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Abstract

This paper develops a simple model of a decentralized multi-product firm in which transfer pricing is used to
co-ordinate the activities of its constituent divisions. Two goods are produced in a single facility and the accounting
system provides the full cost for each based on a rule in which overhead costs are allocated in proportion to direct
labor costs. The study compares the performance of some commonly used transfer pricing (TP) policies with respect
to level as well as efficiency of production. The policies studied are Actual Cost-Based TP (ACTP), Standard
Cost-Based TP (SCTP), and a hybrid TP policy based on both standard and actual costs.

It is shown that under ACTP managers may have incentives to “pad” as well as misallocate costs deliberately to
maximize their divisional incomes, while under SCTP there is over-reporting of costs leading to under-production. In
general, neither policy achieves the first-best level of production or profit. ACTP yields higher profits to the firm
than SCTP if the internally transferred good is the primary good produced by the firm. The hybrid policy eliminates
some of the production inefficiencies associated with ACTP as well as the over-reporting problems associated with
SCTP, resulting in a higher profit to the firm than can be achieved using either policy alone.

Keywords: Management accounting, Transfer pricing, Cost allocation, Goal congruence, Performance evaluation
1. Introduction

As firms grow in size and complexity, they tend towards a decentralized organization comprising several interacting
divisions, typically organized as autonomous profit centers. (Note 1) In such cases, the central office faces the
problem of ensuring goal congruence, i.e. of ensuring that divisional managers choose actions that are in the overall
interests of the firm. This problem is especially difficult for vertically integrated firms in which one division provides
goods or services to another. For performance measurement purposes, the value assessed for such internal
transactions is called the transfer price. It appears as revenue in the income statement of the ‘selling’ division and as
an expense in that of the ‘buying’ division. Since managers are typically evaluated and compensated based on the
reported income of their divisions (Note 2), the method used for setting transfer prices also influences the decisions
delegated to them.

The Transfer Pricing (TP) problem becomes even more complex when a division produces multiple goods and the
common costs (also termed indirect costs, capacity costs or, more often, fixed costs) need to be divided among these
goods. (Note 3) This process is referred to as cost allocation. (Note 4) Although managerial accounting textbooks as
well as classical economists have long been pointing out that most allocation methods are overly simplistic,
somewhat arbitrary and irrelevant for decision-making, there is widespread evidence that firms continue to allocate
these costs. (Note 5) Interestingly, the literature emphasizes goal congruence and coordination as one of the main
reasons why transfer prices are used and also why firms allocate overhead costs (Note 6). It is appropriate, therefore,
to explore how the performance of a transfer pricing policy is affected by the choice of a particular cost allocation
system. (Note 7)

This paper studies the problem of transfer pricing in a setting that includes cost allocation and in which autonomous
divisional managers may have incentives to misallocate costs deliberately to maximize their divisional incomes.
Using a simple model of a decentralized and diversified firm in which an upstream (selling) division produces
multiple goods, some of which are transferred internally to a downstream (buying) division while others are sold
externally in a perfectly competitive market, I analyze the interaction of cost allocation with transfer pricing policy
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and show that the resulting incentives created can significantly affect managers’ decisions regarding the volume and
efficiency of production that ultimately determine the firm’s bottom line.

Since a cost allocation system primarily affects the full cost of each product line, I restrict attention to full cost-based
TP policies. (Note 8) (Note 9) Most firms that engage in cost-based TP use either standard costs or actual costs as the
basis for setting the transfer price. (Note 10) Accordingly, the TP schemes analyzed in this paper are standard
cost-based TP (SCTP), actual cost-based TP (ACTP) and a hybrid scheme (HCTP) in which the transfer price is set
to the minimum of standard and actual costs.

The term standard cost usually refers to a budgeted cost figure issued by the division responsible for producing the
good (and hence, in the best position to estimate the production cost) before production is actually undertaken. The
standard cost is used as the basis for making decisions about the quantity of goods to produce. Since a standard
cost-based transfer price allocates the variance between standard and actual costs to the seller, it is expected that the
seller will be motivated to keep actual costs down. To quote (Horngren, Datar and Foster, 2012): “[To] motivate the
seller to produce efficiently, cost-based transfer prices should be based on budgeted rather than actual costs” (p. 870,
original emphasis.)

Such thinking, however, is based on a static view of costs that ignores the dynamic influence that the selling division
may have on the formation of both standard and realized costs. The setting of appropriate standards, in particular, is a
problematic issue. Ideally, standards should be determined by detailed engineering studies at the production site, and
should be reviewed at the appropriate level. In practice, however, the informational requirements of such an
approach are too stringent and production managers — who are, after all, best informed about the cost environment —
often play a significant role in the standard-setting process. (Merchant, 1989) finds that profit center managers are
often involved in setting and revising standards, and negotiate for budgets that are easier to meet. They like to
forecast a pessimistic scenario even when they know better, especially when the information they provide is not
easily verifiable. From their field study, Eccles and White (1988) conclude: “[by] setting standard costs he knew to
be higher than what the actual costs would be, [the seller] ensured a positive variance [and] thereby contributed to
the overall profitability of his division” (p. 28.)

Actual cost, in contrast, refers to a post-production cost figure. If only a firm produces only one good, the actual cost
incurred is observable after production. For multi-product firms, the formula for computing the actual cost of
producing a good is more complicated. It usually involves the allocation of costs that are part of the overall
production process but that cannot be traced to individual products.

Foremost among such costs are manufacturing overhead costs such as power, indirect materials and labor, plant rent
and insurance, property taxes and depreciation on plants, factory overhead costs and set-up and engineering costs.
Manufacturing overheads are one of the most important cost categories in many companies. (Note 11) Other costs
that need to be allocated among multiple goods are joint costs of a single production process that yields multiple
products simultaneously. (Note 12)

There is little systematic evidence on the joint cost allocation methods that companies use, and a variety of
innovative allocation methods have emerged recently in management accounting theory and practice (Note 13).
However, the survey of (Hughes and Gjerde, 2003) estimates that 40 percent or more of firms rely on traditional
allocation systems. (Horngren, Datar and Foster, 2012) state that “according to the most detailed study on joint cost
allocation methods used by companies in the U.S., 62% of the companies use [direct] labor as the basis for allocating
manufacturing overhead costs to products.” Since direct labor hours are a separately observable production input,
this traditional method makes minimum demands on a company’s accounting system. Labor hours are the classic
basis for allocation in a manufacturing environment in which labor provides the greatest amount of added value to
the final product. Labor may also be appropriate for service industries in which the greatest portion of expense for
the service is labor. Many costs such as depreciation and interest are directly related to time, for which labor hours is
an appropriate driver. Similarly, many administrative overhead costs such as payroll are directly related to the
elapsed time of work. Accordingly, in this paper I use the simplest and most common method of overhead cost
allocation, the traditional single driver method based on direct labor hours.

