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Abstract

A newly developed econometric model for the U.5. agriculture sector is used in
outlook and policy analysis. It provides quarterly forecasts for major agricultural
commuodities and is used in impact analysis where alternative scenarios are
simulated and compared with the model’s base forecast. Subsector models have
been completed for six commodities (corn, wheat, soybeans, cattie, hogs, and
poultry) chosen because of their importance in cross-commodity linkages within
the agriculture sector. Although relatively small, the agriculture model described
in this report is large enough to help identify links within the agriculiure secior
and links with other sectors.
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Summary

A newly developed econometric model for the U.S. agriculture sector is used in
outlook and policy analysis; it provides quarterly forecasts for major agricultural
commaodities and is used in impact analysis where alternative scenarios are
simulated and compared with the model’s base forecast. Subsector models have
been completed for six commodities (corn, wheat, soybedns, cattle, hogs, and
poultry) chosen because of their importance in cross-commodity linkages within
the agricultural sector. Although relatively small, the agriculture mode) described
in this report is large enough to help identify links within the agriculture sector
and links with other sectors.

A presentation of the general model structure for each commaodity is followed
by a discussion of the individual equations used. Quarterly equations were esti-
mated for each commadity’s price and major supply and utilization com-
ponents, Equations for annual variables, such as planted acreages in the crop
subsectors and January 1 cow inventories in the cattle subsector, were estimated
in an annual framework. These variables were then incorporated into the
quarterly framework by entering the annual equation into the maodel in the ap-
propriate quarter each year, while setting the variable equal to zero in the other
quarers.

Simulations of the full model (combining the six subsector models) showed it
performed quite well over the estimation period. Its performance was less
satisfactory in simulations beyond the estimation period, although the major
supply and utilization aggregates performed reasonably well.

Subsector maodels for dairy and eggs are expected te be completed aver the
next year in addition to linkages to models for the major agriculture sector ag-
gregs . 5. Subsequent development will depend on demand, but may include
subsector models for cotton, barley, oats, and sorghum.
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Iniroduction

ERS has developed a quarterly farecasting model of
the U.S. agriculture sector to aid in its situation and
outlook program and related activities. Such a model
is needed to serve as an analytical 1ool in commodity
analysis, to improve the consistency of ERS forecasts,
and to improve the efficiency of the ERS forecasting
process (23). An important feature of the model is that
it parallels the ERS situation and outlook forecasting
pracess: it has explicit linkages between the crop and
livestock sectors, it uses macroeconomic variables as
exogenous inputs, and it produces outputs needed to
generate aggregate agriculture sector indicators. As a
consequence, the quarterly model has twa major ap-
plication areas. First, it serves as a supplemental tool to
assist commodity analysts in developing the short-term
outlook for the agriculture sector. Second, it is a tool
in shortrun impact analyses where alternative scenarios
are simulated and compared with the current base
forecast.

The ERS Situation and Outlook Program and
Model Design

Because the quarterly agriculture forecasting model
has been designed to be an integral part of the ERS sit-
uation and outleok program and related activities, a
review of ¥iz agency’s monthly forecasting process will
illustrate sumie model characteristics,

At the start of each month’s forecasting activities, pro-
jections are made for major macroeconomic variables,
prices paid by farmers, and various foreign outiook
variables. These data are then used by the domestic
commodity analysts to derive supply, utilization, and
price projections for agricultural commodities. Various
analysts interacy, esnecially livestock and feed grain
analysts, to assure consistency of the commodity fore-
casts. Aggregate agriculture sector indicators are then

derived, including forecasts for farm income, food
prices, and food consumption. These aggregate projec-
tions are analyzed for consistency with macroeconomic
projections; any inconsistencies are again resolved
through interaction among various analysts. The final
product is a set of forecasts consistent between sub-
sectors within agriculture and between the aggregate
agriculture sector and the macroeconomic setting. This
process is depicted in figure 1.

This monthly forecasting process has guided the design
and development of the quarterty agriculture forecast-
ing model. The guarterly model has been viewed as a
separate block within a larger forecasting system as
depicted in figure 2. This view facilitates the incorpora-

Figure 1
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tion of the madel into situation and outlook activities.
By treating the agriculture scctor as a separate block,
the variables projected and available at the start of the
monthly forecasting process—macroeconomic, foreign,
and prices paid—are treated as exogenous inputs to
the agriculture sector model. Within the agriculture
block, interaction between various subsectors, par-
ticularly livestock and feeds, is critical to the madel's
structure. Results from the agriculture sector model
can be used as inputs to independently derived,
already-existing models of the major agriculture sector
aggregates. Feedbacks and consistency checks can be
performed as needed through iteration.

Applications

The quarterly agriculture forecasting model is used in
the ERS monthly forecasting process and in responding
to impact analyses requiring quick turnaround. Because
these application areas are primarily short term in
nature, the quarterly model has been designed to fore-
cast three to six quarters ahead.

In the monthly forecasting process, model estimates
serve as an additicnal source of information for the
commodity analysts in making their projections. The

Figure 2
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model focuses on the major variables important for
each commodity and serves as a useful tool for making
projections, thereby complementing the work of com-
modity analysts. Two major benefits to the manthly
forecasting activities are derived from the model. First,
estimates are available to the analysts early in the
monthiy forecasting process. Second, last minute
changes during the farecasting process can be easily
incorporated into the agriculture sector projections
with consistency assured through linkages between the
various subsectors. These benefits arise largely because
the model is computerized and has a quick turnaround
capability,

In impact analysis applications, alternative scenarios
can be easily run, again with quick turnaround. These
scenarios are generated by changing exogenous as-
sumptions, by restricting endogenous responses (using
slope and/or intercept shifters), and/or by exogenizing
endogenaus variables. Simulation results from alter-
native scenarios can be compared with the maodel’s
base forecast for that month to form the basis of
evaluating the impact.

As illustrated in the review of the ERS monthly fore-
casting process, analysts interact to assure consistency

- among forecasts. This process, however, requires time

that may not always be available in meeting the dead-
lines of impact analysis studies. This time constraint
results in ejther inconsistent forecasts being used or
deadlines being missed. Because the model easily ac-
commeodates alternative scenarios, substantial time-
savings and improved forecast consistency are gained.

Development Phases

The first developmental phase of the quarterly agri-
culture forecasting model is presented in this report.
Commeadities covered are corn, wheat, soyheans, soy-
bean meal, soybean oil, cattle, hogs, brailers, and
turkeys. These commodities have provided a refatively
small-scale agriculture sector model, yet the model has
heen large enough to be useful in identifying linkages
within the agriculture sector as well as linkages from
the macroeconomy to the agricufture sector.

Additional development will add greater detail to the
model along two general Tines. One will be the inclu-
sion of more commodities, such as dairy, eggs, cotton,
barley, oats, and sorghum. The ather will be the devel-
opment of explicit linkages ta other econometric




models such as macroeconemic madels and aggregate
agriculture sector models for farm income, food prices,
and food consumption.

Model Structure

The general structure used to develop the crop sub-
sectors is a disequilibrium model with ending stocks
clearing the market. A disequilibrium model is more
appropriate for crops in a quarterly framewark than in
a longer run (annual) framework because, with shorter
time periods, markets are more likely to be in adjust-
ment rather than approximating equilibrium, Incomplete
market adjustments from quarter to quarter largely
reflect the lag structures in supply and demand func-
tions which prevent complete adjustments in the short
run. Thus, part of the ending stocks from each quarter
are likely the result of incomplete market adjustments.

Figures 3 through 5 show the structures of the corn,
wheat, and soybean sector models. Supply and use are
determined from estimated equations for their com-
panents, price is determined using an autoregressive
formulation, and ending stocks clear the market—they
are the residual of supply minus use.

The soybean sector is more complex than the corn

and wheat sectors because it is linked to the soybean
meal and soybean oil product markets through crush-
ings and prices. Each product market also uses a dis-

Figure 3

A Quarterly Forecasting Model

equilibrium mode! with stocks derived as a residual
(see fig. 5). Soybean crushing is a derived demand
primarily used to supply soybean meal for feed use
and export. Consequently, domestic soybean meal de-
mand ““drives” the soybean sector by being used to
determine meal production, soybean crush, and soy-
bean oil preduction.

The soybean sector structure also provides a full
quarterly supply and use balance sheet for soybeans
that is not available elsewhere. Problems arise in ac-
commodating the soybean and product markets because
of the timing of available data. Soybean stocks data are
reported for September 1, January 1, April 1, and fune
1, giving uneven quarters—a 4-month quarter, a 2-
month quarter, and two 3-month quarters. On the
other hand, the product market data are reported on
even 3-month quarters throughout their marketing
years {each marketing year beginning October 7). As a
result, the quarterly balance sheet for soybeans must
fit the uneven quarters necessitated by the stock
reporting dates, yet it must also be linked with the
even quarters of the product market Jata. To do this,
two different, though related, crush series are main-
tained by the model: crush used in the soybean
balance sheet is on the uneven-quarter basis; crush
used for the product markets is on the even-quarter
basis.

Feasibility constraints are imposed on the crop sector

models in simulations to assure that market-clearing
stocks are not negative. For corn and wheat, the feed

Figure 4
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demand equation is aliowed 1o operate as long as the
implied privately held free stock residual is not nega-
tive. However, if the feed demand equation implies a
negative privately held free stock, feed demand is set
at the Jevel that results in privately held free stocks
equalling zero., A more involved and stronger constraint
has been included in the soybean sector reflecting the
more complex model structure and the use of an in-
verse stocks-to-use ratio in the soybean price equation.

Figure 5
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The domestic soybean meal demand equation is allowed
to operate as long as the implied soybean crush does
not bring ending soybean stocks below 800 million
bushels an December 31, 550 million bushels on
March 31, 300 million bushels on May 31, and 50
million bushels on August 31. These levels were
chosen to assure ample availability of soybean supplies
through the marketing year to¢ meet crushing and ex-
port demands.

An interesting aspect of the crop models is the incor-
poration of annuai variables into the quarterly frame-
work. Production is derived in an annual framework
using acres planted, acres harvested, and yields. An-
nual production is then embedded into the quarterly
framework. In the harvest quarter, production is added
to beginning quarterly stocks and imports to derive
quarterly supply; in the nonharvest quarters, produc-
tion is set equal to zero,

Incorporating the annual variables into a quarterly
framework has additional structural implications
because of the lags involved between piantings and
harvest. Production, vields, and harvested acreage all
enter the crop sector models in harvest quarter. How-
ever, planted acreage takes place two or three quarters
earlier and is included in the model then, using quar-
terly information known at that time. This differs from
planting decision eguations in many annual models
which use variables from the previous marketing year,
even though the previous marketing year is not com-
pleted at the time plantings occur, To iliustrate,
because of the lags between plantings, harvest, and
marketings, formulations of pianted acreage typically
include a price expectations variable to represent ex-
pected returns. In “cobweb’” formulations of expecta-
tions, many annual models use the previous marketing
year's price even though plantings occur before the
previous marketing year is completed. In contrast, im-
plementation of a "‘cobweb’* formulation of planted
acreage in a quarterly framework allows information
known by the planting quarter, which precedes the
beginning of the corresponding crop year by two or
three quarters, to be used. Consequently, the price ex-
pectations variable employed in the planted acreage
eqguations is the price in the guarter immediately pre-
ceding the plantings quarter.

in the cattle sector model (fig. 6), breeding herd equa-
tions provide information about the capital stock from
which cattle production is drawn. Constrained by the




size of this capital stock {the breeding herd), estimated
cattle production equations for feedlat placements,
marketings, and fed and nanfed steer and heifer
slaughter are used to derive total commercial staughter
in an identity. Beef production estimates are derived
from those slaughter estimates which are added to
beginning stocks and imports to derive supply. Ending
cold storage stocks are estimated. Beef consumption is
derived as a residual, following the procedure used for
construction of the historical consumption data. Prices
for feeder steers, fed steers, cattle, and calves are
estimated using supplies and derived demand factors.
Product market {retail} prices are not included as part
of the quarterly model because they are derived in the
aggregate bloclk in the monthly update process in a

Figure 6
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stage-of-processing modet utilizing the farm-level prices
that are estimated here.

In the hog sector model {fig. 7}, the number of sows
farrowing determines the size of the pig crop which is
used to estimate barrow and gilt slaughter. Total hog
staughter is then derived by adding breeding herd
liquidations. Supplies, utilization, and stocks of pork
and prices for hogs are estimated following a structure
sitnilar to that in the cattle sector.

In the poultry sector model (fig. 8), the number of
pullets placed in hatchery supply flocks constrains the
size of the broiler hatch which is then used to deter-
mine broiler production. Turkey production, however,
is estimated directly. Supply, utilization, stocks, and
prices for chickens and turkeys are each estimated fol-
lowing a structure similar to that in the cattle and hog
sectors.

The livestock sector includes lags necessitated by the
length of the biological production process. From breed-
ing to slaughter takes about 27 months for cattle, 10
months for hogs, 3 months for broilers, and & months
for turkeys. These temporal relationships are important
for the appropriate modeling of the livestock sector
and also affect the crop sector models in feed demand

Figure 7
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equations, As a consequence, expected returns and
expected costs of production, represented by various
lagged variables, play impornant roles. The lags also
result in a higher amount of recursiveness in the
model, which allows linkages between the crop and
fivestack subsectors to be made without the problems
usually associated with a high degree of simultaneity.

Equation Discussion!

