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ABSTRACT 

Numerous research effi)rts have tested the pricing efficiency of the hog 

futures market. However, the definitive conclusion of those tests has not yet 

been estabhshed. 

The objectives of this study were: 

(1) to identify the structural relationships among the factors which 

affect the price of five hogs; 

(2) to formulate the econometric model in order to forecast the hve hog 

prices; and 

(3) to examine the pricing efficiency of the hog futures market by 

investigating the relationship among spot prices, expected spot prices, and 

futures prices of Hve hogs. 

Time series and econometric methods were used to predict the hog 

prices. 

The following conclusions were drawn: 

(1) This study shows that the predicted price is the unbiased estimate 

of the subsequent spot price. 

(2) There is a pricing inefficiency in the hve hog futures market. If the 

producers wish to achieve allocative efficiency, then they should base their 

production decision on using the predicted price of hogs from the model and 

the live hog futures price together. 

A misallocation of resources may result in a reduction in economic 

surplus of the hog producers. 
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CHAPTER I 

INTRODUCTION 

1.1 The Problem Statement 

Agricultural production is affected by uncertainty because farm 

production takes time, in certain cases up to many months. Consequently, 

financial outcomes must be estimated when production decisions are made. 

Production plans have led to disappointing financial results because future 

prices were not those expected. As long as estimates of future prices are 

subject to the impact of uncertainty, the use of resources will be different 

than if future prices could be foreseen more accurately-

One of the main functions of futures markets is to improve price 

expectations which farmers use in making production decisions. The spot 

price of a commodity is determined by negotiations between the buyer and 

the seller of the physical commodity. In contrast, futures prices are 

determined by competitive bidding for and offering of futures contracts by 

open outcry and reflect trader expectations of futures prices, as weU as the 

current economic situation. It might be presumed that prices in futures 

markets could be used to offer a satisfactory check on the accuracy of price 

expectations. In such a case as mentioned above, the producers do not need 



to form any kind of expectations. They only observe futures prices to 

determine their production. 

In general, the Hterature regards the futures markets as a tool for 

predictions of the expectation level of the subsequent spot price, as well as a 

mechanism for agents to trade. There is a growing body of evidence which 

suggests that hog producers' utihzation of the futures market would have the 

potential to dampen the production cycle (Stein, 1991). 

At the very least, agents are aware of futures prices when they make 

allocative decisions; therefore, futures prices affect resource allocation in the 

spot market. The forward prices generated in the futures market are used by 

the industry in making production, marketing, and inventory decisions. K 

the prices in these markets do not accurately reflect current and expected 

supply and demand conditions, a misallocation of resources may result. 

The term "efficiency" has several different meanings. In an economic 

sense, efficiency in the allocation of scarce resources means allocating these 

resources so that the best use is made of them. The mechanism for allocating 

these resources is the pricing mechanism of the market system. If futures 

prices provide accurate signals for resource allocation, hog producers are able 

to make correct production-investment decisions and to choose the most 

suitable futures for investment. These choices are only possible if the market 

is efficient; that is, if futures prices fully reflect all available information. 



3 
Thus, the primary function of a futures market is to allocate resources to the 

most profitable investment opportunities through price discovery. 

Inherent in the efficient market is the recognition that the parties 

involved should obtain a normal return on their capital investment but not 

an above-average return, which results from imperfections in the futures 

market. K there are certain imperfections in the futures market, the wise 

investor will attempt to utffize these to achieve a better-than-average return 

by following a trading strategy based on either business and economic 

indications or market statistics. 

The controversy over the efficiency of futures markets came into sharp 

focus with empirical studies. Many investigators have examined the pricing 

efficiency of agricultural futures markets. However, those studies differ from 

each other with respect to the commodities examined, the time periods, 

methods of analysis, and the type of data employed. Since a wide range of 

variability exists in the conclusions, definitive statements regarding the 

efficiency of futures trading are difficult to make, despite the available 

theoretical base for evaluating market performance. 

Econometric models may be used instead of the futures price to 

forecast the subsequent spot price of a commodity. Econometric models often 

allow expectations to play a key role in determining future prices. However, 

producers still have the problem of choosing among rival economic models. 
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The cobweb model may not be the most appropriate forecasting model 

from an economic viewpoint because the producer in the cobweb model forms 

expectations on past price history alone. Rational expectations are more 

consistent with the underlying structure of economic behavior of hog 

producers, whereas naive, extrapolative, and adaptive expectations are not 

necessarily compatible with economic structure. The producer in the rational 

expectations model forms price expectations based on the structural 

parameters of the demand and supply equations and exogenous information. 

Thus, incorrectly imposing the assumption of expectations (past prices) 

on the econometric model can lead to unreasonable estimates of important 

parameters. Therefore, the assumption of rational expectation can be a 

useful working hypothesis in the forecasting model. 

Hog producers may be unable to formulate and evaluate a rational 

expectations econometric model because of the lack of expertise, resources, 

and time. Therefore, they may rely on readily available information, such as 

that provided by the Chicago Mercantile Exchange. Then the question 

arises, is it better for producers to use the futures price, or to form price 

expectations when they need to plan their production? 



1.2 Objectives 

The overall objective of this research is to investigate pricing efficiency 

in the U.S. hog futures market during 1975-1990. The specffic objectives are 

to: 

(1) Identify the structural relations and factors which affect the 

price of hogs; 

(2) Formulate econometric models of the U.S. hog market to 

forecast hog prices at the farm level; and 

(3) Examine the pricing efficiency of Hve hog futures by 

investigating the relationship between spot price, expected spot 

price, and futures price. 

The benefits of this study are to provide the basis for improving the 

hog producer's abiHty to forecast future prices. There are two methods—^the 

futures price and the econometric model—that can be used by the hog 

producer to forecast the subsequent spot price needed for production 

planning. If the hog futures market is inefficient, then the econometric 

model should be used instead of futures prices. However, i£ the Hve hog 

futures market is efficient, then the hog producer can make a good decision 

using available prices, either cash or futures. This study provides hog 

producers, as weU as professional traders, with a low-cost mechanism to 

formulate forecasts of subsequent spot prices. Consequently, the study 
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increases market information, enabling producers in the spot market to 

respond more rapidly to expected supply and demand conditions. 

If market prices reflect all relevant information as fuUy as possible, 

then agents whose decision making is based on current prices are responding 

to the most useful signals the market can provide. If the market is efficient 

in the above sense, then the current spot and futures prices can be expected 

to be unbiased anticipations of subsequent spot prices. This not only assists 

markets in price discovery, but also faciHtates the intertemporal aUocation of 

economic resources by minimizing the costs of agents who use futures prices 

for hedging purposes. 



CHAPTER II 

REVIEW OF LITERATURE 

In this chapter, the foUowing subjects are successively discussed: 

(1) Producers' Price Expectations: TheoreticaQy, (2) Producers' Price 

Expectations: Empirically, (3) Hog Models, (4) Hog Models with Price Risk, 

(5) The Relationship Between Efficient Market Hypothesis, and Rational 

Expectations Hypothesis, (6) Rational Price Expectations or Futures Price as 

a Predictor of Subsequent Spot Price, (7) Estimation Technique for Rational 

Expectations Model and (8) Test of Rational Expectations. 

2.1 Producers Price Expectations: TheoreticaQv 

Economists have long recognized the importance of expectations theory 

in macroeconomics. In early attempts to develop such a theory, anticipations 

of the value of variables were assumed to depend upon recent experiences. 

2.1.1 Naive Expectations 

Ezekiel (1938) in his article on the cobweb theorem, assumed that the 

expected price of suppHers was equal to the latest known price, 

E[Pt I information at t 1] = P .̂̂ , (2.1) 

where E[PJis the expected price at time t based on information at time (t-1). 
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The cobweb model assumes that farmers have static or constant 

expectations. FormaUy the model can be stated as foUows: 

Q? = f(PJ - - D e m a n d function, (2.2) 

Q^ = f(EPJ - - Supply function, (2.3) 

EPt = Pt_i - - Static expectation. (2.4) 

Qt = Ql - - EquiHbrium condition. (2.5) 

These equations give rise to a simple dynamic model (formaUy 

represented by a first-order difference equation) with fluctuations in price 

which either converge to a stable long-run equiHbrium value, 

diverge/explode, or osciUate constantly around the equiHbrium, depending on 

the relative slopes of the demand and supply curves. Figure 2.1 shows a 

cobweb converging to price P̂  and quantity Q^. 

According to Figure 2.1, OA and OB are the market price and quantity 

in equiHbrium. In the first period, there is a positive excess demand for the 

commodity; and since supply is constant, there will be a tendency for the 

price to rise to OC in the rest period. If, however, the price is raised to OC, 

the firm wishes to seU OD, and in the second period they wiQ produce the 

quantity of the commodity. But the price wiQ fall to OE, which is less than 

OC, if the firms actuaUy offer OD. The excess demand, at this price, is less 



c 

E 

0 F Qe 

Figure 2.1. Cobweb Model. 

Source: Oskar Lange, Introduction to Econometrics (1978), p. 162. 
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than what it was when the price was to be OA. The price and quantity wiQ 

eventually converge to the new equiHbrium price and quantity. 

The cobweb model (with naive expectation) does not attract much 

theoretical support, since it assumes that farmers conduct their business in a 

most naive manner. First, the assumptions ignore the impact of similar 

actions of aU other farmers. Suppose prices at a given point are high. This 

will encourage producers to produce more hogs, which wiH be placed on the 

market in the next time period. But a large supply wiU lower prices, and 

then reduced prices wfll motivate farmers to produce less during the next 

period. Using this knowledge, the crafty producers can produce 

countercycHcally in order to gain profits. If most producers are irrational, 

then the rational producers can reaHze large profits. 

Second, the cobweb model assumes that farmers do not learn from 

their experience. The cobweb market foUows a very regular pattern, namely, 

oversupply, undersupply, oversupply, undersupply, and so on. 

2.1.2 Extrapolative Expectation 

Metzler (1941) introduced the idea of extrapolative expectations, which 

is based on the fact that future expectations should be based not only on the 

past level of an economic variable, but also on its direction of change. Thus, 
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if Pt 1 represents the price level in period (t-1) and P, 2 the price level in 

period (t-2), the extrapolative prediction for period t is defined as: 
EP,=P,_,+6(P,_,-P,_2), (2.6) 

where 8 is called the coefficient of expectation. The extrapolative expectation 

in any period is equal to the price level in the previous period plus (or minus) 

some portion of the change between the previous two periods. 

Goodwin (1947) experimented with the extrapolative hypothesis in 

which expected prices were related to previous prices and their latest change. 

There is no element of learning involved in this process. The behavior of the 

cobweb model with extrapolative expectations is governed by the value of the 

coefficient, 6 , the best choice of which depends upon the underlying economic 

structure of the model. In this case, negative values of 6 , are appropriate. 

High prices stimulate production, which increases supply in the subsequent 

period and causes lower prices. In other words, price trends can be reversed 

rather than maintained from year to year. This is a simple demonstration of 

the notion that the appropriate expectations mechanism depends upon the 

structure of the model. 

2.1.3 Adaptive Expectations (AE) 

Nerlove (1958) analyzes a cobweb model in which the adaptive 

expectation hypothesis replaced the extrapolative expectation hypothesis. 
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Using the same symbols as above, the adaptive expectation, made in period 

(t-1), of the price level in period t is defined as: 

EP, = EP,_,+e(P..,-EP,_,), (2.7) 

where e is caUed the coefficient of adaptation and e Hes between zero and 

one. Thus, with adaptive expectations, the expected value in the next period 

is equal to the expectation for current period plus or minus a proportion of 

the error in the expectation for the current period. This formation suggested 

that producers revised their expectations in each period in proportion to the 

difference between actual price and the previously expected "normal" price. 

The adaptive equation has often been associated with error learning. 

First, if one's expectations are correct, they wHl not revise them, implying 

that Pt_i is equal to EPt_i. Second, if one's expectations prove to be incorrect, 

they wiU revise them F^_^ ^ EP .̂̂  

More precisely, adaptive expectations are expressed as a weighted 

average (an infinite sum) of past prices; that is, 

00 

EP,=e2:(l-e)-'P,_, (2.8) 
1=1 

where 

EP = adaptive expectation of price at time t, 

P^^ = price at time t-i, and 

e = a constant between the values of 0 and 1. 
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This formula suggests that changes in expectations will occur slowly over 

time as past data change. People use more information than just past data 

on a single variable to form their expectations of that variable. 

Nerlove (1958) developed a cobweb model with a learning process: 

Q t = a - b P , , (2.9) 

Q ;=c + dEP, (2.10) 

Q ? = Q ; (2.11) 

EP,=EP,_,+e(P,_,-EP,_,). (2.12) 

This model reduces to a first-order difference equation in P^. The long-run 

equiHbrium solution is 

P = ̂ , (2.13) 

b + d 

which permitted producers to assert expectations that are correct only when 

the market is in equiHbrium. The equiHbrium price is identical to the long-

run equiHbrium price of the naive static model. 

The definite solution, given P̂  = PQ when t = 0, is 
P̂  = P + (Po-P){l-e( l + d /b )} \ (2.14) 

a necessary and sufficient condition for stabiHty is 

{I-e(l + d/b)} < 1. (2.15) 
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In the extreme case of adaptive expectations, e=l and the inequaHty reduces 

to the naive cobweb stabiHty condition. 

Manipulating the equations, MiUs (1961) yielded the time path for 

expectational errors: 

EP, - P, - ;^t(EP^ . P^) fort = 1,2,3,..., (2.16) 

where >. is [(d / b - l)e +1]^ and PQ and E PQ are the initial actual and expected 

prices, respectively. MiUs (1961) states. 

Thus, in [an] adaptive expectations model, expectations are not 
only always wrong whenever the model is out of equiHbrium, 
but they are wrong in a very simple and systematic way. 
Presumably, an intelHgent decision maker would be able to 
observe such biases in his expectations and would refrain from 
using the method by which such expectations were formed, 
(pp. 332-333) 

Adaptive expectations became generaUy accepted, although it was 

recognized that it denied the effect of information other than past experience 

in formulating those expectations. Although simple and useful, adaptive 

expectations are not very convincing, especiaUy in regard to the way 

expectations are formed. Under the assumption of AE, the expected price 

level depends solely on past price levels. Future events which might affect 

the price level are totaUy ignored. Yet there are obvious problems associated 

with the use of an adaptive expectations mechanism. The mechanical 

appHcation of an adaptive expectations formula, therefore, does not 
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necessarily make the best use of aH the information available. For this 

reason, it is suspect as a description of economic behavior. 

Doom (1975) explains that the cobweb model is just a first step in the 

development of micro-dynamic theory. The cobweb model concentrates on 

intertemporal adjustment processes, but ignores the aspects of price 

adjustment under uncertainty. 

Maddock and Carter (1984) show that an extrapolative expectation is 

based only on the information contained in the actual values of price for the 

preceding two periods. An adaptive expectation, on the other hand, is based 

on the entire past history of the price series. 

To check whether this is a cobweb type model or not, Muth (1961) 

indicated that the expected price (using hog-corn price to base their 

production plan) is a negative relationship with the actual price (see Figure 

2.2). 

Lange (1978), Hamouda and Rowley (1988), and Brennan and Carrol 

(1987) showed the relationship between quantity suppHed at quarter t and 

price of commodity at time in opposite directions. Figure 2.2 shows the 

negative relationship between prices and outputs in the same quarter. 

If farmers possess "rational expectations," some crafty farmers would 

perceive the price pattern and would plant more (put more pigs in the 

confinement house) in years foUowing low prices in anticipation that most 

farmers wovdd plant less (put less pigs in the confinement house) 
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Figure 2.2. Fluctuating Cobweb. 
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(Clower et al., 1988). In this case, producers can counter cycHcal production. 

They base their production on the demand curve (or close to demand curve) 

because they reaHze that the cobweb cycle stiU exists. 

A major breakthrough came in a paper pubHshed by Muth (1961). 

Muth offers a strong argument that the adaptive expectations model is 

wrong. He considers that rational economic behavior would look at whatever 

relevant economic information is available to form expectations, and the 

information is incorporated efficiently into unbiased expectations about the 

future. Muth finds support for his idea in the behavior of agricultural prices. 

2.1.4 Rational Expectations (RE) 

Muth's theory is that the Rational Expectations Hypothesis (REH) 

assumes farmers know the structure of the market and base their 

expectation/forecast of next period's price on this information. The forecast 

can be either with uncertainty or without uncertainty. Without uncertainty, 

farmers wiU have perfect foresight and their expectation wiU be the long-run 

equiHbrium price, so there wiU be no fluctuations in the price. 

The RE hypothesis states that the subjective expectation of any 

variable is the same as the objective expectation of the price based upon the 

true model (the agents in the market are assumed to know the structure of 

the model and use this information in order to form their expectation). The 
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producer, according to RE, forms the price expectations using the model 

parameters and exogenous information. By contrast, producers in the 

cobweb model form expectations on the past price which show their habit 

persistence. 

Rodano (1984) explained how to use the Perfect Foresight Approach 

(PFA) as a substitute for the Rational Expectations Hypothesis (REH) if the 

absence of uncertainty assumption is retained. He stated that 

The PFA is defined as that h3rpothetical situation in which the 
laws governing the economic system are known to aU. 
Therefore, each trader is capable of calculating the equiHbrium 
price associated with any future date. (p. 29) 

In Figure 2.3, the producer wiU produce P^ at price O^. With 

uncertainty, price fluctuations may, therefore, occur from period to period, 

but this wiU be random and not systematic as in a static expectations model 

(constant expectations). The impHcations of introducing RE into the cobweb 

model are that systematic situations disappear. In Figure 2.3, the actual 

future price wiU difler from the expected price because of unanticipated 

shocks (e.g., weather). Price fluctuation may be random and not systematic. 

Muth (1961) assumes that rational maximizing behavior on the part of 

economic agents is the same as the predictions of the relevant economic 

theory. Or, more precisely, for the same information set, the subjective 

probabiHty distribution of outcomes of firms tends to be distributed about the 

objective probabiHty distribution for outcomes of the theory Then, the 
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Price t 

Quantity 

Figure 2.3. Perfect Foresight EquiHbrium. 

Source: Bob BeachiH, "Rational Expectations," The Journal of the Economir.'=; 
Association FaU 1987, p. 68. 
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expected values of the variable to be forecast and the actual values have the 

same probabiHty distribution (same mean). 

Nelson (1975) shows that the forecasts, based on the structure of a 

system and the exogenous inputs to that system, wiQ be more accurate than 

purely extrapolative forecasts. It should be clear that the rational 

expectations must be more accurate than the "best" extrapolative prediction 

in the sense of having smaller mean square errors, since the conditioning 

information set of rational expectations presumes the past history of 

thevariable being predicated. Thus, in the present example, 

P, =E(PJY,_,,Y,_„...;P,_,,P,_,,..) (2.17) 

is the minimum squared error predictions of P̂  among aU predictions 

conditioning on the indicated information set. The optimal extrapolative 

prediction E(PJPt_i Pt_2,...) in general differs numericaUy from P* and, 

therefore, 

E[P,-E(PJY,_,,...;P,_,...)r < E[P,-E(PJP,_,...)P, (2.18) 

where the discrepancy is accounted for by the squared difference between the 

alternative predictions. Thus, rational expectations are necessarily more 

efficient (or at least as efficient) in a mean-square error sense. 
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Nerlove, Grether, and CarvaUo (1979) present their view that the 

adaptive expectation model arbitrarily defines a coefficient of expectations; 

whereas, the rational expectations approach under the assumption of the 

unbiasedness of the expectations leads to a formation in which the coefficient 

of expectations is a function of parameters and exogenous information from 

the structural form of the model considered. 

WaUis (1961) indicated, from the economic point of view, that rational 

expectations are more consistent with the underlying structure of economic 

behavior considered in the model studied; whereas, alternative models of 

expectations (cobweb, extrapolative, and adaptive) are not necessarily 

compatible with the economic behavior impHed by the underlying economic 

structure. 

Sinclair (1983) summarizes a rational expectations equiHbrium which 

fulfills the foUowing conditions: 

(1) At least one relationship governing variables in the economic 

model is subject to random disturbances. This assumption 

distinguishes a rational expectations equiHbrium from a perfect 

foresight equiHbrium. 

(2) Agents form expectations on the basis of aU avaUable 

information in conformity with the model itself. This 
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assumption stipulates that agents optimize their predictions of 

future events no less than in any other aspect of their behavior. 

A rational expectations equiHbrium must include stochastic elements. 

In most economic contexts, rational expectations equiHbria are analyzed in 

models that take the random elements to be exogenous, like the weather. 

Despite the superiority of the rational expectations model over the 

naive expectations model found by several authors, Lamm (1981) showed 

results indicating that neither model is superior to the other. He emphasized 

that the naive expectations result differs from the rational expectations 

marginaUy. Therefore, the fuU rationaHty, according to LoveU (1986), has a 

more demanding impHcation because the variables known to the forecaster 

must be uncorrelated with the forecast error. Adams (1986) stated that REH 

should be used even if it is not pure form. 

Nelson (1975) concluded that even economists can understand the 

economic system as the hypothetical Rational Expectations Hypothesis has 

claimed, but they cannot predict with accuracy because of specffication error 

and parameter estimation. 

However, Ormerod (1983) suggested that the agent may be assumed to 

be rational in the sense of Rawls by using information currently avaUable in 

an efficient manner. According to Rawls (1971), the rationaHty of a person's 
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choice does not depend upon how much he knows, but upon how weU he 

reasons from information he has, however incomplete. 

According to Zijp (1993), price forecasting derived from the structural 

equation is the strong form of the Rational Expectations Hypothesis (REH). 

Because producers know at least the true structure of the model; however 

when producers optimize the information on which they base their decisions, 

Zijp describes this as the weak form of the REH. 

2.2 Producers' Price Expectations: EmpiricaUv 

EmpiricaUy, the relation or ratio between corn prices and hog prices is 

always an important factor in influencing hog production. Hog prices may be 

low, but this factor may be offset by a stUl lower corn price (Shepherd, 1958). 

It is the ratio between the two prices that determines whether corn wiU be 

fed to hogs and more hogs raised, or whether breeding hogs wiU be sold and 

the corn marketed as grain. Cycles in numbers and prices of hogs are 

perhaps set in motion by "shocks" from outside the hog enterprise, such as 

the weather's effect on the size of the corn crop (Brunk and Darrah, 1955). 

Corn prices change from year to year, and this variation in corn prices has 

made hog production seem, temporarily, very profitable for farmers and 

sometimes very unprofitable. 
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The relationship between the price of hogs and the price of corn is 

generaUy referred to as the hog-corn ratio (Fowler, 1957). WUHams and 

Stout (1964) indicate that Harlow insists the hog-corn price ratio is an 

extremely reHable indicator of the direction of change in the number of sows 

farrowing. They explain that government price supports and storage 

programs for com tended to stabUize corn prices by reducing effects of 

variations in com production. As a result, hog prices assumed a more 

prominent role in determining hog production (WUHams and Stout, 1964). 

Meadows (1970) states that. 

Fluctuations in the price of hogs cause financial hardship for 
hog producers. When variations in the corn supply were 
identified as contributing to the instabUity in hog production, 
the government began to enact various acreage control and price 
support programs for corn. Most important of these was the 
Agricultural Adjustment Act of 1938. With some modifications, 
it remains in effect today, (p. 38) 

However, Blosser (1965) emphasizes that the hog-com ratio is a poorer 

indication of hog profits today than it was 40 years ago because corn has 

become less important. Ensminger and Parker (1984) insist that the hog-

corn ratio StiU stimulates more breeding if there is cheap corn and high-

priced hogs, because a high hog-corn ratio is likely to contribute to producer 

profit. However, Ensminger and Parker agreed with Blosser that the hog-

corn ratio is decHning in importance as an indicator of future hog production 
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because there are fewer smaU operators; large operators hold hog numbers 

near fuU capacity, so they do not expand or contract with changes in hog 

prices; the hog business is capital-intensive, especiaUy the modem slotted-

floor confinement-type farrowing and finishing units; and nonfeed and fixed 

expenses are a larger part of cost than in earHer years. 

Several investigators have studied historical hog production and found 

statistical evidence of cycles of three to four years in length. Therefore, there 

is an osciUating movement of output and price in the opposite direction in 

quarter t (or the same quarter), i.e., the increeise in hog production causes a 

faU in price in the same quarter and a faU in hog production leads to a rise in 

price in the same quarter. Newberry and StigHtz (1981, p. 105) mentioned 

that "if they (farmers) faU to appreciate the negative correlation between 

output and price, they wUl oversupply." 

2.3 Hog Models 

Many pubHshed studies have used lag structures to determine the hog 

supply response. Because of the differences in estimation procedures and 

mathematical forms of the statistical equations, the lengths of the biological 

lag in these modes range from two to three quarters to as long as five. 
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The price variables used in demand side equations usuaUy are the 

price of barrows and gUts (or aggregate price of Hve hogs), retaU price of pork, 

personal income, price of beef, (or quantity of beef), wages at the packer level 

and lagged hog price. Only one model used a time trend, and four models 

used dummy variables to cope with technological change and seasonal 

variation respectively. 