Under any cost allocation system, a primary advantage of ACTP is that it is often the easiest to implement due to
easy availability of the actual costs and relevant drivers from the accounting books. This policy is also attractive
from an internal accounting perspective since it generates an income statement that eliminates intra-company profits
(Note 14). On the negative side, however, it provides no incentive to the supplying division to reduce its costs by
taking any efficiency-improving measures. Moreover, it provides incentives to the supplying division to not only
misallocate costs amongst products, but also to choose a suboptimal production method. For example, a production
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manager might buy a machine rather than leasing it or he might hire a full-time employee instead of an hourly
consultant, so that he can pass on some of the indirect cost, even though direct costs would be the more efficient
choice from the firm’s point of view.

In order to mitigate this problem, I analyze a third cost based policy in this paper — a hybrid cost based transfer price
(HCTP) based on standard as well as actual costs. In practice, hybrid transfer prices may use any combination of TP
methods. For example, a hybrid scheme may take into account both cost and market information or may use cost
information as the lower bound and allow negotiation to decide the final transfer price. Since our model considers
only cost based schemes, I will use a combination of standard and actual cost information, so that the positive
features of both the schemes can be combined. In my hybrid scheme, the transfer price is set equal to the minimum
of actual and standard cost.

The main result of my analysis is that in a multi-product setting ACTP outperforms SCTP. This is despite the fact
that product diversification creates a simple and direct incentive for cost shifting (or padding) and cross-subsidization
under ACTP. This result may be viewed as providing theoretical justification for the common use of ACTP in
practice. Additional results in the model that broadly conform to observations from industry practice are mentioned
below:

1. SCTP results in efficient production but over-reporting of standard costs.

2. ACTP can result in inefficient production of the internal good.

3. Standards reported in ACTP are never exaggerated and result in higher levels of production than in SCTP.
4. Standards are never reported lower than actual costs (except in the hybrid scheme.)

5.  HCTP outperforms both SCTP and ACTP.

In ACTP, production may be inefficient (in terms of wastage incurred on labor) for either the good transferred
internally within the firm or the good sold externally but not both; which (if any) good is produced inefficiently
depends on the relative importance of the two goods to the firm. In all cases, however, the standard cost reported is
always equal to the actual cost of production.

If the internally transferred good is the “primary” good (i.e. revenues from its sales are sufficiently high), there is no
wastage of labor on the external good; whenever labor is wasted on the internal good, the same amount of labor is
expended on it regardless of the production division’s private information; the standard cost reported in this situation
is always equal to the actual cost and is always lower than the standard cost reported in the corresponding situations
in SCTP. Finally, gross profits to the firm are higher with ACTP than with SCTP, assuming a uniform distribution
for the downstream division’s private information.

This paper extends the literature in two significant directions. In recent years, several researchers have used
theoretical settings to compare two TP policies and studied how one of them performs relative to the other in the
presence of specific economic factors. In my previous papers, I have compared the performance of some commonly
used TP policies using a setting with incomplete contracts. (Note 15) In (Baldenius, Reichelstein and Sahay, 1999), a
comparison of negotiated transfer pricing (NTP) and standard cost-based transfer pricing (SCTP) reveals general
superiority of NTP. A second paper (Sahay, 2003) shows that the performance of actual cost-based transfer pricing
with an additive markup is superior to any other cost-based policy in its class. In (Sahay, 2013), the actual cost-based
method is shown to outperform several cost-based transfer pricing schemes, including SCTP. (Dikolli and Vaysman,
2006) compare negotiated and standard cost-based TP in a model that studies the impact of information technology.
(Lengsfeld, Pfeiffer and Schiller, 2006) have attempted to compare actual cost-based TP with two standard
cost-based schemes using cost of information gathering as the main deciding factor. (Pfeiffer, Schiller and Wagner,
2011) compare the performance of some cost-based transfer pricing policies in an asymmetric information setting
and show that the superiority of one method over another depends on the degree of ex ante cost uncertainty. (Matsui,
2012) compares the performance of full cost and variable cost based transfer pricing and shows the superiority of full
cost based method under certainty.

However, the above results are limited to the extent that the problem is studied in the context of a firm that makes
only one product, and so has a simple costing system. In reality, most large firms produce many products and have
complex systems that determine the cost of any product line. It is, therefore, more realistic to study the problem of
transfer pricing in a firm that produces multiple products. The question is particularly interesting for cost-based
transfer pricing because the true cost of a product or service is difficult to establish in a multi-product firm and a
proxy for the true cost must be used in any cost-based TP scheme. (Note 16) This provides opportunity to a
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divisional manager to “shift” cost between products. In particular, it is possible that the manager will try to assign a
higher portion of the total indirect costs to the intermediate good (since he will get reimbursed for it) so that his cost
for the other products remains lean and he can show a higher total profit for his division, even if this cost shifting
harms the overall firm profit. Hence, it is not clear that actual cost-based method can still outperform standard cost
based transfer pricing, as it does in the single-product setting of (Sahay, 2013).

This study also makes a contribution to cost allocation literature. Early work on overhead cost allocation has pointed
to several theoretical arguments for the design of overhead cost allocation systems (Note 17), but its affect on choice
of a transfer pricing policy has never been studied. One exception is a study by (Rossing and Rohde, 2010), which
examines how overhead cost allocation system design is affected by transfer pricing tax regulation. However, it
seeks to explain the choice of an allocation system given a TP policy, rather than the choice of a TP policy, given an
allocation system. Moreover, it is a case study conducted in a multinational enterprise where the TP policy’s goal is
tax compliance.

My work also builds on a range of studies that have examined the role of cost allocation mechanisms in guiding
intra-firm resource allocation; papers in this category include (Zimmerman, 1979), (Baiman and Noel, 1985),
(Balakrishnan et al., 2002), (Rajan, 1992), (Pfaff, 1994) and (Wei, 2004), among others. These studies have focused
on cross-sectional cost allocations in a one-period setting. There has also been plenty of theoretical research on
several aspects of cost allocation, but the literature has largely focused on deriving ‘optimal’ cost allocation schemes
(Note 18).

The model developed here differs on three important aspects from the above literature. First, I do not assume that the
agent’s private information can be communicated to the principal. Hence, unlike the assumption in the
above-mentioned papers, the revelation principle does not apply. Second, rather than searching for a theoretically
optimal mechanism of cost allocation, I use a more modest framework that assumes that the cost allocation scheme is
already in place. Finally, using a scenario in which a firm produces several goods, I study the tradeoffs faced by the
upper management in instituting some of the popular transfer pricing methods, taking the pragmatic view that a
multi-product environment in a decentralized firm will suit some TP policies more than others.

