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Hedging Robert A. Collins The hedging models developed over the last half century are evaluated for their ability to explain the actual hedging behavior of the various economic agents. This evaluation shows a total lack of a reasonable positive model of hedging behavior. While each class of existing models predicts some observed behavior, none is able to predict the broad range of actions that is easily observed in the real world. In this paper I develop such a model and include a plausible and coldly rational economic explanation for why farmers don't hedge at all while merchandisers with identical risk attitudes will fully hedge. Key words: futures, hedging, risk.



Futures contracts are used for a variety of purposes by the various economic agents in the supply chain of a traded commodity. Since Working's classic study, many have considered basis hedges placed by arbitragers and merchandisers as the primary use of futures contracts. They are also used to some degree by processors of commodities, but rarely by farmers. Even though it doesn't appear that any of these real-world agents have been clamoring for advice about how to improve their hedging decisions, there have been many papers written on this topic that appear to have a clear normative purpose. In fact, a majority of the articles about hedging appear to be focused on how an economic agent might use futures to optimize some particular objective. But, almost no one seems to notice that, while dozens of papers are published recommending that farmers hedge a substantial part of their expected output, millions of farmers choose year after year not to hedge at all. Recently, however, papers by Turvey, by Turvey and Baker (1989, 1990) (see also Gaspar, Gatete, and Vercammen), and by Brorsen have attempted to develop models with a positive focus, that is, models that predict actions that are consistent with observed hedging behavior. Robert A. Collins is the Naumes Family Professor in the Institute of Agribusiness at Santa Clara University. The author wishes to acknowledge the sabbatical support that contributed to this work from the Department of Management Studies, Wageningen University, and the Department of Agricultural and Resource Economics, University of California, Berkeley.



