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A Quarterly 
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For Corn: 
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Approach To Cash 
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This report deals with a quarterly model of the Intertemporal Allocation of Stocks 
U.S. corn market. It is designed mainly for short

The quarteNo-quarter allocation of corn stocks term prediction and policy analysis. The variables 
is of crucial importance in this model. Unlike yearly and economic relations considered are generally 
m~dels in which ending stocks are often relatively similar to those in the annual model for corn and 
minor supply components, ending quarterly stocks other feed grains developed by Womack. But since 
can ~e viewed as the only source of supply for the inter-seasonal time periods are involved, this model 
ensuing. quarter. Stock holdings will depend, among gives special attention to the behavior of corn 
other things, upon expected prices. Therefore, an alinventories and to the determination of both cash 
locating mechanism is required so that utilization and futures prices for corn. Some recent papers by 
stocks, ~nd prices are determined within each qu~rPurcell and Richardson, Wilkinson and Arzac, and 
ter, but In the presence of specified price expectaMeilke and DeGorter also present quarterly models 
tions for future quarters. involving corn and feed grains. Each of these 

models emphasizes a different approach in either Dealing with price expectations always has been 
methodology or basic objectives. a problem in econometric research. Usually a dis

tributed lag expectations model or some other adFirst, a rather brief analytical framework of this 
hoc procedure is adopted to capture price expectaparticular model is presented, focusing mainly on 
tio~s. In this quarterly model, however, the goal isstocks and inter-temporal price behavior. Then the 
to Incorporate the corn futures market institution estimated model is presented in several versions. 
within which price expectations are generated. It Finally a series of impact multipliers useful for 
has been shown that prices, generated by organized prediction and policy analysis are developed and 
futures markets, are unbiased forecasts of comingsome illustrative examples are provided. 
cash prices (Kofi, Gray and Tomek). Thus, two inter
related markets are assumed to explain the behav

I. Analytical Framework ior of the main endogenous variables in this quar
terly corn model: (1) the market for cu rrent utilizaWhen a quarterly model is specified, one must 
tion in which the cash price is generated and (2) theconsider specific characteristics of quarterly 
futu.res market in which future prices and quarterly economic behavior which may be different from 
ending stocks are generated. This approach leads toyearly averages or totals. In a quarterly corn model 
th~ simultaneous determination of spot and futures these include: prtces.

1. The allocation of stocks from quarter to 
Theoretical models of simultaneous determinaquarter within the crop year. 

tion of spot and futures prices have been examined 
2. The possibility that demand relations and in the literature. Jerome Stein's approach leans 

other structural equations may differ from heavily <?n the behavior of hedged, un hedged, and 
quarter to quarter. speculative stocks. While important in a theoretical 

3. The fact that production is not a quarterly context, these variables are not easily measured 
phenomenon. Production occurs only in the and are therefore difficult to incorporate in an eco
first quarter of the crop year. Yet production nometric analysis. Anne Peck deals with the deter
decisions are initiated in the third quarter of mination of spot and futures prices in a yearly con
the previous crop year. te~t, the focus being upon the stability of yearly 

These characteristics will be discussed prices. The following is a simplified model designed 
separately, and their implications for this quarterly to capture the essential features of the two markets 
corn model will be analyzed. involved and provide a basis for empirical analysis. 
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The demand for current corn utilization, the sup
ply for current utilization, and the demand for stocks 
are derived by assuming that all market participants 
maximize expected profits in light of their attitudes 
toward risk. Futures prices are viewed as unbiased 
estimates of realized prices. Assuming competitive 
conditions, the futures market price may be substi
tuted for the expected future price. Therefore, the 
expected profit of any agent engaging in actual pro
duction activities using corn is 

(1) E1T, (VI' SI) p~ • flY I) P1 VI + (Pi- pe)SI 

C(St) 

where 
E1Tt =expected profits at time t 
flY) =production function of outputs using V 

(corn) as an input 

where: 
p~ =market price of outputs (animal products) 

Pi =futures price observed at time t for 
delivery in t+1 

Pf =spot price at time t 
St =ending stocks (corn) at time t 
C(St) =cost function for carrying stocks from time 

t into t+1. 
Clearly, equation (1) implies joint profit maximiza
tion and involves both current production and stock
holding activities. 

First order profit-maximizing conditions imply 

(2) P" • f'(Vt)=Pf 

(3) C'(S)=P:-Pf 

where f'(Vt) is the marginal product of V, and C'(S) 

is the marginal cost of carrying stocks from t to t+1. 

Also let the usual second order conditions prevail 

so that 


ac' = C">O. as 
Equation (2) is clearly a demand function for cur

rent utilization. For corn, this includes feed, export, 
and food manufacturing. Since the profit function in 
equation (1) is separable and additive in its activi
ties, this demand function does not depend on 
whether corn is produced on the farm or purchased 
in the open market. Let (2) be rearranged and writ 
ten as 
(4) 

where Dc is the demand for current utilization at t. 
The t subscripts will be omitted henceforth except 
when needed for clarity. Drawing on the usual sec
ond order conditions, this function is assumed to 
have the following properties of input demand rela
tions: 

The economic alternatives to holding corn stocks 
from one period to the next are either to sell them 
in the spot market or to utilize them directly. This is 
the source for current utilization, because supplies 
for current utilization may come from only those 
agents who initially hold stocks. 

The supply function of corn for current utilization 
is the inverse of equation (3). Let Oe be the amount 
supplied for current use in the production of live
stock and for other consumption, so that 

(5) OC=St-1-S, 

From (3) 

(6) 

and so 
(7) 
where 

~~:= ~~J1 = [C"] -1>0. 
This result follows from the usual second order con
ditions for profit maximization. Similarly: 

aoc<O' aoc <0. 
api ' a(pl_pc) 

For any given values of pi and St-1, equations 
(4), (5), and (7) provide a solution for Dc, Oe, Pc and 
S when: 
(8) Dc=Oc. 

But what about Pi? Can we develop another be
havioral function linking pc and pi and thereby in
clude pi within the simultaneous model solution? 
For this purpose consider the economic agents in
terested in corn markets to be divided into two 
groups: those who actually carry physical stocks 
into period t and those who do not but are involved 
in the market. 

It is plausible to assume that storage and han
dling costs for any level of inventory are lower for 
those who hold stocks than those who do not. In 
Figure 1, let LM be the marginal cost function of 
those who actually hold stocks. This function is the 
same as equation (3). Let NR be the higher-cost 
function of those who do not hold stocks but are in
volved in the corn market. 

Holding physical stocks for future use or future 
sale is a risky business. Consequently, some agents 
will use the corn futures market to secure forward 
access to physical stocks not currently in hand or to 
hedge actual inventory holdings. 

Consider the high-cost agents of function NR. At 
higher levels of pi_pc they will wish to hold higher 
levels of physical stocks (that is, supply more stor
age). But at some level, say T, the perceived risk of 
stock holding overcomes the desire to have addi
tional stocks on hand for convenience sake. It is 
then hypothesized that at higher levels of pf_pe, 
these risk-averse agents will demand fewer physical 
stocks (supply less storage) along TV. They will sat
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FIGURE 1 
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isfy some of their needs for future inventory by pur
chasing contracts for forward delivery (Stein). At 
point V, these agents will hold no actual stocks. 
They will purchase VW forward contracts from 
those who hold stocks. The remaining WX stocks 
will be unhedged. 

The total demand for carryout stocks is, there
fore, the sum of the demand for stocks by those 
who actually carry them into the current period plus 
the demand for stocks by other higher-cost agents 
in the market. This sum is curve L YFX in Figure 1. 
Let the FX portion of this function be written: 
(9) Ds=Ds (Pf_pc). 

This function reflects the storage costs of the 
higher-cost agents as well as their attitude toward 
risk. Therefore this function is the relevant portion 
of the demand for carryout stocks used in the em
pirical model. It intersects with the supply of stocks 
at point X, and equilibrium is achieved. At any 
given level of pc, these relations will determine pf 
and S. Hence, equilibrium will occur in both spot 
and futures markets. 

This simple five-equation theoretical model can 
be summarized as: 
(10) Dc=Dc (pc, PX) Current demand 

(11) Qc=Qc (PC pc, SH) Supply for current use 

(12) Ds=Ds (Pf_PC) Demand for stocks 

(13) Qc=Dc Current market-clearing identity 

(14) S=St-,-Qc Period-to-period quantity balance 

The five endogenous variables determined 
within this system are Dc, Qc, pf, pc, and S. 

Differing Structural Relations, Quarter to Quarter 

Domestic disappearance and stocks of corn have 
very definite seasonal patterns. These quantities 
consistently decline from the first quarter of the 
crop year (beginning October 1st) to the fourth 
quarter of the crop year (ending September 30). 
Clearly, the change in stocks is a reflection of the 
utilization pattern. On the other hand, prices do not 
show a definite seasonal pattern. There does not 
appear to be a systematic increase in prices from 
the first to the last quarter of the agricultural year, 
as one might expect. 

This suggests that succeeding quarterly observa
tions may not be generated by the same structure. 
But since the quarterly behavioral pattern seems to 
repeat itself every four quarters, it was assumed 
that the underlying four-quarter process accounting 
for the behavior of endogenous variables in the 
model unfolds once each crop year. In other words, 
it is assumed that on a yearly basis, observations in 
different quarters pertain to different stages in a 
four-quarter process. Within the model's context, 
this implies different behavioral functions for each 
of the four quarters. 

The following is an algebraic illustration of these 
ideas as incorporated into the quarterly corn model. 
The behavioral equations, specified according to the 
general linear hypothesis, are as follows: 

Yit = LO!jDi+ L'YjZj.it+ LLSijDiZJ.it 
i J i j 

where: 

Y1t=left-hand endogenous variable in quarter i, 
year t. 
i 1, 2, 3, 4; t = 1, 2, ... , T 

Zj =j1h right-hand endogenous variable 

j = 1,2, .,,' J 
Xr =rth predetermined variable 

r 1,2, ...,R 

uit=random element with EUjt=O and 
O"i for all t and i=i' 

EUit Uj't'= 
[ o for all t and i =l=i' 

' if i=1 
D1 = { ootherwise 


1 if i=2 

D2 = 
{ ootherwise 

' if i=3 
D3= 

{ ootherwise 

D4=1 

O!, 'Y, S, /3, € are unknown stable parameters. 
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Yearly Elements In The Quarterly Model II. The Estimated Model 
The most obvious yearly variable in a quarterly 

crop model is production. Production is forthcoming 
only in the first quarter of the crop year. When pro
duction is not regulated, but influenced by the mar
ket, it is usually specified in models as being partly 
dependent on the lagged annual price. If a quarterly 
model is specified only for short-run prediction (pre
dicting from one quarter to the next), then produc
tion can be regarded as predetermined with no 
need to incorporate its explanation into the system. 
On the other hand, if the quarterly model is used for 
forecasting not only the immediate future but many 
quarters ahead, production cannot be considered as 
predetermined. In this case, production must be in
corporated into the system. In this model the crop 
year average corn price is used in the analysis of 
next year's production. This average is formed by 
appropriate weighting of each quarterly price. Thus, 
yearly production depends on each of the lagged 
quarterly prices. 

This estimated model is based on the theoretical 
framework presented in the previous section and on 
quarterly data compiled by the USDA. The period of 
analysis stretches from the quarter beginning Octo
ber 1, 1957, to the quarter ending September 30, 
1975. The total number of quarters is 72. There are 
seven basic equations and seven jointly-determined 
(endogenous) variables. Hence, there were poten
tially 28 different equations in the system since the 
seven behavioral equations could change from 
quarter to quarter over any crop year. However, 
some of the behavioral relations are the same from 
quarter to quarter. 

The presentation scheme is as follows. First, the 
two-stage least squares estimates of the behavioral 
equations are summarized together with some ap
propriate additional statistics. These are followed by 
a listing and a brief definition of each variable and 
the summary statistics used. Then a discussion of 
the results is provided. 

Off-Farm Demand For Corn Stocks 

OECSC =63.52958 - 969.66684 01 + 0.248756 CCC + 0.621677 OECSCL 
(55.9553) (139.00688) (0.51323) (0.06451) 

-398.2601201 (PC-FPC) 266.25511 D2(PC - FPC) - 69.07417 D3PC 
(366.17394) (237.8364) (25.77338) 

-28.54066 D4PC + 0.315202 D1eOCP 
(24.2525) (0.04079) 

R2=0.89 S.D. = 85.31 D.W. = 2.1 h = 0.5 

On-Farm Demand For Corn Stocks 

FECSC =-248.81211 + 1629.900501 + 620.9537602 + 529.7401 03 

(79.7877) (126.10579) (91.59736) (80.15519) 


-41.284867 PC - 225.77974 D1-PC 120.31926 D2-PC - 141.34557 D3-PC 
(31.2291) (45.9622) (46.83267) (50.60416) 

+0.62348 FECSCL + 0.396876 D1eOCP 

(0.039826) (0.02639) 

R2 + 0.99 S.D. = 79.11 D.W. = 1.96 h + 0.18 


Supply Of Corn For Current Utilization 

PC =0.0769159 + 0.900843 FPC - 0.00004013 (OECSC + FECSC + CCC 

(0.0437) (0.02196) (0.00001195) 


-QCDFOOD - QCDFEED - QCX CORDS) 

R2=0.97 S.D. = 0.10 D.W. = 1.4 


Demand For Feed 

QCDFEED=386.24218 - 517.17774 D1 + 180.52678 LOBPB + 208.95084 D1eLOBPB 
(57.1208) (113.61123) (35.9695) (83.58737) 

+13.756201 PM - 108.09245 PC - 76.637905 D1ePC + 2.168609 D1-PL 
(4.80851) (22.28013) (48.08448) (0.4363) 

+0.968815D2ePL + 0.355863 D3-PL 

(0.06891) (0.07119) 

R2 = 0.91 S.D. = 68.29 D.W. = 1.8 
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Demand For Food 

OCDFOOD=62.0217 - 2.24544 D1.PC - 1.32016 D2.pC + 0.021202 FOPI 

(2.1297) (0.58002) (0.5792) (0.0254) 


+2.42344 T1 

(0.1366) 

R2 0.96 S.D. = 2.89 D.W. = 1.4 


Export Demand 

OCX 	 -20.4589 - 100.95403 PC - 162.7374 D2.PC + 133.7915 D1.PB 

(20.8097) (30.6649) (60.5314) (32.5579) 


+322.2928 D2.PB + 92.9027 (D3 + Dr)PW + 2.8016 (D1 + D2)EC9J 
(56.9045) (17.9913) (0.4043) 

+3.4287 (D3 + D4)EC9J - 0.2696 (D1 + D2)CXX 0.4919 (D3 + D4)CX 
(0.4181) (0.0974) (0.1006) 
R2 0.89 S.D. = 28.6 D.W. = 2.3 

Market Clearing Identity 

D10CP + OECSL + FECSCL + CCCL = OCDFEED + OCDFOOD + OCX + CORD + CCC +OECSC + 
FECSC 

The Variables (in order of appearance) PL =index of average prices received by 

All of the following variable definitions relate to 
current quantity values. Lagged values are denoted 
in the equations by an L following the mnemonic 
symbol. The endogenous variables in every quarter 
are: PC, FPC, OECSC, FECSC, QCDFOOD, QCDFEED, 

FOPI 

T1 

farmers for livestock 
and livestock products (1910-14:100). 

=consumer food price index (1957
59=100). 

=linear trend (1957=1, 1958=2, etc.) 
and OCX. As they appear PB =quarterly average price of barley re

ceived by farmers, $/bu. 

OECSC 

D; 

CCC 

PC 

FPC 

OCP 

=off-farm ending commercial stocks of 
corn, mil. bu. 

=quarterly dummy variable equal to + 1 
in quarter i, 0 otherwise. (i =1,2,3, 
with Oct.-Dec. as 1st quarter) 

=ending stocks owned by the Commodity 
Credit Corporation, mil. bu. 

