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THE SHORT-RUN BEHAVIOR OF
FORWARD-LOOKING FIRMS

Abstract

A theory of short-run competitive firm behavior allowing for nonmyopic risk 'aversion,
randomness in input and output prices, as well as forward trading and storage of final good and
material input is introduced. If the firm is a forward-looking risk-averse expected-utility
maximizer, separation of production and storage fi‘om hedging decisions is obtained. Production
and storage are shown to depend only upon forward and cash prices and to be independent of the
agent's degree of risk aversion and the distribution of random prices. Comparative statics are
derived regarding production, purchases, and sales. The hypotheses advanced are tested
empirically with monthly data pertaining to the U.S. soybean-processing industry. The results
support the model and suggest that in stationary equilibriumn futures prices of the soybean complex
have had little influence on crushings or production, but they have been important determinants of
inventory levels. Both theoretical and empirical results indicate that short-run firm behavior is
more complex than is generally assumed in the literature. They also suggest long-term firm
behavior can be better understood by studying its short-term behavior rather than using the

medium- to long-run models that are currently available.



THE SHORT-RUN BEHAVIOR OF FORWARD-LOOKING FIRMS

The objective function used in the theory of the firm typically contains output price imes
output quantity and a quantity-dependent cost function. Implicit are the assumptions that the firm
simultaneously sells output and buys inputs at known prices. In many firms, however, much of
the managerial effort is targeted toward buying inputs when their prices are lowest, selling output
when its price is highest, using input and output storage to take advantage of price movements, and
employing forward and/or futures markets to hedge some of the risks associated with production
and storage. These activities are particularly important in commodity-oriented firms, such as those
involved in producing and processing food and natural resources.

In the medium and long terms, the observed short-term differences between production and.
output sales and between input purchases and usage are averaged out and seem trivial. The
medium- and long-term behavior of the firm, however, may reflect the cumulative impact of short-
term decisions. In this instance, a full understanding of medium- and long-term behavior will
depend on how managers respond to short-term incentives.

Figures 1 and 2 illustrate these assertions with data from the U.S. soybean-processing
industry. Figure 1 depicts the annual quantities of soybeans purchased and processed, and the
annual sales {in soybean units) of soybean oil and meal for the years 1967/66 through 1986/85.1 It
can be seen that annual crushings, purchases, and sales are almost indistinguishable. The major
departures from the common pattern are those of oil sales in the years 1977/76, 1980/79, and
1984/83. It is emroneous, however, to infer from Figure 1 that processors manage crushings,
purchases, and sales as a single undifferentiated entity. Figure 2 displays the monthly quantities
purchased, processed, and sold for two typical years (1980:8 through 1982:8). The sharp contrast
between Figures 1 and 2 shows that behavioral rules dertved from monthly data will be

substantially different from those found with annual data. Behavioral rules estimated from

130ybean processors crush raw soybeans to produce oil and meal in fixed proportions.



monthly data should provide a better understanding of actual behavior than rules obtained from
annual data, because real-world decisions are made at intervals much shorter than one year.

In this paper, we develop and test a theory of short-run competitive firm behavior under
risk aversion in the presence of forward markets. One innovation in this model is that we allow the
firm to be forward-looking or nonmyopic, that is, we assumne that the firm's planning horizon
exceeds the firm's decision horizon.? The study also shows how short-term paramneters can be
used to derive meaningful long-term response parameters.

Nearly all of the literature on the theory of the competitive firm under uncertainty is based
on myopic or static models. The standard assumption is that the firm's decision and planning
horizons are identical and equal to "one period" (Robert Merton 1982, p. 656), i.e., the firm's
objective is to maximize the expected utility of wealth at the end of the current period, without
concern about future periods. The main results from this theory are that the risk-averse firm will
produce at a point such that production under price uncertainty is less than under certainty (Agnar
Sandmo 1971) and that a marginal increase in price uncertainty reduces production if the firm's
risk attitude is either decreasing or constant absolute risk aversion (DARA or CARA, respectively)
(Yasunori Ishii 1977).

