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The Role of Transfer Pricing Schemes in Coordinated Supply Chains
Abstract
The objective of the paper is to study how transfer pricing schemes interact with subcontractors’ opportunistic behaviors to affect supply chain coordination. We model the supply chain incorporating asymmetric information among all the parties, contractor’s innovation activities, subcontractors’ misappropriation, and transfer pricing schemes. We examine the impact of various transfer pricing schemes on supply chain efficiency. Specifically, we conduct a performance comparison between the variable-cost transfer pricing scheme and the full-cost transfer pricing scheme. We find that the subcontractor’s choice of a transfer pricing scheme affects the contractor’s sourcing decisions and the supply chain performance, and the variable-cost transfer pricing scheme performs better in achieving supply chain coordination. 

Keywords: Transfer pricing scheme, Coordinated supply chains, Nash bargaining solution, Misappropriation.

1. Introduction

Recent research focus on inter-firm trades has introduced new challenges and opportunities for accounting researches (see Baiman and Rajan, 2002a; Dekker, 2003). Issues in supply chain management have attracted considerable interests in accounting field
. These studies are devoted to scenarios where the authors exploit accounting information and examine their impact on supply chain performance. However, they do not analyze how the interaction between parties’ proprietary information and accounting systems affects supply chain performance.
 Specifically, these papers do not explore the role a choice of a transfer pricing scheme can play in inter-firm relationships, examining the distinguishing benefits of various transfer pricing schemes to supply chain coordination. In addition, extant supply chain literature has emphasized the importance of information sharing in coordinating supply chains (e.g., Cachon and Fisher, 2000; Lee et al., 2000; Chopra and Meindl, 2006). However, Li (2002) suggests that the well-known biggest obstacle to information sharing within supply chains is a lack of trust between parties. Moreover, supply chain practitioners indicate that accounting systems, such as inventory management systems and transfer pricing schemes, have significant effects on supply chain performance.
 Somewhat surprisingly, little attention has been paid to analyzing how the interaction between subcontractors’ opportunism and transfer pricing schemes affects the efficiency of supply chains. 
In current supply chains practice, the prevailing organizational structure in industry is based on decentralized decision making (see Sahin and Robinson, 2002). Clearly, there is a need to build in performance measurement mechanisms to facilitate efficient supply chain coordination. Transfer pricing scheme is an instrument to coordinate the actions of divisional managers and to evaluate their performance in a decentralized firm.  We model the subcontractor as a decentralized firm and study the role of transfer pricing schemes within this firm on coordinated supply chains.

In another line of research, increasing attention has been paid to obtaining a better transfer pricing scheme to facilitate internal trades and align the interests of subunits with those of headquarters. Baldenius, Reichelstein and Sahay (1999) compare the effectiveness of standard-cost and negotiated transfer pricing schemes in firms where divisional managers possess symmetric information. They show that the negotiated transfer pricing often performs better than the standard-cost transfer pricing scheme. Lambert (2001) suggests that future work should consider a transfer pricing model that divides production costs into a fixed and a variable cost to study more meaningful issues.
 We develop a model for the supply chain and abstract from managerial compensation issues, by focusing on analyzing the commonly used cost-based schemes in practice and compare the variable-cost and the full-cost transfer pricing schemes.
  The coordinating activities include the headquarters (HQ) of the decentralized subcontractor firm stipulating the two divisional managers to make relationship-specific investments and efforts in anticipation of the contractor’s R&D activity.  The HQ coordinates the activities of his divisions by adopting a transfer pricing scheme.  The major questions are: given the divergent incentives of all the parties in the supply chain, what role does transfer pricing scheme play in inter-firms’ relationships and in supply chain performance?  Which transfer pricing scheme performs better in achieving supply chain coordination?  

The objective of the paper is to model the supply chain and analyze the above questions. Specifically, the supply chain is modeled with asymmetric information, incorporating the contractor’s R&D innovation, the subcontractor’s misappropriation possibility and accounting choices with respect to the choice of a transfer pricing scheme.  We, specifically, examine the following. First, in the absence of incentive problems (e.g., the subcontractor would not choose to misappropriate), whether the contractor strictly prefers to establish the coordinated supply chain rather than end the sourcing relationship to increase his surplus. Second, considering the divergent incentives, we identify the determinants of the contractor’s innovation disclosure strategy and examine how the contractor’s relationships decisions are affected. Third, we examine whether the individual party’s investments and efforts decisions are sub-optimal. We further explore the impact of the choice of transfer pricing schemes on the up-front decisions. Lastly, we conduct a performance comparison between the variable-cost transfer pricing scheme and the full-cost transfer pricing scheme. 