The rest of the paper is organized as follows: Section 2 describes the basic model, including all features of the firm’s
operation that are independent of the particular TP policies that will be analyzed; Section 3 describes the three
candidate TP schemes, Sections 4 through 6 describe the major results obtained for each of the TP policies studied;
Section 7 makes some concluding remarks.

2. The Basic Model

Consider a decentralized firm consisting of headquarters (HQ) and two divisions, marketing (Division /) and
production (Division 2). Each division operates under the control of a manager employed by HQ. Each division’s
manager is assumed to have some private information about his environment so that it is infeasible for headquarters
to make production decisions on its own. The production division can produce one unit of each of two goods, Good /
and Good 2. Good ! is the primary good for the firm; it is a specialized good that is produced specifically for internal
transfer to Division / for further processing and sale, while Good 2 is sold directly by Division 2 in an external
market. It is assumed that Division / cannot source its input externally and must rely on Division 2 to produce Good
1. Whether or not Good j is produced is decided by Division j in accordance with the procedure described in the next
section.

There are certain costs of production that must be borne by the production division regardless of the number of goods
produced. These can be viewed either as manufacturing overhead costs or as joint costs of a single production
process that yields multiple products simultancously. We assume that the total manufacturing overhead is a fixed
dollar amount M known to all parties (Note 19).

In addition to the manufacturing overhead, production of either good requires the employment of labor. The
minimum number of labor hours needed for producing Good 2 is denoted by LZ and is common knowledge.
However, the minimum number of labor hours required for producing Good / depends on Division 2’s private
information 6. This minimum, L, (6,) is given by:

Ll(ez):LT +0, (2.1)

where LT is the amount of labor required for production of Good / by the “best type” of production manager
(6,=0). @, is arandom variable with density function f,(.) and corresponding distribution function F,(.). The

Published by Sciedu Press 135 ISSN 1927-5986  E-ISSN 1927-5994



www.sciedu.ca/afr Accounting and Finance Research Vol. 3, No. 4; 2014

realized value of the random variable is Division 2’s private information and is assumed to be unknown to other
parties.

For the sake of simplicity, I regard labor costs as variable and manufacturing overhead costs as fixed. Note that there
is no technological constraint regarding interaction of variable and fixed costs. There is only a feasibility constraint
that stipulates a minimum amount of labor that must be supplied for each good. The production manager is free to
“waste” labor on either (or both) goods if it serves his interest.

We assume that the labor market is perfectly competitive, and that each hour of labor costs p. Thus, if the goods are
produced with L, and L, hours of labor respectively, the total cost of producing both the goods (charged against
Division 2’s divisional income) is:

C=p(L, +L,)+M 2.2)

As mentioned earlier, Good j is sold by Division j in its own market. The revenue from the sale of Good 2 is denoted
by R; and, like LZ is easily observable. We assume that R; is large enough to cover the variable cost of
producing Good 2 but not so large as to cover the entire fixed cost:

pL, <R, < pL,+M (2.3)

Thus, Good 2 is a secondary good, the production of which becomes a profitable possibility for Division 2 only when
the primary good, Good / is being produced. (Note 20)

The revenue generated from the salg of Gaod / (net of Division /’s processing costs) depends on the marketing
manager’s private information 6, efO, 6™ |. 6, is a random variable whose realized value is known only to the
marketing manager; other parties know only its density and distribution functions, f;(.)and F(.). We assume that
the inverse hazard rate F|(.)/f,(.) is increasing in 6. The revenue from the sale of Good I (net of Division 1’s
processing costs), denoted R, (0,) is given by:

R(6)= R/ ~6, 24)
where R:= is the revenue generated by the “best type” of marketing manager (6, =0).

Let R; denote the revenue from the sale of Good /, net of Division /’s processing costs, and R, denote the revenue
from the sale of Good 2. If a transfer price of 7 is assessed for the transfer of Good I, the divisional incomes for the
two divisions are given by:

I, =R-T

2.5
L=R,—C+T @3

Since a transfer price is an accounting charge or credit against divisional income, incentive properties of a transfer
pricing policy can only be studied in a scenario where managerial compensation is based on divisional income.
Accordingly, we assume that managerial compensation is an increasing function of divisional income, and each
manager’s objective is to maximize the income of his division.

3. Standard Cost-based TP

A pure standard cost-based transfer pricing policy (SCTP) is implemented in this model by the following sequence of

events:
Datel Date?2 Date 3 Date 4 Date 5 Date 6 Date 7
HQ announces TP Standard cost Quantity chosen by Seller decides to  Seller produces Seller transfers TP and divisional
policy reported by seller buyer produce Good 2 goods internal good incomes computed

At Date 1, HQ announces the transfer pricing policy that will be used by the firm. This policy specifies that the
standard cost reported by Division 2 (at Date 2) will be used as the transfer price for the intermediate good in
computing divisional income (at Date 7). At Date 1, the two managers also observe their private information 6, and

-
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At Date 2, Division 2 issues a standard cost figure S as the cost of the internal good. At Date 3, Division / decides
whether or not to place an order for Good / taking into account the standard cost reported earlier. At Date 4, Division
2 decides whether to produce Good 2; if either good is produced, the production division incurs the overhead M. At
Date 5, Division 2 produces the goods, making production decisions L;. At Date 6, Division 2 transfers Good I, the
goods are sold and revenues realized. Finally, at Date 7, divisional incomes are computed using 7' = S.

It is clear that this policy gives the seller monopoly power in setting the transfer price. This might appear to be an
extreme assumption but there is substantial evidence from practice that production managers often have such
discretion in the setting of standard costs. (Note 21)

It should also be noted that in my time-line, the seller reports his standard after all uncertainty about actual
production costs has been resolved. In practice, actual costs will usually be subject to random fluctuations even after
standards have been set; the seller will just have to ‘live with’ the standards set earlier. This feature could be
incorporated into the model by decomposing &, into two components, one of which is revealed only after the
standard has been quoted. The results would not be qualitatively affected by this refinement.

To analyze the inefficiency resulting from the seller’s monopoly power, I show first that Good 2 will be produced
only if the order for Good ! is received, and that production for both goods will be efficient. Also, naturally, Good /
will be ordered if and only if the buyer’s revenue R,(6,) exceeds S. Thus, the standard reported at Step 2 will be
chosen to solve:

max ¢ Pr[Sale| S](R, +S—M—p(L,+6,+L,)) 3.1)
where Pr[Sale|S] denotes the probability with which the production manager expects the order to be placed for Good

1 if he were to quote a standard cost of S. Note that the seller’s decision above incorporates efficient production
decisions that he will take at Step 5. My first result follows from the maximization of his objective function.

