (), Bs ()> provides the marketing manager the

incentive to report truthfully. The manager selects the divisional operations:

25%(q,6,,6,) arg rzr;ea;z([az (6,)R(9,2,) =D, (z,)V, (92)]

(A-2)
=arg r212132>2<[R(q, 2,)-b,(2,)h,(6,)].

When the product is produced, z;" (1,6,,6,)=7,(6,) V6, €®,. When the product is not

produced, z;°(0,6,,6,)=0 V8, €®,. Thus, the marketing manager’s decision rule z,° (q,6,,6,) is

identical to the second-best one in (3). With truthful reporting, the manager orders the product if and only
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if E [r(@f,@l,az)} >0. Thus, the manager’s expected compensation is:

Zi:{jjl(bz(z? (91,92))\/2 (92){[:2 b, (2 (6,,1))v; (t)dt} fl(el)delj}

:E®1[b2( +j 2°(6,1))v; ()dt]

which is the minimum second-best compensation (Fudenberg and Tirole, 1991). The marketing division’s

(A-3)

efficient revenue (net of compensation) is R(6,)=| R(LZ,(6,))-b,(2,(6,))h,(6,) ]

We next show that the marketing manager reports truthfully, using the following result from Mirrlees
(1986) — for any positive-valued function W, :®, x®; - R, W, (,,6,) =W, (6,,m;) forall g, m; €©, if the
following two sufficient conditions hold:

6 O

() W (6,6)=w(5.0)-[, 7

—W(t,t)dt V6 e0;

(ii) %Wi(ei,mi) is weakly increasing in m; for all 6,,m, € ®,.
i

To use these sufficient conditions, let W, (8,,m, ) represent the expected utility, under cost-based
transfer pricing, of the manager with private information 6, who reports m,. We then have W, (5252) =0
and, using (A-3)Error! Reference source not found., sufficient condition (i) holds. Using the envelope

theorem,

0

8_6’2W2 (6,m,)=-E,, [bz(zz (m,. 6, ))Vé(‘gz)} (A-4)

with z5® (m,, 6, ) e arg max[az2 2)R(L2,)—b,(2,)v,(6,)]. Since a, (m,) s decreasing in

m,, z5®(m,,8,) is likewise decreasing in m,. Thus, since b, (+) is increasing in z, and v, (6,) >0,

%[Wz(ﬁz,mz)] is increasing in m,, and sufficient condition (ii) holds.
2

Step 2 — Using truth-inducing contracts with production manager is without loss of generality. Consider

any finite message set of size k for the production manager: I\7I1 = {mllmlk} Any implementable

37



divisional-operations rule z, : l\7l1 x®, — R used by this manager must satisfy sequential rationality: it

must maximize his utility at the stage of the game where the manager decides on divisional operations:
z,(m,,6,)earg min [ (m)C(Lz)+b(z)v,(6)] (A-5)
The Revelation Principle does not apply here, but we now prove that an argument along the lines of the
Principle applies to the following relaxed contract-design problem for the HQ — we abstract for now from

the marketing manager’s internal-trade decision, and maximize the firm’s profits with following

instruments:

Q) the transfer-pricing rule T (ml);
(i) compensation plan (& (m,),3,(m,));and
(iii)  HQ’s internal-trade decision q(m,,6,).

This modified program is a relaxed one, since the real problem includes an additional constraint: the
marketing manager’s internal-trade decision must be sequentially rational. When the production manager’s

private information is 6,, expected utility from reporting m, is

W (6,m)=E, [{al(ml)[T (m)-C(1 zl(ml,Hl))}—bl(zl(ml,al))vl(ﬁl)}q(ml,92)+ﬂl(ml)} (A-6)

The partial derivative of the manager’s expected utility in (A-6) with respect to divisional operations,

z,(m.,6,) is

oW '

E: E®2 |:{_0‘1(ml)cz1 (1' Zl(ml'gl))_bl(zl(ml’gl))vl (91)}q(m1"92 )]' (A'7)
1

The partial derivative of the first-order condition in (A-7) with respect to the private information is

0 [ OW , ,

D)k, [u(a(moa@)a(m. )] <0 (~9)

1 Z1

Note that (A-8) is the standard Spence-Mirrlees single-crossing condition (Fudenberg and Tirole,
1991: 259). The condition means that, when viewed as functions of 4,, any two expected utilities

W (6, m,)and W (6,1, ) either are:
(i)  equalforall 4[4, ]; or

(i) crossat most once on 6,6, |.
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Now consider any perfect Bayesian equilibrium (PBE) of the modified problem; the production

manager’s equilibrium reporting strategy 1:0, — l\7|l must maximize the manager’s expected utility:

A(6,)earg rr]ax[W (6, ml)] (for simplicity, we consider pure strategies; identical analysis applies to mixed
meM;

strategies). Since ‘I\?Il‘ < |®1|, the production manager’s reporting strategy must use identical reports for
different realizations of private information: for some 6, <8/, 1(6,) = A(6/). This means that either the
manager’s reporting strategy is constant (i.e., /1(01) = /1(91') vé,0/e [@,671]) or the reporting strategy has a
number of discontinuities. We next show that if (6, ) has more than k discontinuities, then there is a PBE of
the modified problem in all respects identical to the PBE with 1(4, ), with one exception: the production
manager’s reporting strategy ft(ﬁl) has at most k discontinuities.