All stachastic equations in the quarterly agriculture
forecasting model were estimated using ordinary least
squares regressions with the exception of the soybean
meal price equation. For that equation, a principal
components regression was used because of extreme
collinearity in the regressors (29). For each equation,

Specifications and summary statistics for each equation are shown
in Appendix A. Appendix B shows an alphabetized list of variable
rames and definitions. Endogenous variables are shown first, followed
by exogenous variables,

Figure B

Poultry Sectar Structure
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t-statistics are reported in parentheses below the
parameter estimates. The coefficient of determination
{R2), the root mean squared error (RMSE), and the
coefficient of variation {CV} are reported along with
the estimation period for each stochastic equation. The
coefficient of variation and the root mean squared
error are adjusted for degrees of freedom, but the
coefficient of determination is unadjusted. For annual
production equations in the crop sector, predicted
values are calculated by using the estimated yield and
harvested acres equations. The coefficient of deter-
mination, the root mean squared error, and the coeffi-
cient of variation for annual crop sector production
equations are then derived, but these statistics are not
adjusted for degrees of freedom.

Corn Sector

The corn sector in the model consists of 17 equa-
tions—8 stochastic equations and 9 identities. Equa-
tions for planted acreage, harvested acreage, and
yields are estimated annually and, along with the pro-
duction identity, are then incorporated into the quar-
terly framework in the appropriate quarters. The re-
maining 13 quarterly equations cover beginning stocks
and tota! supply, total use and its major components,
total and privately held ending stocks, and prices.

Acres Planted. Corn plantings primarily take place in
the second quarter {April-May). However, the corn
plantings equation enters the model in the first quarter
because saome plantings occur earlier and, as a resuit,
the model's seed use equation for the fanuary-March
quarter depends on the planted acreage estimate, The
planted acres equation makes use of thn Houck-Ryan
approach to incorporating price and policy variables in
the model (74). This approach relies on effective price
variables for payments of the crop produced and on
diversiun payment variables. In each case, adjustments
are made to represent the commodity prograrn require-
ments in place for a given year. Houck-Ryan effective
price variables and diversion payment variables are used
to represent market and policy incentives for planting
corn and wheat. However, soybean farm price is ap-
propriately used without policy adjustments because,
over the estimation period, there were no soybean
acreage control programs, the soybean farm price was
higher than the support rate, and there was no paid
diversion program for soybeans. A further discussion of
the Houck-Ryan variables used and an illustration of
their construction is presented in Appendix C.




Competition between corn, wheat, and soybeans for
cropland is represented in the corn acres planted
equation by the Houck-Ryan wheat variables and the
soybean price. The supply response to corn price is a
modified *‘cobweb’™ framework—acres planted is a
function of the Houck-Ryan effective cern price which
uses first quarter corn price.

The coefficients in the acres planted eguation have the
expected signs. Because crop price support and supply
contro! programs have contradictory incentives, some
discussion of the sign on the Houck-Ryan effective
corn price parameter in the planted acres equation
may be entightening. The effective corn price
represents incentives embodied in the set-aside rate,
the expected season average price for the crop being
planted, and the support level. The higher the set-
aside rate, the lower the effective corn price and corn
plantings. The higher the expected season average
price, the higher the effective corn price and corn
plantings. The higher the support level, the higher the
effective corn price and corn plantings. A higher sup-
port level encourages greater participation by corn
producers reducing corn plantings, but this reduction
is offset by the cross commodity effects of additional
acreage brought into the corn program from other
uses.

The coefficients of the Houck-Ryan effective wheat
price and the soybean price are about the correct
magnitude relative to their estimated responses in their
own planted acres equations, with cross-price effects
jess than own-price effects. Similarly, the Houck-Ryan
effective corn price coefficient is about the correct
magnitude relative to its estimated response in the soy-
bean acres planted equation. However, it is less than
the estimated cross price effect in the wheat planted
acres equation. This is likely a result of correlation be-
tween the effective price for corn and the effective
prices for other feed grains. The latter are not included
in the model, yet their programs add to the measured
cross-price effect in the wheat acreage equation while
not affecting the own-price measure in the corn acre-
age equation.

Acres Harvested, Yields, and Production. Corn is har-
vested in the fourth quarter and is related to acres
planted and yields. The yield equation follows a model
of Lin and Davenport with Corn Belt weather variables
playing an important role (25}. The 1970 dummy

A Quarterly Forecasting Model

variable adjusts for corn blight in the Southern States
and the Corn Belt, The 1974 dummy variable adjusts
for a late spring and early frost in the Lake States. An-
nual corn production is derived using an identity by
multiplying harvested acres by yields. Because the
acres planted coefficients in the acres harvested equa-
tion and the vield equation have opposite signs, the
erross in those equations tend to be negatively cor-
related, offsetting each other in estimates of production.

Feed Use. USDA corn feed use data were adjusted for
estimating this equation because these data reflect the
corn marketing year which has uneven guarters—two
3-month guarters, one 2-month quarter, and one
4-month quarter. The adjusted corn feed data used in
this model were calculated by multiplying feed use in
the April-May quarter by 1.5 and feed use in the june-
September guarter by 0.75. Thus, all four quarters of
adjusted feed use data are on a prorated, 3-month
equivalent basis. This adjustment is important for flow
categories to assure that the parameter estimates are
nat affected by the unevenness of quarters represented
in the published data, thereby allowing the measure-
ment of response to explanatory variables to he com-
parable across guarters.

in the quarterly adjusted feed use equation, a four-
quarter autoregressive term was included because of
the relatively stable seasonality from year to year in
corn feeding. The implied own-price elasticity is —0.46
and the implied cross-price elasticity with lagged soy-
bean meal price is —0.12.7 The negative sign on the
cross-price elasticity is consistent with that implied by
the corn price coefficient in the soybean meal domestic
demand equation.

A negative cross-price elasticity suggests that corn and
soybean meal are relatively poor substitutes or possibly
complements in animal feeding. Although corn contains
some protein, it is fed primarily as an energy source.
Soybean meal, on the other hand, is fed for protein
coptent and is a less concentrated, more expensive
source of energy thap feed grains such as corn or
sorghum. Previous research has generally found a posi-
tive cross-price elasticity between low-protein and

‘Because of the simultaneity in the model, elasticities and flexibil-
ities derived from the single-equation parameter estimates are not
strictly valid. Nonetheless, because of the large degree of recursive-
nuss in the model, the elasticities and {lexibilities presented provide
reasonable approximations of the full model's impact multipliers.
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high-protein feeds. These studies, however, used an-
nuat data and may have been refiecting that substitu-
tion in aggregate animal feeding is more feasible in the
long run as producers adjust the mix of animais fed.

Quarterly adjusted feed use of corn also depends on
the number of cattle on feed, as well as on a two-
quarter lag of farm-ievel livestock prices to represent
expected returns to feeding. The coefficient of the
former variable implies a feeding rate for cattle of 42
bushels of carn per head, This compares favarably
with the feeding rate of 45 bushels of corn equivalent
grain assumed for Corn Belt cost of production esti-
mates (42}, Estimates of corn feed use on the uneven-
quarter basis are derived by unadjusting the even-
quarter estimates.

Food and Industrial Use. Per capita food and industrial
use of corn is a function of deflated corn and wheat
prices, trend, slope shifters, and intercept shifters. It is
also estimated with adjusted even-quarter basis use
data. Corn use in this category has undergone signifi-
cant structural shifts over the last 15 years due to the
growth of high fructose corn sirup use in processed
foods and soft drinks and the increased ethanol pro-
duction in response to gaschol subsidies {28). The
trend, slope shift, and intercept shift variables are used
to represent these factors. Estimates of total corn foad
use on the uneven-quarter basis are derived by unad-
justing the even-quarter estimates and multiplying by
population.

Alcoholic Beverage Use. Per capita alcoholic beverage
use of corn is positively correlated with deflated in-
come. The implied income elasticity is 0.62, implying
that alcoholic beverages that use corn are normal
goods. The dummy variables for the second and third
quarters were used to adjust for the uneven quarters in
the corn marketing year.

Seed Use. Seed use reflects annual planting decisions,
sc the corn seed use equation has been estimated an-
nually. Quarterly seed use estimates are then derived
by distributing the annual estimate over the four quar-
ters of the year, putting 0 in the fourth quarter, 20 per-
cent in the first and third quarters, and 60 percent in
the second quarter. This seed use pattern reflects the
distribution of plantings: no plantings in the fourth
quarter, large plantings in the second quarter, and
smaller plantings in the first and third quarters, The

annual lead subscript reflects planted acreage for one
year's crop taking place in the previous corn crop
year, thereby using seed in the previous marketing
year. The ratio of corn price to fertilizer costs {given
the level of planted acres) represents an expected
return of heavier seeding. The positive sign on annual
trend reflects technological shifts in favor of larger
seeding per acre through practices such as narrowing
the distance between rows.

Stocks. Privately held free stocks are postulated to clear
the market. They are calculated by subtracting use and
exogenous ending stock components from supply.

Total stocks are derived by adding privately held

stocks to the exogenous ending stock components—
stocks owned by the Commodity Credit Corporation
(CCCQ), stocks under reguiar CCC foans, and stocks in
the farmer-owned reserve.

Price. In the corn price equation, a one-quarter price
lag is included to reflect short-term “'stickiness’ of
prices in a quarterly framework. Price is also a func-
tion of total supply and use, with use adjusted to a
prorated even-quarter basis as earlier discussed for
feed use of corn.

The interaction variable of acres planted with the sec-
ond- and third-guarter dummy variables and the July
Corn Belt weather variables represent the effects on
prices of preharvest information regarding developing
crops. As new information becomes available about
the crop being grown, resulting expectations about the
size of the upcoming harvest affect prices in the months
prior to harvest. Large planted acreage and favorable
weather for crop development would lead to expecta-
tions of a farge harvest, pushing corn prices down in
the third quarter. Factors leading to expectations of a
smmall harvest would be expected to push prices up.

The coefficients in the price equation imply that a
10-million-acre difference in planted acres causes a
3.5-cents-per-bushel difference in second- and third-
guarter corn price, giving a price flexibility {evaluated
at the means} of —0.12. A 1-degree difference in July
Corn Belt temperature causes a 1-cent-per-bushel dif-
ference in third-quarter corn prices, implying a price
flexibility of 0.33. A 1-inch difference in July Corn Belt
precipitation causes a 14-cent-per-bushel difference in
third-quarter corn prices, implying a price flexibifity of
—-0.25. While these flexibilities are small, these




variables will have additiona! impacts on prices in the
following marketing year because of their effects on
the size of the next harvest. The flexibilities shown
here measure only the marginal price impacts of pre-
harvest information before that infarmation is realized
in production, supply, and use.

Wheat Sector

The wheat sector in the model consists of 14 equa-
tions—7 stochastic equations and 7 identities. As for
corn, equations for planted acreage, harvested acre-
age, and yields are estimated annually and, along with
the production identity, are then incorporated into the
quarterly framework in the appropriate quarters. The
remaining 10 guarterly equations cover beginning
stocks and total supply, total use and its major com-
ponents, total and privately held ending stocks, and
prices.

Acres Planted. Winter wheat plantings primarily take
place in the fourth quarter (October-December), with
spring wheat plantings primarily occurring in the fol-
lowing April-May quarter. Since the model makes no
distinction between winter and spring wheat, the acres
planted eguation enters the model in the fousth quar-
ter. Further, since third-quarter seed use depends on
the estimate of planted acres, wheat plantings are
determined in the model in the third quarter.

In a specification similar to the corn plantings equa-
tion, Houck-Ryan variables are used in estimating
wheat acres planted.? The competition between wheat
and corn for cropland is represented by the Houck-
Ryan effective corn price. As with corn, the supply
response to wheat price is a modified ‘cobweb’”
framework. Acres planted is a function of the Houck-
Ryan effective wheat price which uses third-quarter
wheat price. Houck-Ryan diversion payment variables
are not included because they did not provide a
statistically significant result.

The coefficients in the acres planted equation have the
expected signs. As discussed for the corn sector, the
Houck-Ryan effective wheat price is about the correct
magniude relative to its estimated response in the
corn acres planted equation; own-price effects exceed

*The Houck-Ryan variables are discussed more completely in the
corn sector discussion and in Appendix C.
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cross-price effects. The corn price coefficient in the
wheat planted acres equation, however, appears high
retative to its own-price effect in the corn planted
acres equation. The estimated cross-price effect in the
wheat equation is probably too large. Programs for
other feed grains probably result in effective prices for
those grains being correlated with the effective price
for corn, which would upwardly bias the magnitude of
the corn cross-price coefficient.

Acres Harvested, Yields, and Production. Wheat
harvest takes place in the third quarter and is posi-
tively correlated with acres planted. Yields are
negatively correlated with acres planted and exhibit an
upward trend. Excellent growing conditions in most
wheat producing areas in 1971 are represented by the
1971 dummy variable. The dummy variable for 1974
adjusts for weather and disease problems. The durnmy
variable for 1978 adjusts for poor growing conditions
in many winter wheat producing areas in late 1977
and 1978. Annual wheat production is then derived
using an identity. As with corn, the negatively cor-
related errors in the acres harvested and yield equa-.
tions, resulting from each using acres planted as an ex-
planatory variable, tend to offset each other in the pro-
duction estimates.