The framework set up by Agnar Sandmo led to a forrnal analysis of the behavior of the firm
in the presence of forward and futures markets for the final good. Jean-Pierre Danthine (1978),
Duncan Holthausen (1979), and Gershon Feder et al. (1980) further refined Agnar Sandmo's
model by introducing a forward market for the final product. They proved that, in the presencé of
a forward market, the competitive firm facing price uncertainty (and nonstochastic production) will
produce as if the price were certain and equal to the forward price. This resuit is usually referred to
as the separation property. When there is basis risk, that is, the case of futures markets, Carl

Batlin (1983) and Jacob Paroush and Avner Wolf (1989) showed that (i) the firm will produce less

2Robert Merton (1982, p. 656) defines decision horizon as "the length of time between which the investor
makes successive decisions, and it is the minirnum time between which he would take any action,” and planning
horizon as "the maximum length of time for which the investor gives any weight in his utility function.”



than in the absence of basis risk and that (11) the separation property generally does not hold.
Recently, however, Harvey Lapan et al. (1991) demonstrated that separation occurs even in the
presence of basis risk if the utility function is CARA and the relationship between futures and cash
prices sausfies some common_ly assumed regularity conditions.

Edward Zabel (1971) pioneered the study of forward-looking behavior under risk aversion,
allowing also for inventories of final good. Zabel proposed a CARA intertemporal utility function
to characterize the preferences of the competitive firm. His line of research was not pursued until
recently, when John Hey (1987) built a dynamic model of the competitive firm with a forward
market for final good. In that theoretical paper, John Hey assumed a risk-averse firm with an
additive intertemporal utility functon. The firm was allowed to hold inventories of final good and
~ also to trade in a forward market for final good. With this setting, Hey proved that the firm
separated production from hedging and showed that it produced as if the cash price were known
and equal to the forward price. In addition to postulating additive utility, a characteristic of Hey's
paper is that the results depend crucially upon the production and hedging and sales decisions
occurring sequentially. In his model, the firm chooses optimal production and hedging at one
decision date and optimal sales at the next decision date. For the short-run analysis considered in
this study, a more realistic scenario would involve simultaneous rather than sequential decision
making.

A different approach to forward-looking behavior in the presence of futures markets was
undertaken by Ronald Anderson and Jean-Pierre Danthine (1983). They allowed the firm to revise
the futures position within the cash market holding period and found that there is separation
between cash and futures decisions. However, they assumed a single production cycle, which
seems overly restrictive to model the behavior of some types of firms (for example, commodity
processors).

Our paper is organized as follows. In Section I, we lay out the theoretical model. We then
test some of the theoretical results using data from the U.S. soybean-processing industry, and

discuss our findings in Sections I and ITI. In Section IV, we summarize the major conclusions.



I. The Theoretical Model
Consider a competitive firm characterized by a twice continuously differentiable von
Neumann-Morgenstern utility function, utility being strictly increasing and concave in its argument

terminal wealth (U(W), U' >0, U" < 0). Terminal wealth is defined as
(1.1) Wo=r 100 o tp g W +Tg0 T g+ Iy o Tp By + o+ Tp  Tp + 77

where W is monetary wealth at the end of decision date t, =, is the cash flow at time t, and 1,
equals one plus the one-pertod interest rate prevailing at t. Interest rates can change from period to
period, but they are assumed to be nonstochastic. At each trading date t, the firm can borrow and
lend unlimited amounts of money for one period at the prevailing interest rate. The time elapsed
between successive decision dates represents the firm's decision horizon. The furthest in the
future that the firm cares about is date T, hence the time comprised between dates t and T is the
firm's planning horizon at date t.