This is difficult because we observe very different kinds of hedging behavior from the various agents; arbitragersusually fully hedge their positions, processors often hedge a substantialpart of their commitments, and farmers usually don't hedge at all. Therefore, an acceptable positive model of hedging behavior must be able to predict a full range of hedging behavior for reasonable values of the parametersof the model. In this paper I review the empirical evidence available about hedging behavior and evaluate several models and classes of models, most of which admittedly were intended to have a normative purpose, from a positive point of view. This is done by comparing the behavior predicted by the models to the evidence available about actual hedging behavior. In addition, a class of models is identified, and a specific model is proposed that is consistent with the full range of observed hedging behavior. An Evaluation of the Evidence: The Requirements for a Positive Model of Hedging It is generally agreed that intertemporal arbitragers and commodity merchandisers virtually always cover their spot position with a futures contract. Intertemporal arbitrage makes purchases and sales at different points in time rather than at different points in space, and it necessarily requires simultaneous purchases and sales in the spot and futures markets. The most common opportunity for this type of transaction occurs when the futures price ex-
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ceeds the spot price plus the cost of carry. The arbitrage transaction usually involves borrowing money (with the loan secured by the combination of the commodity to be purchased and the futures contract), using the money to buy the commodity in the spot market, and simultaneously selling an equal quantity of futures. The activities of arbitragers and merchandisers have been well understood by academics since Working described them over forty years ago. The differences between a basis arbitrage transaction and the routine actions of a commodity merchant are subtle and possibly unimportant. Whether these transactions are viewed as arbitraging the difference between the spot and futures price or anticipating a profit from a change in the basis is irrelevant. In both cases, the common practice for basis arbitragers and commodity merchants is to fully hedge or nearly fully hedge the transaction. Throughout this century, it has been routine for agricultural processing firms to hedge at least part of their commitments. Working (1953b) gave evidence to support the assertion that these practices had been widespread among millers for many years by quoting a letter written in 1903 by William H. Dunwoody (whose firm would later become General Mills) to a young miller. Dunwoody cautioned the young miller not to try to make money by forecasting the wheat market and to always keep his inventories of wheat sold either in the form of flour or futures contracts. Peck and Nahmias, Hartzmark, and Rutledge have specifically evaluated the hedging practices of modern processors. While the specific results are mixed, all appear to agree with the general assertion that processors do routinely hedge, but the observed hedge ratios vary considerably from year to year and in general are inconsistent with any existing model of hedging behavior. The hedge ratios used by processors are inconsistent with the near 100% hedge ratios predicted by risk-minimization models, and they also do not appear to conform with the solutions suggested by the various portfolio-based models that consider both expected return and risk. Since the portfolio models suggest a tradeoff between expected return and risk, testing these models for consistency with actual behavior is complicated by the inability to directly measure either risk aversion or ex ante expectations of returns. In spite of the failure of portfolio models to explain the specific hedging actions by flour millers, Peck and Nahmias did note a positive relationship between price volatility and hedging activity, a result that appears to be qualitatively
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consistent with the portfolio-based models. A loose characterization of hedging by flour mills is to say that they cover on average about 75% of their spot market commitments. Regarding hedging by farmers, Working (1953a) stated that "farmers rarely or never hedge." However, forty years of extensive, high-pressure sales techniques by agricultural extension programs may be making hedging by farmers less rare today. Berck quotes a 1977 CFTC study that asserted that 5% of farmers participate in the futures market. Shapiro and Brorsen collected data from a nonrandom sample of highly educated, experienced, and successful farmers in 1985. They reported that these farmers said that they had hedged 11.4% of their acreage over the previous five years. In a 1992 survey of Iowa cattle farmers, Sapp reported that nearly 18% of the sample had used futures contracts, but it is not completely clear how many of these farmers had hedged in the futures market, and how many might have gone long instead. Rural legend has it that cattlemen are not afraid to compound their risk sometimes by going long in the futures market when they feel that the futures price cannot possibly go any lower. Even though this is a use of futures markets by producers, this behavior would not satisfy the usual definition of the term hedging. Shapiro and Brorsen also reported that the one of the most important factors associated with hedging in their sample was the respondent's debt level. The relationship between hedging behavior and financial leverage is undoubtedly a significant empirical find. Since hedging is clearly a financial action, a realistic hedging model must consider the impact of other financial factors on the hedging decision. Prior to Shapiro and Brorsen's paper, it appears that only Berck's model viewed hedging as a financial decision. However, Berck did not explore the relationship between hedging and leverage. Therefore, while Working's statement was probably accurate in 1953, it appears that "rarely or never" would possibly be a slight understatement of contemporary hedging practices by farmers. Perhaps a more accurate characterization would be to say that most farmers never hedge, but highly leveraged farmers are more likely to hedge than farmers with low debt levels. Taken together, the reported evidence about hedging supports the assertion that one can find a broad range of behavior across the various agents in the supply chain. It seems reasonable to characterize the evidence as suggesting that merchandisers and arbitragers hedge close to 100%, while processors hedge only part of their
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positions, and the typical farmer never hedges. Other evidence suggests that the motivation to hedge is positively related to both price volatility and the firm's use of financial leverage. This evaluation of the evidence about actual hedging behavior is consistent with Brorsen's evaluation of the evidence. Since farmers, agricultural processors, commodity merchants, and arbitragersare all Homo sapiens, and since there is no reason to suppose that there is some kind of a selection bias that causes those who like futures to become arbitragers or merchandisers and those who hate futures to become farmers, it should be reasonable to assume that the differences in the behavior of these agents can be explained by the fact that they are responding to different economic stimuli. Therefore, it should be possible to construct a general model of hedging behavior that explains the behavior of all economic agents involved with the production and distribution of a commodity that has a futures contract. A positive approach to economics would take the position that a good model will explain the behavior we observe. With this condition in mind, the following could be considered to be minimum requirements for a general positive model of hedging behavior: 1. No-hedge condition: There must be some reasonable combination of parameters that would predict that the agent would choose not to hedge at all. 2. Risk-minimization: There must be some feasible combination of parameters that would predict that the agent would choose a full risk-minimizing hedge. 3. Risk-response: For those agents choosing a hedge less than the risk-minimizing hedge, an increase in price volatility should cause an increase in the chosen hedge ratio. 4. Leverage-response: For those agents choosing hedge ratios less than the risk-minimizing hedge, an increase in their financial leverage should cause an increase in their chosen hedge ratio. Evaluation of the Various Classes of Hedging Models In the evaluation of models and classes of models to follow, a common notation will be used whenever possible. The symbol for the spot price will be s, today's futures price f0, the delivery price f,, the variance of the futures price 2, and the covariance of the spot and futures price osf.
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Risk-MinimizationModels Several models of hedging behavior, starting with Johnson and including more recently Lence and Hayes and Mathews and Holthausen, assume an objective of risk minimization. The hedge ratio that minimizes risk depends on the assumptions about the nature of the spot commitment, but the risk-minimizing hedge ratio that often arises from these models is H* = -as/ (o, which is the familiar regression coefficient. While it is apparent that these models were offered in a normative spirit, they will be evaluated in light of the above-suggested requirements of a positive model. Even though attempts have been made to use the risk-minimization criterion to explain realworld hedging decisions that differ from the equal and opposite hedge, in most cases estimated values of this hedge ratio are actually very close to the equal and opposite hedge. Therefore, there is really no way for the riskminimizing criterion to satisfy the no-hedge condition because it is not possible that for the vast majority of farmers this ratio would be zero. For this to be true, the correlation between spot and futures price would have to be zero, a very unlikely event for any producer. If one evaluates the effects of price volatility on the minimum-risk hedge, it at first appears that the risk-response condition is also not satisfied since the only price variance in the criterion is the variance of the futures price, and it is in the denominator. Therefore, it appears that an increase in futures price volatility would reduce the minimum-variance hedge ratio. However, by rewriting the numerator as psjOs,T where p,f