Proposition 1. SCTP results in under-production.
Proof: All proofs are provided in the appendix to this paper.®

We see here a manifestation of the ‘deadweight’ loss of potential trade associated with monopolistic price-setting.
Thus, my model captures precisely the main problems with standard cost-based transfer pricing: the seller takes
advantage of the unverifiability of standards by incorporating “slack” and overstates his cost. Trade is inefficient
because the transfer price is set too high compared to the actual cost.

4. Actual Cost-based TP

ACTP is implemented in this model using the labor driver allocation method for allocating fixed cost. The labor
driver allocation method is based on the assumption that the number of labor hours used for each good can be
observed individually. The total cost C of producing both goods is also observable and the actual cost incurred for
the production of Good / is set as:

L
4 =—"—C (4.1)
L +L,
or equivalently,
L
A =—"""M+pL 4.2)
'L+ P

Of course, the fixed cost needs to be allocated only if both goods are produced; if only one good is produced, its
actual cost of production equals M plus the cost of labor incurred in production.

The following sequence of events implements an actual cost based TP policy:

Datel Date2 Date 3 Date 4 Date 5 Date 6 Date 7

HQ announces TP Standard cost Quantity chosen by Seller decides to ~ Seller produces Buyer buys Good 1 TP and divisional
policy reported by seller buyer produce Good 2 goods if4,<S incomes computed
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This is identical to the time-line of Section 4 except that at Date 6, the marketing division has an extra option — if the
actual cost of the internal good 4, exceeds S, the buyer may refuse to buy it even if an order had been placed at Step
3. If Division / decides to buy it, the production division transfers Good I, both the goods are sold and revenues
realized. If Division / had placed the order and decides not to buy, Division 2 sells Good / at a “scrap” price
(assumed, without loss of generality, to be zero.) At Step 7, divisional incomes are computed using 7 = 4;.

Similar to (2.3) we need an additional assumption in order to ensure that whenever the internal good is ordered, the
external good will also be produced. To see this, suppose the internal good is ordered at Step 3. If the external good
is not produced, the divisional income for Division 2 will be zero since the transfer price exactly offsets the actual
cost of producing Good /. On the other hand, if the external good is produced, its divisional income will be R; —4,.

Unless this income is positive, Division 2 will never produce the external good at all, thus removing the necessity for
allocating the fixed cost altogether. Hence, we make the following “break-even” assumption:

*

R—pl,>M—L2_ (43)

L+L

1 2
which states that the contribution margin from (efficient) production of the external good exceeds its fixed cost
allocation.

From expression (4.1) it is clear that the seller, who has control of the number of labor hours used in production, can
shift costs from one good to another. The incentive for such cross-subsidization is quite simple — by wasting hours in
the production of the internal good, Division 2 increases the allocation of fixed overhead to that good, leaving more
of a surplus towards his divisional income.

To counterbalance this incentive, Division / is given the power to refuse the trade if the actual cost (or transfer price)
is too high relative to the initially reported standard. As it turns out, however, Division 2 reports standards
accurately, including in it any wastage of labor that it may choose to incur. This is captured in my second result:

Proposition 2. In ACTP the standard cost report is exactly equal to the actual cost of producing the internal good.

This result is based on two arguments. On the one hand, beating the standard cost is not beneficial for the seller,
since letting the actual cost of the internally transferred good “eat up the slack” increases his divisional income by a
like amount. On the other, quoting a standard cost lower than the eventual actual cost is self-defeating: he would
receive the order from a larger range of buying division types, but these orders would eventually be canceled leaving
the seller worse off than if he hadn’t received the order in the first place.

While Proposition 2 establishes that the standard cost reported in ACTP is accurate, it does not preclude
“cost-padding”. The incentive for padding is inherent in the labor driver allocation method, because of which the
seller is motivated to shift overhead costs to the internal good, thereby increasing his profit from the sale of the
external one. To analyze this cross-subsidization, we start with the following definition:

Definition. For an arbitrary but fixed value v of 4, the iso-4, curve for v is
the locus of all feasible points (Ly,L,) that satisfy v= pL, + ML, / (L1 +L2) )
Differentiating the defining equation of the curve, we find:
dL, L, L P
dL, L ML,
from which it follows that iso-4, curves are always increasing. Also, since 4, =vL,/L, along the curve, the seller
would prefer to minimize the ratio L,/L, . It is possible to show that if the seller wishes to induce a particular value
v of A;, his choice of the labor inputs L; and L, must be unique. This optimal combination is found by moving

towards the left on the iso-4; curve for v until further movement becomes infeasible, as illustrated graphically in
Figure 1 below.

(L+L,) (4.4)
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A Iso-4; Curves

L,

Ly* /

\

LJ* +Ho L,

—
—
NS}
\
o

Increasing 4,

Figure 1. Iso-4; Curves

The figure shows three iso-4; curves. Each is increasing in L; and along each one, the optimal choice for Division 2
is to minimize L. In other words, the seller will move towards the left along the iso-4; curve until the vertical dotted
line (the minimum possible value of L,) is reached. Of course, the value of 4; along the curve could be such that the
horizontal dotted line (minimum possible value of L,) is reached before the vertical one as we move leftward along

the curve. (See the curve numbered 3 which meets the horizontal dotted line at point ¢ at which L, > L’{ +8,). For

such cases, choosing L, =L, +6, renders L, infeasible, and the optimal decision becomes L, =L,.

The analysis so far shows that it is never in the production manager’s interest to waste both L, and L,. We can
therefore restrict the solution of ACTP to the L-shaped frontier of the feasible region demarcated by the horizontal
line L, =L, and the vertical line L =L +6,.

The option of wasting L, may appear counter-intuitive at first glance, since it can only reduce the profit to Division
2 from its external market. Note, however, that it reduces A, thus making internal trade more likely. If there is a
large profit to be made from the external market, it might be worthwhile to waste L,, thereby reducing some of
these profits, to gain the benefit of increased internal trade. We will make the following assumption that eliminates
this problematic possibility, and is also in harmony with our view of the internal good as the primary good:

£

* * L
>R —pL, - M —2 4.5)
2P L+60,+L,

b R —p(Li+6,)-M

i

Since F/f; is an increasing function, this assumption can be interpreted as requiring that Rl* be “large enough”.
In other words, having fixed all the other parameters of the model, one can always find a value of Rl* beyond which
this assumption will be true.

L +6,
L+6,+L,

We are now in a position to compare SCTP and ACTP.
Proposition 3. For all types L, the standard reported in ACTP is lower than that reported in SCTP.

