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Goods are sold using a wide variety of sales mechanisms.  Many goods are sold at posted prices established by sellers (grocery stores, movies, Wal-Mart, etc.).  Some goods are sold via formal auctions (artwork, estates, oil leases, publicly managed timber, some private timber, some livestock, etc.) with substantial variation in rules and procedures.  Still other goods are sold following one-on-one negotiation between buyer and seller (cars, furniture, yard sales, houses, some private timber, some livestock, etc.).  While it is apparent that goods are sold in different ways, it is less apparent why this is so and what determines the preferred sales procedure.   


The economics literature is not very helpful at providing insights into the determinants of the optimal sales procedure.  Although there is an extensive theoretical literature examining the revenue impacts of various types of auctions and numerous aspects of negotiations,
 there has been surprisingly little analysis of the when and why it might make economic sense to have an auction.  Some intuitive discussions of potentially relevant factors can be found in Cassady , Allen, Goldberg, Leffler and Rucker, McAfee and McMillan, Milgrom, and Munn.







  There is a limited number of more formal theoretical models that examine the choice between auctions and 

negotiated sales including Arnold and Lippman; Bulow and Klemperer; Wang; Bajari and Tadelis; and Manelli and Vincent. 


There have been even fewer studies examining the actual empirical determinants of the choice among sales procedures.
  Hobbs examines the sales of cattle in the United Kingdom where both live-rings auctions and direct sales to meat packers are commonly used.  She finds that several transaction costs and producer characteristics and perceptions affect the choice of sales methods.  Factors she finds to be important include producers’ perceived risks of non-sales at auctions, the perceived degree of uncertainty surrounding direct-to-packer sales, the time spent at auctions, the perceived adequacy of the packer procurement staff, and the average number of cattle sold at a marketing.  Arnold and Lippman provide a descriptive history of sales procedures in the cattle industry and argue that aggregate changes in the industry are consistent with the predictions of their model.  In particular, their discussion indicates that auctions have become more prevalent as the number of cattle sold by individual producers has increased.  In an analysis focused primarily on the choice among pricing provision in timber harvesting contracts, Leffler and Rucker hypothesize and confirm that auction sales are less likely when timber was sold on a per unit basis rather than for a lump sum amount.  Most recently Bajari, McMillan, and Tadelis analyze factors that determine the choice between auctions and negotiations in the awarding of building contracts in Northern California.  They find that negotiations are favored if the projects are relatively complex and the number of potential builders is small.   


We have assembled extensive information on private timber harvesting contracts that we believe is ideally suited for examining the determinants of the choice of sales procedures.  We collected detailed primary data on 360 individual timber sale contracts.  There is about a 50/50 split in the use of auctions and negotiation in these contracts.  We extract from these contracts extensive information on the characteristics of the sold goods.  We also conducted two surveys of industry participants in Mississippi that provide additional information useful for our empirical examination of the choice between auctioning and negotiating timber.  A primary objective of this paper is to add to the economic understanding of why goods are sold in different ways by testing the operational propositions that can be derived from the existing economic literature that analyzes the choice among sales procedures.   


We begin by describing results from the theoretical literature that yield testable propositions concerning the optimal form of sale.  We find that economic theory predicts that auctions are more likely to be preferred to negotiations when the dispersion of the buyers’ expected valuations of the sale item is greater; when the contractual arrangements for the sale are less complex; when the costs of an auction are lower; and when the number of available buyers is greater.  


To test the predictions concerning the preferred sales procedure, we then develop empirical counterparts to the conceptual variables of the theory.  We begin this development with a brief primer on relevant details of the timber sales procedure.  We then show that for timber sales, the expected dispersion of buyers’ valuations increases as the proportion of sawtimber and the volume of timber in the sale increases.  Therefore, the economic theory of optimal sales form predicts that auctions will more likely be chosen for timber tracts that have a higher proportion of sawtimber and for larger timber tracts.  Next, we show that more complex contracts are required for timber sales with per unit rather than lump sum pricing provisions, thinning sales rather than clear cuts, and sales involving the salvage of timber from tracts that have been involved in a blow down.  Hence, the economic theory of optimal sales procedures predicts that negotiations will more likely be chosen for these types of sales than for sales that require less complex contracts.  We also show that sales in which the landowner uses a timber consultant will have lower costs of conducting an auction.  Therefore, economic theory predicts that these sales are more likely to be auctioned than sales that do not involve a consultant.  Finally, we argue that sales in more remote and mountainous regions will attract fewer buyers and therefore are more likely to be negotiated.  


Our econometric tests of the impact of these variables on the form of the timber sale provide overwhelming empirical support for the predictions of the economic theory of optimal sales technique.