is the correlation coefficient between the spot and futures price and the sigmas are the standard deviations of the spot and futures prices, the risk-minimizing hedge ratio may be written as H* = -pPsos/of.This illustrates that if the correlation coefficient between the spot and futures prices remain constant, the risk-minimizing hedge ratio increases with variability in the spot price and decreases with increases in variability in the futures price. This could be interpreted as consistent with the risk-response condition, but if one assumes that events make the variability of spot and futures prices change in the same direction by the same proportion, the model would predict no change in the hedging decision. This appears to be a contradiction of the evidence. None of the risk-minimizing models have formulated the hedging decision as a financial decision, and none of them predict a response to financial leverage.
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Since the risk-minimizing hedge ratio is often very close to the equal and opposite hedge, this model clearly does not match the behavior of processors and farmers who frequently hedge only part or none of their commitments. However, the argument has been made for several decades that it also does not apply to arbitragers, even if they do use an equal and opposite hedge. Working's statement that "The role of risk-avoidance in most commercial hedging has been greatly overemphasized in economic discussions" has been repeated many times. It has been interpreted to mean that since arbitragers use futures to make money from basis changes on stored local stocks, price risk has no important impact on their purchase of futures contracts. This interpretation, however, is clearly nonsense. The usual arbitrage transaction involves being "long the basis," which means the arbitragertakes a long position in the spot market and a corresponding short position in the futures market. This transaction produces a profit if the spot price rises relative to the futures price, which frequently happens in producing areas after the harvest period. There are only three possible ways this can happen: (a) the spot price rises and the futures price falls, (b) both prices rise but the spot price rises more than the futures price, or (c) both prices fall but the futures price falls more than the spot price. While it is theoretically possible for the spot price to rise as the futures price falls, given the typical high correlation between the spot and futures prices, it is much more common for both prices to move in the same direction. However, the only reason a person who didn't care about risk would hold both a spot and a futures position is if they expected the prices to move in opposite directions. As long as both prices move in the same direction, the arbitrager will lose money on one of the transactions. If the futures price falls more than the spot price, the arbitragerloses money on the inventory, but makes more than the inventory loss on the short position in the futures market. If the spot price rises more than the futures price, the arbitrager makes more on the spot position than is lost in the futures market. The arbitrager has good reason to think that one of these situations will occur, but has no idea which one. If the arbitrager knew prices were going to rise, more money could be made by just purchasing the spot inventory and not taking the short futures position. If the arbitrager was confident that prices were going to fall, they would just short the futures market and skip buying the in-
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ventory. However, both of these unhedged positions are very risky because of uncertainty about what might happen to the price in the world market for the commodity. Therefore, while it is true that the arbitrager uses futures to make money on basis changes, the use of futures contracts along with spot positions eliminates the substantial risk that would result from being on one side of the market or the other. By eliminating the risk associated with movements in the world price, the basis hedger can focus on evaluating just the information that affects the relative price of the local spot to the world price, thus greatly simplifying the problem. Therefore, since arbitragers generally use a hedge close to the equal and opposite hedge, and since this is generally consistent with the risk-minimizing hedge ratio, one might conclude that the risk-minimizing hedge ratio is a good model for predicting the behavior of arbitragers. Although the risk-minimization model predicts an increase in hedging in response to increased volatility in the spot price, it fails to predict an increase in hedging in response to proportional increases in both the spot and futures price, a result that apparently is observed in the real world. However, the risk-minimizing hedge ratio does a poor job of predicting the behavior of processors and especially farmers, and it fails to predict a response to financial leverage levels. While the risk-minimizing model may have merit as an extreme case of a more general model, it fails as a general model of hedging behavior. Expected Utility Models There are many models of hedging behavior following Stein based on maximization of expected utility. Some of these include Houthakker; Rolfo; Bond and Thompson; Grant; and Feder, Just, and Schmitz. While these models have minor differences in assumptions, their solutions all have the same character. If one assumes that the spot commitment is known, the typical demand for futures from these models has two components. The first component is the "speculative demand" that reflects the decision maker's expected profit or loss on the hedge as well as the riskiness of this gain and the risk aversion parameter (r), which measures the decision maker's willingness to substitute risk and expected return. The second component is the risk-minimizing hedge from above, or the hedging demand:
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While these models do satisfy some of the requirements for a positive model, there are also some clear failures. With respect to the nohedge requirement, it is possible to find a combination of the parameters that would cause an agent not to hedge at all. This could happen if the speculative demand just happens to offset the hedging demand. For farmers and others with a long endowment, (7f is positive, making the hedging demand short, so the utility-maximizing hedge is zero only if the speculative demand is equally long. For any hedging demand, it is possible to find combinations of the expected futures price and the risk aversion parameter that will produce a perfectly offsetting speculative demand that makes the utilitymaximizing hedge zero. Therefore, this model could be consistent with farmer's behavior, but only if each farmer expected futures prices to rise by the exact amount so that, given their risk aversion parameter and the variance of futures prices, their long speculative demand would just cancel out their short hedging demand. Conversely, however, a processor (with a short endowment) who never hedged would have to expect prices to fall each year by a precise amount. While these events are a theoretical possibility, it is certainly not likely that nearly all farmers would expect futures prices to rise by a precise proportion year after year, while nonhedging processors expect them to fall by a precise proportion year after year. Therefore, even though it is possible to find combinations of parameters that predict a zero demand for futures, we must conclude that this model does not satisfactorily explain the behavior of nonhedgers. These models can satisfy requirement 2, however, because the model becomes the risk-minimizing model if the speculative demand becomes zero. This occurs if the agent has no expectation that the futures price will change {E(f,) -fo = 0} or if the risk-aversion parameter becomes arbitrarily large. Therefore, the model can describe the behavior of arbitragers if one wants to assume that either they expect no price change or they have an infinite risk-aversion parameter. Neither of these conditions, however, can pass the test of basic plausibility. It is very unlikely that arbitragers either expect prices to be constant or have arbitrarily large risk-aversion parameters. A related problem with the model is that the speculative demand