Consider any pair 6, <6/, with 1(6/)=4(4). Suppose that A( ) is not constant on the interval
[6/,6/], i.e. that for some 6, €[6],], /l(él);t/i(el’). This means that W(él,/i(él))zw(él,)t(el')). But it

is not possible that W (él,/l(él)) >W (él,i(el')), as we now show by contradiction. Suppose

~ ~ ~

W (491,1(671)) >W ('91,/1(91')). W (491,/1(671)) and W (671,/1(61’)) are both continuous in 6,. Thus, there exists
some open interval (6;,6;) that contains 6, and is itself a subset of (#;,6;) such that

W (6,4(6,))>W (6,4(6)) and W (6,,2(6,))>W (6, 4(8))) (A-9)
(and, in fact, for every 6, e(él,él), the manager strictly prefers reporting ﬂ(él) over /1(191’) ). Recall that
that the manager at least weakly prefers 1(4]) at the boundaries of [6],6]]: W (6/,1(6])) =W (91’,/1(671)) and
W(01”,/1(91'))zw(01",/1(él)). Together with (A-9) this implies that W (6,,A(#,)) and W(Hl,/l(él))cross
twice on (01’,91”)— a contradiction of single crossing. Thus, the manager with private information él is
indifferent between reporting /1(51) and A(4)): W(él,/i(él))zw(él,i(el’)). Also, since expected utility in

(A-6) is continuous in Eg [q( ):l and in zl( ) if the manager is indifferent between reporting ﬂ,(él)and
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A(@])for 6, in some open interval containing 6,, then Eeo, [q(ﬂ(él),ez )J = Eo, [q(;a(el'),ez )] and

zl(i(él),el)z 2,(2(6).6,) for 6, in that interval.
We are now ready to construct the equivalent reporting strategy A 0, > I\7Il that has at most k

discontinuities. Begin with g,. It is possible that that multiple messages m, € |\7Il = {mllmlk} maximize

the production manager’s expected utility when the manager’s private information is §,. We find the

message m, (6,) that also maximizes the manager’s expected utility for the “furthest” 6, [Qléﬂ Define

~

M,(6)c l\7ll as the set of messages among these that also maximize the manager’s expected utility in
some open set (6,,6,) <[ 6,6, |
Foreach m e |\7I1(Q1), we find the maximum private information realization & (m, ) for which

m, maximizes the expected utility of the manager with this private information:

m, € argmax .

et [W(&l,rﬁl)]}. We then find the largest 6 (m,):

o, (m,) ESUp{gl € [Ql’é]
6, (6,)= max g ) [91* (ml)}. If there is a unique message m, M, (&, ) that maximizes the expected

utility of the manager with private information 6, (6,), we define m, (6,) as that unique message; if there
are several messages, we define m, (Ql) as the one among these with the lowest superscript index (just to

impose a selection rule). Note that, since the message m, (Ql) maximizes the manager’s expected utility at
g,and at 6,(0,), it is also a best-response message for all 6, € [Ql,él (Ql)) We define 2(6,)=m,(6,) for
all g, e [Ql,él (Ql)) Note that m, (6,) cannot maximize the manager’s expected utility for any 6, > 6,(6,).
Next, we proceed to &' = él (6,)- Inthe same manner, we find the message ml(Hll) that maximizes the
manager’s expected utility at & and at the “furthest” 6, [91151] (we use 51(011) to represent this
“furthest” point). Define 1(6,)=m, (&} )forall 6, [Hfél(ﬁf)) We proceed to 6 =4,(6} ). We continue

this iterative process until finding a message ml(el“ ) that maximizes the manager’s utility at some
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0 €[0.6,) and also at 6,. Define A(6,)=m, (6} )forall 6, [ 6.6, |.

By construction, 2(01) is an optimal reporting strategy; it is almost everywhere continuous in g;, with
at most k discontinuities, and where i(el) is continuous, it is constant. Further, i(el) partitions ®, into
k <k intervals. We number these intervals in order of increasing 6,: ©;,07,...,0 let
M, ={0},6},...,0;}.

We now construct a truth-inducing contract that replicates the performance of the PBE equilibrium

(this follows the spirit of the proof of the Revelation Principle - for example, see Fudenberg and Tirole,

. [91]). Consider (@ ( ).4,( ).T()). a().

1991: 255-256). Define 1:M, — M, by Z(@;):i(E
with @ =ay o 4; fi=p°4; T=ToZ; and q(m,6,)=q(1(m,).6,) forall 6,€®,. If A(6,) isthe
manager’s reporting strategy in the original PBE, then truthful reporting is the manager’s reporting strategy

under <&l( ). 8.().T( )> d( ). The equilibrium outcomes are identical. Thus, the outcomes of every

PBE can be obtained as outcomes of a PBE with truth-telling, and there is no loss for the HQ in
considering only truth-inducing contracts.

Step 3 — Optimal contracting with the production manager. Because of IT constraints, second-best

production decisions and compensation are not attainable. We next determine the optimal truth-inducing

contract in the modified problem. We now use W1(01,®;‘ )to represent the expected utility of the
production manager with private information &, who reports ©}, with u e {1,2,...,k}, and selects any
z (@f , 91) that satisfies (A-5) (for notational convenience we suppress the dependence of Wl(-) on

o (-)and B,(4)):

W, (6,0:) =4 (0} )+ Eo, [a(©}.6, )](al((a; )[T (e¢)-c(1, z1(®;,01))}—bl(zl(@;,el))vl(el)). (A-10)
The following program then describes the firm’s problem of designing a compensation contract for the
production manager, with ®; = (6?1”’1,01” ]:

Program Al:
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e ZE a(e1.6,){R(6)-c(1a(e:.6))a(@:)[T(ef)-c(La(er.a)) ]|+ 4(et)]

AC)TE)a(

subject to: forall ue{1,2,....k}, 6, €0y :

zl(@);‘,el) earg gllzrz [al((af )C(q(@f,@z),zl)+ bl(zl)vl(el)J forall 6, €@,; (A-11)
W, (6,,07)=W,(6,0;)forall ve{12,..k}; (A-12)
W, (6,,0})=0. (A-13)

where (A-11) is the production manager’s sequential rationality constraint; (A-12) guarantees that the
manager truthfully reports the interval containing 6,; and (A-13) is the standard participation, or

individual rationality, constraint, which assures that the manager does not quit.