The results are as follows. First, the first-best solution in the absence of incentive problems shows that the contracting parties can benefit from organizing the coordinated supply chain. Second, the contractor’s relationship choices and each party’s investments decisions are distorted in the presence of incentive problems. Third, with all the divergent incentives present, we find information sharing distortions, inefficient trades, and holdup problems in the supply chain. Our results are consistent with the transaction cost economic theory in that contractor firms will take the magnitude of transaction costs into account in deciding on outsourcing the “new” product. Finally, we find that the variable-cost transfer pricing scheme performs better than the full-cost transfer pricing scheme for transfers between divisions in the decentralized subcontractor firm. 
The paper contributes several results. For the supply chain studies, in addition to the subcontractor’s misappropriation possibility, we show that the subcontractor’s accounting choices affect the contractor’s willingness to share information on his new innovation. More precisely, we provide new results about the effect of accounting choices on the strategic behaviors of parties in the supply chain. Specifically, we find the choice of a transfer pricing scheme for internal transfers in the subcontractor firm has differential impact on supply chain collaboration. For the transfer pricing literature, we extend its impact on inter-firm collaborations. We show that the choice of a transfer pricing scheme affects not only the division’s decisions within a firm but also the strategies of other parties in the supply chain. In addition, we find that the variable-cost transfer pricing scheme dominates the full-cost transfer pricing scheme. The neo-classical literature on transfer pricing suggests that trade distortion can be avoided if firms adopt a variable-cost transfer pricing scheme. However, we find that trade distortion still exists even if the subcontractor adopts the variable-cost transfer pricing scheme. Overall, our analysis highlights that supply chains need to consider the incentive implications of accounting choices within a subcontractor firm.

    The remainder of the paper is organized as follows. In section 2, we describe and formulate the analytical model. In section 3, we characterize the bargaining game. In section 4, we use a numerical example to compare the variable-cost transfer pricing scheme and the full-cost transfer pricing scheme. We conclude in section 5. 

2. The model

2.1 General description of problems

We study a one-period supply chain coordination problem that consists of a subcontractor, a contractor and a consumer (see figure 1). We assume that the subcontractor is a fully decentralized firm consisting of a headquarters (HQ) and two divisions.
 The supplying division (D1) produces and transfers goods demanded by the buying division (D2).  D2 further assembles the transferred-in intermediate goods into finished goods and delivers them to the contractor.
 We assume that both the divisional managers are risk-neutral and effort-averse. A transfer pricing scheme is set by the HQ to price the intra-firm transfer between D1 and D2.  
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Figure 1. The supply chain framework

    We assume that the contractor must first purchase products from the subcontractor before selling in the consumer market.
 We assume that the subcontractor and D2 have necessary incentives to fulfill the demand of the contractor. D1 will choose the quantities of intermediate goods to manufacture and transfer out to maximize her objective. Both D1 and D2 do not have a market to sell this line of goods outside. (This may not be the only product for the divisions and hence it is important to set prices for internal transfers.) Consequently, D1 will have no incentives to produce in excess of the number demanded by D2. 
At the start of the process, the contractor invests in R&D activities to bring out a “new” product. In anticipation of participating in the new product, D1 will make a process-related investment and choose an effort level to exert in order to enhance the quality of the new process; D2 will choose an effort to enhance the assembly process. Assume that HQ cannot directly observe the divisions’ actions and investments. Since neither the process investment nor the efforts are publicly observable
 plus each division only focuses on maximizing its surplus, divisional managers may be driven to adopt dysfunctional behaviors. Specifically, D1’s optimal choice may diverge from that of HQ, and consequently its investments and efforts may result in underproduction. The quantity the subcontractor can transfer to the contractor is constrained by the number that D1 decides to transfer to D2. This may influence the effort level choice of D2 on assembly maintenance.  The contractor’s R&D investment incentives may be reduced due to the shirking of the subcontractor divisions. 
The maximum benefits accrue to the supply chain from the full exchange of proprietary information on the innovation by the contractor and the efficient transfer of (intermediate) product between the subcontractor divisions. The supply chain may experience information distortions, inefficient trades, and holdup problems if each party in the supply chains only optimizes their individual objective. In our scenario, the contractor acquires innovation via up-front R&D investment. This innovation information needs to be shared with the subcontractor in order to process the new product through a coordinated supply chain. However, the subcontractor may decide to use this information opportunistically and misappropriate for his own benefit
. In order to simplify our analysis and to focus on our main issues of the paper, we assume the subcontractor’s misappropriation is the result of a coordinated decision of the parties HQ, D1 and D2 in the decentralized firm. The benefits from such opportunistic behaviors cannot be contracted on and hence this game is incomplete contracting.
 
