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ABSTRACT
The offer of vendor financing to potential buyers of durable goods has a significant effect on the probability of closing prospective sales.  The design of the contracts offered determines their desirability to customers.  At the same time the design of a contract has a significant impact on the expected value to the vendor.  This paper explores optimal contract design in the context of reasonably intuitive sales response functions where a vendor may adjust the contract finance charge, the down payment or rebate to offer, and the length of the contract.  Results are examined both for the case where the vendor may adjust the sale price for each prospective customer to take into account the customer’s credit score and the case where the vendor must offer the same asset price to all customers, regardless of credit score.  The results indicate that price rebates, subsidized financing rates, and lengthy contracts often maximize the value of prospective customers.
INTRODUCTION

The optimal design of deferred payment contracts for consumer purchase of durable goods has received surprisingly little attention in the literature of financial economics or of business in general.  History shows a steady evolution of contracts from the very short-term, high down payment, high interest rate versions issued in the early decades of the 20th century to the relatively long-term, no down payment, and low (or no) interest rate contracts that we see in the market today.  However, there has been almost nothing published on the topic of optimal contract design, despite the focus on value management that is now dominant in the literature.  A notable exception (Brennan, et al, 1988) discusses the importance of vendor financing if credit customers have lower reservation prices than those able to pay cash, or if banks cannot write credit contracts that distinguish between customers with different credit risk due to the problem of adverse selection.  That paper touches on contract design tangentially by referring to the potential use of subsidized financing rates to attract customers with low reservation prices when the same prices must be offered to all customers.  The relative importance of financing costs in the market for durable products versus non-durables and services is shown in a study of macro data (Mankiw, 1985).  However, the design of deferred payment contracts is not discussed.  It is necessary to look back to a purely descriptive paper on the role of sales finance companies (Ayres, 1937) to see any mention of the terms of deferred payment such as tendencies to longer or shorter contracts, the variation of down payment requirements, or the value of contract security provisions.  
In approaching the optimal design of deferred payment contracts it is necessary to contemplate the response of customers to the terms offered by vendors.  Upon identifying a prospective customer, an astute vendor might well contemplate the terms in a financing contract that would evoke a favorable response from the customer, while also contemplating the impact that those terms would have on the expected value of the prospect in terms of future cash flows and the cost of carrying the receivable asset.  Because the value of cash flows from a sale are crucial, the next section is devoted to the valuation of expected cash flows that result from deferred payment financing, taking into account the time of money, the risk of default, and the security value of the asset being financed.  Following that, a section of the paper proposes a set of arbitrary, but reasonable, forms of customer response functions for contract terms such as the down payment requirement, financing cost, length of contract, and selling price standardized as a ratio of price/quality, quality being proxied by variable cost.  The penultimate section is devoted to the presentation, interpretation and discussion of results obtained through numerical optimization methods, showing optimal contract terms that a vendor would offer to maximize prospective customer value, given the contract valuation model and the assumed response functions. The final section will present a summary and conclusions.
VALUATION OF A VENDOR FINANCED SALE

The analysis and valuation of the sale of a durable asset, such as an automobile, that is at least partially financed by the vendor is best approached in stages (formally, a dynamic programming analysis).  Let the expected value of a sale when consummated be denoted
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.  Assume for simplicity that a sale results in an immediate cash outlay equal to the variable cost of manufacturing, delivering and selling the asset (including any selling agency markup), calculated as the product of the variable cost percentage, v, and the sale price, S.   Typically, a down payment (rebate) is negotiated, represented as yS, where y denotes the fraction paid down (rebated).  The financing contract with promises to pay and security provisions provided is signed and the asset is delivered.  The end of the first stage arrives when either the first payment is received or the buyer defaults.  If payment is received, the expected value of the remaining contract is 
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  If a default occurs, assume the vendor realizes the fraction x of the depreciated value of the asset, an amount 
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where d is the periodic depreciation rate for the asset as a percentage of the declining balance.  If 
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denotes the discount factor for each payment period and the probability of an amortizing  payment of amount A each period is p, the expected value of the sale conditional on its consummation is 
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The value of 
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may be replaced recursively with the expected value
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The result can be shown in four terms: the cost of the sale, the down payment, the 
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 period declining expected payment annuity, and the
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period declining expected annuity of default values.  That is
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Equation (1.3) is the expected value of a finalized sale to a customer with probability, p, of receiving a payment in each period, conditional on having received payments in all previous periods.  
Example

Suppose an automobile dealer and a customer have negotiated a deal that includes a vendor financing contract.  The customer is expected to completely pay out 84 months of deferred payments with a probability of only 10% and is therefore expected to default sometime during the contract with a probability of 90%, based on a thorough credit analysis.  This very marginal credit applicant can be expected to pay each month with a probability of approximately
[image: image12.wmf](1/84)
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 Other parameters for the example are:
Sale price, S = $30,000,
Variable cost, vS = (.61) ($30,000) = $18,300,
Down payment, yS = (0.15)($30,000) = $4,500,
Annual percentage financing rate, APR = 5.0%,
Monthly discount factor, 
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Recovery after a default, x = 60%,