Given that the standard reported in ACTP is always lower than that reported in SCTP, and given that production is
requested in either situation under identical circumstances (viz. 6, < Rl* —S), it might be expected that the benefit to
the firm as a whole is greater in ACTP than in SCTP. However, we must still account for the fact that labor is wasted
in ACTP for a range of production manager types, making it necessary to compare the benefits of increased
production with the losses due to inefficient production.

This comparison is facilitated by observing that the gross profit to the firm in each case is given by the expected
value of R +R,—~M—p(L,+L,), the expectation being taken over the region of (L,,L,) space over which
production occurs. In order to show that ACTP outperforms SCTP, we note first that when production is efficient,
ACTP yields higher expected profits because it induces production from a larger range of types of the marketing
manager (by Proposition 3.) Thus, we need only show that ACTP performance is superior for the production
manager types that waste labor on the internal good.
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Proposition 4: ACTP outperforms SCTP if revenue for the internal good is distributed uniformly.
5. The Hybrid Scheme

In this section, we devise a TP scheme that combines features of both SCTP and ACTP. One of the main problems
with SCTP is that it creates incentives for the manager to misrepresent his expected cost by inflating the standard.
This is because any variance between actual and standard production cost flows straight to the production manager’s
bottom-line. Given that the actual cost of production is revealed by the accounting system, it makes sense for
management to use this information ex post in order to mitigate the incentive problem. In particular, HQ might try to
devise a hybrid scheme that penalizes the production division in case of a high variance between standard and actual
cost figures.

Accordingly, we modify the SCTP scheme of Section 4 as follows: the TP policy announced by HQ at Date 1
stipulates that if the actual production cost of the transferred good turns out to be lower than the standard cost
reported at Date 2, then the transfer price will be set equal to the actual cost rather than the standard cost. In other
words, the transfer price formula is:

T = min{Al,S} (5.1
We are able to show that this hybrid scheme is better than either of the pure schemes.

Proposition 5: 4 TP policy which sets the TP to the minimum of SC and AC will outperform a pure SC based TP as
well as a pure AC based TP.

6. Conclusion

This paper is the first attempt at the marriage of two incorrigibles: cost allocation in a multiproduct firm and TP
policy, which may provide an opportunity to waste as well as misallocate costs. Firm characteristics relevant to TP
choice that are embodied in the model include diversity (whether the firm is a single-product or multi-product firm),
information asymmetry (whether a division’s manager has private information that is not shared by headquarters or
by other managers,) moral hazard (whether managers’ choices can be observed and contracted upon) and degree of
integration (whether the firm allows outsourcing of intermediate products).

Some of the results of this paper agree with the conventional wisdom regarding cost-based TP schemes while others
offer new insights into empirically observed phenomena. For example, standard cost-based TP has long been
recognized as resulting in exaggerated cost reports and under-production; this is shown to be true in our model as
well. On the other hand, the common use of full actual cost-based TP in the industry has been something of a
mystery to theoreticians dealing with transfer pricing (see Kaplan and Atkinson (89)). It is held that this policy
provides no incentives to production managers to produce efficiently or make cost reducing improvements.

This paper shows that a multi-product setting creates a simple and direct model for ACTP, and shows that ACTP can,
in fact, outperforms SCTP even if there are inefficiencies. In ACTP production may be inefficient for either the good
transferred internally within the firm or the good sold externally but not both; which (if any) good is produced
inefficiently depends on the relative importance of the two goods to the firm. If the internally transferred good is the
“primary” good (i.e. capable of earning much higher revenue than the external good), there may be wastage of labor
in its production. However, the standard cost reported in this situation is always equal to the actual cost and is always
lower than the standard cost reported in the corresponding situations in SCTP. This makes for a higher level of
production, which compensates for the production inefficiencies.

Thus, the paper provides a simple explanation for a widely observed and important empirical phenomenon for which
little theoretical justification has been previously put forward. While the primary focus of this research is to identify
economic factors that make ACTP preferable to SCTP and vice versa, the paper suggests that using both standard
and actual costs can be preferable to using either alone.

In an extension of this work, it will be interesting to compare alternative cost allocation methods, such as activity
based costing (ABC) and resource consumption accounting (RCA) to see if the choice of transfer pricing policy
changes and how the incentives for cost padding and shifting might be different.
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Notes

Note 1. In their survey of the thousand largest manufacturing companies in America, (Reece and Cool, 1978) find
that 98.5% were organized in a multi-profit center form. Similarly, (Vancil,1978) finds that of the 313respondents in
his study of manufacturing firms, 296 (or about 95%) had two or more profit centers.

Note 2. (Merchant, 1989) concludes from a study of 203 profit centers that virtually all contracts for profit center
managers are based on divisional income.

Note 3. According to (Horngren, Sundem and Stratton, 2006), the percent of direct costs for most companies is less
than 50%. For the rest of the costs, the choice is either to apply a cost allocation method or leave them unallocated.

Note 4. By cost allocation, I refer to the spreading of costs across products. This paper does not address
inter-temporal cost allocation, which is allocation across periods.

Note 5. In 1982, Govindarajan and Anthony (G & A) surveyed 1,000 large companies, finding that most large
companies price their products based on full cost (i.e..variable costs plus allocated fixed costs.) In 1995, Shim and
Sudit conducted a similar survey of pricing practices in U.S. manufacturing companiesand showed that full-cost
pricing dominated pricing practices (69.5%). Moreover, most of the responding companies (91%) were in the
multi-products environment, averaging 75 products.

Note 6. See for example, (Zimmerman, 1997), (Horngren et al., 2012) and (Datar, Rajan, and Rajan, 2014). These
textbooks cite four reasons for allocating costs: First, allocation is required for valuing inventories and for computing
income as per the generally accepted accounting principles. Second, allocations help managers in better
understanding the "true" costs of a particular product or service, thereby leading to better economic decisions making
relating to pricing and resource planning. Third, allocations help managers in inducing desired organizational
behavior and promoting goal congruence. Finally, they help in performance evaluation of divisional managers in
large, decentralized companies

Note 7. According to (Zimmerman, 1979), “ Usually cost allocations are discussed within the context of inventory
costing and pricing decisions. However, the allocation problem also arises under the guise of transfer pricing,
divisional performance evaluation and line of business reporting”.

Note 8. The paper excludes negotiated and market-based TP for several reasons: first, they are not as widely used as
CTP; negotiated TP is difficult to analyze due to costs of conflict that are not easily quantified (see (Eccles1985) for
a strong case against negotiated TP) while market-based TP policies are usually infeasible simply because there is no
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easily identified market price for the good in question; (Shelanski, 1994) notes that for about 90% of the products in
his study, there was no ready market; finally, CTP appears to be a rich enough domain to offer interesting
comparisons among alternative policies.

