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Abstract

In this paper we show that contracts based on the return of unsold output may play a subtler role in the supplier-retailer relationship than was previously thought. In addition to permitting risk to be transferred from the retailer to the supplier, an appropriately constructed return policy can be used by the supplier to overcome the informational advantage possessed by the retailer, and circumvent the adverse selection problem that would otherwise arise.

Contracting Between a Retailer and a Supplier

1. Introduction


Many producers conduct a substantial percentage of their consumer business through retail channels. There are typically a wide variety of policies and programs
 governing the relationship between the supplier and its retailers. Some examples of these policies are: (1) return policies that govern how much a retailer is allowed to return of unsold items, (2) price protection policies that provide credit to the retailers based on manufacturer price fluctuations, and (3) minimum advertised price policies that restrict the prices a retailer can put on an advertisement.


Given the quantity of business that is conducted through such channels it is important for suppliers to understand the implications of these policies on retailer behavior.  Furthermore, understanding these policies will allow suppliers to design “good” policies that are in line with their business objectives.


Designing good policies is a business problem that fits the framework of mechanism design. The motivation of this research is to develop stylized model(s) that will provide insights into how policies should be designed.  In this paper, we focus our attention on return policies.


Traditionally, there are two components to a return policy. The first component specifies restrictions, if any, on the amount of products a retailer can return to the manufacturer. The second component of the policy specifies a monetary transfer as a function of the actual return. A retailer will then decide on the amount to return subject to any constraint imposed by the return policy.


There are several issues surrounding the design of a return policy. The traditional business reason to provide retailers with a return policy is to help them insure against overstocking. The supplier assumes the risk of being left with stock to ensure that the more risk averse retailer takes the optimum amount to market. Without this insurance, retailers will stock too little with respect to the optimal stocking level of the system.

Another issue is competition. Manufacturers often offer a return policy as a part of a complete package to retailers in competition with other manufacturers. Thus, manufacturers not only compete on prices and products, but also on policies and programs.

This research focuses on the risk sharing relationship between one manufacturer and one retailer.  In doing so, our analysis uncovers an unexpected, subtle role the return policy may be able to play. We consider a model in which both parties are risk neutral, thus the supplier does not hold a comparative advantage in risk tolerance and the above explanation doesn’t apply. In such an environment one may expect a return policy to prove inconsequential as it shouldn’t matter which risk neutral party ultimately owns the goods. However, we find this intuition to be incorrect. In the absence of a return policy, we show that an adverse selection problem arises in the supplier-retailer relationship and that this leads to inefficiencies and second best outcomes. Significantly, the addition of a return policy allows the supplier to overcome this inefficiency and achieve first best outcomes.

The remainder of the paper is organized as follows. Section 2 outlines the problem and introduces the model. It also contains the results in the absence of a return policy and highlights the adverse selection problem present in the supplier-retailer relationship. Section 3 extends the model to include a return policy and shows the subtle role these play in achieving first best outcomes. Section 4 concludes and introduces several possible extensions to the analysis. 

2. The Model Without Return

We begin with the simplest possible structure of the problem faced by the Supplier and the Retailer.  In each period the Supplier (P) produces a good which it sells to the Retailer (A). The Retailer then takes this to market and faces an uncertain demand. The Retailer observes the actual market demand but the Supplier does not. Therefore, at the start of each period the Retailer’s starting inventory is private information. From the Supplier’s perspective, the problem is to determine the optimal contract that it should offer to the Retailer to supply these goods that maximizes its profit?

To understand this problem we will primarily be concerned with the one period game. Real supplier-retailer relationships are, of course, rarely for only one period and typically last for many years. We will show that without a return policy the extension of this model to multiple periods leads to virtual intractability and excessively complicated optimal contracts. However, we further show that the inclusion of return not only overcomes the adverse selection problem, but overcomes it in such a way that produces an optimal one period contract that is also optimal when replicated in a multiple period environment. Thus, the optimality results found in the one period game with return policies extends to the multiple period environment.

2.1 The One Period Game

We assume that both the Principal and the Agent are risk neutral. Therefore, their utility functions are representable by their expected profit. This assumption precludes any role for a return policy in transferring risk to the supplier, and instead focuses attention on the more subtle role return policies play in achieving efficiency.