=quarterly average price of corn received 
by farmers, $/bu. 

=futures price of corn quoted for next 
quarter, Chicago Board of Trade, $/bu. 
(see below for further explanation). 

=quantity of corn produced in United 
States (used only in first quarter), mil. 
bu. 

PW 

EC9J 

CX 

CXX 

=quarterly average price of wheat re
ceived by farmers, $Ibu. 

=quarterly index of gross domestic prod
uct in the nine European community 
countries and Japan (1970=100). 

=yearly corn exports from Argentina, 
Thailand, and South Africa, correspond
ing to their subsequent agricultural crop 
year, mil. bu. (used only in third and 
fourth quarter). 

=yearly corn exports from Argentina, 
Thailand and South Africa, correspond
ing to their same agricultural crop year, 
mil. bu. (used only in first and second 
quarter). 

FECSC =on-farm ending commercial stocks of 
The futures prices for any given quarter (FPC)corn, mil. bu. 

were computed as an average of the daily quotaOCDFOOD=quantity of corn demanded for food, tions of futures prices during the last month of thatmil. bu. quarter pertaining to delivery in the last month of 
OCDFEED =quantity of corn demanded for feed, the next quarter. The following table illustrates the 

mil. bu. procedure: 
OCX =total exports of corn, mil. bu. 

Quarter 	 Futures prices CORDS =corn demanded for seed, mil. bu. 

LOBPB =value aggregate (1957-58 farm prices) of 1. October-December December prices for March 


U.S. livestock production, bil. $. 	 delivery. 
PM 	 =wholesale average price of soybean 2. January-March March prices for May 

meal, "lib. delivery. 
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3. 	 April-June June prices for September 
delivery. 

4. July-September 	 September prices for 
December delivery. 

Notice that the only exception to the above rule was 
in the computation of the futures prices for the sec
ond quarter. There is no corn futures contract for 
June, so the futures price quotations for May deliv
ery were used. 

Summary Statistics 

The values in parentheses underneath the esti
mated coefficients are their estimated standard er
rors. The R2 statistic is the coefficient of multiple de
termination for the second-round estimation run of 
each behavioral equation with the two-stage least 
squares procedure. The Durbin-Watson statistic is 
denoted by D.W., and the estimated standard error 
of each equation in terms of the dependent (lef
thand) variable is denoted by S.D. 

For equations in which a lagged dependent vari
able appears on the r~ght-hand side of the equation 
(OECSC and FECSC), serial correlation was tested 
by means of the h-statistic using the procedure de
scribed by Johnston. The D.W. statistic in these 
cases is not valid. The h-statistic is distributed as a 
standard normal random variable. The estimated h
statistics in this analysis are all below the critical 
values. Therefore, we cannot reject the hypothesis 
of zero first order correlation in the estimated resid
uals. In the other equations, the D.W. statistic is val
id for testing serial correlation. In the estimated 
equations for PC and OCDFOOD, the D.W. statistic is 
inconclusive; in the estimated equations for 
OCDFEED and OCX, the hypothesis of zero first or
der serial correlation cannot be rejected. 

Discussion Of Results 

Stock Demands. Commercial corn stocks were 
differentiated according to location: on-farm or off
farm. While differentiation by ownership would 
have been more appropriate, such data are not 
available. Instead it was assumed that the main pur
pose for holding commercial stocks on the farm is 
for working inventory, while the holding of off-farm 
commercial stocks is heavily influenced by specula
tive motives. This assumption was not rejected by 
our empirical estimates. 

The differences between spot and futures prices 
influence the level of off-farm commercial stocks as 
suggested by equation (12) of the theoretical model, 
but they had no systematic effect on commercial 
stocks held on the farm. Instead the demand for on
farm stocks was negatively related to spot prices; as 
spot prices increase, farmers prefer to supply more 
to the current market and hold less stocks. This sug
gests that the holding of stocks on the farm is not 
dominated by speculative motives. Instead, profit
seeking seems to occur mainly in connection with 

other activities on the farm. Thus, the demand for 
on-farm corn stocks can be viewed as the demand 
for a production input. This view is enhanced by the 
fact that since 1957 the ending stocks for any given 
quarter are similar in magnitude to those of the pre
vious year. 

In the behavioral equation for off-farm commer
cial stocks, the variable measuring the difference 
between spot and futures prices was significant 
only for the first and second crop year quarters. In 
the third and fourth quarters, only spot prices signif
icantly affected the demand for off-farm commercial 
stocks. This is probably because forecasts of the 
new corn crop first become available in the third 
quarter. Moreover, these forecasts become increas
ingly accurate as harvest time approaches. Conse
quently, one might argue that spot prices already 
include information becoming available about the 
next crop. As a result, futures markets do not affect 
the intertemporal allocation of stocks in the third 
and fourth quarters as strongly as they did in the 
first two quarters. 

The positive coefficient of CCC corn stocks on 
the demand for off-farm commercial stocks needs 
some discussion. Ordinarily, one would expect the 
net effect of an increase in CCC stocks to be nega
tively related to commercial holdings. In times of 
surplus corn production, privately-held stocks are 
the first to be affected; they usually increase. But 
on-farm commercial stocks seem to reflect mainly 
the need for working inventory, and working inven
tory is not necessarily related to past or current sur
plus production. In fact, CCC-owned stocks are not 
significantly related to farm stocks. It follows that 
surplus production will tend to increase off-farm 
stocks. But, historically, surplus corn production has 
been associated with increases in CCC-owned 
stocks. So periods of large CCC stocks generally co
incide with periods of large commercial off-farm 
holdings. This positive relation associated with in
voluntary inventory accumulation produces the ob
served positive relationship. 

The demand for stocks cannot be dealt with 
without considering the effects of capacity bottle
necks in storage and transportation. In this model, 
such effects are represented by the yearly quantity 
of corn produced. This variable occurs in the model 
as a shifter only in the first quarter of each crop 
year when capacity constraints are most likely to 
become a bottleneck between inventory holders and 
users. 

The demand for ending commercial stocks also 
depends on the availability of stocks at the begin
ning of each quarter. The following adjustment 
mechanism illustrates this idea: 

5; =5;-1 +y(S; -5;-1) 


or 


S;=yS;+(1-y)S;_1 0<y:o;;;1; 

(i-1, 2, 3, 4) 
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where SI=desired ending stocks and SI=actual end
ing stocks at quarter i. 

In the long run, 51 need not equal 51-1' Instead, 
long-run equilibrium in the context of this quarterly 
model implies that 5, (t)=SI (t-1), where t is the 
crop year. When long-run equilibrium is achieved, 
ending stocks for the same quarter do not change 
from year to year. This concept is important in the 
analysis of the system's dynamics discussed in a 
later section. 

Consider the estimated behavioral equation for 
on-farm ending commercial stocks. Notice that, be
ginning with the first quarter, the linear stock de
mand functions shift to the left. Moreover, the 
slopes of these functions become increasingly 
steeper in the price-quantity space. The implications 
are that, as harvest time approaches, less stocks be
come available and demand is less elastic. This 
same tendency can be observed in the demand for 
off-farm commercial stocks. 

Supply For Current Utilization. The supply rela
tion for current utilization was suggested by equa
tion (11) of the theoretical model, but specified for 
estimation with pc on the right-hand side. No sea
sonal characteristics were found. The coefficient 
preceding the difference between stocks and utiliza
tion is very small but significant. This coefficient is 
an estimate of the slope of the marginal cost func
tion for holding stocks. Since this slope is very 
small, we may infer that the cost function for stock 
holding is approximately linear. 

Domestic Demand For Current Utilization. The 
current feed demand for corn is a derived demand, 
and is represented theoretically by equation (10). As 
such, it was specified to depend on the price of 
corn, on the price of alternative feeds, and on the 
price of the final product. The estimated effects of 
these variables have expected signs and are statisti
cally significant. Since this is a short-run model, the 
feed demand function also includes the variable 
LOBPB, which reflects the "population" effect of ex
isting animal units. Notice that this variable shows a 
much stronger effect on feed demand in the first 
quarter than in remaining quarters. Similarly, the 
price of corn has a much stronger effect in the first 
quarter than otherwise. The effect of the price of 
soybean meal is the same in all quarters. However, 
the effect of the price index for livestock and live
stock products declines continuously from the first 
to the last quarter. 

The variable reflecting the food demand for corn, 
aCDFOOD, is an aggregate of the quantity of corn 
utilized for alcohol and distilled spirits, for wet pro
cessing, and for dry processing. Therefore, the de
mand for aCDFOOD is also a derived demand and 
theoretically part of equation (10). Since there are 
many final food products obtained from corn, the 
consumer food price index was used as an indicator 
of their prices. Its effect on aCDFOOD is positive as 
expected, but not statistically significant. For lack of 
a better alternative, this variable was retained in the 

specified equation. The price of corn showed a 
stronger estimated effect in the first quarter than in 
the second quarter. In the third and fourth quarters, 
the price of corn did not significantly influence the 
quantity of corn demanded for food. Since the 
quantity of corn demanded for food has increased 
steadily through time, a linear trend was added to 
the specification of this equation. 

Export Demand. The demand for U.S. exports of 
corn, also conceptually part of equation (10), was 
found to depend on the price of corn, the prices of 
wheat and barley, national income for the most im
portant foreign buyers of U.S. corn, and the volume 
of competitive exports. It is interesting to note that 
while the price of barley seems to affect corn ex
ports in the first two quarters, wheat prices emerge 
in the last two quarters. This is probably because 
the wheat harvest is concentrated in the May-Au
gust period annually, and most barley is harvested 
after August 1. The foreign income effect on the ex
port demand for corn is higher in the last two quar
ters than in the first two quarters. 

Competitive export data are not readily available 
on a quarterly basis. Instead, yearly figures were 
used. But these figures relate to crop years that dif
fer from the U.S. crop year. While the domestic crop 
year extends from October through September, the 
crop year of foreign competitors is approximately 
from May through April. Therefore, U.S. exports in 
the third and fourth quarters (of the U.S. crop year) 
are affected by competitive exports in the first and 
second quarters of the foreign crop year. This effect 
is measured by CX. On the other hand, U.S. exports 
in the first and second quarters are affected by com
petitive exports in the third and fourth quarters of 
the corresponding foreign crop year. This effect is 
measured by CXX. 

Some USDA data on the relative allocation of 
foreign exports of corn suggest that about 65 per
cent of these competitive exports correspond to the 
third and fourth domestic quarters and about 35 
percent correspond to the first and second domestic 
quarters. (Foreign Agricultural Circular, USDA, 
1972.) Adjusting the coefficients of CXX and CX by 
these percentage weights yields almost the same 
result; .77 for CXX and .76 for CX. This implies that 
on a proportionate basis yearly competitive exports 
affect the demand for domestic exports equally in 
all quarters. 

Price Elasticities. The direct price elasticities of 
demand for corn as feed, food and exports are pre
sented in Table 1. They are calculated at the data 
means using the estimated coefficients. 

Recall that no price effect could be estimated for 
food demand in quarters 3 and 4. The reason for 
the relatively high export demand elasticity in the 
second quarter is not clear. Experimenting with sev
eral alternative specifications for the export demand 
function did not change that pattern. 

In a recently-estimated annual econometric mod
el for corn, Womack obtained direct price elasticities 
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of -.4 for feed demand, - .08 for food demand, and 
-1.05 for export demand (Womack, 1976). On a 
yearly basis, the elasticity for export demand de
rived from the quarterly model is 1.11. This com
pares favorably with Womack's. On the other hand, 
the quarterly data generated lower estimates of the 
demand elasticity for domestic utilization than did 
annual data, indicating that the adjustment process 
is longer than one quarter. 

Interpreting the price elasticity of demand for 
stocks is somewhat more complex than with the de
mands for current utilization. To illustrate, let the 
behavioral quarterly stock equations be written in 
schematic form as follows: 

5(1)=000+a, PC(1)+U:! 5(4) 

5(2)=So+S, PC(2)+S2 5(1) 

5(3) =Yo+Yl PC(3)+Y2 5(2) 

5(4)=~o+~, PC(4)+~2 5(3) 

Table 1. Feed and Food Price Elasticities of Demand 
for Corn. 

Quarters 

Quantity 1 2 3 4 

QCDFEED -.22 -.15 -.18 .24 

QCDFOOD -.034 -.02 0 0 

QCX -.71 -2.0 -.81 .86 

Evaluating al' S" y" and ~1 at the data means yields 
the straightforward short-run (immediate impact) 
price elasticities. However, the long-run elasticities 
considering the lags are more difficult to obtain. Re
call that long-run equilibrium in this quarterly model 
does not imply that 5(i)=5(i-1), but rather that 
5(i)t=5(i)t-l' This is because the structural equations, 
including those for stocks, may differ from quarter 
to quarter. Assuming that a corn price change is 
sustained in all quarters for an indefinite period, the 
long-run price elasticities can be developed from 
the following derivatives: 

as(1) = a, +U:![~, + ~(Yl+y2S,U 
apc 1-U:!~2Y2S2 

a5(2) = S,+S2[al+a2(~+y,S2)] 
apc 1-U:!~Y2S2 

a5(3) = Yl+Y2[Sl+~(a,+a~1)] 
apc 1 - a2~2'Y2S2 

a5(4) = ~'+~2[Yl+Y2(S,+a,S2)] 
apc 1-a2~2'Y2S2 

The estimated short-run and long-run price elas
ticities at data means for the on-farm and off-farm 
stock demands are presented in Table 2. Notice that 
the price elasticities increase from the first to the 
fourth quarter. This is because the sustained price 
change affects all four quarters, and the effect is cu

mulative. That is, the percentage change in stocks in 
the fourth quarter depends on the relative changes 
in stocks in the previous three quarters. For this rea
son, the stocks' price elasticity in the fourth quarter 
is comparable in concept to the price elasticity gen
erated from annual models. In annual models, end
ing stocks refer to those of the fourth quarter, and a 
change in the annual average price is the same as a 
persistent change in quarterly prices. In Womack's 
annual econometric corn model, the long-run price 
elasticity of stocks demand was -.87. This elasticity 
referred to all commercial stocks, both on and off 
farms. Therefore, the long-run price elasticity of 
stocks' demand for the fourth quarter is both con
ceptually and empirically comparable to the price 
elasticity of corn stocks in annual models, Table 2. 

III. Production Response 
The estimated model described in the previous 

section is suitable for short-run forecasting within a 
single crop year. If long-range forecasting is re
quired, corn production should be incorporated into 
the system, which is the subject of this section. 
Here it is assumed that corn yields per acre are exo
genous to the system, and that corn production is 
equal to yield times the acreage planted. 

The acreage response equation incorporated in 
this model is a revision of a previously-published 
analysis (Houck et aI., 1976). The details of that 
analysis and the construction of various support 
rate variables are not repeated here. 

The following least squares corn acreage equa
tion used crop-year data from the 1951 to 1974 peri
od: 

ACPt =96321.108-44903.574 OPCt-0.37577 AGMt 
(13500.8) (7835.19) (0.1879) 

+7768.3434 OV 66 

(1460.9581 ) 


-7500.5330 P55t-379.4855 T2 
(3052.206) (130.443) 
R-2=0.97 5.0.=1474.85 

+19910.369 =PI,",,=-C~ 

(8672.58) PM5t- 1 


0.W.=1.6 

Table 2. 	Short and Long-Run Price Elasticities of 
Demand for Stocks. 

Quarter 

Stock Length 
equation of run 1 2 3 4 

On-farm short run -.11 -.10 -.18 -.11 
long run -.20 -.29 -.47 .90 

Off-farm short run -.60 -.51 -.20 -.11 
long run -.89 -1. 23 -1. 35 -1.21 
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where 

PFCt; 1950, ..., 1971 } 

{- PMCt- 1; 1972, 1973, 1974 

=corn effective price support, in $/bu. 