For every 6, € ®!, HQ needs to guarantee that the manager prefers reporting ©; to @)™, i.e.

W, (6,0} ) =W, (6, 0;"). For every 4 €®}™, HQ needs to guarantee that the manager prefers reporting
0!"to 0!, i.e. Wl(él,(a“”) (0 ®“) By continuity of Wl(91,®;') in ¢, forall ue{1,2,...,k}, this

means that W, (6,0} ) =W, (4",©;"*), or, substituting (A-10):

Eo, [0(017.6,)]| @ (01)(T (01 -C (12, (0:.8"))) -y (€28 ) (@) |+ A(e1")
:E@[q(@;,@)][%(@;)(u@;) c<1,z1<@r,azu>>) 0 (z(61.2))u (@) ]+ 4 (0)

forall ue {1, 2,...,k —1}. We then set the fixed salary for the “worst” report ®* as low as possible to

(A-14)

satisfy the participation constraint (A-13) for every 6, € ®} :

o (0})E,, [a(e},0,) ] T(e})-C(1za(e.8")) |+ A4(6}) = Eq, [a(ef.6,) b (z (6} &) (&)

By induction, (A-14) gives the following necessary condition on production manager’s compensation:

(o), [oer. a7 (0r)-cos (01,2 01
€. a(et.2)n (s (012w (@) 3 alota)a (o a)(u(@)-w (@) |

Taking expectation over each @}, u e {1,...,k},and then summing over u e{1,...,k} to find expected

(A-15)

compensation over the entire set ©, gives
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Sie. . [a(ora (a0 )u(2)+ £ (oL a(a(01)uf)-4(a”)
See [( e><< Q)

Next, we substitute (A-15) and (A-16) into the objective of program Al and rearrange to obtain program
A2.

(A-16)

Program A2.
. u D u u u v{(elu) Fl(alu)
n(’])fig(()zl E,,E, (6! ,02)%(02)—(1—%(@1 ))C(12(07.6,))-bi(z(; '01))V1(01)v1(91”) W)

- (©7)C(Ln(01.8"))-h (2 (618" ))w ()
subject to 21(85,6?1)earggneizn[al((af)c(q((a“ )2 )+b1( OV (l)} VU, 6,0 60,0,  (A-17)

From (A-17), 2,(©}, 5“)eargmm[al(®“)C(q(®“ )2 )+b1( v (8 )} This implies that

4€zy

Program A2 is equivalent to:

maxuzk_;EqE q(ey,6,) F?(ez)—(l—al((a;))c(l,zl(®§,.91))—bl(zl((a;,el))vl(el)vig

a().a()

subject to z,(©;,6,) s arg rznizn[al(e);’)C(q(@“ )2 )+bl( v ( 1)} VU; 6,€0"; 6,0,
The first part of the solution is then to select, for every u e {1,2 ..... k} , the profit-sharing parameter

o, (©})e(0,1) such that

v(e)R(e) 1 1 |
v,(0°) £(6°)1-a(©)) o (® (A-18)

=
S~

Solving (A-18), this gives al((af ) = , Which is equation (8). Efficient operations are then

7,(©}.6,)=arg min [C(l, z,)+ bl(zl)hl(el“)(vl(el)/vl(el“ ))}

The second part of the solution to the relaxed program is to find the optimal internal-trade rule G( ).
To do this, we maximize pointwise over g < {0,1}; substitute the optimal ¢ (©} ) and zl(®“ ) : and use
(A-1) to conclude:

d(ey,6,)=1if and only if E,, [ 1(6},6,6,) |>0. (A-19)
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HQ then sets ﬁl(Gf) to satisfy (A-15). The fact that the production manager reports truthfully when

faced with the menus of contracts <al(®§),ﬂ1(®f )> can be verified using the Mirrlees (1986) technique

in the same manner as (though more tediously than) for the marketing manager.

Step 4 — Firm’s operations under the cost-based transfer-pricing contract. In step 3, we derived the optimal

operations of the firm under a relaxed contract-design program. The final step is to show that the firm’s

expected profit with the additional constraint is the same as in the modified program.

Forall ue{l,....k}, 6, €@}, 6, € ®,, the production manager’s operating decision z.® (@i‘,@l) is
identical to 21((9;‘,61) — the optimal one in the relaxed program. From (9) and (11), the marketing manager
orders the product if and only if E_, [F(@f,@l,@ )] >0; thus, from (A-19), q“® (@f,@z) = @(@fﬂz). It is

easy to verify that under either the firm’s problem or the relaxed problem the production manager with the
worst private information 671 does not receive any informational rents. The revenue equivalence theorem
(Myerson, 1981, among others) then guarantees that the firm’s expected profit is identical to the one under
the relaxed program.

Theorem 2.

We compare the firm’s expected profit under optimal cost-based transfer pricing of Theorem 1 with
the profit under the production-manager-offer negotiated transfer pricing equilibria of Section 4. First,
however, we identify HQ’s internal trade decision under negotiated transfer pricing and define optimal
divisional operations, a suitable intervention policy, and the managers’ compensation.