2.1.1 Interim Contracts

We will be interested in the case in which the retailer’s starting inventory is private information, and known to the retailer at the time of contracting. In the language of mechanism design this is the interim stage, and thus we will call these contracts “interim contracts.” This type of informational environment could arise for many reasons. The primary motivation comes from the fact that most markets for consumer goods are, to at least some degree, competitive and the goods of different suppliers are substitutes. In this environment inventory would be private information as each supplier could not observe the contracts the retailer holds with different suppliers.. Therefore, this assumption can be seen as an attempt to capture the competitive aspects of the market in a reduced form model. However, even in a monopolistic market such an informational environment could arise. This model captures the problem faced by suppliers who wish to improve the contracts for goods that have already been introduced into the marketplace. Also, it captures the problem faced by a monopolist for a good for which they cannot, for whatever reason, enter into long term contracts.

The Interim Contract Game:

1. Nature chooses A’s starting inventory X, where X~G[0,1]. A knows its starting inventory, P doesn’t.

2. P offers A a series of contracts under asymmetric information. Each contract specifies a certain quantity of goods, Q, and a transfer (or total price), T.

3. A accepts one of the contracts or rejects them, and trade between P and A takes place.

4. A takes X+Q goods to market. The price in the market is fixed at p, and the amount demanded (which is the amount which can be sold by A) is given by D, where D~F[0,1].

Let the cost of production be fixed at c per unit.

2.1.1.1 Why is this a problem? 

An agent’s willingness to pay for a unit of good from the Supplier depends on its probability of selling that unit in the market. Consequently, different starting inventories imply different willingness’ to pay for further stock. Therefore the model is a variant of the hidden information models. Results from this literature tell us that the Supplier may not be able to extract full surplus from the Retailer and must solve for the optimal 

contract in order to maximize its profits. We will now outline different versions of this problem, and the solutions in these environments. The intention is to provide the baseline level of comparison (the 1st best outcome), and to clearly show how the adverse selection problem affects the incentives of the competing parties.

2.1.1.2 What is the efficient quantity to take to market?

Firstly, we would like to know what quantity a firm would take to market if it were both supplier and retailer, as in this case their choice of inventory to take to market maximizes total social welfare and so represents the socially efficient inventory. By knowing this we can determine the social cost of the agency relationship. This level is simply the point at which the marginal cost of production equals the marginal revenue from sales, and is given by the QE that satisfies F(QE)=1-c/p. This is the first best outcome.

2.1.1.3 Full Information

Assume for the moment that X is publicly observable. In this environment the optimal set of contracts extracts all rent from A, regardless of its type.

Offer to type X, {Q=max[0,QE-X], T=max[0,p
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Eπ(X)=0 for all X.

Where Eπ(X) is the expected profit for an agent of type X. In this contract the Supplier takes all types of Retailer up to the efficient level and extracts the full expected surplus from these extra units.

2.1.1.4 Asymmetric information with certain demand

In this situation we assume that the inventory of the agent is unobservable by the principal but that there is no uncertainty about demand. That is F is degenerate and consumer demand is a known quantity. What is significant about this situation is that even though the agent’s type is private information the principal is not adversely affected and, in fact, can still extract full surplus from the agent. Let demand be equal to D. The optimal contract is given by,

Offer to type X, {Q=max[0,D-X], T=pQ}.

Eπ(X)=0 for all X.

In this contract the supplier charges the retail price for each unit of the good. The agent is willing to pay the full price for these goods as they are guaranteed of selling them (demand is certain). Consequently the principal extracts the full surplus from each sale. Obviously the agent is indifferent between buying each unit as it can’t sell them in the market for any more than the supplier charges (however, the principal strictly prefers that the agent buys up to D). Thus, the incentive constraints of the retailer to follow the specifications of the contract are satisfied, but only weakly. If such indifference is unsatisfying then the agent’s incentives can be made strict by offering them an ( share in the principal’s business, where ( can be arbitrarily small. Then the preferences of the Supplier and the Retailer are perfectly aligned and the agent strictly prefers to follow the requirements of the contract.

This shows that, unexpectedly and unusually, the adverse selection problem does not arise solely from the asymmetric information in the model, but (as will be shown in the next section) is a consequence of both the asymmetry of information and the uncertainty of demand. If either or both of these characteristics are removed then the tension between agent and principal can be overcome and the principal can extract full social surplus with an appropriately specified contract. This trait of optimal contracts will become very significant when we consider return policies in later sections.