PMCH =corn market price, lagged one year, in 
$/bu. 

DPCt =corn effective diversion payment rate, in 
$/bu. 

PSSt =soybean effective price support (=Ioan 
rate), in $/bu. 

AGMt =acreage of sorghum planted for 1949-60 
and the mean of 1949-60 sorghum acre
age for 1961-74, in thousands. 

AGt =acreage of grain sorghum planted, in 
thousands. 

DV66 - 0; 1950, .'" 1965 
t - 1; 1966, .'" 1974 

T2 =Iinear trend (1951 1,1952=2, etc.). 

ACPt =corn acreage planted, in thousands. 
PMSt- 1 =market price of soybeans, lagged one 

year, $/bu. 

The numbers in parentheses are t-values of the cor
responding estimates. 

Beginning in 1972, this acreage equation de
pends, among other things, on the lagged yearly 
corn price received by farmers. In order to link the 
acreage equation and the quarterly model, the quar
terly prices need to be joined to the crop-year 
average price. This was done by calculating the 
crop-year price as a weighted average of the four 
estimated quarterly prices. The weights were the 
proportion of quarterly utilization relative to the 
crop year total. This is expressed formally as: 

4 
PMCt= 2: Vit PCit t=1, 2, 3, ."T 

;=1 i 1,2,3,4 

where 
OCDFEEDit+OCDFOODit+CORDSit+TEXCit 


Vit= 4 


2: (OCDFEEDit+OCDFOODit+CORDSit+ TEXCit) 
i=1 

At the end of each crop year, four estimated 
quarterly corn prices are available from the quar
terly model. These may then be used to form the 
annual price which becomes an argument in the 
acreage equation for the following crop year's pro
duction. 

In principle,the estimated production of corn for 
the quarterly model can be calculated as the prod
uct of acreage times per-acre yield. Because of com
putational constraints, a linearized version of this 
identity was employed. Using a Taylor expansion in 
the neighborhood of the means, the following linear 
version of corn production (OCP) was obtained: 

OCPt=(YLDt • ACPt)l1000 =12104.28 + 68.9 
YLDt -3102.84 DPCt 

-518.28 PSSt -0.0259 AGM t +536.79 DV66 
-26.22 T2+442.38 (2: VitPCit) 

-206.37 PMS_1 1 

where 

YLDt=yield of corn, bu.lacre 

and all other variables were defined previously. 
Since planted acreage (ACP) was defined in thou
sands and QCP was defined in millions, the division 
by 1,000 was made in order to make the two com
patible. 

IV. Performance Of The Estimated 

Quarterly Model . 


The estimated model was solved for the histori
cal period and the historical estimates were com
pared to the actual values of the endogenous varia
bles. While a close relation be.tween historical esti
mates and the actual data does not assure that a 
model will provide accurate forecasts, good perfor
mance over the historical period, especially in a 
quarterly model, suggests that good forecasts may 
be expected. 

Since the most recent past may better reflect the 
future than the distant past, the model was val
idated for the last ten years of data (1966-75). Be
cause of the nonlinearities present in the model, the 
historical estimated solutions were obtained by 
means of the Gauss-Seidel Algorithm (Heien, Math
ews, and Womack). 

The forecasting properties of the estimated quar
terly corn model were analyzed under three as
sumptions about the forecasting horizon: 

1. 	Cu rrent forecasting: Here forecasting is per
formed from quarter to quarter. In forecasting 
for only the next quarter, all lagged endoge
nous variables are known. 

2. 	 Forecasting one year ahead: At the beginning 
of any crop year, the values of the endoge
nous variables are forecast for the four quar
ters of the coming year, quarter by quarter, 
considering the lagged values of endogenous 
variables as known for the first quarter. 

3. 	 Forecasting two years ahead: At the begin
ning of any agricultural year, the values of the 
endogenous variables are forecast for that 
year and for the next year. This forecasting 
horizon allows corn production to be dynami
cally determined within the model. 

During the time period for which forecasting 
tests were conducted, government policy changed 
from corn supply restriction to market-induced sup
ply expansion. So, the effective support price of 
corn affected production until 1971. From 1972 on
ward, production was influenced by the lagged mar
ket price of corn. 
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The forecasting properties of the econometric 
system were analyzed using the following model: 

A,=a+bP1+u, (i=1, ... , 40) 

where 

A1=ith observation of the actual level of an en
dogenous variable, 

P1=ith estimated value of the same endogenous 
variable. 

u,=an homoscedastic, mean zero random varia
ble. 

If a=O and b=1, then the forecast will be unbiased 
since 

E(A,) =E(P,) 

On the other hand, the forecast will be biased if it 
systematically underestimates or overstates its cor
responding actual values. This will occur if either 
a::l=O or b4:1. 

If a=O and b=1, the forecast will be both unbi
ased and efficient, in the mean square error sense. 
That is, the mean square error of forecast will be 
minimized. This can be seen as follows: 

MSE =-;, 2:(A1-P1)2 

= (A-P)2+(b-1)2 S~+S~ 

where 
n 

S~ *.2: (P1-P)2 
1-1 

n 

S~=*.2: uf 
'-1 

If a=O and b=1, the MSE equation collapses to 


MSE=S5 


This is the smallest possible mean square error. 
Since strict values of a=O and b=1 cannot be ex
pected in econometric work, statistical tests of this 
hypothesis are appropriate. 

Least squares estimates of a and b are presented 
in Table 3 for the three forecasting cases. The val
ues in parentheses underneath the estimated coeffi
cients are corresponding t-values for testing the hy
pothesis that a = 0 and b = 1. These t-values imply 
that none of the estimated a's and b's are signifi
cantly different from 0 or 1 respectively at the 0.01 
probability level. Only a few cases approach signifi
cance at the 0.05 level. 

Since unbiasness and efficiency are obtained only 
when a=O and b=1 simultaneously, a joint test is 
more appropriate. Such a test under the null hy
pothesis is an F-test with Rand N-K degrees of free
dom. Here R is the number of restrictions (two in 
this case) and N-K is 38. These F values also appear 
in Table 3. Since the estimated F values are smaller 
than the critical values, we cannot reject the null hy
pothesis. So the model's forecasts appear to be un
biased and efficient. 

Table 3. Forecasting Properties of the Quarterly Model Over the 10·Year Period, 1966-75. 

Current forecasting Forecasting one year ahead Forecasting two years ahead 

a b r F a b r F a b r F 

PC .0434 .962 .96 .34 -.022 .983 .95 .986 -.069 1.007 .95 1.02 
(.502) (.774) (.223) (.315) (.687) ( .131) 

QCDFEED 5.7731 .992 .96 .024 15.625 .985 .96 .065 15.388 .986 .96 .068 
(.127) (.167) (.349) (.316) (.334) (.284) 

QCDFOOD 5.341 .943 .90 .355 5.364 .943 .90 .350 5.485 .942 .90 .357 
(.682) (.714) ( .686) (.716) (.703) (.733) 

FECSC 24.0105 .986 .99 .714 23.014 .986 .99 .442 20.849 .99 .99 .170 
(.986) (1.198) (.704 ) (.926) (.565) (.569) 

OEeSC -41.8483 1.0982 .97 2.04 6.244 1.058 .97 2.27 2.607 1.061 .97 2.34 
(1. 34) (1.85) (.216) (1.22) (.093) (1. 325) 

QCX 5.7673 .973 .92 .068 12.272 .959 .91 .391 10.687 .967 .91 .323 
(.364 ) (.373) (.760) (.537) (.658) (.43) 

FPC .12 .93 .95 .833 .053 .95 .94 .629 .000 .976 .94 .510 
(1.17) (1.295) (.454) ( .83) ( .00l) (.397) 

PMC -.076 1.042 .99 .287 -.158 1.073 .99 1.4 -.217 1.105 .99 2.8 
(.775) (.666 ) (1. 701) (1. 4) (2.32) (1.94 ) 

QCP -80.644 1.023 .98 .314 -80.644 1.023 .98 .315 -2.162 1.006 .98 .210 
(.217) (.263) (.217) (.263) ( .006) (.086) 

The t-values in parentheses and the F values relate to the hypotheses that a=O and b=1. 

The critical values of F for this analysis are 3.25 and 5.21 at the 0.05 and 0.01 levels of significance, respectively. 
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Even if the forecasts are efficient and unbiased, 
the dispersion of actual values along the fitted line 
may be large because of the random element, Ui' A 
common measure for the goodness of fit in a sim
ple linear regression is r, the correlation coefficient 
between the dependent and independent variables. 
The r values shown in Table 3 are generally quite 
high. The price forecasts, PC and FPC, become 
slightly more dispersed from actual levels as the 
forecasting horizon increases, and the r value falls a 
little. The same is true for exports (OCX). 

V. The Dynamic Structure And Operation 
Of The Quarterly Model 

The dynamic behavior of the quarterly econome
tric model depends partly upon the institutional ar
rangements in the market. More specifically, it de
pends on whether the market behaves freely or 
whether it is influenced by direct government inter
vention. The free market assumption implies that 
market forces operate freely on both the demand 
and supply sides without government interference. 

While many forms of government intervention 
might be considered for analysis, it is assumed here 
that the government can control corn production if 
it chooses by means of the effective support rate 
and/or diversion payments. This assumption implies 
that in the dynamic sense, the quantity of corn pro
duced is exogenous. When the production of corn is 
exogenous there are two situations to consider: 

Situation (1): The effective support rate is lower 
than the market price. In this case, govern
ment stocks do not change except by deliber
ate action. 

Situation (2): The effective support rate is equal 
to the market price. In this case, government 
stocks automatically adjust to prevent market 
prices from becoming lower than the support 
rate. 

The study by Houck, Ryan and SUbotnik (1972) 
provides a detailed analysis of these two situations 
as they relate to soybeans. 

The Dynamic System With Free Markets 

The Dynamic Model Structure. When the free 
market is assumed to operate, production becomes 
endogenous in the dynamic sense. Current produc
tion depends, among other things, on the lagged 
yearly price. But this price is affected by all of its 
component quarterly prices. Thus, lagged quarterly 
prices affect current production; current production 
affects current quarterly prices; and current quar
terly prices then affect next year's production. 

Since production does not enter the equations 
pertaining to the second, third, and fourth quarters, 
the reduced form equations of these quarters re

main the same as when production is exogenous. 
The reduced form equation for the first quarter is: 

=vector of endogenous variables in the 
first quarter of crop year t 

=vector of endogenous variables in 
fourth quarter of crop year t-1 

=matrix of exogenous variables in the 
quarterly model affecting the first 
quarter of crop year t 

OCPt =corn production for crop year t 

The value of OCPt is generated by an equation 
which can be written 

OCP(t) =w,P,(t-1)+ W2P2(t-1 )+W3P3(t-1 )+W4P4(t-1) 
+F'Z(t)+G'Z(t-1 ) 

This is the linearized version of the estimated equa
tion for OCP discussed earlier. Here the P's are 
quarterly prices from the previous crop year. They 
are multiplied by Wi coefficients which combine esti
mated price responses with the proportionate quar
terly weights described earlier. The Z matrixes in
clude the exogenous variables affecting production, 
including per acre yields. 

Since P 4(t-1) is a component of the vector 
Y4(t-1), it follows that the reduced form equation is: 
Y,(t)=A,Y4(t-1 )+B,X,(t)+c1P,(t-1 )+C2P2(t-1 )+C3P3(t-1) 

+ C,F'Z(t)+C,G'Z(t-1) 

where 

A,=A,+C4 
c;=C,w; (i=1, 2, 3, 4.) 

so that 

Cj= 

o 0 0 0 0 0 c" 
o 0 0 0 0 0 C2' 
OOOOOOc3, 

o 0 0 0 0 0 C41 

o 0 0 0 0 0 CS1 

OOOOOOC61 

WI 


The idea here is to denote a specific dynamic link 
between the demand and supply components of the 
fourth quarter and the endogenous variables in the 
first quarter of the next crop year. 

The reduced form equations for the second, 
third, and fourth quarters are: 

Y 2(t)=A2Y,(t)+ B2X2(t) 

Y3(t) =A3Y2(t) +B:J<3(t) 

Y4(t) =A4Y3(t) +B~4(t) 


The variable vectors in these four reduced form 
quarterly equations are: 

[y;(t)]=[OECSCi(t), FECSCj(t), OCDFOODI(t), 

OCDFEEDj(t), FPCj(t), OCXj(t), PCi(t)]' 
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[Xi(t))=[CCC;(t), PB1(t),PWi(t), EC9Ii(t), LOBPB;(t), Before the dynamic solutions are obtained, the 
model must be transformed into a system of differ~PMi(t), PLi(t), FOPI;(t), TYCX(t), CORDS]11 
ence equations by iterating the reduced form equa
tions sequentially. The results are: 

The Z matrix which enters the first quarter is: Y,(t)=[((A,A4+C3)A3+C2)A2+C1] Y,(t-1) 


[Z(t)]=[YLD(t), PMS(t), PSS(t))' +[(A,~+C3)A3+C2] B~2(t-1) 


(i=1, 2,3,4) + (A1~ +c3)B~3(t -1 ) 


(t= 1, 2, ... , T) +A,B~4(t -1) +B,X,(t) 


Y2(t)=[A2[(A1~+c3)A3+C2] Y2(t-1 )=A2c,Y,(t-1) 

+A2[(A,A4+~) ]B~3(t-1 )+A2A,B~4(t-1) 
+A2B,X,(t)+B~2(t) 

Y3(t)=A:A21A,A4 +C3]Y3(t-1 )+A:A~,B~4(t-1) 
+A:A2B,X,(t) . 
+ A3B~2(t)+B~3(t)+A:A2C,y,(t-1)

'For further analysis CX, CXX, and other competitive corn exports were 
combined into a single variable, TYCX, expressed for the same time peri +A:A2C2Y2(t-1) 
od as the domestic variables in the model. This variable, TYCX is total 
world competitive corn exports of which only 60 percent are included in 
CX and CXX. For policy analysis TYCX is most relevant. The adjustment Y 4(t)=M:A~'Y4(t-1)+A~:A2B,X,(t)+M3B~2(t) 
proceeds by noting that: +A4B~3(t)

CXX/.60=.35 TYCX. 
So, in terms of TYCX, the estimates suggest that: +B ~4(t)+M:A2C3Y3(t-1 )+M:A2C2Y2(t-1) 

-.5 [0,+0".35] TYCX",,-.2696(O,+O,'CXX 
where the right-hand side is the estimated effect of CXX on U.S. corn ex +M:A2C,Y,(t-1) . 
ports. 