explodes as the risk-aversion parameter approaches zero. This means that the model predicts that agents with expectations of futures price changes would take arbitrarily large speculative positions if their risk-aversion parameters approach risk neutrality. While it is likely that there are risk-neutral individuals who expect price changes, arbitrarily large speculative positions are never actually observed. Therefore, the model not only fails to predict observed behavior but also predicts behavior that is not observed. For the risk-response requirement the results are mixed. The risk-minimizing hedge ratio increases with variability in the spot price, decreases with increases in variability in the futures price, and, as before, remains unchanged for proportionate changes. However, an increase in the variability of the futures price always decreases the absolute value of the size of the speculative demand because the more noise there is in the price, the less confident the decision maker is about the price change between now and delivery. Therefore, if the events of the world cause the variance of the spot and futures price to increase by the same factor, the hedging demand is unchanged and the speculative demand decreases in absolute value. If the futures price is expected to fall over time, E(f,) -f0 < 0, which makes the speculative demand short, and the increase in variance causes these models to predict a reduction in the overall hedged position of a long endowment. This suggests that the risk-response condition is not met, in general, by these models because the required result occurs only when speculative and the hedging demands have opposite signs (for example, a person with a long endowment expects futures price to rise). None of the models in this class has viewed hedging as a financial decision and, therefore, none has included financial leverage as a variable. As a result, none of them passes the leverage response requirement. In summary, while the expected utility models provide a more flexible solution than the risk-minimizing models, the parametervalues one would have to accept in order to explain the broad range of observed behaviors are not feasible. Models by Turveyand Baker A great deal of innovative and useful work in the general area of integrating financial management and marketing has been done by Turvey and Baker (1989, 1990). They were the
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first to formally evaluate hedging in the context of a financial model. More specifically, they have written several papers exploring the general relationship between financial management and marketing decisions. In their 1990 paper, they used discrete stochastic programming to examine the relationships between financial structure, risk aversion, production decisions, farm use of derivatives, and government farm programs. In that paper they show that hedging activity should be positively related to risk aversion and financial leverage, but that government farm programs are substitutes for farm use of derivatives. Unfortunately, the model does not have an analytic form that can be evaluated for the four conditions required for a positive model. In their 1989 paper, Turvey and Baker presented a formal theory of the effects of financial structure on both output and hedging decisions. Gaspar, Gatete, and Vercammen published comparative static results for their model showing that hedging is positively associated with leverage. Since a general closed-form solution is not available, it is difficult to formally examine it for the first three requirements. Because the Turvey and Baker model is based on a mean-variance structure, it seems reasonable to assume that it has the characteristics of a typical mean-variance model. It is likely that while it would be possible to find a set of parameter values that would produce a zero hedge, it is not likely that virtually all farmers have one of these combinations of values year after year. Therefore, while these models do satisfy the leverage response requirement and probably satisfy the risk-minimization requirement, they probably do not satisfy the no-hedge condition, and it is difficult to speculate about the risk-response requirement. Brorsen Model The recent paper by Brorsen has a positive focus. He references the earlier finding of Shapiro and Brorsen that hedging is associated with financial leverage and the finding of Peck and Nahmias that flour mills increase their hedging as price variability increases. Consistent with recent work, he develops a model of hedging behavior based on the assumption of risk neutrality which has an objective of expected profit maximization. The model predicts that if hedging is costly, highly leveraged firms will hedge more than firms with less leverage, and if the value of capital is uncorrelated with
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the output price, hedging is positively associated with variability in the cash price. Therefore, the model satisfies the risk response and the leverage response requirements. However, this prediction arises from assuming that the cost of borrowing is a nonlinear function of the variance of end-of-period wealth, which is affected by hedging. This means that the model is based on the premise that the only reason firms hedge is to save on the cost of borrowing money. In Brorsen's notation, r3 is the cost per unit of selling forward, D is debt, r, is the interest rate, is the variance of terminal wealth, and F is 02 the quantity sold forward. Brorsen's first-order condition for optimal forward sales is