Feed and Residual Use. The wheat feed and residual
use category includes a relatively large residual com-
ponent that in many quarters results in negative num-
bers. The largest bona fide feed use occurs in the third
quarter (June-September). Conseguently, the estimated
equation for feed and residual use har a different func-
tional form for the third ouarter than for the other
three quarters under the assumption that a more sys-
ternatic relationship could be found when the residual
component is relatively smaller. The specification for
first, second, and fourth quarters inciudes wheat
prices, corn prices, and fed steer and heifer slaughter.
While the inclusion of these variables is consistent
with economic theory and their estimated coefficients
have the expected signs, no interpretation of the
magnitudes of those parameter estimates is given
because the negative feed use observations affect
those estimates and change the mean of the depen-
dent variable needed for elasticity calculations.

Tie third-quarter wheat feed and residual use

specification is similar to a June-September feed use
study by Livezey {27). Wheat feeding depends on its
own price; prices of substitute feeds, represented by
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corn and soybean meal; cattle on feed, representing a
major animal group fed wheat; turkey production, as a
proxy far poultry feeding (both broilers and turkeys);
w1d a third-quarter 1976 dummy variable, adjusting for
a period when a large wheat residua! resulted in nega-
tive third-quarter feed and residual use. The third-
guarter cattle on feed coefficient implies a feeding rate
for cattle of about 34 bushels per head, a reasonahle
estimate. The pouitry variable coefficient implies wheat
accounts for about 80 percent of poultry feeding re-
quirements, which i- somewhat farge, The own-price
elasticity is — 6.9, the cross-price elasticity with corn is
6.0, and the cross-price elasticity with soybean meal is
1.3. The first two of these estimates are about twice as
large as estimates implied by Livezey's findings, but
are consistent with those estimates in supporting the
argument that wheat feeding is very sensitive to rela-
tive prices.

Food Use. Per capita food use of wheat is a function
of deflated wheat and barley prices and seasonal and
trend shifters. Food use is then derived by an identity,
The small implied own-price elasticity of — 0,03 and
the cross-price elasticity of 0.04 likely result from the
highly processed nature of most foods that use wheat
so that the farm price has little effect on retail prices
and final demand,

Seed Use. The seed use of wheat equation was esti-
mated using observations from the second, third, and
fourth quarters only because almost no planting accurs
in the January-March guarter. Seed use depends on
planted acreage, trend, and seasonal shifters. As with
corn, the annual lead subscript reflects planted acre-
age for one year’s crop taking place in the previous
wheat crop year, and the positive sign on annual trend
reflects technological shifts in favor of larger seeding
per acre. The seasonal shifters are consistent with the
guarterly pattern of plantings: heaviest in the third and
fourth quarters for winter wheat with smaller plantings
for spring wheat in the following second quarter (April-
Mayl.

Stocks. As with corn, privately held free stocks clear
the market as a residual, subtracting use and exogenous
ending stock components from supply. Total stocks are
derived by adding privately held stocks to those exoge-
nous ending stock components.

Price. Supply, adjusted (even-quarter} use, and a ane-
quarter lag of wheat price are included as explanatory
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variables in the wheat price equation. Two interaction
variables of acres planted with the first- and second-
guarter dummy variables are included to represent the
effects on prices of preharvest information regarding
developing crops. Their coefficients imply that a
10-million-acre difference in planted acres causes a
5.6-cents-per-bushel difference i1, wheat prices in the
first quarter and a 10.5-cents-per-bushel difference in
the second quarter, giving price flexibiiities (evaluated
at the means} of —0.13 and - 0.26, respectively.
Similar to those for corn, while these flexibilities are
small, they measure only the marginal price impacts of
preharvest information before that information is real-
ized in the following crop year.

Soybean Sector

The soybean sector is larger than the corn and wheat
sectors because it includes the soybean meal and soy-
bean oil product markets. It consists of 28 equations
{11 soybean, 8 soybean meal, and 9 soybean cil)—11
stochastic equations and 17 identities. As for corn and
wheat, equations for planted acreage, harvested acre-
age, and yields are estimated annually and, z2long with
the production identity, are then incorporated into the
quarterly framework in the appropriate quarters. Seven
quarterly equations cover supply, use, stocks, and
prices for soybeans. Soybean crushings and prices pro-
vide the links to the soybean meal and soybean oil
product markets where all 17 equations are quarterly.

Acres Planted. Soybean plantings enter the model in
the second quarter. A madified “cobweb' framework
is used to depict the supply response to soybean price.
Acres planted is a function of expected prices, repre-
sented by first-quarter saoybean prices deflated by a fer-
tilizer price index. The competition between corn and
soybeans for cropland is represented in the soyhean
acres planted equation by the Houck-Ryan corn
price.* As in the corn and wheat sectors, the Houck-
Ryan variable incorporates corn price and policy
variables. For soybean farm prices, however, na policy
adjustments are miade because, over the estimation
period, soyhean farm prices were higher than the ef.
fective support rate and there was no paid diversion
program for soybeans.

The Hovek-Ryan variables are discussed more completely in the
corn sector discussion and in Appendix C.




The soybean price coefficient is about the correct
order of magnitude relative to its estimated response in
the corn acres planted equation. Also, the coefficient
of the Houck-Ryan corn price has the expected sign
and is the correct order of magnitude relative to its
estimated response in the corn acres planted equation.

Acres Harvested, Yields, and Production. As with
corn and wheat, the soybean acres harvested and
yield equations both use acres planted as an ex-
planatory variable which results in these equations
having negatively correlated errors that tend to offset
each other in production forecasts. Therefore, even
though the acres-planted parameter has a weak
t-statistic, it is kept in the yield relationship. The yield
equation has a relatively low coefficient of determina-
tion (0.75), but the 5-percent coefficient of variation in-
dicates that vield estimates are quite good.

Crushings. Crush forms the basis for important
linkages between the soybean market and its product
markets. Two different crush series are maintained by
the model. Crush used in the soybean balance sheet is
on the uneven-quarter basis, while crush used for the
product markets is on the even-quarter basis. Soybean
crush on the even-quarter basis is derived from the
soybean meal market using the identity of crush equal-
ing production divided by yields. Soybean crush on an
uneven-quarter basis is then derived by adjusting even-
quarter crush.

Total Use and Stocks. Total soybean use is derived by
adding uneven-quarter exports and seed, feed, and
residual to uneven-quarter crush. Total saybean stocks
then clear the market as a residual, subtracting
uneven-quarter use from total supply. This results in
stocks being estimated for dates corresponding to the
survey dates used for historical data.

Price. The soybean price equation is estimated using a
hyperbolic functional form to relate prices to ending
stocks. Stocks are measured relative to a “‘scale of ac-
tivity’” indicator in the soybean sector, represented by
use, This is necessary because of industry growth over
the last 15 years. Further, separate hyperbolae are esti-
mated for each quarter to reflect the different impor-
tance of stocks through the marketing year. Plotting
the resulting hyperbolic functions relating prices to the
stocks-to-use ratio gives four negatively sloped curves,
convex to the origin, with the hyperbolae closer to the
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origin representing quarters later in the marketing year
(50, 51). A separate autoregressive parameter is also
estimated for each quarter in tha soybean price equa-
tion. Other important variables in this equation are the
prices of soybean meal and soybean oil to reflect
derived demand factors and the persona! consumption
deflator to account for inflation.

Meal Yields. Soybean meal crushing yields are ex-
tremely stable and could have been left exogenous.
However, validation statistics indicate a superior per-
farmance of this equation compared with the most
likely alternative (naive “‘no-change’”” model) if yields
were not endogenized. Soybean meal yields are
related to the level of crush and trend. Even though
the coefficient of determination is low, the coefficient
of variation is extremely low. This implies that equa-
tion estimates of soybean meal crushing yields are very
good even though the small amount of variation pre-
sent in that series is poorly explained,

Meal Production and Supplies. The soybean meal
production equation is determined by domestic meal
use, meal exports, and seasona!l dummy variables.
Accounting for roughly 75 percent of total use,
domestic meal demand s the most important factor
determining the level of production. With a coefficient
of determination of 0.998 and a coefficient of variation
of 1 percent, the model reflects the close cor-
respondence and rapid adjustment of production to
meal demand. Beginning stocks and supplies are
determined by identities.

Domestic Meal Use, The domestic soybean meal use
equation determines the derived demand for soybean
crushings. It is also the major demand side link to the
livestack and corn sectors and, consequently, is pos-
sibly the single most important equation in the soy-
bean sector. The structure of quarterly demand is
“cobweb' in nature: livestock feeders cannot respond
immediately to price changes, so prices of meal, corn,
and livestock products are lagged one quarter. The
roefficient for soybean meal price in the previous
quarter implies an elasticity of —0,33, which is in the
expected range based on previous research on de-
mand for livestock feed. The implied cross-price
elasticity between meal use and lagged corn price is
- 0.1B. A negative cross-price elasticity suggests poor
substitutability or possibly complementarity between
the corresponding factors of production and is consis-
tent with the relationship between these two factors
found in the corn feed demand equation.

1
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The longrun effect of sows farrowing on soybean meal
use is found by adding the coefficients of the two lagged
variables. This implies a longrun elasticity of soybean
meal demand to sows farrowing of 0.32: a 1-percent
increase in sows farrowing will lead to a 0.32-percent
total increase in meal use over the following two quar-
ters. Using an average number of pigs saved per litler
of 7.17, and adjusting the result to represent totat U.S.
farrowings, the sows farrowing coefficients imply about
115 pounds of soybean meal fed per hog, from farrow
to finish. This compares favorably with the typical
feeding operation’s rate of about 130 pounds of high-
protein feed, not all of which is necessarily soybean
meal.

The livestock price index in the previous quarter rep-
resents expected returns to feeding and indicates a
strong relationship between expected product price
and feed demand. Hay price is included in the meal
demand equation to represent the costs of alternatives
to soybean meal feeding. In the short run, decision-
makers considering the placement of cattle into feed-
lots can respond to relative costs of feedlot and pas-
ture feeding, The implied cross-price elasticity is 0.29.
The net cattle placements ccefficient in the meal de-
mand equation implies feeding greatly in excess of
typical feedlot operations feeding. It is likely the cattle
placements series is collinear with, and therefore mea-
sures the effect of, other factors affecting soybean meal
demand, such as environmental stress and grazing
conditions.

Meal Price. In the soybean meal price equation, ex-
treme collinearity between the soybean meal supply
and the soybean mea! use variables caused parameter
estimates from ordinary least squares to have large
variances and unexpected signs. Co~ <equently, the
soybean meal price equation was estimated with a
" principal components regression (29). This allowed para-
meters on some correlated variables to change sign,
although the significance of several of the parameters
is still low. The reported coefficient of determination of
0.88 has been calculated using (S5T--53E)/SST, where
SST is the mean corrected total sum of squares of meal
prices and SSE is the sum of squared errors. tt com-
pares well with the coefficient of determination of 0.92
from the ordinary least squares regression.

QOil Yvields and Supply. As for soybean meal, the ex-
tremely stable soybean oil crushing vields couid have
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been left exogenous, but they are endogenized because
of impiications of model validation statistics. Soybean
oil yields are related to the level of crush, trend, and
seasonal shifters, As with soybean mea! yields, the
coefficient of determination s low but so is the coeffi-
cient of variation, implying that equation estimates of
yields are very good even though the small amount of
variation present in that series is poorly explained. Pro-
duction, beginning stocks, and supplies are determined
by identities.

Domestic Qil Use. Domestic soybean oil demand has
been estimated on a per capita basis, with the ex-
planatory variables of price and disposable per capita
income defiated by the personal consumption expen-
ditures deflator. The seasonal nature of demand is
represented by the inclusion of quarterly dummy
variables, The income elasticity of 1.66 suggests that
soybean ofi is a luxury as a food, reflecting its use in
food preparation in away-from-home establishrments
and in partially prepared foods sold for at-home
eating. The own-price elasticity estimate is —0.09; soy-
bean cil prices account for a small portion of the
prices of the retail products, sa demand responds little
to changes in soybean oil prices.

Oil Price. As in other price equations, the soybean oil
price equation includes a one-gquarter lag of oil price.
Soybean oil supply, soybean ait use, July temperature,
and a dummy variable covering the 1973/74 soybean
marketing year are also included. The July temperature
coefficient implies a price flexibility of 0.14. This is
consistent with similar estimates found for corn that
measure the marginal price impacts of preharvest in-
formation before that information is realized fn the
following crop year.

Cattle Sectors

Eight annual equations provide inventory information

which, combined with twa quarterly liguidation equa-
tions, represent cowfcalf operatians and set breeding

herd constraints on the cattie sector.

3The authors thank Richard Stillmar for his collaboration on the
formulation of the gencral framework for the livestock sector madels,
Much of the livestock sector presented here uses the structure of a
tivestock model from Stillman (34). Some parts of thal framewaork,
however, have been restructured here 1o meet the overall model
design of the guarterly agriculture igrecasting model. Also, the osti-
mation periods differ from those used by Stiltman,




Cow Inventories. The cow inventory equation is an
identity that links the breeding herd for a given year to
replacement and liquidation decisions made in the
previous year., The coefficient of 0.98 on the previous
year inventory reflects the assumption of a 2-percent
death loss.