It 1s further assumed that the firm's short-run production function is represented by the

Leontief function
(1.2) Q= min[Qf/(I), q()], ® >0

where Q, denotes production of final good at date t, Q; is material input use at date t, & is a fixed
input-output coefficient, and q(-) is a strictly increasing and concave production function for
nonmaterial inputs such that q(0) = 0. According to (1.2), adding < units of material input
increases production by one unit over the range in which the set of variable nonmatenial inputs does
not constrain production. Walter E. Diewert (1971) has shown that the cost function dual to the

production function (1.2) is



(1.3) C,=®5,Q,-c(Qy)

where C, is variabllc cost at date t,'st is material input price at date t, and c(Q,;-) represents a strictly
increasing and convex variable nonmaterial cost function.

For our purposes, the most important property of the Leontief function (1.2) is that there is
no substitution between material and nonmaterial inputs. The absence of substitution between
material and nonmaterial inputs allows us to introduce randomness in material input prices without
having to face the extreme complications that would arise otherwise (Raveendra Batra and Aman
Ullah 1974, Richard Hartman 1975, Marion Stewart 1_978, Stylianos Perrakis 1980, Brian Wright
1984). This property also allows us to address the lack of input substitutability that exists in the
short run.

Relaxation of the standard nonstorage constraint is one of the main contributions of our
analysis. Hence, we make explicit allowance for storage of both output and material input. The
presence of storage means that output sales and material input purchases will generally be different
from the amount produced and the material input employed in the production process, respectively.
We also allow for the presence of forward markets for both output and material input. This is the
most general setting of our model; in situations where one or both forward markets are not
available, the more general scenarto can be adjusted by omitting the relevant variables from the
objective function.

The assumption of forward markets as opposed to either futures markets or both forward
and futures markets greatly simplifies the presentation. The major theoretical result used in the
empirical section (i.e., the separation property) can also be derived from models that assumne the
existence of either only futures or both forward and futures markets, by applying the techniques
used by Harvey Lapan et al. (1991), Jacob Paroush and Avner Wolf (1989), and Frances
Antonovitz and Ray Nelson (1988). Harvey Lapan et al. (1991) showed that, when some

regularity conditions are imposed on the utility function and on the relationship between futures
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and cash prices, the separation property holds in the presence of futures instead of forward
markets. Jacob Paroush and Avner Wolf (1989), and Antonovitz and Nelson (1988) demonstrated
that the separation property holds in the presence of both forward and futures markets.

The studies mentioned in the previous paragraph omit the marking-to-market that takes
place in futures as opposed to forward markets. Marking-to-market has been analyzed in the
context of a single production cycle by Ronald Anderson and Jean-Pierre Danthine (1983). Under
the same assumptions that we rnake about financing, these authors show that marking to market
affects only the futures position and not the physical position. Extending our model to include
marking-to-market as in Andersoﬁ and Danthine is straightforward, albeit tedious. This extension
would involve modifying expressions (1.4) and (1.6) below, by including equations to refiect
marking-to-market, and then obtaining first-order-conditions for the decision dates in which no
physical decisions are taken. Our paper's key results, however, would remain unchanged because
of the separation property.

The particular form of the firm's cash flow at any datet =0, 1,..., T-1 is
(1.4) =, =p,P, -5,8,-c(Q)-il,-P)-(L+S,-Q)+ (fpe-P) Fuy + (6. - 8 Fry
s.t.  L,=L,-P,+Q.,,2P

L+S,=L,;+5,-Q;+5,2Q/=0Q,20

where: p, = cash price of final good at date t
P, = sales of final good at date t
s, = cash price of material input at date t
S, = purchases of matenal input at date t
i(-), is(-) = strictly increasing and convex variable inventory cost functions of final good

and material input, respectively



-

. = beginning inventory of final good atdate t, I, =1 , - P, +Q,,
I = beginning inventory of material inputatdate t, =T, + S, - Q}
f, = forward price for delivery of final good at t, prevailing at t-1

F, | = net short position for delivery of final good at t, open at t-1

£

w1 = forward price for delivery of material input at t, prevailing at t-1

F? | = net short position for delivery of material input at t, open at t-1
t-1 P ry P p