(2)
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the first-order condition is
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Equation (3) shows that a hedger would sell another unit forward as long as the interest cost saved is more than the cost of the forward sale. This demonstratesthat the motive for selling forward in this model is to save on borrowingcost. While there are a few lenders that require their most highly leveraged borrowers to hedge, and there may be some lenders that will give lower interest rates to hedgers, this is probably not a sound basis for a general positive model of hedging. The key factor that will determine how much a particular agent will hedge in this model is go, the rate at which the interest rate changes as the variance of terminal wealth changes. For agents that do not have access to a lender that gives a discount for hedging, go = 0, and the model predicts that even an arbitrager with go = 0 would not hedge at all. This does, however, make the model technically satisfy the no-hedge requirement.Alternatively, if go is large enough, the model could produce very large optimal hedge ratios. Since there is some go that would produce the risk-minimizing hedge, the model technically satisfies this requirement also. While the model technically
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satisfies all of the four requirements, it is not credible that all farmers have go = 0 and all arbitragers have a go just exactly big enough to produce the risk-minimizing hedge. In addition, the basic premise of the model is questionable. The model could be falsified in the sense of Karl Popper by finding evidence that some hedgers did not save on their borrowing. Since borrowing cost is seldom related to marketing strategy, it is almost certain that such hedgers could be found. Therefore, even though the model could theoretically satisfy all of the conditions specified for a positive hedging model, it is not believable that all hedging behavior is motivated by a desire to save interest cost. Lapan-Moschini Model The Lapan-Moschini model clearly has a normative focus. The authors accomplish the technically impressive task of solving for the utility-maximizing hedge for a farmer who faces production, price, and basis risk. While this model is a significant technical achievement, since it recommends hedge ratios in the range of one-half to three-fourths of expected output for Iowa soybean farmers, it does not pass the test of a positive model of hedging. There is no reasonable set of parameters that would produce an optimal hedge of zero, and since the model completely ignores the financial structure of the firm, the effects of leverage cannot be evaluated. Therefore, while the model is a technical feat from a normative point of view, it again demonstrates that expected utility maximizing models that neglect financial structure do not have solutions that compare favorably to the behavior of "real-world"farmers.



Telser Model The model with the form that may have the most potential for satisfying the requirements for a positive model of hedging is the first quantitative theory of hedging ever published, Telser's model. While this paper had the term "safety first" in the title, the model did not use Roy's safety first criterion. In fact, Telser went to considerable lengths to differentiate his model from Roy's by pointing out that if decision makers really want to minimize the probability of a disaster, they will just hold cash, not follow Roy's solution. In addition, it may be shown that application of Roy's criterion to the hedging problem also yields the minimum
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variance solution analyzed above. Telser's model, on the other hand, assumes the agent wants to maximize expected return subject to a safety constraint that limits the probability of a disaster. This criterion passes the test of common sense and appears to provide the potential for producing a model that predicts what we observe. Agents use futures to manage risk. When ambient risk levels are small enough to ignore, they do not hedge. However, when the risk of something significant happening increases, they hedge as necessary to keep the risk at acceptable levels. Even though this basic structure is appealing, Telser's model is flawed because Telser approximated the probability of a disaster by using the Chebychev bound on the probability as an estimate of the probability. This is not a good practice. Regarding Chebychev bounds, Hogg and Craig state, "These bounds, however, are not necessarily close to the exact probabilities and, accordingly, we ordinarily do not use the theorem to approximate a probability" (p. 58). In addition to this weakness, the Telser model does not specifically include the financial structure of the firm.