Steer an¢ Heifer Inventories., The inventory eguations
for steers and heifers over 500 pounds are each func-
tions of the previous year's calf crop and the previous
year's deflated feeder steer prices. The calf crop vari-
able constrains these inventories by linking them to
breeding herd decisions in the previous year. Theoret-
ically, the calf crop coefficient in each equation is
bounded from above by 0.50, but estimates are lower
due to caif slaughter and deaths, breeding herd reten-
tions, and late-born calves that have not reached 500
pounds by January 1. The annual feeder steer price
variables reficct expected returns to producing feeders.

Heifers Entering the Cow Herd. Additions to the
breeding inventory, that is, heifers entering the cow
herd, are derived by an identity using results from
estimated equations for heifers kept for replacement
and the proportion of those kept that actually enter
the cow herd. Heifers kept for replacement are related
to the size of current-year inventories, as a measure of
industry scale, and to the cow slaughter rate in the
previous year, representing the phase of the cattle cy-
cle. The proportion of heifers kept that enter the cow
herd is related to annual deflated feeder steer prices,
deflated hay prices, and the cow inventory. The com-
bined effects of the linear and squared real feeder
steer price variables reflect the price {expected returns)
incentive to producing and supplying feeder steers, so
a larger real price implies a greater share of heifers
kept actually entering the breeding herd. Deflated hay
price, as a proxy for grazing conditions, reflects pro-
duction costs of feeders. The cow inventory variable
represents the size of the industry.

Calf Crop and Calving Rate. The calf crop produced
by the breeding herd is derived using cow inventories
and an estimated equation for the calving rate. The
calving rate is refated to the ratio of replacement
heifers kept to the cow inventory, the change in lagged
annual deflated {eeder steer prices, and deflated hay
prices, The first variable reflects the formula used for
calculating the reported calving rate. Defined as the
number of calves born divided by the January 1 cow

A Quarterly Forecasting Model

inventory, the numerator includes calves born to
heifers that were not in the [anuary 1 cow inventory,
but the denominator does not include those heifers.
Thus, the higher the ratio of heifers to cows, the
higher the statistically reported calving rate, even
though heifers have a lower biological calving rate
than that of cows. The feeder steer price variables and
the deflated hay price variable again represent ex-
pected returns and costs of praducing feeders.

Cow and Bull Staughter. Quarterly cow slaughter is
related to feeder steer prices and the size of cow in-
ventories, The first again represents expected returns
of producing feeders; as the three-quarter moving aver-
age of feeder steer prices falls, breeding herd liquida-
tion rises. Cow inventories reflect the industry scale,
and the interaction of inventories with quarterly dummy
variables reflects the seasonality of liquidation. The
largest cow slaughter occurs in the fourth quarter prior
to winter when the costs of maintaining the herd are
targest. Conversely, the smallest cow slaughter occurs
in the second quarter prior to summer when grazing
opportunities reduce feeding costs,

Bull slaughter primarily depends on the same herd
liquidation decisions that affect cow slaughter, so cow
slaughter is included to summarize that effect. Inter-
action terms of cow slaughter with quarterly dummy
variables adjust for different seasonality in bull
slaughter and reflect the ability to implement liquida-
tion decisions sooner after breeding with bulls than
with cows.

Net Placements. Net placements of cattie on feed pro-
vide a link between cow/calf operators and feeders. it
is a function of the expected returns of feeding relative
to the feed costs of production {moving average of fed
steer prices divided by the lagged price of corn), the
cost of feeder cattle, and the size of the breeding herd
through seasonal interaction terms with the calf crop.
Higher expected returns lead to greater placements
while higher costs of production {feeders or feed) lead
to lower placements. Placements in the first three
calendar quarters are primarily drawn from the pre-
vious year's calf crop, while fourth-quarter placements
are more likely to be drawn from the current year’s
calf crop. The seasonal pattern indicated shows that
placements are smallest in the first quarter as the pre-
vious year’'s calf crop has not reached placement
weight. Placements become successively larger in each
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of the following quarters, becoming the largest in the
fourth quarter when alternative feeding options are
reduced.

Cattle on Feed and Fod Cattle Marketings. Cattle on
feed are then derived as an identity. Fed cattle mar-
ketings are a function of cattle on feed inventories plus
placements with interactions with quarterly dummy
variables allowing for seasonality. The seasonal pattern
indicated is consistent with the seasonality in quarterly
placements and feeding schedules.

Fed Steer and Heifer Slaughter. Cattle on feed inven-
tories, placements, and marketings are 13-State data
and must be transformed to reflect feedlot activity in
the entire country. The parameter estimates represent
expansion factors from marketings to slaughter, with
seasonal effects again allowed through interaction
terms. The seasonal slope shifters imply that fed steer
and heifer slaughter outside the 13 survey States has
greater seasonal distribution in the second and third
quarters.

Nonfed Steer and Heifer Slaughter. Nonfed steer and
heifer slaughter is inversely related to the factors that
affect feediot placement decisions and the level of fed
slaughter. The more attractive feeding is—expected fed
steer price high and corn price low—and the higher
the level of fed slaughter, the smaller is nonfed
slaughter. Also, similar to placement animals, nonfed
slaughter is constrained by the annual calf crop in the
previous year for the first three calendar quarters and
by the annual calf crop in the current year for the
fourth guarter.

Commercial Slaughter. Total commercial steer and
heifer slaughter and commercial cattie slaughter are
each derived by an identity.

Average Dressed Weight and Beef Supply. The
moving average of fed steer prices is included in the
equation for average dressed weight to represent ex-
pected returns to feeding to heavier weights. The ratio
of steer and heifer slaughter to cow slaughter adjusts
for the weight differences between those animal
groups.

A series of beef supply identities gives commercial beef
praduction, total production, beginning cold storage
stocks, and total beef supplies.
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Stocks. A cold storage beef stocks equation is esti-
mated rather than a beef consumption equation to re-
flect the method used to collect and report the histor-
ical series where consumption is derived as a residual.
Ending stocks is a function of beginning stocks and im-
ports, with separate quarterly coefficients allowed for
each to reflect seasonality in stockholding patterns and
stocks composition. The parameters on beginning
stocks reflect the average duration of stocks being
held. Imports represent the major source of additions
to stocks.

Consumption. The procedure used for deriving the
historical data is used in the model to derive, in iden-
tities, civilian consumption and per capita consump-
tion on bath carcass and retail weight bases.

Prices. Four price equations compiete the cattle sec-
tor. Prices for fed steers and farm-level cattle are func-
tions of fed and nonfed cattie slaughter, representing
supplies, and income variables, representing derived
demand factors. Diet habits tend to make demand
slow in responding to income changes. This is
especially true for beef which has been the traditional
favorite meat in consumption, so an eight-quarter
moving average of income is used. Further, the log of
this moving average income variable is used to reflect
diminishing marginal utility of consumption. Addi-
tionally, meat demand was hypothesized to respond to
both levels and changes in income, so the change in
the log of the moving average of income is also includ-
ed. Prices for feeder steers and farm-level calves are
then related to fed steer prices to represent the de-
mand for feeders, the previous year's calf crop to
represent potential supplies, and lagged corn prices to
represent production costs.

Hog Sector

The hog slaughter block used in the hog sector is
simpler than that used for the cattle sector, but it is
sufficient to support the pork supply and utilization
equations. Only six equations are needed to derive
total hog slaughter due to two main differences be-
tween the hog and cattle industries. First, the big-
logical production lags are shorter for hogs than for
cattle. Second, the hog market structure is much more
vertically integrated with a large percentage of farrow-
to-finish operations, while in the cattle industry, there
is a greater dichotomy between breeders and feeders.




Sows Farrowing and Pig Crop. Sows farrowing is a
function of expected returns to hog production repre-
sented by a three-quarter moving weighted average of
the seven-market hog price. The coefficient implies an
elasticity of 0.44. Lagged prices for corn, the major
hog feed, represent expected costs of production, with
the coefficient indicating a relatively low elasticity of
—0.11. Lagged sows farrowing variables are used to
represent relatively stable seasonality in farrowings
from year to year and to capture longer run cyclical
production decisions. The pig crop is derived by an
identity.

Barrow and Gilt Slaughter. Barrow and gilt slaughter
then draws on the pig crops in the two previous quat-
ters, representing the 5- to 6-month farrow-to-finish
production process. The seasonal dummy variables
suggest that as weight gains slow in the fall and winter
guarters, marketings are delayed somewhat relative to
other times in the year, and are pushed into the winter
and spring quarters.

Sow Slaughter and Boar Slaughter. Sow staughter and
boar slaughter represent breeding herd liquidation
decisions based on biological lags, expected returns
and costs, and seasonality. Sows farrowing in the pre-
vious quarter is in the sow slaughter equation to repre-
sent the sows available for slaughter after the new-
born pigs are weaned. Expected returns are represented
by the moving weighted average of hog prices while
corn price represents the expected costs of produc-
tion. The seasonal dummy variables indicate that sow
slaughter is largest in the October-December quarter
prior to winter when costs of maintaining the breeding
herd rise.

Boar slaughter is related to the same factors that affect
sow slaughter, so sow slaughter is inciuded to sum-
marize those factors. The positive coefficient on the in-
teraction term of sow slaughter with a second quarter
dummy variable reflects the ability to implement herd
liquidation decisions sooner after breeding with boars
than with sows and the incentive to slaughter heavy
boars prior to the summer months when breeding effi-
ciency is reduced. The moving weighted average of
hog prices represents an additional expected returns
affect in the boar slaughter decision beyond that
already represented indirectly by the sow slaughter
variable.
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Total Hog Slaughter. Total hog slaughter is the sum of
barrow and gilt slaughter, sow slaughter, and boar
slaughter.

Pork Production and Supply. A structure similar to
that used for the beef supply and use equations is used
here for pork. A series of pork supply identities give
commercial production, total production, beginning
cold storage stocks, and total pork supplies.

Stacks. The equation for ending cold storage pork
stocks is a function of beginning stocks and produc-
tion. Similar to the beef stocks equation, separate
guarterly coefficients are allowed for each indepen-
dent variable to reflect seasonazlity in stockholding pat-
terns and stocks composition. The beginning stocks
parameters again reflect the average duration of stocks
being held, while pork production represents potential
additions to stocks.

Consumption. Civilian consurnption and per capita
consumption of pork on both carcass and retail weight
bases are derived in identities.

Prices. Two price equations complete the hog sector.
The average hog price for seven major markets is a
function of pork production representing supplies,
beef production representing competing meat supplies,
and income variables representing derived demand
factors. As in the cattle sector, the log of an eight-
guarter moving average of income and the change of
the log of the moving average of income are included
to represent diet habits, diminishing marginal utility of
consumption, and the hypothesis that both jevels and
changes in incomes affect demand. Prices for farm-
level hogs are then related to the seven-market hog
price to represent the derived demand for hogs.

Poultry Sector

The poultry sector in the model has a smaller block for
breeding animals than was used in the cattle sector.
Two broiler breeding flock equations are used as the
basis for deriving broiler production estimates needed
to support the chicken supply and use equations. Tur-
key production is estimated with no expiicit breeding
flock constraints. This structure refiects the shorter
biological production lags and the high degree of ver-
tical integration in the broiler and turkey industries.
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Broiler Breeding Stock, Broiler pullets placed in
hatchery supply flocks represent additions to the
capital stock from which slaughter broilers are drawn.
The four-quarter lag of placements is used because of
the stable seasonality of placements from year to year.
Expected feeding costs are represented by the two-
quarter lag of a constructed feed cost variable, derived
using a 70-percent corn and a 30-percent soybean
meal feed ration. Expected returns are represented by
the two-quarter lag of broiler prices. Time trend in-
dicates the fong-term growth in the broiler industry.
The second quarter dummy variable reflects seasonally
higher placements in the spring following the cold
weather months when breeding flock maintenance
costs are highest.

Broiler Hatch. Broilers hatched draw from the hatch-
ery supply flock, represented by a weighted moving
sum of placements two through four quarters earlier.
The weights used are from Chavas and Johnscn (6)
and reflect declining productivity through the laying
cycle for broiler-type chickens. The estimated coeffi-
cient implies about 46 eggs are hatched per broiler-
type hen in the hatchery supply flock over the laying
cycle: 19 eggs two quarters after placement, 15 eggs in
the following quarter, and 12 eggs four quarters after
placement. Also included in the broiler hatch equation
are lagged broiler prices and lagged feed prices to
represent expected returns and expected production
costs, respectively. Quarterly dummy variables indicate
that hatch is largest in the second quarter and smallest
in the fourth quarter. Trend again indicates the long-
term growth in the broiler industry.

Brailer Production and Chicken Supplies. Broiler pro-
duction is related to the one-quarter lag of broiler
hatch to reflect the time needed to bring the birds to
market weight. As before, expected returns and costs
are represented by the one-quarter lags of prices for
broilers and feed. Broiler industry growth is indicated
by the positive time trend coefficient. Beginning coid
storage stocks are derived by an identity and added to
production to give total chicken supplies.

Chicken Stocks. The equation for ending chicken
stocks in cold storage is a function of beginning stocks
and broiler production. Separate quarterly coefficients
are aliowed for beginning stocks whose parameters re-
fiect the average duration of stocks being held. Broiler
production represents potential additions to stocks.
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Chicken Consumption. Similar to beef and pork, civilian
chicken consumption and per capita consumption are
derived in identities following the procedure used to
derive the historical data.