Eleven models presented in this section offer interesting perspectives 

on methodological issues in Hve hog market models. EmpiricaUy, demand 

and supply remain the principal pUlars for these analyses. But, there are 

radical econometric differences among these models. However, these models 

do not appear to reflect the current issues and the development of the 

Rational Expectations Hypothesis in Muth's sense. In addition, there is no 

broad discussion on how the Rational Expectations Hypothesis has been 

involved in the Hve hog market recently. Tables 2.1 and 2.2 summarize the 

demand and supply side of the various models and their differences. DetaUs 

of the hog models are discussed in the Appendix. 

2.4 Hog Model with Price Risk 

Agricultural marketing is a risky business. One of the greatest risks 

in agricultural production and marketing is the risk of price change between 
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Table 2.1. Studies of the Hog Models: J 

Study 

Leuthold 
and 
Hartman 
(1979) 

Leuthold 
and 
Hartman 
(1982) 

Dixon and 
Martin 
(1982) 

Estimation 
Procedure 

Ordinary 
least squares 
(OLS), 
recursive 
system 

OLS, 
recursive 
system 

OLS, one 
equation 
(random 
coefficient 
model) 

Period 
of 

Study 
1964-
1976 

1971-
1977 

1965-
1979 

iiupply Side. 

Expectation 
Variable 

None 

None 

None 

Biological Lag 

Six months or two 
quarters 

Study in very short 
run, there is no 
biological lag. 

The quantity 
supphed of hog 
depends on five-
quarter lag of hog 
prices and feed 

Dummy 
Variables 

Yes 

Yes 

Yes 

Brandt 
and 
Bessler 
(1983) 

Marsh 
(1984) 

Holt and 
Johnson 
(1983) 

OLS, one 
equation 

1971-
1981 

OLS, one 
equation 

1971-
1981 

OLS, system 
of supply 
equation 

1969-
1985 

None 

Yes 
Expected sow 
slaughter. 
Some sows 
that have 
farrowed in 
the beginning 
of a quarter 
and have had 
the pig 
weaned could 
be sold to all 
slaughter. 

Current and 
lagged hog 
price and feed 
cost, 
respectively. 

prices. There is no 
biological time lag 
physically. 

Imphcitly, the 
equation shows 
biological lag two 
and three quarters, 
respectively. 

Two and three 
quarters, 
respectively. 

None 

None 

One, two, and 
three quarters, 
respectively. 

Yes 
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Study 

McAulay 
(1978) in 
Canada 

Heien 
(1975) 

Roy and 
Roberson 
(1989) 

Shonkwde 
r and 
Spreen 
(1982) 

Bessler 
(1984) 

Estimation 
Procedure 

OLS for 
supply 
equation, 
2SLS for 
demand 
equation, 
system of 
equation 

OLS, system 
of equation 

3SLS, system 
of equation 

Dynamic 
regression 
technique, 
recursive 
system 

OLS, a vector 
auto 
regression 
five variable 
system 

Period 
of 

Study 
1966-
1979 

1950-
1969 

1979-
1988 

1946-
1979 

1958-
1981 

Expectation 
Variable 

None 

Yes 
(Using 
distributed lag 
form price and 
feed cost.) 

Yes 
(Using last 
previous 
growth rate as 
the proxy of 
the expected 
exogenous 
variables.) 

None 

None 

Biological Lag 

Five quarters. 

Nonet show 
biological lag. 

Two quarters 

Imphcitly, one, two, 
three quarter lag. 

One quarter lag. 
Forecast error 
variance in the hog 
slaughter series is 
explained primardy 

Dummy 
Variables 

Yes 

None 

None 

None 

None 

by innovations in 
the hog slaughter 
and sow farrowing 
series at lags of one 
year or less. 

\ 
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Study 

Leuthold & 
Hartman 
(1979) 
Leuthold & 
Hartman 
(1982) 

Dixon & 
Martin (1982) 

Brandt & 
Bessler (1983) 

Marsh (1984) 

Holt& 
Johnson (1983) 

McAulay 
(1978)in 
Canada 

Heien (1975) 

Roy & 
Roberson 
(1989) 

ShonkwUer & 
Spreen (1982) 

Bessler (1984) 

Demand 
Equation 

Yes 

Yes 

None 

Yes 

None 

None 

Yes 

None 

Yes 

None 

Yes 

Variable of Hog 

Average Price of Hog, 
Bgirrows and GUts 

Wholesale price of hog 
pork production, and Di 

None 

Price Disposable 
Income, Sow Farrowing, 
Hog Corn meat 
avaUabUity, BroUer-
Type chicks hatched, Di 
None 

None 

Price of Live Hogs, Price 
of Beef, demand income. 

None 

Price of Hve hog, retaU 
price, Hve hogs, wages 
at packer level. 

None 

Price of Hve hog, lagged 
price, DPI, lag sow 
farrowing, Time trend 

Time 
Trend 
None 

None 

None 

None 

None 

None 

None 

None 

Yes 

None 

Yes 

Dummy 
Variable 

Yes 

Yes 

None 

Yes 

None 

None 

Y ês 

None 

None 

None 

None 
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the time when plans are made or produce purchased and the time of final 

sale. The uncertainty of future prices appHes to any particular year or 

season, as weU as to secular or long-run price changes. 

Hurt and Garcia (1982) considered that price risk is difficult to predict 

ex ante. There are two main reasons for that difficulty: (1) The risk response 

in sow farrowing and (2) the Hmited abiHty of hog futures market prices to 

predict subsequent spot prices. In their model. Hurt and Garcia defined 

price risk as the squared deviations of expected price and actual price. Price 

risk variables are the prices of hogs and corn, with the futures price of hogs 

and corn as the price expectations. They suggested that the specification 

using last quarter's price is the expected price in the risk definition. 

Recent history provides evidence of price risk in feeder pig production. 

For 170 months fi'om December 1974 (Qtr I is composed of December 1974, 

February 1975, and February 1975) to Janaury 1989, producers suffered 

losses in 108 of those months as shown in Figure 2.4. Therefore, these losses 

can cause them to be risk averse producers. 

In fij*m-level models, risk aversion has been recognized as an 

important influence conditioning response. Empirical progress, however, has 

usuaUy rested on measuring risk by the variance or standard deviation of 

revenues. Ensminger (1984) expressed this situation that producers cannot 

have excess profit and there is risk in the long run. 
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Producers perceive the tendency of prices to decline through time. 

They wUl take this trend into consideration to base their production plans. 

For example. Halter and Dean (1971) learned that when turkey prices 

decHned sharply from 1950 to 1957, producers counted the downtrend as 

their subjective distribution. In the near future the high prices wiU not occur 

as of the early 1950s. 

Shepherd (1963) considered that farmers do not respond immediately 

to a change in price, because the change in price might be temporary. 

The question of using actual values or differences between these 

values has been unclear for a considerable time. Nevertheless, many 

empirical studies have used differences. DeLeeuw (1991) found that the 

change in expectations was a coincident indication of the level of output. 

2.5 The Relationship Between the Efficient Market 
and the Rational Expectations 

Hypotheses or Model 

Muth (1961) defined rational expectations in the foUowing way: 

The essence of the hypothesis is that the way expectations are 
formed depends specificaUy on the structure of the relevant 
system described by economy, (p. 316) 
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SDec 
• Jaa 
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BApr. 
DMay 
• June 
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• Aug. 
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1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 

Figure 2.4. Monthly Net Margin per cwt for Feeder Pig Producers, Cornbelt, 
1975-1989. 

Source: Livestock and Meat Outlook and Situation, 1990. 



Muth (1961) asserts that if market expectations were not moderately 

rational, there would be opportunities for economists and other market 

analysts to make profits from commodity speculation. Hirshleifer (1972) 

developed a general equUibrium model of the speculative process that leads 

to the conclusion that if aU individuals shared the same beHefs, there would 

be no speculation. 

Cox (1976) emphasized that when some traders do not have the most 

recent market information, the current market price wUl equal a linear 

combination of past prices plus a random error term; whUe with an increase 

in market information, the coefficients of past prices aU decrease in absolute 

value and the variance of the price forecast error decreases. 

Fama (1970) classffied empirical tests of marketing efficiency into 

strong, semi-strong, and weak forms. He indicated that an efficient futures 

market should reflect aU information about expected supply and demand. 

Such a market should provide an unbiased and efficient estimate of the 

actual price at contract maturity. 

In the weak form, there is no relationship between previous futures 

prices and the current futures price. The two prices are independent over 

time. The value of historical information is already reflected in current 

prices. Thus, studying past futures prices is useless for predicting 

subsequent prices. In other words, the overaU value of technical analysis 
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(based on trends in price movement) is questionable. Weak form efficiency 

may be equivalent to rational expectations if an agent's information set is 

restricted to the past history of prices. 

The semi-strong form holds that futures prices adjust immediately to 

new data. AU pubHc information is reflected in a futures prices. 

In the strong form, futures prices reflect aU information, pubHc and 

private (insider). Here we have a perfect market. The assumption is that no 

group of investors has monopoHstic access to information. Assuming this, no 

group can earn superior risk-adjusted returns. 

Summarizing from Fama (1970), an asset mairket is said to be efficient 

if (1) prices fuUy and instantly reflect aU avaUable information and (2) no 

profit opportunities are left unexploited. Therefore, the efficient market 

hypothesis (EMH) is a joint hypothesis that agents form their expectation 

rationaUy on the basis of the current information set and arbitrage away any 

expected returns consistent with supernormal profits. 

Fischer and Jordan (1983) reviewed the random walk theory that 

previous price changes or changes in the past price are useless in predicting 

future price changes. 

Sprecher (1975) presented a summary of the random walk hypothesis 

(RWH). He notes that the RWH emerged from the empirical test of changes 

in bond prices from 1900 in France. The RWH states that the change in 

A 
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stock prices (or futures prices) from one period to the next is independent. 

The RWH can be represented as: 

p.' = PVi+et , (2.19). 

where 

P̂^ = futures price of a commodity at time t, 

p t̂-i ~ futures price of a commodity at time (t-1), and 

ê  = normaUy distributed error term with expectation of zero. 

Since ê  is a normaUy distributed error term, knowing the price at time (t-1) 

wiU not provide any information about the change at time t. As a result, the 

history of futures price changes wiU not enable the investor to obtain an 

above-average return. A more frequently referenced process in the time 

series Hterature is a random walk with drift, 

P^ = P^i + 5 + e., (2.20) 

where 6 is a deterministic trend constant. The random walk is recognized as 

a martingale (fair game model) and the random walk with drift is an 

example of a submartingale 

E(p^lp^o> •>PVI) ^ P V I ' (2.21) 

where E is the expectation operator. With the independence assumption, 

early random walk theorists also made some rather restrictive assumptions 

about probabiHty density functions of price changes. Subsequent empirical 

-4. 
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studies found that these conditions were not met. As a result, a less 

restrictive fair game model (FGM) was formulated, which did not require the 

assumptions about the underlying stochastic processes of futures prices. 

Empirical tests of the efficiency of the futures market have generaUy 

taken three different forms. First, there are studies that have investigated 

historical price movement. Most of these studies were undertaken in 

connection with the RWH, but they have important impHcations for the more 

general FGM. These studies were generaUy concerned with determining 

whether price changes were independent (Fama, 1965; Niederhoffer and 

Osborne, 1966; Osborne, 1959). Second, with the development of the FGM, 

tests have been conducted to determine the speed of adjustment process to 

new information (Fama et al., 1969). Since the FGM postiUates that the 

current futures prices fuUy reflect aU current information, this raises the 

question of how quickly futures prices adjust to new information. FinaUy, 

studies have been conducted to determine the benefits that can be gained 

from inside information. The FGM states that current prices fuUy reflect aU 

known information. Obviously, someone who has inside information would 

be expected to obtain an above-average return simply because this 

information is not reflected in the prices of stocks. 
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Lev (1974) explains the mean reverting process which supposes that 

Pt is a random variable whose expectations (i.e., mean value) remains 

constant over time. The behavior of P,̂  is described by the foUowing process: 

Pt'=^l + at (2.22) 

where 

H= the expected value of P̂^ and 

â  = a random disturbance term having a zero expected value, 

constant variance, and is seriaUy independent. 

The model impHes that E(P/) is constant over time. In other words, average 

periodic P/ is expected to be stable over the long run at the level of [i. When 

l£t(Pl) is constant over time, actual P/ wUl tend to revert to the mean; 

specfficaUy, P/ that is in a given period higher than the mean wiU, on the 

average, be foUowed by lower P/ , and vice versa. 

A more general and probably more intuitively appealing version of the 

mean reverting process is one in which the expectation is a deterministic 

(known) function of time. The behavior of this model can be described by 

P / = H , + a , (2.23) 

and the expected value E(P/)wiU equal to the mean \i,. The expectation 

function, (i^, may take various mathematical forms, such as Hnear or 
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curvUinear. Both processes, the constant expectation and the time-changing 

expectation, are thus characterized by negative first-order serial correlation 

which reflects the mean-reverting nature of the processes. 

Fama (1970) emphasizes that Muth's (1961) paper provided a 

theoretical foundation for studies in price behavior in speculative markets. 

These efforts led to the theory of efficient markets. The Muth Rational 

Expectation Hypothesis impHes that the economy makes fuU use of 

information. If expectations were not formed rationaUy, economists, with 

knowledge of economic theory, would be able to make abnormal profits by 

speculating. 

Hamlin (1983) asserts that economic agents' subjective probabiHty 

distributions are identical to the mathematical probabiHty distribution 

conditional on the true model of the economy. In statistical notation, the 

Rational Expectations Hypothesis takes the form of 

E(PJI,_,) =,_,?,, (2.24) 

t . - l 

where 

^Pt= the subjective expected value of hog price and 

E(Ptllt.]) = the conditional expected value of P̂  conditional on the set of 

total information Î .̂  avaUable at time (t-1). 
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E(Ptllt.i) is an unbiased predictor of P^. One of the important appHcations 

of rational expectations is the commodity futures market. In the context of 

commodity futures, market efficiency impHes that aU the information 

relevant to predict future spot prices of a commodity is fuUy reflected at the 

time of prediction in the commodity future prices. 

2.6 Rational Expectations and Futures 
Price as an Unbiased Predictor 

of Subsequent Spot Price 

Futures markets are described as having two important social 

functions. First, they faciHtate the transfer of price risk. Risk transfer refers 

to hedgers using futures contracts to shift price risk to others. Second, they 

provide forecasts of commodity prices which we caU forward pricing of a 

commodity. 

French (1986) states that, 
. . . [t]he evidence that futures markets transfer price risk is 
irrefutable. However, there is some debate about the markets 
forecasting abiHty. (p. 39) 

TheoreticaUy, the futures price and the rational expectation price 

should produce an unbiased estimate of the subsequent spot price, since 

futures and rational expectations prices are the same because each uses aU 

information avaUable. The hypothesis that futures prices are the best 

unbiased forecasts of future spot prices is often presented in the economic 
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and financial analysis of futures markets. In economic analysis, the 

hypothesis often appears under the heading of rational expectations, whUe in 

the finance Hterature, the term "market efficiency" is employed. StiU, there 

is no definitive agreement from prior studies as to whether rational 

expectations price or futures price is an unbiased forecast of subsequent spot 

price because of the differences in the nature of the commodities analyzed 

and the times of the different studies. The foUowing research is presented to 

clarify the problem concerning pricing efficiency. 

MUler and Kenyon (1979) contend that the hog cycle is explained by 

backward-looking expectations. If futures prices exhibit rational price 

formation, as suggested by Gray (1972) and supported by Gardner (1976), 

hog producers' utUization of the futures market would have the potential to 

dampen the production cycle. Stein (1991a) concludes that there is a growing 

body of evidence which suggests that, in the absence of futures markets, 

cobweb cycles persist for long periods of time. When futures markets are 

introduced in commodities, these markets behave in a manner much more 

consistent with RE. 

Hayes and Schmitz (1987) examined the existence of hog cycles 

produced by a form of cobweb behavior. From 1902 to 1941 there was a 

cobweb cycle. CountercycHcal production strategies would have been 

profitable. The hog cycle persisted for decades. The questions are why the 
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cycle lasted so long and why it became insignificant when futures trading 

was introduced. Why did the cobweb response almost disappear when 

futures trading developed? 

In the past, futures markets have contributed to marketing efficiency 

through reducing risk of price change, increasing avaUabUity of capital and 

loan terms to the industry, and developing a market structure that fostered 

movement of product from the farm to the user. In this case, the contribution 

of futures trading to market efficiency is primarily a result of the 

contribution of hedging to market efficiency. These same people recognize 

the need and value of sufficient speculators to make the hedging market 

work efficiently. However, there is another group concerned with futures 

trading which maintains that such a market would contribute to market 

efficiency even if there were no hedging. Their argument is based on the 

beHef that futures markets determine competitive spot prices, since the 

number of buyers and seUers in such a market is so great and that the other 

criteria for a competitive market are avaUable. 

At the maturity date of a futures contract, the futures price must be 

very close to the corresponding price ia the spot market at the deHvery point. 

If not, it wUl be profitable to make or take deHvery of the product (depending 

upon the nature of the cash-futures price relationship); and this possibiHty 

wiU force the two markets together. This tendency for spot and futures 
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prices to be together at contract maturity means that a price change in the 

spot market can be offset by an opposite position in the futures market. 

Kolb (1991) shows the relationship between futures prices and the 

subsequent spot price (see Figure 2.5). Case I, normal backwardation, can 

happen ff the expectation about the future spot price is correct and hedgers 

are net short, then the futures price must He below the expected futures spot 

price. Therefore, the futures prices can be expected to rise over the Hfe of a 

contract. In Case II, contango, hedgers are net long. Then the futures price 

would He above the subsequent spot price and the price of the futures 

contract would faU over its life. Assume that market participants correctly 

assess the subsequent spot price, so that the expected future spot price turns 

out to be the actual spot price at the maturity of the futures contract. Case 

III is where the futures price equals the expected future spot price; then the 

futures price wiU be on the dotted Hne. 

Samuelson (1965) concludes that spot prices should have systematic 

behavior whUe the movement of futures prices in a perfect market is 

essentiaUy a random walk. Kamara (1984) reviews studies on the volatUity 

of futures prices and the results suggest that there are two theories of why 

and how the volatUity of futures prices change over a contract's Hfe. 

Samuelson (1965) postulated the time to maturity hypothesis, arguing that 
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Futures 
Prices 

Contango 

Expected Future 
Spot Price 

Normal Backwardation 

Start of Contract Maturity Time 

Figure 2.5. Patterns of Futures Prices. 

Source: Kolb, R.W. Understanding Futures Markets. Third edition (1991), 
p. 122. 
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the volatUity of futures prices increases as the maturity date approaches. 

The empirical evidence shows that the hypothesis holds for some futures 

markets, but not for others. The second hypothesis, the state variable 

hypothesis, postulates that the variance of futures prices may rise or faU over 

the contract's Hfe depending on the distribution of the underlying state 

variable. The state variable hjrpothesis is stated most expHcitly in Anderson 

and Danthine (1983), who argued that changes in the volatiHty of futures 

prices depends on the pattern of information flow into the market, with 

futures prices being more voIatUe in periods in which a large amount of 

uncertainty is resolved and relatively stable in periods in which Httle 

information flows into the market. 

Larson (1983) indicates that Just and Rausser's (1981) findings are 

consistent vdth a growing Hst of works describing the consistency between 

futures markets and Muth's (1961) Rational Expectations Hypothesis [see 

Danthine (1978) and Gardner (1976)]. 

The three issues of hedging effectiveness, market efficiency, and price 

discovery are aU connected due to the central role of expected price. Price 

changes in futures markets lead price changes in spot markets more often 

than the reverse. Garbade and SUber (1982) find that, in general, futures 

markets dominate spot markets. Evidence suggests that the spot markets for 

the commodities, wheat, corn, and oranges, with about 75% of new 
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information incorporated first in futures prices and then foUowing to spot 

prices. 

MiUer and Kenyon (1979) find causaHty running from Hve hog futures 

prices to spot hog prices. They interpret that result as providing evidence 

that the Hve hog futures market is important in the discovery of spot prices 

on a day-to-day basis. Hudson (1987) reviews the avaUable empirical 

evidence on the lead-lag relationship between spot and futures prices and 

suggests that the spot and futures markets actuaUy work together in 

discovering the market clearing price. 

Telser (1967) mentions that futures prices are unbiased predictors of 

subsequent spot prices. Some economists have explored the accuracy with 

which futures trading can estabHsh forward prices using a variety of 

empirical methods (discussed below). The general conclusion is that the 

accuracy of forward pricing may depend on whether the commodity is 

storable. 

Kofi (1973) presents the benefits of futures markets by recognizing 

that: 

the degree to which futures markets provide forward prices 
is more pronounced in the planting season because at this time 
future suppHes are a matter of estimate, and the hedging use of 
the market is minimal. Thus, the "forecasts" (futures prices) of 
the harvest time cash prices in the planting season may be used 
as indicators of how weU the futures market is able to predict 
future market conditions, (p. 585) 
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Leuthold and Hartman (1979) use an econometric forecasting model to 

evaluate futures market forward pricing. They found that the model 

provided more accurate forecasts of subsequent prices than the futures 

market, implying that the Hve hog futures market was not performing 

efficiently, presumably because of the market's inabUity to reflect fuUy aU 

the information. Just and Rausser (1981) confirm Leuthold and Hartman's 

result that, for nonstorable commodities, some of the econometric forecasts 

seem to be preferable for Hvestock commodities. Just and Rausser suggested 

further that it is quite possible for smaUer econometric models designed 

SpecfficaUy for forecasting prices to outperform the large scale models 

examined in their paper. 

What other forecast might be more accurate? For at least 60 years, 

economists have been concerned with how people forecast economic events. 

Many economists beHeve that people make the best economic forecast they 

can, given the information avaUable to them at that time. Therefore, the 

ways people form expectations should give the different results. Pasour 

(1988) suggests that in order to prove market inefficiency in the Leuthold 

and Hartman approach, it is necessary to find only one case in which some 

other model predicts better. 

Martin and Garcia (1981) find that Hve cattle futures are inadequate 

in forecasting spot prices. On the other hand, they find that Hve hog futures 
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perform relatively weU in forecasting spot prices during stable economic 

conditions, but poorly during unstable conditions. 

Leuthold and Hartman (1980) use a semi-strong form test of market 

efficiency to compare the performance of futures markets with econometric 

models in forecasting subsequent spot prices of cattle, hogs, and pork beUies. 

Based on empirical results, they concluded that, at times, futures markets do 

not appear to utiHze or correctly use aU avaUable information to reflect prices 

accurately in the future. 

Just and Rausser (1981) suggest that forecasts based on futures prices 

are not exceUed by other forecasting techniques. Although there is some 

degree of accuracy in the futures market as a forecasting tool of several 

agricultural commodities, futures forecasts have been compared to other 

techniques and have not been found inferior. The commodity price forecasts 

from the futures market are generaUy more accurate than from large-scale 

econometric models. According to Just and Rausser (1981), the econometric 

models for hogs provide superior forecasts only in a four-quarter ahead time 

horizon. 

Kolb (1991) point out the inferiority of the forecasts from the futures 

market because most of the time futures prices fluctuate radicaUy. 

Therefore, futures prices provide an inaccurate forecast of the underlying 

commodity spot price at the time of deHvery. As a result, the large size of the 
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forecast errors from the futures markets Hmits the reHabiHty of the forecasts. 

Cooley and DeCanio (1976) tested a Rational Expectations Hypothesis 

for American agriculture during the popuHst period, 1867-1914. Using a 

varying parameter estimation method, it is possible to trace changes in the 

supply response parameter over time and to compare these parameter 

variations with the variation impHed by a model of rational price 

expectations. Cooley and DeCanio showed that changes in farmers' price 

expectations were indeed consistent with the theory of rational expectations. 

2.7 Estimation Technique for Rational 
Expectations Model 

Begg (1982) explained that the fuU information estimation method (FI) 

is more efficient than the Hmited information estimation method (LI). 

However, the LI method is superior to the FI method for two reasons: (1) the 

LI method is much easier to implement and (2) the FI method can spread the 

misspecffication throughout the whole structural equation. But the LI 

method confines the inconsistent estimates to only the misspecffied equation. 

According to WaUis (1980), the rational expectations model may 

theoreticaUy be estimated efficiently by fuU-information, maximum 

HkeHhood (FIML). However, Sargent (1978) considers that FIML has a 

number of drawbacks, such as FIML is costly and produces the presence of 

multiple maxima of the HkeHhood function. Powers and UUah (1987) explain 
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further that, because of those drawbacks, appHed researchers in 

macroeconomics have had recourse to LI. 

2.7.1 Single-Equation Estimation Techniques 

Two single-equation estimation techniques wiU be considered. First, 

the substitution method due to Sargent (1973, 1978) and WaUis (1980); 

second, the errors-in-variables estimator due to McCaUum (1976) and Wicken 

(1982). 