In addition to suffering from the potential misappropriation, the contractor also faces “architectural” risk due to the subcontractor’s accounting choices (specifically, choice of transfer pricing scheme) prior to outsourcing. These risks together may influence the contractor’s sourcing decisions and innovation disclosure strategies.  The misappropriation risk alone may prompt the contractor to sacrifice the efficiency benefits of design and production of the innovated product and end the supply chain relationship. 
The time line of the model is as follows (see figure 2). At date 0, HQ selects either a variable-cost or a full-cost transfer pricing scheme to guide internal trades. (We do not consider any optimal transfer price schemes but rather study the impact of the choice of a scheme on the supply chain coordination.) At date 1, the divisions D1 and D2 decide individually on their private levels of investments and efforts. The contractor invests in R&D activities. The state variables are realized at date 2. The contractor privately observes whether an innovation occurs or not. In addition, the contractor will rationally take into account not only the value of the innovation but also the risk of potential misappropriation to decide on whether to disclose the innovation and adopt the coordinated supply chain. HQ, D1, and D2 observe the realized production costs. At date 3, HQ decides whether to accept the contractor’s offer and whether to misappropriate if the contractor reveals the innovation information. At this stage, the contractor does not know the subcontractor’s decision on misappropriation. Both the contractor and HQ bargain over sharing of the total surplus and sign a contract. At date 4, D1 decides on the quantity of the intermediate goods to transfer out to D2. The internal trade is finished, and D1 receives her transfer price. At date 5, D2 assembles the intermediate goods and delivers the product to the contractor. The inter-firm transaction is completed and HQ obtains the surplus from collaboration. D2 receives the residual surplus from HQ. 
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The contractor decides on disclosure of his innovation.
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3       HQ decides on misappropriation
        Both the contractor and HQ bargain over the total surplus and sign a contract.
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4       D1 decides on the quantity of the intermediate goods to transfer out to D2.

        D1 receives her transfer price.
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5       D2 assembles the goods and delivers them to the contractor. 
D2 receives the residual surplus from HQ.

Figure 2. The time line of the model

2.2 The model formulation 

2.2.1 Relationship-specific investment and production description

    At date 1, the contractor strategically chooses an R&D investment,
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 denote the probability of an innovation occurring.
 The contractor privately observes the innovation occurrence together with its underlying value including the market response.

    At date 1, D1 strategically makes a process-related investment 
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2.2.2 The description of transfer pricing schemes

    HQ has access to all actual costs of the “new” product via accounting reports, but remains uninformed of the divisions’ investments and efforts, and the realizations of 
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The variable-cost transfer-pricing scheme is specified as: 
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The full-cost transfer pricing scheme is specified as:
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We introduce a penalty or reward component, similar to the well known New Soviet incentive scheme, in the transfer pricing schemes (4) and (5) to align the incentives of D1 so that he or she can make production decision and exercise efforts desired by D2 and the contractor. If the penalty or reward component is not added, D1 will has no incentive to control the costs and will like to produce as many as possible regardless of costs. This clearly is not the best interest of the contractor. Given the variable-cost transfer-pricing scheme, at optimum
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2.2.3 The description of consumer market

    The inverse demand function of the “new” product, 
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2.2.4 The description of the subcontractor’s misappropriation risk

     We assume that the subcontractor HQ and the divisions act together in their decision to misappropriate. Once the decision to misappropriate is made, the subcontractor makes production decisions together. We assume that the subcontractor can use the misappropriated information to produce and then sell units of quality 
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3. The equilibrium analysis

In this section, we solve the game for the Nash bargaining equilibria by the method of backward induction. The contractor and the subcontractor will share the total surplus following the Nash bargaining solution (Nash, 1950).  In addition, we use three indexes: efficient trades, efficient investments, and the extent of information sharing to measure the efficacy of the supply chain coordination.