Broiler Prices. Two price equations complete the
chicken part of the poultry sector. The nine-city broiler
price is a function of broiler production representing
supplies, beef and pork production representing com-
peting meat supplies, and income variables represent-
ing derived demand factors. As in the cattle sector, the
jog of a moving average income variable and the change
of the log of the moving average of income are included
to represent habits in diets, diminishing marginal utility
of consumption, and the hypothesis that both levels
and changes in income affect demand. Here, however,
a shotter, four-quarter moving average is used because
the role of beef as the traditional favorite meat implies
guicker adjustments in chicken consumption habits.
Farm-level broiler prices are then related to nine-city
broiler prices to represent derived demand, with a
positive trend implying smaller margins that have
resulted from economies of scale.

Turkey Production and Supplies. Turkey production is
estimated directly without any explicit link to a sup-
porting set of breeding flock equations. Turkey pro-
duction is related to the two-quarter lags of turkey
prices and corn prices to reflect expected returns and
feeding costs. The seasonal dummy variables indicate
higher production in the second half of the year when
production is increased Lo meet larger holiday de-
mand. The positive time trend coefficient indicates
growth in the turkey industry. Beginning cold storage
stocks are derived by an identity and added to produc-
tion to give total turkey supplies.

Turkey Stocks. Similar to earlier specifications, the
ending turkey stocks equation is a funciion of begin-
ning stocks and turkey production. Separate quarterly
coefficients are allowed for each independent variable
to refiect seasonal stockhoiding patterns, which are
especially important for turkeys. As for other meat
stocks categories, the beginning stocks parametess
reflect the average duration of stocks being held, while
turkey production represents potentiai additions to
stocks.

TJurkey Consumption. Civilian turkey consumption
and per capita consumption are derived in identities.




Turkey Price. A price equation completes the turkey
part of the poultry sector. Farm-level turkey nrite is a
function of the sum of beef, pork, and broiler produc-
tion representing competing meat supplies and income
variables representing derived demand factors. The log
of a moving average income variable and the change
of the log of the moving average of income are included
to represent diet habits, diminishing marginal utility of
consumpticn, and the hypothesis that both levels and
changes in income affect demand. Similar to chicken,
a four-quarter moving average income variable is used
to reflect quicker adjustments in eating habits for
poultry than for beef.

Prices Received by Farmers for Livestock

An aggregate measure of farm-level livestack prices is
determined in an identity using fixed quantity weights
derived from 1971-73 cash receipts from Thorp (36).
The prices for eggs and milk, needed to fully represent
the index of prices received by farmers for livestock,
are exogenous to the model.

Model Validation

Evaluation of the model was conducted for two major
purposes. First, dynamic properties were investigated
to assure stability of the model. Second, validation
statistics were generated from simulations designed to
test the model on the basis of its intended use as a
three- to six-quarter ahead forecasting tool.

In accord with the first purpose, a dynamic simulation
of the model from 1975 through 1981 was performed
using actual exogenous data throughout. Using the
Gauss-Seidel solution method, the model converged
quickly in most quarters with ne quarter requiring
more than 20 iterations, Validation statistics generated
from this simulation (not presented here) show reason-
ably good model performance. A series of additional
simulations over the 1975 through 1981 interval was
also performed: selected exogenous variables were im-
pacted in one quarter, one year, or throughout the en-
tire simulation interval, with separate simulations run
for each. The model again converged quickly in all
simulations with no quarter requiring more than 21
iterations. These simulations suggest that stability con-
cerns areé not a problem with the model.

In order to test the model on the basis of its intended
use as a three- to six-quarter ahead forecasting toal,
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separate dynamic model simulations were performed
for each within-sample year from 1975 through 1981
(Iimited to this interval by data availability). This gave
28 model predictions for quarterly variables and 7
mode! predictions for annual variables. Two beyond-
sample simulations were performed over the eight
quarters and the two annual gbservations of 1982 and
1983. Actual exogenous data were used throughout all
simulations, Validation statistics, based on these
dynamic simulations of the model, are presented in
table 1 and form the basis of a quantitative evaluation.

Table 1 shows summary validation statis*ics for each
dependent variable. Relative mean abso.ute errors
(RMAE), Theil inequality coefficients, and the relative
number of turning point errors (RTPE) are presented.
RMAE equals the mean absolute error (MAE) expressed
as a percent of the mean of the dependent variable ().
That is, RMAE = {MAE/y} 100. The Theil inequality
coefficient equals

[E [(pl_ g,. L) - (a|_ d, -k)]""‘}:(at_ d, .1‘-}”’ ] na

where p, and a, are the predicted and actual values of
variables in time period t and summations are taken
over all simulation periods. For annual series, k=1 to
indicate the previous annual value. For quarterly
series, k=4 to indicate the four-quarter-ago value. For
annual series, when t=1, a, Is set equal to the last pre-
simulation value of the endogenous variable. Similarly,
for quarterly series, when t =< 4, actual presimulation
values of the endogenaous variables are used for a,_,. A
Theil inequality coefficient less than 1 implies superior
simulation performance relative to a “naive’ forecast
of no change from one year earlier (annual series) or
four quarters eariier (quarterly series). The RTPEs are
the number of turning point errors expressed as a per-
cent of the total number of simulation observations. A
turning peint error occurs when

(pl_ a|-k)(a[—' a|,|\} < 0

with k=1 for annual series to indicate year-to-year
changes and k=4 for quarterly series to indicate
changes from four quarters earlier. As for the Theil

- inequality coefficients, actual presimulation values of

endogenous variables are used when needed (annual
series, when t=1; quarterly series, when t < 4).
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Table 1—Quarterly agriculture forecasting model validation statistics!

Dependent
vasiable

Relative
mean absolute
error {percent)?

Theil
inequalhty
coefficient’

Relative
turning point
errars {percent)*

Within Beyond
sample sample

Within Beyond
sample sample

Within Beyond
sarmple sample

Corn:
Annuai—
Planted acres
Harvested acres
Yields
Production

Quarterly—
Beginnirg stacks
Supply
Feed
Food and industrial
Alcoholic beverages
Seed
Total use
Free stocks
Ending stocks
Corn price, farm

Wheat:
Annual—
Planted acres
Harvested acres
Yields
Production

Quarnterly—
Beginning stocks
Supply
Feeds
Food
Seed
Total use
Free stocks
Ending stocks
Wheat price, farm

Sovybeans:
Annual—
Planted acres
Harvested acres
Yields
Production

Quarterly—
Supply
Crush, even quariers
Crush, uneven quarters
Total use
Ending stocks
Soyhean price, farm

See footnotes at end of table.

Continued—
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Table 1-—Quarterly agriculture forecasting model validation statistics'—Continued

Relative Theil Relative
mean absolute inequality turning point
Dependent error {percent)? coefficient? errors [percent)?!
variabie Within Beyond Within Beyond Within Beyond
sample sample sample sample sample sample
Soybean meal:
Quarterly—
Yields 0.6 0.2 Q.79 0.52 29 0
Production 4.3 9.6 37 1.07 7 25
Supply 39 9.3 il 1.15 7 38
Domestic use 5.7 13.0 .55 1.32 14 38
Total use 4.2 9.4 37 1.24 4 25
Ending stocks i6.2 26.9 .64 72 18 25
Sovbean meal price 0.4 15.1 81 1.15 i 63
Soybean ail:
Quarterly—
Yields 1.7 2.6 53 .83 18 4]
Production 4.2 1.3 .35 1.30 4 338
Sugply 34 9.2 32 3,55 4 63
Domestic use 4.6 36 42 .13 21 i3
Tota! use 33 3.0 .33 67 7 0
Ending stocks 0.3 49.7 .32 2.45 14 63
Soybean oil price 11.4 15.8 48 71 18 25
Cattle:
Annual—
Cow inveniory® 2.0 36 62 2.7 g 100
Steers on farms® 3.6 2.5 1.55 1.02 14 50
Heifers on farmss 3.5 86 1.21 4.10 43 50
Heifers kept for cow replacement 1.5 4.3 21 96 g ¢]
Proportion of heifers kept that enter the cow herd 2.5 4.1 .28 .88 0 50
Heifers entering the cow herd 3.5 0.6 31 .97 0 50
Annual calving rate 7 2.5 21 1.32 g 50
Annual calf crop 7 25 2 3.60 ¢ 190
Quanerly—
Cow slaughter 12.7 i4.3 .63 1.98 13 75
Bul{ slaughter 10.1 1.7 85 2,16 18 63
Net placements 6.0 10.7 .63 1.27 29 25
Cattle on feed 18 a.2 .34 1.79 29 13
Fed cattle marketed 3.7 4.4 .46 i.32 14 0
Fed steer and heifer slaughter 33 4.7 46 1,15 i4 0
tNonfed steer and heifer slaughter i9.8 23.2 .52 82 7 38
Total steer and heifer slaughter 2.7 2.3 .55 1.46 21 25
Commercial cattle slaughter 4.0 2.2 57 1.02 il 38
Average dressed weight 1.8 1.7 .54 1.21 39 25
8eef production, commercial 33 1.6 62 B0 14 13
8eef praduction, total 33 i.5 62 .59 14 13
Beginning beef stocks 7.7 9.3 44 39 14 0
Total beef supply 39 1.2 .63 .42 7 13
Ending beef stocks i2.0 11.1 .60 .44 21 0
Civilian beef consumgtion, carcass weight 2.9 i.2 62 56 14 ¢
Civilian per capita beef consumption, carcass weighl 29 1.2 .60 65 21 25
Civilian per capita beef consumption, retail weight 29 1.1 .60 64 29 25
Fed steer price 7.3 4.4 52 1.29 18 50
Cattle price, farm 7.7 31.8 a4 3.78 25 75
Calf price, farm b7 25.2 .46 3.10 7 63
Feeder steer price 9.2 18.7 46 im 14 50
See foutnotes at end of 1able. Continued—
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Table 1—Quarterly agriculture forecasting mode] validation statistics*—Continued

Dependent

Relative
mean absolute
error {percent)?

Theil
inequality
coefficient?

Relative
turning point
errors (percenty

varizhle Within Beyond Within Beyond Within Beyond
sample sample sample sample sample sample

Hogs:
Quarterly—

Sows farrowing
Pig crop
Barrow and gilt slaughter
Sow slaughter
Boar slaughter
Hog slaughter
Pork production, commercial
Pork production, total
Beginning pork stocks
Tolal pork supply
Ending pork sigcks
Civilian pork consumption, carcass weight
Civilian per capita pork consumption, carcass weight
Civilian per capita pork cansumption, retail weight
Barrow and gilt price
Hog price, farm

Poultry:
Quarterly—

Broiter pullets placed in hatchery supply flocks
Broiler hatch
Broiler production
Beginning stacks, youny chickens
Total chicken supply
Ending stocks, young chickens
Civilian consumption, young chickens
Civilian per capita consumption, young chickens
Broiler price, nine-city
Bruiler price, farm
Turkey production
Beginning stocks, turkeys
Total turkey supply
Ending stocks, turkeys
Civilian consumption, turkeys
Civilian per capita consumplion, turkeys
Turkey price. farm

B e e e el
P A L — g ] D S L L

Aggregate livestock sector;
Quarterly—
Prices received by farmers for livestock 4.6 . .42 153

'Based on dynamic simulalions of the quarlerly agriculture furecasting maodel with regard to the endugenous vanables, using actual exogenous
data throughout. Within-sample simulations: 1975-1981; beyond-sample simulations; 1982-1983,

RMAE equals 100 limes the mean absolute error relative to the mean ol the dependent variable —(MAE/N 100,

The Theil inequality coefficient equals [£[ip, - a,_y3= (3, - a,  N*¥Ela, - a,_ )27, where p, and 2, are the predicied and avwal values of vanables
in lime period 1. For annual series, k=1 to indicate the previous annual value. For quartery senes, k=4 to indicate the iour-quarter-ago value,
For annual series, when t=1, a, is set equal 1o the last presimulation value of the endogenous vadiable. Similarly, for quarlerdy series, when t =4,
actual presimulation values of the endogenous variables are used. A Theil inequality coefiicient less than 1 imphes superior simulatinn
perdonmance relative to a “nave’” {ng-change) farecast.

RTPE equals 100 limes the pumber of turning point errors divided by the total number of simulation observations. A turning point error ogures
when (-3, Mo =a,.4) < 0, with k=1 for annuat series indicating year-lo-year changes and k=4 for quarterly series indicating changes irom
jour quarters earher. As for the Thell inequality coefficients, aclual presimutation values of endogencus variables are usied when needed tannual
soricy, when (= T; quarterly series, when t = 41,

“Since negalive valuws for wheat {eed use oceur, the mean dependent variable I anificially fow. I the denominater for the relative mean
ahsolule error iv changerd io the mean of the absoiule value of wheat feed wse, the relativie mean absolute error is 77.0 percent in the within.
sample simulations and 44.0 percent in the beyond-sample simulations.

slanuary | invenlory statisbics dertved for the year following cach simulation,
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These three summary statistics were chosen because
they represent three properties desired of forecasting
models: a measure of the simulation errors, a measure
of how well turning points are “'caught,”” and a com-
parison of the econometric model with an appropriate
naive model, which here, Is the simple model of no
change from one year earlier {annual series) or four
quarters earlier {quarterly series).