At any date t there are only two positions that can be traded in the forward market: one for detivery
of the good at date t+1, and the other for immediate delivery (i.e., delivery at t).3 The cash flow
due to the opening of the forward contract lags one period the actual decision to open the contract
because forward trading does not involve cash flows until positions are closed. Forward prices
prevailin g at t for immediate delivery are identical to the corresponding current cash prices of
output (p ) and material input (s,). Forward prices at t for delivery at the following date t+1 (f,

and ff;m), however, will be generally different from the respective current cash prices p, and s,.

t+1

At any decision date t, the firm selects the levels of purchases and use of material input (S,
and Q;), production (Q, = ® Q}), sales of final good (P ), and hedging (F, and F}) that maximize
expected utility, given available information. The optimal decision vector at the current date t =0

(dy* = Py, Q;*, So7s Fy's Fa*)) is obtained by solving the following set of recursive equations
(1.5) Moty Wy, Ip I Frop, Frspp) = maxy cp Uty W +70p)
(1.6) Mr,; - tpy Won L T Fop, B py

= maxy p EdMlr, oo 1y (g Weg 10, Ly, Ly Fo B pyyl) t=0, 1., T4

3We do not require that the good be actually delivered, but we still use the term delivery for clarity of
exposition. Forward commitments may be canceled either by delivering the good or by undertaking an opposite
transaction in the forward market.



where d, = (P, Q;, S, F,, F,) is the decision vector at date t, D, is the feasible decision set at date
t, E(') denotes the expectation operator based on information available at t, P, =Py So fy 1

ff): reer Po Sp Ty hp f‘;t .1) 18 @ vector containing past and current prices, and terminal wealth and

cash flows are given by (1.1) and (1.4), respectively. The solution to the problem summarized by

expressions {1.5) and (1.6) can be obtained by recursively solving the Lagrangian functions
(L.7) £p=Ulrgy Wy, + 1) +Mp (p-Pp +1p T3+ S7- QP
(1.8) £ =E{M, [r,...t0; 0 W, +T )L, . T, E, Fipyyl)
+1, @ -PY+n @ +S,-Q).t=0,1,..., T-1
where 1), and 7, are the Lagrangian multipliers corresponding to inventories of final good and

material input, respectively.

The first order necessary conditions (FOCs) corresponding to the terminal date T are

P

(1.9 = (pr+iYMy - =0

T
(1.10) i;afl =- (sp +c/®) My <0, Q1 20, Q% af’z =0
0Q; led
(1.11) _a& =-(sp+1 )M +1M7=0
0
(1.12) dkr =1.-Pr20,M:20,1; ot =0
ony T
of
(1.13) ifl =B +5:-Qr20,m320,np — =0
a“T T '
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where My represents U’ evaluated at the optmum. The rationale for Kuhn-Tucker condition
(1.10) 1s that the amount processcd cannot be negative (i.e., production reversal is precluded).
Neither (1.9) nor (1.11) are Kuhn-Tucker conditions because the firm is allowed to buy final good
and sell material input. The first term of the derivative of the Lagrangian function with respect to
sales is positive, hence the Lagrangian multiplier (ny) is also positive to satisfy (1.9). Butif >
0, then 9£/dn = I, - P must equal zero to avoid violating the Kuhn-Tucker condition (1.12). By
the same reasoning, Ty > 0 and d£/ong = I + Sp - Qp = 0. Finally, 0£/0Q; > 0 because M’ >0
and ¢' > 0, which requires Q-Sr =01in ofder to satisfy (1.10). Therefore, the optimal decision vector
at the terminal date T consists of liquidating inventories (P" = Iy and S;" = - I}) and processing no
matenal input (Qﬁ."‘ =0). Consequently, the optimal cash flow reduces to " = py Iy, and the

value function is

(1.14) Mp(rpy Wy, Ips pp) = Ul W +p1 I
For dates prior to the terminal date (t = 0,..., T-1), the FOCs are (see Appendix A):