2.1.1.5 Asymmetric information and uncertain demand: type is unknown by P

As mentioned previously, the problem for P in this environment is that the willingness to pay differs across the different types of agents. What we also notice is that, in contrast to standard models, all agents do not have the same reservation utility. This is because the types X>0 already own some inventory. Consequently, if they reject the P’s offer they can go to market and realize the value of these units, and this amount is determined by their starting inventory X. To deal with this problem we will normalize each agent’s reservation utility to zero and adjust their utility function accordingly.

A further observation is that it is the lower type X’s that have the higher willingness to pay for the goods, and from whom the P will be able to make the greatest profit. This is the reverse of standard models of hidden information (e.g., optimal auctions), and implies that the incentive constraint on all lower types will be binding upwards rather than the usual downwards, and that the participation constraint of the highest type will be binding rather than that of the lowest type.

By the Revelation Principle of mechanism design we are able to restrict attention to incentive compatible direct revelation mechanisms. Let X be the agent’s true type, and 
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 the announced type. The agent’s utility function is then given by,
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 additional goods to market. We will assume for the moment that Q(X) is non-increasing (later we will derive conditions for this to be true).

Incentive Compatibility (IC)

IC implies that agents optimize by telling the truth. Therefore we can define the agent’s utility to be,
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Differentiating the agent’s indirect utility function and using the above condition we get,
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Now we integrate this with respect to X,
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Setting the IR constraint for the highest type (X=1) to hold with equality we have,
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Principal’s profit

The principal’s profit is given by (for a particular type of agent, X)
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where N(Q(X),X) is the total social surplus and is given by,
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Since (N/(X=(V/(X then we can write the principal’s expected profit as,
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Integrating by parts and simplifying we obtain,

The optimal contract is then found by maximizing this expression through the choice of a function Q(X). The optimal Q(X) function can be found by differentiating the integrand with respect to Q(X). It is easy to see from this expression that P is not maximizing only N(.), the social welfare function. Instead its utility function has an additional term. This additional function will lead to a distortion of the optimal contract such that the contract that maximizes P’s welfare does not match that that maximizes social welfare. This distortion is the difference between the first best outcome and the second best outcome that results here.

The control problem is to solve the following first order condition,
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The optimal contract (that maximizes the principal’s profit) is the Q(X) that satisfies the above expression, with the restriction that Q(X)( 0.

And then transfers are determined from this by the following function,
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For a fully separating contract to be optimal we require that Q(X) is non-increasing in X.  Sufficient conditions for this to hold place restrictions on the distributions F and G. One such set of sufficient conditions is,

G(X)/g(X) is non-decreasing, and f’(Q(X)+X)( -f(Q(X)+X).g(X)/G(X) for all X.

The first requirement is the standard type of hazard rate condition, and the second requires that the density of f not decrease too rapidly. If both F and G are uniform then these conditions are satisfied.

Example: Assume that F and G are both distributed uniformly. i.e., F,G~U[0,1].

Then, we have as the optimal contracts,

Q(X)=max{0,-2X+1-
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There are several things to notice about these contracts. Firstly, is that Q(X=0)=1-c/p, which we recall is the efficient level. Thus, we have the standard mechanism design result of “efficiency at the top” (but in our case it is at the bottom as our type order is the opposite of usual). We also note that Q’(X)=-2 when Q(X)>0. As this is less than –1 then for agents with positive Q(X) the amount they take to market is inversely proportional to their starting inventory. It can also be seen that T(0)=0, and for Q>0 we have T’(Q)>0 and T’’(Q)<0. So agents with X such that X(X* where 0=-2X*+1-c/p, are completely ignored with these optimal contracts. That is, they receive no goods from the supplier and make no payment. Agents who engage in trade with the supplier pay a decreasing marginal cost for additional units.
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It should be noted that P can implement the efficient inventory levels (i.e., X+Q(X)=1-
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 for all types) but this doesn’t maximize its profits. Therefore, the informational incentive held by the retailer causes the supplier to offer a socially second best contract, but one that maximizes its own profit.

2.1.2 Ex-Ante Contracts

As mentioned earlier, situations may arise in which contracts can be offered before the agent knows its type (before inventories are known). That is, even though the agent’s type will be private information when it is revealed, the contract can be formed when information is still symmetric. This information environment captures the problem faced by a monopolist introducing a new product, or of a producer offering long term contracts for future periods in which the retailer doesn’t yet know its own private inventory. We will show that contracting in these environments avoids the adverse selection problem and leads to the supplier extracting the full surplus and offering first best contracts. However, we will further show how this power can lead to problems of renegotiation and commitment that may preclude their implementation.