A Positive Model of Hedging The model presented below combines the basic structure of Telser's model of maximizing expected return subject to a safety constraint with Turvey and Baker's view of hedging as a financial decision. Rather than using the Chebychev bound for the probabilityof a disaster as an estimate of the probability, a simple but reasonable form is proposed for the subjective density function so that it can be analytically integrated.The objective is to produce the simplest possible model that predictsall the behaviorwe observe. The symbols in this model are defined as follows: Eo = initial equity, E1 = end-of-period equity, D = debt obligations, A = total assets, i = interest rate paid on debt, Ph = net forward price (net of commission, margin interest, etc.), P, = random cash price to be received on unhedged output, H = hedge ratio/proportion of output sold forward, Y = output of firm in units, y = the Leontief coefficient of units of output per dollar of assets (Y = yA), k = variable cost of production per unit, F = total fixed costs of production. Viewing the firm as a financial entity, neither the quantity produced nor the amount of profit are valid objectives. From a financial point of view, a realistic objective of a single-period
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model is to maximize the expected effect of this period's operations on the firm's terminal equity. If the cash price is regarded as random, terminal equity is a random variable that depends not only on the quantity hedged and the realization of the cash price but also on the financial structure of the firm. (For a simple explanation of these relationships see Collins.) For a given amount of initial equity, the quantity of debt chosen not only affects interest payments but also affects output through assets since Y = y(A) implies Y = y(D + E).



the constraint is not satisfied at H = 0, since the objective decreases monotonically in H, the optimal solution is to increase H until the constraint is just satisfied. Suppose the manager's subjective probability distribution for the cash price is that the price is equally likely to be anywhere between the worst possible price (a), and the best possible price (b). This uniform density function is f(p,) and is defined as



(8) (4)
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Where g(El) is the probability density function for terminal equity, and the manager wants to maximize expected wealth subject to the constraint that the chance that terminal equity is less than some disaster level (d) is less than a, the objective is to



Given this probability density function (pdf) for the cash price, the pdf for terminal equity is also uniform between Ea, the value of E, when price a occurs, and Eb, the value of El when price b occurs. Formally stated,
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, Ea< El 
 Ph. Assuming also that the probability.of realizing a terminal equity less than d also decreases in H, we have the simple case where the manager may "buy" lower risk levels by giving up expected terminal equity. In this case, the Kuhn-Tucker conditions for a maximum are simplified; if the constraint is satisfied at H = 0, then the optimal hedge ratio H* = 0. If



The model loses no generality but becomes simple to manipulate if the disaster level of terminal equity is defined as the bankruptcy level, El < 0, and the tolerance probability level, a = 0. In this case, it is assumed that the manager is not willing to take any chance of total ruin, which means that terminal equity must be positive even if the worst possible price is received. This simplifying assumption means that the objective function may be stated as (11)



max E1 s.t. E >0.



Given the Kuhn-Tuckerconditions for the optimum of equation (11) and the chosen values of a and d, the solution to this model is straightfor-



ward. If Ea > 0 at H = 0, then H* = 0. If Ea < 0 at H = 0, then H* is the value of H where Ea = 0. In



other words, the model first determines whether the firm will choose to hedge or not, and then, if affirmative,the optimal hedge ratio is chosen.
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If the worst possible realization of the price will not produce a bankruptcy, the optimal hedge is zero. If the worst possible realization of the price will produce a bankruptcy,the optimal hedge is such that it will just avert bankruptcy when the worst possible price is realized. Since it is assumed that hedging reduces expected profits, if a firm wants to maximize expected return subject to a risk constraint, it will not hedge unless the worst possible outcome is one they are not willing to accept. Given that the risk tolerance assumed here is that the firm is willing to accept any outcome that does not ruin them, the risk constraint is that terminal equity under the worst possible outcome of the cash price (E,) must be positive. In order for the firm not to hedge at all, Ea must be positive when H = 0, or (12) Eo + aY-kY-iD



- F



dO dD dD



(kTy+ i)y(D + Eo) - y[k(D



(13) Eo + aY> kY+ iD + F. This says that as long as the initial equity of the firm plus the revenues it will receive under the worst possible outcome exceed the total financial obligations of the firm, the firm's financial viability is guaranteed, and price insurance is not required. This condition, however, clearly depends on a number of financial variables, including the worst possible outcome for the cash price, the cost structure of the firm, and the firm's debt choice. Assuming that the firm's equity and cost structure are predetermined, the factors that determine if a firm will hedge are the worst possible cash price and the firm's debt choice. The formal statement of the nohedge condition 1 is a >



(15)



0.