Note 9. A survey by (Ernst and Young, 2005) indicates that 57 percent of the firms studied use a cost based method
for transfer of intangible goods.. See also (Ernst and Young, 2008).

Note 10. According to (Vancil, 1978), roughly half of the firms using cost-based TP use actual cost-based TP and the
other half use standard cost-based TP.

Note 11. Although the percentages may vary depending on the type of industry, a typical example is Harley
Davidson, where 36% of the total production cost is classified as manufacturing overhead. (See (Horngren, Datar and
Foster, 2012)).

Note 12. Industries in which single processes simultaneously yield multiple products abound: agriculture, extractive
and chemical industries, and the semiconductor industry, to name a few. In many cases, no single product can be
produced without accompanying products appearing.

Note 13. See for example, (Balakrishnan and Sivaramakrishnan, 2002) who discuss four cost allocation systems:
traditional volume based systems, activity based costing systems, tome driven activity based costing systems, and
resource consumption accounting.

Note 14. Due to these reasons perhaps, ACTP is extremely popular in the industry. For example, Tang’s (1992)
survey of transfer pricing methods used by Fortune 500 companies shows that 46.2% of them use cost-based
methods for domestic transfers. Approximately half of these companies use policies that are based on actual cost.

Note 15. Other papers on transfer pricing that adopt an incomplete contracting framework include (Holmstrom and
Tirole, 1991), (Wagenhofer, 1994), (Edlin and Reichelstein, 1995), (Baldenius, 2000), (Vaysman, 1996), (Dikolli
and Vaysman , 2006) and (Pfeiffer, Schiller, and Wagner 2011).

Note 16. (Tang, 1992) provides empirical evidence of the transfer pricing methods used by firms. He reports that of
the transfer price methods used by 143 Fortune 500 firms, 46.2 percent are cost based. Of these, only 7.7 percent use
variable costs of production, 53.8 percent use full production costs; and 38.5 percent use full production cost plus a
mark up or subsidy.

Note 17. Cost control, profit evaluation, accountability, cost control and motivation have been cited as reasons for
cost allocation.

Note 18. See for example, (Baldenius, 2003), (Baldenius, Dutta and Reichelstein, 2007), (Rogerson, 1997, 2008),
(Rajan and Reichelstein, 2009)

Note 19. Manufacturing overhead can be a significant number for many companies. (Miller and Vollman, 1985)
mentioned that overhead cost as a percentage of overall manufacturing cost have been rising steadily as direct labor
costs to value added had declined. Data suggest that manufacturing overhead averages 35% of production in the
United States and 26% in Japan.

Note 20. Without this assumption Good 2 would either not be produced at all or would be produced in all situations,
rendering the allocation problem trivial.

Note 21. For example, in a detailed case analysis of the standard-setting process, (Eccles and White 1988) quote a
senior executive: “It is here that games can really be played. [Standard costs] should have been reviewed by the
corporate controller and corporate vice-president for manufacturing. As it was, they were determined by the general
manager of [the selling division]” (p. S28.)
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Proof of Proposition 1:
Define:

<o<y>=y+§;<y> o

From our assumption on the slope of the hazard rate, we see that ¢() is increasing and hence invertible.

Lemma 1. The standard cost reported in SCTP by a production manager of type O, is given by
S0,)=R -4 (R + R, M - p(L; +6, + L,)).

Proof: First-order maximization of the objective function (3.1)H

Since ¢5(y) >y, S (32)> M + p(LT +6, +L*2)—R; . This is the standard report that would induce the

first-best production order from Division 1. H

Proof of Proposition 2:

By (4.3), we are guaranteed that Good 2 is produced if and only if the order is received for Good 1.
If the order is placed (¢ = 1), Division 2 solves the following program (P1):

max , , Prig’ =1] 41*(R - 4,)

subject to :
() L, 2L, (M)
Q) L >L +6,

L,
() 4, =pL, +——M

L +L,
The marketing manager’s strategy regarding the final decision implies that:
) 1 if4,<S
Prlg =114,]=1_ . | @
O F(Ri -4, 1g=1) if4,>S

Definition 1. A plan for Division 2 is a triple (S, Ly, L,) which stipulates the standard cost to be reported at Step 3
and the labor units to be employed in production at Step 5 if the order is received from Division / at Step 4. (Note 1)
Definition 2. An expensive plan is a plan (S, L, L,) for which A,(L,,L,) > S. An inexpensive plan is a plan for which
Ay (L1,L,) < S. An exact plan is a plan for which 4;(L,L,) = S.

Lemma 2. An inexpensive plan cannot be optimal for Division 2.

Proof: For any choice of (L, L,) that induces 4; < S, sale of Good / is certain. Hence, the optimal choice among
such (L, L,) is given by the solution to:

max ; ;. R, — 4,

subject to :
() L,>L,
() L >L +6, €)

Lj
3) A_/. = pL_/. +HM
4) 4, <S8
Consider any feasible choice of (L;,L,) (satisfying (1) and (2)) for which (4) holds with strict inequality. Since

04, /0L, = — ML, / (Ll +L, )2 <0 and since 4,(L,,L,) is continuously differentiable in Z;, we can find a
small ~ enough increment & for L; so that A4, (L1 +0,L, ) <S§ and simultaneously

AL, L,)> A,(L, + 5,L,). But then, R) — A, (Ll ,L, ) <R, -4, (Ll +0,L, )showing that no such (L,
L) can be optimal .l
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Before further analyzing the production manager’s decisions at Step 5, we use the preceding lemma to characterize
the marketing manager’s Step 3 decision.
Lemma 3. Division 1’s optimal strategy at Step 3 is to place the order for Good 1 (choose q = 1) if and

only if Rl* -6,=28§.

Proof: Consider first the case Rl* —0, < S From Lemma 2, we know that 4, > S so that placing the
order yields a divisional income of R, —6, — A4, < R —6, —S <0 . Hence, Division 7 would not place the
order if R —@, <S. Now suppose that R, —&, > S'. Placing the order in this case will result in a divisional

income of max {Rl -0 -4, 0} since whenever R, —6, — A <0, wemusthave 4, > S so that the order

can always be canceled. Thus, placing the order is better than not placing it.®
Definition 3. Let H(S ,L,L, ) denote Division 2’s expected divisional income from the plan (S,L,,L,).

Lemma 3 allows us to explicitly compute H(S ,L,, L, ) for any plan. For an expensive plan,

T1(S,L,, L,) =P R —6, < S](0)
PSSR ~6,< 4,(L.L,) (R~ M~ pL, - pL,) 4
P R 6,2 4, (L L) (R~ 4, (L. L))

The first component of (4) corresponds to the case in which Good / is not ordered (¢ = 0), the second component to
the case in which it is ordered but not purchased (¢ = I, ¢* = 0), and the third component to the case in which it is
ordered and purchased (g = g¢* = 1).