Variables Influencing of the Optimal Choice of Sales Technique - Auctions versus Negotiations  


Ruqu Wang developed an independent private valuations model that compares the expected sales prices net of costs for auctions with the returns from a sequential search sale mechanism.  His sequential search sales mechanism is economically equivalent to a seller negotiating with a buyer and, if unsuccessful in reaching a satisfactory price, then sequentially negotiating with the next buyer.  Wang demonstrates that, ceteris paribus, as buyers’ valuations of the sale item become more similar, negotiations are more likely to be preferred to auctions.   


Wang’s finding is intuitive.  When buyers have relatively similar values, a single negotiation will yield a price for the seller that is close to the highest price obtainable.  Hence, it is more likely that the cost of the negotiation will be low compared to the fixed costs of holding an auction.  Alternatively, the benefit of an auction is that it assembles a number of buyers such that the expected price approaches the second highest value of any possible buyer.  With buyer values that are relatively close, this benefit is small and negotiations are more likely to be preferred.


The second prediction relevant to the optimal form of sale comes from the work of Bajari and Tadelis concerning the impact of complexity on fixed price versus cost plus contracting.  They demonstrate the intuitive result that more complex contracting situations, which are likely to require ex post adjustments in contract terms are better suited for cost plus payment provisions.   Bajari, McMillan and Tadelis have extended the model of Bajari and Tadelis to the case of auctioning versus negotiation.  They argue that relatively complex sales agreements for which there is high value from ex post adaptations are better suited to negotiations than auctions.  The logic underlying their conclusion is that auctions require ex ante specifications of the features of a contract and therefore are a form of a fixed price contract.  Thus, the prediction that the more complex are the contractual specifications of the sale, the more likely a negotiation will be the optimal form of sale. 


A third prediction concerning the optimal choice between an auction and negotiation is directly implied from the work of Bulow and Klemperer  (1996).  They show that if auctions are costless then under certain reasonable conditions the expected revenue to a seller will always be greater from an auction sale than from a negotiated sale.
  One interpretation of their result is that sellers choose negotiations only in situations where the relative costs of holding an auction are high.   A direct and intuitive implication of their model is that an increase in the cost of holding an auction will decrease the relative value of the auction form of sale compared to selling by negotiation.  


The final prediction concerning the optimal form of sale is derived from the formal theory of auctions.  As summarized in McAfee and McMillan (p. 711), “increasing the number of bidders (in an auction) increases the revenue on average of the seller.”
  Therefore, in a situation in which there are few bidders available to participate in an auction, the gains from holding the auction will be relatively low and negotiations will be favored.

Timber Sales Procedures


In private stumpage markets in the United States, in which forest products firms buy standing timber from private landowners, the forest products firms typically employ professional foresters to procure the necessary raw materials for the mill. These professional foresters are experienced timber buyers, adept at estimating timber volumes and other important tract attributes.  These experts are well informed of current market prices and conditions.
  


Our largest and most detailed data set contains information on timber sales conducted by  private landowners with relatively small tracts of timber.  In contrast to forest product (or timber) companies most of these private landowners rarely sell timber.  They are therefore unfamiliar with current market prices when they do sell, and lack the necessary forestry expertise to determine the timber volumes or other attributes of their tracts.
  As a consequence, these landowners typically have little basis for valuing their timber and any information regarding this value, either acquired through a sale procedure or directly purchased, is potentially important.  Thus, these private landowners frequently employ private forestry consultants to assist with the sale of their timber.  Like timber buyers, forestry consultants also are professional foresters, adept at determining timber volumes and other tract attributes, and are well informed of current market prices and conditions.  


When a consultant is employed by a landowner, the consultant typically prepares the tract for sale, estimates the quality and volume of timber, informs potential timber buyers of the upcoming timber sale and provides pertinent tract information, prepares a timber sale agreement that protects the interests of the landowner, sells the timber either by direct negotiation or sealed_bid auction, monitors the logging operation and enforces the contract specifications.  In exchange, the consultant receives a fee, typically a percentage of the gross revenues from the timber sale.


Prior to selling standing timber, the seller typically announces the forthcoming sale and allows the buyers to inspect the tract.  The buyers then “cruise” the tract estimating the type of timber and the likely value of the timber.  A typical cruise will sample a certain percentage of the trees or of a tract’s area, extrapolating from the sample to reach an estimated tract value.  The buyers will also assess the cost of access to the timber, the cost of building any required roads to gain access, and the cost of any post-harvest reclamation. 


The contractual arrangements between small landowners and buyers almost always specify the transfer of standing timber to the buyer, thereby making the buyer the residual claimant from harvesting activities.
  Timber sales contracts usually provide the buyer with a relatively short period of time to complete harvesting operations—typically 24 months or less—and specify harvest levels in terms of “merchantable” timber or minimum diameters to be removed.  Timber contracts also specify other performance criteria—related, for example, to road conditions or post-harvest physical tract characteristics—as well as penalties for violations of contract provisions.  Payment provisions on private contracts generally call for either lump sum (the buyer agrees to pay a stated amount regardless of the volume and composition of logs actually removed from the tract) or per unit (the buyer agrees to pay a specified amount per unit of logs removed from the tract) payment.