In this environment the order of play is as follows:

The Ex-Ante Contract Game:

1. P offers A a contract under symmetric information. The contract specifies a quantity supplied function, Q(X), and a transfer function T.

2. A accepts or rejects the contract.

3. Nature chooses A’s starting inventory X, where X~G[0,1]. Nature reveals X to the Agent. P doesn’t know X.

4. Trade between P and A takes place.

5. A takes X+Q(X) goods to market. The price in the market is fixed at p, and the amount demanded (which is the amount which can be sold by A) is given by D, where D~F[0,1].

2.1.2.1  The Optimal Contract

The optimal contract extracts all expected rent from A. Intuitively, this is because there is effectively only one type of agent now (an uninformed one). Therefore, the Supplier can implement any Q(X) function it wants and use the transfers to extract all expected surplus. Contracting at this time relaxes the IR constraint posed when agents are of many different types at the contracting stage.

This contracting game differs from the interim game in that there are two information stages: the ex-ante stage in which neither the agent or the principal knows X, and the interim stage at which time the agent has learnt its type. Consequently, a transfer can be extracted from the agent at each information stage (though technically the money need not be paid until later in the game it makes it easier to think of the payments being made at the time they are calculated). We shall start, as usual, with the IC constraint. This constraint must be satisfied when the agent is announcing its type, which is at the interim stage. So we shall assume that point has been reached, possibly after an initial transfer, and determine the quantity and transfer functions that can be implemented.

Interim Stage
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The agent’s utility function at the interim stage is given by,

Where X is the agent’s true type, 
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We will assume for the moment that Q(X) is non-increasing. We notice that this value function does not include any positive reservation utility (as did the analogous function in the interim contract derivation). This is because the reservation utility will be accounted for when we step back to the interim stage  and consider IR. Once the game reaches the point considered here, the interim stage, the agent has signed the contract and so only worries about possible benefits within the contract.

Incentive Compatibility (IC)

IC implies that agents optimize by telling the truth. Therefore we can define the agent’s utility to be,

[image: image37.wmf]0

)

(

)]

(

)

)

(

(

[

)

),

(

(

>

-

+

=

¶

¶

X

G

X

F

X

X

Q

F

r

X

X

Q

EU

P


This condition is identical to that for IC in the interim contract game with TI replacing T. Following that derivation we arrive at the following expression for agent utility that satisfies IC (and interim IR if renegotiation is a possibility, though this isn’t necessary if there exist binding contracts),
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The first two terms are a direct consequence of the original utility function not including the reservation utility (as described above). This expression provides the possible Q and TI functions that could be used by the principal at the interim stage. Knowing this we step back to the ex-ante stage to determine what can then be extracted as a payment while still satisfying ex-ante individual rationality (IR).

Ex-Ante Stage: IR and Principal’s profit

At this stage the principal’s profit is given by (for a particular type of agent, X),
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Where TEA is the ex-ante lump sum payment and N(Q(X),X) is the gross total social surplus (excluding reservation utility) and is given by,
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The ex-ante transfer is limited by the IR constraint. As there is effectively only one type at the ex-ante stage the IR constraint is satisfied with equality ex-ante if the transfer is set to equal the expected surplus from the interim stage. That is,
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The second part of this expression is the ex-ante reservation utility for the agent. It is the expectation over all X of the reservation utility at the interim stage.

Now since (N/(X=(V/(X then we can write the principal’s expected profit as,
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Therefore, to maximize its profits the principal wishes to choose the contract that maximizes the (net) expected social surplus (as it extracts all surplus). This confirms our earlier intuition that with only one type of agent the principal is able to extract the full social surplus. We now maximize this expression through the choice of a function Q(X). The optimal Q(X) function can be found by differentiating the integrand with respect to Q(X) for each particular X. 
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for g(X)(0. So the optimal contract (that maximizes the principal’s profit) is the Q(X) that satisfies the above expression, with the restriction that Q(X)( 0.

As F is a cdf we can see that the optimal contract requires every type of agent to be sold an amount Q such that they all take the same amount, the efficient amount, to market. 