We represent internal-trade decisions with negotiated pricing as q"*° :M, x®, x®, —{0,1} . With

truthful reporting, profit shares in (12) guarantee that the managers operate their divisions efficiently. HQ

sets

B,(©})=5E,, [Zizm[bl(zl(@f ,92))(\,1(511)_Vl(gli—l))}_al((af )j:lf(®l 16,)f, (t)dt};
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2

By (m,) = 5254[([@ b, (2,(©4.1))v; (t)dt)(Fl(él“ )- Fl(é”‘l))}
where 2,(©},6,)=12(©},6,):2,(0}.6,)=17,(6,) if T(©},6,6,)>0; otherwise, 2,(©},6,)=2,(©},6,)=0.
HQ also sets a suitable intervention policy; one example is if, following a° = (@i‘ , mz), time period N
is reached, HQ requires manager i to implement the operating decisions z, (@i‘ , mz), forces an internal

transfer if and only if r(@f,@f,ez) >0, and pays the managers
X = bl(zl (®ij My ))Vl (6’1u ) + lezu+l|:bl(z'l (®1J My ))(Vl (51J ) -V (‘glj_l))};

. o /
X, =b, (22 (@f,mz))v2 (m2)+j'mz b, (22 (@f ,t))v2 (t)dt.
Now a straightforward adaptation of Vaysman (2004) guarantees that, when managers have private

information 6, € ©/,6, € ®,, every perfect Bayesian equilibrium of managers’ interactions is a truth-

telling one (a° = (@f,ﬁz)). Also, if F(@f,ﬁlﬂz)z 0, managers agree at n =1to produce and transfer at
the price in (28); if r(@f,@l,ez) <0, managers agree at n=1 not to produce.

We complete the proof of the theorem by showing that as long as the discount factor & is strictly
decreasing in the length of each bargaining period A, the firm’s expected profit is higher under negotiated
transfer pricing than under cost-based transfer pricing. We prove this for the case where the discount factor
represents continuous discounting at the rate r, or 6 =e ™. The profit-sharing parameters under each

method are equal. Divisional operations are then:
(i) if 4*(©},6,)=1 and q"*°(©},6,,6,) =1 then
2% (©!,6,) =25 (©},6,) carg mzin[c (Lz)+by(2) (v (6) 1, () (02 )J and (A-20)
2,°¢(6,,0,)=125"(6,,0,)=17,(6,); (A-21)
(i) if q®(e},6,)=0 and q"*°(©},6,,6,)=0, then each manager sets the divisional operations to

zero under either transfer-pricing system.

With the optimal cost-based system of Theorem 1, the firm’s expected profit is
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I1°8 = EG{ E, o0 [qCB (@;,ez)r(@,el,az)ﬂ

—E, { 0™ (©!,6,)E, [r(@;,@l,az )ﬂ

With negotiated transfer pricing in section 4, all PBEs involve truthful reporting and transfer-price

(A-22)

- T

Il
JuN

agreement at 7 =1. We define
TVES = Eo, {Zk: E@f |:qNEG (@;‘,91,02)1"(®‘11,91,¢92 )ﬂ (A-23)
u=1

The firm’s expected profit under these negotiated transfer-pricing equilibria is STIVE®. Let

CB r
e=In B[;{T +1H . For every 6, e ®,and every ue{1,2,...,k}, partition the interval ®; into the

following four sets:

¢ 5;(6},0,)={6, =0} such that ™ (,6,) =0 and ¢ (9},6,,6,) = 0}; (A-24)
¢ 8(0},6,)={0, < ©} such that ¢ (©},6,) =1 and q"*° (9},6,,6, ) =1}; (A-25)
¢ $;(0},6,)={6, €6} such that ™ (©},6,) =1and 4" (©},6,,6,) = 0}; (A-26)
¢ $:(0},6,)={6, €0} such that g™ (6,6, ) =0 and ¢"*° (©},6,,6,) =1}. (A-27)

For every 6, € ©, and every ue{1,2,...,k}, at least two and at most three of the sets S| (G);J ,Hz)are
non-empty. Further, for at least some 6, e ®,and ue{1,2,... k}, the sets S} (©},6,) and S5 (©,6, )are

non-empty. For every 6, € ®, and every u e {1,2 ..... k}, we use (A-20) and (A-21) to derive the
following:

I [qNEG(95191-02)r(®;'91"92)fl(‘gl)dal]:qcs(@i"@) J F(®;'91’02)f1(01)d01; (A-28)

gesifer 0,) gesifer o)
@Es;(jg;,gz)[qNEG (©7.6.6,)r(©}.6,.6,) fl(el)dq] —q® (@:,ez)aesf(j%)r((a;,91,92) f,(6,)d6,. (A-29)
When 6, 8} (4.6, ), 4"*°(©},6,,6,)=0 and, thus, T'(©},6,,6, ) <0. Hence,

91 SU(LU 6)[qNEG (©8,6,,6,)T(©},6,,6,) 1,(6:)d6, | >

[ [a®(e1.0,.0,)T(6}.6,.6:) fu(6)de, |

tess (01,6,

(A-30)
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When 6, €85 (04,6, ), 4"*°(©},6,,6,) =1 and, thus, T'(©},6,,6, ) > 0. Hence,
[ [a*e(et.6.6,)r(e}.6,6,)f(6)d6 |
6,84 (0} 6,)

[ [a™(et.6,)r(}.6.0,)1(6)d6,]

aestlor.a)

(A-31)

Combining (A-28) to (A-31), summing over U e {1,2,...,k} , and taking expectation over 0, :

k k
Eo, {21 Ey [ (@;,el,ez)r(@;,al,ez)ﬂ > E,, {zlqcs (0!.,0,)E,, [r(@;,@l,az)ﬂ,

or HNEG >HCB

1 HCB
L T8 In 2[HNEG +1J
From (A-22), we thus have {E[Wﬂﬂ <land ¢= >0. With 0<A<eg,

—r
CB CB
e > B[% +1H, and thus STIVEC =g TATINEC 5 TTNEC B[% +1J:| >T1°8,
Theorem 3.