North Carolina and Mississippi forests from which we obtain our data contain such hardwoods as maple, oak, and poplar, pine sawtimber, chip-and-saw, and pulpwood timber.  The type of timber and its quality, as determined by size, age, and pest infestation, determine the likely end use of the timber.  The highest valued end use for sawtimber is in the production of dimensional lumber.  Lower quality timber is used to produce chips, pulp, firewood, and hog fuel.  Maple, oak, and pine sawtimber can yield sawmill products with a substantial variance in value depending upon the particular characteristics of the individual trees.
  In contrast, chip-and-saw and pulpwood timber yield primarily low value products such as pulp stock and firewood with little variance in value by tree characteristic.  


Trees attain their maximum wood density if they are properly spaced.  Given the vagaries of nature, however, such proper spacing typically requires that the forest be thinned at various points in its lifecycle.  Thinning sales represent about 20 percent of the contracts on our data set with individual contracts.


In addition to regular clear cut sales and thinning sales, salvage sales are a third type of timber contract.  These sales typically occur when high winds blow down the weaker and more exposed trees.  Salvage sales constitute 5 percent of the timber contracts in our data set with individual contracts. 

Empirical Measures of Factors Impacting the Optimal Sales Form for Timber Harvesting Contracts.


Previous theoretical analysis of the factors related to the relative costs and benefits of auction sales versus negotiated sales leads us to focus on four testable propositions.  Auctions are more likely when the distribution of buyers’ valuations is expected to be more diverse. Auctions are less likely when a more complex contractual arrangement is required.  Auctions are more likely when it is relatively inexpensive to hold an auction.  And auctions are more likely when there are more potential buyers available.  We have identified empirical counterparts relevant for timber harvesting contracts for each of these predictions.  


We have constructed two empirical proxies for the expected diversity of buyers’ expectations regarding the value of a timber tract.  First, the greater is the proportion of sawtimber (and the smaller is the proportion of chip-and-saw and pulp timber) on a tract, the greater is the expected dispersion in buyers’ valuations.   A timber cruise is only a sampling of values and the resulting value estimate will be uncertain with a variance related to the underlying variation in the values of the individual trees comprising the tract.  Hence, the greater is the underlying variation in the values of the trees, the greater will be the expected dispersion in buyer valuations.  As discussed above, sawtimber can have very large valuation differences compared to chip-and-saw or pulp timber.  We therefore expect that it is more likely that timber tracts with a greater percentage of sawtimber will be sold at auction than tracts with less sawtimber.    


We also expect the dispersion in buyers ex ante valuations to be greater when the volume of timber on the tract is larger.  This relationship between volume and expected variation is arithmetical.  Consider a simplified example of a tract with one tree, where a tree has equal likelihood of being high or low quality with a value of $100 or $200 and buyers have an equal likelihood of having one or the other expectation of value.  The expected value of the tract is $150, and the variance in the buyers’ expected values is $100.  Assume a second tract with two trees.  There is now a 25% chance of a tract with value of $200, a 25% chance of a value of $400, and a 50% chance of value of $300.  With buyers having the same expectations with respect to the value distribution, the expected value of the tract is now $300, and the variation in the buyers’ expected valuations doubles to $200.  With a greater spread in buyers’ valuations, the gain from having competing buyers at an auction is greater.  We therefore expect that timber tracts with a greater volume of timber will more likely be sold at auction than tracts with smaller volumes.


Our second prediction concerns the complexity of the contractual arrangement for harvesting timber.  Clear-cut timber contracts have a number of standard conditions.  In addition to the precise delineation of the cut area, the contract will specify the environmental controls and the clear cut requirements.  When the contract is for a per unit payment (where payment is contingent on the amount of timber actually harvested from the tract) rather than a lump sum payment, additional contractual provisions are required.  Under a per unit contract, the buyer has a incentive to “high grade” by removing those trees with an average value greater than the per unit price while either leaving standing or leaving as slash the lower value trees.
   To control this high grade incentive, the per unit contractual arrangement must include detailed specifications as to what timber is to be harvested.  Therefore, we conclude that a per unit contract is inherently more complex than a lump sum contract, and predict that the optimal sales form is more likely a negotiated sale.


Thinning and salvage sales also involve detailed specifications as to the exact characteristics of the trees to be harvested and the trees to be left standing.  The contractual arrangements for such sales are therefore relatively complex and better suited to negotiation than to an auction. 