Transfers are determined from this by the following function,
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Which implies that there is a constant per unit cost of c for all types of agent. This type of contract is known as ‘selling the business’ to the agent. The principal takes a lump sum payment from the agent which equals the expected potential profit of the business (TEA here) and then leaves it to the agent to select a production level and pay for production (TI here). The achievement in this environment of the first best outcome is a consequence of both agents being risk neutral (or, more accurately, equally risk averse).

Example: Assume that F and G are both distributed uniformly. i.e., F,G~U[0,1].

Then, we have as the optimal contracts,

Q(X)=max{0,1-
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2.1.2.2 Timing of payments and subgame perfection (renegotiation proofness)

A striking feature of the ex-ante contract specified above is that the transfer payment contains a large lump sum component in addition to a per unit component which depends on actual demand by the retailer. The lump sum component is equal to expected profit and is calculated ex-ante. The per unit component is charged at the interim stage after the agent has discovered its true type and ensures that the agent chooses the profit maximizing inventory level. This is in contrast to the interim contracts where the contracting and the single payment were all done at the interim stage.

This breakdown of the transfer function means that the transfer payment can be made in several ways. Obviously the per unit component has to be made at the interim stage or later, but the lump sum component can be made at any time. Consider if both payments are made at the interim stage. As the expected profit was calculated ex-ante then when some of the agents discover their true type they will be facing a loss if they follow through with the requirements of the contract (and some others a gain). It will then not be optimal for these agents to continue with the current contract. Instead they would rather implement the interim contract of the previous section. Thus, this ex-ante contract is not renegotiation proof. A further series of options is for either of the components to be paid at the ex-post stage. However, at this point the agent is just giving the principal money and obviously would rather renege on this payment. This leaves the only option to be that the lump sum payment is made ex-ante and the per unit component at the interim stage. However, when the interim stage is reached the principal is making no further profit as it is selling to the agent at cost. Consequently, it would rather abandon the current contract (after extracting the lump sum payment, of course) and instead implement the interim contract.

All of the above deviations assume that contracts can be broken at no cost. However, even if this wasn’t the case, and contracts were enforceable, an ex-ante contract may not be implementable. The reason being that the derivation of the optimal contract implicitly assumed that if the agent rejects the current contract then there is no possibility of a future alternative offer. Because of this, the agent is happy to accept an ex-ante contract that provides it with no additional utility. However, if it were to reject the ex-ante contract then when the interim stage was reached we would be in the same situation as covered by the interim contract. And as the principal receives positive surplus from that contract it would be happy at that stage to accept this contract, even if its ex-ante offer had been rejected. Consequently, we may find the agent rejecting the ex-ante contract as it would rather wait until its private information was revealed and then sign the optimal interim contract.

2.2 The Multiple Period Game

Of course, the real environment faced by retailers does not typically involve only once off trading. Therefore, the Supplier’s problem is really to solve for the optimal contract when trading takes place over many periods. Ideally this problem would break down to a series of one period problems. That is, ideally the supplier maximizes its profit by implementing the optimal one period contract repeatedly. Attractively, this not only simplifies the derivations faced by the contract designer, but it leads to relatively simple contracts to understand (for both parties). 

Unfortunately this is not generally possible in the informational environment faced by the supplier and retailer. Fudenberg, Holmstrom and Milgrom (1990) derive sufficient conditions for when the optimal one period contract is in fact the optimal multiple period contract (replicated in each period). Essentially the assumptions of FHM require that the periods of the repeated model are independent. Generally the environment considered here does not satisfy this requirement (specifically FHM’s assumption 4), even if we assume that the demand and price in the market are independent across periods. The problem is that the Agents affect their type in the following period by their choice in the current period (where their type is their carry over inventory). So deviations in one period have an impact not only on the market outcome in the current period but what an agent’s distribution of possible types will be in following period. Thus, an Agent’s preferences will not be common knowledge in future periods.

Thus, not only does the adverse selection problem lead to second best outcomes in the one period model, it causes excessive complication and virtual intractibility in the multiple period environment.

2.2.1 A Special Case: Ex-Ante Contracts

Though this informational environment does not satisfy the assumptions of FHM, it is still possible that the optimal one period contract can be replicated to produce the optimal multiple period contract. This is because FHM provide sufficient conditions such that whatever is optimal in the one period model is also optimal in multiple periods. In this model it is not guaranteed that the optimal one period contract is optimal when replicated, but it is indeed possible. And this is exactly the case with ex-ante contracts.