Monthly depreciation rate for a half life of five years, d = 1.15%,
Monthly amortization payment, A = $360 per month.
Based on these values, the net present value of the finalized sale for $30,000 is $7,277 comprised of a variable cost of $18,030, a down payment of $4,500, the present value of expected payments of $10,225 and the present value of expected recovery after a default of $10,852.  
The reader may find the expected net present value of $7,277 in this example surprisingly high, and marvel at the expected profitability of the deal, especially in view of the assumed poor credit worthiness of the buyer.  However, the expected net present value is conditional on closing the sale with the prospective customer, and that is by no means a sure thing.  It depends on the customer’s responses to price/quality, the down payment required, the contract length and the financing charge.  The customer response functions jointly determine the probability of actually closing a sale with a prospective customer and will depend on many factors that are determined by competition as well as by unique customer conditions and characteristics, including his utility function.  The next section suggests an approach to exploring response functions.


The previous section developed a model for valuing a vendor financed sale and it was illustrated with an example that arrived at the value of such a sale with a specific set of terms in the deferred payment contract.  However, the prospective customer who is in the market for an asset such as an automobile faces a utility function involving the trade-off between that asset and other needs or desires, both contemporaneous and inter-temporal.  The prospective customer also has available a wide range of competition from which to choose.  One way to model these considerations is to simply assume the existence of response functions that model the conditional probability of a prospective customer accepting a given price, a given financing rate, a down payment requirement, and a particular length of contract, holding other factors constant.  
Denote the probability of the asking price being acceptable as 
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  Define q as the price/quality variable measured as a ratio of the asset price to the variable cost of production and sale.  Then a particularly convenient form for a response function is 
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where 
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 is the expected percentage of prospects that will find a price/quality ratio of 
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acceptable.   Exhibit 1 illustrates the response function with the parameter values 
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 That is, only 35% of prospective customers will accept a price/quality ratio of 1.6.  Because the quality variable is measured here as the variable cost, the markup is 60% and an asset sold for $30,000 would have a variable cost of $18,750 or 62.5%.

Similarly, a sales response function is required for the length of deferred payment contract offered:
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with the parameters subscripted as referring to the contract length, 
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.  The function is illustrated in Exhibit 2 with 
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 With this formulation, 86.8% of prospective customers would find a contract length of less than 45 months too short. 

A response function for the down payment (rebate) is
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illustrated in Exhibit 3 with 
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  If this response function is true, only 0.5% of all prospects would accept a down payment requirement of 40%.

Finally, the financing rate response is modeled as
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and illustrated in Exhibit 4 with 
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  The parameters assume that only 1.2% of prospective customers would find an APR of 12% acceptable.

Of course, the four response functions outlined above have been given arbitrary parameters for purposes of illustration.  However, the functional forms are very flexible in the parameters that are acceptable and the parameters simply determine the shape of the functions.  They maybe set according to pure judgment, hard earned experience, or empirical studies, given sufficient data.  The following section illustrates the simultaneous use of the contract valuation function and the response functions to determine the optimal deferred payment contract to offer a prospective customer with a given payout reliability and response functions seen in the illustrations so far.
OPTIMAL DEFERRED CONTRACT'S

The results shown in Exhibit 5 are the optimal results obtained for each of sixteen scenarios by employing numerical methods to maximize the value of a customer prospect.  These scenarios are a complete set of the combinations of the following three factors with binomial values and two different pricing assumptions: 
a. The payment reliability of the prospective customer modeled as the probability of a full payout of the contract without a default (10% or 90%),
b. The cost of capital (5% or 10%),
c. The security value after a default as a percentage of the depreciated asset value (20% or 60%),

d. Prices determined before or after the customer credit score is known. 
The results summarized in column (a) in the exhibit show the optimal contract for that scenario (security of 60%, cost of capital of 5%, full payout probability of 10%) to consist of a sale price reflecting a 51% markup over variable cost, a 10% required down payment, a contract of 83 months duration, and a (subsidized) finance cost of  3.3% APR.  The value of a consummated sale contract for an asset sold for $30,000 is $4,690.  However, in order to consummate the sale the customer must accept the contract terms and this will happen with a probability of only 32% given the response functions assumed in calculating the optimal terms.  Accordingly, the expected value of the prospective customer is only $1,501 prior to the point of contract acceptance.  
In contrast, the scenario in column (b) has the probability of the customer achieving full payout of the contract at 90%.  With this very credit worthy customer (with the same response functions) it is optimal to offer a lower price with only a 40% markup over variable cost, a 2% rebate instead of a down payment, a contract of 100 months duration, and a higher (but still subsidized) financing cost of 4.4%.  With these terms, the contract, conditional on consummation of the sale, is worth a net present value of $7,376.  There is a higher probability of the customer accepting the optimal terms offered so the expected value of the customer prior to contract acceptance is $3,467.  The presence of a more reliable customer is thus seen to allow for an optimal contract with a smaller markup, a rebate instead of a down payment, a longer contract with lower amortization payments, and a smaller subsidy of the financing APR.