We begin with an information system with k reporting intervals. Let K = {k,2k,4k,...} represent the
set indexing the sequence of improved information systems. We use M, ;, j € K, to refer to the production
manager’s message space under the system with j reporting partitions. A generic reporting interval in this
system is O} jue {1, 2,..., j}. The private information with average pre-transfer costs in the interval ©, i

is 6] ;- We continue to use o} ; to represent production manager’s report that private information is in the

interval ©; ;. We use

G(6:0,)=| R(a™(61,0,).%,(6,)) € (3% (6,0,) Z(8))- X1 b (7. (6)h () (A-32)
to represent the firm’s gains from trade in the absence of IT constraints. Let T1%° = E(le@)z) [6(61,6'2 )]
HJNEG represents expected profit for the optimal negotiated transfer-pricing scheme with an IT system
with j € K intervals. For any bargaining-period length A, with discount factor &, for all je K,

¢ <sm*. (A-33)

For optimal cost-based pricing from Theorem 1, with an IT system with j € K intervals, we use the
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following notation:
o TI%is the firm’s expected profit;
e 0{°:M,;x®,—>{0,1} is the marketing manager’s internal-ordering decision;
. z1 i (G);l e ) is the production manager’s operating decision.
We define the production manager’s operating decision as
78 (@f'j : «91) eargmin,, . [C (Lz)+b ()N (efj )(v1 (6)1v, (Hfj ))] (A-34)
The gains from trade from an IT system with j intervals are
(@fj,ﬁl,HZ)E[R(LT (6,))-b, (72(92))h2(92)]
elra(er,.6))+n (23 (015a)) (@) (@) (a)|

For each information system j e K, for every 6, € ®,, and for every ue{1,2,..., j}, partition the

(A-35)

reporting interval ©; ; into the following four sets:

¢ S5,(01,,6,)={0.c0! suchthatq® (6 ;,6,) =0 and 4*(¢,,6,) =0}; (A-36)
¢ S(0,,6,)={6 <0} suchthat o5 (@} ,6,)=1and g* (6,,6,) =0}; (A-37)
. s;,.((agj,ez)s{ele@“ such that g (! ;,6, ) =1 and qSB(Hl,ez)zl}; (A-38)
. s;j((a;j,ez)s{e €@} such that ¢ (@)}, 6, ) = OanquB(Hl,Hz)zl}. (A-39)
with g (©{,6,)=1 ifand only if T, (6} ;,6,,6,)>0, and q**(6,,6,)=1 if and only if G(6,,6,)>0,

m=1

ZZ:ES,“H,J‘(@;{],@)[FJ (651’61'02 )JH’ (A-40)

u=1

n* =E,, i(mi'fsu (ot [ (al,az)m. (A-41)
For every 6, € ®,and ¢ >0,thereisa je K suchthatif leK,|> j,and 6, €@, then \91—91?,\<g
forall ue{1,2,...,1}. Foralljand forall ue{1,2,..., j}:
(i) (A-34) and (3) imply that z® (@} |,6/'; ) =7 (6} ); and
(ii) (A-35) and (A-1) imply that T, (@f'j ,91,492“'1-):6(91?],02) for every 6, € ©,.

z11 (@i‘J, )and Iy (@1{1.,91,92) are monotone in 4,; thus, for every ¢, € ®,, for every & >0, there is
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a jeKsuchthatif 1eK, 1> j, and 6, €@}, then ‘sz’(@il,el)—fl(al)‘<g and
‘rl (@{I,el,ez)—e(el,ez)‘q forall ue{12,...,1},6, <0,. (A-42)

This uniform convergence of T, (@fyj,ez,ez) to G(6,,6,)in turn implies that there isa j € K such

thatforall leK,I> j,and 0, €0, :

L[ i

é I@eSh(@h 0,) fy (91)} = ;[Ielesfj(@;j 0) iy (6’1)} and (A-43)
LT j
~ J‘elesgyl(@l“,l 0;) fy (01 )} < z_;[.‘-eles;j(@;jﬂz) AG )} (A-44)

Since & >0, (A-42) and (A-43) imply that for some j'e K, if e Kand | > j', then for all 6, € ®,,

M_

r,(e41.6.6,)-G(6.6, )\ fl(el)} s% and, thus

J.ﬂesﬂl(@)f,lﬂz)

e
N

[
Eo, Z[Es;{,(@);, 0;)
u=1

From (A-42) and (A-44), for some j"eK,if e Kand | > j" then forall 6, €®,,
fl(el)} <
|

EQZE;[ESEUI(@M)‘F, (©41.6.6,)-G (6.6, )H <

r,(e!1.6.6,)-G(6.6, )H <9 (A-45)

ZUglgs;.(@iu )

u=1

r,(©},.6,6,)-G(6,6,) ,and, thus

IS

(A-46)

Forsome jeK, if leKand | > ], then ‘Fl (@5},,91,02)—6(91,92) <§ forall 6, €©,,

ue{l2,...,1}, 6,6} Nowif e Kand I >max{j’, ]’ j}, then, by (A-45) and (A-46),

( 3 Eg (ot ‘r, (©41.6.6,)-G (6.6, )m <%5.
m=1 ' ’

This, along with (A-33), gives T17® > I1,'5°, completing the proof.

‘HICB _ HSB‘ _ E®2 {ZI:

u=1

Theorem 4.

The marketing manager’s reporting set M, = {@12,6)5,...,@;} is a partition of ®, into k intervals
numbered in order of increasing &, (the results are not affected if the managers’ reporting sets are of
different sizes). We use 6, to refer to the upper bound of ®}; the “typical” private-information
realization 6} in @} is implicitly defined by h,(6; )= E.[N:(6,)]. For completeness, set 6; =6,. We

prove the theorem in three steps. We:
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(i) document the firm’s operations with optimal cost-based transfer pricing;

(i) show how HQ uses menus of managerial compensation contracts and intervention rules to guide
the managers toward a truth-telling perfect Bayesian bargaining equilibrium under negotiated
pricing;

(iii) show that, for a large enough discount factor &, the firm earns strictly higher expected profit
under negotiated pricing.