of . ,
(115 a_ﬁt' =Ly - I [rt (pt +1) Mt' B Et(le Mr+1 )} - n, = 0

t
of,

1.16)
( 50

=0

a£ s 5
aQ} =T o T1p BPrt/P M) -1 (5 + /@) MT0,Q 20, Q

a£t _ r 5 r s _
(1.17) 35 =Tp,q - Tp g [Bl8ppy M) -1 (8, +1) M1 41, =0
t

of, . ,
(1.18) 3 =Tiyp e I g My - Py My 01=0
t

a£t f9 1 I
(1.19) 3F =Tp,q oo Iy ey My - Efs M 01 =0

t

3, 3f
(1200 =1 =1 -P,20,n,20,m, —— =0
t t
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S
t t

a£ s S S s a£
(1.21) 3;]_; =[+S5,-Q 20,1 20,n é.n_i =0

where M|' =E (M,, ;') evaluated at the optimum corresponding to date t (note that M,' > 0). The
solution to FOCs (1.15) through (1.21) is a unique absolute constrained maximum because the
objective function is strictly concave, and the constraint set is convex.* These FOCs can be further
manipulated to yield separation between "physical” decisions (1.., purchases, production, and
sales) and hedging. This assertion is readily shown by substituting (1.18) into (1.15) and (1.16),
and (1.19) into (1.17), and rearranging, which yields the set of expressions {1.22) through (1.24)
as an alternative to (1.15) through (1.17):

(1.22) ft,t+1 Rt [pt - i'(It - Pr)] = Tlr/(rt+1 T Mt')
(1.23) f, ) -, [® 5, - Q)] <0, QT 20, Q {f,, -1, [®s, - c(Q/D)]} =0

(1.24) £} -1 {8, - '@ + S, - Q) =M/ o Tpg M)

"Expression (1.23) allows us to solve for the optimal level of material input use (Qf*) independently
from hedging, purchases, sales, and beginning inventories. A careful look at (1.22) and (1.20)
reveals that optimal output sales (P,") are independent not only from the amounts hedged but aiso
from use, purchases, and beginning stocks of material input. Output sales can take any value that
does not exceed beginning stocks of final good. If sales equal beginning stocks, then P,” = 1; if
sales are strictly less than beginning stocks then 1, = 0, and the precise level of sales is obtained
from (1.22). Similarly, expressions (1.24) and (1.21) allow us to solve for the optimal level of

material input purchases (S,”) independently from sales and beginning stocks of final good.

4We will assume for the remainder of the analysis that the solution to (1.6) exists, The conditions for
existence are given in Dimitri Bertsekas (1976, p. 375).
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In summary, the existence of forward markets for final good and material input leads to
separatibn of purchases/processing/sales and speculative decisions for the forward-looking risk-
averse firm. Moreover, optimal purchases, processing, and sales are independent of the agent's
degree of nsk aversion and the distributions of random cash prices. Sales of final good are
obviously independent of the level of risk aversion and the random prices so long as sales equal
beginning inventories (i.e,, P" = ). Alternatively, if sales of final good are less than beginning
inventories (i.e., Pt* <L), then the terms in which the risk attitude and the random prices appear
collapse to zero, and again sales are independent of these variables. A similar analysis can be
applied to show that purchases of material input are also independent of the decision maker's
degree of risk aversion and the distribution of cash prices.

For interior solutions, the comparative statics corresponding to output sales, and purchases
and use of material input can be obtained by setting the right-hand side terms in (1.22) through
(1.24) equal to zero and totally differentiating the resulting expressions. This derivation is
straightforward after recalling the properties imposed on the nonmaterial and storage cost functions
(c(), i(-), and is(-), respectively). Comparative statics are summarized in Table 1.