Columns (c) and (d) present the results for scenarios identical to columns (a) and (b), respectively, except the cost of capital is assumed to be higher at 10% rather than 5%.  For both cases of customer reliability, a higher cost of capital requires a higher optimal markup, a larger down payment and a shorter contract.  Surprisingly, the higher cost of capital has no effect on the optimal financing APR.  In each case, respectively, a higher cost of capital reduces the conditional value of a contract and reduces the probability of the customer accepting the optimal contract with the combined result that the expected value of a customer is greatly reduced when the cost of capital increases.

Columns (e) through (h) repeat the same scenarios as described in the first four columns, respectively, except the recovery after default is reduced from 60% to 20% of the depreciated value of the asset.  The lower assumed value of asset security results in a higher optimal markup, a higher required down payment, except in column (f) where the rebate is still optimal, a greater optimal contract length, and a higher financing APR (still subsidized).  The one exception with no change in the 2% rebate under the assumed lower security value is the case where the customer is highly reliable and the cost of capital is only 5%.  


So far, the examination of optimal contracts under the various scenarios has assumed that the pricing decision can be made after determination of the customer's payment reliability estimate (credit score).  Most terms of a sale can be adjusted for payment reliability, but the asking price may be predetermined as part of a legal requirement or due to an advertising campaign.  In order to examine the effect of such a restriction, the optimal results in the bottom half of Exhibit 5 were calculated assuming that the optimal markup is determined in light of the cost of capital and the ability to recover after default, but before payment reliability is known.  For purposes of the analysis the markup in each case is assumed to be the average markup for the comparable scenario for the cost of capital and the recovery after default that was determined in the top half of the exhibit.  As can be seen, for the case where recovery after default is high (60%), the optimal contracts are changed very little.  However, where recovery after default is expected to be low (20%), the optimal contracts are substantially changed, especially for unreliable customers when interest rates are low.  In column (m) the optimal contract length is very much higher, limited to 180 months only by a constraint in the numerical optimization.  The optimal financing charge increases in this case to 7.2% from 4.8% in the comparable case.  From this, a cynic might conclude that restricting the vendor to offering the same price to both good and bad credit risks has the unanticipated adverse effect of requiring a much higher financing charge for the weaker customer.

SUMMARY AND CONCLUSIONS

This paper has accomplished three objectives.  The first was to formulate a model with which to value a deferred payment contract secured by a depreciating asset.  The second objective was to specify prospective customer response functions for contract terms including asset price, down payment, length of contract and financing cost.  The third objective was to determine optimal contract terms under varying scenarios as to customer payment reliability, asset security value, and cost of capital.  The objectives have been accomplished, admittedly under arbitrary assumptions required for purposes of illustration, especially with respect to the functional forms and parameter values for the customer response functions.  However, additional investigation by the author has shown that the overall findings are very robust for different assumptions, indicating that at least the approach offered in the paper may be useful when manufacturing and selling durable goods that are amenable to vendor financing.
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EXHIBIT 2

EXHIBIT 2
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EXHIBIT 3
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EXHIBIT 4

EXHIBIT 5
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Cost of Capital

Column (a) (b) (c) (d) (e) (f) (g) (h)

Probability of Full Payout 10% 90% 10% 90% 10% 90% 10% 90%

Optimal Markup 51% 40% 56% 49% 82% 41% 90% 51%

Optimal Down Payment 10% -2% 11% 4% 15% -2% 16% 5%

Optimal Contract Length 83 100 78 82 94 106 81 83.0

Optimal Financing Rate (APR) 3.3% 4.4% 3.3% 4.4% 4.8% 4.6% 4.6% 4.5%

Conditional Sale Value $4,690 $7,376 $3,928 $5,020 $2,021 $7,070 $1,759 $4,718

Probability of a Sale 32.0% 47.0% 25.0% 34.0% 7.0% 45.0% 4.0% 32.0%

E[Prospect Value] $1,501 $3,467 $982 $1,707 $141 $3,182 $70 $1,510

Recovery in Defaults

Cost of Capital

Column (i) (j) (k) (l) (m) (n) (o) (p)

Probability of Full Payout 10% 90% 10% 90% 10% 90% 10% 90%

Optimal Average Markup

Optimal Down Payment 11% -2% 12% 4% 16% -2% 21% 4%

Optimal Contract Length 82 99 78 83 180.0 102.0 78.0 85.0

Optimal Financing Rate (APR) 3.5% 4.3% 3.4% 4.3% 7.2% 4.1% 5.2% 4.0%

Conditional Sale Value $4,150 $8,009 $3,678 $5,345 $1,551 $9,204 $1,110 $6,478

Probability of a Sale 35.0% 43.0% 26.0% 32.0% 6.0% 27.0% 4.0% 18.0%

E[Prospect Value] $1,453 $3,444 $956 $1,710 $93 $2,485 $44 $1,166
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