To explain the two techniques, consider the model in the matrix forms 

as: 

AX, +rY, +BE,_,X, = U,, (2.25) 

where 

X, = m X 1 vector of endogenous variables at time t, 

Y = g X 1 vector of exogenous variables at time t, 

E iX, = the rational expectation of X,formed at time t-1, 

Ut = m X 1 vector of normaUy distributed white noise 

random disturbances at time t, and 

A, r , and B = matrices of unknown parameters of order m x m, m x g, 

and m X m, respectively. 
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We assume for simpHcity that the exogenous variable Y, is generated by the 

foUowing process: 

Y,=C(L)Y,+e,, (2.26) 

where C(L) is a pth-order matrix polynomial in the lag operation L; that is, 

LYt = Yt_i, etc., and e, is assumed to be a g x 1 vector of white noise random 

disturbances independent of U, . 

By taking expectation (E^_^) on the information set I^.i, equation 

(2.25) 

AE,_,X, +rE,.,Y, +BE,_,X, =0. (2.27) 

(A + B)E,_,X,+rE,_,Y,=0 

E . A . ^ ^ = ( A . B ) - r E , _ , Y . ^'-'"^ 

The rational expectations solution may then be written in the matrix form as: 

E,_ ,X,=-(A-B)-T2C,Y,_, . 
1=1 

The process of deriving the conditional expectation is the same as the 

solution for the rational expectations price which was mentioned above. But, 

in this case, aU the variables are being denoted in matrix form. Then, 

substituting E^.iX, into equation (2.25) yields, 

AX, +rY, - ( A - B ) ^rXC,Y,_, = u,. (2.29) 
1=1 

TheoreticaUy, this model can be estimated by FIML (WaUis, 1980). 
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2.7.2 Substitution MpthnH 

The substitution method may alternatively be written in terms of the 

forecasting equation 

X,=-{A-BrT±CX-,+y., (2.30) 
1=1 

where V, is the vector of forecast errors, X, - E,_iX,. By the Rational 

Expectations Hypothesis, this vector is orthogonal to the information set at 

time (t-1), that is, E(VJlt) = 0. 

Consider a single equation from equation (2.30). Assume that there is 

only one rational expectations variable appearing in the single equation: 

x,=[E,_,s,:S,]8 + u „ (2.31) 

where 

X, = a scalar endogenous variable, 

E,_iSt = the rational expectation of an endogenous variable, 

S, = a row vector containing k endogenous variables and h-k-1 

exogenous variables, 

8 = an h X 1 vector of unknown coefficients, and 

u, = a normaUy distributed white noise random disturbance, where 

u. is i.i.d.(o,8^). 
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To get a consistent estimate of the rational expectation Ê  ^s, is replaced by 

smaU s, by regressing s, on p lagged values of aU the exogenous variables in 

the model (2.30). The single equation can be estimated by two-stage least 

squares (2SLS) or instrument variables (IV) treating s, as a predetermined 

variable. The instrument variable in the substitution method is s,. 

2.7.3 Errors in Variables Method 

The errors in variables approach to estimation in the rational 

expectations context (due to McCaUum, 1976) begins by substituting the 

reaHzed value, ss, for the rational expectations variable, E,_jS,, yielding 

X, =[E,_,s,:S,]8 + u , - 5 , n , = Q 6 + v,, (2.32) 

where 8̂  is the first element of 8 and n, = s, - E,_jS, is the forecast error 

which, by the Rational Expectations Hypothesis, is orthogonal to information 

set I , . The v, is the composite of errors (u, -8 in , ) . The second stage in the 

errors in variables estimation procedure is to estimate 

X,=Q,8 + V, (2.33) 

by using appropriately chosen instrument variables. The instrument 

variable in the errors in variable method is s,, which is composed of lagged 

endogenous and exogenous variables or perfectly predictable exogenous 

variables. 
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McCaUum (1976) indicates that substituting ex post reaHzations for 

the expected variables introduces an error in variables problem. McCaUum 

proposes the use of instruments not only for the endogenous variables, but 

also for the exogenous variables appearing in the equation. 

The problem of autocorrelation is encountered during estimation. 

Residual autocorrelation cannot exist in a rational expectations model for a 

one-period forecasting horizon, since systematic information should be 

incorporated into the conditional expectations in order for them to be 

rational. 

2.8 Test of Rational Expectations Hvpothesis 

Test of rational expectations are usuaUy tests of restrictions. Thus, 

the truth of rational expectations can be tested by the vaHdity of those 

constraints. 

2.8.1 Unbiasedness Test (or Pricing Efficiencv Test) 

The expectation should be an unbiased prediction of the variable. 

That is, a regression of the form: 

Pt = ao + boP\ + ut (2.34) 

where 

Pt = actual price of hogs at time t. 



Pt̂  = predicted price of hogs at time t-1, and 

Ut = the forecast error. 

The Hne denoted Lpf in Figure 2.6 is the Hne of perfect forecasts. The 

unbiased hypothesis states that the parameter ao should be zero, the value 

of parameter bo should be one, and E(u J = 0. Bias indicates that the mean 

of the actual series of hog price P is not equal to the mean value of the 

predicted series P ; therefore, the ordered pair (p% p) wiU not be on the LP^ 

line. If ao = 0 and bg = 1, the actual and forecast values wUl differ only by 

random error (u,). Moreover, the error would equal zero, on the average, 

over long periods of time. We can use the standard F test to test the Rational 

Expectations Hypothesis. In Figure 2.6, the actual values of a commodity 

price (Pt) were plotted against the values that had been predicted (P^^). If 

the forecasts were perfect, that is, if the forecast errors at each point in time 

were zero, then the LP^ Hne would have an intercept of zero and a slope of 

one. The first criterion is said to define the unbiasedness property of the test. 

This unbiasedness property of the test wUl be pricing efficiency test if 

futures price is the regressor. There is a strong test of the Rational 

Expectations H3T)othesis (REH), however, based on what is known as the 

efficiency property of the hypothesis. 
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ReaHzations 
A Slope error 

Predictions 

0 
where 

P*̂  = actual price, 

P^ = predicted price, 

L̂ ^ = Hne of perfect forecasts, 

L̂  _ regression Hne, 

P^ = mean prediction, 

P̂ "" = mean corrected prediction, 

P = mean reahzation, 

M = mean point, and 

M"" = corrected mean point 

Figure 2.6. The Prediction-ReaHzation Diagram. 

Source: Jacob Mincer and Victor Zarnowitz, Economic Forecasts and 
Expectations (1969), p. 7. 
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2.8.2 Trading Rule Strategv 

What justffication do researchers use to test whether the futures 

market is efficient? If futures prices accurately reflect aU information, then it 

foUows that people should not be able to exploit existing information to earn 

abnormaUy large profits from speculating. In particular, if the futures 

market is efficient, then it should be difficult to make lots of money by 

"buying low" and "seUing high." An alternative approach to the testing of the 

Efficient Market Hypothesis (EMH) is the construction of profitable trading 

rules. The forecasting method's abiHty to generate profit must be considered. 

Any regression which rejects the EMH impHes a trading rule which results 

in profitable returns with zero transaction charges; therefore, the regression 

approach to testing may be seen as an efficient method for generating such a 

trading rule approach. 

2.8.3 Cointegration Test 

Elam and Dixon (1988) have criticized the use of pricing efficiency 

tests based on equation (2.34), noting that (1) estimates of â  typicaUy 

become large and estimates of bp become smaUer as the time to maturity of a 

futures contract increases and (2) there is inherent bias in the OLS estimates 

of ao and bo due to the presence of a lagged dependent variable. The 

authors present Monte Carlo evidence to argue that the customary F test of 
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the joint hypothesis ao = 0 and bg = 1 is not vaHd, concluding that a new test 

is needed. 

If both the dependent variable and independent variable series are 

unit roots, and resulted in the occurrence of the nonstationary series. To use 

the joint F-test, the first difference of both series are necessary in order not to 

have a spurious regression. However, there were many controversies among 

the researchers about the pricing efficiency in the futures market depending 

on whether the goods are storable or nonstorable. 

Another method of testing of pricing inefficiency is the Cointegration 

test. Before testing with the Cointegration test, both series, dependent and 

independent variables, must be nonstationary (unit roots). 

Dickey (1991) explained the meaning of the cointegration as 

one or more Hnear combinations of these variables is stationary 
even though individuaUy they are not. If these variables are 
cointegrated, they cannot move too far away from each other, 
(p. 58) 

The cointegration, for the same commodity, between the subsequent 

spot price and the futures price is a necessary condition for market efficiency. 

That is, the futures price should be an unbiased prediction of the subsequent 

spot price on average. If the subsequent spot price and futures price are not 

cointegrated, then these two prices tend to deviate apart without bound. It 

foUows that the futures price has Httle predictive power about the movement 
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of the subsequent spot price. This is not consistent with the market 

efficiency analysis (Lai and Lai, 1991). 

2.8.4 Weak Information Efficiencv 

The Weak RationaHty forecast must be unbiased and must not be 

rejected by the test of weak informational efficiency. Weak Informational 

Efficiency or Weak OrthogonaHty test determine whether the forecast error is 

uncorrelated with past values of the predicted variable. 

Attfield et al. (1985) described that. 

If expectations of a variable are rational, they are formed 
in accordance with the process determining that variable and 
therefore they wiU depend upon that same set of past variables. 
This property of rational expectations is known as the efficiency 
property.(p. 107) 

Under the rational expectations hypothesis, the forecast error (P, - Pt̂ ) is 

independent of aU lagged information, in this case, lagged prices. Suppose 

we have: 

Pt =Po +PtPt_i +p2Pt-2 + •• +PkPt-k +Uit, (2.35) 

where 

p.s = the coefficients to be estimated on each variable and 

Uit = a random error. 



:5mce we are assumed to have a direct observation on Et^jPt, we can carry 

out a regression of Et.^PtOn exactly the same variables as those on the right 

hand side of equation (2.36). 

Et-iPt =yo +yiPt-i +y2Pt^2+-+ykPt-k + U2,t. (2.36) 

From equation (2.9) and equation (2.10), we can test the rational expectation 

hypothesis by testing the joint nuU hypothesis that p J i = 0 for aU i in the 

foUowing regression, 

Pt -Et_,Pt =Po -yo(P, -y,)K, +(fi,-y,)P,_,+... 

+(Pk-yk)Pt-k+u,t-u,,t. ^ ^ ^ 

If the Rational Expectations Hypothesis is correct, we should find that 

P̂  = Yi. It then becomes obvious that the prediction error, Pt - Et ^Pt, wUl 

not depend on any lagged values of the actual price. Rejection of this nuU 

hypothesis would imply a rejection of the Rational Expectations Hypothesis. 

Putting it another way, under rational expectations the forecast error 

Pt - Et.jPt, is independent of aU lagged information; in this case, lagged 

prices (orthogonaHty property). 

2.8.5 Sufficient RationaHtv 

In order to be sufficient rationaHty, the forecast must be weakly 

rational, and must pass a more demanding test of sufficient orthogonaHty, 

namely, that the forecast error be uncorrelated with any variable at the time 



60 
of prediction. For example, first run a regression where the forecast error is 

a dependent variable and the futures price Pt̂ :4, cold storage (COT) protein 

(Pro) cost, population (Pop), and sow farrowing (SF) are independent 

variables. Second, compare between F computed and F critical values to test 

if the forecast error is correlated with the information avaUable at the time of 

the prediction. 

In summary, the naive cobweb, extrapolative expectations, and 

adaptive expectations have a common trait. They are basicaUy arbitrary. 

These expectations depend on a previous price. The extrapolative 

expectation is based solely on the information contained in the actual values 

of the preceding price for two periods. An adaptive expectation, on the other 

hand, is based on the entire past history of the price series. The three 

expectations mentioned are inappropriate for forming reasonable 

expectations. They imply implausible conduct. As a result, Muth (1961) has 

developed an economic analysis about the formation of expectations, i.e., that 

economic agents do the best they can with what they have. 

But, there are two reasons why an expectation may faU to be rational. 

First, people are unaware of avaUable relevant information. Second, there is 

the forecast error of exogenous variables. 

In the Hterature, there were materials concerning the development in 

forming price expectations such as using hog-corn price ratios and Hve hog 
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prices at the time of decision making. The Hterature also contained 

materials that discussed whether the producers' expectations are consistent 

with the Rational Expectations Hypothesis. Some researchers consider 

futures as an unbiased estimation of a subsequent spot price. Moreover, they 

consider that futures price is a Rational Expectations price. Some 

researchers tried to include price risks and corn into the Hve hog model. 

According to Muth, the price expectations is derived from the reduced 

form of the structural model. Then, the price expectations are inserted into 

the supply equation. Then, solving the predicted price from the structural 

equation again. Either the Limit Information System (LIS) or FuU 

Information System (FIS) can be used to estimate the predicted price. 

However, there is a major drawback in LIS as weU as FIS. The LIS method 

causes simultaneity bias, whUe the FIS causes specification bias. To test the 

Rational Expectations for the predicted price, the test of rationaHty (i.e., 

unbiasedness, weak information efficiency, sufficient rationaHty, and 

cointegration) must be performed successively. 



CHAPTER III 

CONCEPTUAL FRAMEWORK 

This study is made up of aU those combinations among pricing 

efficiency and optimal aUocation of resources, structure of the hog supply, 

fundamental market model, producers' expectations, and the relationship 

between Rational Expectations Hypothesis and efficient market hypothesis. 

3.1 Pricing Efficiencv and Optimal AUocation 

of Resources 

For simpHcity, the producer wiU be restricted to one output, that is Hve 

hog, Q, with its technical production conditions contained in the production 

function Q = F(Xj,i = 1, . . ., n . Consideration wiU be restricted to the 

effective region of the production function where aU marginal productivities, 

r5F 
= F., are positive. Factor prices are denoted as P̂  with the price of the 

dX. 1 
1 

output being P. The total cost is defined as C = ^ P i ^ i , = 1, • •, n , and the 

marginal cost is equal to —— = C (Q). 

oX 

The objective of the firm is to maximize its profit (TT) subject to the 

constraints imposed by the hog producers' production function. This yields 

62 
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the Lagrangian expression: 

L = PQ-XPA+^{Q-F(XJ}, 1=1, . . . ,n . 

The first-order or necessary conditions for the maximization are that 

the n + 2 equations 

dh 
eq = P + ?i = 0 (1) 

' ^ - P . - X ^ = 0 (2) ax. ' ax. 

^L=_p„_,JL = o (n.l) 
5X„ " 5X„ 

^ = Q-F(XJ =0. (n+2) 

It is noted that at equiHbrium 

F F F 
P P P 

-^1 ^2 ^n 

SO that the total expenditure is to be aUocated among the different factors 

such that their marginal productivities per doUar's worth are aU equal to 

each other. 

F 1 
Since - ^ are the same as , then 

P, MCQ 
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?L = I^= = E„^ 1 
Pi P, •• P„ MCQ 

From equation (1), P = -X, then P̂  + PF^ = 0. 

Therefore, 

Thus, 

F 

F, F, 

P, P̂  " 
_F„ 

P„ 

1 1 
MCQ P 

When several variable resources are used by the firm, two problems 

are solved simiUtaneously by the firm in the process of maximizing its 

profits. It must use resources in the correct (least-cost) combination and it 

must use the absolute amounts necessary to produce that quantity of product 

which maximizes profits. In other words, producers seek to maximize their 

profit and are pushed by the profit motive to combine productive resources in 

the most efficient way to produce hogs that the packers can buy. 

In general, the existence of a futures market increases the information 

avaUable to aU producers. Hence, hog producers can use the futures price to 

substitute for the expected spot price. If the futures prices are an unbiased 

estimate of the spot prices expected to emerge in the future, then the 

situation is caUed "pricing efficiency." The profit maximization condition for 

hog producers using futures price as a proxy for subsequent spot price can 

then be as foUows: 
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F F 
-̂ 1 _ -̂  2 
P, P, MC^ P,':', 

Since futures price information is free, hog producers can use the 

futures price to plaui their production if there is pricing efficiency in the hog 

market. Therefore, pricing efficiency leads to efficient aUocation of resources 

in the spot market. The economic benefits of having more accurate prices are 

weU known. 

3.2 Structure of Hog Supplv 

The leading hog markets of the United States are located in or near 

the Corn Belt, the area of greatest hog population. Approximately two-thirds 

of U.S. total hogs are produced in Iowa, Illinois, Minnesota, Indiana, 

Nebraska, and Missouri. Iowa is the major state with over 25% of the 

nation's total production (Figure 3.1). The diagram in Figure 3.2 shows the 

distribution of hogs from farmers through the channels for slaughter hogs. In 

1980, most hogs and pigs were sold through the foUowing channels: (1) 

direct, country dealers, etc. (76.6%); (2) terminal markets (also referred to as 

terminals, central markets, pubHc stockyards, and pubHc markets) (13.3%); 

and (3) auctions (9.1%) SpineUi and Duewer (1991) indicate that there 

were more than 1,100 plants slaughtering hogs in the United States in 1989; 

^ 
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Figure 3.1. Hogs and Pigs on U.S. Farms on December 1 (in thousands of 
head). 

Source: USDA, Crop Reporting Board. 



67 

B Terminals 

D Direct. Country Dealers, etc. 

• Auctions 

14% 

Figure 3.2. U.S. Market Channels for Slaughter Hogs, 1980. 

Source: Based on information from Packers and Stockyard Resume, 
USDA, Vol.19, No. 5, 1982, p. 10, Table 3. 
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however, 33 plants accounted for 76% of the total U.S. hog slaughter and 24 

of these plants each slaughtered more than 1.5 miUion hogs per year. 

The actual production time for a market hog, from breeding to 

slaughter, is around nine months. The gestation period for hogs is 

approximately four months; that is, farrowing occurs approximately four 

months after breeding. GUts reach both sexual maturity and 

slaughterweight at about six months of age. At six months of age, gUts can 

either be withheld from slaughter and added to the supply of breeding sows 

or slaughtered. A gUt selected for breeding may be held 42 days before 

breeding. These periods sum to 336 days from the time a gUt is selected for 

breeding untU her offspring reach the market. Barrows are also fed to 

approximately six months of age before slaughter. Figure 3.3 shows the hog 

biological lag. Some producers breed a few sows each month of the year. In 

this way, they have a few hogs ready for market throughout the year. 

The time when pigs are farrowed definitely affects the time of 

marketing. Producers can make several adjustments between farrowing and 

marketing which wUI permit earHer or delayed marketing. With the 

marketing date for finished hogs depending upon breeding and feeding 

programs, many farms combine the one- and two-Htter systems to provide 

three farrowings a year. Sows are bred to produce two Utters per year and 

gUts to produce one fitter some time between the sow farrowings. 
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Figure 3.3 Hog Biological Lag (Pork Production Cycle) 

Source: U. S. Department of Agriculture, Economics, Statistics, and 
Cooperative Service, February 1979. 
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By the 1950's swine producers began using a multiple farrowing 

system (Fowler, 1957); breeding is scheduled so that the Utters arrive in 

several farrov^ng periods throughout the year (Ensminger and Parker, 

1984). Multiple farrowing removes some of the market risks because the 

producer is never caught with a large number of hogs when prices are low 

and wiU always have a some to seU when prices are high (Fowler, 1957). 

This study uses pig crops in December through February, March 

through May, June through August, and September through November as 

quarter 1 (Qtr I), quarter 2 (Qtr II), quarter 3 (Qtr III), and quarter 4 (Qtr 

IV), respectively. This may be accompHshed by foUowing a schedule such as 

shown in Table 3.1. 

Currently, many Midwest crop and mid-size hog farms use two-sow 

herds and farrow four times a year: early March (before planting), mid-June 

(after corn planting), late August (before harvesting corn), and mid-December 

(after harvest and faU plowing) (SpineUi and Duewer, 1991). Hog production 

is the dominant enterprise on many farms, and scheduHng of farrowings to 

control the flow of animals to the various capital-intensive housing faciHties 

is critical. With this new approach to production, the seasonaHty of 

farrowing moderated. 

Hayenga et al. (1985) indicate that the increasing importance of large 

enterprises has tended to level production throughout the year. Figure 3.4 
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Table 3.1. Plan to Produce Four Pig Crops Per Year. 

Sow 
Group Breed Farrow SeU Rebreed Farrow SeU 

A Feb 1 May 25 Nov 25 Aug 1 Nov 22 May 22 

B May 1 Aug 22 Feb 22 Nov 1 Feb 22 Aug 22 

Source: S. H. Fowler. "The Marketing of Livestock and Meat," lUinois: 
The Interstate. 1957, p. 164. 
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Figure 3.4 Distribution of Sow Farrowing by Quarter in Major Hog 
Producing States, 1956-1991. 

Source: Hogs and Pigs Reports. 
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shows that hog production has been spread out almost equaUy from season to 

season since 1976. As a result, the seasonal variation is less variable than 

before. 

Litters range from 5 to 15 pigs, with a recent average of sHghtly under 

9. The pigs are weaned (taken away from their nursing mothers) six weeks 

after birth. Between farrowing and weaning, an average of sHghtly less than 

two pigs is lost, more during severe winters, so an average of about seven 

pigs survive weaning. The Utter size reported by the USDA refers to pigs 

surviving weaning. 

Although sows can produce two Utters each year for several years, they 

become heavier the more Utters they produce and, as a result, seU at a 

discount. Sows are, thus, t5T)icaUy slaughtered after producing only one or 

two Utters. 

Recently, hogs have been slaughtered when their weight is about 220 

pounds. When the price of feed is high relative to hog prices, hogs are 

usuaUy slaughtered at fighter weights; at lower feed prices relative to hog 

prices, they are fed to heavier weights. Hogs are typicaUy produced in a 

single unit often caUed a "farrow-to-finish" production. 

Feed costs represent the highest portion of the total costs of hog 

production. Feed costs, mainly corn and soybean meal, represent 
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approximately 38% of total costs. On the average, about 4.4 pounds of feed 

are reqmred to produce each pound of slaughter hog. 

3.3 Fundamental of Market Model 

In order to produce hogs and seU hogs each quarter, the producers 

must plan production using price expectations. 

One fundamental demand market model contains the five basic 

equations used: the demand, the supply, desired level pig crop, stock 

adjustment, and market bearing equation. 

3.3.1 Demand 

Demand (or derived demand) depends on the real price of hog, real 

disposable income, real price of competing commodities, real wages at the 

packing industry, dummy variables, and time. The demand equation is 

expressed as foUows: 

Qf =a+bPt + cDPIt + dPBR, + ePBF, + fWPCt 
3 (3.1) 

+2^ hjDj + vTime+ u^ ̂  
i=l 

where 

Q^ = real quantity demanded of hogs at quarter t, 

P̂  = real hog price at quarter t. 
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DPIt = real disposable personal income at quarter t, 

PBRt = real price of broUer at quarter t, 

PBFt - ^̂ âl price of beef at quarter t, 

WPCt - ^^al wages at packing industry at quarter t, 

Dj = seasonal dummy variable, where i = 1,2,3, 

T = time trend or trend factor, and 

u^^ = seriaUy uncorrelated disturbances with zero 

mean and constant variances. 

AU price vectors in the demand equation are deflated by the Consumer Price 

Index (CPI). The standard economic theory impHes the sign of the estimated 

regression coefficients to be: 

b = ( - ) 

£=(+) 

d = ( + ) 

S=(+) 

f = (-). 

3.3.2 Supplv 

Production of hogs depends on the pig crop lagged two quarters 

(quarterly dummy variables) and time trend (or level of technology). Pig crop 
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(Pigt_2) includes a two-period lag because a five to six month period is 

required to raise a pig to a market slaughter weight hog. Figure 3.3 shows 

that the gestation period for a pig is 3.75 months, and that the maturation 

period required for a pig to become a hog is 6 months. 

3.3.2.1 Supply Equation 

The supply equation is expressed as foUows: 

Q ; =a„ +gPigt_2 + Z k . D . +nTime+U2t. (3.2) 
i=l 

where 

Qt - hog slaughter at time t, 

Pigt-2 ~ pis crop two quarters previously. 

Time = time or trend factor, 

k. - seasonal dummy variables, for i = 1,2,3, 

Ugt - seriaUy uncorrelated disturbances with zero 

mean and constant variances. 

g - (+) 

Expected sign of the estimate is: 
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3.3.2.2 Desired Level Pig Crop 

The desired level of pig crop in the confinement house at time t-2 

depends on the expected price of hogs at time t using information avaUable at 

time t-4, {Et_4(PtlIt_4)} and real price of corn at time (t-4), real interest rate at 

Pig;_2 =PO + pEt_4Pt + qPCt_4 + rIRt_, 
3 

+2^e,D,+nTime+U3t. 
(3.3) 

1=1 

time t-4, seasonal dummy variables, and time trend, 

where 

Pigt.2 = desired level of pig crop at time t -2 , 

Et.4 (PtlIt-4) "= the expected price of hog two quarters ahead by forming 

expectations at time t - 4, 

PCt.4 = real price of corn at time t - 4, 

lRt.4 = real interest rate at time t - 4, and 

Ugt = white noise. 

Expected signs of the estimates are: 

A 

p = (-),and 

A 

r = (-). 
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The fuU explanation for the negative results of p wiU be discussed later in 

this chapter. Because the price of corn and the interest rate are factors of the 

production, both inputs should have a negative relationship with the desired 

pig crop. 