This condition may be easily interpreted by rewriting this equation as



(14)



b, a mean-preserving increase in variance always means a smaller value of a. Therefore, the model has the feature that an increase in the variance of the cash price can cause a change from a decision not to hedge at all to a decision to hedge. As soon as the price a falls below the value given in equation (14), the firm would choose to hedge. However, the right-hand side of equation (14) depends on the financial structure of the firm. Regarding the right-hand side as a function of debt O(D), and recalling that Y = y(D + E), we find that the level of the worst possible price that will produce bankruptcy is an increasing function of leverage, i.e.,



[y(D+ EO)]2 which is greater than zero as long as E0(1 + i) > F. Given a particular value for the parameter a, increases in financial leverage will increase the right-hand side of equation (14) until eventually the minimum possible price will be insufficient to meet the firm's obligations, and they would choose to hedge part of their output. As soon as leverage increases enough or the worst possible price (a) declines enough so that equation (14) is violated, the optimal solution will occur when H* is chosen such that Ea = 0. Given output is not zero, Ea = 0 when



(16)



E, = (a-k)+ y



E? - iD- F +(Ph - a)H =0. y



Therefore, when the firm faces the possibility of ruin in the absence of hedging, the optimal proportion to hedge is



kY + iD + F - Eo Y



(k - a) +



(17)



This simply means that the firm will choose not to hedge if the minimum output price that could occur is greater than the amount necessary to meet the financial obligations of the firm. As the initial equity of the firm becomes larger than the total cost of production, it is not possible for a positive price to cause bankruptcy, and the firm would not hedge. Since the variance of a uniform distribution is just a function of the distance between a and



+ E) + iD+ F - E]



H* =



iD + F - Eo y(D + Eo)



Ph - a



The effects of changes in price variability and financial leverage are as expected: (18)



8 H* aD



iy(D + Eo) - y(F + iD - Eo) (Ph -



a)[y(D + Eo)]2



which is positive if Eo(1 + i) > F, and
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aH* (19)



aa



=



H* -1 Ph -a



which is nonpositive since 0 < H* < 1 and Ph - a > 0. Since



a mean-preserving



spread



causes a smaller value of a, the negative slope means the optimal hedge increases with risk. Therefore, this model produces the desired effect for both the risk-response condition 3 and the leverage-response condition 4. Consequently, the model has all of the required characteristics. There are reasonable values for the parameters that predict no hedging. Increases in financial leverage or increases in price variability increase the likelihood of hedging, or they increase the hedge ratio which satisfies the risk-response and the leverage response requirements. Also, values of parameters can be found that will produce the riskminimizing hedge. Predicting the Actions of Various Types of Agents Why don't farmers hedge? One explanation is that they are too unsophisticated to understand futures markets, the "ignorant peasant hypothesis." However, this explanation is neither intellectually satisfying nor consistent with the evidence. In Shapiro and Brorsen's sample, 93% of the farmers had attended a class or seminar on futures, but only 11.4% of their aggregate output was hedged. Therefore, the "ignorant peasant hypothesis" does not appear to be consistent with the evidence, and the validity of the models that recommend hedging for farmers must be questioned. When the behavior of an average farmer is viewed in light of the above model, however, it seems very reasonable that they would choose not to hedge. If the average farmer wanted to maximize expected profit subject to the constraint that the farm would not go bankrupt, it is clear that the optimal strategy is never to hedge when the expected cash price exceeds the net forward price. The reason for this is that the price the average farm receives for its output in any given year has absolutely no bearing on its economic survival because the average farm has such a large amount of equity. Examining the data in tables 3 and 4 of the U.S. Department of Agriculture's National Financial Summary 1992, we see that average farm business has gross cash income of $89,734 and farm business expenses of $69,828