Similarly: These quarterly eq,uations are not dynamically 
CX/.GO .65 TYCX independent. They are recursive. The first quarter 

difference equation does not depend on any other 
So that in terms of TYCX: quarter in the same year. However, the second 

-.5((O.+0.1.65]TYCX =-.4919(0.+0.)CX quarter difference equation depends on the first 
where the ripht-hal)d side is the estimated effect of ex on U.S. corn ex
ports. Combining left side terms we obtsin: quarter, the third quarter equation depends on the 

-.5 (0,+0.).35+(0.+0.).65] TYCX first and second quarters, and so on. This depen
which is then substituted for the estimated effects of CXX and CX in the dency stems from the effects of lagged prices on 
structural equation of U.S. exports. This adjustment implies that for given production and because corn production directly af
prices and income, on a yearly basis, competitive corn exports are perfect 
substitutes for domestic exports. fects the system only in the first quarter. 
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To simplify these complex expressions, let: 
B, 0 0 0 CF' 

o o A2CF' 

B*= 

A2B, 
o A~2CF' 

AA~2B, 

A~2B, 
B4 AA~2CF' 

o F'o 
[(A,~+ca)Aa+c2]A2+c, o 

A2c, A2[(A,A4+Ca)Aa+c2] 

A* AaA2C, A~2~ 

AA~2C, M~2C2 
d, d2 

Y,(t) 

d;=[O 0 0 0 0 Wi] Y(t)= Y2(t) 

Ya(t) 
Y4(t) 

QCP(t) 

0 [(A,A4+ca)Aa+C2]B2 (A,~+ca)Ba 
0 0 A2(A,~+Ca)Ba 

0* 0 0 o 
0 0 o 
0 0 o 

x(t)= 

0 

0 

X,(t) 
X2(t) 

Xa(t) 
X4(t) 

Z(t) 

0 0 
0 0 

A~2(A,A4+ ca) 0 0 

AA~ 2Ca MMl 0 

da d4 0 

A1B4 CG' 


A2A,B4 A2CG' 


A~2A,B4 A~2CG' 

0 AAaA2CG' 
0 G' 

Now the system can be written: Therefore, the stability of this system hinges on 
the characteristic roots of the matrix A*. The actual Y(t)=A* Y(t-1)+B* X(t)+O* X(t-1) 
roots of A* in the quarterly corn model are: 

The solutions to this set of difference equations 
Al .3534will have stability of the "first kind" (Samuelson, 


1947) if the solutions to the homogeneous set: A2= .2767 

Y(t)-A* Y(t-1)=0 Aa= .1546 

converge, in the limit, to a constant. This occurs if: A4= .1492 
lim Y(t)=Yo=O As= .1486 
t-?oo Xe=-·0915 

In general, it can be shown that if all the character A7 =-.0042 
istic roots are real, the solutions to the homoge

A8= .0005neous set can be expressed as: 
Ag= .0004 

r 
Y(t) LZ;At=A*tY(o)

;=, These nine characteristic roots reflect six fully en
dogenous variables, two lagged endogenous varia

where: bles in each quarter (OECSC and FECSC), and the 
A; =the ith characteristic root of matrix A * quantity of corn produced (QCP) which is endoge
r=rank of matrix A* nous in the dynamic sense. The largest characteris

Z;=a factor depending on initial conditions. tic root (A,) is positive. Therefore, the dominant time 
Therefore, iflA; I<1 for i=1, 2, ..., r, then: path toward equilibrium is monotonic. However, 

some of the roots are negative and contribute fluc
lim Y(t)=O::;>lim A*t=O tuating terms in the time path toward equilibrium. 

Some variables likely will be affected by this fluctu
If so, the system is perfectly stable. Moreover, any ating influence more than others. As a consequence, 
A; which is real and positive will contribute a mono some of the endogenous variables may initially fluc-:
tonic term to the path of convergence. Any A; which tuate as equilibrium is approached. Eventually, all 
is real and negative will contribute an oscillatory, sequential changes in the endogenous variables 
but convergent, term. will become monotonic. 
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The delayed and long-run multipliers may now 
be obtained from the first order difference system. 
Formally, the delayed multipliers obtained from a 
"one-shot" change in the first year are shown as 
follows: 

Correspond- exogenous 
ing changes variables 
in endogenous 

ilx(t)variables ~ 
ilY(t) B* 

ilY(t+1) A*B*+D* 
ilY(t+2) A*(A*B*+D*) 
ilY(t+3) A*2 (A*B*+D*) 

From these implicit multipliers, one may obtain ex
plicit impacts of a given specific change in any 
quarter on the endogenous variables in all quarters. 
But the explicit multipliers become more and more 
complex in proceeding from the first to the fourth 
quarter. For example, consider the changes occur
ring in the endogenous variables of the first and 
second quarters next year resulting from changes in 
exogenous variables in the first and second quarters 
of the current year. Those expressions are: 

Yl(t+1 )=K21Bl~1(t)+Kl[(Al~+C3)A3+C2]B2~2(t) 
and 

Y2(t+1) =[A2c1K1B1+K2(A2c2B1+K2A2Bl)]~1(t) 

+A2Cl(Al~+C3) (A3+C2)+K~B2]~2(t) 
where 

Kl=[(Al~+C3)A3+C2]A2+C2 


and K2=A2[(Al~+C3)A3+C2] 


Clearly, these expressions are cumbersome, and 
they become increasingly so proceeding further in 
any given year. For this reason, the explicit multipli
ers will not be shown. They may be obtained from 
the implicit expressions presented here. 

Since this system exhibits stability of the "first 
kind" (Samuelson), the long-run multipliers for per
sistent changes in the exogenous variables are: 

lim ~Y(t+n)+(I-A*)-l(B*+D*)~ 

n~oo 

This equation reflects the long-run effect of a 
persistent change in any quarter. If the exogenous 
change persists not only for many years in a given 
quarter, but for all four quarters, then the long-run 
effect is measured by: 

~Y~ = ±lim ~Yi(t+n)(i=1, 2, 3, 4.) 
i=ln~oo ~i 

Short-run Multipliers. In a quarterly econometric 
model, there may be several kinds of short-run mul
tipliers one may wish to consider. In the present 

case, the short run encompasses all the changes 
that may occur in the four quarters comprising a 
single crop year. This view of the short run includes 
the impact multipliers - the immediate effect of a 
change in an exogenous variable on an endogenous 
variable in the same quarter. It includes also the de
layed multipliers spanning the agricultural 
year - the effects of a change in an exogenous var
iable in any given quarter on any endogenous varia
ble in subsequent quarters within the same agricul
tural year. 

In Tables 4, 5, and 6 the first year multipliers, de
rived from the exogenous variables in the demand 
block, are presented. Before the results are dis
cussed, a short explanation about the way these ta
bles are arranged may be helpful. The left-most ver
tical column indicates the endogenous variables in
dexed numerically by quarter, (1) through (4). This 
indexation reflects the quarter in which a "one
shot" change in an exogenous variable occurs. For 
example, PC(2) is the change in the price of corn 
caused by a change in an exogenous variable occur
ring in the second quarter of the crop year. The exo
genous variables are shown across the top of the 
table with specific changes indicated. For example, 
PL=100 means that the index of livestock prices in
creases by 100 points. 

The tabular numbers across any given row are 
immediate and delayed effects of the indicated 
change in an exogenous variable. Consider the row 
indicated ~PC(1) under the ~PL=100 exogenous 
change. These numbers are the changes in PC 
caused by a 100-point change in PL occurring only 
in the first quarter. In quarter 1 ~PC is .418. Delayed 
effects occur in quarters 2, 3, and 4 and are given 
by the other elements in that row (.071, .057, and 
.079 respectively). Now consider PC(3). There is no 
effect in quarters 1 and 2 since the index (3) indi
cates that ~PL occurs in the 3rd quarter. The imme
diate effect in quarter 3 is .077 and the delayed ef
fect in quarter 4 is .026. The other comparable parts 
of these tables have a similar interpretation. 

The effect of persistent changes in the exoge
nous variables from quarter 1 are reflected in the 
rows of endogenous variables whose symbols are 
not indexed. The data in these unindexed rows are 
sums of the changes immediately above them. 
These sums include both immediate and delayed ef
fects resulting from an exogenous change in the 
first quarter. For instance if ~PL=100 in the first 
quarter and this change is maintained, PC will 
change by .418 in that first quarter, by .261 in the 
second quarter, and by .155 and .134 in the third 
and fourth quarters respectively. Persistent changes 
occurring in quarters other than the first can be 
readily evaluated by adding the appropriate imme
diate and delayed effects from the time of the 
change through the rest of the crop year. 

The last four rows of Tables 4, 5, and 6 present 
the effects on annual average corn prices. These 
block diagonal numbers are the effect on annual av
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Table 4. First Year Short-Run Multipliers - Competitive Production. 
Changes in 

exogenous variables 
tlPL=100 AfOPI=50 

Changes in 
endogenous Quarters Quarters Quarters 

variables 1 2 3 4 1 2 3 4 1 2 3 4 

6PC (1) .41B .071 .057 .079 .002 0 0 0 .080 -.017 -.014 -.019 
oPC(2) .190 .021 .029 .002 0 0 .054 -.016 -.022 
oPC(3) .077 .026 .002 .001 0 0 

76.291 -.225 -5.796 

-30.783 -23.041 -15.558 -.337 -.252 -.170 -8.666 -2.397 -.566 
-14.106 -9.880 - .420 -.294 0 0 

4.973 1.636 .054 .018 2B .674 12.431 
-5.335 -.159 

: -

-42.155 -18.699 
-50.229 

-5.785 
-2.127 

-7.930 
-2.917 

: 
: -.206 -.091 

-.550 
-.02B 
-.023 

-.039 
-.032 

-8.027 4.476 
-14.140 

1. 377 
1.662 

1.8BO 
2.270 

-7.797 -2.653 -.232 -.079 0 0 

.061 .001 .OOB 
.024 .001 0 
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erage corn prices of a "one-shot" change in a par
ticular exogenous variable indexed by the quarter in 
which the change is assumed to occur. 

Consider now some of the specific results. Look 
first at the multiplier group when aPL=100. This 
change can be viewed as an increase in the derived 
demand for feed grain. Hence all price effects are 
positive. The food quantity demanded decreases 
while the feed quantity demanded increases. The in
duced price increases cause a fall in on-farm corn 
stocks. On the other hand, off-farm stocks in the 
first two quarters increase because futures prices in
crease more than cash prices. In the third and 
fourth quarters off-farm stocks diminish since, in 
these quarters, on-farm and off-farm stocks behave 
similarly with respect to cash price changes. Since 
PL does not affect any of the behavioral equations 
in the fourth quarter, all the impact multipliers in 
the lower right corner of each block under aPL=100 
are zero. 

The 50-point change in the food price index 
(FOP!) also will increase the cash price of corn. 
However, the quantity demanded for feed declines 
since the behavioral demand functions for feed do 

not shift. The quarterly demand functions for food 
shift to the right resulting in an increase in the 
amount of corn demanded for food. For the same 
reasons as previously stated, on-farm stocks will 
diminish in all quarters, but off-farm stocks will in
crease in the first two quarters and then diminish in 
the last two quarters. 

Futures prices are expected prices generated by 
buyers and sellers participating in these markets. As 
such, futures prices incorporate the information 
available in the present which may be pertinent for 
the future. But some of this information may be er
roneous (e.g., an incorrect rumor that the govern
ment will impose an embargo on future exports). It 
is interesting to measure the effect of such phenom
ena on the system by autonomously changing the 
futures price by an arbitrary amount, say 
aAFPC=0.1. Such one-time shocks in futures prices 
will result in an increase in cash and futures prices 
in the first and second quarters, but the yearly aver
age price will change only a little - $0.015 if the 
shock is in the first quarter and $0.008 if it is in the 
second. Stocks and utilization change in the ex
pected directions. 



- - -

- - - - - -

- - - - - - - -

Table 5. First Year Short-Run Multipliers - Competitive Production. 
Changes in 

exogenous variables 
~LOBPB=.1 ~PM=1 ~EC9J=10 

Changes in 
endogenous Quarters Quarters Quarters 

variables 1 2 3 4 2 3 4 1 2 3 4 

.075 .013 .010 .014 .026 .004 .004 .005 .054 .009 .007 .010 
.035 .004 .005 .027 .003 .004 .055 .006 .008 

.039 .013 .030 .010 .074 .025 

14.216 -.424 10.833 	 -5.954 
13.818 

~ - 

.927 .305 .036 .706 .232 .027 1.438 .473 .056 
-2.706 -2.063 -2.062 -1.572 -5.140 -3.918 

.039 	 .004 .006 .030 .003 .004 .060 .007 .009 
.043 .015 .032 .011 .081 .028 

-:- - 

61'MC(l) .030 	 .010 .023 
6PMC(2) .Oll .008 	 .018 
6PMC(3) 	 .012 .009 .021 
61'MC(A) 	 .014 .011 .021 

Interestingly, these kinds of shocks do not affect 
the system if they occur in the third and fourth 
quarters. In these quarters, the only change is in the 
endogenous futures prices which change by the 
same amount as the autonomous change. This is 
because in the third and fourth quarters futures 
prices neither affect the demand for stocks nor the 
demand for current utilization. Consequently, the to
tal disposition of corn does not change and, there
fore, nothing else changes. The reasoning behind 
this result is that when the futures price (FPC) in
creases, the supply function for current utilization 
shifts to the left resulting in a shift to the right of 
the supply of corn for stocks. But then the resulting 
price adjustments cause the supply function for cur
rent utilization to shift to the right and, in turn, the 
supply function for stocks shifts to the left. Eventu
ally, this process converges to the initial equilibrium 
since, given the available supply, there is only one 
cash price which will clear the markets for current 
use and for stocks. 

Table 5 presents the effects of changing livestock 
output (LOBPB), soybean meal price (PM), and over
seas income (EC9Jl, respectively. Qualitatively, the 
changes in the endogenous variables when LOBPB 
or PM change are similar to those for a change in 
PL. 

The effects of increasing income in the Common 
Market and Japan upon the endogenous variables 
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of the system are as expected. Prices increase, do
mestic utilization decreases, and exports increase. 
Similar demand-shifting results are obtained when 
the price of barley (PBl and the price of wheat (PW) 
increase. These results are presented in Table 6. 

Table 7 presents the effects of exogenous varia
ble changes which are made only once during the 
crop year or which follow a regular pattern during 
the crop year. The first column (.:.\TYCX=100) re
flects the effects of an increase in yearly corn ex
ports from sources other than the United States. 
Prices decrease, domestic utilization increases, and 
U.S. exports fall. The total crop year decrease in 
U.S. corn exports is about 63 million bushels in the 
face of a 100-million bushel increase in competitive 
exports. This occurs because the fall in corn prices 
increases the quantities demanded. This phenome
non partly offsets the leftward shift in the export de
mand function caused by the 100-million bushel in
crease in foreign corn exports. 

Corn exports from the United States might be re
garded as the summation of two components: an 
autonomous component and an endogenous com
ponent. The autonomous component of total do
mestic exports is not systematically affected by eco
nomic conditions reflected in the estimated model 
while the endogenous component is so affected. 
Hence, autonomous exports may be regarded as ex
ogenous to the system. They may also be consid



Ta~le 6. First Year Short-Run Multipliers - Competitive Production 
Changes in 

exogenous variables 
.lPW=1 ~PB=1 

Changes in 
endogenous Quarters Quarters 

variables 1 2 3 4 2 3 4 

LlPCO) 0 0 0 0 .258 .044 .035 .048 
LlPC(2) 0 0 0 .634 .070 .096 
LlPC(3) .202 .069 0 0 
LlPC(4) - - ________ .~3~_~ ______ '- - 0 
llPC------- ---~---0---,.-5 .202 .402 ..258 - :-678----.105 -.I4li 

LlQCDFEED(l) 0 0 0 0 -47.589 -4.729 -3.821 -5.239 
LlQCDFEED(2) 0 0 0 -68.496 -7.577 -10.388 
LlQCDFEED(3). -21. 795 -7.417 . 0 0 
~QSD!E~D~42 _______ ~ ___- _____ : _____- ___ :3~.Q12 _ : _ - - - 0 
LlQCDFEED 0 0 -21. 795 -43.427 I -47:-589- - --73:-225- - =1I.39S - -15.5'27 
LlQCDFOOD (1) . 0 0 0 0 - . 578 - .058 0 0 
LlQCDFOOD(2) 0 0 0 -.837 0 0 
LlQCDFOOD(3) 0 0 0 0 

LlFECSC(2) o o o -102.406 -76.651 -51.758 
LlFECSC (3) -36.824 -25.792 0 0 
LlFECSC (4) -13.754 . 0 
t:FECSC-  --36~824- =39.546 ~ --68~800- - =152~371- --114.265 - =77.207 
LlOECSC (1) o 0 o o . 9.183 6.672 1.706 -.323 
LlOECSC(2) o o o 16.543 5.442 .641 
LlOECSC (3) -13.928 -10.617 0 0 
LlOECSC(4) -9.508 . - - 0 
t:OECSC- - - - - ~ -13~928- - =20.125 - ~ - -97183- - - 237215- - - 7.148 - - -.318- 0 - 
LlFPC(1) o o o O· .281 .047 .038 .053 
LlFPC(2) o o 0 .696 .075 .105 
LlFPC(3) .219 .075 0 0 

- - - + - 
o 

LlQCX(l) o o 0 0 107.784 -11.536 -3.569 -4.893 
LlQCX(2) o 0 0 155.196 -7.077 -9.702 
LlQCX(3) 72.547 -6.927 0 0 

LlPMC(2) o .199 
LlPMC (3) .058 0 

ered as a policy variable reflecting the effects of ex
port controls or other government influences. Au
tonomous corn exports will affect this system not 
only by their yearly level, but also by the way they 
are allocated among different quarters. For further 
analysis, these autonomous changes in exports are 
denoted by a>«(i); 0=1,2,3,4), Table 7. The multi
pliers in the columns headed by a>({i) show the ef
fects of allocating the same total change in autono
mous corn exports among the four quarters. Five al
ternatives are considered: (1) increasing exports ex
clusively in the first quarter, (2) increasing exports 
exclusively in the second quarter, (3) increasing ex
ports exclusively in the third quarter, (4) increasing 
exports exclusively in the fourth quarter, and (5) in
creasing exports equally in all quarters. From a 
short-run viewpoint, the ranking of these alterna
tives with respect to the most effect on annual aver
age price is (1) > (5) > (2) > (3) > (4). 