Our third prediction is the intuitive prediction that when auctions are relatively less expensive, auctions are more likely the preferred sales technique.  Setting up an auction is a costly process requiring knowledge of how to inform likely bidders, identification of an auctioneer, identification of the relevant characteristics of the tract to include in the auction prospectus, and specification of the bidding rules and procedures.  When a landowner is using a professional forestry consultant to assist with the sale, the landowner will have low cost access to the expertise necessary to conduct an auction.  Therefore, we predict that it more likely that an auction will be the preferred sales procedure when the timber sale involves a professional forestry consultant.


The final prediction derived from the economic literature on the choice among sales procedures concerns the impact of having a limited number of potential buyers.  In these situations, negotiations are relatively more attractive because the benefits of an auction are limited.  About ten percent of the timber sales contracts in our data set include sales from relatively remote mountainous regions.  Economic theory implies that these sales are more likely to be negotiated than are sales in more populated regions where more potential buyers are expected to respond to an auction. 


There likely are other factors, beyond those suggested by the economic literature discussed above, that are important determinants of the choice among sales procedures in any given setting.  In the context of timber sales, such a factor relates to the presale measurement costs associated with the process of cruising standing timber.  Differences in the level of presale measurement costs (due, say, to differences in the marginal costs of measuring different timber tracts) may affect the choice of sale procedures.  Empirically, more bidders typically participate in timber auctions than in direct negotiations with sellers.  Suppose we assume that an increase in the (marginal) cost of presale measurement results in an increase in the (total) measurement expenditures of individual buyers.  Then, insofar as the seller bears the total costs of buyer measurement, this component of the seller’s costs increases more for an auction than for a negotiated sale (because there are more bidders involved in an auction), thereby decreasing the likelihood that an auction will be used.
 The ambiguity in this relationship, which is associated with the possibility that an increase in the marginal costs of measurement may result in a decrease in total measurement expenditures, suggests that the impact of this factor on the auction-negotiation choice is an empirical issue.

II.C
Data and Variable Descriptions

We test the preceding predictions using three different primary data sets.  The first data set contains information on 360 individual contracts from North Carolina.  *********** The other two data sets contain information on individual seller tendencies that was collected from surveys of Mississippi timber companies and timber investment management organizations (TIMOs).  Each of these data sets is described below.


The first data set contains information on private timber-harvesting contracts collected from timber buyers, sellers, and forestry consultants throughout North Carolina. Collection of these data from buyers was initiated by mailing to all timber buyers listed in 1989 Buyers of Forest Products in North Carolina a brief description of the research project and a request to indicate whether they would be willing to participate.  A similar approach was used to contact timber consultants (who act as sellers' agents) operating in North Carolina.  Those who agreed to participate were mailed sale questionnaires that asked detailed questions about individual sales.
  Through this process we obtained information on 360 contracts that we are able to use for the empirical analysis discussed below.  Empirical analysis of this data set involves the estimation of regressions.  A brief description of the empirical proxies we use for this empirical analysis follows.  Table 1 displays sample summary statistics.  


The dependent variable in our analysis is Auction, a dichotomous variable that we assign a value of one for auction sales and a value of zero for negotiated sales.  Of the 360 contracts in our sample, 189 (52.5 percent) are auction sales and 171 (47.5 percent) are negotiated.  The variables Percent Sawtimber and Total Volume are included in our analysis as proxies for the dispersion of buyers’ valuations.  Increases in both variables indicate an increase in the dispersion of valuations.  As the predictions from the economic literature discussed above indicate, the estimated coefficients on these variables are predicted to be positive. 


We predicted above that the likelihood of auctions being chosen will be lower on Thinning Sales and Salvage Sales (which involve more complex contracting arrangements) than on clear cut sales.  Two dichotomous variables (respectively assigned values of 1 for thinning and salvage sales, 0 otherwise) are included to measure the impacts of these factors.  Another dichotomous variable, Mountain Region, also is included.  There are fewer mills and buyers in the mountains of North Carolina than in the Coastal Plains and Piedmont, implying that the benefits of conducting an auction are lower in the mountains (fewer prospective buyers will be identified for any given level of advertising).  We predict a negative coefficient on this variable.  As indicated above, we also predict that sellers are less likely to choose auctions when Per Unit sales are used and more likely to use auctions when Consultants are employed to assist with the sale.  Dichotomous variables (assigned values of 1 for per unit and consultant assisted sales, 0 otherwise) are included to account for these impacts.  


We suggested above that changes in the marginal costs of measurement may impact the choice of sales procedure.  Although an obvious empirical proxy for such costs would be wage rates of the people who cruise timber, because our data come from a limited geographical area over a relatively short time interval, there is no significant variation in wages.  From the literature on timber cruising, however, we conclude that the marginal costs of measuring in the economically appropriate sense will fall as the density of timber on a tract increases.  The variable Density is included to determine the empirical effect of this factor.