3.1 Equilibrium without incentive problems: the first-best scenario 

Upon developing an innovation, the contractor has two options.  He can fully disclose the innovation and organize the coordinated supply chain; or, he can withhold the information and end the relationship. The contractor’s status-quo surplus subsequent to the innovation disclosure (i.e., his no-agreement utility) is assumed to be zero.  We construct a baseline, first best, case where there exist no incentives problems to which we will compare our asymmetric information case.                                                                                                                                                                                                                          

3.1.1 First-best transferred quantity

    In the absence of any incentive problem (e.g., the subcontractor would not choose to misappropriate, both the contractor and D1 would make adequate investments, and D1 and D2 would choose the first best effort levels), the contractor would fully disclose his proprietary information on innovation and adopt the coordinated supply chain. The quantities to be exchanged are given by maximizing the profit for the entire chain: 
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where 
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The total surplus profit in the first-best scenario is 
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    The Nash bargaining solution implies that the contracting parties divide the surplus equally. In the absence of any incentive problems, the contractor’s optimal surplus when adopting the coordinated supply chain is 
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Clearly, in the absence of incentive problems, the transfer pricing schemes play no role in affecting D1’s choices of quantity. All parties can attain their respective maximum profits at units of 
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. We term this the efficient trade. Yet, a transfer price needs to be established for all transfers since divisions may engage in multiple products and are evaluated based on their divisional profits. The HQ will choose transfer prices so that the divisions are indifferent to the specific choice. That is the mark up ratios for the two schemes are chosen so that the resultant divisional profits for transferring the stipulated first best quantity are the same. The relationship between the markup ratios for the two policies under consideration is given in lemma 1.      

Lemma 1. HQ will choose the markup ratios of the cost-plus transfer pricing schemes according to the rule of 
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Proof: Follows readily by equating the expected profits under the two schemes and noting in (4) that the expected penalty is zero. 
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For example, HQ can choose full cost as the transfer price scheme (i.e., 
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The markup is the ratio of fixed setup cost per unit to the variable cost per unit.
3.2 Equilibrium with asymmetric information: in the presence of
incentive problems 

In the presence of incentive problems, the contractor should outsource 
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3.2.1 Second-best transferred quantity
    In the presence of incentive issues, D1’s decision on the quantity to be transferred in alternative transfer price schemes will depend on her maximization programs. Specifically, D1’s maximization program under the variable-cost transfer pricing scheme is:  
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where 
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denotes the markup ratio of the variable-cost scheme that is determined by HQ. The constraint in equation (9) implies that D1 will have no incentives to overproduce.  By the first-order condition approach, D1’s optimal choice of transferred quantity under the variable-cost transfer pricing scheme in the presence of incentive problems (i.e., the second-best transferred quantity), 
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Otherwise, 
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Under the full-cost transfer-pricing scheme, D1’s maximization program is:  
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and the optimum 
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Otherwise, 
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D1’s corresponding maximized profit is:
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Note particularly, HQ sets transfer prices based on which D1 and D2 trade.  Since realized variable costs may differ from the most efficient amounts, setting the transfer prices based solely on the actual costs will distort incentives for divisions to make up-front investments and efforts. Therefore, HQ will punish D1 when the realized variable costs are higher than the expected. If lower, HQ will reward D1. 
Proposition 1. D1, acting according to self-interests, will choose underproduction relative to the first-best benchmark and the quantity desired by the contractor regardless of the transfer pricing schemes adopted.
Proof: See Appendix.

    Proposition 1 suggests that the contractor and the supply chain experience inefficient trades when HQ adopts decentralization and the incentive issues are recognized.  We find that with a decentralized subcontractor firm, divergences of preferences between the divisions will cause trade distortions not only in intra-firm relationships but also in inter-firm relationships. In addition, our results can partly capture the implications of bullwhip effect for supply chain management if one can view the parties as independently operated firms.
 Below we confine our attention in the case of 
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    The underproduction discussed above reduces the total profit in the supply chain.
It will be interesting to assess the loss in profit. The loss is given by:
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where 
[image: image144.wmf]{

}

fc

vc

i

,

Î

 represents the transfer pricing scheme, 
[image: image145.wmf]i

p

&

&

represents the whole supply chain’s profit after taking the impact of inefficient trade into account, and 
[image: image146.wmf])

ˆ

(

*

1

max

vc

SB

q

q

-

 is the extent of trade distortion under the corresponding scheme. 