The effect on yearly prices may not be the only 
criterion in which the policymaker may be inter
ested. Another criterion for allocation could involve 
the least induced effect on the domestic quantity of 
corn fed to livestock. In this case, the ranking of the 
alternatives would be (2) < (3) < (5) < (4) < (1). 
Therefore, if the short-run criterion is to minimize 
yearly price change associated with a given change 
in exports, the best policy, among those considered, 
is to increase export allocations in the fourth quar
ter. On the other hand, if the criterion is to minimize 
the effect on domestic feeding, the best policy 
among those considered is to increase export allo
cations in the second quarter. 

There is a secondary impact or complication in 
this export allocation analysis. As autonomous corn 
exports are altered, prices change and endogenous 
exports (determined within the model) can alter. 
The row in Table 7 labeled t1QCX measures the net 
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change in total U.S. exports, both autonomous and clearly interrelated and cannot be dealt with sepa
endogenous. As autonomous exports are increased, 
corn prices tend to rise, reducing endogenous ex
ports to a significant extent, assuming other factors 
remain constant. 

The last three columns of Table 7 show the mul
tipliers associated with exogenous changes in the 
U.S. per-acre corn yield (YLD), lagged soybean mar
ket price ( PMSL), and soybean support prices 
(PSS). These are factors which affect the crop year 
supply function in the model. These multipliers be
have as expected: a yield increase shifts the supply 
outward reducing prices and increasing market vol
umes; increases in prices for competing products 
shifts the supply to the left increasing prices and re
ducing market quantities. 

Long-run Multipliers. In a model like this one, 
calculating and evaluating long-run multipliers is 
difficult. Some of the model's variables, on a quar
ter-to-quarter basis, are clearly exogenous to the 
system. But when a longer time span is considered, 
they must be viewed as at least partially endoge
nous. Such variables are those related to the live
stock sector (LOBPB, PL), soybean sector (PMS, 
PM), and the food consumption sector (FOPI). In the 
long run, these sectors and the corn sector are 

rately. 

Still, there is value in presenting the long-run ef
fects (multipliers) of these variables. First, it may be 
that the adjustment process is rather slow in these 
other sectors (especially livestock and food con
sumption) but rather quick in the corn sector. About 
10 quarters are needed to bring about stationary 
equilibrium in the corn sector after specific changes 
occur in variables related to these other sectors. On 
the other hand, a change in the endogenous varia
bles of the corn sector probably will achieve its 
long-run effect in the other sectors after more than 
10 quarters. It is in this sense that the livestock sec
tor is considered exogenous to the corn sector. 

The relevant long-run multipliers when the mar
kets reflect no government interference are pre
sented in Table 8. Consider first the long-run effects 
of a sustained change in autonomous exports (AX) 
of 100 million bushels of corn per quarter (400 mil
lion bushels of corn exported per year). Total corn 
production increases by 133.418 million bushels, 
and the yearly price increases by $0.251 per bushel. 
Since annual autonomous exports have increased 
by 400 million bushels and production has in
creased only by 133 million bushels, domestic de-

Table 7. First Year Short-Run Multipliers, Competitive Production 
Change in 

exogenous 4 

Change variables 2 ~(i)=400 

in endogenous i-1 

variables ATYCX=100 ~(1l=400 ~(2)=400 ~(3)=400 ~(4)=400 ~(i)= AYLD=10 ~SL=.1 APSS=.1 

,',PC(l) -.034 .770 0 0 0 .193 -.354 .006 .025 
,',PC(2) -.040 .131 .786 0 0 .229 .407 .007 .029 
,',PCO) -.079 .106 .087 .868 0 .265 .329 .006 .023 
,',PC(4) -.152 .145 .119 .295 1.434 .498 -.450 .008 .032 

llQCDFEED(l) 6.225 -142.278 0 0 0 -35.569 65.304 -1.194 -4.641 
llQCDFEED(2) 4.338 -14.138 -85.012 0 0 -24.788 44.026 -.805 -3.129 
IIQCDFEED(3) 8.536 -11.425 -9.404 -93.840 0 -28.667 35.527 -.650 -2.525 
I'.QCDFEED(4) 16.441 -15.662 -12.893 -31.932 -155.042 -53.883 48.658 -.890 -3.458 

6QCDFOOD(1) .076 -1. 729 0 0 0 -.432 .794 -.015 -.056 
6QCDFOOD(2) .053 -.173 -1.038 0 0 -.303 .538 -.OlD -.038 
IIQCDFOOD (3) 0 0 u 0 0 0 0 0 0 
6QCDFOOD(4) 0 0 0 0 0 0 0 0 0 

IIFECSC(l) 8.999 -205.692 0 0 0 -51.423 354.522 -6.483 -25.195 
6FECSC(2) 12.096 -149.383 -127.097 0 0 -69.120 286.859 -5.246 -20.386 
IIFECSC(3) 21. 963 -l12.440 -95.132 -158.550 0 -91.531 238.877 -4.368 -16.976 
IIFECSC(4) 19.973 -76.086 -64.237 -111.049 -59.217 -77 .647 167.519 -3.063 -11.905 

1I0ECSC(1) -1.201 27.454 0 0 a 6.863 199.098 - 3.641 -14.149 
1I0ECSC(2) -1. 771 19.946 20.532 a a 10.119 l14.795 -2.099 -8.158 
1I0ECSC(3) 4.354 5.099 6.755 -59.967 0 -12.028 94.068 -1.720 -6.685 
t.OECSC(4) 7.048 -.965 .795 -45.711 -40.937 -21.705 71. 328 -1. 304 -5.069 

lIFPC(l) -.037 .839 0 0 0 .210 -.372 .007 .026 
llFPC(2) -.044 .142 .864 a 0 .251 -.441 .008 .031 
6FPC(3) -.086 .114 .093 .944 0 .288 -.353 .006 .025 
lIFPC(4) -.168 .159 .131 .324 1. 583 .549 -.493 .009 .035 

t.QCX(I) -14.098 322.246 0 0 0 80.562 35.688 -.653 -2.536 
t.QCX(2) -6.918 -34.491 192.614 0 0 39.531 107.402 -1.964 -7.633 
6QCX(3) -24.528 -10.670 -8.783 312.357 0 73.226 33.181 -.607 -2.358 
llQCX(4) -17.145 -14.628 -12.042 -29.824 255.197 49.676 45.443 -.831 -3.230 

ClQCP 0 0 0 0 0 0 655.406 -11.985 -46.578 

6PMC -.069 .321 .251 .226 .199 .269 -.380 .007 .027 ........ ............. 
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mand and exogenous exports decrease by about 
267 million bushels on a yearly basis. This is exactly 
what is obtained when the quarterly changes in do
mestic demand are added. 

Usually domestic demand includes demand for 
stocks and demand for current utilization. On a crop 
year basis, the demand for stocks is represented by 
ending stocks in the fourth quarter. In a long-run 
equilibrium analysis, the level of stocks at the end 
of the fourth quarter will reach a constant level and 
hold. Therefore, at any long-run equilibrium point, 
the change in the quantity produced has to equal 
the change in the quantities demanded for utiliza
tion. 

As a result of the sustained change in autono
mous exports of 100 million bushels, corn prices in 
each quarter increase. The sharpest price increase is 
in the fourth quarter when supplies are lowest. As a 
result, corn feeding declines sharply. The smallest 
price increase is in the first quarter when supplies 
are largest. Then corn feeding declines only mildly. 
These differences suggest the possibility of allocat

ing among different quarters any desired level of 
autonomous exports in a way that will be optimal in 
some sense. Assume, for instance, that the policy
maker wishes the effect on yearly corn price to be 
minimal. The outlines of a procedure to accomplish 
this goal are suggested here. As mentioned, the an
nual price is a weighted average of the quarterly 
prices: 

4 

P = LWiPi 
i~1 

No temporal index for the variables is necessary 
since these are long-run stationary values. When an 
exogenous variable (say autonomous exports) 
changes, the long-run values of P change as fol
lows: 

444 

~P L Wi~Pi + L ~WiPi + L ~Wi~Pi 
i~1 i=1 i=1 

Notice that the weights Wi change since they are en
dogenous to the system. 

Table 8. Long-Run Multipliers When Production of Corn is Competitive. 
Changes in 

exogenous variables 2~(iI=400 
Changes in ~(i)",~(j)=100 

endogenous variables i.j=U,3,4, ~(1)=400 ~(2)=400 ~(3)=400 ~(4)=400 ~OBP8=.1 APM=1 

t.PC (1) 
t.PC (2) 
t.PC (3) 
t.PC (4) 

.178 

.193 

.236 

.458 

.724 

.068 

.055 

.076 

-.032 
.740 
.050 
.068 

.044 

.011 

.877 

.308 

-.003 
-.024 
-.020 
1.408 

.070 

.038 

.045 

.086 

.024 

.026 

.032 

.063 

t.QCDFEED (1) 
t.QCDFEED(2) 
LiQCDFEED (3) 
LiQCDFEED(4) 

-32.829 
-20.849 
-25.492 
-49.536 

-133.814 
-7.364 
-5.962 
-8.184 

5.924 
-79.991 
-5.356 
-7.353 

-8.141 
-1.177 

-94.794 
-33.243 

.485 
2.615 
2.110 

-152.154 

26.081 
13.927 
13.158 

8.708 

9.266 
10.899 
10.258 

6.954 

t.QCDFOOD(l) 
LiQCDFOOD(2) 
LiQCDFOOD(3) 
LiQCDFOOD(4) 

-.399 
-.255 

0 
0 

-1. 627 
-.090 

0 
0 

.072 
-.977 

0 
0 

099 
-.014 

0 
0 

.006 

.032 
0 
0 

-.156 
-.050 

0 
0 

-.055 
-.035 

0 
0 

LiFECSC (1) 
LiFECSC (2) 
t.FECSC(3) 
6FECSC(4) 

-36.801 
-54.114 
-76.809 
-66.809 

-173.049 
-118.902 
-84.206 
-55.627 

20.357 
-106.899 
-75.699 
-50.005 

-33.515 
-22.656 

-174.288 
-121.362 

16.920 
14.459 
12.580 

-50.270 

-15.425 
-15.785 
-18.112 
-14.861 

-4.930 
-7.345 

-10.489 
-9.138 

LiOECSC(l) 
t.OECSC(2) 
LiOECSC(3) 
LiOECSc(4) 

41.689 
30.965 

2.960 
-11.239 

79.890 
51.161 
27.996 
15.244 

42.677 
46.038 
25.198 
13.724 

18.594 
11. 798 

-53.242 
-41. 877 

15.948 
9.381 
7.180 

-35.711 

11. 731 
8.277 
2.018 

-1. 213 

5.743 
4.262 

.415 
-1.538 

t.FPC(1) 
t.FPC (2) 
t.FPC (3) 
t.FPC (4) 

.195 

.212 

.256 

.505 

.791 

.074 

.059 

.083 

-.033 
.813 
.053 
.075 

.049 

.012 

.954 

.337 

-.001 
-.026 
-.021 
1. 554 

.076 

.042 

.049 

.095 

.027 

.029 

.035 

.069 

LiQCX(l) 
t.QCX(2) 
LiQCX(3) 
LiQCX(4) 

82.059 
49.140 
76.192 
53.735 

326.871 
-17.995 

-5.568 
-7.643 

3.237 
204.862 
-5.003 
-6.867 

-4.449 
-2.872 

311. 466 
-31.048 

.265 
6.380 
1. 970 

257.895 

-7.032 
-10.064 

-4.572 
-8.728 

-2.454 
-6.969 
-3.267 
-6.353 

LiPMC .251 .255 .205 .264 .242 .059 .035 

t.QCP 133.418 139.212 111.608 136.505 120.596 31. 315 18.304 
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Table 8. Long-Run Multipliers When Production of Corn is Competitive. (Cont'd) 
Changes in 

exogenous variables 
Changes in 
endogenous variables &PL",,100 &FOPI=50 &YLD=10 &PMS=.1 &PSS=.1 &ECJ9=10 &YCX=100 &PW=1 &PB=1 

6PC(1) 
6PC(2) 
6PC(3) 
6PC(4) 

.386 

.214 

.118 

.082 

.002 

.002 

.002 

.005 

.448 
-.455 
-.367 
-.503 

.017 

.017 

.014 

.019 

.029 

.029 

.024 

.032 

.050 

.053 

.079 

.155 

-.032 
-.032 
-.073 
-.144 

.007 
-.006 

.197 

.395 

.212 

.615 

.055 

.076 

6QCDFEED(1) 
6QCDFEED (2) 
6QCDFEED (3) 
6QCDFEED (4) 

:145.584 
: 73.704 
; 22.860 

-8.850: 

-.346 
-.220 
-.270 
-.524 

82.786 
49.180 
39.692 
54.366 

-3.058 
-1.830 
-1.477 
-2.023 

-5.403 
-3.169 
-2.558 
-3.503 

-9.254 
-5.781 
-8.565 

-16.743 

5.882 
3.505 
7.865 

15.522 

-1. 210 
.672 

-21.254 
-42.686 

-39.157 
-66.465 
-5.948 
-8.165 

6QCDFOOD(1) 
6QCDFOOD(2) 
6QCDFOOD(3) 
6QCDFOOD(4) 

-.866 
-.283 

0 
0 

1.056 
1.057 
1.060 
1.060 

1.006 
.601 
0 
0 

-.037 
-.022 

0 
0 

-.066 
-.039 

0 
0 

-.112 
-.071 

0 
0 

.071 

.043 
0 
0 

-.015 
.008 
0 
0 

-.476 
-.812 

0 
0 

6FECSC(1) 
6FECSC (2) 
6FECSC(3) 
llFECSC(4) 

:-88.995 
:-90.138 
'-77.701 
:-51.825 

-.380 
-.566 
-.808 

.704 

431.561 
342.596 
280.665 
195.753 

-16.001 
-12.712 
-10.420 
-7.269 

-28.234 
-22.341 
-18.250 
-12.717 

-10.239 
-15.026 
-23.839 
-21. 258 

6.276 
9.153 

18.995 
17.771 

-.884 
.454 

-35.626 
-38.516 

-37.373 
-122.671 
-86.531 
-57.069 

8OECSC(1) 
60ECSC(2) 
60ECSC(3) 
60ECSC(4) 

: 56.125 
: 40.388 
: 16.976 

8.217 

.443 

.328 

.032 

.119 

187.040 
106.249 

91.417 
71.187 

-7.012 
-3.986 
-3.422 
-2.661 

-11. 627 
-6.582 
-5.726 
-4.485 

12.362 
9.087 

.176 
-4.311 

-8.928 
-6.405 

1.044 
4.748 

9.306 
5.648 

-10.071 
-17.531 

62.652 
55.075 
30.439 
16.767 

6FPC(1) 
6FPC(2) 
6FPC (3) 
6FPC(4) 

.422 

.235 

.128 

.090 

.002 

.002 

.003 

.005 

-.476 
-.493 
-.394 
-.551 

.018 

.018 

.015 

.021 

.031 

.032 

.025 

.036 

.055 

.059 

.086 

.171 

-.035 
-.036 
-.079 
-.158 

.008 
-.007 

.214 

.435 

.233 

.675 

.059 

.083 

6QCX(1) 
6QCX(2) 
6QCX(3) 
6QCX(4) 

:-38.952 
:-56.541 
:-11. 886 
: -8.266 

-.189 
-.537 
-.252 
-.490 

45.242 
119.975 

37.071 
50.776 

-1.671 
-4.463 
-1. 379 
-1. 889 

-2.953 
-7.730 
-2.389 
-3.272 

22.959 
13.914 
26.288 
18.650 

-14.286 
-8.949 

-25.155 
-18.003 

-.661 
1.640 

73.053 
53.036 

112.392 
160.151 
-5.555 
-7.626 

6PMC .215 .003 -.443 .016 .029 .079 -.064 .123 .260 

6QCP :116.034 1.410 495.210 -18.945 -30.236 41. 787 -33.892 63.150 139.290 

When the only exogenous change is in autono
mous exports, the following expression holds: 

.6.P j 2:
4 

aiJ.6.XJ(i =1, 2, 3, 4) 
j=' 

.6.WI= 2:
4 

bjj .6.Xj (i =1, 2, 3, 4) 
1=1 

where the ajj and b/j are long-run multipliers of a 
change in exports on the quarterly prices and quar
terly weights respectively. 