Pigt-Pigt_2 = ^Pig:-Pigt-2)- (3-4) 

3.3.2.3 Stock Adjustment Equation 

The dynamic behavioral equation describes the attempt of producers to 

narrow the gap between the actual and the desired level of pig crop, where X 

(O < >. < 1) is known as the coefficient of adjustment, (Pigt - Pigt_2) is actual 

change of pig crop, and (Pig* - Pigt_9)is desired change of pig crop. The 

parameter X is the positive proportion of the actual change of pig crop and 

desired change of pig crop. 

3.3.3 Market Clearing Condition 

To close the model, it is assumed that the market cleared in every 

quarter so that 

Q? = Q : = Qt. 

where Qj represents both quantity bought eind sold in quarter t. 
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3.4 Producers' Expectations 

A fundamental model can be modified into two models (Model I and 

Model II) depending on the method of forming hog price expectations. In 

order to produce and seU hogs each quarter, the producers must plan 

production using the different methods of expectations in the desired pig crop 

equation. This study can be characterized into two models. 

BasicaUy, there are many kinds of expectations models which have 

been used previously for the hog producers by the researchers, in particular 

the hog corn price ratio at time t-4 or price of hog at time t-4. Recently, there 

has been no appHcation of the rational expectation model to the hog market. 

Therefore, this study includes rational expectations in the market model as 

weU as the price risk. This model differs from the eleven models discussed in 

the Hterature review in Chapter II because this study included Rational 

Expectations and also stock adjustment equation into the model. So, the 

fundamental model wiU be modffied to create two models depending on the 

method of forming expectations, such as rational expectations price or 

rational expectations with price risk. 

In Model I the producers form expectations by using aU the 

information avaUable. This model is caUed a Rational Expectations Model of 

Hogs. Muth (1961) and Pashigian (1970) suggest that producers' price 

expectation Et_4(P|It_4)ispositively correlated with actual prices (PJ (see 
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also Newberry and StigHtz, 1981). For example, hog producers rely 

on Et.4 (PtlIt-4) to provide their price expectations. I^^ is the information 

avaUable at time t-4 which includes pig crop, price of hog, price of price of 

corn, interest rate, disposable income, price of broUers, price of beef, 

technology, and seasonal variations. When the producers' price 

expectations Et.4 (Ptllt.4) of hogs increase, then the pig crop (Pigt.2) at time t-2 

decreases. As a result, hog slaughter (Qt) decreases and the actual price 

increases. 

Newberry and StigHtz (1981) explain how the smart farmer (or 

speculator) can make a profit by using countercycHcal strategy: 

Suppose that farmers have some theory about the way their 
economic environment works, and that this theory is consistent 
with observations. They observe that price is low when their 
own supply is large, and they postulate a downward sloping 
aggregate demand schedule, although they also reaHze that they 
would seU as much as they Hke at the prevaiUng market price, 
(p. 135) 

In Model II, model estimation and analysis may be faciUtated by 

giving the assumptions as foUows: 

(1) the hog producers are aware of previous price risk of Hve hog and 

corn, 

(2) it takes more than one year to make the decisions in order to 

produce hogs because they expect the price of hogs from time t-5 to 

time t; this assumes the long run study. In the long term 
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expectations, the size of the plant, as weU as the amount of output 

from the plant, is variable. In this model, producers form price 

expectations for more than one year (beginning from time t-5). 

(3) tendency toward negative profits have existed over a long period of 

time (see Figure 2.4). 

Model II is different from Model I because the risk from varying hog 

and corn prices are included in Model II. Some risk must be borne by aU 

businessmen, but hog producers are especiaUy subject to considerable price 

risk. These expectational characteristics of Model II are known as the 

rational expectations with price risks. 

The hog producers are aware of previous price risk of hogs and corn 

because a tendency toward negative profits has existed over a long period of 

time. If the hog producers need to increase production, then they must 

ensure that the price expectations trend (EXPCH) is positive because they 

experienced price risk extensively in the past. Accordingly, there is a 

positive relationship between the positive trend of hog price expectations, 

EXPCH = Et.4 (Pt llt.4) - Et.5(Pt.i IIt-5)' and the desired level of pig crops at time 

t-2 (Pig; 2)-

From Figure 3.5, in quarter t-5 for the beginning, they might try to 

anticipate the hog price at time t-1. In mathematical relations, 

F rP IT ) = P , where L ^ is the information set avaUable at time t-5 
•'-'t-5^ t - l ' t - S / t - 1 ' t - o 



82 

Period 

#> Slaughter hog. 

• Farrowing. 

• Breeding. 

^ The second expectations {E^(PJIt_4)} 

Decision Making Period, produce more 
if {E,(PJI, ,)-E,_,(PJI, . , )}>0 

• The first expectations {Et_5(PtlIt 5)} 

Figure 3.5. The Decision-Making Period for Model II. 
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which includes pig crop, price of hog, price of corn, price risks, interest rates, 

disposable income, price of broUers, price of beef, wages at the packer level, 

technology, and seasonal variations. 

In quarter t-4, they try to anticipate hog price in quarter t, that is 

Et-4(Ptllt-4)- Or, they might try to use the hog price in quarter t-4 as the 

expected price at time t. Then, the producers form expectations by using the 

change of expectations (price expectations trend) between E^.j(PtlIt.4)and 

E (Pt.JIt.s), that is, EXPCH = E (PtlIt.4)-Et.5(Pt.JIt.5). Therefore, the 
t-5 t-4 

decision-making period for the hog producer is time t-4 and t-5. 

After the hog producers form the price expectations trend, through the 

desired pig crop and the quantity adjustment, they can anticipate the 

number of hogs that they plan to produce. They would look for the 

procurements which are aU kinds of the factors of production for producing 

hogs in quarter t. 

Quarter t-3 is the period of breeding. By the end of quarter t-3, the 

pigs are born. Quarters t-2 and t-1 are the periods of feeding pigs. Once 

born, the pig crop becomes marketable at the approximate age of six months. 

To summarize, a simple model of an auction market for an agricultural 

commodity wdU be used as the foUowing. Demand for hogs at time t depends 

on current price of hogs, substitute meat prices, wages at the packer level, 

disposable income, seasonal variations, and time trend. Supply of hogs at 
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time t depends on pig crop at time t-2, seasonal variations, and time trend. 

Pig crop derived from the pig crop adjustment equation included desired pig 

crop. The desired pig crop depends on price expectations, price of corn, labor 

wages, interest rate, seasonal variation, and time trend. Two kinds of 

expectations are Et.4(Ptllt-4) and EPCH = Et.4(Ptllt.4) - Et-5(Ptllt-5). These 

are incorporated in the desired pig crop equation to reflect the fact that hog 

production depends on the future price expectations. 

3.5 The Relationship Between Rational 
Expectations Hvpothesis and 
Market Efficiencv Hvpothesis 

The development of market efficiency in the futures market is 

completely dependent on the development of rational expectation hypothesis, 

(from Muth's [1961] work). The futures market provides two important social 

benefits, risk management through hedging and price discovery. 

Theoreticadly, expectations in futures markets should equal to optimal 

forecasts using aU avaUable information. Therefore, for an efficient market, 

aU unexploited profit opportunities wiU be eUminated. In fact, the efficient 

market is just an impHcation of rational expectations to the pricing of futures 

market, because when expectations are formed rationaUy aU relevant 

information about the economic situation is used to predict future prices. 
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Thus, both rational expected price forecast and futures prices are unbiased 

forecasts of the subsequent spot price, therefore P = F!\ = P^' . 
t t—4 t -4 

Even though a rational expectations forecast uses aU avaUable 

information, the expectations may not be perfectly accurate. Mishin (1989) 

states that there are two reasons why an expectation may faU to be rational. 

First, people might be aware of aU avaUable information, but they do not 

take the time to fuUy utiHze it to obtain the best guess possible. Second, 

people might be unaware of some avaUable relevant information, so their 

best guess of the future wiU not be correct on average. Therefore, Pt ^ Pt':4. 

The futures price is normaUy higher than the spot price for storable 

commodities. Commodities Hke fresh eggs, fresh potatoes, hogs are 

unstorable. For hogs the theory of carr5ring cost is irrelevant, and, as a 

result, subsequent spot prices often exceed futures prices. Therefore, 

expected price at time t-4 is not equal to futures price at time t-4, Pt ^ V^^^. 

EmpiricaUy, the price forecasts derived from the hog futures price may be 

more or less accurate than the rational expectations models or vice versa. 



CHAPTER IV 

METHOD AND PROCEDURES 

4.1 Data 

In structural models, the specffication problem involves judgment 

about the independent variables to be used and the form of causal 

relationship. A quarterly model of the hog sector is specffied in this chapter. 

The most important source of information is the Hogs and Pigs Report 

pubHshed quarterly around the 22nd of March, June, September, and 

December (Crop Reporting Board of the Statistical Reporting Service of the 

USDA). This report, based on a survey taken about three weeks earHer, 

covers aU states during December and June and the 10 major hog-producing 

states during March and September. The report provides data by state on 

the number of sows farrowing, the number of pigs saved per sow, and the 

total number saved. It also gives producers' intentions for sows farrowing 

during the next two quarters. 

The Livestock Slaughter Report. pubHshed monthly (on or about the 

20th) also by the USDA, provides data on hog slaughter. Livestock and Meat 

Statistics, an annual pubHcation of the USDA, provides more detaUed data 

on a historical basis. The Weekly Livestock. Meat and Wool Market News. 

also pubHshed by the USDA, provides extensive data on hogs and pork. The 

86 
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Livestock and Meat Outlook and Situation is pubHshed by USDA six times a 

year and provides historical information on the Hvestock and meat markets. 

Feed Situation, a quarterly report pubHshed by the USDA, provides data on 

the feed industries. 

The Chicago MercantUe Exchange Yearbook contains daUy prices, 

volume, and open interest for each futures contract, daUy cash prices, and 

useful statistical information related to the supply of and demand for hogs, 

pork, and pork beUies. Producers can refer to the WaU Street Journal, which 

gives a sample of the daUy Hsting for commodities which includes both 

futures prices and cash (spot) prices. 

The variables in the model specffied in equations (4.1) through (4.4) 

and the sources of the data are Hsted below: 

Qd = Quantity demanded of hogs, U.S. 1,000 head at time t, USDA 

Crop Reporting Board, WaU Street Journal. 

CPI = Consumer Price Index for aU urban consumers, U.S. average 
(not seasonaUy adjusted (1967 = 100), Survev of Current 
Business. 

Pt = Hog price at time t, doUars per cwt, USDA Crop Reporting 
Board, WaU Street Journal. 

DPIt = Disposable personal income at time t, 1 bUHon per unit, 
Survev of Current Business. 

PBRt = Price of broUers at time t, in cents per pound. Meat and 
Poultry Situation and Outlook. 
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PBF^ = Price of beef at time t, in cents per pound. Meat and Poultry 

Situation and Outlook. 

WPCt = Average hourly earnings per worker, Survev of Current 
Business. 

Q' = Quantity suppHed for hogs at time t, USDA Crop Reporting 

Board, WaU Street Journal. 

Pigt.2 - Pig crop two quarters previously, thousand head, USDA Crop 
Reporting Board, WaU Street Journal. 

Et.4 (Ptllt.4) - The expected price of hog four quarters ahead by forming 
expectation at time (t-4) with information at time (t-4). 

PCt = Price of corn lagged one quarter, in cents per bushel, USDA 
Crop Reporting Board, WaU Street Journal. 

PPI = Production price indexes, 1967 = 100, Agricultural Outlook. 

IRt = Interest rate annuaUy, Agricultural Outlook. 

WF = Labor and management per hour. Agricultural Outlook. 

HCRt = The hog-corn ratio. Commodity Year Book. 

T = Trend factor, the time variable as a trend factor may be used 
as a proxy variable of the effect of changes in technology. 

4.2 Justffication of Variables 

4.2.1 Cold Storage and Foreign Trade 

There are cold storage stocks of pork, which are equivalent to only 2% 

to 3% of annual pork production. This study excludes cold storage from the 

model because of the smaU size of pork stocks. Higginson et al. (1988) 
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studied the relationship between U.S. hog imports and the price of swine in 

the U.S. The authors found that Canadian swine imports into U.S. markets 

did not have a signfficant effect on U.S. prices. For these reasons, this study 

excludes foreign sectors from the model. 

4.2.2 Wages at Packers' Level 

It is important to distinguish between types of demand. Direct 

demand is based on the utiHty or satisfaction obtained directly from the 

purchase of a specffic commodity, such as pork, whereas derived demand is 

based on direct demand. In the case of hogs, derived demand depends on the 

determinants of direct demand such as the price of substitute meats, income 

and population. 

Goodwin (1977) outlined a general analysis of the relationship 

between retaU demand and demand for hogs as foUows: 

The farm demand curve for a given product is derived from the 
demand at retaU by way of the demand curves at aU the 
intermediate processing and marketing levels. This derivation 
may be accompHshed by means of simply subtracting the 
marketing margin for any given quantity of product from retaU 
price that consumers are vdlHng to pay for the quantity, (p. 330) 

Demand for hogs, in this case, according to Lundy and Foote (1952), is a kind 

of derived demand for commodities which are used as raw materials in 

processing operations. They include most farm products, such as Hvestock 

and cotton. The derived demand includes charges for processing along with 
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those for transportation, assembly, distribution, and other marketing 

services as part of the overaU marketing margin. Waite and Trelogen (1948) 

consider that demand in the producer's market is derived from demand in the 

consumer's market. That is, the price which seUers in the retaU market are 

wiUing to pay to the packer is determined by their estimates of what prices 

the goods wiU bring less the margin charged by them for their services. The 

labor wage is the important cost in the packing industry (or slaughter house). 

Farris and Mathia (1981) studied the operations of pork slaughter plants 

and markets for Texas hogs. They found that labor cost was the major cost, 

accounting for 79 percent of the total cost. 

Therefore, this study considers the labor cost in the packing industry 

to be a proxy for the marketing margin. Thus, the wages at packer level 

(WPCt) should be included in the derived demand equation for hogs 

slaughtered. 

4.2.3 Price Deflation 

Price indexes are employed to "adjust" time series in doUar units so 

that the series can be studied without the effects of price changes. The price 

deflator should be used in demand equation. However, using the same price 

deflator index in conjunction with the supply and demand equation in the 

market model is inappropriate. This is because the producers' perception of 
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the price deflator in the supply equation differs from the packers' perception 

of the price deflator in the demand equation. 

In this study, the price vectors in demand equation are deflated by the 

Consumer Price Index, and the price vectors in supply equation are deflated 

by the Producer Price Index. 

4.2.4 Seasonal Variation 

Seasonal variation involves patterns of change within a year that tend 

to be repeated from year to year. For example, a physician can expect a 

substantial increase in the number of flu cases every winter and of poison ivy 

every summer. Some of these are regular patterns that are useful in 

forecasting the futures. 

Many economic time series show market seasonal fluctuations. Judge 

(1990) explained how to take account of the problem of seasonal fluctuation. 

He suggested using dummy variables during estimation instead of using 

deseasonaUzed data methods. The latter method has four major problems. 

First, it wUl induce autocorrelation. Second, if different techniques of 

seasonal adjustment are used in the different series, then this may distort 

the relationships between the series. Third, one does not know the degrees of 

freedom used up in the adjustment technique and so cannot adjust for it 

when conducting tests. FinaUy, the cumulative averaging is a smoothing 
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device and may tend to obscure some of the finer movements in the series 

which are being considered. Judge proposes to use alternative techniques of 

using dummy variables in attempting to overcome these problems mentioned 

above. 

4.3 The System Estimation 

For the system estimation, Bigman (1985) proposed to use the 

recursive method instead of the simultaneous method. He explained that in 

a short-run d5mamic analysis, production and resource aUocation decisions in 

any given year are made at the beginning of the year on the basis of expected 

prices, before the weather event and the actual prices for the year become 

known. Therefore, the solution method should be recursive and sequential 

rather than simultaneous. 

Maddala and ShonkwUer (1985) consider the rational expectations 

model as a recursive structure. They stated that 

this system has a famiHar recursive structure when the 
expected price variable is specffied in terms of one or more 
lagged prices. When the restricted reduced form of the 
structural system is solved for in terms of the expected price and 
this expression is used to replacep^. (p. 5) 

Also, Fisher (1982) considers the rational expectation model can be solved by 

using the recursive method. He states that the system is recursive and the 

market clears in each period. 
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4.4 Identffication of Rational Expectations Model 

According to WaUis (1980), the identffication condition is satisfied if 

the number of variables which appear as expectational variables are not 

more than the number of expectational exogenous variables. Desai (1981) 

reinforces WaUis' idea that this makes logical sense, because the variables 

are employed to generate the optimal predictors of the endogenous variables 

whose expected values appear in the structural form equations. In Model I, 

Et_4 (PtIIt-4) is an expectational variable and DPI^, PBR^, PBF*, and WPC^ 

are exogenous variables. Therefore, the number of expectational variables is 

one, which is less than the number of expectational exogenous variables, (4). 

4.5 Producers' Expected Price: Endogenous 
and Exogenous Variable? 

Should expected price be an exogenous variable? Christ (1991) states 

that "to analyze the behavior of an expectation model, it is useful first to 

consider the model as if expectations were exogenous" (p. 283). 

4.6 Steps of Estimation for Model I 

Producers base future production plans on the rational expectations 

prices. Therefore, their expected price would be 

E,-4(P.|lt-4) = Pt (4.1) 
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The assumptions of the REH are as foUows: 

(1) The hog producers beHeve this economic model and they behave as 

if they know its parameters and exogenous information. 

(2) The hog producers do not know the random components. 

Structural Equations 

Demand Equation 

Qt = a+ bPt + cDPIt + dPBRt + ePBFt + fWPCt 
3 

+2]hiD, +vTime+Uit. 
i=l 

Supply Equation 

i=l 

Desired Pig Crop Equation 

Pig ; =Po +pEt_2Pt.2 + qPCt-2 + rfRt_2 
3 

i=l 

(4.2) 

QJ=a„+gP ig t_2+SkA+nTime + U2t. (4.3) 

(4.4) 

Pig Crop Adjustment Equation 

Pigt - Pigt_2 - A,(Pig: - Pigt_2). (4.5) 

Market Clearing Condition 

Q t - Q : - (4.6) 

Steps for deriving the forecast price (Pt*:4) of Model I are as foUows: 
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Step 1: Substitute the pig crop desired level (Pig^) from equation (4.4), 

into the stock adjustment equation (4.5). 

P i g t - P i g t _ 2 - M P O +pEt_2Pt.2 + qP(^t 2 + rfRt-2 
3 

+J^l,T>, + j T i m e + U 3 t - P i g t _ 2 ) . 
(4.7) 

1=1 

Lagging variables in equation (4.6) by two quarters, 

Pigt_2-Pigt_4 = M P O +pEt_4Pt + qPCt_4 + rIRt_4 

+ X 1 . D, + j T i m e - 2 + U3,_2 - Pigt-4 )• 
(4.8) 

1=1 

Pig t_2-P ig t -4 = ?tPo +?tpEt.4Pt + ?^qPCt-4 + ^rIRt_4 
3 

+ > . ^ l j D j + j > . T i m e - 2 + X u 3 t _ 2 - ^ P i g 
(4.9) 

t-4 
i=l 

Pigt_2 = ( l - X ) P i g t _ 4 + A,Po +:^pEt_4Pt+A,qPCt_4 + :^rIRt_ 

3 

+ A,^ l jD^ + j > . T i m e - 2 + >.U3t_2. 
(4.10) 

i=l 

Step 2: Then, substitute Pig,_2 from equation (4.10) into supply equation 

(4.3). 

3 3 ^^-^^^ 
+X Z ID.+>.jTime-2-i-Xuo . o]+ Z k. D. + nTime+u,. 

1 = 1 1 = 1 

= a, + g ( l - ?i.)Pigt_4+ gA,Po + gXpEt_4Pt+ g?.qPC,_4+ gA, rIRt_4 
(4.12) 

+ gA.^l,Di + gA,jTime-2-Hg>,U3^_o+^kiD, + nTime-»-u2.̂ . 
1=1 1=1 
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= a,+ g ( l - >..)Pigt_4+ g>.po + gA,pE^_4P,+ g>.qPCt_4+ gXrIR, , 
3 3 (4.13) 

+ g X ^ l , D . + g X j T i m e - 2 + ^ k , D i +nTime+U2t +(g>.U3,_,). 
i = l i = l 

Step 3: Then , equUibriate Qj = QJto get the market clearing condition 

(4.6). 

a+ bPt + cDPIt+ dPBRt + ePBFt-h fWPCt+ X ^ . D. + vTime+ u , , 
i = l 

= a„-hg(i-;.)Pigt_4+g?^Po+g?^pEt_4Pt+g?^qPCt.4+g>^riR,.4 ( 4 i ^ > 
3 

+U2 +gXu3t_2 -hX(k i+g> . l i )Di+nTime+g> . jT ime-2 . 
i=l 

bPt-q?ipE,_4Pt =a„+g(l-?.)Pigt_4+gA-Po+gA,qPCt_4+g?^riR,_, 

+ y ( k . + g?ol.)D.+ nTime+gXjTime-2 

- a - cDPT, - dPBRt - ePBF, - fWPC, 
3 

- X ( h O D : - vTime+ u,,+ u^,+ gA-Ugt.g. 
i=l 

bPt-g>.pEt_4(Pt) = ( a „ - a + gA,po) + g(l-A,)Pigt_4+g^qPCt 4 

+ g ; i r I R t _ 4 - c D P I t - d P B R t - e P B F t - f W P C t 

- H t ( k . + g ? t l i - h O D , + ( n - v ) T i m e 
1=1 

+ gX j T i m e - 2 + Ui t + U21 + g ^ Ug t_2-

Step 4: Take expectat ion E,_4( |I,_4) through equation (4.16). 

(b-gXp)Et_4(Pt) = (ao-a+g?^Po) + g( l -^ )P ig t -4 + g?^qPCt-4 

-hg; . r IRt_4-cEt_4DPIt-dEt^,PBRt 

-eEt_4PBFt- fE ,4WPC, 

+^{K + g^ 1>- h . )Di + (n+ v)Time+ gXjTime- 2. 
i = l 

(4.16) 

(4.17) 
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Step 5: Let 

E,_4DPI. =DPi: , 

E^.PBR, = P B R ; , 

E,_4PBF,=PBF;,and 

E,_4WPC, = w p c ; . 

Then, 

Let 

Then, 

Thus, 

Et -4 (P t l I t -4 ) -7^ : ; ^ [ ( a , - a+g^Po) - f^^^ 

+ gX rlR,_,- cDPI ; - d P B R ; - e P B F ; - fWPC; (4-18) 
3 

+{X(k,+ g> . l . -h , )D , + (n-u)Time+g>,jTime-2.. 

(b- gap) - n > 0. 

p, =k, + gA,l,-h, 

Ys =n+v. 

Ye =g^Ji 

Et-4(Ptlit.4) = —[yi+Y2Pigt-4+y3qPCt-4 + Y4riR, 4 

- cDPi; - dPBR; - ePBP; - fwpc; (4-19) 

+ C ( P 0 D J + Y5 Time+Ye Time-21. 
i=l 

_ . ^ D P I : - - P B R : - - P B F ; - - W P C : (4-20) 
n n Q n 
1 3 

+ - { y ( P , ) D , } + — T i m e + ^ T i m e - 2 . 
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This model wUl express Et_4(PtlIt 4) as a function of PCt_4, IRt.4. 

DPI*, PBRt,PBFt*,WPCt,dummyvariables,Time and time t-2 It is assumed 

that the producers form their expectations based on aU parameters and 

exogenous information. Therefore, the expected price is a function of the 

expected values of the exogenous variable (DPI*, PBR*, PBF*, WPC*,) and 

other exogenous variables (Pigt.4, PCt.4, IRt.4» ^i' and Time) that drive the 

model. 

The reduced form of producers price expectation is: 

E._4 (Pt 111.4) = F(Pigt-4. PCt-4 - iRt-4, D P I ; . P B R ; , ^^ ^ D 

PBF;,WPC;,Di,D2,D3,Time,Time-2). 

In this step substitute Et_4(PtlIt_4), DPI^, PBR*, PBF,*, WPC^by the actual 

values Pt, DPIt, PBRt,PBFt, WPCt respectively. Then run a regression of 

Pt on Pigt.4 'P(^t-4 'IRt-4 'DPIt 'PBRt 'PBFt'WPC, ,T>, ,D^ ,D3 ,Time and Time - 2. 

In this step producers' price expectation is endogenous variable. 

Step 6: Insert E, , (Ptllt.4) (to be an exogenous variable) into the pig 

crop equation (with the desired pig crop) to get the estimated pig crop at 

quarter t-2 (Pigt.g). 

Pigt.2 = FTEt.4(PtlL-4),Pigt.4'PCt.4,IRr I Di,D2'D3,Time-2]. (4.22) 

Pig-crop equation: 
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Then, substitute the estimated pig crop into equation (4.22) to get the 

estimated quantity suppHed. 

Qt = F(Pig,.2,Di,D2,D3,Time). (4.23) 

FinaUy, substitute the quantity suppHed (Q,) into the demand equation to 

get the forecast price of hog, Pt':4. 

Pt-4 = F(Q,,DPL,PBRt,PBFt,WPC,Dl,D2,D3,Time). (4.24) 

Demand equation: 

4.7 Steps of Estimation for Model II 

Steps of deriving the forecast price 'P^:^ for Model II are as foUows. 