In the course of our research on timber contracts, industry participants have indicated a belief that the value of a tract is important in determining, for example, the amount of presale measurement and the choice of whether to hire a consultant.
  Insofar as differences in values affect these decisions, it might also be argued that tract values are a determinant of the choice between auctions and negotiated sales.  Our model of presale measurement, however, suggests that the potential gains from presale measurement result from the level of uncertainty concerning the value of the good and not from the good’s expected value, per se.
  Thus we predict that, controlling for the uncertainty concerning the value of a tract, a change in the value of the tract will not affect the choice between auctions and negotiated sales.  To test for the impacts of value, we include the variables High Quality and Good Access.  These are dichotomous variables constructed from survey responses that are assigned values of one for tracts judged by survey respondents (primarily buyers and consultants) to be of high quality and to be accessible for logging.  If higher value tracts are more likely to be auctioned, then the estimated coefficient on these variables will be positive.  Our model of presale measurement predicts that the estimated coefficients on these variables will be zero.
   


****************The second and third data sets are quite similar to each other.  One of these data sets was obtained by surveying forestry consultants in Mississippi.  Each consultant was asked the set of questions listed in table 2.  The resulting usable data set comprises about 100 observations.  The other data set, which was obtained by surveying Mississippi timber companies and TIMOs, consisted of a similar set of questions (see table 3), and resulted in a much smaller usable data set of 14 observations.  

II.D
Empirical Results

The results of our empirical analysis of the determinants of the choice between auction and negotiated sales procedures using our first data set are presented in table 4.   Because the dependent variable in the analysis—Auction—is a dichotomous variable, logit regressions, rather than ordinary least squares regressions are estimated.  Model 1 in table 4 indicates that an increase in the dispersion of buyers’ valuations, as measured by increases in Percent Sawtimber and Total Volume, leads to increases in the likelihood that auctions are used.  These estimated effects are highly statistically significant (p-values for these variables are less than .001).  These results are consistent with the prediction from the economic literature.  Reductions in the costs of presale measurement (through increases in Density) are found to increase the probability that auctions are chosen (the estimated p-value for this variable is less than .0001).  As predicted, Thinning and Salvage Sales are found to be negatively correlated with the choice to use auctions, although the estimated coefficient for Thinning Sales is not significant.  Finally, the negative (and statistically significant) coefficient on Mountain Region indicates that, as predicted, auction sales are less likely in the North Carolina mountains than in the Coastal Plains and the Piedmont.


Model 2 includes the two proxies for value—High Quality and Good Access.  The inclusion of these variables has no substantive impact on the other estimated coefficients and, as predicted by our theory of measurement, neither of the estimated coefficients on these variables is significantly different from zero.  


We argued above that (1) auctions are less likely to be the preferred sales procedure on sales with per unit (rather than lump sum) payment provisions and (2) auctions are more likely to be used on sales where the landowner chooses to employ a timber consultant.  A problem with including the dichotomous variables Per Unit and Consultant in the regressions in table 4 is that the landowner simultaneously makes the decisions regarding payment provisions, sales procedures, and whether to hire a timber consultant.  Because these decisions likely all are affected by the same set of exogenous factors, instruments for dealing with this simultaneity are not readily available.  To get an indication of the magnitude of any potential simultaneity bias, we initially estimate the Auction regressions without Per Unit and Consultant (models 1 and 2) and then in model 3, we add Per Unit and Consultant to the specification of Model 1.  As predicted, auctions are less likely to be used with per unit sales and more likely to be used when a consultant is hired to assist with the sale.   Both estimated coefficients are significant at the .01 level.  The estimated coefficient on the Per Unit variable indicates the impact of the use of a per unit payment provision on the likelihood that an auction is chosen.  This impact is in addition to (or independent of) the impacts of the other variables in the regression that simultaneously affect the choice of both payment provisions and sales procedures.  The estimated coefficient on Consultant has a similar interpretation.


Simultaneity bias from including Per Unit and Consultant does not appear to be a major problem.  All the variables that were previously significant remain significant.  The addition to the model of the Consultant variable does result in a reduction in the significance of the variables included to measure the impacts of the dispersion of buyers’ valuations (Percent Sawtimber and Total Volume), although both estimated coefficients remain significant at the ten percent level.
  This is consistent with the finding by Munn and Rucker (1997) that an increase in these two variables increases significantly the likelihood that consultants will be hired.  Note also that the estimated coefficient on Thinning Sales is (marginally) significant at the 10 percent level in this model.


An alternative indication of the impacts of per unit payment provisions and using consultants on the choice between auction and negotiation sales procedures is obtained as follows.  We regress the each of the three choice variables, Auction, Per Unit, and Consultant on the right hand side variables in model 1 of table 4.  We then calculate the pairwise correlations between the regression residuals from the Auction and Per Unit regressions and from the Auction and Consultant regressions.  Variation in the regression residuals from, for example, the regression with Auction as the dependent variable is due to factors other than the right hand side variables.  The calculated correlation coefficients provide a measure of the extent to which the endogenous variables move together, independent of the impacts of the right hand side variables that jointly influence all three of them.  Both of the calculated correlation coefficients are significantly different from zero at the .0001 level.  The estimated correlation between the Auction and Per Unit regression residuals is -0.256, while the correlation between the Auction and Consult residuals is 0.641.  The algebraic signs of these correlation coefficients are consistent with the predictions discussed earlier.