After substituting into .6.P we obtain: 

4 4 4 

.6.P= 2: fJ.6.XJ + 2: 2: d iJ.6.X i.6.X j 
J=I 1=1 i=1 

where 
(j=1, 2, 3,4) 

(i, ,2,3,4) 

with WI and Pi being the initial equilibrium quarterly 
weights and quarterly prices respectively. The 

change in the yearly price is a quadratic expression 
of the changes in autonomous exports. Now as
sume that the policymaker is interested in allocating 
any given amount of autonomous exports among 
the four quarters such that the yearly price change 
will be the least. This problem can be stated for
mallyas: 

4 

Min .6.P(.6.X" .6.X2, .6.X3, .6.X4)-A.[ 2:.6.X j-K]j-,.6.X1 

where K is the predetermined change in annual au
tonomous exports to be allocated among quarters, 
and .6.X; is the quarterly allocation of this total. 

The policy solution is obtained by differentiating 
this Lagrange expression with respect to each of the 
changes in exports (.6.X i ) as well as A, then setting 
these derivatives equal to zero. 
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The optimal policy is then obtained by solving the 
following system: 

d11 d12 d13 d14 1 ~1 -f1 

d21 d22 d23 d24 1 ~2 -f2 

d31 d32 d33 d34 1 ~3 -f3 

d41 d42 d43 d44 1 ~4 -f4 

1 1 1 1 0 -A K 
A problem with this approach is that the d;/s are 
not fixed coefficients. They depend upon the bkJ's, 
which in turn depend upon the level of total exports 
and their allocation among quarters. An iterative so
lution is possible. One approach would be to begin 
with an arbitrary allocation of autonomous exports, 
solve the econometric model, and obtain the perti
nent bu's. Then substitute these coefficients into the 
policy problem and solve for the optimal allocation 
of autonomous exports. Using this optimal alloca
tion of exports, solve the econometric model again 
to obtain new bu's. This could continue until conver
gence is attained. 

A more pragmatic approach is to try various ar
bitrary allocations of autonomous exports and com
pare the resulting changes in the annual price. A 
start in this direction would be to assume some val
ue for the annual change in autonomous exports 
and then concentrate that change in each of the 
four quarters. The price effects of such a 400-million 
bushel change are shown in the following tabula
tion: 

~(1) ~(2) ~(3) ~(4) 
aPMC .255 .205 .264 .242 

By concentrating all of the autonomous export 
change in the second quarter, the annual average 
corn price will change less than by a similar concen
tration in any other single quarter. Moreover, this 
second quarter concentration will cause prices to 
change less than an equal allocation across all four 
quarters (the annual price increase in the latter case 
is $.251 per bushel). 

Next consider the long-run effects of an increase 
in animal units as measured by the lOBPB variable. 
This variable measures the value aggregate of live
stock output in constant dollars. The long-run ef
fects of a permanent change in LOBPB of 0.1 billion 
dollars in all quarters are presented in Table 8. This 
demand shifter, as expected, increases the yearly 
price and, as a consequence, production also in
creases. All quarterly prices increase, but the price 
increase in the last quarter is sharpest because of 
smaller available supplies. Because of the increase 
in animal population, the utilization of corn for feed 
increases in all quarters, the fourth quarter increase 
being the smallest because of the sharp price in
crease. Since the on-farm demand for feed in
creases, on-farm ending stocks diminish. On the 
other hand, off-farm stocks increase in all but the 
last quarter due to the stronger incentive to hold 
stocks when the price outlook is bullish. This is rep
resented by the increase in the futures prices. 

Soybean meal is an alternative feed on the farm. 
As its price (PM) increases, the demand for feed 
corn shifts to the right. Table 8 shows the changes 
in the endogenous variables as PM is increased by 
one cent per pound (about $20 per ton). The overall 
effects of a change in PM are similar in direction to 
those obtained when lOBPB is increased. 

Next consider the effects of a permanent change 
of 100 in the index of prices received by farmers for 
livestock and livestock products (Pl). The resulting 
changes in the endogenous variables have expected 
signs with the possible exception of a negative 
change in the feed demand in the fourth quarter, 
Table 8. The reason for this result is that the esti
mated demand for feed in the fourth quarter is not 
affected by PL Consequently, an increase in Pl will 
shift the demand for feed to the right only in the 
first, second, and third quarters. Thus, available 
supplies for the fourth quarter will decline. The 
combined effect of this leftward shift in supply and 
no shift in the demand function causes an increase 
in price and a reduction in the equilibrium quantity 
of feed demanded in the fourth quarter. 

An increase in the food price index (FOP!) shifts 
the corn for food demand function to the right, re
sulting in increased quarterly prices and decreased 
amounts of corn fed. Increasing the per acre yield of 
corn (YlD) by 10 bushels results in an increased 
supply of corn at the beginning of each quarter, 
driving quarterly prices down and encouraging in
creased utilization of corn for food, feed, and ex
port. The average yearly price declines by $0.443 
per bushel. Increasing the market price of soybeans 
or their support rate (pMS or PSS) results in a de
creased supply of corn in every quarter, an increase 
in all quarterly prices, and a decline in utilization. 

The long-run effects of exogenous variables as 
they affect endogenous corn exports is generally as 
expected. An income increase in Europe and Japan 
will result in increased prices, decreased domestic 
utilization, and increased exports. On the other 
hand, when competitive corn exports from other 
countries increase, prices and U.S. exports decline 
as domestic corn utilization increases. Opposite re
sults occur when the prices of competing grains in 
foreign markets (wheat and barley) increase. 

The Dynamic System With Govemment Intervention 

The Dynamic Model Structure. Within the con
text of this model, "government intervention" im
plies that corn production becomes exogenous, in a 
particular sense. There are two situations to consid
er: 

1. 	When open market prices in crop year equilib
rium are higher than the established support 
rates. 

2. 	When open market prices would be lower 
than support rates without government stock 
accumulation. 

In the first case, government-held stocks need 
not change and market prices are endogenous in 
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the formal sense. In the second case government 
stocks must increase to keep market prices at the 
support rate. In this latter circumstance, government 
stock change becomes endogenous and the market 
price is formally exogenous at the support rate. 

For both of these cases, the solution of the mod
el (the reduced form equations) are the same, the 
only difference being in the components of the Y 
and X vectors. This solution can be expressed as 
follows: 

Y1(t) =A1Y4(t-1 )+B1X1(t) 

Y2(t) =A2Y1(t) +B~2(t) 

Y3(t) =A3Y2(t)+BJ<3(t) 
Y4(t) =~Y3(t) +B~4(t) 

aCP(t)=H'Z(t)+I'Z(t-1 ) 

The subscripts denote the respective quarters. For 
case (1), the Y, X, and Z vectors are defined as fol
lows: 
{Yi(t)} = [OECSCj(t), FECSCj(t), aCDFOOD,(t), 

aCDFEED,(t), FPC,(t), aCXi(t), PCi(t)] / 

{X,(t)} [CCC,(t), PBi(t), PWi(t), EC9J,(t), LOBPB,(t), 

PMi(t), Plitt), FOPli(t), D1aCP(t), TYCX(tl], 
{Z(t)} = [YLD(t), PFC(t), PSS(t) ], 

(i=1,2,3,4) 
(t=1, 2, ... , T) 

For case (2), these vectors are defined as follows: 
{Yi(t)} = [OECSC,(t), FECSCi(t), aCDFOODj(t), 

aCDFEEDi(t), FPC,(t), aCXi(t), CCC,(t)] / 

{X,(t)} [D1 aCP(t), PB,(t), PW,(t), EC9Ji(t), 

LOBPBi(t), PMi(t), Plitt), FOPli(t), TYCX(t)]' 
{ZIt)} = [YLD(t), PFC(t), PSS(t)]' 

(i=1, 2,3,4) 
(t=1, 2, ... , T) 

The dynamic solutions of these equations can be 
obtained after they are transformed into a system of 
difference equations. By sequential iteration, the dy
namic system becomes: 

Y1(t) =K1Y1(t-1 )+B1X1(t) +A1B~4(t-1) +Al~BJ<3(t-1) 

+A1M3B~2(t-1) 

Y2(t) =K2Y2(t -1)+ B~2(t)+ A2B1X1(t) +A~lB~4(t-1 ) 

+A~1~BJ<3(t-1 ) 
Y3(t)=K3Y3(t-1 )+BJ<3(t)+A3B~2(t)+M2B1Xl(t) 

+A~lB~4(t-1 ) 
Y4(t) =K4Y4(t-1 )+B~4(t) +~BJ<3(tl +M3B~2(t) 

+M~2B1Xl(tl 

where 	Kl =A1A~~2 

K2=A~lM3 

K3=A~2Al~ 

K4=A~~2A1 

Define the following matrices and vectors: 

o 
B2 

A3B2 

A~3B2 

A1M3B2 
o 
o 
o 

Then the dynamic system can be written as: 

Y(t)=AY(t-1)+B X(t)+D X(t-1) 


Since the matrix A is diagonal, it is not necessary to 
solve simultaneously for the four quarters. In fact, it 
is more instructive to solve the system separately 
for each quarter. The basic difference between the 
government-influenced system and the open market 
system is in the structure of matrix A as compared 
to matrix A* (defined earlier). The former is diago
nal and the latter is triangular. This implies that the 
quarterly difference equations in the government-in
fluenced case are independent, while the quarterly 
difference equations in the open market case are re
cursively dependent. 

The complex analytical structure of the impact 
and delayed multipliers is presented in Table 9. 
These multipliers show the effects of "one shot" 
changes in the exogenous variables in any quarter 
on the endogenous variables in the same quarter 
and all subsequent quarters. For example, a change 
in the vector of exogenous variables in the first 
quarter will have an immediate effect on size B1 on 
the endogenous variables in the first quarter; in the 
second quarter, the endogenous variables will 
change by A2B1; in the third quarter by A~2B1' and 
so on. A change in the exogenous vector during the 
second quarter obviously will have no effect on the 
endogenous variables in the first quarter of the 
same year. Its immediate effect on the endogenous 
variables of the second quarter in the same year is 
given by B2. Its delayed effect on the endogenous 
variables in the third quarter is given by A3B2• Thus, 
the sequence of events resulting from a " one shot" 
change in the exogenous variables in any quarter 
can be traced by reading off the results pertaining 
to the appropriate column in Table 9. So a "one 
shot" change in the exogenous variables in the first 
quarter of the current year will have an effect of 
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Table 9. Short-Run, Dela}fed and Long-Run Muttipliers When Production is Exogenous. 
AExogenous One shot change 

AEndogenous variables 
variables AX, AX2 AX. Cumulative effects 

flY l (t) B1 B1 
flY 2(t) A2B1 B2 AZB1+ B2 
fl Y3(t) A3A2B1 A3 B2 B3 A3AZB1+A3B2+ B3 
flY 4(t) A4 A3A2BI A4 A3BZ A4 B3 B4 A4 A3A2B1+ A4A3B2+ A4 B3+ B4 
flY 

I 
(t+l) KIBI AIA4A3B2 AIA4 B3 AIB4 KIB I + AIA4 A3B2+ A1A4B3+ AIB4 

flY 2(t+l) K2A2BI K2B2 A2AIA4 B3 A2AIB4 KZAZB I+ K2B2+ AZAIA4B3+ A2 AIB4 
I1Y 3(t+l) K3 A3A2BI Kl3B2 K3 B3 A3 A2AIB4 K3A3A2BI+ K3A3B2+ K3 B3+ A3A2AIB4 
flY 4(t+l) K4 A4A3A2BI K4 A4A3B2 K4 A4B3 K4 B4 K4(A4A3A2BI+A4A3B2+A4B3+B4) 
flY I (t+2) KfB l KIAIA4 A3B2 KIAIA4 B3 KIAIB4 Kl (K1B l + AIA4A3B2+ A1A4 B3+ A1B4) 
flY 2(t+2) K~A2Bl 

ry
KZB2 K2A2A1A4 B3 K2A2\ B4 K2(K2A2Bl + K2B2+ A2 A1A4 B3+ A2AIB4) 

flY 
3

(t+2) 

I1Y4(t+2) 
K~A3A2Bl 
2

K4A4A3A2B1 

K~A3B2 
K~A4A3B2 

K~B3 
K~A4B3 

Kl3A2AIB4 

KtB4 

K3(K3A3A2Bl+ K3A3B2+ K3B3+ A3A2AIB4) 

K~(A~A3A2Bl+ A4A3B2+ A4 B3+ B4) 
I1Y1(t+3) 

flY 2(t+3) 

I1Y 
3
(t+3) 

KiBl 

K~A2BI 
K~Al2Bl 

KIA1A4A3B2 

K~B2 
KjA3B2 

KiA1A4B3 
2

K2A2 A1A4 B3 

K~B3 

KiA1B4 
2

K2A2A1B4 
Z 

K3A3A2AIB4 

KI(K1B l + A1A4A3B2+ A1A4 B3+ AIB4) 

K~(K2A2B1+ K2B2+ AZA1A4B3+ A2 AIB4) 

K~(K3A3A2Bl+ K3A3B2+ K3 B3+ A3A2A1B4) 
I1Y 4(t+3) KgA4Al2BI KgA4 A3B2 K2A4B3 K1B4 K2(A4 A3A2Bl+ A4 A3B2+ A4 B3+ B4) 

;,' 
flY I RIBl R1A1A4A3BZ R1A1A4 B3 R1A1B4 RI (B l + A1 B4+ A1A4 B3+ A1A4A3B2) 
flY~ R2A2Bl R2B2 R2AZA1A4B3 R2A2A1B4 RZ(B2+ A2Bl + A2 AIB4+ AZA1A4 B3) 
I1Yj Rll2Bl R3A3B2 R3 B3 R3A3A2A1B4 R3(B 3+ A3 B2+ A3A2B1+ A3A2AIB4) 
flYZ R4A4A3A2Bl R4A4A3B2 \A4B3 R4 B4 R4 (B 4+ AgBJ+ A4A~B2+ A4A~A2B1) 

where: Yf=IO~ run effect 
R,=(I- ,,-1 (1 =1,2,3,4) 

KfM:A2Bl on the fourth quarter endogenous varia
bles three years later. 