497



while it has assets of $411,445 and debt of only $66,194. Suppose that the average farmer paid out the average total expenses of $69,828 and then subsequently received a cash price of zero for the output. If the lost expenses were financed entirely with debt, the debt/asset ratio of the farm would increase from 16.1% to 33.1%, a clearly survivable financial disaster. This disaster would have to happen for five years in a row before the farm would become a financial failure. But this is a very extreme example. The purpose of hedging is not to prevent the possibility of receiving a zero price but rather to avoid 20%-30% variations year to year. Since receiving a zero price creates no financial disaster for the average farm, it is certain that receiving 20%-30% less (or more) than expected cannot cause any measurable effect on the probability of failure. These results may also be explained by the model. Multiplying the "no-hedge" condition in equation (14) by Y on both sides yields (20) aY >kY + iD + F-Eo. In the case of the average farm, kY + iD + F reflects the total cost of production, or $69,828. Since Eo = $411,445, kY + iD + F - Eo = -$341,617. Therefore, net revenue under the worst possible outcome, (aY), would have to be less than a large negative number in order to violate the safety constraint. Since prices are bounded from below by zero, this says it is not possible for a realization of a cash price to cause the average farm to go bankrupt.As long as hedging costs money, there is no reason why it should be done because a routine hedging strategy will decrease expected profits with no reduction in risk when risk is viewed as the probability of failure. The model again is consistent with observations when increases in leverage are considered. As leverage increases, beyond some point there will be a minimum price (a) that will produce a positive probability of failure, and H* will exceed zero. The model also predicts actions that are consistent with what we observe from arbitragers. A true arbitrage transaction requires no equity, therefore Eo = 0. It is also reasonable to assume all costs are variable making F = 0. Suppose the purchase cost per unit is PPh where 0 < 0 < 1. This means D =



Ph^Y.In this case, the "no-



hedge" requirement in equation (20) is (21) aY



phY + iphY- O, =X a 2>0(1 + i)p,.
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If a perfect (costless storage) intertemporal arbitrage is considered, the equilibrium condition is { = 1/(1 + i) and the no-hedge condition requires a > Ph, which means that the forward price is less than the worst possible cash price, a virtually impossible event. Since the "nohedge" condition is violated with virtual certainty, the model predicts that an arbitragerwill always hedge. The optimal hedge for the arbitrager may be calculated with equation (17). Substitution of the arbitrager's values into equation (17) produces



()Ph -a)+



(22)



H*= Ph -a



y



4(l+i)ph -a Ph -a



and since the equilibriumconditionis ( = 1/(1 + i), the arbitrager'soptimal hedge ratio is exactly one. Therefore, the model predicts that two different individuals with identical risk attitudes (unwilling to accept any chance of bankruptcy) will choose hedge ratios between zero and one depending on their financial situation. Since the farmers, on average, have a zero probability of going bankruptas a result of a random draw of the cash price, in the average year, hedging only causes them to incur brokerage commissions, interest charges on their margin accounts, and the nuisance of watching the market, dealing with margin calls, etc. Even though the arbitrager is assumed to have the same tolerance for risk, the dramatically different financial situation causes them to fully hedge. The model will make an intermediate hedging prediction for high-leverage farmers, commodity processors, and merchandisers with the same risk tolerance but different cost and profit structures and different levels of financial leverage. Summary The aggregate empirical evidence suggests that arbitragers and merchandisers fully hedge their positions while processors hedge part of their commitments and farmers seldom hedge at all. Several models and classes of models are evaluated from a positive point of view, and while models by Brorsen, Turvey and Baker and by Telser all have potential for explaining observed hedging behavior, none is fully consistent with general observations. A model is presented which maximizes expected end-ofperiod equity subject to a risk tolerance constraint which is capable of explaining the broad



range of hedging behavior we observe. The model suggests the hypothesis that hedging is motivated by a desire to avoid financial failure rather than by a desire to reduce income variability, and that the differences in cost structure, profitability, and financial structure are what affect the likelihood of failure and, therefore, cause the differences in hedging choice. Furtherresearch perhaps can confront these hypotheses with micro data rather than simply using aggregate data. A formal test might be to see if the probability that an agent will hedge is an increasing function of the probability of a business failure in the absence of a hedge but is independent of income variability where the probability of a business failure is a function of the profitability of the firm as well as of the debt-equity mix or capital structure. [Received October 1995; final revision received February 1997.] References Berck,P. "PortfolioTheoryand the Demandfor Futures:The Case of CaliforniaCotton."Amer.J. Agr.Econ. 63(August1981):466-74. Bond,G.E., andS.R. Thompson."RiskAversionand the recommendedHedge Ratio."Amer.J. Agr. Econ. 67(November1985):870-72. Brorsen, B.W. "OptimalHedge Ratios with RiskNeutral Producers and Nonlinear Borrowing Costs." Amer. J. Agr. Econ. 77(February
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