As with the single period model, at contracting time there exists only one type of agent. Therefore, the principal can extract the full surplus. As in the one shot ex ante model the optimal contract consists essentially of selling off the business to the agent. The principal can implement any Q(X) function it wishes (assuming it is non-increasing) and still extract full surplus. Consequently it chooses the one that maximizes the social surplus. It does this for all periods and so in all periods the agent faces T’(q)=c. The Supplier then extracts as a lump sum payment the expected profit from such sales. This is the exact form of the optimal one period ex-ante contract and therefore the optimal multiple period contract is a replication of the one period optimal contract.

3. The Model With Return

3.1 The One Period Game

A return policy allows the agent to return unsold inventory back to the principal, and to receive a payment for this. We shall assume that the agent can not return more than it actually purchased from the principal, and that the return value is linear (that is, a constant price, r). However, we will see that these assumptions are not restrictive as the optimal contract from the principal’s perspective in this environment is actually optimal over all environments, including those in which these simplifying assumptions are not true. We will find that the inclusion of an optimal return policy fundamentally changes the nature of the problem as it relaxes the IC constraint and allows the first best inventory levels to be taken to market, with the principal extracting all of the surplus.

The Interim Contract Game With Return:

1. Nature chooses A’s starting inventory X, where X~G[0,1]. A knows its starting inventory, P doesn’t.

2. P offers A a series of contracts under asymmetric information. Each contract specifies a certain quantity of goods, Q, a transfer (or total price), T, and a return price, r.

3. A accepts one of the contracts or rejects them, and trade between P and A takes place.

4. A takes X+Q goods to market. The price in the market is fixed at p, and the amount demanded (which is the amount which can be sold by A) is given by D, where D~F[0,1].

5. A can return unsold items, R, back to P at the return price r, subject to the constraint that R(Q(X).

Let the cost of production be fixed at c per unit. An obvious restriction is that r([0,p], as otherwise ex-post incentive compatibility would be violated. If r>p the agent would not try and sell any in the marketplace but instead return them all to the supplier, and if r<0 then the agent would be paying to return the goods and so wouldn’t return any (assuming free disposal).

As the principal is free to choose any return policy, including r=0, the optimal contract has to make the principal at least as well off as it was without a return policy available. Thus the contracts found in sections 2.1.1.3 and 2.1.1.4, full information and certain demand, respectively, are also optimal in this environment as in those contracts the principal extracts full surplus. Thus, in this section we will concentrate solely on the situation with asymmetric information and uncertain demand (section 2.1.1.5 previously).
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The derivation of the optimal contract including return is done identically to that without return except the utility functions are slightly changed. The utility function for the agent now becomes,

Where 
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, and everything else is as before.

Incentive Compatibility

Incentive compatibility now implies,
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Which now requires,

[image: image46.wmf])

(

.

)]

)

(

(

1

)[

(

)]

(

)

)

(

(

}[

)

)

(

(

{

)

(

)

(

)

(

)

)

(

(

)

(

)

(

)]

(

)

)

(

(

[

)]

)

(

(

1

)[

(

)

(

)

(

0

)

(

)

(

X

Q

p

X

X

Q

F

X

pQ

X

F

X

X

Q

F

pX

X

X

Q

r

X

F

X

rQ

dD

D

f

D

X

X

Q

r

dD

D

f

X

rQ

X

F

X

X

Q

F

pX

X

X

Q

F

X

pQ

dD

D

Df

p

X

T

X

X

X

Q

X

X

X

Q

X

=

+

-

+

-

+

-

+

+

=

-

+

+

+

-

+

-

+

-

+

=

ò

ò

ò

+

+


Differentiating the agent’s indirect utility function with respect to X and using the above condition gives us,
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Now integrating with respect to X, as in section 2, and setting the IR constraint to bind for the highest type, we find that
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Principal’s profit

Deriving as in section 2.1.1.5 with the new expression for agent’s utility, we find that the objective function for the principal now includes an additional term.
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And consequently the maximization of this objective function will produce a different Q(X) function for r(0. The principal now has two control variables, Q(X) and r, and so it maximizes with respect to both.
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Therefore, the optimal contract requires r=p (as r([0,p]). Substituting this into the first condition we get the optimal contract to be the Q(X) that satisfies,
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for g(X)(0.