Both the Theil inequality coefficient and the turning
point error analyses employ the term (p,—a,_,) which is
the change between the current predicted level and
the actual level one year or four quarters ago. Actuat
levels from one year or four quarters earlier were used
rather than predicted levels because the model is
designed to be a short-term forecasting model where,
in most applications, year ago or four-quarter-ago
levels will be known. This is consistent with Theil's
definition of the inequality coefficient (35, p. 28} ex-
panded on later (35, p. 48) where Theil implicitly
defines the predicted change as p,— a*,_, where a*,_, is
the level of a,. , known at the time the forecast is
made. Since here we are forecasting four quarters
ahead, a,., will always be know and hence a*
equals a,_,. Also, for quarterly series, levels from four
quarters 2arlier were used instead of levels from one
quarter earlier because of the seasonaiity evident in
most agricultural variables.

The within-sample validation statistics demonstrate that
the model’s performance was quite good. Most of the
within-sample RMAEs are less than 10 percent, only
three Theil inequality coefficients exceed 1, and the
within-sample RTPEs are low for most variables.

Most variables perform well for at least two of the
three forecasting properties summarized by the statistics
presented here. To illustrate, with the exception of
feed use of wheat, ending beef stocks, and ending tur-
key stocks, all other variables with RMAEs exceeding
10 percent have low Theil inequality coefficients and
RTPEs below 20 percent. The onfarm steer inventory
category, which has a Theil inequality coefficient of
1.55, has a low RTPE of 14 percent and a low RMAE of
3.6 percent. Further, except for onfarm heifer inven-
tories, all other variables with RTPEs exceeding 25 per-
cent have Theil inequality coefficients below 1 and
reasonably low RMAEs,

Feed use of corn, domestic use of soybean meal, all
prices, the index of prices received by farmers for
livestock, net placements of cattle on feed, cattle on
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feed, and sows farrowing all perform very well in the
within-sample simulations. This is particularly impor-
tant because these variables provide most of the crit-
ical links between the crop sector and the livestock
sector. Price performance is guite good, especially
since prices tend to be more volatile than the major
supply and use categories. Although prices for calves,
soybean meal, and soybean oil have within sample
RMAEs between 10 and 12 percent, all other prices
have lower RMAEs, The largest within-sample Theil in-
equality coefficient for a price category is 0.61, and no
price series has a within sample RTPE exceeding 25
percent.

Finally, most categories with RMAEs exceeding 10 per-
cent are categories that are relatively small in magni-
tude and, therefore, less important in determining
overall supply and demand for each commaodity. For
example, nonfed steer and heifer slaughter has a
19.8-percent RMAE, but because it is a relatively smatl
part of total steer and heifer staughter, the latter's
RMAE is only 2.7 percent. The relatively small ending
stocks category for young chickens has a RMAE of
16.0 percent, yet the young chickens consumption
estimates derived by using the stocks estimates have
only a 1.7-percent RMAE. In the crop sector, soybean
meal supply performs quite well {3.9-percent RMAE) in
spite of the 16.2-percent RMAE in ending soybean
meal stocks, mainly because average stocks represent
only about 6 percent of total average soybean meal
supply. Also, total wheat use has a RMAE of oniy 6.3
percent despite wheat feed use having a RMAE of
121.1 percent, partly because average feed use ac-
counts for only about 6 percent of average total wheat
use.

The poor performance of the wheat feed uce category
largely reflects the residual derivation of its historical
values, so it includes feed use plus sampling and mea-
surement errors from all other supply, use, and stocks
categories. Further, because wheat feed use is relative-
ly small, the residual derivation of this series results in
negative values occurring for wheat feed use in some
quarters. Consequently, the mean dependent variable
used in the derivation of RMAE is antificially low. If the
denominator for the relative mean absolute error is
changed to the mean of the absolute value of wheat
feed use, the resulting relative mean absolute error is
77.0 percent in the within-sample simulations.

The beyond-sample validation statistics are poorer, in-
dicating that 1982 and 1983 were difficult to forecast.
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Many RMALEs are large, many Theil inequality coeffi-
cients exceed 1, and many RTPEs are 50 percent or
larger. However, the major aggregates—supply, total
use (crops}, and consumption (livestock)—perform
reasonably well.

Many of the errors in the 1982 and 1983 simulations
are a consequence of a few unusual circumstances. In
1982, livestock producers did not respond to favorable
feed prices because high interest rates and weak con-
sumer demand put them in poor cash flow positions.
/s a result, the medel underestimated 1982 breeding
herd liguidation which, in turn, caused simulation er-
rors in the crop sector of the model where feed use
was overestimated. Some of these effects carried over
into 1963 as well. Additionally, the effects of the 1983
drought on yields and production of corn and soy-
beans were underestimated by the model, adding to
the 1983 simulation errors, Consequently, the poor
beyond-sample vaiidation statistics may simply reflect
that 1982 and 1983 were years when the agriculture
sector did not perform "‘as usual.”

Additional Equations

Dften when constructing large-scale econometric
models, individual equations which have many desired
structural properties and which perform well in a
single equation framework are not used. This usually is
because the equation performed unsatisfactorily when
simuiated in a multiequation framework and requires
either a respecification of the eguation or a more-
involved restructuring of parts of the model. Nonethe-
less, these equations may be useful for certain applica-
tions which do not require full model simulations.

In the corn and wheat subsector models, this occurred
for stocks and price equations. Appendix D presents
corn and wheat equations for changes in stocks under
CCC loan, for changes in stocks that are privately held,
and for prices. The stocks equations are not part of the
quarterly agriculture forecasting model because of the
model structure being used for crops where stocks
categories clear the market, The price equations are
not part of the quarterly agriculture forecasting model
because of problems encountered in mode! simulations.

Stocks Equations for Corn and Wheat

The stocks equations are specified in first-difference
form and are based largely on a framework for an an-
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nual mode! of Miller, Meyers, and Lancaster (31)
which was extended to a quarterly framework by
Golden and Burman (71). Althaugh their models were
estimated for CCC stocks only, the theoretical frame-
work employed is generally applicable to other stocks
categories.

Changes in Corn Stocks Under CCC Loan. In the corn
equation for the change in stocks under CCC loan,
praduction enters in the harvest {fourth) quarter when
placement of corn under CCC loan is largest. Current
prices and expectations of future prices (assumed to be
a moving average of fagged prices) affect loan activity
in oppaosite directions. Higher current prices cause
decreased placements or increased redemptions, while
higher expected prices cause increased placéments or
decreased redemptions, The implied elasticities, calcu-
lated at variable means {using the leve! of stocks), are
—0.86 for current price and 0.83 for expected price.
Acting together, if prices have been falling recently,
then expected prices will exceed current prices and
more CCC loans will be held. Canversely, if prices
have been rising recently, then current prices will ex-
ceed expected prices and fewer CCC loans will be
held. The loan rate is muitiplied by the sum of the
fourth- and first-guarter dummy variables (D4 + D1).
This fallows Golden and Burman’s procedure for han-
dling CCC loan placements which typically occur in the
first two quarters of the marketing year. Additionally,
the three-quarter lag of this variable is included,
representing the removal of stocks under CCC loans
which have reached maturity.

The term COPLF.{D4 + D1)-DFORD-DFORE in the
CCC loan equation for corn represents stocks that go
directly into the farmer-owned reserve (FOR} after har-
vest. The incentive to do this is related to the FOR
loan rate (COPLF), which is restricted so that FOR
placements displace CCC placements only in the
fourth and first quarters [{D4 + D1) = 1], only when
direct FOR placerments are aliowed (DFORD = 1), and
only after the FOR existed (DFORE = 1). The next
term in the CCC loan equation for corn is the three-
guarter lag of the previous term. This represents stocks
which are not removed from CCC after the 9-month
maturity period because they were not placed under
“7C loan; instead they were placed directly into the
FOR three quarters earlier. It also represents stocks
which may have been temporarily placed under CCC
ioan but were moved to the FOR in the interim. Can-




sequently, the coefficient of this term exceeds the ab-
solute value of the coefficient of the previous term.

Changes in Privately Held Corn Stocks. The equation
for changes in privately held corn stocks also has pro-
duction entering in the fourth quarter whenp harvest
occurs and stocks are replenished. Lagged privately
held corn stocks affect changes in current stocks in-
versely—the larger the beginning stocks, the larger the
removals or the smaller the net additions. Higher cur-
rent prices cause more stocks to be removed or less to
be added. The relatively low own-price elasticity of
—0.08, again calculated using stock levels, is consis-
tent with the disequilibrium hypothesis—a portion of
privately held stocks is not explicitly demanded in a
guarterly framework, so these stocks clear the market.
The FOR loan rate is muitiplied by the sum of the
fourth- and first-quarter dummy variables (D4 + D1),
representing the incentive to place the crop under
loan during the heaviest placement quarters. In con-
trast to the CCC stacks equation, no interaction term
with DFORD is needed here because crop placements
under CCC loan or directly into the FOR both repre-
sent displacements from privately held stock positions.

Changes in Wheat Stocks Under CCC Loan. Similar to
corn, the equation for changes in CCC wheat stocks
includes production in the harvest quarter, current and
expected prices, loan rate in the harvest and following
quarters, and the three-quaster lag of the {oan rate in
the harvest and following quarters. The elasticities with
respect to current and expected prices are — (.45 and
(.38, respectively. Similar to the privately held corn
stocks equation, lagged ending CCC wheat stocks are
included here. Also, a measure of interest rate subsidy,
proxied by the difference between the 3-month Treasury
bill rate and the CCC interest rate for wheat stocks,
represents the incentive for using CCC placements for
loans to improve liquidity for meeting cash fiow
ohligations. Exports affect loan activity as redemptions
rise or placements decline in order to support export
demand.

Changes in Privately Held Wheat Stocks. Again
sirnilar to corn, the equation for changes in privately
held wheat stocks includes production in the harvest
quarter and lagged stocks. The higher the expected
price, the stronger the incentive to hoid stocks. The
relatively small elasticity with respect to expected price
of 0.13 is again consistent with the disequilibrium
hypothesis where this category includes some stocks
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that are not explicitly demanded in a quarterly
framework, resulting instead from shortrun supplyide-
mand imbalances. The 3-month Treasury bill interest
rate represents the cost of holding storks.

Alternative Price Equations for Corn and Wheat

The additional price equations for corn and wheat use
a hyperbolic functional form to relate prices to stocks.
Higher ending stocks in any particular quarter result in
lower farm-level prices. However, the effects of stocks
on prices differ through the marketing vear, largely
reflecting the annual nature of corn and wheat pro-
duction. Large levels of stacks are necessary early in
the marketing year to meet demand until the next har-
vest. As the marketing year progresses and the next
harvest approaches, lower stocks are sufficient to meet
use requirements. Consequently, a given level of
stocks later in a marketing year resuits in lower prices
than the same level of stocks earlier in the marketing
year. To represent the different effects of stocks
through the year, a separate hyperbala is estimated for
each quarter. This gives a family of four hyperbolic
curves (fig. 9).

For both additional price equations, a free stocks
definition is used which subtracts CCC-owned stacks

Figure 9

Hyperbolic Family ot Curves Relating Quarterly
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and FOR stocks from total stocks. Stocks are measured
relative to the “scale of activity’' in the corn and
wheat industries, represented here by utilization.® Fur-
ther, lagged price is included to reflect short-term
stickiness’” of prices in a quarterly framework, largely
due fo the lag structures in underlying supply and de-
mand functions. Inciuding lagged price also allows the
analysis to be conducted using nominal prices, thereby
circumventing the issue of choosing an appropriate
price deflator. As expected, in both additional price
equations all coefficients of the inverse stocks-to-use
ratios are positive.” The largest coefficient occurs in
the harvest quarter 'for corn, the term with the fousth-
quarter dummy variable, D4; for wheat, the term with
the third-quarter dummy variable, D3}, with coeffi-
cients for successive quarters of the respective
marketing vears diminishing in size.

tagged price also plays an important role. The auto-
regressive parameter estimates imply average price ad-
justment periods of about two and one-half quarters
for corn and about five quarters for wheat. These esti-
mates reflect the lags in underlying supply and de-
mand functions that prevent instantaneous and corn-
plete market adjustments. For example, production
decisions take a minimum of two quarters (corn and
spring wheat) or three quarters {winter wheat) to
materialize, representing the lag from plantings to
harvest. Further, it may take up to an additional three
quarters for supplies to respond if the production ad-
justment decision occurs prior to the (once-a-year)
plantings quarter. Similarly, demand functions have
fags which contribute to the autoregressiveness in
quarterly corn and wheat prices.

SUtilization data have been adjusted because the corn and wheat
marketing years have uneven quariers: bwo 3-month quarters, one
2-month quarter, and one 4-month quarter. This adjustment is done
by multiplying use in the April-May quarter by 1.5 and use in the
june-September quaster by 0.75. Thus, all four quarters of adjusted
use data are on a prorated, 3-month eguivalent basis, thereby allow-
ing the “'scale ¥ activity” deflation of stocks to be comparable.

?While the hyperbolae being estimated can be expressed lo show
a direct relationship between prices and the stocks-ta-use ratio (5/U)
as shawn in figure 9, the inverse of that ratic {$/U)~ ", is the ap-
propriate explanatory variable for use in estimation. For further
discussion, see {50, 511.
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Appendix A--Model Equations

Quarterly agriculture forecasting model eguations?