The loss in (15) for the variable costing scheme can be shown as follows:

If D1 transfers the quantity desired by the contractor (i.e., 
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Plugging D1’s second-best quantities (i.e., 
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    The magnitude of the loss depends on the extent of trade distortion (i.e., 
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). Clearly, the transfer pricing schemes influence the contracting parties’ behaviors of investing, and in turn, affect the supply chain coordination. In addition, the Nash bargaining solution implies that the contracting parties will have to bear the impact of the inefficient trade together and split the surplus equally.
3.2.2 Characterization of the contractor’s innovation sharing strategies 

Assume a situation where the contractor truthfully discloses the innovation in anticipation of establishing a collaborated supply chain with the subcontractor. In this situation, the contractor’s status-quo surplus subsequent to innovation disclosure is zero. However, the subcontractor, based on self-interests, may decide to unilaterally misappropriate the revealed innovation and supply the consumer market. The related maximization program of the subcontractor with misappropriation is as follows:
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    where 
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This implies that the subcontractor’s status-quo surplus is 
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    where 
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 is the contractor’s status-quo surplus. 

The subcontractor’s optimal surplus from joining the coordinated supply chain under 
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After paying D1’s transfer prices, HQ allocates the residual surplus, obtained from the contractor, to D2. That is, D2’s optimal surplus is, 
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We compare the contractor’s surplus with and without disclosing the innovation information and obtain the following results.

Proposition 2. Consider all the incentive issues present (that is, the second best solution). The optimal disclosure strategy for the contractor is to share his proprietary information with the subcontractor when the innovations 
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Proof: See Appendix.
Proposition 2 demonstrates that the contractor’s innovation sharing strategy depends on the innovation falling in three distinct regions. Specifically, when innovation 
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, the contractor will disclose the innovation and strategically outsource the “new” product to the subcontractor. That is, the contractor rationally shares his proprietary information with the subcontractor and correctly anticipates that the rational subcontractor will not misappropriate but rather willingly join the coordinated supply chain to create higher surplus. Otherwise, the contractor rationally withholds his innovation and ends the relationship with the subcontractor. In essence, the solutions presented in Proposition 2 are inefficient because some transactions that should be implemented as the coordinated supply chain (i.e., when 
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4. Comparison between the two transfer pricing schemes: A numerical example

We have shown that in addition to the misappropriation, the subcontractor’s transfer pricing also affect the supply chain coordination. We now compare the performances under the variable-cost transfer pricing scheme and the full-cost transfer pricing scheme and discuss the implications for supply chain management. To facilitate the comparison, we assume explicit functional forms for 
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    The analysis will start with comparing the contracting parties’ levels of investments and efforts between the schemes.
Proposition 3. Consider all the incentive issues among the contracting parties.  All the four incentives given below are lower for the fixed-cost transfer pricing scheme as compared to the variable cost scheme. 
(1) The contractor’s incentive for R&D investment.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

(2) D1’s incentive for the process-related investment. 
(3) D1’s effort incentive on enhancing the process quality.
(4) D2’s effort incentive on assembly maintenance.
Proof: See Appendix.
Proposition 3 illustrates (given the specific example) that in addition to the subcontractor’s misappropriation, the accounting choices of the decentralized firm also affect the parties’ investment and effort decisions. In general, we find that the variable-cost transfer pricing scheme performs better in directing the parties’ up-front decisions. Below, we give a brief discussion of the results.  

D1’s transfer prices under the variable-cost transfer pricing scheme (i.e., 
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D1 has incentives to invest more on the new process in the variable-cost transfer pricing scheme as it can reduce
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Proposition 4.  Considering all the incentive issues among the contracting parties, the quantity of the intermediate goods that D1 decides to transfer to D2 in the variable-cost transfer pricing scheme is higher than those in the full-cost transfer pricing scheme. That is, 
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Proof: See Appendix.

Corollary 1:  For the whole supply chain the trade distortion (stated in (15) in the variable-cost transfer pricing scheme is smaller than that in the full-cost transfer pricing scheme. That is, 
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Proof: Follows from Proposition 4 and hence omitted.
    Proposition 4 and Corollary 1 show that the supply chain experiences inefficient trades regardless of the transfer pricing scheme adopted. In particular, the extent of trade distortion is more in the full-cost transfer-pricing scheme. 

Proposition 5. The contractor’s innovation disclosure region is larger in the variable-cost transfer-pricing scheme.  