As mentioned, the matrix A being diagonal, implies 
that each quarter can be solved separately. There
fore, the stability of the system including all of the 
quarters hinges on the characteristic roots of Kl, K2, 

K3 and K4• But these particular matrices differ only 
in the order by which the matrices Al , A2, A3 and A4 
are multiplied by one another. The estimated econo
metric model and the policy situations to be consid
ered imply that the rank of any of the Ai matrices 
(i=1, 2, 3, 4) is at most 2. It follows that the rank of 
any of the Ki matrices (i == 1, 2, 3, 4) is also at most 2. 
Now take any matrix of rank 2 (say M) and, by ex
panding the characteristic equation, get the quadrat
ic expression for the characteristic roots A, as fol
lows: 

where 

M==[il111 ml~ 
Lm21 m2~ 

But 1M I=m11m22-m12m21 
and trace M==m11 +m22• 
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Therefore, the quadratic expression for A can be 
written as: 

A2-A(trace M)+ I M 1=0. 
Assume that M=FG, and N=GF. Since trace 
FG=trace GF (Johnston) and since IMI = IFIIGI 
I G I I F I = IN I, the roots of the matrix M equal the 
roots of matrix N. Thus, the characteristic roots of a 
matrix which is formed by the multiplication of two 
or more conformable matrices are the same no mat
ter what the order of multiplication. (A general 
proof of this proposition is provided by Searle and 
Hausman.) 

It follows that the roots of all the Ki (i=', 2, 3, 4) 
are equal because each one is comprised of the 
same Ai matrices, but multiplied in different orders. 
Thus each element of the Ai matrices will make the 
same contribution to the convergence path in all 
quarters. The actual paths will differ since the initial 
conditions will differ. 

For policy situation (1) where equilibrium market 
prices exceed the price support, the characteristic 
roots for any of the quarters are: 

A1 =.475 

~=.149 



Since the largest of these roots is positive and 
smaller than 1, the system is stable, and the path to 
convergence is monotonic. 

For situation (2) where market and support rates 
are equal and government stocks are endogenous, 
the characteristic roots for any quarter are: 

A,=1.000 

A2=0.061 

Thus, the system in which the government adjusts 
its stocks to prevent market prices from falling be
low the price support rate is not formally stable. 
The reason for this is that as price becomes exoge
nous, current utilization will not depend on any en
dogenous variable in the syste"!'. Now ass.ume ~ . 
change in some exogenous variable affectmg utiliza
tion. Government and private stocks will initially 
change in one direction as utilization changes in the 
other. This change in current stocks will be the 
same as the change in available supplies for the 
next period. But since utilization in the next period 
does not change any further, stocks in the second 
period will change by the same amount that they 
changed in the previous period. These changes are 
self-perpetuating, so the system is not stable; but it 
is not explosive. This is a structural instability and 
not related to the statistical estimates of the model. 
As a consequence, the empirical analysis of situa
tion (2) is conducted only for the short-run and pre
sented in the next section. What follows, in the 
long-run context, pertains only to situation (1 I. 

If changes in exogenous variables are sustained 
over long periods of time, their cumulative effect on 
the endogenous variables can be estimated. Say 
there is a change in the exogenous variable vector 
in the first period, and this change is sustained for n 
periods. The effects on the endogenous variables in 
the first quarter after n periods are: 

aY,(Hn) +K, +K2, + ... +K~] B, ax, 
Similarly, the general effects of any sustained 
change in the exogenous variables of any quarter 
on the endogenous variables of any other quarter 
can be seen in Table 9 under the heading, Cumula
tive Effects. These complex expressions are ob
tained by adding along the row given by the num
ber of periods and quarters over which the exoge
nous change is sustained. 

Finally, if changes in the exogenous variables 
are sustained for a very long period of time (n~oo), 
the long-run multipliers are appropriate. In the case 
of a sustained change in the exogenous variables in 
the first quarter, the long-run effect on the endoge
nous variables becomes: 
lim .aY,(t+n)=lim [I+K,+K~ + ... +K~] B, ax, 
(n~oo) (n~oo) 

=(I-K,)-'B, ax, 
The right-most equality sign holds only if the sys
tem is stable. This occurs if: 

lim K"=O 
n~oo 

The empirical estimates of these long-run multipli
ers are shown in Table 10. The format of this table 
is similar to that of previous multiplier tables. 

Finally, if the exogenous changes are not only 
sustained for many years, but also occur in each of 
the four quarters, then the long-run effect on the en
dogenous variables in any given quarter becomes 
ayr where: 

aY~ = .±Iim [aYI(t~n)J (i=1, 2, 3, 4) 
J='n~oo axJ 

The formal analytical expressions for these values 
appear in the last four rows of Table 9. 

Estimated Multipliers For Policy Situation (1). 
Since production does not change within an agricul
tural crop year, the short-run multipliers under situ
ation (1) are the same as those when production is 
competitively determined. These short-run multipli
ers were presented in Tables 4-7. The long-run mul
tipliers for situation (1) are presented in Table 10. 
Although the quantity of corn produced is now exo
genous in the sense that it does not depend on cur
rent or lagged endogenous variables, it still may be 
dependent on exogenous or policy variables. There
fore, both the long-run effect of a change in the 
quantity of corn produced and the long-run effects 
of a change in the exogenous variables affecting 
production are presented in Table 10. 

In general, the long-run price effects of changes 
in the exogenous variables are stronger when pro
duction is exogenous than when it is endogenous. 
This is because corn production, when endogenous, 
responds positively over time to demand shifts and 
price changes. Thus, for given demand shifts, long
run price changes are smaller when supply is price
responsive than when it is not. 

As before, the implications of allocating a given 
yearly quantity of autonomous corn exports among 
different quarters are explored. As is the case when 
production is endogenous, concentrating a given 
amount of autonomous exports (400 million bush
els) in the second quarter will result in a smaller 
change in yearly price than when the same amount 
is distributed equally over the crop year, Table 10. 

Estimated Multipliers For Situation (2). Recall 
that in the context of this model only short-run mul
tipliers can be calculated for situation (2), when 
market prices would be lower than support rates 
without government stock accumulation. Tables 11, 
12, 13, and 14 contain estimated short-run effects 
for this situation. The format of each of these tables 
is the same as that used previously. Note that 
change in government stocks (.aCCC) is now an en
dogenous variable and the corn price (apC) is exo
genous. 

In general, an increase in the exogenous de
mand shifters will result in a decline in both govern
ment and off-farm stocks. This increased corn sup
ply moving to markets will be absorbed without an 
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Table 10. Long~Run Multipliers - Situation (1). 
Changes in 

exogenous variables 
Changes in 
endogenous variables ALOBPB=.1 IlPM=1 IlPL=1oo IlFOPI=1oo IlYLDCP=10 IlPMSL=.1 IlPSS=.1 IlQCP=10oo 

lIPC (1) .099 .042 .497 .003 .657 .016 .050 -.942 
lIPC(2 ) .068 .044 .326 .003 -.665 .017 .051 -.949 
lIPC(3) .069 .046 .208 .004 -.537 .013 .041 -.766 
lIPC(4) .119 .082 .205 .006 .736 .018 .057 -1.049 
lIQCDFEED(l) 20.602 6.065 125.045 -.593 121. 381 -2.979 -9.284 173.959 
lIQCDFEED(2) 10.701 9.015 61. 638 -.365 71.931 -1.791 -5.546 102.541 
LlQCDFEED(3) 10.554 8.737 13.121 -.387 58.054 -1.446 -4.476 82.760 
lIQCDFEED(4) 5.142 4.871 -22.190 -.685 79.517 -1.980 -6.130 113.356 
LlQCDFOOD (1) -.223 -.093 -1.116 1.053 1.475 -.036 -.113 2.115 
LlQCDFOOD(2) -.090 -.058 -.430 1.056 .879 -.022 -.063 1. 252 
lIQCDFOOD (3) 0 0 0 1.060 0 0 0 0 
LlQCDFOOD(4) 0 0 0 1.060 0 0 0 0 

lIFECSC(l) -44.028 -21. 643 -196.199 -1.668 633.321 -15.615 -48.607 906.287 
LlFECSC(2) -38.441 -20.583 -175.018 -1. 586 502.404 -12.414 -38.597" 718.356 
HECSC(3) -36.637 -21. 312 -147.076 -1.642 411.326 -10.182 -31.626 587.710 
lIFECSC(4) -27.774 -16.682 -100.174 -1.285 286.824 -7.105 -22.060 409.721 

LlOECSC(l) -.247 -1. 251 11. 547 -.096 271.458 -6.917 -21.147 383.537 
LlOECSC(2) 1.489 .299 15.136 .023 154.090 -3.935 -12.016 217.524 
lI0ECSC(3) -3.866 -3.021 -4.946 -.233 132.893 -3.370 -10.330 188.116 
LIOECSC(4) -5.813 -4.224 -8.934 -.326 103.613 -2.618 -8.041 146.879 

lIFPC(l) .108 .045 .540 .003 -.698 .017 .053 -1.000 
lIFPC(2) .074 .048 .356 .004 -.721 .018 .056 -1.027 
lIFPC(3) .075 .050 .224 .004 -.577 .014 .044 -.823 
lIFPC(4) .131 .090 .225 .007 -.806 .020 .062 -1.149 

lIQCX(l) -10.026 -4.203 -50.177 -.324 66.334 -1.628 -5.073 95.068 
lIQCX(2) -17.934 -11.567 -85.977 -.891 175.476 -4.370 -13.529 250.149 
lIQCX(3) -7.003 -4.687 -20.981 -.361 54.220 -1. 350 -4.180 77.294 
LlQCX(4) -12.058 -8.299 -20.724 -.639 74.265 -1.849 -5.726 105.870 

lIQCP 0 0 0 0 717.100 -18.923 -57.079 1000.0 

lIPMC .088 .052 .323 .004 -.649 .016 .050 -.927 

Table 10. Multipliers - Situation (1).lCont'd) 
Changes in 


exogenous variables 2:1lX;=400 

Changes in 1lX;=IlXJ=100 
endogenous variables IlEC9J=10 IlPB=1 IlPW=1 IlYCX=100 i,i = 1,2,3,4 1lX(1)=400 1lX(2)=4oo 1lX(3)=400 1lX(4)=400 

lIPC(l) .088 .337 .065 -.063 .300 .855 .064 .171 .109 
LlPC(2) .092 .742 .053 -.064 .317 .200 .838 .139 .089 
t.lPC(3) .111 .158 .244 -.098 .336 .162 .129 .980 .072 
t.lPC(4) .198 .217 .460 .178 .595 .221 .177 .449 1.533 

lIQCDFEED(l) :-16.332 -62.346 -12.032 11.637 -55.396 -157.982 -ll.796 -31.607 -20.199 
t.lQCDFEED(2) : -9.975 -80.252 -5.726 6.914 -34.224 -21.615 -90.628 -15.041 -9.610 
IIQCDFEED(3) :-11.949 -17 .074 -26.417 10.615 -36.287 -17.464 -13.941 -105.984 -7.757 
llQCDFEED(4) : -21. 379 -23.405 -49.758 19.290 -64.322 -23.938 -19.111 -48.570 -165.669 

llQCDFOOD(l) -.199 -.758 -.146 .141 -.673 -1. 920 -.143 -.384 -.246 
llQCDFOOD(2) -.122 -.980 .070 .084 -.418 -.264 -1.107 -.184 -.117 
t.lQCDFOOD(3) 0 0 0 0 0 0 0 0 0 
t.lQCDFOOD(4) 0 0 0 0 0 0 0 0 0 

llFECSC(l) :-47.145 -157.851 -57.362 36.292 -154.458 -299.115 -71. 740 -155.951 -91.028 
lIFECSC(2) :-44.307 -218.398 -44.324 32.964 -147.468 -218.808 -180.223 -119.720 -71.122 
t.lFECSC(3) :-47.813 -165.015 -72.269 38.488 -153.253 -165.929 -135.920 -253.711 -57.450 
llFECSC(4) :-37.976 -111. 823 -64.063 31.364 -120.ll7 -112.597 -92.043 -176.734 -99.094 

t.lOECSC(l) 
t.lOECSC(2) 

: 
: 

-3.483 
.092 

9.719 
24.980 

-14.689 
-7.965 

3.928 
.893 

-8.893 
2.248 

26.695 
20.998 

.981 
22.286 

-33.362 
-17.674 

-29.885 
-16.6111 

t.lOECSC(3) : -7.579 4.619 -21.833 7.339 -21. 791 1.894 4.946 -78.714 -15.289 
t.lOECSC(4) >10.356 -3.309 -26.711 9.656 -30.530 -5.143 -1.971 -61. 759 -53.248 

llFPC(I) .096 .366 .070 -.068 .325 .930 .069 .184 .117 
llFPC(2) .101 .814 .057 -.070 .346 .217 .920 .151 .096 
t.lFPC(3) .120 .170 .265 -.106 .364 .174 .139 1.065 .077 
t.lFPC(4) .218 .237 .507 -.197 .655 .243 .194 .492 1.691 
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TableJ(). Long-RunMultipliers - Situation (1). (Cont'd) 
... --~-----------~ 

Changes in 
exogenous variables 

Changes in 
I!"dogen~us variables ~EC9J=10 APB=1 APW=1 

LA)(=400 
~;=~i=100 

AYCX=100 i,j= 1,2.3.4 
,-.--~.-

~(1'=400 ~(21=400 ~(31=400 ~(41=400 

fiQCX(l) 
fiQCX(2) 
fiQCX(3) 
fiQCX(4) 

19.091 
3.683 

23.127 
14.320 

99.720 
126.518 
-15.947 
-21. 860 

-6.576 
-13.967 

68.230 
46.430 

-11.140 
-.634 

-22.586 
-14.484 

69.726 
16.511 
66.110 
39.926 

313.664 
-52.730 
-16.311 
-22.357 

-6.446 
178.913 
-13.021 
-17.849 

-17.273 
-36.693 
301.015 
-45.362 

-11.039 
-23.444 
-7.245 

245.272 
fiQCP 0 0 0 0 0 0 0 0 0 

Table 11. First Year Multipliers When Government Holds the Market Price Equal to the Support Rate of 
Corn - Situation 

Changes in 
exogenous variablas 

APC=1 AFOPI=50 APL=100 
Changes in 
endoganous Quarters Quarters Quarters 
variables 1 2 3 4 1 2 3 4 2 3 4 

bCeC(1) 401.151 284.589 229.150 201.460 -.819 -.719 -.679 -.659 -167.500 -147.028 -138.896 -134.847 
neCC(2) 397.635 311.226 268.121 -.829 -.734 -.686 -75.742 -67.058 -62.735 
bCCeo) . 368.968 247.282. -.849 -.744 -28.497 -24.968 
lIeee(4) . - - 223.320: - - -.849 . 
;;;ece- - - - - - - - - -. -4iil~lSl- - 682.224 - -909~344- - 940.183 -'--~819- --1.547 ::2~2~1- --2.~3g -:--161.;00 - =2227770- --134.451 - ::21275;1 
AQCDFEED(l) -184.730 0 0 0 I 0 0 0 0 216.861 0 0 0 
AQCDFEED(2) -108.092 0 0 0 0 0 96.882 0 0 
nQCDFEED(3). -108.092 O. 0 O. 35.586 0 