Expch = Et.4 (Ft 11,-4) - Et.5(P.-illt-5) 

Producers base their production plans on the change of expectations, 

assuming that producers have the same price risk. 

VPt_4, the hog price risk perceived at time t-4, is the summation of the 

square of hog price that deviates from the means of hog price from time t-4 to 

time t-10. 

10 

vPt.4 = 2:(p.- . -AP). 
i-4 

The price risk of hogs in this case is: 
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where 

i = 4, 5, ..., 10 (7 quarters) and 

AP is the mean of the hog price from time t-4 to time t-10. 

The price risk of corn is 

where 

i = 4, 5, ..., 8 (5 quarters) and 

VPCt_4, the corn price risk perceived at time t-4, is the summation of 

the square of corn price that deviates from the means of corn price from time 

t-4 to time t-8. 

vpCt_4=i ; (PCt- l -APC)^ 
i=4 

10 

ZPt-
AP=^ . 

7 

APC is the mean of the com price from time t-4 to time t-8. 

8 

ZPCt. 
APC = -i=̂  . 

5 
where i=4,5,...,8 (5 quarters). 

The numbers, i = 4, 5, ..., 10, were chosen for the hog price risk 

because the producers have perceived the hog price instabUity. Relatively, 
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the hog price has more instabUity than the corn price. In other words, the 

producer weights the kind of loss differently. If losses attributable to the hog 

prices are incurred period after period, the hog producer wiU become more 

aware of these types of losses. Therefore, the producer wiU give more weight 

to the hog prices than to the corn prices. That is why the short-range period 

has been chosen for the corn price, i.e., i = 4, 5, ..., 8. The numbers used 

were chosen arbitrarily to ensure that the producers' perception wiU remain 

intact over time. 

For Model II the estimation technique is the same as Model I, except 

this model uses expected change of price and price risks. 

Structural Equations 

Demand Equation: 

Q? =a+bPt + cDPIt + dPBRt + ePBFt + fWPCt 
3 

+2]hjD^ +vTime+Uit. 
(4.25) 

1=1 

Supply Equation: 

Q : =:a„ +gPigt_2 + 2 k , D , + nTime+U2,t. (4.26) 
i=l 

Desired Pig Crop Equation: 

Pig : =p„ +pEt_2Pt.2 + qPCt-2+rlRt-2 

+xWFt_4 + w V P t 2 + kVPCt^2+ (4.27) 
3 

2]1^D,+jTimef U3t. 
1=1 
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Pig Crop Adjustment Equation: 

Pigt-Pigt_2 = ?i(Pig:-Pigt 2). (4.28) 

Market Clearing Condition: 

Qt=Ql (4.29) 

Steps for deriving the producer rational expectations price of Model II 

are as foUows: 

Step 1: Substitute the pig crop desired level (4.27) into the stock 

adjustment equation (4.28), then lag two quarters to get Pigt_2-

Pigt_2 = Pigt.4 + MPig:-2 - Pigt-4 )• 

The desired pig crop is a function of price expectations at time t observed at 

time t-4 Et_4(Ptllt), price of corn at time t-4 (PCt_4), interest rate at time t-4 

(IRt_4), wages at farm level (WFt_4), seasonal dummy variable and Time 

trend. 

Pigt-Pigt_2 = MPO -pEt_2Pt,2 + qPCt-2+rfRt-2 

+ xWFt.4 + wVPt_2 + kVPCt 2 (4.30) 

+ i l , D , + jTime-2 + U3,t-Pigt_2). 

Lagging variables in equation (4.30) by two quarters: 

Pigt_2 - Pigt-4 = M P ^ J +pEt_4Pt + qPCt 4 + rfRt-4 

+xWFt_4 + cDVPt_4 + KVPCt_4 (4.31) 

+Z1,D, + jTime- 2 + U3t_2- Pigt-4 )• 
1=1 
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Pig t 4 - P i g t - 4 =(?tPo +>tpE, 4P, + A.qPCt_4 + ; i r I R , 4 

+ ^ n W Ft_4 + ?i wVPt_4 + XkVPCt_4 (4.32) 

+ 2 l A + J T i m e - 2 + Xu3t_2). 
i 

Pigt_2 = ( l - ? i ) P i g t 4 + ^Po +A,pEt_4P^+;iqPCt 4 + >^rIRt_4 

+?inWFt_4 + ;iwVPt_4 + ?ikVPCt_4 (4.33) 

+>.SliD^ + j T i m e - 2 + ?iU3,_2 
i=l 

S t e p 2: S u b s t i t u t e Pigt_2 (wi th d e s i r e d p ig crop) i n to t h e s u p p l y 

e q u a t i o n (4.26) . 

Q : = a„ + g t ( l - ^)Pigt_4+ ^Po + A,pEt_4P, + :^qPCt_4+ ?.pIRt. 

+A,x WFt_4 + X(o VPt_4 + >.k VPCt_4 
3 

+X'Z.X^ Dj -I- A, jTime-2-f A,U3t_2] 
(4.34) 

=1 

3 

+X kjDj + nTime+ U2t 
i= l 

- a „ + g ( l - ? . ) P i g t _ 4 + gA<Po+gA.pEt_4P, + g>.qPCt_4+g>^riRt 4 

+ gXx WFt_4+ gXoi VPt_4+ g^kVPCt_4 

-hg>.IliDi +gA,jTime-2-fgA,U3t_2 
1=1 

3 
+2;kjD. +nTime+U2j. 

(4.35) 

i = l 

Q:=a„+g(l-;o)Pigt_4+g?tPo+g?^pEt_4Pt + g?^qPC,_4 + g?^rIRt_4 

+g^xWF, 4-H g?.co VPt_4+ g?^kVC, 4 

-KgXZl .D,+g; i jT ime-2 
i=l 

3 

+ 2 k . D , -h nTime+ (u2t + g>.U3t_2). 
i=l 

(4.36) 

a^ + g(l - ?i)Pigt-4 + g^pQ + gA,pEt_4P^+ gA,qPC,_4 + gX rIRt.4 

+ gXx WFt 4 + g>.wVPt_4 g>.kVC,_4 + i (k . + g?.l,) D, -h nTime+ g?.jTime- 2. 
1=1 1 

(4.37) 
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Step 3: EquUibra te Qj = QJ to get the m a r k e t clearing condition 

(4.29). 

a + b P t + cDPIt + dPBRt+ePBFt + fWPCt 
3 

+2]h^Di + u T i m e + U i t 
1=1 

= « o + ^ l - ^ ) P i g t - 4 + g^P^, +g?^pEt 4Pt + g?tqPCt_4 (4.38) 

+ gA,rIRt_4+gA,xWFt_4 + g;uoVPt_4 + gA,kVPCt_4 

+ Z ( k i . gA,li)D^ + n T i m e + g ^ i j T i m e - 2 + (u2t + g?iU3t.2). 
i=l ' ' 

b P t - q > ^ p E t _ 4 P - a o + g ( l - ^ ) P i g t - 4 + g?^Po+gA<PoEt_4P^+g>iqPCt_4 

+ g?i rIRt_4 + g;ix WFt_4 + g A,co VPt_4 + g;.K VPCt_4 

+ Z ( k , + gA.li)D^+nTime + g ^ j T i m e - 2 (4.39) 
i=l 

- a - cDPTt - dPBRt + ePBFt - fWPCt 
3 

- E h i D ^ - v T i m e - U i t + U 2 t + g>. + U3t_2 

bPt-g; ipEt_4Pt = ( a ^ - a + g ; i p ^ ) + g(l-?.)Pigt_4 + g?.qPCt_4P„ 

+ gX rIRt_4 + gXx WFt_4 + g XxD VPt_4 

+ g?ik VPCt_4 - cDPTt - dPBRt + ePBFt - fWPCt (4.40) 

+ i ( k i + g U i - h ^ ) D i + ( n - v ) T i m e 
1=1 

+ g> . jT ime-2 + Uit + U2t + g>^U3t_2. 

Step 4: Take expectation a t t ime t from information set a t time (t-4), 

t h e n g e t Et_4(PtlIt_4). 

Take expectat ion Et_4( IIt-4) th rough equat ion (4.40). 
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bP,-g;.pE,_4Pt=(a^-a+g;iPo) + g(l-?.)Pigt_4+g?^qPQ_4 

+ g ?i rIR,_, + g>.w WF, 4-H g Xco V P, ̂ 4 

+ gA.kVPC,_,-cE,_4DPI,-dEt_4PBR, ^^-^^^ 

+ eE,,PBFt-fEt.4WPCt 

+ Z(k,+ g?il,-hi)D. + (n-v)Time+g;.jTime-2. 
i=l 

Step 5: Solve for Et_4 (Pt IIt-4) on the left side of the equation. 

This model wiU express Et_4(PtIIt-4) as a function of PC, 4, IR,_4, 

WFt 4, VPt_4, VPCt_4, D P I ; , P B R ; , P B F ; , WPC; dummy variables, time, and 

time - 2. It is assumed that the producers form their expectations based on 

aU parameters and exogenous information. Therefore, the expected price is a 

function of the expected values of the exogenous variable 

(DPi;, P B R ; , PBFt*' WPC;) and other exogenous variables (Pigt_4, PCt 4, 

VPt_4, VPCt 4, IRt_4, WFt_4, D^, and Time and Time -2) that drive the model. 

Let 

Et_4DPIt=DPi;, 

Et_4PBRt = PBR;, 

Et_4PBFt= PBFt*, and 

Et_4WPCt=WPC;. 

Then, 



Et-4(PtlIt-4) = ^^3^t("o-^+S^Po)+g(l-^)Pigt.4+g?^qPCt-
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+ g?irIRt_4+g;.xWF,_4 + g?.wVCt_4+g>^kPCt.4 (442) 

- cDPi; - dPBR; - ePBp; - fwpc; 
3 

+(Z(k. + g^l.-hi)DJ-h(n-v)Time+g>.jTime-2.. 
i=l 

Let 

(b-g? .p) -a>0 . 

P, =k^ + g^l , -h , 
Yv = n+v 

Ys =g^J-

Therefore, 

Et-4(PtlIt.4) = - [ Y +Y Pig +Y PC 
t 4V t t -4/ Q ' 1 ' 2 ' ' t -4 ' 3 t-4 

+Y ^ IRt-4 + Y , WFt_4 + y ^ VP,_, + y ̂  VPCt.4 (4.43) 

- cDPi; - dPBR; - O P B F ; - i w p c ; 

+{ i (P i )DJ -K y 7 Time-F YgTime - 21 

P ^ I l + I l p i g + ^ P C -h—IR 

+ ^ W F t _ 4 - h ^ V P t ^ + ^ V P C t 4 rA AA\ 

n n Q (4.44) 

- - D P i ; - - P B R : - e P B F : - — W P C ! - -

+{i(PiDi)}-h^Time+y Time-2 
i=i n * 

Thus, the reduced form of producers' price expectation is: 

Et-.,(PtlIt.4) = (Plgt -4 .PCt-4-IRt-4 .WF,_4,VP,4 ,VPCt .4 . 

DPi;.PBR;,PBF;,WPC;,Di,D2,D3,Time,Time-2). 
(4.45) 
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In this step substitute E, 4(PtlIt_4), DPi ; , P B R ; , PBE,*, WPC;for the actual 

values Pt, DPIt, PBRt,PBF,, WPC, respectively. Then run a regression of 

Pt on Pigt.4 'PCt-4 'IRt-4'VPt_4,VPCt_4 ,DPIt,PBR, ,PBF, ,WPC, ,D, ,D2 ,D3 .Time 

and Time - 2. 

Then, lagging the above equation by one quarter to get, 

Et-5(PtilIt.5) = Pt,-F(Pig,_,,PC,.,,IR,_,,WF,_„VP._„VPC,_„ ^^^g^ 

DPi;_i, PBR;_I , PBF;_I , WPC;.i, D^ . D2, D3. Time - 1. Time - 3) 

In this step substitute Et.5(PtlIt_5), DPi;.,, P B R ; . , , P B E ^ , , WPC^^for the 

actual values Pt_i, DPIt.^, PBRt.^ ,PBF,.,, WPCt.^ respectively. Then run a 

regression of F,_, on Pigt.^ ,IRt_5, VPt_5, VPCt^, DPIt_, ,PBRt_i ,PBFt ,̂ 

WPCt_i ,Di ,D2 ,D3 ,Time - 1, and Time - 3. 

Therefore, 

EXPCH = {E,_,(pJI,_,) - E,_,(P,_JI,,)} 

Step 6: Insert EXPCH into the pig crop equation (with desired pig 

crop) to get the estimated pig crop at quarter t-2. 

Pig-crop equation 

Pigt_2 -F(Pigt_4,EXPCH,VPt_4,PCt_4,VPCt_4 JR, 4'WF, 4, 

Di,D2,D3,Time-2) (4.47) 

Then, substitute the estimated pig crop (Pigt_2) into equation (4.3) to get the 

estimated quantity suppHed. 
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Qt = F (Pi gt.2 , Di , D2 , DB , Ti HE) . (4.48) 

Supply equation. 

FinaUy, substitute the quantity suppHed (Qt) into the demand equation to 

get the forecast price of hogPt^:4. 

Demand equation 

Pt-4 = F(Qt,DPL,PBRt,PBFt, WPCt ,Di,D2,D3,Time). (4.49) 

4.8 Ex Ante Forecast of Explanatory Variables 

The ex ante forecast refers to the prediction of values of the dependent 

variable, hogs price Pt beyond the time period over which the model has been 

estimated. In this study, the explanatory variable has to be estimated as 

weU, thus, the hog price forecast is conditional on these predictions of the 

explanatory variable. 

One of the principal uses of these econometric models is for forecasting 

the price of hogs. Ex ante forecasts, which involve forecasting the future 

values before they are actuaUy reaHzed, are being developed here. Thus, 

after forecasting aU the explanatory variables outside the sample, the price of 

hogs outside sample can then be predicted. 
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For example, to predict the hog price at 1986, Quarter U. then at 1985, 

in Quarter 11, each of the variables (Qt DPIt, PBRt, PBFt, and WPCt) 

equation (4.24) and (4.49) must be predicted four steps ahead. The forecaster 

inserts the values of the forecast exogenous variables into the model, ex post, 

to produce a forecast four quarters ahead. The hog price forecast is entirely 

conditional on the assumptions about the structure of the model and the 

exogenous variables. Using a different set of exogenous assumptions would 

produce a different forecast. 

Using the Newbold method (1988), an autoregressive (AR) model was 

used to generate forecasts of future values of the exogenous variables in the 

econometric model, (i.e.,PBRt, PBFt, and WPCt). In an AR model, it is 

necessary to fix a value for the order of the autoregression p. In making this 

choice, two considerations must be balanced. A sufficiently large enough 

order must be chosen to account for aU the important autocorrelation 

behavior of the series. However, an excessive value of p wUl result in a 

model with irrelevant parameters; and consequently, an inefficient 

estimation of the important parameters wiU occur. 

One possibiHty is to fix the value of p arbitrarily, perhaps on the basis 

of past experience with simUar data sets. An alternative approach is to set 

some maximal order for p in the autoregression and fit, in turn, models of 

order p, p-1, p-2.... For each value of p, the nuU hypothesis that the final 
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autoregressive parameter, ^p, of the model is 0 is tested against a two-sided 

alternative. The procedure terminates when a value p is found for which this 

nuU hypothesis is not rejected. The aim, then, is to test the nuU hypothesis: 

Ho: (t)p = 0, 

Hi; (t)p^ 0. 

The test is based on the fact that, to a good approximation, the parameter 

estimate divided by its standard error estimate (SEE) foUows a standard 

normal distribution when the nuU hjrpothesis is true. The decision rule is: 

Reject Ho ff — < - Za/2 or — > Za/2, where a is the signfficance level 
op op 

of the test, ^ and Sp are the parameter estimate and its standard error, and 

Za/2 is the number for which P(Z > Za/2) = a / 2, where Z is a standard 

normal random variable. When using a 5% signfficance level for the tests, 

Za/2 = Z.025 = 1.96. The maximum order of autoregression contemplated wiU 

be fixed at 3. 

McClave and Benson (1988) used the first-order autoregressive model 

for their analysis by fitting the regression-autoregression pair of models. 

Benson and McClave found that this method reduced the error variance 

about 30% when compared with the error associated with the regression 

model. In other words, accounting for the autocorrelation between residuals, 
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in this case, has reduced estimated prediction (and forecasting) error by 

about 30%. 

In this study, it is assumed that forecast for Consumer Price Index at 

time t (and DPIt) is needed. Therefore, the regression-autoregression pair of 

models is as foUows. 

CPL = po + piTime + Ut (4.50) 

and 

Ut = (j)Ut-i + 8t, (4.51) 

where 

CPIt = Consumer Price Index at time t, 

Ut = error terms. 

To forecast the quantity of hogs, this study used a model: 

Qt = Co +CiPigt_4 +cj), +C3D2 +C4D3 + U t . (4.52) 

D. = Dummy Variables when i = 1,...,3 

Ut = Error Terms 

4.9 The Overlapping Observation Problem 

The econometric issue in this study is related to the use of overlapping 

forecast horizons. In the case of k-step ahead forecasts made at sampHng 

interval 1, forecast horizons overlap if k is greater than I. This introduces a 

moving average (MA) process of order k-1 into the forecast error. The four 



112 
quarter ahead forecast data examined in this study contains overlapping 

horizons. Hence, moving average process, of order 3, is introduced into the 

error terms of bias regression estimated using four quarter ahead forecast 

data. If the moving average errors are to be estimated, sufficient data are 

required; however, insufficient data exist. Therefore, great care must be 

exercised to achieve maximum utiHzation of the scarce existing data. In this 

study, AR(1) wiU be used to approximate the moving average process. If 

AR(3) is used, some degree of freedom would be lost. The process to correct 

the serial correlation is caUed the Two Step FuU Transform Method. 

SAS/ETS (1990) explains that. 

The method is generaUzed least squares using the OLS 
residuals to estimate the covariance areas observations, for 
which Judge et al. (1980) uses the term EGLS. For a first-order 
AR process, the estimates are often termed Prais-Winsten 
estimates, (p. 179) 

Before considering some of the empirical evidence on the relationships 

considered, this study has to deal with the overlapping contracts issue. For 

example, in testing pricing efficiency, this study uses a futures price with a 

one-year contract and quarterly data. Then, this study would expect a priori 

that the error term would be seriaUy correlated. This foUows because when 

the number of observations are more frequent than the maturity length, the 

error term wiU not be independent of past forecast errors, but wUl instead 

foUow a moving average process of order three. Thus, in any test of pricing 
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efficiency, care must be taken in case of having the overlapping contracts 

issue. 

4.10 Test of Rational Expectations Hypothesis 

4.10.1. Unit Root Problem 

A number of unit root tests have been suggested in the Hterature 

(Dickey and FuUer, 1979). 

Let Pt = Pti + et, (4.53) 

where Ot is seriaUy uncorrelated and var(et) = a t , and let PQ = 0. Then, 

Pt = 2^ e^, tha t var(P,^) = taf, which tends to infinity with t. 

The term "unit root" refers to the unit coefficient on Pt_i. The 

statements "Pt has a unit root" and "Ptis integrated of order one" are 

eqviivalent. 

This study used unit root tests introduced by Dickey and FuUer (1979). 

Suppose Pt can be described by the foUowing equation: 

Pt = a + p t + pPt-i + ?iiAPt.i + et. (4.54) 

where DPt , = P t . i - P , 2 Using OLS, 

Pt - Pt-i = a + P t + (p-DPt-i + >iiAPt.i, (4.55) 

and then the restricted regression 

P, - Pt-i = ct + ?iiAPt.i. (4.56) 
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Then, one calculates the standard F ratio to test whether the restrictions 

(p=0, p=l) hold. 

4.10.2 Test of Unbiasedness: Direction of Change 

Another emerging problem could be that the actual prices (P,) and 

futures prices (P/.4) may be non-stationary (unit roots) and, therefore, futures 

market efficiency should be tested using rates of change (direction of change). 

Pt - Pt-4 = ai + bi [Pf:4 - Pt-4j + Vt (4.57) 

Thus, upon subtracting Pt.4 from Pt and Fl:l, the foUowing is obtained: 

Again, it is expected that â  = 0, b^ = 0 and Vis a white noise. This is the 

predicted direction of change. 

The idea of testing by using rates of changes is simUar to Fama and 

French's (1985) idea which is economic reasoning instead of statistic 

reasoning. Fama and French's search for the forecasting power in futures 

prices by regressing the realized change in the spot price Pt - Pt.4 against the 

basis Pt̂ 4 -Pt.4. Pt is the subsequent spot price, and P,̂ ^ is the futures price 

at time t to be observed at time t-4. 

They indicate that the slope coefficient b̂  is positive which impHes 

that the basis observed at t contains information about the change in the spot 
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price. Also, Dominguez (1979) shows that using the change in the spot rate, 

rather than the level, constitutes a more stringent test of rational 

expectation. 

Pt-Pt-4 = a„ +b„(Pt!4^)-Pt.4 + Ut. (4.58) 

Adding the current spot, P(t_4), to both sides of the equation (4.57) and 

rearranging the terms, the result is 

Pt = a , + b , P / i + ( l -bJPt_4. (4.59) 

In this case whether it is in the futures price or current spot rate that 

has more predictive power than each other. 

By the same method, equation (4.58) becomes. 

Pt = a„+b„P::^4+ ( l -bJPt_4. (4.60) 

To include the current spot rate in the regression aUows for observation 

to distinguish whether the current spot rate or the forecast actuaUy has 

predictive power. 

4.10.3 A Trading Rule Strategy 

If a speculator in the Hve hog futures market beUeves that the actual 

or spot price wUl be higher than the presently quoted futures price, he wiU 

buy long. He wiU buy hog futures for deHvery in 12 months at the presently 
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quoted futures price. If his estimate is correct, he wiU make a profit since he 

wUl be able to seU the hogs at the market price on that date. 

How does a speculator behave if he expects the spot market to be lower 

than the presently quoted futures price? In this case, he wUl seU short. The 

speculator then seUs a contract for deHvery in 12 months at the presently 

quoted price. Assume that his estimate of the actual futures/spot price is 

lower; then, he can buy the hogs at the price which is less than the futures 

price. TheoreticaUy, cash wiU be approximately equal to futures at deHvery 

time. However, he buys the hogs on that date and fulfills his contract 

making a profit. If his judgment had been wrong, and the market price had 

gone up, he would take a loss. 

4.10.4 Cointegration Test 

After estabUshing that the two series Pt and Pt̂ :4 are both integrated 

of the first order, they are candidates for an equiHbrium relationship. To 

determine whether the variables form a level relationship, the foUowing 

cointegration regression is run: 

Pt = ai + biP[i+ VI't. (4.61) 

If both variables, Ptand p[.\, have orders of integration, 1(1) or Ptand 

p[.\ are unit roots, then, Pt and p[.\ can form an equiHbrium relationship 
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because (Pt-P&) is stationary. Being stationary requires that the series be 

non-explosive; as a difference equation it has to have stable roots. 

The standard statistical information is not vaHd when the variables 

are nonstationary and regressions are shown to generate a spurious 

relationship among the variables. 

4.11 Weak Information Efficiencv 

Unbiased forecasts satisfy one criterion for rationaHty. It is possible 

that predicted prices can show evidence of systematic bias yet can be 

characterized as weakly rational in the sense that the forecasts efficiently 

utiHze aU information contained in the history of prices. A rational forecast 

must pass the test of unbiasedness and efficiency. 

To implement the efficiency test, forecast errors are calculated for each 

forecast horizon and used as a dependent variable. To test Weak Information 

Efficiency, the regression of forecast error (P^- P,*:!̂ ) is run on the past actual 

prices (Pt.i, Pt.2, Pt-3 > and Pt.4) . 

4.12 Sufficient OrthogonaHty 

The forecast must be weakly rational and must pass a more 

demanding test of sufficient orthogonaHty. That is, the forecast error cannot 

be correlated with any variable in the information set avaUable at the time of 
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prediction. In this case, this study ran a regression of forecast error 

(Pt -Pt!!) on the futures price (Pl:\) and cold storage (COT), protein cost 

(Pro), population (Pop), and sow farrowing (SF). 



CHAPTER V 

RESULTS AND INTERPRETATIONS 

The models specffied in Chapter IV, 

Model I, equation numbers 4.22, 4.23, and 4.24 

and Model II, equation numbers 4.47, 4.48, and 4.49, 

were fitted using data from 1975, Qtr I to 1985, Qtr II. The empirical 

estimates of the parameters of Models I and II are presented in equations 

(5.1) through (5.6). The equations also exhibit the coefficients of 

determination R2 and adjusted R̂ , t-statistic, Durbin-Watson (DW) statistic, 

and root-mean square errors. 