Proof: See Appendix.

Corollary 2. The contractor’s innovation disclosure region depends on the magnitude of markup. Specifically, the larger is the markup ratio chosen by HQ, the larger the contractor’s disclosure region.  

Proof: See Appendix.

Corollary 3. The contractor’s innovation disclosure region depends on the possibility of misappropriation.    

Proof: See Appendix.

    Proposition 5 suggests that the contractor’s innovation disclosure strategy is affected by the subcontractor’s accounting choices, and in turn, influences the supply chain coordination. Corollary 2 and 3 suggest that the contractor’s willingness to share innovation is affected by the magnitude of the markup and the possibility of misappropriation. From the whole supply chain perspective, the variable-cost transfer pricing scheme performs better than the full-cost transfer pricing scheme in the presence of incentives problems. In essence, the supply chain in the variable-cost scheme will have higher level of investments, higher level of efforts, higher extent of information sharing, lower extent of trade distortion, and larger surplus than under the full-cost transfer pricing scheme. 

To illustrate Proposition 5 and Corollary 2, assume that the relationship between 
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Figure 3. The contractor’s optimal disclosure strategy under various markup ratios
We also provide an example to illustrate Proposition 5 and Corollary 3. We assume that the relationship between 
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. For this example, Figure 4 shows the same result like figure 3. In addition, the disclosure region is strictly decreasing with the possibility of misappropriation.
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Figure 4. The contractor’s optimal disclosure strategy under various possibility of misappropriation
    In a seminal analysis of the transfer-pricing problem, Hirshleifer (1956) identifies conditions under which pricing intermediate good at its actual marginal cost maximizes firms’ total profit. The neo-classical literature on transfer pricing hence suggests that trade distortions can be avoided if firms adopt a variable-cost transfer pricing scheme. However, marginal-cost pricing is rare in practice. That is, most firms set their transfer price above marginal cost. To reconcile the discrepancy between theory and practice, accounting theorists suggest that the marginal-cost scheme will be optimal only in firms where all decision makers have symmetric information and no incentive problems exist (see Vaysman, 1996). However, we find that trade distortions cannot be avoided even if the subcontractor adopts the variable-cost transfer pricing scheme in which transfer price is set above the marginal cost of D1. We also find that the variable-cost transfer pricing scheme performs better even if incentive problems exist among the contracting parties.             

    On the other hand, several researchers, such as Lambert (2001) and Bockem and Schiller (2004), suggest that setting transfer price at marginal cost is suboptimal in situations where parties can make relationship-specific investments that lower the marginal cost of production. Our findings are consistent with their arguments. 

5. Conclusion
One main and interesting finding in this paper is that in addition to the possibility of misappropriation, the subcontractor’s accounting system will influence the contractor’s innovation disclosure strategies and, in turn, affect the efficiency of the supply chain. Further, we show information distortions, inefficient trades and holdup problems in the supply chain when incentives problems exist among the contracting parties. Another interesting finding, we show using a specific example, is that the variable-cost transfer pricing scheme performs better than the fixed cost scheme in achieving supply chain coordination. 
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Proof of Proposition 1:
 The quantities 
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For a meaningful supply chain coordination, total contribution margin after considering D1 and D2’s maximum variable cost under the variable-cost transfer pricing scheme should be larger than zero for all the realized ε. For this to be true, the following shall hold:
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    The inequality for numerator holds due to equation (A2). In addition, since 
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    Similarly, total contribution margin under the full-cost transfer pricing scheme should be larger than zero. That is,
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To show 
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    The inequality for numerator holds due to (A7). Given 
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Proof of Proposition 2:

    When the variable cost transfer scheme is adopted by the HQ, the contractor’s innovation disclosure region in the presence of incentive problems is determined by the following rule:
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 represents the contractor’s optimal surplus when disclosing the innovation and agreeing to organize the coordinated supply chain. Plugging the corresponding surplus into equation (A9) gives:
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    Solving with respect to 
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, we obtain the following results: 
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The proof when the fixed cost scheme is adopted is similar.

Q.E.D.