Thus, as long as g(X) has full support the optimal contract is, unlike in the absence of a return policy, independent of the initial distribution of types!

The optimal transfers are then determined as follows,
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As for the optimal contract r=p.

Then using this result and the definitions of V and R we can further simplify,
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Thus the optimal transfer payment is a linear function of Q(X) independent of the distribution of F or G. This transfer payment involves the retailer paying the full market price for each unit it buys from the supplier. This is what is known in practice as a ‘consignment contract.’

Example: Assume that F and G are both distributed uniformly. i.e., F,G~U[0,1].

Then, we have as the optimal contracts,

Q(X)=max{0,-X(2-
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r

)+1-
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}( for r=p, Q(X)=max{0,-X+1-
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T(q)= p.Q(X)

We notice several things about these contracts. Firstly, we notice that Q(X)+X=1-
[image: image19.wmf]p

c

, for all X, which we recall is the efficient level. Thus, this contract is implementing the first best inventory levels. That is, all agents take the efficient level of inventory to market regardless of their starting inventory. Combining this with the transfer function implies that the agent makes no profit from dealing with the supplier and therefore the entire surplus goes to the supplier. It follows that the principal can do no better than this contract. Consequently, even if we had not made the simplifying assumptions that R(Q(X) and that r is linear the contract found here would have still proven optimal. Therefore, the restrictions made to simplify the analysis have not limited the applicability of the result at all. To provide a check on our previous result we also notice that for r=0 the optimal Q function becomes that found in section 2.1.1.5. 

The effect of the return policy can be seen in Figure 2. As r increases, the graph, which reflects the quantity taken to market by different types, flattens out until at r=p the efficient levels are reached.
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The optimal contract found here will not be implementable if contracts are not enforceable. If this is the case then the principal will deviate at the ex-post stage whereby it will simply refuse to accept any goods in return (as the principal is buying goods that are of no value to it). However, if contracts are enforceable then this optimal contract is implementable as it does not suffer from the same subgame perfection difficulties of the ex-ante contracts described previously.

3.1.1 What is happening here?

This result was unexpected. As we mentioned in the introduction, for risk neutral agents we did not expect the sharing of ex-post risk to affect the result. However, not only has it changed the result but it has significantly altered the nature of the problem. The incentive constraints have been relaxed and consequently the socially first best inventory level is implemented. We are left to determine why the introduction of return had such a dramatic effect.

When we look at the return policy closely we notice that by taking away the risk for the agent the return policy is effectively taking away the uncertainty of the market. In fact, at the optimum, where r=p, the return policy becomes a proxy second market. And this secondary market is structured in such a way that the agent has guaranteed sales of any units of the good which it buys from the supplier. Contracts such as this are occasionally used in practice and are known as ‘consignment contracts.’ In these contracts we can see that the inclusion of a return policy has changed the environment from one of uncertain demand to certain demand, which is the environment of section 2.1.1.4. In that section we found that the principal could implement the first best inventory levels and extract all of the surplus for himself. In these contracts the agent is indifferent between all actions and only weakly prefers to follow the requirements of the optimal contract weakly. However, as was explained in that section, if this indifference is considered unsatisfying then preferences to follow the contract specifications can be made strict if the principal gives the agent an ( share in its firm, where ( can be arbitrarily small.

3.2 The Multiple Period Game

It can easily be seen that, unlike the optimal interim contract without return, the replication of this contract in each period produces the optimal long term contract. This is made clear by noticing that the optimal single period contract is independent of the actual distribution of types. Further, the utility of all types given this contract is just their reservation utility. Therefore, by deviating in one period, and affecting its type in subsequent periods, the retailer can’t achieve greater utility from these later periods. Consequently, if it can’t gain in the current period by deviating then it can’t gain in the long run either. Thus the IC constraint for the multiple period game is automatically satisfied if it is satisfied in the single period game. It then follows that the optimal one period contract is also optimal when the game is played over multiple periods.

Example: Assume that F,G(U[0,1]. Then the optimal n period contract requires the retailer to announce its private inventory every period, and is given by (where subscript i denotes quantities for period i),
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Note that the variation across periods comes from the fact that the efficient level of inventory to take to market in any period other than the last (assuming goods can be carried over periods) is one.