This study wiU estimate the model by recursive methods. Then this 

study wiU use the estimated model to forecast hog prices for four periods 

ahead in order to get the forecast price. This study forecasts outside sample 

hog prices from demand equations. Two models were used to forecast the hog 

price at the time t-4. Concurrently, the futures price at time t wUl be 

observed at time t-4. Consequently, this study wiU compare the forecast 

price between the two models, Models 1 and II, and hog futures markets. AU 

results were compared by testing for unbiasedness using Ordinary Least 

Squares (OLS) and GeneraUzed Least Squares (GLS) (ARl). GLS is a 

method to solve autocorrelation problems that recognizes the relationship 

119 
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among the residuals in some appropriate fashion. The direction of change 

wUl be appHed to test for unbiasedness using GLS(AR1). When futures 

prices are used to test for unbiasedness of subsequent spot price, it is 

understood that this is the test for pricing efficiency in the futures market. 

However, another test for market efficiency is whether the participants in the 

futures market can earn above-normal profits as a result of the trading rides 

strategies. If the forecast price of each model does not reject the 

unbiasedness tests, then the Weak Information Efficiency and sufficient 

orthogonaHty tests (or sufficient rationaHty tests) must be performed in order 

for the forecast to be classffied as the Rational Expectations Forecast. 

This study carries out hjrpothesis tests on these equations by the t-test 

procedure using a 5% percent signfficance level. As depicted in equations 

(5.1) through (5.6), if the t estimate is greater than the t critical value, then 

that estimate becomes statisticaUy significant. Mostly, each coefficient is 

statisticaUy signfficant at the 5 percent level. Should this study discard a 

variable which is statisticaUy insignificant? The answer is no, because those 

variables may have economic importance in the market model, even though 

they do not have acceptable statistical signfficance. 

Many investigations, however, stop if they have a "good R "̂ and 

sensible coefficients with "signfficant" t ratios. The problem is that a variety 

of combinations of t values and R̂  are possible. Leser and Geary (1968) 
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provide the criterion whether the estimated regressions are reHable. They 

characterize the possible combinations of signfficance and/or insignificant 

groups of R2 and t. They Hst the foUowing possible outcomes. 

(1) R2 and aU t ratios are significant; 

(2) R2 and some t ratios are signfficant; 

(3) R2 is signfficant; aU t ratios are insignfficant; 

(4) AU t ratios are signfficant, but R̂  is not; 

(5) Some t ratios are signfficant but R̂  is not; and 

(6) AU t ratios as weU as R̂  are signfficant. 

Cases (1) and (6) present no problem. Case (2) is very common, particularly 

with a large number of explanatory variables, and the only problem is to 

decide which of the non-signfficant variables, if any, to exclude from the 

equation in order to get a more parsimonious model without losing 

explanatory power. 

Epte (1990, p. 197) described the situation of case (3). This is a typical 

manifestation of the multicollinearity problem. In the presence of a high 

degree of intercorrelations among the explanatory variables, none of their 

individual coefficients can be reUably estimated even though as a group they 

have good explanatory power. 

Case (4) occurs rarely in practice. Leser and Geary consider case (5) as 

the most problematic. 

^ 
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In this study, the results generaUy faU into case (2) which is common, 

R2 and some t-ratios are signfficant. The usual practice is to drop some of the 

signfficant variables to obtain a more parsimonious model without losing 

explanatory power. Some rule has to be foUowed in deciding which variables 

should be dropped. However, WUHams (1959, pp. 4-7) indicates that the 

signfficant tests should not be used mechanicaUy to exclude a variable from a 

regression equation when the sign {+ or -) of the coefficient is correct, based 

on a priori considerations. 

5.1 Economic Intemretation of 
Regression Results 

AU signs of the important variable in Models I-II (see Table 5.1 for 

Model 1 and Table 5.2 for Model II) are consistent with a priori expectations. 

The regression results for each equation are discussed below. 

The coefficient of expected price of {Et_4 (PtlIt-4) = Pt Jin Model I is 

negative and signfficant. When the predicted price at quarter t increases one 

doUar per hundredweight, the size of the pig crop at quarter t-2 woiUd 

decrease by 312,070 head (312.070 x 1,000), where -312.07 is the coefficient 

of Et_4(PtlIt_4) (see Table 5.1, equation 5.1). The evidence presented in this 

study, as explained below, substantiates these economists' finding [Clower 

et al. (1988), Hayes and Schmitz (1987), Marsh (1984), Muth (1961), and 

Newberry and StigHtz (1981)]. There is a negative relationship between the 



Table 5.1 ModelL Using E,_4(PJI^_J = P̂  
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Type 
of 

equation 

Equation Equation 
Number 

Pig-crop 
equation 

Pigt.2 = 32717-31207E;.4a\|It.4)+.25Bgt.4-196528PC,_4 

t values = (5 79) (-2.23) (171) (-1.92) 

-390 51IR,.4 -I294.OOD1 -342868D2 -513157D5 

(-148) (-2.27) (-5 08) (-9.37) 

-102.18Crime-2) 

(-191) 
2 

R2=.91,R ^87,DW=I745 

(5.1) 

Supply 
equation 

Qt = -3207.66 + .94Pigt.2 + 685.09Di-I-2415.70D2 

t value = (-1.265) (9.87) (1.46) (4.94) 

-h 242I.8ID3 + 63.69(Tmie) 

(3.70) (3.65) 
2 

R"=.87,R =.84,DW = 1.270. 

(5.2) 

Demand 
equation 

Ft = 43.8 - 002Qt+.002DPIt+1.22PBRt+.12PBFt 

t values = (1.30) (-5 06) (.94) (.61) (1.80) 

-2 19WPCt-1.93Di -.72D2-3.65D3 - l l T i m e 

(-19) (-2.02) (-79) (-3.00) (-1.01) 
2 

R2 =.87,R = , 8 2 , D W = 1,49,RMSE = 1.61. 

(5.3) 



Table 5.2. ModelH: Using Et_4(PtlIt_4)-E,_,(P,_JI,_,) 

Type 
of 

equation 

Equation 

Pig-crop Pigt.2 = 38638+ 235.61EXPCH+,07Pig,., -1.55 VP,., -1293,80PC,., 
equat ion t values = (8.22) (2.29) (-,57) (-.33) (-1.16) 

-3874.84VPC .̂, -526.41IR,., -3713.91WF,_, 

(-1.11) (-2,35) (-3.02) 
2310.94Di -328O.39D2 -6669.2OD3 +69.234(Time-2) 
(-4.18) (-6.45) (-12.32) (2.31) 

2 

R^=.93,R =90, DW= 1,913. 
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Equation 
Number 

(5.4) 

Supply 
equation 

Qt = -2143.45 + .90Pig,.2 +560.65Di +2284003D, 

t value = (-.85) (9.79) (1.23) (4.82) 

+ 2219.23D3 +59.09Crime) 

(3.53) (3.51) 
2 

R2 =.84, R =81,DW = 1.704 

(5.5) 

D e m a n d Pt = 37.28 - .0016Qt+.0018DPI,+.17PBR,+.14PBF^ 

equat ion t values = (.94) (-4.22) (.24) (.74) (1.61) 
-.83WPC,-2.162Di -I.IID2-B.SlDg -.07Time 
(-.07) (-2.05) (-1.15) (-2.65) (-.56) 

(5.6) 

R' =84,R =77,DW = 1.48, RMSE = 1.75. 
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producers' price expectations at time t, observed at time t-4, and pig crop at 

time t-2. In the analysis, assuming that the cobweb exists, a rational person 

wiU produce along the demand curve. The actual price at time t faUs on the 

demand curve. The actual price has a positive relationship with the 

producers' price expectation at time t, observed at time t-4. Therefore, there 

is a negative relationship between pig crops at time t-2 and producers' price 

expectations at time t, observed at time t-4. 

Marsh (1984) found the negative relationship between the number of 

barrows and gUts slaughtered and price of barrows and gUts at the same 

quarter. Marsh found that for every doUar per hundredweight increase in 

the price of barrows and gUts, the number of barrows and gUts slaughtered 

was reduced by 227,000 head (227 x 1,000). In Model I of this study, when 

expected price increased one doUar per hundredweight, the producers would 

produce less hogs, about 312,000 head, whUe Marsh's estimation is about 

227,000 head. 

The coefficient of EPCH (expected change of hog price), Model II, is 

positive and signfficant. This model is the long-run analysis because the 

producers form the price expectation for more than a year, from time t-5 to 

time t, which is six quarters. When the expectations change one doUar per 

hundredweight, the producers would put pigs, 325,610 head (325.61 x 1000), 

into the confinement house. 

•HWHUX 
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The hog producer is longsuffering because of the profit loss. Due to the 

price fluctuation, they consider the uncertainty of the future price to be a 

risk. To produce more they must capture the positive trend of price 

expectations. In order to produce a larger pig crop at time t-2, the producers 

have to capture the positive trend of price expectations for four quarters 

ahead from their observation at time t-4 and time t-5. 

In Models I and II, the negative coefficients attached to the price of 

corn at quarter t-4 suggest that price of corn at the time of making a decision 

has a negative impact on pig crop for two quarters ahead. 

Model II included the price risk of hogs and the price risk of com in 

the consideration. Both variables have negative relationships with the pig 

crop. However, the coefficients are insignificant. If the price risk of hogs 

increases by one doUar per hundredweight, there would be less pigs in the 

confinement house, about 1.55 thousand head. When the price risk of corn 

increases one cent per bushel, the hog producers would put less pigs in the 

confinement house, about 38.74 thousand head. 

5.1.1. Pig Crop Adjustment 

ItX (the coefficient adjustment) = 1, this means that the actual change 

of pig crop is equal to the desired change of pig crop. The coefficient 
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adjustment can be derived from the estimated coefficient (1-X) of PIGt_4 (pig 

crop at quarter t-4). 

The coefficient adjustment of the pig crop for Models I and II are equal 

to .75 and .93, respectively. The actual pig crop adjustment in Model II is 

almost adjusted completely to the desired pig crop compared to Model I. 

5.1.2 The Supply Equation 

In Models I and II, aU of the coefficients of the pig crop at quarter t-2 

are positive and signfficant. The estimated coefficients have acceptable signs 

and magnitudes. There is almost a one-to-one relationship between the pig 

crop at quarter t-2 and quantity of hog slaughter at quarter t. 

5.1.3 The Demand Equation 

AU the estimated coefficients have acceptable signs. The signs of the 

estimated coefficients of Qt and WPCt are negative and of 

DPIt, PBRt, and PBFt ^® positive. There are some seasonal factors 

operating in the first and third quarters for Models I and II. 

5.2 Ex Ante Forecast of Explanatory Variables 

With the data from 1975 Qtr I through 1985 Qtr II, the estimated AR 

models of PBRt, PBFt, and WPCt appear in Tables 5.3, 5.4, and 5.5. 
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Table 5.3 Test for the order of Autoregression in Model PBRt 

Order of 
Auto-
regression 
AR(3) 

AR(2) 

AR(1) 

Equation 

PBRt = .97 PBRt_i+.ll PBRt_2-.09 PBRt_3 

(SEE)= (.17) (.24) (-.17) 

PBRt = .96 PBRt_i+.03 PBRt_2 

(SEE)= (.17) (.17) 

PBRt = .99 PBRt_i 

(SEE) = (.04) 

* The AR models use a 5% level of signfficance. 

Hypothesis Test Equation 
/Results Number 

^ = -2i=.53. 
S3 - 1 7 

/The null 
hypothesis that 
O3 = 0 is not 

rejected.* 

.17 

/The null 
hypothesis that 
O2 = 0 is not 
rejected.* 

Si .04 

/ The nuU 
hypothesis that 
O^ = 0 is 
rejected.* 

(57) 

(5.8) 

(5.9) 

••^BPJIIK?^ 
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Table 5.4 Test for t he order of Autoregression in Model PBFt 

Order of 
Auto
regression 

Equation Hypothesis Test Equation 
/Results Number 

AR(3) 

AR(2) 

AR(1) 

PBFt = 

(SEE) = 

.97 PBFt_i+.15 PBFt_2-.13 PBP ^3 ^ -13 _ 

(.17) (.24) (-.17) 

PBFt = 9 7 PBFt_i +.02 PBFt_2 

( S E E ) - (.17) (.17) 

PBFt = -99 PBFt_i 
(SEE) = (.03) 

-.17 
= 76. 

/The null 
hypothesis that 
63 = 0 is not 
rejected.* 

^ = ^ = 1 2 . 
S2 .17 

/The null 
hypothesis that 
62 = Oisnot 
rejected.* 

<t), .99 
zk = :^ = 33.00. 
Sj .03 

/ The nuU 
hypothesis that 
O, = 0 is 
rejected.* 

(5.10) 

(5.11) 

(5.12) 

* The AR models use a 5% level of signfficance. 



Table 5.5 Test for the order of Autoregression in Model WPCt 
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Order of 
Auto
regression 

Equation Hypothesis Test Equation 
/Results Number 

AR(3) WPCt = 101 WPCt_i+.02 WPCt_2-.01 WPCt_3 
(SEE)= (.17) (.24) (-.17) 

^ = - ^ = . 0 6 . 
S3 -.17 

/The null 
hypothesis that 
6 3 = Oisnot 

rejected.* 

(5.13) 

AR(2) WPCt = 101 WPCt_i +.01 WPCt_2 
(SEE)= (.17) (.17) 

^ = :^= .06 . 
S2 .17 

/The null 
hypothesis that 
O j = 0 is not 

rejected.* 

(5.14) 

AR(1) WPCt = -99 WPCt_i 
(SEE) = (.03) 

^ = :H^ = 33.00. 
Sj .03 

/ The null 
hypothesis that 
O, = 0 IS 
rejected.* 

(515) 

* The AR models use a 5% level of signfficance. 

^^ 
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The nuU hypothesis, for PBRt, PBFt, and WPCt > t^at Oi=0 is 

rejected. Therefore, the first-order autoregressive model wUl be used to 

forecast the series of PBRt, PBFt, and WPCt. 

To forecast the Consumer Price Index (CPIt) and disposable personal 

income (DPIt), the regression-autoregression pair of models (see equations 

4.28 and 4.29) wUl be used. However, there is no seasonal variation in this 

estimation. For the time period 1975, Qtr I through 1985, Qtr II, the 

consumer price index and disposable income are as foUows: 

Estimation of CPIt: 

CPIt = 1.46 + .04 Time 
(5.16) 

t-values = (27.91) (20.34) 

Ut=-.9lUt_i (5.17) 

When U is a non-autocorrelated error term. 

R' =.92,DW = 74 

Estimation of DPIt: 

DPIt = 4516.07 +158.53 Time 

t-values = (21.65) (16.88) 

Ut = -.59Ut_, 

(5.18) 

(5.19) 

R2 = .89, DW = 1.70 
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Estimation of hog quantity suppUed (Qt): 

From the time period, 1975 Qtr. I through 1985, Qtr.II, the estiimated 

regression equation Qt is: 

Qt = 8731.13 + .58Pigt.4 - 403.99Di - 2134.34D2 -

t-values = (3.85) (5.07) (-.58) (-2.85) 

3O67.I3D3+ 40.93Time (5.20) 

(1.39) (-4.61) 

R' = .74, DW = .71 

AU coefficients of the Demand equation come from the estimation from 

the structural model by the recursive method. Therefore, Pt is a function of 

Qt, DPIt > PBRt ,PBFt,WPCt ^^i >^2 >^3 > and Time, respectively. Hence, 

Qt, DPIt' PBRt ,PBFt ,and WPCt 'bave to be estimated; then, the resvdting 

estimates are inserted into the demand equation to get P, (predicted price). 

Then, this study considers adding {At.4 *(pt-4)'*}, which is the seriaUy 

correlated error at time t, t-1, t-2, and t-3, to P t to get the forecast price Pt̂ :4. 

D. , is the first order correlation from the demand equation at time t-4 and 

At-4 is an error forecast at time t-4, then the forecast Pt̂ :4 is obtained. Pt is 
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the actual price of hog at time t. P,'/4 is the forecast price of hog at time t 

observed at time t-4. In this study, there are three forecast prices. 

Models I and II produce two forecast prices, respectively The five hog 

futures market creates futures price 1?^'\ at time t observed at t-4. Table 5.6 

compares among actual price, forecast price, and futures price. If forecast 

price, P,*:*̂  (or Pf:^) is an unbiased prediction of the actual price, Pt, then the 

estimate of the slope should be one. An error term is assumed to be from a 

series of independent and identicaUy distributed normal random variables in 

the zero mean. 

However, if unit roots are present in both dependent and independent 

variables in the regression, a violation of the underljring assumption of OLS 

occurs. Thus, a standard inference procedure cannot be appUed to bias 

regression estimated through OLS because F-statistics calculated to test the 

nuU hypothesis of unbiasedness (intercept = 0, slope = 1) are not distributed 

as a standard F-distribution. 
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Table 5.6: Actual Price of Hogs (Pt), Forecast 

Prices (out of sample) (P^:\) and 

Futures Price (P̂ _̂4) 

Year 

Qtr 
1986 
Qtr 
11 
III 
IV 

1987 
Qtr 
I 
II 
III 
IV 

1988 
Qtr 
I 
II 
HI 
IV 

1989 
Qtr 
I 
II 
III 
IV 

1990 
Qtr 
I 
II 

Pt 

42.40 
59.63 
55.61 

49.18 
51.88 
61.09 
48.04 

44.19 
44.21 
46.58 
38.81 

41.13 
39.76 
46.67 
47.75 

48.59 
56.07 

pe,t 

(Model I) 

48.89 
48.19 
44.19 

48.61 
49.63 
50.48 
53.21 

47.91 
48.34 
58.85 
42.96 

38.85 
35.01 
46.48 
42.18 

39.19 
37.21 

pe.t 
^ t - 4 

(Model II) 

50.70 
50.20 
46.80 

48.17 
49.80 
55.04 
52.53 

46.39 
51.88 
61.09 
48.04 

44.19 
44.21 
46.58 
38.81 

41.13 
40.26 

^ t - 4 

45.00 
46.20 
39.95 

41.10 
38.70 
45.87 
43.50 

39.40 
37-75 
43.50 
40.25 

44.63 
41.55 
53.55 
45.00 

45.40 
44.25 



135 
5.3 Test of Rational Expectations Hypothesis 

5.3.1 Test ofUnit Root of Hog Cash (Pt) 
and Futures Price (¥[•%) 

By using a Dickey-FuUer (1981) unit root test on the hog price and Uve 

hog futures price from periods 1975, Qtr I through 1985, Qtr II, and 1975, 

Qtr I through 1990, Qtr II. 

5.3.1.1 Hog Cash Price 

For 1975, Qtr I through 1985, Qtr II, the unrestricted and restricted 

regressions are as foUows: 

Unrestricted Regression 

P̂  _P^ ^ = 20.69 + .02 Time -.46 F,_, + .13 APt^, 

where A Pt-1 = Pt-1 - Pt- 2 and sum squared residuals (5.21) 

(SSRUR) = 1039.1042. 

Restricted Regression 

p^ . p^^= .03 - .10APt.i, (5.22) 

where the sum of squared residuals SSR^ = 1310.9876. The F-ratio can be 

calculated by 

F = (N-K)(SSRR-SSR^)/q(SSQ^) 

^\ 
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where SSRj^ and SSR^R are the sum of squared residuals of the unrestricted 

and restricted regression, respectively. N is the number of observations, K is 

the number of estimated parameters, and q is the number of parameter 

P ^ (42-4)(1310.99-1039.I0) ^ ^ ̂ ^ 
(2)(1039.10) 

restrictions. 

The critical F-value by Dickey and FuUer (1981) at the 5% level is equal to 

6.73. Thus, we cannot reject the hypothesis of a random walk for hog prices. 

For from 1975, Qtr I through 1990, Qtr II of hog price, the unrestricted 

and restricted regression are as foUows. 

The unrestricted regression is: 

Pt - Pt_i = 21.81 + .03 Time - .48 Pt_i + .07 APt_i 

(5.23) 

SSRuR = 1667.27 

The restricted regression is: 

Pt-Pt_, = .26- .17 APt_, 
(5.24) 

SSRt = 2092.32 

The computed F-ratio is 7.39. 

The critical F value at the 5% (and 2.5%) level is equal to 6.73 (and 

7.81). The hypothesis of a random walk at 5% level can be rejected, from 
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1975 Qtr I to 1990 Qtr II, implying that there is the mean reversion in the 

hog price. However, the hypothesis of a random waUc of hog prices at 2.5% 

level cannot be rejected. 

5.3.1.2 Futures Price Test 

From 1975 Qtr I to 1985 Qtr II, the unrestricted and restricted 

regression are as foUows. 

The unrestricted regression is: 

P/ - Pt'_i = 21.17 + .154 Time - .54 Fl, + .17 A Fi, 

SSRuR = 1106.54 
(5.25) 

The unrestricted regression is: 

P / - P t ^ = .36- .42 AP/_,, 

(5.26) 

SSRR = 1364.59. 

The computed F-ratio is 4.43 for 1975, Qtr I through 1985 Qtr II. In 

comparing the computed value F (6.73 at the 5% level), the nuU hypothesis of 

random walk cannot be rejected. 

For 1975, Qtr I through 1990, Qtr II, the unrestricted and restricted 

regression are as foUows. 

The unrestricted regression is: 

^ 
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Pt'- Pt'i = 17.82 + .02 Time- .41 P/_,-.24 APt'_, 

(5.27) 
SSRR = 1364.59. 

The restricted regression is: 

Pt'- Pt'_i = .09 Time- .44 AP/_i, 

(5.28) 
SSRR = 1748.98. 

The computed F-ratio is 4.8. 

In comparing the computed F value to the critical F value, the nuU 

hypothesis of random walk of the five hog futures from 1975 Qtr I to 1990 

Qtr II cannot be rejected. 

The result of the unit root tests, from 1975 Qtr I to 1985 Qtr II, 

conclude that both hog price and futures price are rauidom walk at 5% level. 

Also, from 1975 Qtr I to 1990 Qtr II, the unit root test indicates that there is 

a random walk in the Uve hog futures price. From 1975 Qtr I to 1990 Qtr II, 

the unit root test of hog price indicates that there is no random walk at 5 

percent level. However Pindyck and Robinfeld (1991) state that a faUure to 

reject (especiaUy at a high signfficance level) is only weak evidence in favor 

of the random walk hypothesis (p. 462). Therefore the result of the unit root 

tests conclude that both hog and futures price are unit roots. 

Elam and Dixon (1988) found that the financial price series are 

generaUy not stationary and they contain a unit root. They consider that the 

^v 
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standard F-test of the hypothesis ao = 0 and bo = 0 (equation 2.34) is not 

appropriate. Since the stochastic process of generating actual and futures 

prices is nonstationary, therefore, forward marketing efficiency should be 

tested using rate of change or direction of change. Using the change rather 

than the level can constitute a more rigorous test of unbiasedness of the 

regression coefficients. This idea is consistent with the search for the 

predictive power in futures prices of Fama and French (1985). 

This study attempts to avoid the nonstationary problem by considering 

the foUowing equations. 

Equation (4.57): (Pt -Pt.4) = a, + b, (Pl:\ - Pt.4)+ yt 

and Equation (4.58): (Pt-Pt-4) = ao + bo (P;:\ - ^,.,)+ u,. 

Then the test is whether â  = 0, b^ = 1 (in case of testing of unbiasedness of 

futures price or pricing efficiency test). 

5.3.2 Test for Unbiasedness 

5.3.2.1 Regression Results: Test for Unbiasedness of Direction of Change for 
Models I-II's Forecast Prices 

Model I: Et_4(Ptllt-4)-Pt 

(Pt - Pt_4)= 2.16+ .43 (P::1 - Pt_4) (5 29) 
t values = (7.67) (1.05) 

^ 
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Time Span: 1986, Qtr II through 1990, Qtr H 

R' = .07 Total R2 = .39 

RMSE = 7.50 

DW = 1.22 

DW Statistic: (5% Signfficance point of d^ and d^) 

d^ = 1.106 and d^ = 1.371 

F-Statistic (for intercept = 0, and slope = 1) = 2.19 
Fo5(2,14) = 3.74. 

Equation can be modffied as: 

Pt = 2.16 + .43Pt̂ :'4 + .57Pt_4. (5.30) 

Because the F-statistic is less than Fo5(2,14), then the hypothesis of no 

bias is not rejected. The DW statistic Ues between dL and du. The test is 

inconclusive. The comparison of the coefficients, .43 and .57, indicates that 

the current spot price, Pt_4., has more predictive power than the price 

forecast, Pt̂  

Model II: Et 4(PtlIt-4)-Et-5(Pt-JIt-5) 

te,t 
-4 

(Pt - P t 4 ) = 1.08+ .84(p;: '4-p,4) 

t values = (.51) (2.4) 

Time Span: 1986, Qtr U through 1990, Qtr U 

R' = .29 Total R' = .44 

RMSE = 7.25 

D-W = 1 28 

(5.31) 

i 
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D - W Statistic: (5% Significance point of d L and d J 

d^ = 1.106 and d„ = 1.371 

F - Statistic (for intercept = 0, and slope = 1) = .27 
Fo,(2,14) = 3.74 

Equation can be modffied as: 

P, = 1.08 + .84P,^; + .16P,_4. (5.32) 

Because the F-statistic is less than Fo5(2,14), then the hypothesis of no 

bias is not rejected. The DW statistic Ues between dL and du. The test is 

inconclusive. The comparison of the coefficient, .84 and .16, indicates that 

the forecast price, P*:*4 , has more predictive power than the current spot 

price, P,_4. 