Step 1 — The firm’s operations under optimal cost-based transfer pricing. To document the firm’s

operations under optimal cost-based transfer pricing, we adjust the contract from Theorem 1 to incorporate
the marketing division’s IT constraints. First, note that, similar to Step 2 of Theorem 1 proof, there is no
loss for the HQ in considering only truth-inducing contracts with each manager. HQ then uses:
()  (©])and a,(O}) to provide incentives for the managers to operate efficiently;
(if) the transfer-pricing rule to manage internal trade given efficient divisional operations; and
(i) /3,(®})and B,(©})to guarantee truthful reporting given the other contracting components.
Along the lines of Step 3 of Theorem 1 proof, efficient divisional operations when q°® =1 satisfy
z;(©},6,)argmin, _, [C (Lz,)+b(z)h (&) )(vl (6)/v (o ))} and (A-47)
7,(©3.6,) cargmax, _, [R(l, 2,)—b,(2,)h, (6} )(v2 (6,)1v, (6’;))} (A-48)

To provide incentives for the managers to operate their divisions efficiently, HQ sets profit shares®

al(®f) =

h() (A-49)
(o) 2l%)
S n(a)

We use the following notation to represent each division’s efficient cash flow (including the divisional

manager’s expected compensation) and the firm’s gains from trade:

R'(05,6,)=R(12(6}.,6,))-b, (2 (0}.6,))h, (e;):: EZ;%; (A-50)
C'(@5.6)=C(Lz(6},0))+b(z(6;.6))h(e) v.(6) : (A-51)

19 As expected, the production manager’s profit share is the same as in (8).
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r(6,6,0;,0;)=R"(0,6,)-C"(6}.6). (A-52)
Anticipating /3,(®} )and 4, (@)} )specified below, along the lines of Steps 3 and 4 of Theorem 1 proof,
the firm’s optimal internal trade decision is
o (7,0},6,)=1if and only if E_,[T(6,,6,,6{,0})]>0. (A-53)
The cost-based transfer-pricing rule T (@f) that implements this decision is identical to (11).

HQ guarantees truthful reporting at a minimum cost with the following fixed-salary components of

managers’ compensation (this can be checked using the Mirrlees, 1986 technique):

A61) - E, [a® (01,010 (5 (2 (61.8))u (@) - (63)(T (1) -C 12 01.2))))|

v=1

k (A-54)
36| S0 (etetan(x(end))u(@)-v(2") |
£ (©;)= ie@[CB(@i,®§,@)(b2(z;(®;,5;))v2(@“)—az(@;)r(al,@,@;,@;))}
7 (A-55)

+ZklE@u {ZqCB (©2,0%,8,)b, (z;‘(®§,5zj))("z(§zj)‘Vz(e_zj_l))}'

Step 2 — Using managerial compensation contracts and intervention rules to guide the managers toward a
truth-telling perfect Bayesian bargaining equilibrium under negotiated pricing. We now show how
negotiated transfer pricing allows the firm to diminish the cost-based-pricing method’s inefficiencies.
Initially, we maintain the assumption that HQ can use 3,(®; ) and 3,(®}) to support period-0 truthful
reporting in a perfect Bayesian equilibrium (we will call such an equilibrium a truthful PBE) with the
following HQ-mandated instruments:

(i) profit shares identical to the ones in (A-49);

(i) n=2;

(iii) HQ’s intervention threat to impose the optimal cost-based transfer price and let the marketing

manager make the ordering decision.

Consider any game history Y* with a° =(©},0} ). Define 6,(0},0}) as follows:

= I R(65,8)>E,[C'(0},0)] let 4,(6},0;) ="

= IFR(0:,87)<E,[C7(61.6)] let 6,(0},0) =8,
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Otherwise, implicitly define 4, (©},03;) by R'(63,6,(6;,0}))=E,, [C"(©},4)]
We use U;' (-) to represent the intervention-stage utility change of manager i  {1,2}. By sequential
rationality, if 6, >6,(©},0}), U, (0},03,6.6,)=U, (6},0}.6,)=0; if 6,<0,(6},0}):
U, (@f,@g,&l,ﬁz)zal(@)(E@; [c(er.4)]-c(1 z;(@f,91)))—b1(z;(@;,01))v1(01)
=az1(®;)(E®g [c*((a;,el)]—c*(@;,el));
ul(©!,04.6,)=a,(® )(R(1 7,(©3.0,))-E, [C*(@;,91)])—@(z;(®;,92))v2(92)
=, (})(R (03.6,) - Eg [C"(0} ) )

In any truthful PBE where marketing’s period-1 price offer p* reveals whether 6, is (weakly) less than

(A-56)

(A-57)

or greater than éz (G)f , 0, ) production’s acceptance strategy takes the form of two cut-off rules:
1If j 49 |4, Yl)de =1, production accepts price offer p* if and only if
al((a;)(pl—c*(@;,q))zw; (©7,0}.,6,,6,), or, equivalently (because C*(©;,6, ) is increasing in ) if
and only if ¢, <6,(®}, p'), with 6,(}, p') defined as follows:

If p'>E,,|C(01,6)]+(1-5)C"(©!,8"), then 4,(6}, p')=4";

If p<SE,[C(6},6,)]+(1-5)C"(6},6" "), then 6,(©}, p') ="
= Otherwise, implicitly define 4, (@}, p') by p' = E,, [C*(®f,91)]+(1—6)0*(®“ o, 1CH 1)) (A-58)
2. If j:;z(@f '®§)ﬂ1(92 |(91,Y1)d¢92 =0, production accepts price offer p* if and only if p*> C*(G)f,@l),or,
equivalently, if 6, <6,(6}, p'), with 6,(@;, p') defined as follows:
= If p'>C7(©},4"),.then 6,(©y,p')=0";