The replication of the one period contract in this environment is optimal for the same reason as it is optimal to replicate the single period ex-ante contract (see section 2.2.1). FHM present sufficient conditions for an optimal long-term contract being equivalent to a series of identical short-term contracts. Generally, the assumptions of their model do not hold in this framework. Specifically, the principal cannot know in general an agent’s ranking of preferences at the beginning of a new period since the principal does not know in general the new distribution of types. However, with the optimal long term contract found here the principal does know the agent’s preferences each period regardless of past actions: indifference. Because an agent is always indifferent under the optimal contract it is true that the principal knows its preferences each period even if it doesn’t know the agent’s true type (because of a previous deviation). Consequently, this long term contract does satisfy the assumptions of FHM even though the environment in general doesn’t. And as we have seen this long term contract can, consistent with the result of FHM, be replicated by a series of short term contracts. 

4. Conclusions and Extensions

We have shown in this paper that a return policy may play a more subtle role in the supplier-retailer relationship than was previously thought. In addition to permitting risk to be transferred from the retailer to the supplier, we found that an appropriately constructed return policy can be used by the supplier to overcome the informational advantage possessed by the retailer. We found that in the absence of a return policy an adverse selection problem arose if the retailer’s inventory was private information and demand was uncertain. This led to second best outcomes. However, by adding a return policy the supplier was able to achieve first best and extract all of the surplus. This produced contracts that were not only efficient, but which replicated easily to a multiple period environment.

We will conclude the paper with a series of possible extensions to the model that may more accurately capture the real forces affecting the supplier-retailer relationship. We will present a brief analysis of each and discuss how they may impact our current results. These paths form the basis of our ongoing research in this area. First we consider when there exists more asymmetry of information between the supplier and the retailer by assuming the agent has better or more knowledge than the principal. Secondly, we look at a moral hazard variation of the problem in which there are costs to taking the goods to market and the principal cannot see what action the agent takes. Finally, we will consider the impact on the optimal contracts if the retailer holds some market power (i.e., is not a price taker as assumed here).

4.1 Asymmetric information about demand

It may be thought that the retailer possesses superior information relative to the supplier about the current state of the consumer market demand. However, and perhaps surprisingly, adding another dimension to the asymmetry of information does not change the optimal contract. To see this, specify a contract as before (goods are bought at p and can be returned fully at p) but make the agent announce its information. Combine this information with the principal’s information to determine the efficient level QE and set Q(X)= QE –X. The agent is still indifferent about any strategy, and so can be specified to choose the one optimal for the principal.

4.2 Cost of taking to market

If agents have no choice but to take the goods to market and the cost of taking to market is k then the principal should lower the initial price by k.  This makes the contract look more like we would expect to see in the market place. That is, with an apparent profit margin for the agent. However, we can see that this is misleading as any profit margin is lost in the expense of taking to market.

If agents can choose whether to take to market or not then the answer may not be as straightforward. Clearly the initial sale price or return price must be lowered. Part of the problem is that agents have different willingness to take to market given their starting inventory. Our conjecture at this time is that to maximize the suppliers profit the return policy will not be simply a linear transfer, and require a trade-off between the adverse selection and moral hazard incentives involved.

4.3 Selling to a Retailer with Market Power

So far we have assumed that the retailer (the Agent) is a price taker in the consumer market for the good. Consequently, the market price of the good is fixed at p for any quantity. However, it may be expected that the retailer holds some market power in their retail decisions. 

There are many possible variants on this model (the retailer or the supplier as a monopolist or an oligopolist, or a combination of both) that give rise to many issues about the information structure and possibilities for collusion amongst the participants.

Despite this complexity, insight into this extension can be gained by considering the simplest case in which the retailer is a monopolist. It is easy to see in such a model that, even in the presence of certain demand, the fixed price transfer function of section 2.1.1.4 would not be effective here. Consequently, even if demand were certain first best outcomes would not be possible. Therefore, it would seem that the inclusion of a return policy would be unlikely to achieve first best, as was the case when the retailer was a price taker. A complete analysis of the effects of market power on optimal contracts, both for the retailer and the supplier, is an objective of future research.
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� There is no theoretical distinction between a “program” and a “policy”. Usually a “policy” is a rule that applies to most of the business (such as the return policy) while a “program” is usually specific to a product line or a product family.


� For simplicity, we assume that � EMBED Equation.3  ��� and � EMBED Equation.3  ��� are differentiable almost everywhere. These assumptions are not necessary for the results presented here but serve to avoid unnecessary complication in the derivation of the results.
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