Our empirical analysis of the other two data sets uses 2 statistics to test the null hypothesis that the survey responses are generated randomly (that is, that the probability of each response under the null is 0.33).  The vast majority of the results displayed in tables 5 and 6 strongly reject the null and favor our predictions.  Consider, for example, the responses to the question in the survey of consultants of how Salvage Sales affects their choice between auctions and negotiations.  It can be seen in table 5 that ninety-five of the 102 survey respondents indicated that (as we predict) they are less likely to auction these types of sales.  The estimated 2 value of 164.56 strongly rejects the null hypothesis of randomness.  The reported responses in table 5 to all of the questions diverge from randomness in a manner consistent with our predictions.  Moreover, all the estimated  2 statistics are significant at the 0.05 level.


Table 6 displays similar results from the survey of timber companies and TIMOs.  Although the number of responses to these surveys is quite small, all but two of the responses (Highly Variable and Unusual Contract) diverge from randomness in a manner consistent with our predictions and the majority of the estimated  2 statistics are significant at the 0.05 level.

III.
SUMMARY

There exists a relatively limited literature examining theoretical issues regarding the choice among sales procedures.  There is even less literature that examines empirically these choices.  In this paper we test the predictions from the existing literature using data on private timber sales.  Our empirical results provide strong support for the predictions from the theoretical literature.  The factors identified as likely to affect the choice between auctions and negotiations are, for the most part, highly significant with the predicted signs. 
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	Table 1

Summary Statistics for Variables Used in Regression Analysis

Number of Observations = 360

	Variable
	Mean
	Minimum
	Maximum
	Standard

Deviation

	Auction
	0.525*
	0
	1
	

	Percent Sawtimber
	64.267
	0
	100
	27.865

	Total Volume

(1000 mbf)
	0.476
	0.012
	4.381
	0.551

	Density

(mbf/acre)
	8.869
	0.971
	49.450
	5.425

	Thinning Sale
	0.200*
	0
	1
	

	Salvage Sale
	0.050*
	0
	1
	

	Mountain Region
	0.092*
	0
	1
	

	High Quality
	0.172*
	0
	1
	

	Good Access
	0.403*
	0
	1
	

	Per Unit
	0.158*
	0
	1
	

	Consultant
	0.539*
	0
	1
	


*For each of these 0-1 dichotomous variables, the mean represents the proportion of the sales in the sample with a value of one.  The standard deviations for these variables are omitted because they provide no information beyond that provided by the means.

Table 2

Survey Questions for Mississippi Timber Consultants*

Please indicate if the following sale characteristics increase or decrease the likelihood that you would negotiate the sale price with one or more buyers instead of selling the tract by sealed-bid auction.

	Sale characteristics     (Please check the appropriate column)
	Less likely to negotiate
	More likely to negotiate
	No change

	Salvage sales as compared to clearcuts
	
	x
	

	First thinnings as compared to clearcuts
	
	x
	

	Other partial cuts as compared to clearcuts
	
	x
	

	Sale is unusually large (either volume or acreage)
	x
	
	

	Sale is unusually small (either volume or acreage)
	
	x
	

	A higher than average proportion of sawtimber 
	x
	
	

	Highly variable timber (species, quantity and/or quality)
	x
	
	

	Timber is being sold on a per unit basis (pay-as-cut)
	
	x
	

	Unusual contract specifications
	
	x
	


*x indicates the predicted response.

Table 3

Survey Questions for Mississippi Timber Companies

and Timber Investment Management Organizations*

Please indicate if the following sale characteristics increase or decrease the likelihood that you would negotiate the sale price with one or more buyers instead of selling the tract by sealed-bid auction.
	Sale characteristics     (Please check the appropriate column)
	Less likely to negotiate
	More likely to negotiate
	No Difference

	Salvage sales as compared to clearcuts
	
	x
	

	First thinnings as compared to clearcuts
	
	x
	

	Other partial cuts as compared to clearcuts
	
	x
	

	Sale is unusually large (either volume or acreage)
	x
	
	

	Sale is unusually small (either volume or acreage)
	
	x
	

	A higher than average proportion of sawtimber 
	x
	
	

	Highly variable timber values (For example, the species, tree size, quantity or quality vary dramatically across the tract)
	x
	
	

	Unusually large proportion of uniform high-valued timber (For example, a tract that is predominantly veneer/peeler logs or high-grade sawtimber)
	x
	
	

	Unusually large proportion of uniform low-valued timber (For example, predominantly pulpwood or low-grade logs)
	
	x
	

	Timber is being sold on a per unit basis (pay-as-cut)
	
	x
	

	Unusual contract specifications (For example, very detailed requirements for the protection of streams, roads, or residual timber)
	
	x
	


*x indicates the predicted response.