Corn sector, annual equations

1, Corn acres planted, enters the model in the second quarner, but is solved for in the model in the first quarter

COAPL = 6527592 + 10537.71 COPHR - 6051.21 WHPHR -~ 14613.61 CODP
{1.81 {1.49; {0.94)

- 51540.27 WHDP — 449.04 SBPFM.D1 + 1232.80 {COTA+1}"
{2.24} {G.42) (3.3%

R = (0.938 RMSE « 2469.43 CV = 3.31 Estimation period = 1965-1981

. Corn acres harvesled for grain, enlers the model in the fourth quanter

COARG = - 539599 + 0.837 COAPL + 82.04 COYHG
{27.69) {4.16)

RZ = 0.990 RMSE - 766.58 v = 1.19 Estimation period = 1965-1981

. Corn yiekd per harvested acre, enters the model in the fourth quarter

COYHG = 210,78 - 0.000507 COAPL + 3.00 IP - 1,54 iT + 2.47 COTA — 10.44 D70 - 8.45 D74
{1.81 {3.22} (3.79 {5.57} {3.09; {2.47)

R? = D.966 RMSE = 2,77 CV = 3.16 Estimation period = 1965-1981
. Corn production, enters the model in the fourth quarter

COSPR = COYHG-COAHGH 000
R? = 0,987 RMSE = 143,17 CV = 2,52 Estimation period = 1965-1981

Corn sector, quarterly equations
5. Corn beginaing stocks
COCIT - COCOT, .,
. Corn lotal supply
COSST = COSPR + COCIT + COSMT
. Corn adjusted feed use, even quariers

COUFEADI = — 56.58 + 0.923 COUFEADY},_, - 188.30 COPFM - 0.666 SMPOM,_; + 2.86 PR7LV, ; + 0.04271 CAOF
{18.93) (4.61) {1.88 {3.98) {3.029

R? = 0,939 RMSE - 81.87 CvV =811 Estimation period ~ 1973:3-1981
. Corn feed use, uneven quarters

COL FE = COUFEAD] [V + D2(213) + D34/3) + D4}
- Corn per capita food and industrial use, even guariers

COUEDPCA = 0.232 - 3.30 COPFMICPI + 1.97 WHPFMICPI — 00415 D2 +  0.025) COTA + (.004i5 COTA - D3
a.am {1.24} {3.75} {16,991 {3.31}

+ 0.169 DBGO3 + 0.257 DBIDIFQS
15,04} {7.49

R = 0,946 RMSE = 0.029 Estimation period = 1971-1981

See footnates at end of lable. Continued—
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Quarterly agriculture forecasting model equations'—Continued

Corn sectar, guarlerly equations—continued
10. Corn food and industrial use, uneven guariers
COUFD = PQP « COUFDPCA - D1 + D202/3) + D3{4/3) + D4]
. Corn per capita alcobolic beverage use

COUALCPC = 0.0521 + 0.00711 YICPI + 000690 Dt - 0012202 + 0.03700D3 - Q000413 TQ
{i.44} {2.84) {5.05) {15.28) {2.40)

R?=0.923 RMSE = 0.0057 CV = 6.89 Estimation peried = 1971-1981
. Corn alcoholic beverage use
COUALC = COUALCPC -« POP

. Corn seed use, estimated =nnually by crop year; distributed aver the corresponding calendar year quarters: 0 in the fourth quarter, 20 percent in
the first and third quarters, 60 percent in the second quarter

COUSE = - 6.6 + 0000242 COAPL , + 110.14 COPFM » DUPPFZ2 + 0.290 COTA
{5.07) {1.6% (3.879

R? = 0.973 RMSE = 061  CV = 1.69
Annual estimation period =« 1964-1980
Derived quarterly eslimation pericd = 1964:4-198):3
. Corn total utilization
COUUT = COUFE + COUFD + COUALC + COUSE + COUXT
. Corn ending privately held free stocks
COCCTP = COSST - COUUT - COCCTC - CONEN - COFOR - COFOREX
. Corn otat ending stocks
COCOT = COCLCTP + COCCTC + CONEN + COFOR + COFOREX
. Corn price

COPFM = — G187 + 0.757 COPFM, , - 0.000265 COSST + 0.00132 COUUT D1 + D22 + D34 + D4
(12,72} (4.29 {4.46)

- 0.06353 {COAPLNIC00)(D2 + D3 - 0.144 P + 0.00992)T
{2.37) 12.76) £3.20 ’

R+ = (.805 RM5E = 0.21 CV =942 Estimation period = 1971-198]
wWheat sector, annual eguations
1. Wheat acres planted, enters the mode! in the 1ourth quarter, but is solved for in the model in the third quarter

WHAPL « 48958.02 + 15819.61 WHPHR - 110673.21 COPHR
{3.43) {1.52)

R? = 0881 RMSE = 4293.89 Eslimation period = 1965-1981

See footnotes at end of Lable. Continued—
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Quarterly agriculture forecasting model equations’—Continued

Wheat sector, annual equations—continued
2. Wheat acres haivesled for grain, enters Lhe model in the third quarter

WHAHG = — 172773 +  0.916 WHAPL
{28.53)

R = (.9R82 RMSE = 1493.21 Gt Estimation period = 1965-1981
. Wheat yield per harvested acre, enters the madel in the third quarter

WHYHG - 35,48 - 0.000163 WHAPL + 0,755 WHTA + 268 D71 - 3.37 D74 — 3111 D78
{4.99 {10.03) (2.81) {3.71} {3.15)

RZ = (0.934 RMSE = 0.87 CV =285 Estimation period = 1965-1981
. Wheal preduction, enters the madel in the third quarter
WHSPR = WHYHC -WHARGH200
R? = 0.985 RMSE = 97,92 Estimation period = 1965-1981
Wheat sector, quarterly equations
5. Wheat beginning stocks
WHCIT = WHCOT, _,
. Wheat total supply
WHSST = WHSPR + WHCIT + WHSMT

. Wheat feed use

WHUFE = ~ 108.39 + 39.26 D1 ~ 6.52 D2 - 436.49 D3 + (D] + D2 + D48)-10.0184 STHFFD — 13.46 WHPFM + 15,32 COPFM)
{4.31) {0.72) {2.44) (2.08} £1.84) {1.19}

+ D3-{0.0338 CAOF + 0.000398 TUQ - 235.60 WHPFM + 274.72 COPFM + 0.826 SMEDM — 207.19 D76G3)
{2.75) {2.39 {5.54} {4.04) {3.64) 7

R? = 0,910 RMSE = 19.88 CV = 62.81 Estimation period = 1971-1981

. Wheal per capita food use

WRHUFDPC = 0.637 — 1.08 WHPFMICPI + 2.37 BAPFMICPI - 00316 D7 — 0.268 D2 + 0.185 D3 + 0.000563 TQ
{1.03) {1.20) {4.38) {36.82} {25.65) {3.73}

R = (3.987 RMSE = 0.020 CV = 3.04 Estimation period = 1967-1981

. Wheat food use

WHUFD = WHUFDPC-POP

. Wheat seed use, estimated using second, third, and fourth quarters only; first quarter sel exogenously in simulations: summary statistics for
estimated equation reported without first quarter observations :

WHUSE = -~ [.04 + 0000424 Wl"i.»"\PL“r + 0.244d WHTA - 757 D2 - 0,991 D3
{7.851 {1.62) {8.44) (L

R4 = 0,904 RMSE = 2.44 CV = 901 Estimation period = 1967:2-198 114

See foolnotes at end of table, Continued—
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Quarterly agriculture forecasting model equations*—Continued

Wheat sector, quarterly eguations—continued
11. Wheat lotal utilization
WHUUT = WHUFE + WHUFD + WHUSE + WHUXT
12. Wheal ending privately held free stocks
WHCCTP = WHSST - WHUUT — WHCCTC — WHNEN — WHFOR
13. Wheat total ending stocks
WHCOT = WHCCTP + WHCCTC + WHNEN + WHFOR

14. Wheat price

WHPFM = 0.229 +  0.822 WHPFM,. | - 0.000552 WHSST + 0.00356 WHUUT [D1 + D2(3/2) + D3(3/4) + D4]
(13.50) {3.30 (3.71}
— 0.00563 (WHAPLA1000)«D1 ~ 0.0106 (WHAPL/1000)-D2
(2.25) {3.41)
Rz = 0.881 RMSE - 0.38 CV = 12.40 Estimation period = 1971-1981

Soybean seclor, annual equations
1. Sovbean acres planted, enters the model in the second quarter

SBAPL =~ 28876.16 + 126714.0 SBPFM.DT/PPFZ2 ~ 1927.11 COPHR + 2381.42 (5BTA+1)
(.31 {1.03) {8.27}

R? = (3932 RMSE = 3389.36 CV ~ 6.56 Estimation period = 1965-1981

2. Soyhean acres harvested, enters the mode! in the fourth quarter

SBAHB = — 1710.14 + 77.96 SBYHB + 0.971 SBAPL
(213 {135.18)
R? = 0.9996 RMSE = 246.67 CV = D.49 Estimation period = 1965-1981

3, Soybean yield per harvested acre, enters the model in the fourth quarter

SBYHEB - 25,00 - 0.0000388 SBAPL + 0.327 SBTA - 3.03 D74 + 2.81 D79 + 04549
Q.33 {1.26) {1.86) 1.9 (1.24)

RZ = (.754 RMSE = 1.37 Cv = 5.01 Estimation period = 1965-1981
4, Soybean produclion, enters the model in the fourth gquarter
58SPR = SBAHB-SBYHB/1000
Rt = [.975 RMSE = 63.47 . CV =452 Estimation period = 1965-1981
Soybean sector, quarterly equations
5. Soyhbean beginning siecks, uneven guarters
$8CIT = SBCOT,_,
6. Soybean \olal supply, uneven guarlers

SBSST = 5BCIT + SBSPR

See footnotes at end of tahle, Continued—
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Quarterly agriculture forecasting model equations'—Contitired

Soybean sector, quarterly equations—continued
7. Soybean crush {demand for soybean crushings derived from the meal product market), even quarters
SBUCR = SMSPRISMYCR
. Soybean crush, uneven quarters

SBUCRUN = SBUCR — {D2 + D3-SBUCR/3 + (D3 + D4}-(BBUCR,_; - SBUCRUN,_,} + D4-{SBUCR,_, - SBUCRUN,_,)

. Soybean total use, uneven quarters

SBUUTUN =~ SBUCRUN + SBUXTUN + SBUSFRUN
. Soybean ending stocks, uneven quarters

SBCOT = SBSST — SBUUTUN

. Soybean price

SBPFM « ~ 0.941 + 0.080 SOPDM + 0.0142 SMPDM + {0.274 D1 + 0.246 D2 + 0,249 D3 + 0.171 D4} SBPFM, _
{7.67} {7.93) (3.76) (3.19 {3.34) (2.28}

+ {0,128 D1 + 042602 + 9,139 DI + 1.46 D4) [SBCOTNSBUCR + SBUXT)]"! + 0.00702 PCED + 0.737 D7303
{0.1% {0.65) {0.86) {0.93) {2.16} {1.60}

RT = 6.963 RMSE = 0.36 CV =623 Estimation period = 1971-1981
Soybean meal sector, guarterly equations

1. Soybean meal yield

SMYCR = 23.80 - 0.00105 SBUCR + 0.0215 SBTA
{1.19) {2.35)

R* = 0.126 RMSE = 0.17 Estimation period = 1966-1981

. Soybean meal production

SMSPR = 31.30 + 0.989 SMUDT +  1.03 SMUXT ~ 32,42 D1 - 33.63 D2 - 61.28 D3
(51,82} {30.25) {1103 {1.30 {2.46}

R? ~ (0.998 RMSE = 54.26 CV = 1,05 Estimation period = 1971-1981
. Soybean meal beginning stocks
SMCIT = SMCOT,_,
. Soybean meal supply, iotal
SMSST = SMUIT + SMSPR
. Soybean mezl domestic use

SMUDT = 124.64 — 7.45 SMPDM,_, - 286.73 COPFM,_, + 19.35 PR7LY,_,
6.05) {2.08) (5.78}

+ 21.09 HAPFC + 0.216 CANPL + 0.120 HOSWE,_, + 0.421 HOSWF,_,
2.7 {4.16 {0.70) {2.38)

R? = 0.BBG RMSE = 266.81 V= 674 Estimation period = 1973:3-1981

See footnotes at end of table, Continued—
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Quarterly agriculture forecasting model equations'—Continued

Soybean meal seclor, quarterly equations—continued
6. Soybean meal use, total
SMUUT = SMUDT + SMUXT
7. Soybean meal ending stocks
SMCOT = SMSST - SMUUT
8. Soybean meal price, 44-percent protein, Decatur?