Observe that the second case does not arise for an inexpensive or exact plan for which we have:

[1(S. L, Ly) = Pr| R 6,2 4,(L,.L,) [ R = 4, (L, L,)) )

Lemma 4. An expensive plan cannot be optimal for Division 2.
Proof: Consider an expensive plan (S, L;, L,). We have:

T1(S. L L,) <Pr| B ~6,2 A (L. L,) (R = 4, (L,.L,))

(6)
=T1(4, (L, L,), L, L,)

In other words, Division 2 is always better off reporting A4,(L;,L,) as the standard cost if it plans to use (L;,L,) in
production.®

This result is based on the simple fact that if the selling division manager could be sure that Good / will not be
purchased, he would rather not make it at all. By quoting a standard cost lower than the actual cost, he would receive
the order from a larger range of buying division types. However, these orders would eventually be canceled leaving
the seller worse off than if he hadn’t received the order in the first place.

The proposition is an immediate consequence of Lemma 2 and Lemma 4.8

Proof of Proposition 3.

We derive a sequence of lemmas that establish the proposition, starting with the existence of an L-shaped production
frontier.

L +6,
L+6,+L,
actual cost A; the following relationships hold:

Lemma 5. There is a cutoff value Al* = M+p(L1= + 6’2) such that if Division 2 chooses a plan with

(I A <A1* then L, ZLT +6, and L,=1, L—lj.
A,—pL,
. . JXP +4pA L, - X .
2)If A=A, then L,=L, and L, = 2P 2 where X=M+pL,—A4,.
p
Proof: Minimizing 4, along the iso-4, curve for v is equivalent to minimizing L, / L=M / (V— le) —1. This is

achieved by minimizing L, subject to feasibility, i.e. by moving leftward along the curve until either the vertical
(case 1) or the horizontal (case 2) frontier is reached. The length of the intercept at this point of intersection is
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obtained by solving the equation of the curve for the other labor input. Note that the cutoff point is the level of 4,
that would be observed if the production manager produces both goods efficiently.®
According to this result, the production manager wastes L, (L,) if he decides on 4; > (<) 4*.

Recall Definition 3 in the proof of Proposition 2, and consider the plan (A1 (Ll ,L, ), L, ,Lz) for some choice of
(L1 ,L, ) on the frontier. We have:

114, (L, L, ) Ly L, ) = F (R = 4, (L, L, )R — 4,(L,. L,)) (1)
We denote this expected divisional income by H(LI,LZ) and its partial derivative with respect to L j by
I,(L,L,).
Lemma 6.

(2, +6,,L,)> 0= 1, (L +6,,L,)< 0 forall L, > L,
m,(z; +6,,L,)< 0= 11,(L,.L;)< 0 forall L, > L, +6,
M, (L +6,,L,)> 0= 11,(L
)

. (2)
L,)<0 forall L, > L +6,
M, (L +6,.L,)< 0= 11, (L +6,,L,)< 0 forall L, > L,
Proof: We have:
. ML,
Hl(LlaLz):_fl(Rl _Al(LlaLz){p‘Fm](R -4 (LlaLz))
ML 3)
+F|\R —A4(L.,L,)—2—
1( 1 1( 1 2))(L1+L2)2
and:
. ML -
I1, (LlaLz):fl(Rl -4 (Ll’Lz))M(Rz -4, (LlaLz))
ML )
~F(R -4 (L,L 1
1( 1 1( 1 2)) p (L1+L2)2
(@) Let k =L, +6,. We need to show that forall L, > L,
Mk x
P M(Rz -~ 4,(k,L,))
L (pr 2
j[l (Rl Al(koLZ ))> p+ Mk
(k+L,) (5)
_ R; _Az(kst)
1+ p(k+L2)2
Mk

Since A4,(k,L,) is decreasing in L,, F,/f, (Rl* -4, (k ,L, )) is increasing in Ly; also, since A,(k,L,) is
increasing in L,, the right hand side of the inequality above is decreasing in L,. It suffices, therefore, to show that the
inequality holds for L, = L,*. But the antecedent I, (k , L*2 ) >0 is equivalent to:
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po ML
%(Rl* _Al(k=LZ))>E‘I;—L2L2)(R; _Az(kaLz)) 6
(k +L, )2 ©)
« \2
a2zt
2
as required.
(b) We need to show that for all L;>k,
e ML
F . : (z,+L,) (. :
711(R1 _Al (LI’LZ ))< TZZ(RZ _Az (LlaLz )) (7
(L, +L,)

Again, the LHS is decreasing in L; while the RHS is increasing in L;. Hence, it suffices to show that the inequality
holds at L; = k. But this is exactly the condition in the antecedent.

The proofs of (c) and (d) are analogous to those of (a) and (b) and are omitted. B

Lemma 7. Exactly one of the following holds in ACTP:

1. I, (L’; +0,, LZ ) > 0 : the optimal solution wastes labor on Good 1.
2. 11, (LT +0,, L*2 ) > 0 : the optimal solution wastes labor on Good 2.
3. Hl (LT + 92 5 Lz ) <0 and H2 (LT + 192, L*z) < 0: the optimal solution is efficient.

Proof: (1) is implied by Lemma 6(a), (2) by 6(c) and (3) by 6(b) and 6(d). That (a) and (c) cannot hold together
follows from the observation that the former requires:
E *® * * *
7(R1 — A (k.L))> (R, - 4,(k, L)) (®)
1
while the latter requires:

DR - a (o)< (R - 4,(k.1) ©)

1

d_l * * *
Lemma 8. Suppose that ﬁT(Ll’Lz)> 0. Then there exists a critical value of Ll =A> L1 such that for
1

192 e [0, A —LT] the optimal production decision is Ll =1, L2 = Lz. The value of A is given implicitly by the

al :
equation Z(;t’ Lz) =0 ie

1

*

L (/1+L’;)2)
L*

F o A . .
(R —pA-M )=(R,—-pL,—M —2_)(1+
f1(1 p /“'Lz) (R,—pL, /1+L2)( p ML,

Proof: Suppose that 1T, (L}k + 92 ,L*2 ) >0 so that the best type of production manager chooses to waste labor on

(10)

Good 1, and let the optimal choice of L; made by this type be denoted by A. Since all production possibilities
feasible for a worse type are also feasible for the best type of production manager, it must be the case that any type

for which A is feasible will make the same choice as the best type. Thus, all types 192 e [0, A —LT] choose to

waste L, choosing the same level A. The equation defining A is obtained by first-order maximization.®
Lemma 9. ACTP results either in efficient production or in labor being wasted in the production of Good 1 at level

A.
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Proof: For 6, >/ —Lj, the choice L, =A,L, = LZ is infeasible. So these types will either produce efficiently

or waste labor on the external good.
However, (4.5) rules out condition 2 in Lemma 7 so that labor is never wasted on the external good.®
We complete the proof of the proposition by dividing it into two cases:

Consider first some value 92 >A— L* for which, by Lemma 9, production is efficient. From (4.5) it follows that:

L+H .
R —p(Li+60,)-M ———"—2)>(R +R, - pL, — p(L, +6,)— M)
L +0, L
1 L+9
S ¢ (R +R,—pL,—p(L,+6,)-M)<R —p(L +60,)—-M ——"2__
L+H L
L+H . .