5.3.2.2 Regression Results: Test for 
Unbiasedness of Direction of Change 
for Futures Market {AR(1)} 

.f,t 
(Pt - Pt_4)= 4.14 + .71 (P:\ - P, 4) (5 33) 

lvalues = (1.43) (2.51) 

Time Span: 1986, C r̂ U through 1990, Qtr U 

R2 = .31 Total R' = .59 

RMSE = 6.16 

DW = 1.71 

DW Statistic: (5% Signfficance point of dL and d^) 

d^ = 1.106 and d„ = 1.371 

^ 
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F - Statistic (for intercept = 0, and slope = 1) = 6.96 
F,,(2,14) = 3.74. 

Equation can be modffied as: 

P̂  = 4.14 + .71P/:̂ , + .29P^_,. (5.34) 

Because the F-statistic is greater than F.o5(2,14), then the hypothesis of 

no bias is rejected. The DW statistic Ues above du. The test results conclude 

that there is no evidence of a positive error autocorrelation of order 1. It 

compares the coefficients .71 and .29 and indicates that the futures price 

time t observed at time t-4 has more predictive power than the hog price at 

time t-4. 

From the equation (4.57), Pt - Pt_4 = â  + b̂  [P/:' - Pt_4 ] + vt 

If ai=0 and bi = 1 by the joint-F test, then Pt - Ft\ = Vt. Because 

Pt ~ Pt-4 = Vt = random errors, thus there is no arbitrage opportunity. As a 

result, the trading rule cannot be appUed. Consequently, there is pricing 

efficiency in the futures market. 

Assuming that ai > 0, and 0 < bi < 1, then 

P t = a , + b , ( P / / 4 ) + ( l - b i ) P t 4 + V t . 

Therefore, Pt - b̂  (Pt':4) > 0 

Implying that Pt ^ (Pll\ I unless b̂  = 1. 



Therefore, there is arbitrage opportunity in the fiitures market. The 

trading rule can be appUed. As a result, this futures market has pricing 

inefficiency. 

In the hog futures market, the hypothesis of no bias is rejected; 

therefore, the intercept (a^) = 4.14 and slope (b^) =.71 

Thus, p^ = 4.14+.71 P/:̂ 4 +.29Pt_4 • 

Then, P^-.71 p^t ^ 4i4+.29Pt_4 • 

Implying that P̂  -.71 Fl:\ > 0 

Therefore, P̂  :^P^:^ . 

This result concludes that the hog futures market has arbitrage 

opportunity. As a consequence, the market has pricing inefficiency. 

The slope estimate [bi= .71] is the risk minimizing hedge ratio. This 

estimate result from equation (5.33), suggests selling 71 percent of hog 

production in the futures market. If the hedge works, the risk of the 

combined cash/futures positions should be less than the cash position alone. 

Therefore, the variance of income fluctuations can be reduced by using the 

risk minimizing hedge ratio. This slope b̂  =.71, should also reduce the risk 

minimizing hedge ratio adjusting for autocorrelation in the residuals of a 

price level regression. 

^ 
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Each model, I and II, shows unbiasedness of forecasting implying that 

Models I and II outperform the futures price forecast. Evidence that slope is 

reUably positive for Models I and II means that the predicted change (and 

futures price change) observed at time t-4 has power to predict the spot price 

change to be observed at time t-4. 

Each model, I and II, contains in the inconclusive range of testing of 

autocorrelation at 5% signfficance. The Model of Hog Futures shows 

biasedness, but no seriaUy correlation. The RMSE statistic, which is the 

measure of the dispersion of forecast errors, shows that futures price has the 

least RMSE compared to any other model (Models I and II). 

By comparison between coefficients of price forecast and current price, 

it shows that forecast price P,̂ :4 and futures price, P̂ _̂4 have more predictive 

power than current price (Pt_4). 

5.3.3 A Trading Rule Strategy 

If a speculator, using fundamentals to trade in the five hog futures 

market beUeves that the actual or spot price wiU be higher than the 

presently quoted futures price, he wUl buy long. He wUl buy hog futures for 

deUvery in 12 months at the presently quoted futures price. If his estimate is 

correct, he wiU make a profit since he wiU be able to seU the hogs at the 

market price on that date. 
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How does a speculator behave if he expects the spot market to be lower 

than the presently quoted futures price? In this case, he wUl seU short. The 

speculator then seUs a contract for deUvery in 12 months at the presently 

quoted price. Assume that his estimate of the actual future market is correct, 

and on the date of deHvery, the fiitures/spot price is lower; then, he can buy 

the hogs at the price which is less than the futures price. TheoreticaUy, cash 

price wUl be approximately equal to futures price at deUvery time. However, 

he buys the hogs on that date and fulfiUs his contract making a profit. If his 

judgment had been wrong, and the market price had gone up, he would take 

a loss. 

The advantage of the trading rule approach is that it aUows 

quantffication of the departure from efficiency uncovered by the regression 

analysis. 

The trading strategy is as foUows. If Pt':4 is greater than P/:'4, then buy 

futures. On the contrary, if Pt̂ :4 is less than Pt̂ :4, then seU futures. 

The results from the trading strategies for Model I and II are shown in 

Figures 5.1 and 5.2, respectively. The forecast prices that are being 

generated from Models I and II, which appear in Tables 5.7-5.8 make the 

promising profit returns of $1270.53 and $1207.35 per contract. 

The models which do not reject the nuU hypothesis of the joint-F test. 

Model I and II, can earn a large amount of profit from its price forecast. 

- w a i ^ ^ 
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Figure 5.1. Actual Prices (Pt), Forecast Prices (P"^), and Live Hog Futures 
Prices(P/:4), 1986, Qtr. H - 1990, Qtr H, (Model I) 
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Table 5.7. Arbitrage Opportunities for Model I's Forecast Prices 

Year, 
Qtr 

1986 
QtrH 
Qtr III 
Qtr IV 

1987 
Qtr I 
QtrH 
Qtr HI 
Qtr IV 

1988 
Qtr I 
Qt rH 
Qtr III 
Qtr IV 

1989 
Qtr I 
QtrH 
Qtr III 
Qtr IV 

1990 
Qtr I 
Qt rH 

Actual 
Price 
Pt ($/cwt) 

42.40 
59.63 
55.61 

49.18 
51.88 
61.09 
48.04 

44.19 
44.21 
46.58 
38.81 

41.13 
39.76 
46.67 
47.75 

48.59 
56.07 

Futures 
Price 
pf , t 
-^t-4 
($/cwt) 

45.00 
46.20 
39.95 

41.10 
38.70 
45.81 
43.50 

34.40 
37.75 
43.50 
40.25 

44.63 
41.55 
53.55 
45.00 

45.40 
44.25 

Forecast Price 
p e t 

I. *T 

($/cwt) 

48.89 
48.19 
44.19 

48.61 
49.63 
50.48 
53.21 

47.91 
48.34 
58.85 
42.96 

38.85 
35.01 
46.48 
42.18 

39.19 
37.21 

Profit 
If 
P::4 > 

Pt:4 buy 
futures 
($/cwt) 

-2.6 
+13.43 
+15.66 

+8.08 
+13.18 
+15.22 
+4.54 

+4.79 
+6.46 
+3.08 
-1.44 

Profit 
If 
P:-4< 

P/:̂ 4seU 
futures 
($/cwt) 

+3.50 
+1.79 
+6.88 
-2.75 

-3.19 
-11.82 

Returns for 17 contracts = $ 300(74.83) 
Profit per contract = [300(74.83)/17] - 50 = $1270.53 

^ 

/ 
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Figure 5.2. Actual Prices (Pt), Forecast Prices (Pt':4),and Live Hog Futures 

Prices (Pt'_'4), 1986, Qtr. H - 1990, Qtr H, (Model II) 
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Table 5.8. Arbitrage Opportunities for Model IPs Forecast Prices 

Year, 
Qtr 

Actual 
Price 
Pt ($/cwt) 

Futures 
Price 
pf,t 
• ^ t - 4 

($/cwt) 

Forecast Price 
pe,t 

($/cwt) 

1986 
QtrH 
Qtr HI 
Qtr IV 

1987 
Qtr I 
Qt rH 
Qtr III 
Qtr IV 

1988 
Qtr I 
Qt rH 
Qtr III 
Qtr IV 

1989 
Qtr I 
Qt rH 
Qtr III 
Qtr IV 

1990 
Qtr I 
Qt rH 

42.40 
59.63 
55.61 

49.18 
51.88 
61.09 
48.04 

44.19 
44.21 
46.58 
38.81 

41.13 
39.76 
46.67 
47.75 

48.59 
56.07 

45.00 
46.20 
39.95 

41.10 
38.70 
45.81 
43.50 

39.40 
37-75 
43.50 
40.25 

44.63 
41.55 
53.55 
45.00 

45.40 
44.25 

50.70 
50.20 
46.80 

48.17 
49.80 
55.04 
52.53 

46.39 
51.88 
61.09 
48.04 

44.19 
44.21 
46.58 
38.81 

41.13 
40J6 

Profit 
If 

K\ > 
Pl:\ buy 
futures 
($/cwt) 

-2.6 
+13.43 
+15.66 

+8.08 
+ 13.18 
+15.28 
+4.54 

+4.79 
+6.46 
+3.08 
-1.44 

Return for 17 contracts = $300(71.25) 
Profit per contract = [300(71.25)/17] - 50 = $1207.35 

-1.79 

Profit 
If 
pet ^ 

t - 4 

P.':', seU 
futures 
($/cwt) 

+3.50 

+6.88 
-2.75 

•3.19 
-11.82 

^ 
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Therefore, during the period studied, 1986, Qtr II through 1990, Qtr II, the 

hog futures market is an inefficient market. Under these circumstances, a 

rising trend in cash prices is the mechanism that rewards long speculation. 

The overaU generalization from the data investigated in this study is that the 

futures prices is a biased estimate of the subsequent spot price. 

If a commodity is expected to be in over (under) supply because of a 

sharp decrease (increase) in corn prices, speculators wUl attempt to seU (buy) 

futures contracts with the expectations of buying (seUing) them later at 

higher (lower) prices. The shrinking (expanding) demand wiU cause prices of 

contracts to decrease (increase); when speculators seU futures, it is easy for 

them to become emotionaUy attached to them. However, some speculators do 

not rely on estimates of supply and demand, but utUize price charting 

techniques or other devices that react to changes in price. Then the money 

drains (floods) from the market by seUing (buying) contracts, and futures 

prices are decreased (increased) beyond that which is necessary to 

counterbalance the actual magnitude of increased supply of hogs. 

The overly pessimistic reaction results in lower Uve hog futures prices 

than warranted by market conditions. As a result spot prices often exceed 

futures price, and an inverted market is said to have occurred. In fact, the 

normal condition for a nonstorable commodity has historicaUy been cash over 

futures. As a result, a long strategy can enhance speculator profits. 
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Hammonds (1972) considers that cash market deUvery is generaUy more 

convenient and more reUable than futures market deUvery; the cash market 

may command a sUght premium. Cognitive factors seem more Ukely to have 

played a role in generating the obtained results. This overreaction of futures 

price is consistent with the so-caUed "overreaction hypothesis," that is, an 

individual tends to overweight recent information and underweight prior 

data in revising his beUef. 

The results indicate that the forecasts are too low when making low 

price forecasts and too high when making high price forecasts. Irwin, et al. 

(1992) interprets this behavior that forecasters appear to be overly 

pessimistic when predicting at low price and overly optimistic when 

predicting at high prices. 

For example, in Figure 5.3, the overreaction diagram, when a 

forecaster predicts a price of $40 per hundredweight, the actual price wiU 

ultimately be $45 per hundredweight. That means that the forecaster 

underestimated the actual price $5 per hundredweight. Furthermore, when 

a forecaster predicts $60 per hundredweight, the actual price turns out to be 

$55 per hundredweight. In this case, this forecaster overestimated the actual 

price $5 per hundredweight. 

« ^ 



152 
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Figure 5.3 Overreaction Diagram 
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5.3.4 Cointegration Test of Pricing Efficiency 

Regressing the level of actual hog price (PT) on the futures price (Pt̂  "0 

from 1986, Qtr II to 1990, Qtr II, obtained in the cointegration regression 

Pt = 33.96+.33P/4 > (5.35) 

DW = .76. 

Since DW = .76 from the regression, where sample size = .17, is less 

than the lower Umit [Ri] for a =.05 given by Sargan and Bhargava (1983). 

Thus, u, an error term, is not stationary. Therefore, the value of DW =.76 

does not aUow rejection of the nuU of noncointegratabiUty. Consequently, 

Pt and Pt̂ 4 are nonintegrated. Therefore, there is pricing inefficiency in the 

hog futures. Pt and Pt̂ 4 tend to divide without bound. As a result, Pt̂ J has 

Uttle predictive power over the movement of Pt. 

This result is consistent with Leuthold (1979). He found the evidence 

for cointegration for nearby contracts, but perhaps, not for more distant 

contracts. 

This result is also consistent with Schroeder and Goodwin (1991). 

They state that "thus, as expected, the farther from contract expiration, the 

more the cash and futures prices tend to diverge from each other"(p. 693). 

This is clearly inconsistent with the market efficiency hypothesis. 
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5.3.5 Weak Information Efficiency 

Test results using the direction of change show that unbiasedness is 

rejected for the predicted price of futures prices. Hence, rationaUty is 

rejected for the futures price. As a result, it is unnecessary to test for 

efficiency for predicted price of futures price. The forecast price from Models 

I and II are unbiased. Further tests are necessary to determine whether the 

three unbiasedness series from Models I and II are efficient. Efficiency 

impUes that forecast errors are uncorrelated. 

Model I: 

Pt - Pt!4̂  = 23.42+.33 Pt,-.24 Pt.,-.ll Pt.3 - 6 6 P,, 

F = 1.302; RMSE = 7.81 DW = 1.97 
(5.36) 

Model II: 

Pt - Pt!4̂  = 9.61+.32 Pt,-.06 P,,-.04 Pt.3 - 4 0 Pt., 

F =.77; RMSE = 7.28 DW = 2.04 
(5.37) 

The critical F value for 5% level of signfficance F05 (4,12) is 3.26. Comparing 

the F computed with each level of signfficance, impUes that this information 

Pt_,,, Pt.2, Pt.3, and Pt.4 has been used efficiently in forming the forecast. In 

other words, the forecast error is uncorrelated with past values of the 

predicted variables. It then becomes obvious that the forecast error depends 

on purely random error terms. The test results indicate that the efficiency 

^ 
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criterion is satisfied for forecast prices from Models I and II. The DW 

statistic exhibits the non-presence of serial correlation (Durbin Watson 

Statistic: 5% signfficance points of dL and du = .78 and 1.9). Bonham and 

Dacy (1991) caU this property a weak orthogonaUty test. Past prices are not 

correlated with forecast error; therefore, they cannot be used to improve the 

forecast. 

5.3.6 Sufficient OrthogonaUtv 

Model I: 

P̂  . p̂ ;̂; = -470.95 + .13 Fl:l - .012 COT 

- 3.29 Pro + 2.12 Pop -.0004 SF (5.38) 

F = 2.38; RMSE = 6.77 DW = L86 

Model H: 

Pt - Pt!i = -383.23 + .02 Pt̂ ^ - .01 COT 

- 2.67 Pro + 1.78 Pop -.003 SF (5.39) 

F = 2.02; RMSE =6 .17 DW = 2.18 

The critical F value for 5% level of signfficance F05 (5,11) is 3.20. 

By comparing F computed and F critical values from each equation, 

the result shows that the forecast error is not correlated with the information 

v̂ 
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set avaUable at the time of prediction. Thus, Models I and II do not reject the 

sufficient rationaUty of hog prices. Also the DW statistic exhibits the non-

presence of serial correlation (Durbio Watson Statistic: 5% signfficance 

points of dL and du = .66 and 2.10). 

The pricing inefficiency in hog futures markets can be explained as the 

result of the overreaction of participants. The test of the nuU hypothesis for 

unbiasedness, weak form information, and sufficient rationaUty does not 

reject the forecast prices from Models I and II. Therefore, the forecast prices 

are unbiased and efficient, and as a result, are rational. This study 

concludes that the criteria of Rational Expectations in Models I and II are 

met. 



CHAPTER VI 

SUMMARY AND CONCLUSIONS 

6.1 Summary 

Many economists have summarized the intuitively plausible argument 

that futures prices provide information that can be used to guide production 

in hog operations. However, it is inefficient for the futures market to act as a 

guide for hog production compared to field crops, because the time required 

for hog production is longer than that of field crops. The longer time required 

means the less accurate the futures contract becomes; and therefore, 

forecasts based on futures prices are inefliective for predicting the subsequent 

spot price of hogs. 

A substantial body of research concerning the pricing efficiency in the 

Uve hog futures markets reveals many controversial results due to the 

different methodologies and time periods studied. One group of researchers 

found that the hog futures market produces inefficient pricing, whUe another 

group indicated that this market has efficient pricing. However, Martin and 

Garcia (1981) considered the time horizons from one to eight months prior to 

maturity. They found that futures prices were unbiased estimates of 

subsequent spot prices. The results of this dissertation correspond with 

those of Leuthold and Hartman (1979, 1981) in that the hog futures markets 

157 
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have not performed efficiently. This study indicates that a simple 

econometric model using only pubUc information was more accurate in 

forecasting than was the Uve hog futures market. When price expectations 

are formed, the farrow-to-finish producer should consider using at least four 

quarters with either the econometric model or the futures prices to estimate 

the subsequent spot price. The forecast horizon of eight months, used by 

Martin and Garcia should be appropriate for the finisher who buys feeder 

pigs. 

However, no research has analyzed the role of futures price as a 

predictor of the subsequent spot price for more than eight months. This 

study extends this work. In the case of the farrow-to-finish hog enterprises, 

producers should employ futures price information at least twelve months or 

four quarters ahead for effective production planning. 

This dissertation focused on testing whether the futures price is 

efficient by studjdng the relationship among the futures price, the 

subsequent spot price, and the forecast price (out-of-sample forecast). The 

role of expectations in the producer's decision making must be considered. 

The regressions of a Uve hog market model can be summarized into 

five equations: 

Equation 1, demand function 

Equation 2, desired pig crop 

Equation 3, pig crop adjustment 
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Equation 4, supply function 

Equation 5, market clearing condition 

Researchers are becoming increasingly interested in the study of 

expectations and expectations formation. Expectations about future price 

play an important role in decision making of pig crop production. A 

fundamental model was developed, then modified into two models, 

depending on the producer's expectations in the desired pig-crop equation. 

The desired pig-crop equation of Model I uses price expectations 

formed at time t - 4 {Ê .4 (Pt llt.4)} ,which are derived from a reduced form of 

that structural model. This model is caUed the Rational Expectations Model. 

Model II uses the change of price expectations at time t-4 and time t-5, 

that is Et.4(PtlIt.4) - Et.-(Pt-l|It-5). Et.5(Pt.iiIt.5) is derived from lagging 

Et.4 (PtlIt-4) by one period. In addition. Model II includes price risk of hogs 

and com in the model. In this study. Model II indicates Rational 

Expectations with price risks. 

Steps of estimation Pt̂_:4 of Model I and II: 

The producers can have the estimated price expectation Et_4(Pt IIt-4) 

by running a regression on the reduced form from equation (4.21) in which 

every variable is substituted by the actual value. 

•mm r\ 
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The estimated pig crop Pig,_2 can be derived by substuting an 

estimated Et_4(Pt |It_4 )into the pig crop equation (4.22) and then running a 

regression. In order to get an estimate of hog quantity suppUed Q; into the 

demand equation (4.24), then run a regression. Therefore, an estimated Pt̂ :̂  

can be obtained. Steps of estimation P,̂ :*, of Model H are the same as Model, 

but the process musts work through equation (4.45), (4.46), and (4.49) 

respectively. 

To estimate the model, this study used ordinary least squares and 

recursive method iastead of FuU Information Systems (FIS) for three 

reasons. First, a long interval of many months elapsed between the time of 

decision making and marketiag. As quoted by Bigman, the simultaneous 

method of estimation should not be used. Second, this study chose to avoid 

the specffication bias instead of the simultaneity bias. Third, FIML method 

created an unexpected sign in the demand equation. 

Model I has a negative relationship between the pig-crop and price 

expectations. If the hog cycle existed, then the cobweb phenomenon existed. 

The actual prices should faU on the demand curve. Rational persons wiU 

capture the negative relationship between price and quantity demanded by 

producing along the demand curve. 



161 
Model II used the change in price expectations (conversely. Model I 

uses the level of price expectations). Therefore, Model II assumes that 

producers perceived the price risks of hogs and corn over a long period of 

time. Thus, in order to increase production, the expected price at time t must 

increase as compared to the expected price at time t-1. Inherently, 

Et_4(PtlIt_4) is greater than Et_5(Pt_JIt_5). As a result, the producer is 

looking for the expected price trend. A positive relationship exists between 

the level of the desired pig-crop and the change in expected price of hogs. 

Also, the coefficients of the other estimates of Models I and II exhibit the 

expected signs. Then two modffied models. Models I and II, are produced and 

can be used to forecast the subsequent spot prices. 

Models I and II do not reject the unbiasedness test at the .05 

signfficance level. AdditionaUy, the forecast prices for hogs in Models I and 

II do not reject the Weak Information Efficiency and Sufficient OrthogonaUty 

test. The resulting forecast from Models I and II yield a good forecast 

because the models utilize aU avaUable information during the forecasting 

process. Utilizing aU avaUable information means that when the forecast 

must be formulated for the next quarter, the results for the most recent 

quarter are included to generate the most accurate forecast price possible. 

For example, this forecasting process uses the first through the forty-second 

observations to forecast the forty-sixth observation; then the first through the 
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forty-third observations vvdU be used to forecast the forty-seventh 

observation, and so on. 

Rational Expectations Models I and II use the knowledge of economic 

structure to enhance the efficiency of predictions or forecasts. It is the 

prediction from economic theory using aU the relevant information avaUable 

at the time the forecast is made and is referred to as rational expectations in 

variables. The idea of rational expectations may weU have a rational place in 

models, though not in the clear cut forms which have been proposed. 

Between the two models. Model II 5delds better predictions of the 

subsequent spot price. Even though Models I and II perform the price 

discovery function better than the futures price, Models I and II have a 

higher RMSE than the futures market. A possible explanation for the 

comparatively high RMSE is that the RMSE wiU tend to be lower for 

forecasts containing many similarly sized errors relative to forecasts that 

contain, on average, smaUer errors, as weU as several very large errors. An 

estimator is unbiased if the average value of the forecast equals the value of 

the variable to be forecast. Therefore, forecast prices might provide an 

unbiased forecast even though containing very large errors (RMSE). 

Instead of relying solely on standard statistical technique as suggested 

in the hterature on future price behavior, this study used a trading strategy 

(based on forecasts from Models I and II) to determine if profitable arbitrage 

"•^v 
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opportunities exist. Models I and E produced excess profit per contract, e.g., 

$1,270.00, and $1,207.35, respectively. E\idence of profitable arbitrage 

opportunities suggests that the futures market is inefficient. 

Since both subsequent spot price and futures price are unit roots; 

therefore, the cointegration test is another method to test the pricing 

efficiency. The cointegration test was used to confirm that the futures price 

is an inadequate predictor of the subsequent spot price. 

The results from the empirical study of unbiasedness tests, trading 

strategies, and cointegration tests indicate that there is pricing inefficiency 

in the hog futures market. 

The results from the empirical study, unbiasedness tests, suggests that 

the forecasting performance of the econometric models are superior to Uve 

hog futures prices since the Uve hog futures prices are biased predictions of 

the subsequent spot price at a .05 level of significance. 

Not only are the forecast prices for Models I and H are unbiased 

estimates of subsequent spot prices, but they also satisfy the criteria of weak 

information efficiency and sufficient orthogonaUty. Therefore, Pt̂ :4 from 

Model I and E are considered to be rational expectations price. 

One possible explanation for the pricing inefficiency in the hog futures 

market came from the overreactions of the participants. The research results 

show pricing inefficiencies in the hog futures market. Therefore, the futures 
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price cannot produce reUable signals to guide efficient aUocation of resources. 

The resulting oversupply and undersupply in the economy causes price 

uncertainty. EventuaUy, the misaUocation of resources becomes embedded in 

the U.S. hog industry because Pt is not equal to P/:4. However, by using the 

risk minimizing hedging, the producers can avoid the drop in cash price. 

Therefore, they can reduce the risk (variance) of income fluctuation or reduce 

the uncertainty attached to price movements. 

Thus, the price discovery function cannot rely solely on the five hog 

futures market. TheoreticaUy, futures market prices should be an unbiased 

estimator of subsequent spot prices. Therefore, the futures price should be 

used as an alternative predictor along with the forecast price from the 

econometric model because the avaUable evidence suggests the existence of 

futures markets improve the quaUty of the information flow about the 

products. The combined prediction may improve forecasting performance 

and, consequently, resource aUocation. 

6.2 Suggestions 

There are four constraints to this study. First, the number of 

observations was hmited. In studies from 1975, Qtr I, to 1990, Qtr II, the 

econometric model did not have a sufficient time period to maintain the 

statistical richness of data. In order for the solution to converge, a study 
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must use data of at least 40 observations to have sufficient data to conduct 

an out-of-sample test. 