If p'<C*(©;,6""), then 6,(®y,p')=6""

Otherwise, implicitly define ¢, (@}, p') by p' =c*(®;,ég(®;, pl)). (A-59)

Now consider the following pure strategies by the marketing manager after a° = (@f ,®;):

Case 1: If 9, <0,(©},0}), marketing offers price p'(©},©},6, ) that solves
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max{(Fl(él((a;, p'))-F(8))(R (@2.0,)(1-6)+5E, [C*(01,0) ] - pl)}. (A-60)

P20

Case 2: If 6,>0,(©},0})and R" (©},6,)>C"(®y,8""), marketing offers p'(©},0},0,) that solves

nglgg{(ﬁ(e‘l(@;‘, p'))- Fl(élu-l))(R*((a;,ez)— pl)}. (A-61)
Case 3: If R (@;,92) <C’ (@f,é_’l”‘l), marketing manager offers “No Production”. (A-62)

We next show that these offers and the production manager’s strategy to accept marketing’s “No

Production” offer and the cut-off price-acceptance rules 6,(©}, p') and 6, (6}, p") specified above are in

equilibrium for the continuation game starting at period 1, given a high enough 6.

In a truthful PBE, following a° = (@f,@;), the managers update their beliefs as follows:
w(6,16.(65,03))=1,(6,)(F, (8))- Fz(égfl))’l if 0,0}; 14(6,16,(0},0}))=0 otherwise; (A-63)
1,(6,10,.(0},0}))= fl(el)(Fl(al“)—Fl(a?-l))’l if 0,0}; 11,(6,10,(6},0}))=0 otherwise. (A-64)

Given these beliefs and the production manager’s strategy, if R* (®;,Hz) <C’ (G);‘ﬁl”‘l), any price
offer by the marketing manager that has a strictly positive probability of being accepted must satisfy
p'>C"(©},6""), which, since this implies p' > R"(©3,6, ), results in strictly negative utility for the
marketing manager. With R(©},6,) <C*(@},8"*)<E,, [C* (@f,é’l)], intervention-stage trade also
strictly lowers the marketing manager’s utility. The marketing manager thus offers “No Production.”

We turn to Case 1. With 6, < éz (@f ,®;), if production rejects marketing’s offer p, there will be

internal trade at n=2. Given production’s cut-off strategy, marketing’s assessment of the probability that

aprice p' is accepted equals j:(%p ),uz (91 | 6. ,(@f,@;))d&l; marketing’s utility change when this price is
accepted is [az (@;)(R* (©3.6,)- pl)]. If the price is rejected, marketing earns the utility

U, (®f,®§,92) one period later. Substituting (A-57) and (A-64), marketing picks p* to maximize
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F(4(er.p))-F(a")
R (@R
S, i ]

which, after rearranging and dividing by «, (@;)(Fl(él” )- Fl(élu‘l))f1 >0, yields (A-60).

az((a;)[R*(@;,ez)— pl]

In Case 2, with 6, > éz (@f ,®;), marketing’s assessment of the probability that p is accepted equals
J.j(ef’p ),uz (491 | 62,(®;',®§))d01;with no intervention-stage trade, marketing picks p* to maximize
R (6(0r.p))-R(a")
Fl (6_’1u ) - Fl (glu_l)

Next, we show that, for a large enough &, p'(®},0},6,) reveals whether ¢, <6,(©},0}). We do

a, (@;)[R* (©3.6,)- pl],which is equivalent to (A-61).

this by contradiction: suppose for some 6, <6, (©},0})<6;, p'(©},0},6,)=p'(©}.0}.6;).
Differentiating (A-60) and rearranging, p' (@f , 0y, 62) satisfies

p'(©7,0},6,)=R"(0},6,)(1-5)+ 5E,, [ C"(6},4,)]
_ Fl(él((a:ll.l’ pl(®i"®;v€2')))_ Fl(glu_l) (A-65)
f.(6 (e, pl(@):,@;,e;)))@iél(@r, p*(@!,05.4))
1

From (A-61), p'(©},03,06;) satisfies

= (91 (@llJ , pl (@llJ 'G)‘é , 02’))) -F (glu—l)

p'(©}.0}.6,)=R"(0},6,) -—— _ : (A-66)
ACC p1(®:,®;,e;)))af)el(®r, p'(e4.05.4))
1
Since 6, <6,(0},0})<4;,
R(©3,6,)(1-5)+E, [C(©!,6) ], [C(6}.6)]>R(0}.6) (A-67)
From (A-58) and (A-59), for some &’ €(0,1), when &’ < & <1, we have, for all p' >0,
o » 1 1 o
—6,(0},p")= 5 - >— _ =—6,(0},p'). (A-68)
P -0, C (ena(enp) oo (end(erp)) P
Since ¢; > 0,(©y,0}), p'(6},0},6;)< Eq [C*((af,q)],and thus
p'(07,0}.6,)-5p'(0},65,6) > p'(6},6},6;,) - 5E,, [ C"(0},6)) . (A-69)
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Using the definition of 6,(@}, p') in (A-58), of 6,(®}, p') in (A-59) along with (A-69) gives
é(@f, p'(©} ,®;,62')) < 91(6‘1’, p'(©} ,@;,6?2')) and, thus, using the monotone risk ratio condition,

R4 (e p(er.0:.0))) - (@) F(4(erp(erene))-R(a")
f.(6, (et p'(01,05.0))) f,(6,(e5.p'(01,05.0)))

(A-70)