Table 4

Logit Regressions:  The Choice Between Auction and Negotiation

Number of Observations = 360

    Dependent Variable:  Auction (1 if Auction, 0 if Negotiation)

	Variable
	Predicted Sign
	Model #1
	Model #2
	Model #3

	Intercept
	
	-2.526

(0.438)*
	-2.444

(0.453)*
	-3.406

(0.640)*

	Percent Sawtimber
	> 0
	0.020

(0.005)*
	0.019

(0.005)*
	0.013

(0.007)*

	Total Volume
	> 0
	1.189

(0.311)*
	1.189

(0.312)*
	0.583

(0.406)*

	Density
	?
	0.124

(0.028)*
	0.119

(0.029)*
	0.128

(0.035)*

	Thinning Sale
	< 0
	-0.206

(0.343)
	-0.219

(0.346)
	-0.661

(0.516)*

	Salvage Sale
	< 0
	-3.701

(1.450)*
	-3.574

(1.417)*
	-3.188

(1.156)*

	Mountain Region


	< 0
	-1.123

(.495)*
	-1.142

(.599)*
	-0.848

(.660)*

	High Quality
	0
	—
	0.240

(0.360)
	—

	Good Access
	0
	—
	-0.086

(0.251)
	—

	Per Unit
	< 0
	—
	—
	-1.975

(0.668)*

	Consultant
	> 0
	—
	—
	3.517

(0.367)*


Numbers in parentheses are standard errors.  Asterisk indicates significance at the 10 percent level.  For the variables with signed predictions—Percent Sawtimber, Total Volume, Thinning Sale, Salvage Sale, Mountain Region, Per Unit, and Consultant—significance levels are for one-tailed tests.  For the other variables, significance levels are for two-tailed tests.

Table 5

Impact of Tract Characteristics, etc. on the Likelihood of Using an Auction

Data Source: Survey of Forestry Consultants

Number of Observations = 102

	Characteristic
	Number of Responses
	More likely to Auction
	No Impact
	Less likely to Auction
	2 Statistic         (p-value)

	Salvage Sale
	102
	5
	2
	95
	164.56

(<.0001)

	First Thinning
	102
	12
	6
	84
	111.03

(<.0001)

	Exceptionally Large
	102
	80
	14
	8
	94.06

(<.0001)

	Exceptionally Small
	101
	13
	10
	78
	87.88

(<.0001)

	Unusually High % Sawtimber
	102
	78
	18
	6
	87.72

(<.0001)

	Highly Variable 
	101
	45
	33
	23
	7.27

(.026)

	Per Unit 
	99
	6
	16
	77
	89.68

(<.0001)

	Unusual Contract
	96
	20
	17
	59
	34.12

(<.0001)


TABLE 6

Impact of Tract Characteristics, etc. on the Likelihood of Using an Auction

Data Source: Survey of Timber Companies and TIMOs

	Characteristic
	Number of Responses
	More likely to Auction
	No Impact
	Less likely to Auction
	2 Statistic         (p-value)

	Salvage Sale
	14
	2
	1
	11
	13.02

(.0015)

	First Thinning
	14
	3
	1
	10
	9.59

(.008)

	Exceptionally Large
	14
	9
	1
	4
	7.02

(.030)

	Exceptionally Small
	14
	2
	1
	11
	13.03

(.0015)

	Unusually High % Sawtimber
	14
	11
	1
	2
	13.03

(.0015)

	Highly Variable 
	14
	5
	4
	5
	0.140

(.932)

	Unusually High % of High Value Timber
	14
	9
	1
	4
	7.01

(.030)

	Unusually High % of Low Value Timber
	14
	4
	3
	7
	1.84

(.400)

	Per Unit
	14
	3
	4
	7
	1.86

(.394)

	Unusual Contract
	14
	2
	7
	5
	2.70

(.259)

	Consultant Involved
	14
	9
	0
	5
	(8.80)

(.01)


�     On the various aspects of auctions, see, for example, Cassady, Smith, Bulow and Roberts, Bulow and Klemperer, Englebrecht-Wiggans, Leland, Maskin and Riley, McAfee and McMillan (1986 and 1987), Milgrom, Milgrom and Weber, Ramsey, Riley and Samuelson, and Wilson). �ADVANCE \d 12�


�Cassady suggests that auctions rather than posted prices may be used for “products that have no standard value,” but he does not specifically address negotiations as an alternative.  Allen posits that in the context of cattle sales, when the seller’s brand name is not important auctions are a lower cost method of sale than negotiated direct sales.   Goldberg suggests that negotiations may be preferred to auctions for very complex exchanges. Leffler and Rucker demonstrate that enforcement costs can cause negotiations to be preferred to auctions when per unit pricing is used.  McAfee and McMillan suggest that auctions as compared to posted prices are a mechanism for seller extraction of information as to buyers’ values to order to capture the surplus from the sale.  Milgrom offers several insights into the choice of sales mechanism, including (1) when there is sufficient competition among buyers, auctions will be preferred to bargaining and (2) when an unsupervised agent is involved, auctions will be preferred to negotiations.   Munn argues that increased uncertainty on timber tracts increases the likelihood that auctions will be used and that higher value tracts are more likely to be auctioned.