Proof of Proposition 3:
We first consider the contractor’s incentive of up-front R&D investment 
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 units of the “new” product. The contractor’s optimal investment level in the presence of incentive problems, 
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    Given the contractor’s disclosure strategies, D1’s expected surplus with process-related investment, 
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This implies a unique optimal choice of investment, 
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    Given the contractor’s disclosure strategies, D2’s expected surplus with assembly maintenance effort, 
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The necessary first-order condition for an optimum 
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(1) Comparison between 
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we rewrite equation (A15) as follows:
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Solving equation (A21) with respect to 
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   We rewrite equation (A17) as:
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    Solving equation (A23) with respect to 
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Comparing the results for the two schemes we obtain 
[image: image312.wmf]SB

SB

c

f

vc

l

l

>

 by 
[image: image313.wmf]SB

SB

y

f

>

, 
[image: image314.wmf]1

0

<

<

SB

f

 and 
[image: image315.wmf]1

0

<

<

SB

y

.
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    We rewrite equation (A18) as follows:
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   Solving equation (A25) with respect to 
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   Comparing the expressions for the two schemes, we obtain 
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(4) Comparison between 
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We rewrite equation (A20) as follows:
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    Solving equation (A27) with respect to 
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Comparing the results for the two schemes, we obtain 
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Proof of Proposition 4:

 With respect to 
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Proof of Proposition 5:

The disclosure region of the variable-cost transfer pricing scheme, 
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Similarly, the disclosure region of the full-cost transfer pricing scheme, 
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Proof of Corollary 2:

Differentiating
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Proof of Corollary 3:

 Differentiating
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� Specific issues addressed by accounting literature are as follows: 1. outsourcing and make/buy decisions (e.g., Anderson et al., 2000), 2. inter-organizational cost management (e.g., Cooper and Slagmulder, 2004), 3. strategic alliances and networks (i.e., Baiman et al., 2001), 4. value chain analysis (i.e., Baiman et al., 2000, Baiman and Rajan 2002b) and quality issues (i.e., Balachandran and Radhakrishnan 2006).


� Except for Kulp (2002). Kulp’s study focuses on the properties of information that the retailer shares, the manufacturer’s use of this information, and the resulting inventory management contract (traditional inventory system vs. Vendor Managed Inventory system) and how these elements interact to affect supply chain performance. Compared to our work, however, Kulp ignores the incentive effects of accounting systems on parties’ up-front decisions.   


� Tata Consultancy Services (TCS) suggests that in the whole gamut of supply chain management, companies act as a value hub integrating some key perceptions. For example, one aspect in the perceptions is about relationship, partnership and alliances. TCS indicates that the related issues include inter-company transfer pricing and strategic alliances. On the other hand, Vidal and Goetschalckx (2001) indicate that most researchers on global logistics have taken transfer pricing as a typical accounting problem rather than an important decision opportunity that significantly affects the management of a global supply chain. However, this is not the case in real global logistics system since management can decide the transfer price with some degree of flexibility within given limits. Several researches have addressed the transfer pricing problem as an integral component of the optimization of a supply chain; see, for example, Canel and Khumawala (1997). 


� Lambert (2001) indicates that many of the more recent studies in transfer pricing have moved away from deriving the optimal transfer pricing mechanism. Instead, these researches have concentrated on comparing alternative transfer pricing schemes.  


� Some surveys (see Horngren et al., 2006, p. 767; Kaplan and Atkinson, 1998, p. 458) indicate that for domestic transfer pricing, managers in all countries are inclined to adopt cost-based transfer pricing schemes. The surveys also show that the most popular method of determining transfer price in practice is a full-cost pricing scheme. According to a global transfer pricing survey by Ernst & Young (2003) the cost-plus method is the most common method for pricing intra-company services in all countries.


� Throughout our analysis, the term “subcontractor” represents the decentralized firm as a whole. 


� We assume that one unit of intermediate good can only be processed into one unit of finished product. 


� The subcontractor has comparative advantages in producing products. Obviously, such assumption demonstrates and explains contractors’ motivations of outsourcing, i.e., reducing costs (see Narasimhan and Jayaram, 1998; Logan, 2000). Also, we assume that the contractor has comparative advantages in selling the finished goods.


� As a result, HQ cannot sign complete contingent contracts with the divisions. Also, an upfront contract across the divisions is not viable.


� As the contractor voluntarily discloses his innovation information to the subcontractor, and the latter fully fulfills the production need of the former, it is reasonable to expect that the total surplus shared by the supply chain will increase. 


� The contractor can deter the subcontractor from misappropriating by seeking legal protection for his invention. In reality, however, the procedure of patent protection or lawsuit is long, expensive and often not viable. That is, the property rights over patents are difficult to identify and defend. As a result, if the subcontractor can misappropriate even parts of the contractor’s innovation, it will be consistent with our model.  