The theoretical results reported in Table 1 indicate that the optimal use of material input
should be negatively related to its current cash price and positively related to the forward price of
final good. Beginning stocks of final good may or may not affect material input use, depending on
the particular form of the nonmaterial variable cost function. Under some conditions, it can be
shown that material input use adjusts negatively to increases in beginning stocks of final good.5
The impact of the interest rate on material input use is negative if use is independent of output
beginning stocks, and it is ambigurous otherwise. Purchases of material input respond in the same
fashion as material input use but are also positively related to the current forward price of material
input and negatively related to the beginning stock of material input. Sales of final good are

independent of cash and forward prices of material input as well as beginning inventories of

5This response to beginning inventories of final good is obtained by letting ¢ = ¢(Q,, I}, ¢, > 0, ¢, > 0, ¢y,
>0, %2)0.01220.
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material input. Output sales are positively related to current output cash price and beginning
inventories of final good, and they are negatively associated to current output forward price. The
interest rate has a positive effect on sales if input use does not depend on output beginning stocks,
and an ambiguous effect otherwise.

The existence and direction of the causal relationships summarized in Table 1 are very
different from those predicted by the standard myopic model. Proccssing, purchases, and sales are
either identical or bear fixed relationships in the myopic model. It is interesting therefore to
investigate whether the hypothesized relationships of Table 1 are supported by an appropriate data

set. This investigation is the purpose of the remainder of the paper.

II. Empirical Results and Discussion

The U.S. soybean-processing industry was chosen to test the theoretical propositions
because there are highly liquid futures markets for both material input (soybeans) and final goods
(soybean oil and meal) in the Chicago Board of Trade (CBOT). In addition, there are available
high-quality data at a monthly frequency, which is the observation horizon employed in the
empirical application.6

Before turning to the description of the methodology, data, and estimation procedures, it is
worthwhile to summarize the empirical results from the econometric model in terms comparable to
Table 1. This inversion of the standard presentation procedure allows a more direct linkage of |
theory and practice and is justified in part by the necessary complexity of the application of the
model. Table 2 is entirely analogous to Table 1, but it contains the estimated partial elasticities
corresponding to the U.S. soybean-processing industry.” A comparison of Tables 1 and 2 reveals

that use and purchases of material input, as well as final good sales generally follow the

SRobert Merton (1982, p. 656) defines observation horizon as "the length of time between successive
observations of the data by the researcher.”
7Soybean processors produce meal and oil in fixed proportions, and so there are two relevant output prices.
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hypothesized pattern. The only exception is that beginning output stocks have a nonsignificant

effect on material input purchases. Futures price of soybeans is significantly different from zero at
the 5 percent level but not at the 1 percent level; this lack of significance at the 1 percent level,
however, is due to multicollinearity (this point is discussed in more detail in the next section).

The most irnportant feature of these results is that decisions regarding input use, input
purchases, a_nd output sales can be treated separately and in a predictable way when modeling the
short-run behavior in these industries. In results presented later, 1t is shown that all but one of the
relationships left blank in Table 2 are nonsignificant. In the absence of the preceding theoretical
analysis, the lack of significance of these missing variables might seem counterintuitive. For
example, one might (as the USDA does) use cash prices of oil and meal relative to the cash price of
soybeans as a measure of processing profitability (USDA, Economic and Statistics Service, Fats
and Qils--Outlook and Situation). A priori, any of the dependent variables could be used as a
measure of the activity of the firm, and any one or set of the explanatory variables as the incentives
to which the firm responds.

To emphasize the differences in relative magnitudes among input use, input purchases, and
output sales, the short-term total elasticities of these variables with respect to prices and beginning
inventories are surnmarized in Table 3. Table 3 differs from Table 2 in that it includes the indirect
- effect of prices and beginning inventories through the impact of input use (production} on input
purchases (output sales).® The magnitudes of the total elasticities are directly comparable across
the dependent variables and show, for example, that the soybean cash price causes a much greater
change in soybean purchases than in soybean use. These elasticities indicate that the soybean cash
price is the single most important factor affecting processors' behavior. Table 3 also indicates that
in the short term processors adjust to changes in cash and futures prices mainly through their
soybean purchases (a result consistent with the relative volatility of crushings, purchases, and sales

depicted in Figure 2).

8The rationale for having crushings (production) as an explanatory variable in the regression for purchases
(sales) is discussed in the next section.