�We draw a distinction between sale procedures (or the form of sale) and contract provisions.  The former refers to the choice between auction, negotiation, fixed price, sequential search and so forth.  Because the only sales procedures used in our empirical application to timber sales are auctions and negotiations, this choice is the focus of our discussion and analysis. The latter refers to such contractual elements as pricing methods (per unit, lump sum, royalty), contract length, conditions for revisions, and so forth.  There is an extensive literature, both theoretical the empirical, examining the choices among contract provisions in a wide variety of contexts.  Citations . . .


�      The structure of their proofs shows that adding a buyer to an auction leads to a greater increase in the expected price than having an additional negotiation.�ADVANCE \d 12�


� p. 711.  See also Wilson who states “the sale price converges almost surely to the ‘true value’ as the number of bidders increases … .”  Bajari, McMillan and Tadelis refer to this as a result of standard auction theory (p. 2). 


� Although the focus of this paper is on the choice of sales procedures for privately owned standing timber, it is worth noting that publicly managed timber is virtually always sold at public auctions.  The explanation for the sole use of this sales mechanism seems clear enough—accusations that the public’s wealth is being given away by bureaucrats in secretive negotiations are avoided.  The fact, however, that private timber owners often choose to use negotiated sales suggests that the expected net returns from auctions are in some instances less than the expected net returns from negotiating.  Recognition of this fact and identification of the factors that determine the relative net returns has the potential to clarify the costs associated with public agencies’ predominant use of a single sales procedure.  





�     This discussion refers to private landowners who are not in the timber business—known in the industry as nonindustrial private landowners.  Sales by these landowners comprise the largest and most detailed of the data sets currently in our possession. 


�       A study of consultant fees in North Carolina found that the average fee was about 8.5%  (Kronrad and Albers, 1983).�ADVANCE \d 12�


�     An alternative arrangement might be one in which the small landowner hires logging resources to cut his timber and then sells logs to the mill.  Such an arrangement—which would make the landowner the residual claimant from harvesting activities—is extremely rare.  See Leffler and Rucker  (1991) for a discussion of the choice among these alternative ways of organizing production.�ADVANCE \d 12�


�     It is noteworthy that mixed contracts (with a lump sum and a per unit payment) are not used in this context. �ADVANCE \d 12�


�     This variation in value is indicated by the following typical examples of Appalachian hardwood market prices taken from the Weekly Hardwood Review (April 24, 1998, p. 9) : The average price of first and second grade red oak is $1150/mbf as compared with $610/mbf for #2 common; first and second grade hard maple is $1645/mbf as compared with $605/mfb for #2 common. �ADVANCE \d 12�


� See Leffler and Rucker for an analysis of the impacts of these incentives on the choice of payment provisions in timber contracts.


�It has been demonstrated in theoretical analyses of a number of auction settings that the seller, in fact, bears the full costs of the measurement efforts of all participating buyers.  See, for example, French and McCormick, Hausch and Li, Leffler and Rucker, and Matthews.  


� For a detailed discussion of the procedures used to collect these data, see Munn (1993).  Because many timber sellers are small, nonindustrial, private landowners it was not cost effective to contact them.  Accordingly, this data set includes information on only a few sales obtained directly from sellers.


�See Leffler, Rucker and Munn (2000), and Munn and Rucker (1997) for discussions of this issue.


�To understand the intuition underlying this prediction, consider the following.  Assume a tract whose expected value is $1,000, and whose actual value may be either $900 or $1,100 (that is, the probability density function of the tract’s value is binomial).  The potential gains from measurement arise from being able to identify (or increase the probability of identifying) the tract as either a high-value tract or a low-value tract.  Contrast this tract with another tract whose expected value is $100,000 and whose actual value may be either $99,900 or $100,100.  That is, the value density function of the second tract represents a variance preserving shift of the density function of the first tract.  The incentives for risk neutral buyers to measure, which arise from the possible differences in the tract value, are the same on the two tracts.  Essentially, neither the marginal benefits nor the marginal costs of measuring have changed.


�In our earlier research we found that (consistent with our measurement theory) value per se affected neither the amount of presale measurement nor the decision to hire a consultant.


�When Per Unit is included and Consultant is excluded, the significance of Percent Sawtimber and Total Volume are not diminished.