~ci~~~~~~N - -- - -- ~ =184:;30- --108.692 - :108:092- -=i~~:m -;- -0- - - - a - - - -0- - - - g - -:- i1~.g6r - - ~6~;g2- - -3U8b - - - -~-
AQCDFOOD(l) . -2.245 0 0 O' 1.060 0 0 0 0 0 0 0 
6QCDFOOD(2) -1. 320 0 0 1.060 0 0 0 0 
6QCDFOOO(3). 0 O. 1.060 0 . 0 0 
6QCDFOOO (4) . - - - 0: - - 1.060: - -
iiQCDFOOO- - - - - - - - • - :2:245- - --1.320 - - - -0- - - - - ij - -'-1:060- - 1.060 - -1:060- - 1.060 -:- - - 0 - - - - -0- - - - - 0 - - - - -0
HECSC(l) . -267.065 -166.509 -103.815 -64.727 0 0 0 0 0 0 0 0 
lIFECSC(2) : -161.604 -100.757 -62.820 0 0 0 0 0 0 
AFECSC(3) -182.630 -113.866 0 0 0 0 
/\FECSC(4) - - -41.285 . 0 . 
iiricsc- - - - - • :267~065- --328.fIj :387:202- --282.698 -. -0- 0 - - -0- - - - 0 - -: 
AOECSC(l) 153.843 169.850 162.595 151.192. -.241 -.341 .381 -.401. -49.361 -69.833 -77.965 82.013 
AOECSC(2) 137.073 162.635 167.803: -.231 -.326 -.374: -21.140 -29.823 -34.146 

22.709 75.631; -.211 -.316; -7.089 -10.618 

1.143 .017 
1.129 

.017 

.009 

: 
: 
: 

0 0 
0 

0 
0 

-.009 -.004 
- .003 

-.004 
-.002 

- -~ 

-100.954 0 0 0 0 0 0 0 
-263.691 0 0 0 0 

-100.954 0 0 

Table 12. First Year Multipliers When Market Price Equals Support Rate for Corn - Situation (2). 
Changes in 

exogenous variables 
AEC9J=10 ~LOBPB=.1 APM=1 

Changes in 
endogenous Quarters Quarters Quarters 
variables 1 2 3 4 1 2 3 4 1 2 3 4 

ACCC(l) -21.639 -18.994 -17.94<1 -17.<121 -30.083 -26.406 -24.945 -24.218 -10.625 -9.326 -8.811 -8.554 
OCCC(2) -21.903 -19.392 -IB.1<12 -14.114 -12.495 -11.690 -10.755 -9.522 -8.908 
6CCC(3) . -27 .457 -2<1.057 . -14.457 -12.666 -11.016 -9.652 
6CCC(4) 
6CCC - - - - - - - - -

. - - -27.457' 
-'--21~639- --40~897- --64~7~i3- --87:077 ~ :30.083 - =40.520 - =51.891 

-14.457 
=63.031 

. 
-: - -IO~625- --20~o!!C 

-11.016 
-i9~348- --'iB~129 

AQCOFEEO(l) 0 0 0 0 38.948 0 0 o 13.756 0 o 0 
~QCDFEEO(2) 0 a 0 18.053 0 o 13.756 o 0 
IlQCOFEEO(3) 0 0 18.053 o 13.756 0 
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- - - - -

- - - - -

4 

Table 12. First Year Multipliers When Market Price Equals Support Rate for Corn - Situation (2). (Cont'd) 
Changes in 

exogenous variables 
LlLOBPB=.1 	 liPM=1 

Changes ,in 
endogenous Quarters Quarters 	 Quarters 

--~--..... 

variables 	
--~~ 

2 3 4 2 3 4 2 3 
~FECSC(l) o o o o o o o o o 
HECSC(2) o o o o o o o 
IIFECSC(3) o o o o o o 

-6,113 	 -8.624 -9.874 -3.939 -5.557 -6.363 ~ -3.002 -4.235 -4.848 
-6.830 -10.230 -3,596 -5,386; -2.740 -4.105 

HFC(3) 

-

0 	 0 0 0 o o o o o o o 
28.016 0 0 o o o o o o 

34.287 0 	 o o o o 

-.002 

28,016 

Table 13. First Year Multipliers When Market Price Equals Support Rate for Corn -Situation (2). 
Changes in 

exogenous variables 
llPB=1 LlPW=1 

Changes in 
endogenous Quarters Quarters 
variables 2 3 4 1 2 3 4 

6CCC(1) -103.338 -90.708 -85.691 -83.194 o o o o 
6CCC(2) -251.969 -223.081 -208.700 o o o 
6CCC(3) 0 0 -74.396 -65.183 
6CCC(4) - 0 -74.396 
~CCC- -	 - - - - - - - - -!- :103:338- - :342:677- - :308:772- - :291:894- -! - -0- - - - - 0 - - --74:396- - :139~578 
6QCDFEED(1) 0 0 0 0 0 000 
6QCDFEED(2) 0 0 0 000 
6QCDFEED(3) 0 0 o 0 
£Q~D~E~Di4L _ _ _ _: _ _ _ _ _ _ _ _ _ _ _ __0_ _! _____ _ 

- 0 	 - - 0 -o 
6QCDFEED 	 0 0 0 0 0 
6QCDFOOD(1) 0 0 0 0 0 o o o 
~QCDFOOD(2) 0 0 0 o o o 
~QCDFOOD(3) 0 0 o o 
6QCDFOOD(4) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 0 __ !_ _ 0 
6QCDFOOD- - - -:- - - -0- 0 -0- - - - - -0- -0- - - - - 0 - -0- - - 0 
~FECSC(I) 0 0 0 0 0 0 0 0 
~FECSC(2) 0 0 0 0 0 0 
~FECSC(3) 0 0 0 0 
6FECSC(4) _:_ 0 _: 0 
~FECSC- - - - - - - - - -0- - - - -0- - - - - -0- -0- -0- 0 - - - - -0- - - - - 0 
~OECSC(l) -30.453 -43.083 -48.100 -50.598 0 0 0 0 
60ECSC(Z) -70.324 -99.212 -113.593 0 0 0 
~OECSC(3) 0 0 -18.506 -27.720 
~OECSC(4). - ____0___ : -18.506 
60ECSC - - - - - - - - -.- --30:453 - :113:407 - :147:31Z -164.191 I -0 0 - - --18:506 - --46~226 

6FPC(1) -.012 -.006 -.006 -.006. 0 0 0 0 
~FPC(2) -.029 -.014 .014' 0 0 0 
6FPC(3) 0 0 -.008 -.004 
~FPC(4) 0 _:_ _ .008 
~FPC- - - - - - - - - -:012- --~035- - - --~020- - - --~020- -0- 0 - - - --:008- - - =.012 

--~---=-----~~~----~~ 

6QCX(l) 	 133.791 o o o o o o 
6QCX(2) 	 322.293 o o o o 
6QCX(3) o 9Z.903 o 
6QCX(4) 	 -  92.903-:6QGX- - - - - - -:- -133~791- - -322:293- - - - -0 o - - - 92:903- - - 92~903 
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Table 14. First Year Multipliers When Government Holds the Market Price Equal to the Support Rate of 

Change in 
exogenous 4 

variables I dXU)=400 
Change i=1 

in endogenous dX i =X j =100 
variables llYLD=10 llPMS=.1 8PSS=.1 i,j=1, ...,4 dX(1)=400 dX(2)=400 dX(31=400 dX(4)=400 llTYCX=100 

6CCC(1) 151.004 -4.757 -10.078 -77.238 -308.953 0 0 a 13.517 
6CCC(2) : 279.586 -8.807 -18.659 -145.978 -271.193 -312.720 0 0 25.546 
6CCC(3) : 350.379 -11.037 -23.384 -213.345 -256.194 -276.867 -370.319 0 49.347 
6CCC(4) . 385.716 -12.150 -25.742 -248.726 -259.019 -280.650 -320.319 71.042 
6QCDFEED(1) - - - :- - -0- - - - 0 - - - -0- - - - - -0- - - - - 0 - - - - -0- - - - - 0 - - - 0 - 
6QCDFEED(2) 0 0 0 0 a 0 0 0 0 
6QCDFEED (3) 0 0 0 0 0 0 0 0 0 
6QCDFEED(4) 0 a 0 0 0 0 a a a 
6QCDFOOD(1) - - - -0· - - - 0 - - - -0- - - - - -0- - -0- - 0 - - - - -0- - 5 - - - 0 - 
llQCDFOOD(2) 0 0 0 0 0 0 a 0 0 
6QCDFOOD (3) 0 0 0 0 0 0 0 0 a 
6QCDFOOD(4) 0 0 0 0 0 0 0 0 0 
6FECSC(1) - - - :-276:981- --8.725 --18:485- -0- - -0- - - - - 0 - - - - -0- - - - - 0 - - 0 

6FECSC(2) : 172.692 -5.440 -11. 525 0 0 0 0 0 0 

6FECSC(3) : 107.670 -3.392 -7.186 0 0 0 0 0 0 

6FECSC(4) : 67.130 -2.115 -4.480 0 0 0 0 0 
60ECSC(1) -:-269:929- -8.503 --18:015- - -91:047- - - - 5 - - - - -0- - - - - 0 3.983 
llOECSC(2) : 245.636 -7.738 -16.394 -54.022 -128.807 -87.280 0 0 9.454 
60ECSC(3) : 239.866 -7.556 -16.008 -86.655 -143.807 -123.133 -79.681 0 18.153 
60ECSC(4) : 245.069 -7.720 -16.356 -122.822 -151.274 -140.981 -119.350 -79.681 957 
6FPC(1) - -:- -0:031- - =.001 - --:002- - - --:009- - --:036- - - - 5 - - - - -0- - - - - 0 - - .502 
6FPC(2) 0.031 -.001 -.002 -.013 -.018 .036 0 0 .002 
L'lFPC(3) 0.031 -.001 -.002 -.018 .018 -.018 -.036 0 .004 
L'lFPC(4) 0.031 -.001 -.002 -.022 -.018 -.018 -.018 .036 006 
6QCX(1) - - - - - -: - -0- - - - 0 - - - -0- - - -100:000- - -400:0- - - - - 0 - - - - -0- - - - 5 - - .505 
L'lQCX(2) 0 0 0 100.000 0 400.0 0 0 -17.500 
L'lQCX(3) . 0 0 0 100.000 0 0 400.0 0 -32.500 
~QgX~4L ____ . _:_ . _a. ___ 9 _ . __0_ . __lQO~020_____0_____ Q __ . __0___ ~OQ.Q __ :3~'20Q _ 
L'lQCP ; 697.915 -21. 985 -46.578 0 0 0 0 0 0 

increase in the price of corn. The reason for the de inventory needed by government. Lower levels of 
cline in government stocks is obvious. The reason inventory imply smaller public expenditures re
for the decline in off-farm stocks is less obvious, but quired to finance price support policies. In this case, 
it is related to the fact that futures prices decline. If the first quarter is the most appropriate time to con
one or more demand shifters increase and with centrate such sales, the fourth quarter being the 
cash prices kept constant by government interven least appropriate. 
tion, there is no added speculative incentive to hold Table 14 also contains the short-run effects of 
stocks. In fact, there is a disincentive. The result is changes in exogenous supply shifters. Since cash 
an increased supply for current utilization and a rel corn prices are maintained at a constant level, de
ative decline in futures prices. Qualitatively, the mand for food and feed are affected by such 
changes in all demand shifters like FOPI, PL, TEXC, changes. The resultant changes in production are 
LOBPB, and PM affect government stocks and fu offset by corresponding opposite changes in gov
tures prices in the same way. ernment and commercial stocks. 

A policy decision to increase the cash price will 
result in reduced quantities demanded for feed, 
food, and exports. The on-farm demand for stocks VI. Concluding Comments also will fall. This diminished demand will be ab

sorbed as an increase in government stocks and off This quarterly corn model focused on the U.S. 

farm stocks. The increase in off-farm stocks occurs market. It was designed and specified mainly for 

even though cash prices increase because futures short-run prediction and policy analysis. An effort 

prices also increase by enough to cover storage was made to link both the cash and futures markets 

cost. together in a relatively simple way so that price de


Table 14 also shows the effects of various alloca termination could be expressed simultaneously in 
tions of a given amount of autonomous exports both markets. Similarly, the critical role of intra-year 
over a crop year. For policy situation (2) one might inventory behavior was emphasized. Corn produc
consider the criterion of minimizing the amount that tion was introduced as a once-a-year occurrence. 
government stocks must be changed in order to Then sequential analyses of demand and supply re
maintain a given average cash price over the crop lations from quarter to quarter and crop year to 
year. If stock changes are minimized, the lower the crop year were made. 
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The basis for the empirical estimation was a rel
atively simple theoretical model. This modeLfo
cused on quarterly price determination in both spot 
and futures markets. It contained the demand for 
current corn utilization, the demand for carry-out 
stocks, the quarterly supply of corn for current use, 
an identity to assure clearing of current markets, 
and an identity to provide for the period-to-period 
balance of carry-in stocks, utilization, and carry-out 
stocks. The goal in framing this theoretical model 
was not to develop a highly rigorous and complete 
treatment of cash-futures commodity price determi
nation, but rather to provide a consistent framework 
for empirical analysis. 

The estimated quarterly model contains seven 
basic equations and seven jointly-determined varia
ble's. These variables are the cash and futures corn 
prices; quantities of corn demanded for food, feed, 
and export; and on-farm and off-farm stocks. Since 
the estimation equations were permitted to vary be
tween the four quarters of the crop year, there were 
28 potential equations in the model. However, some 
of the behavioral relations were the same from 
quarter to quarter. The period of analysis, using 
USDA data, began with the first quarter of the 1957
58 crop year and ended with the final quarter of the 
1974-75 crop year - a total of 72 observations. 

A previously-estimated crop year corn supply 
function was used to introduce new supplies into 
the first quarter of each crop year. Prices generated 
during the course of each crop year, together with 
policy decisions and other factors, determined corn 
output in the following crop year. Thus, the model 
is dynamic not only from quarter to quarter, but 
also from crop year to crop year. 

The model was specified to include crucial varia
bles which are known to affect the U.S. corn market. 
Among these were the prices and outputs of live
stock, prices of other grains and soybean meal, an 
index of U.S. food prices, income and corn exports 
in relevant foreign nations, support prices for corn 
and soybeans, and eee holdings of corn. In the 
context of this model, these various factors were 
presumed to affect the corn sector, but not be influ

31 


enced by it in return during the same time period. 
This was clearly a simplification of reality, but nec
essary if the model was to remain manageable. 

The estimates, obtained by the two-stage least 
squares method, were generally plausible in sign 
and magnitude. Most estimated coefficients were 
large relative to their standard errors. A historical 
solution of the model was obtained by means of the 
Gauss-Seidel algorithm. Tests conducted on the sta
tistical properties of these solutions when compared 
to actual values suggested that the model's fore
casts were unbiased and efficient. 

For purposes of policy analysis and prediction, 
various multipliers were obtained and analyzed. 
These multipliers link specified changes in exoge
nous variables to estimated net adjustments in the 
jointly-determined variables. These multipliers are 
complex in their analytical structure both because 
the model's behavioral equations can change from 
quarter to quarter and because production for the 
coming crop is influenced by quarterly price 
changes generated in the current crop year. Multi
plier sets were obtained for two policy situations: 
(1) when markets are essentially free of direct gov
ernment influence and (2) when market prices are 
propped up by price supports leaving government 
inventories to adjust to changes in the exogenous 
variables. From the viewpoint of policy decision
making, some interesting and potentially significant 
patterns of quarterly action, re-action, and allocation 
emerged as these multipliers were examined in a 
sequential setting involving many periods. 

These research results clearly show that an im
portant part of the quarter-to-quarter and year-to
year behavior of the U.S. corn sector can be cap- . 
tured in a manageable economic and statistical 
model. Because joint consideration of seasonal and 
annual phenomena produces models which are in
herently complex even under rather simple specifi
cations, the interpretation and use of the multiplier 
results is not always easy or straight-forward. There 
is room for much more work on models of this kind 
in U.S. agriculture. 
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