Since the LHS represents the actual cost of (efficiently) producing Good / and the RHS the standard cost reported in
SCTP, we have the result.

Now consider some value of 6, € [0,4— LT] . The standard cost reported in ACTP by such a production manager

. Since the standard cost reported in SCTP is increasing in @, , it suffices to

is given by S, =pA+M 4 .
A+

show that:
S, <R —¢~ (R +R, — pLy — pL, - M)
< $(R ~S,)2 R +R, - pL, —pL, - M

M

F * * * *
<:>71(R1—SA)ZSAJrRz—pLZ—pLI—M (11)
1
: : L, (A+L)*
< (R, —pL, — M —2— > p(A-L,
( 2 — PL, /1+L2)(p M2 )= p( )
R, — pL, ﬂ,+L A,—L*

ﬂ, L,
*
Given our earlier assumption on R2 , we get that the LHS of the above inequality is at least

A P
L+L, L+L,
Proof of Proposition 4: Since managers who produce efficiently report a lower standard in ACTP, we need only
show that managers who waste labor on the internal good outperform SCTP as well:

” “(R' =6, + R, =M — pA— pL,)dF dF,

as required.®

(1)
> ” S(B”(R;‘ —0,+ R, ~M — p(L +6, + L,)dF,dF,

Since the upper limit of the inner 1ntegral as well as the value of the integrand in the RHS increase with a reduction
in (92 , it suffices to show that the following inequality holds:

R]7 A

f (R =6, +R, =M — pA— pL;)dF,
i @)
R<S)

> [ (R -6,+R,— M- pL, - pL,)dF,

6,=0
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where S is the standard cost reported by 6’2 =0 in SCTP.

Lemma 10: Suppose that 91 is uniformly distributed over the range [0, Rl* |. Then the inequality (2) holds.

Proof: Direct substitution.H

Proof of Proposition 5: As in the proof of Proposition 3, we derive a sequence of lemmas that establish the proof.
Given the hybrid transfer pricing scheme, after having set a standard cost of S, Division 2 faces the following
problem at Date 5:

max ; , {R, +min{4,S}~4,(L,L,)~4,(L,L,)}

subject to: "
(1) L>L+0,
(2) L,>L,
If the labor levels are chosen so that A1 < S the objective function is:
R;—AZ(LI,L2)=R;—pL2—Mﬁ @)
and otherwise it is:
R, —A(L,L,)=R, +S—p(L,+L,)-M 3)

Lemma 11: L, is never wasted in the hybrid scheme.

Proof: If L, >L; and A, <, decreasing L, infinitesimally will preserve A4, <§ while increasing the

value of (6.3) above; if A, =S, decreasing L, infinitesimally will preserve A, =S while increasing the value of

(3) above.l
The seller’s Date 5 problem can now be simplified to:

max , {R, +min{4,S} -4, (L, L)~ 4,(L,L; )}
subject to: 4)
(1) L>L+6,
Lemma 12: Let S = p(LT +92)+M (LT +92 )/ (LT + 02 +L*2) denote the standard cost corresponding to
efficient production and truthful reporting. Then the following hold at Date 3:
1. if S<8° then L, ZLT +06,.
2. if S>8" then L, satisfies S=pL, +ML1/(L1 +LZ).
Proof: In case (a), 4, =S so that the TP will be S. The objective function is (6.4) ,which is maximized by
choosing L, as small as possible. In case (b), if L, is chosen so that A4, >, the objective function is
maximized by minimizing L, as in (a); on the other hand, if 4, < .S, the objective function is (2) which is
maximized by maximizing L, . In either case, the value of L, will be chosen to satisfy
S=pL+ML/(L +L,)m
The buyer’s Date 3 problem can now be solved:
Lemma 13: At Date 3 the internal good will be ordered iff R, =S .
Proof: Lemma 12 implies that the transfer price will always be set to S, so that the marketing manager can expect to
have a positive divisional income iff R, > .S .®
Let us now consider the standard announced at Date 2. Since the function § (L1)= pL, + ML, / (Ll +L2) is

invertible, we can think of a standard report S equivalently as a report L, . Using Lemma 12 and 13, we see that the
seller’s Date 1 problem is solved by the larger of the following programs:

max , ., F(R =4, (L, LR - 4L, 23 ) ©)

Li>L1+0,
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and

* * * Ll * *
max e £ (R - 4,(z,,L3 ){Rz TPl Mo plz; +6,)- pL, —MJ 6)
1 2
It is easily established that if the solution to (6) is in the interior, the solution to (5) must be at the boundary (and

.
vice-versa). Noting that at Ll = L1 + 92 the two objective functions are the same, we get the following result:

Lemma 14: Let A denote the unconstrained solution to (6) (i.e. without the constraint bounding L, from below.) Then
the following characterizes the behavior of production managers in the hybrid scheme:

1. if A2 LT + 6’2 the standard reported will be S/1 Zpﬂ-l-Mﬂ,/(/l%—L*z) and production will occur using
L=4.
2. if A< LT + 92 production is efficient; if F;/f1 (Rl* —A1 (LT,LZ )) < R; —A2 (LT,LZ) the standard

reported is exactly the same as that reported in SCTP; otherwise the standard reported is less than that reported
in SCTP and exactly equal to the actual cost.

Notice that HCTP induces the same behavior as SCTP (case b) if Rl* is sufficiently small (the internal good is

“secondary”) and the same behavior as ACTP (case a) if Rl* is sufficiently large (the internal good is “primary”).
For intermediate cases, HCTP does at least as well as SCTP and never worse than ACTP. This completes the proof.l

Notes

Note 1. Note that the only difference between a complete strategy and a plan for Division 2 is that the former also
includes the (L,L,) chosen if no order is placed at Step 4. Since, as just observed, the (L;, L,) decision is trivial if
only Good 2 is to be produced, we will not differentiate between Division 2’s plans and complete strategies.
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