Combining (A-67), (A-68), and (A-70) gives p'(©},0},6,)> p'(©},©},6; ), providing the
contradiction. Using similar logic, for some 6" (0,1),as long as &" <& <1,if 6, <6,(©y,0}) <6}, itis

not possible that p'(@},©},6;) solves

n;lz;lg({(Fl(él(G)f, p'))-F(8))(R (@2.6,)(1-6)+ 5E, [C*(01,0) ] - pl)}. (A-71)
Thus, when the marketing manager’s private information is ¢, <, (©},6} ), the manager does not mimic
the pricing strategy used when private information is 6; > 4, (®?,®}). And when the marketing
manager’s private information is 6; > 0,(®},©} ), the manager does not mimic by offering p*(©},©},6,)
for some 6, <6,(©},0}), since 6,(@y, p')<4,(©}, p')and (A-61) imply
(Fl(él((af, p'(©:,02,6,)))- (9“-1))( ‘(1.6;)- p'(e,03.6,))
<(F1(5'1(®f, p'(e!,0.6, )) (@) ) R'(©3,0,)- p(©},03,0,))
s(Fl(e'l((a;, p'(©:,03.8)))- Fl(él“-l))(R*((a;,eg)— p'(e!,05.8)).
Off the equilibrium path, following a detectable deviation, beliefs are updated as follows: the

marketing manager does not revise prior beliefs; the production manager updates beliefs to
) (Qz | Hl,Yl) =1. Marketing’s strategy following a production deviation is to order the product if and only
if 6, < éz (G);’ 0, ) Production’s strategy following a marketing-manager deviation is:

(i) toaccepta “No Production” offer, and

(i) accept a price offer p if and only if p* > max{C*(®f,91), R'(0}.0, )}

Now, with max{6",8"} <& <1, given marketing’s strategy, if offered “No Production,” the production
manager always accepts. Otherwise, the cut-off strategies 6, (@}, p') and ,(®y, p') are optimal. And

marketing’s strategies in (A-60)-(A-62) are an optimal response for the continuation game starting at
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period 10of a truthful PBE. We use q"*° (@f,@;,@lﬁz)e {0,1} to represent the internal-order outcome in
this PBE, when a° =(©},} ), and the managers’ private-information realizations are ¢, and 6.

G (©y,0},6,,0,) represents the present value, at time 0, of q"**(©;,0},6,,6,):

G (©},03,6,,6,)=5"q"(0},0},6,,0,) if there is internal trade at time n; if there is no internal trade

G (©},03,6,,6,)=0. HQsets 4 (-)’s as follows:

v=1

() =S, [0 (01,050 (b 5 (012" ))u (2") - (07 (61,010 -C 15 (017
S| S aetorena oz (eLa)u@)

v=1 j=u+l

p.(03)-E, [q (01,605,680 b (23 (3,8 ) v (8) -z (©3) (R(1 23 (03,02 )) - p1(®r,®;,5;)))}

u

e, {Zq (01,04,6,3 )b, ((64,8)) v, (), (5;—1))}.

u=1
With the off-equilibrium beliefs and strategies specified above, these fixed-salary components of
managers’ compensation contracts support period-0 truthful reporting in the equilibrium specified above
(as before, the Mirrlees, 1986 technique implies this as long as z; (©},0) is decreasing in u and

z, (@;,5;) is decreasing in v, which in turn holds by (A-47) and (A-48)).

Step 3 — Firms earns strictly higher profits under negotiated transfer pricing. The analysis here proceeds

closely along the lines of Theorem 2 proof above (though, of course, here negotiated transfer pricing does

not lead to internal trade if and only if there are gains from trade). The key steps in the analysis are as
follows. From Step 1 and Step 2 above, note that if ¢°*(©;,©},6,) =1, then
R'(©}.6,)>E, [C*(@f,@l)};thus, U, (©},03,6,)>0; and, thus, q"*°(©},03,6,,6,)=1for all 6, 6.

Thus, whenever there is internal trade under optimal cost-based transfer pricing, there is internal trade

under negotiated pricing of Step 2 (delayed at most two periods).
Consider the regions ©} x ), where I'(6*,6,,0},0;)>0 and T'(6",6,,0},0})<0(the existence
of these regions is guaranteed because the firm’s internal-trade decision is non-trivial). Under cost-based

transfer pricing, the “no-trade” inefficiency is the subset of ® x®;, where F(@lﬂz,@f,@;) >0 yet

E,.[[(6,6,,6},0})]<0. Theset $(6},0})={0, ¢ suchthat (¢ ",6,,0!,0}) > 0} is non-empty
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and continuous. When 6, € S(©},©; ), the marketing manager offers the price p'(®},},6,)that solves

-1
(A-61). The production manager revises beliefs to /11(6’2 |01,(®f,®§)): fz(ez)Ut )fz (t)dt) and

es(ef 04
accepts the price offer if and only if 6, < 49'1(65', p1(®‘f ,@;,92)). Using (A-59), there will be internal trade
if p'(©},03,0,)>C"(©},6,). Consider (A-61), reproduced below:
mex|(F(A(01.9)) - R(@))(R (01.6.)- p'). (As1)
Since $(©;,0} ) is non-empty, for a non-empty subset of 6, €}, R*(©},6,)>C"(©},6,). Thus, for
a non-empty subset of 6, €®}, C*(0},6,)< p'(0},0},6,) <R*(©},06,) (this gives a strictly positive value

of the objective in (A-61); setting the price outside these boundaries gives a zero-value objective). Thus,
with strictly positive probability, there is internal trade under the PBE of negotiated transfer pricing in the
“no-trade” inefficiency region.

The subset of the set with trade under negotiated pricing in the cost-based “no-trade” inefficiency
region is independent of & (because, at n=2, there is no trade at intervention stage). Thus, for a high

enough J e [max{é ',5”} ,< 1) , the value of this trade to the firm strictly exceeds the opportunity cost from

delay.
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