In addition, there were limitations of methods used to forecast 

exogenous variables. This problem emerged as a result of hmited 

observations. A study should have at least 50 observations to use ARIMA 

effectively. Therefore, the exogenous variable cannot be predicted exactly-

In addition, Salmon and Wallis (1984) suggest that the error in these 

projections contributes to the overaU out-of-sample forecast errors. 

Secondly, in the case of testing the unbiasedness, this study does not 

take the problem of overlapping observations completely into consideration. 

This problem introduces a high order moving average process into the data. 

The property of the data wiU affect the estimated coefficients' standard 

errors. The Hansen-Hodrick (1980) estimation procedure can be used to 

correct the model's error term for serial correlation. This study does not use 

the Moving Average (MA) process because the loss of information wiU be very 

severe for a smaU number of observations. SAS Procedure Autoregression 

can be used to calculate the estimate of the parameters in a model having an 

autoregressive error structure. Then, the statistical problem of overlapping 

observation may be avoided. 

Third, Pesaran (1984) describes theoreticaUy that economic agents 

cannot have correct expectations (even on the average) because their 
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environment is fundamentaUy unstable. However, this study overcame this 

problem by revising the model for each forecast four periods ahead. The 

seriaUy correlated errors obtained from data in the historical period are 

important factors in improving the forecasting performance. Model revision 

is a continuous process. But. it is hardly likely that such changes wUl 

suddenly improve the forecasting effectiveness of the models. 

Fourth, in the future, these Models I and II wiU be useful because of 

the fact that as the size of the sample increases, the sample variance 

decreases. To recognize the importance of the sample size, researchers 

should not react to large and smaU samples in the same way. This model can 

be used effectively without the sample bias. The test statistics in the 

Efficient Market Hypothesis are only asymptoticaUy vaUd; since their smaU 

sample properties are not weU known, care must be taken in the 

interpretation. 

Should it be possible for at least the model consistentiy to outperform 

the futures mairket? In this case, the forecast price can be used as a reUable 

forecast for the subsequent spot prices, to formulate the optimal plans of 

production. In reaUty, it is convenient for hog producers to form their 

expectations of hve hog prices based on the futures price. In addition, 

futures prices per se are informationedly efficient, because the pubUc 

information used is gratis. 
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Futures prices, however, can be used by producers to help insulate 

themselves from changing relationships between input and output prices 

during the production process. Since the information is free, producers may 

be weU advised to investigate the futures market to determine its use in their 

overaU marketing plan. Hog producers, who can adjust their operations to 

vary their output and lock-in a profitable price level of production, could 

possibly increase their average returns. 

Suppose it appears that some people do earn an above-average profit 

from speculations. Does this mean that the Uve hog futures meirket is 

inefficient? The answer is, not necessarily. There may be other reasons why 

large profits accrue to speculation. In particular, it may be the case that 

speculators require a premium to compensate them for the risk in a hog 

futures position that they may lose rather than make money. The finding of 

above-normal profits from speculation may simply reflect the fact that the 

market, in effect, "pays" such a risk premium. 

Dusak (1973) found that average returns on wheat, corn, and soybeans 

over the period from 1952 to 1967 were close to zero. Bodie and Rosansky 

(1980) used the simple strategy of buying futures contracts and holding them 

for three months. They found the returns close to the returns from the U.S. 

stock market (Standard and Poor's 500). When using three commodities and 

a shorter time period examined by Dusak, the returns were close to zero. 
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The research results tend to suggest that speculators do not earn a 

risk premium. Therefore, the futures market is unlike an insurance scheme 

in which speculators earn a risk premium. The question remains: Are the 

returns, by buying and holding strategies, concentrated in a smaU number of 

commodities especiaUy non-storable commodities? 
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APPENDIX 

HOG MODELS 

A.1 Leuthold and Hartman (1979) 

Leuthold and Hartman (1979) developed a recursive two-equation 

demand and supply model using monthly data as a performance norm. The 

underlying assumptions of the model closely foUow that of the cobweb model. 

The L-H model was designed to forecast hog slaughter and cash-hog price. 

The rudiments of this model can be summarized in two equations. The 

supply equation explains the hog slaughter monthly in relation to the sow 

farrowing six months previously, hog-corn price ratio lagged 24 months, 

11-month dummy variables to shift intercept, and 3-slope dummy variables 

for sow-farrowing for September, October, and November. The demand 

equation relates average price of barrows per hundred weight to hog 

slaughter (in supply equation), personal income, and 11-month dummy 

variable. The model is stated as foUows. 
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Supply Equation: 

Q^=f(SFWt_„HCR,.,4,D^,D^) 

Demand Equation: 

P,=g(Q:,PI„D.), 

where 

QJ = hog slaughter monthly, US, 1,000 head; 

SFWt.6 = 1,000 head, ten states, six months previously; 

HCRt.24 = hog- corn price lagged 24 months" 

Pt = average price of barrows and gUts, eight markets, 

doUars per hundred weight (reflecting seven 

markets beginning in 1970 due to the decline in 

the Chicago market; 

PI = personal income, U.S., in biUion doUars; 

Di = 11 - month dummy variable to shift intercept, 

February through December; 

Dj = 3 - slope dummy variables for sow farrowing for 

September, October, and November. 
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SFWj e= 1,000 head, ten states, six months previously; 

HCRt_24 = hog-corn price lagged 24 months; 

Pt= average price of barrows and gUts, eight markets, doUars 

per hundred weight (reflecting seven markets beginning in 1970 

due to the decUne in the Chicago market). 

Since the hog-corn price ratio is lagged 24 months, once the amount of 

sows farrowing are known, values of the independent variables can be 

inserted into the supply equation to generate a predicted price. 

A.2 Leuthold and Hartman (1981) 

The model is a three-equation recursive model to forecast hog prices. 

Equation 1 can be seen as determining output for pork production. The 

supply for pork is equal to the number of hogs slaughtered (head) x average 

hog slaughter weight (pounds) x pig saved Utter. Equation 2 is the demand 

equation for pork. It relates the wholesale price of pork to consumer price 

index at time t (1964 = 100), consumer price index with time trend and 

dummy variable, pork production (from supply equation), cold storage stacks 

of pork, and seasonal dummy variable. Equation 3 is the demand for hogs 

equation. It relates the price of barrows and gUts to the wholesale price of 

pork previously, pork production, and seasonal dummy variable. Leuthold 
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and Hartman (1981) stiU used a recursive model, but this time they used 

a three-equation model instead of a two-equation model as in 1979. 

Supply equation: 

PPt = Q^*AHSWt*PSt 

Demand for pork: 

WPPt = f(CPIt, CPI*aT, PPt, COti, D2, Ds, D4) 

Demand for hogs: 

Pt = g(WPPt.i, PPt, D2, D3, D4), 

where 

PPt = pork production, miUion pounds; 

Q̂ t = hog slaughter, mUUon head; 

AHSWt = average hog slaughter weight, pounds; 

PSt = pigs saved per Utter; 

WPPt = wholesale price of pork, pork loins, 8-14 pounds; 

CPIt = consumer price index (1964 = 100); 

a = (0,1) dummy variable, 1 for t-2 and t-1, 0 otherwise; 

T = time trend; 

CDt 1 = cold storage stocks of pork, beginning of the quarter, 

miUion pounds; 

» « " ^ ^ 
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Di = seasonal dummy variables for quarter i. where 

i = 2, 3. 4;and 

Pt = price of barrows and gUts, 8 or 7 markets, doUars per 

hundred weight. 

A.3 Dixon and Martin (1982) 

There is one equation in Dixon and Martin (1982). By performing a 

Koyck transformation, the quantity suppUed of pork depends on the seasonal 

dummy variables, five-quarter lags on hog prices and five-quarter lags on 

feed prices, and the decay of the quantity supphed. The parameters then 

were estimated by OLS. 

Pork supply model: 

Q ^ = f{Dl,D2,D3,(Pt.5+:^Pt-6+...),(Ft.5+pFt^+...)} 

Performing a Koyck transformation gives: 

Qt = g(Di,D2,D3, Pt.5, Pf 5,;^Qt)}, 

where 

Dit = binary variables as quarterly intercept shffiers; 

^v 
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Pt-5 = five-quarter geometric lags on hog prices; 

P̂ t = feed prices. Feed price is a linear combination of 88% of 

the price No. 2 corn at Chicago and 12% protein soybean and 

meal; 

P = rate of decay is the same for both hog and feed prices; and 

Q^ = the quantity suppUed. Supply is in hundreds of miUions of 

pounds of carcass weight and prices are in doUars per pound. 

The parameters were estimated by OLS. 

A.4 Brandt and Bessler (1983) 

The forecast price of aU barrows and gUts at seven U.S. terminal 

markets depends on the logarithm of total disposable income previously, 

number of sows farrowing at quarter t-2, number of sows farrowing at 

quarter t-3, hog-corn price ratio at quarter t-1, pounds of meat from U.S. 

commercial cattle slaughter at quarter t-1, and number of broUer-type chicks 

hatched. 

The econometric estimation is a single equation in reduced form of a 

structural model: 

P«-i = fanDPL, SFWti, SFWt.2, HCRt, QBt, HTCti), 

where 

^ 
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P = the forecast price of aU barrows and gUts at seven L .̂S. 

terminal markets; 

InDPIt = logarithm of total disposable income; 

SWF = number of sows farrowing in 14 states, quarterly; 

HCR = hog-corn price ratio for Omaha; 

Qfit = pounds of meat from U.S. commercial cattle slaughter; 

and 

HTC = number of broUer-type chicks hatched. 

A.5 Marsh (1984) 

The essentials of this model can be separated into two equations: one 

as barrow and gUt slaughter and another as sow slaughter. For the barrow 

and gUt slaughter equation, the commercial slaughter of barrows and gUts 

depends on pig crop at time t-2, pig crop at time t-3, price of barrows and 

gUts, and seasonal dummy variables. For the sow slaughter equation, the 

sow slaughter depends on sow slaughter at time t-1, sow slaughter at time 

t-2, and seasonal dummy variables. 

(1) Barrow and gUt slaughter: 

Q t̂ = f(D2, Ds, D4, Pigt-2, Pigt-s, Pt), 

where 

Q̂ t = commercial slaughter of barrows and gUts, 1,000 head; 

"X 
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Di = seasonal binary variables, j=2,3,4; 

Pigt = pig crop, 1,000 head; 

Pt = price of barrows and gUts, U.S. No. 1-2, 220-240 pounds, 7 

markets combined. 

(2) Sow slaughter: 

SWSt = f{D74-3, D75-1, D2, D3, D4, HCRt, 

E(SWSt.i), E(SWSt.2)}, 

where 

S WS = number of sows slaughtered; 

D74 3 = the third quarter of 1974; 

D75-1 = the first quarter of 1975; 

HCR = hog-corn price ratio; and 

E = expectation operator. 

A.6 Holt and Johnson (1983) 

The essentials of this model can be summarized in seven equations. 

Equation 1 is the breeding herd inventory equation. It relates the breeding 

herd inventory to the price of barrows and gUts up to eight periods 

previously, the price of feed up to eight periods previously, the interest rates 

up to eight periods previously, the breeding herd lagged four quarters, and 

the seasonal dummy variables. 

Kv 
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Equation 2 is the sow slaughter equation. Sow slaughter depends 

on the breeding herd inventory at the beginning of the period and the three 

economic variables (hog price, interest rate, and feed price) that reflect 

changing expectations about the profitabUity of hog production. 

Equation 3 is the pig crop equation. The pig crop depends on the level 

of the breeding herd, the information pertaining to the structural shffi, and 

the seasonal variables. 

Equation 4 is the barrow and gUt slaughter equation. The barrow and 

gUt slaughter depends on the pig crop one quarter previously, the pig crop 

three quarters previously, and the dummy variable. 

Equation 5 is the Uve weight of sows. The hve weight of sows is 

specffied as a function of lagged output prices and seasonal intercept shffiers. 

Equation 6 is the Uve weight of barrows and gUts. The barrow and gUt 

slaughter weight responds to the current price and the price of barrows and 

gUts at time t, price lagged one quarter, and dummy variable. 

Equation 7 is the domestic pork production. This identity says that 

the domestic pork production is equal to the product of barrow and gUt 

slaughter and Uve weight of barrows and gUts plus sow slaughter multiphed 

by the five weight of sows. 

(1) Breeding herd inventory (BHI): 

BHI = f(Pt-i, Ft-i, IRt-i, BHIt-4, Di), 
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where 

Pt-i = the seven-market price of barrows and gUts lagged one 

quarter; 

P t̂-i = the price of feed lagged one quarter; 

IRt 1 = the interest rate lagged one quarter; 

BHI = the breeding herd; and 

Di = 2, 3, 4. 

(2) Sow slaughter (SWS): 

SWS = g(Bmt.i, P*t, P^, IR%, Dx), 

where 

BHIt-i = breeding herd inventory at the beginning of the period; 

p; = ta.Pf.; 
1=1 

Pf = SaJ Pt'.,; and 

IR; = ZodciR.k. 
k=l 

(3) Pig crop (Pigt): 

Pigt = h(BHL, Bmt*D2, BHI*T, BHI*T*D2, DO, 

where 

T = a hnear time trend (1967.00 = 0.25) and 

D2 = an intercept shffier for quarter two. 

^ 
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(4) Barrow and gUt slaughter (Q^): 

Q^ = I(Pigt-i, Pigt-2, Pigt-3, D2, D3, D4). 

(5) Live weight of sows (LWSS): 

LWSS = m(Pft.i, Pft-2, D2, D3, D4). 

(6) Live weight barrows and gUts (LWQ t̂): 

LWQ t̂ = f(Pt, Pt-i, Di, D2, D.3). 

(7) Domestic pork production (DPP): 

DPP = LWQ«t * Qh + LWSS * SWS. 

Holt and Johnson assumed that (1) aU expected prices are functions of 

current and lagged farm prices and (2) cost of production studies (USDA) 

continue to show that feed is the most important variable expense in hog 

production. They found that current prices have no influence on the level of 

the reproductive herd and so were excluded from the final estimation. One of 

the CJAE (Canadian Journal of Agricultural Economics) referees suggests 

that Holt and Johnson's model should have the feedback through market 

price if a demand block were included. 

A.7MacAulav(1978) 

This is a spatial equihbrium model that can be summarized in three 

equations. (Although there are many regions, this study chose only one 

region in order to see the model specffication.) 

"»PiP««N 
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Equation 1, the consumption demand equation, explains number of 

pounds per capita pork disappearance in relation to the seasonal dummy 

variable, the hog price, the beef price, and per capita disposable income. (A 

logarithmic transformation of the income variable was used to provide a 

closer approximation of an Engel curve.) 

Equation 2, the stock demand equation, relates the stock demand to 

the seasonal dummy variable, dummy variable for change in pattern of 

holding stocks, the price of hogs, pork supply, and stock demand at previous 

quarter. 

Equation 3, the supply equation, relates output of pork supply to the 

seasonal dummy variables, the hog price with a five quarter lag, the feed 

price, the farm grain stocks, the beef cattle margin as an opportunity-cost 

variable lagged five quarters, and pork supply in the previous quarter. 

The Identities equation included in the system relates demand to the 

trade flow and closing stocks and supply to the trade flow and opening 

stocks. 

Consumption demand: 

QDt = f(Si, S2, S3, Pt, PBFt, log Pit). 

Stock demand: 

It = g{Si, S2, S3, STKDUMt, (Pt - Pt-i), 

PHOGlt,QSlt,STKlt-i}. 

MBHCS 
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Supply: 

QSlt = h{SSl, SS2, SS3, PHOGlt-s, PFEEDlt-i, GRNSTKt, 

(ll.OPSl - 45PFCVl)t.5, QSlt-i}, 

where 

Qt = per capita pork disappearance (lb/head); 

Pt = hog price ($/CWT), t-5 is five-quarter lag; 

It = closing stock demand (mU. lb); 

Qt = pork supply; 

Si = seasonal dummy variable; 

PBFt = beef price ($/CWT) proxied by PSi; 

PSi = price of Al, A2, C (choice) steers; 

IDUM = dummy variable for change in pattern of holding 

stocks; 

Pit = per capita disposable income ($/hd/Q); 

PCt = barley or corn prices (barley, $/CWT; corn, $/bu); 

PFCVi = feeder caff price ($/CWT); and 

GRNSTKt = stocks on prairie farms (mU. tons). 

A number of studies exist on supply response in the hog section. Most 

studies of hog supply response deal with the time lag between a change in 

the variable determining supply and the change in production level. This lag 

is attributable to a biological lag in production factors and a lag in decision 

Hv 
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making. It is assumed that the fuU supply response to price and other 

variable changes takes longer than one quarter. To capture this effect, a set 

of geometricaUy declining weights were imposed on each variable in the 

supply response functions. 

The variables in the supply equations are seasonal dummy variables 

(Si, S2, and S3); the hog price (Pt) with a five-quarter lag. The feed price (PCt) 

is the major variable cost component; feed avaUabiUty in western grains is 

measured in terms of prairie farm grain stocks (GRNSTK); and the beef 

cattle margin, as in opportunity-cost variable, lagged five quarters (ll.OPS-

4.5PFCV). Zwart (1973) found that a five-quarter lag was appropriate. 

ImpUcit is an assumption that the effect of the above variables with lags of 

less than five periods is neghgible. 

The demand equations for consumption and closing stocks were 

estimated using two-stage least squares (2SLS) and the supply equation 

using ordinary least squares (OLS) for the period from the third quarter of 

1966 to the fourth quarter of 1976. The 2SLS method was used to estimate 

the consumption and stock equations because of the simultaneous 

determination of consumption and stock demands. Once the system is fuUy 

operational, improved estimation methods can be incorporated to account for 

some of the more subtle problems encountered in the particular formulation. 

At this point, however, 2SLS and OLS are satisfactory. 

^ 
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A.8 Heien (1975) 

Heien (1975) began his approach by specffjdng that the total number 

of pigs slaughtered depends on the expectation of farm price of pigs and feed 

cost ratio. Then he substituted the expected price ratio by the distributed lag 

of the farm price of pigs and feed cost. 

The total production of pork depends on the total number of pigs 

slaughtered, labor input, technological change, and capacity measure of the 

pork industry. Thus, the supply curve of pork can be derived from the 

maximized behavior. The resulting supply curve is in the farm. Total pork 

production depends on the ratio of the retaU price of pork and the farm price 

of pigs, the ratio of the retaU price of pork and the wage rate, the capacity 

measure for the pork industry, and the technological change. 

The demand side is from the maximizing producer utiUty function. 

The retaU price of pork depends on total supply of pork per capita, total 

supply of fed beef per capita, total supply of nonfed beef per capita, retaU 

price of chicken, retaU price index of aU other nondurables and services 

(except beef, pork, and chicken), and price offish. 

TNPS = f{(FPP/FCP) ^ } = f{(FPP/FCP) ^ } 

TNPS = f{(FPP/FCP).., (FPP/FCP) ., (FPP/FCP) .3}, 

~\ 
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where 

TNPS = total number of pigs slaughtered; 

FPP = the farm price of pigs; 

FCP = the feed cost; and 

FPP/FCP = a proxy for the expected price ratio. 

A.9 Roy and Roberson (1989) 

This is a market model which can be summarized in four equations. 

Equation 1 is the retaU price consumption equation. The retaU price of pork 

depends on the consumption of pork, disposable personal income, the 

consumption of beef, and the consumption of poultry. 

Equation 2 is the retaU price-Uve hog price equation. The Uve hog 

price depends on the retaU price of pork, the weekly goods earnings of 

production workers, time variable, and the commercial production of pork. 

Equation 3 is the storage stocks of pork products equation. The 

storage stock of pork at time t+1 (one period ahead) depends on the difference 

between the expected consumption of pork at time t+1 [E(Ct+i)] and the 

expected production of pork at time t+1 [E(Qt+i)]. The observable equation of 

E(Ct.i) - E(Qt_i) is [Rt It.i ,St ,(Ft, * L,^)]. 

Equation 4 is simply the market clearing identity that says that the 

consumption of pork at time t is equal to the production of pork plus the 

» » - ^ 
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change in the stock of pork. This is a system simultaneous equation. 

Given the information from outside, the equation can be solved for the 

endogenous variables: demand, supply, price, and inventories. 

Roy and Roberson (1989) consider (1) the short-run supply for market 

hogs is inelastic for any present market period because pigs farrowed take 

approximately two quarters to grow into market hogs. Therefore, at the time 

of marketing, producers have a relatively fixed supply of market animal; (2) 

the inelastic consumer demand translates into an inelastic hve hog demand; 

(3) the five hog market seems to foUow the cobweb phenomenon; and (4) they 

put expectations into the model. 

The structural relations for the quarterly retaU pork and hve hog 

prices are presented as foUows: 

RetaU price-consumption equation: 

P-t = fi(Cpk,t, DPIt, Qbt, Qpt). 

RetaU price-Uve hog price equation: 

Pt = ^(P-t, WPCt, T, Qpkt). 

Storage stocks of pork products equation: 

St+i = f3[E(Cpk,t+i) - E(Qpk,t.O]. 

The observable equation: 

St+i = f4[Rt, DPIt+i, St, (Ft. * Lt-i)]. 

The market clearing identity: 

> v 
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Cpk.t = Qpk.t + St - St-i, 

where 

E(DPIt+i) = DPIt + DDPIt = DPIt + (DPIt - DPIt-i); 

E(Qpk,t) = fi(Ft.2*Lt.2); 

E(Qpk,tM) = fe(Ft-i*Ui); 

Et = expectation operator; 

Ct = the civiUan consumption of pork in the U.S. during the 

quarter, miUion pounds; 

P t̂ = the weighted average retaU price of pork products during 

the quarter, adjusted to hve animal equivalents, cents per 

pound, by the reciprocal of hve animal equivalent factor; 

DPIt = the disposable personal income for the quarter at the 

seasonaUy adjusted annual rate, biUion doUars; 

Qfit = the consumption of beef during the quarter, miUion 

pounds; 

Qpt = the consumption of poultry during the quarter, miUion 

pounds; 

Pt = the seven market weighted average of hve hog prices, 

doUars per hundred weight; 
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workers in the meat packing plants during the quarter; 

T = a time variable; 

Qpkt = the commercial production of pork during the quarter, 

miUion pounds; 

St = the stocks of pork at the beginning of the quarter, nuUion 

pounds; 

Ft = the number of sows farrowed during the quarter, miUion 

head; 

Lt = the estimated average number of pigs saved per Utter 

during the quarter; and 

DPIt+i = the expected income in the next quarter. 

A. 10 ShonkwUer and Spreen (1982) 

By studying the relationship between hog slaughtering and a hog-com 

price ratio series, ShonkwUer and Spreen (1982) used transfer function or 

dynamic regression techniques which permits the tests of causal 

relationships and a systematic means for specffying distributed lag forms. 
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(|)y(L) and ©22(L) = finite polynomials in lag operator L; 

HCRt ~ ^ hnear combination of the hog-corn price ratio Xt; and 

Qt= hog slaughter. 

A. 11 Bessler (1984) 

A vector autoregression was estimated on this five variable system: 

U.S. hog prices, sow farrovdng, hog slaughter, corn prices, and disposable 

income. By applying ordinary least squares regression to each equation, each 

variable is thus regressed on lagged values of itseff and on lagged values of 

each of the remaining variables. In addition, a constant and a time trend 

were included in each equation. 

DPIt = f(DPIt.i, SWFt-i, HCRti, Qti, Pt-i, T) 

SWFt = g(SWFt.i, DPIt-i, HCRt-i, Qti, Pt-i, T) 

HCRt = h(HCRt.i, DPIt.i, SWFt-i, Qt-i, Pt-i, T) 

Qt = h(Qt-i, DPIt-i, HCRti, SWFt-i, Pt-i, T) 

Pt = j(Pt-i, DPIt-i, SWFt-i, HCRt-i, Qt-i, T), 

where 

DPIt = disposable income; 

SWF = sow farrowing; 

HCRt = corn price; 

Qt = slaughter; 

^iitfiK:^ 



201 
Pt = hog price; and 

T = time trend. 

A. 12 Bessler and Brandt (1982) 

Bessler and Brandt (1982) recently attempted to identify those supply 

and demand factors that affect hog prices at the farm level and to determine 

the length of the period occurring between these cause-and-effect 

relationships. They found that a change in the number of sows farrowing led 

to a change in hog prices in the opposite direction within the next one to two 

quarters, which closely relates to the five-to-six-month period required for a 

pig to reach market weight. Part of the change in price was attributed to 

producer expectations (e.g., a large number of sows farrowing has a price-

depressing effect as meat-packers store less product, reflecting changed price 

expectations) and part was due to the biological production lag (more 

offspring being marketed depressing prices). They also found a one-year lag 

between a price change and a change in the number of sows farrowing. This 

result tends to agree with the views of many hog industry analysts who 

suggest that it takes about six months or more of profits or losses before 

producers wUI respond by expanding or controUing their breeding herd. The 

authors also found a rather strong positive relationship between consumer 

income and hog prices-as income rises, demand increases for pigs. 

««Mk; t - ' 4 