� The intrinsic value of innovation is normalized here at unity. Therefore, � EMBED Equation.3  ��� represents not only the physical innovation but also the value of the innovation. 


� We employ such probability measure to capture a fact that in most R&D activities, there is always a significant possibility that nothing will be manifested. The probability of no innovation is � EMBED Equation.3  ���.


� The intuition behind the assumption is that the specific investment decreases� EMBED Equation.3  ���, but cost savings decline with increasing � EMBED Equation.3  ���.


� As a result,� EMBED Equation.3  ���. The stochastic component, � EMBED Equation.3  ��� accounts for the costs of all the uncontrollable events that can affect production yields and cycle time.


� After D1 has transferred out the intermediate goods to D2, D2 needs to entail a variable cost to assemble the intermediate goods and transform those goods into the “new” products.


� Unlike a mechanism design approach adopted by several authors in the transfer pricing literature (e.g., Ronen and Balachandran, 1988; Balachandran and Ronen, 1989; Amershi and Cheng, 1990), and instead of taking a laissez-faire way that the central office is assumed to only specify generic rule about the rights and obligations of divisions (e.g., Baldenius et al., 1999; Baldendius, 2000), we assume that HQ will design transfer pricing schemes with a harmonized perspective. That is, in our scenario, HQ sets the transfer prices and allows the divisions to trade according to the transfer prices.


� Such a transfer pricing function can partly capture the spirit of controllability as described in management accounting textbooks.


� HQ doesn’t set any standard for � EMBED Equation.3  ���. That is, � EMBED Equation.3  ��� will be entirely passed on to D2 under the full-cost scheme. 


� The innovation can be transformed into a higher quality product via subcontractor’s production process. As a result, the terms “innovation” and “quality” are interchangeable in our scenario.


� The subcontractor’s contribution margin of the misappropriated “new” product per unit is � EMBED Equation.3  ���. We use this for ease of analysis. (See Baiman and Rajan, 2002a).  Alternatively, we can use � EMBED Equation.3  ��� times the market price of the “new” product, � EMBED Equation.3  ���, but we believe the qualitative nature of our results will still hold. We assume that � EMBED Equation.3  ��� because the subcontractor is not in the business of selling the products to the consumer. 


� Without loss of generality, we assume � EMBED Equation.3  ���. That is, we assume � EMBED Equation.3  ���.  


� In what follows, the arguments of � EMBED Equation.3  ��� and � EMBED Equation.3  ���are omitted for the purpose of easier exposition.


� � EMBED Equation.3  ���, where � EMBED Equation.3  ��� represents D1’s second-best level of enhancing process quality effort in the variable-cost transfer pricing scheme.





� Without loss of generality, we assume that � EMBED Equation.3  ���.


�� EMBED Equation.3  ���,where� EMBED Equation.3  ��� represents D1’s second-best level of enhancing process quality effort in the full-cost transfer pricing scheme.� EMBED Equation.3  ��� denotes the markup ratio of the full-cost scheme that is determined by HQ in the second-best scenario.





� The bullwhip effect is essentially the phenomenon of demand variability amplification along a supply chain, from the retailers, distributors, manufacturers, and the suppliers, and so on (see Lee et al., 2000).


� Note that � EMBED Equation.3  ��� is equal to � EMBED Equation.3  ���. 


� We assume � EMBED Equation.3  ��� so that the misappropriation is a viable option for the subcontractor. 


� Note particularly, the subcontractor’s status-quo surplus subsequent to the contractor’s innovation disclosure is her unilaterally misappropriated surplus. Therefore, the threat point of the subcontractor cannot include producing for the contractor. 


� Without loss of generality, we assume that � EMBED Equation.3  ���.  


� We assume � EMBED Equation.3  ���� EMBED Equation.3  ��� and � EMBED Equation.3  ��� to ensure that the subcontractor is always willing to join the coordinated supply chain arrangement. 


� We assume � EMBED Equation.3  ���� EMBED Equation.3  ��� and � EMBED Equation.3  ��� to ensure that D2 is always willing to join the coordinated supply chain arrangement. 


� Subscript i =vc for variable cost scheme and i=fc for fixed cost scheme. � EMBED Equation.3  ��� for variable cost scheme and � EMBED Equation.3  ���for fixed cost scheme in all the discussions to follow. 
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