SMPDM = 00611 + 0.00050% SMUUT — §.00124 SMS5T + 0.453 SMPDM, _,

0.2 .50 {6.36)
~ 1.31 SOPDM,_; + 0.793 PR7LV + 133.47 D7302 + 5.59 SBPFM,_,
{2.97) {3.01 (5.968) {5.44)
R? = 0.881 RMSE = 21.34 CV = 16,02 Estimation period = 1965-1981

Soybean oil sector, quarferly equations
1. Soybean oil yield

SOYCR = 10.52 - 0.000281 SBUCR + (.0281 SBTA + 0.0523 D1 + 0.184 D2 + 0.242 03
{0.23) (2.43} {0.78) {2.67) {3.18}

Rz = 0,416 RMSE = (.19 CV = 1.74 Estimaticn period = 1966-1981

2. Soyhean oil praduction

SOSPR = SBUCR-50YCR
3. Soybean oil beginning stocks

SOCIT = SOCOT,_,
4. Soybean oil supply, total

S08S5T = SOCIT + SOSPR
5. Soyhean oil domestic use, per capita

SOUDTPC = — 3.80 - 4.57 SOPDMIPCED + 324,45 Y/POPIPCED + 1.89 D7401 - 0.207 D1 - (451 D2 - 0.437 D3
{4.62} {28.27 {4.36) {1.48) (3.300 (319

R*= {3.933 RMSE = 0.40 v = 498 Estimation period = 1965-1981
6, Soybean cil domestic use, total
SOUDT = S0UDTPC-POF
7. Soybean oil use, total
SOUUT = SQUDT + SOUXT
B. Soybean cil ending stocks

SCCOT = 50557 ~ SOUUT

See foatnoles at end of table, Continued—
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Quarterly agriculture forecasting mode! equations'—Continued

Soybean oil sector, quarterly equations—continued

9. Soybean oil price

SOPDM « — 0,450 — 0.000563 SOSST + 0.00294 SOUUT + 0.742 SOPDM,_, + 5.751 D73IMY + 0.0408 |T
{0.33) {0.93) {8.96) (2.76) (2.34)

R = 0.777 RMSE = 3.73 V= 1672 Estimation period = 1971-1981

Cattle sector, annual equations
1. Cow inventory, January 1
CWK = 0.980 CWK__| - CWQA_, + HFN__,
. Steers aver 500 pounds on farms, January |

STGS5K = 2369.22 + 3615.30 {STEPA/GNPDA) _, + 0.268 oG, _,
{1.36) {3.62)

R? = 0.526 RMSE = 670.96 Estimation period = 1967-1981
. Heifers over 500 pounds on farms, January 1

HFGSK = — 1792.35 + 374283 (STEPA/GNPDA) _, + 0,387 ovQ _,
{1.70 6.32)

R? = (0.769 RMSE = 555.25 Estimation period = 1967-198]
. Heifers kept for cow replacement

HFR = — 1569.58 + 0.280 CWK — 1302¢ 59 (CWQAICWK) _,
{13.06} (5.

RZ = 0.941 RMSE = 240,92 CV = 2.26 Estimation period = 1967-1981
- Proportion of heifers kept for replacement that actually enter the cow herd

HFNP = 0.0289 + 1.95 (STEPA/GNPDA) - 2.60 (STEPA/IGNPDA)R — 0.272 (HAPFMSAIGNPDAI + 0.010 {CWK/1000)
(1.06} {1.17) (1.10} {2.50)

+ 0.074 D74 + 0.1137 D8O
(2.32) (3.54)

R? = 0.815 RMSE = 0,026 Estirmation period ~ 1967-1981
. Heifers actually entering the cow herd
HFN = HFR«HFNP
. Calving rate

CVQP = 0.760 + 1.30 (HFRICWK) + 0.165 [((STEPA/GNPDA), , - (STEPA/GNPDA) ] ~ 0.357 (HAPFMSAIGNPDA) — 0.0351 D79
{5.42) {5.77) {9.26) {4.34)

R? = 0.960 RMSE « 0.0068 Cv =075 Estimation peried = 1967-1981
. Calf crop

CVQ = CWK-CVQP

See footnotes at end of tzble. Continued—
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A Quartetly Forecasting Model

Quarterly agriculture forecasting madel equations’—Continued

Cattle seclor, quarierly equations

9. Cow slaughler?
CWQ = — 12,10 STEPWAZ + 0.0554 CWK - 0.00740 CWK-D1 - 0.00987 CWK-D2 - 0.00576 CWKD3
(3.60% (13.48) {2.15) {2.87) {1.68)
R? = 0.499 RMSE = 416.32 CV o= 2141 Estimation period = 1971-1981
10. Bull slaughter
CBQ - 50.18 + 00614 CWQ + 0.0304 CWQ-D2 + 0.0175 CWQ-03 + 1.13 TA - 25.97 D2
(15.01) 2.77) (7.12) {1.75) (1.29)
R? « 0,209 RMSE = 13.56 CV = 6.88 Estimaztion period = 1971-1981
11. Nel caitle placements con feed, 13 5tates?
CANPL = 118.97 (STFPWAJ/COPFM,_ |} ~ 41.52 STEPWA3 + 0.00465 CVQ, _,-D1 + 0.0105CVQ, _,-D2 + 0.0168 ovQ, ,-D3
{7.31} {4,50} {0.28) {0.64) {1.04)
+ 0.0518 CVQeD4 + 1659.53 LOGI(TA)
{3.22) {4,20}
R = 0.787 RMSE = 509.95 Cv = 9.33 Estimation periad = 1971-1981
12. Caltle on feed, 13 States
CAOF ~ CAOF,_, + CANPL,_, — CAFQ,.,
13. Fed cattle marketed, 13 States
CAFQ = 1763.76 + 0.231 ([CAOF + CANPL) + 0.0239 (CAQF + CANPL}+D1 + 0.0184 {CAQF + CANPL)-D?2
(7.73) (3.09) {2.23)
+ 0.0274 (CAOF + CANPL)-D3
(2.54)
R? « (0,642 RMSE = 282.58 CV = 574 Estimation period = 1971.1981
14. Fed steer and heifer slaughter
STHFFQ = 43.06 + 1.3 CAFQ + 0.0206 CAFQ-D2 + 0.0184 CAFQ-D3
{36.61) (3.33) {2.99)
Rt = 0.971 RMSE = 90.80 CV = 1.44 Estimation period = 1971-198]
15. Nonfed steer and heifer slaughter?
STHFNFQ = - 38,97 STFPWA3 + 331.97 COPFM,_, — 0.403 STHFFQ + 0.0354 CvQ D1 + 0.0364 CVQ, _ -D2
(7.05) {2.77) 4.52) {3.18) (3.32)
+ 00470 CVQ, _,+D3 + 0.0411 CVQ-D4 + 1141.66 LOG{TA)
(3.77 {3.78) {4.57)
R? = 0.859 RMSE = 217.67 CV = 25.54 Estimation period ~ 1971-1981
16, Total sieer and heifer slaughter
STHFTQ = S5THFFQ + STHFNFQ
See footnotes at end of table. Cantinued —
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Quarterly agriculture forecasting model equations*—Continued

Caltle sector, quarterly equations—continued
17. Commercial caltfe slaughter
CATO = STHETQ + CWQ + £BQ
. Cattle, average dressed weight, commmercial production

CAADW = 51602 + 0.685 STEPWAZ + 17.216 (STHFTQICW()
(6.01) (9.94)

R = 0.797 RMSE = 9.19 Eslimation period = 1971-1981

. Beef production, commercial

BEQC = CATQ-CAADWODD
. Beef production, total i

BEQT = BEQC + BEQF
. Beginning beef stocks, cold storage

BECQIT = BECOT,
. Total beel supply

BESST = BECIT + BEQT + BESMT.
. Ending beef stocks, cold storage

BECOT = ~ 60.32 + BECIT {0.893 Dt + ©0.835 D2 + 0.631 D3 + 0.783 D4
{4.53) {5.12) {4.17) {4.61)

+ BESMT (0,214 D1 + 0180 D2 + 0.262 D3 + 0.398 D4
{1.53) {1.58) (2.37 {3.67)

R* = 2.710 RMSE = 39.66 CV = 1144 Estimation period = 1971-1981

. Civilian beef consumplion, carcass weight

BEUCCC = BESST — BECOT - BEUXT - BEUSH — BEUML
. Civilian per capita beef consumption, carcass weight

BEUCCCPC = BEUCCC/POPCIV
. Civilian per capita beefl consumption, retail weight

BEUCCRPC = 0.740 BEUCCCPC
. Fed steer price

STEP = - 100.72 — 0.00959 STHFFC) — 0.0128 STHENFQ + 29.34 LOG{YMAS) + 537.04 YMABLC + 2.60 D2 + 3.40 D3
{7.53) (9.8} {13.96) (2.4 {2.25] (2.96)

RZ = 0,950 RMSE = 2.95 CV = 5.93 Estimation period = 1972-1981
. Canlle price, farm

CAPFM = = 123.66 — 000709 STHFFQ -  0.0164 STHFNFQ + 29.88 LOG(YMAB) + 608.30 YMASBLC + 2.35 Dz + 3.1%2 D3
15.500 {13.10) {1479 {2.86) 212 (2.88)

R¢ = (1,960 RMSE = 2.84 CV =643 Estimation period = 1972-1981

See lootnoles at end of table. Continued—
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A Quarterly Forecasting Model

Quarterly agriculture forecasting model equations'—Continued

Cattle sector, quarterly equations .-continued
29, Calf price, farm

CVPFM = 93,18 - 000180 CVQ,_; + 1.50 STFP - 7.29 COPFM,_; + 2.48 D1 - Q215TQ
{2.33) {7.99} (2.40) {1.05) {1.07)

R = 3,898 RMSE = 6,75 CV =« 13,16 Estimation period = 1971-1981
30. Feeder steer price

STEP = 54.72 — 0.0010% CVQ,_; + 1.24 STFP — 5.54 COPFM,_,
2.19 {11.33) {1.62}

R? = (0.931 RMSE = 4,65 CV =906 Estimation period = 1971-1981
Hog sector, aquarterly equations

1. Sows farrowing, 10 States

HOSWF ~ - 788.76 + 23.53 HOP7MWA3 - 109.17 COPFM,_, + 0.660 HOSWF,_, + 0.892 HOSWF,_; — 0.533 HOSWF,_,
{4.42} (1.68) {6.78} {11.83) (5.1

R? = 0.901 RMSE = 122.00 CV = 517 Estimation period = 1975-1987
2. Pig crop, 10 States
HOPGQ = HOSWF-HOPGQRAT
3. Barrow and gilt slaughter

HOBGQ - - 658.92 + 0439 HOPGQ,_, + 0.694 HOPCQ, , + 1268.64 D1 + 2028.89 D2
{7.60} {14.58} {4.07) {5.59}

R? = (1929 RMSE =~ £85.07 CV = 358 Estimation period = 1974-1981
4. Sow slaughter

HOSWQ = 705.61 + 0.458 HOSWF,_, ~ 18.75 HOP7MWA3Z + 133.90 COPFM - 286.17 D1 - 152,38 D2 — 232.25 D3
6.50) {5.03} (2.69) {5.500 {2.75) {4.02)

RZ m .861 EMSE = 103.87 CV =911 ) Estimation period = 1974-1981
5. Boar slaughter

HOBRQ = 71.27 + 0.0614 HOSWQ + 0.0147 HOSWQ-D2 — 2.56 HOP7MWAI + 13.92 TA
{4.56) (2.63) {5.69) {1179

R? =1 355 RMSE = 16.89 CV « B.24 Estirnation period = 1971-1981
&. Hog slaughter
HOG = HORGE + HOSWQ + BOBRQ
7. Pork production, commercial
POQC = HOQ = HOADW/1000
8. Pork production, total

POQT = POGC + POQF

See footnotes at end of table, Continued—
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Quarterly agriculture forecasting model equations'—Continued

Hog seclor, gquarterly eguations—continued
9. Beginning pork stocks, cold storage
POCIT = POCOT,_,
. Tota! pork supply
POSST = POCIT + POQT + POSMT
. Ending pork stocks, cold storage

POCOT = — 25.46 + POCIT (0.874 DT + 0.940 D2 + 0.550 D3 + 0.783 D4)
#.25} {5.35) G.8n {3.55)

+ POQT {0.0215 01 + 0.0163 D2 + 00191 D3 + 00332 04)
(1.11) 10.93) {1.08! 2.31)

R? = 0.860 RMSE = 27.68 CV = 10.39 Estimation period = 1971-1981

. Civilian pork consumption, carcass weight

POUCCC = POSST - POCOT — POUXT - POUSH — POUML
. Civilian per capita pork consumption, carcass welght

POUCCCPC = POUCCCIPOPCIV
. Civilian per capita pork consumption, retail weight

POUCCRPC = POUCCCPCPOCRWGT
. Barrow and gilt price, 7 markets

HOP?M = = 27.34 - 0.0238 POQT —~ 0.00599 BEQT + 26.11 LOGI(YMAB) + 362.89 YMABLC — 513 D1 - 948 D2 - 994 D3
{15.35) {4.39) {12.45) {2.07) 4.5} 6.97] 6.70

R? = 0929 RMSE = 2.33 CV = 564 Estimation period = 1972-198)
. Hog price, farm

HOPFM = —0.0213 + 0.976 HOP7M ~ 0.148 D2 - 0.391 D3
(189.94) (1.12) {2.95}

R? = 0.999 RMSE = 0.37 Estimation period = 1970-1981
Poultry sector, quarterly equations
1. Broilar pullets placed in hatchery supply flocks

BRPL = 904.09 + 0.473 BRPL,_, — 504.05 FCPFM, , + 58.56 BRP9C,_, + 555.35 D2 + 6505 TQ
(3.96) (3.69) (2.04) (2.37) 4.35)

R? = 0.791 RMSE = 605.17 CV = 6,97 Estimation periud ~ 1971-198]
2. Broiler hatch

BRH = - 3391646 + 19.28 BRPLWS3,_, + 4373.39 BRP9C,_; - 23177.01 FGPFM,_, + 80192.47 D1 + 144647.0 D2
8.48) {3.34) {3.80) 6.45) {12.32}

+ 5654223 D3 + £185.78 TQ
{4.72) {8.53

Rt = 0.964 RMSE = 26703.49 CV =295 Estimation period = 1971-1981

See footnotes al end of table. Continued—
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A Quarterly Forecasting Model

Quarterly agriculture forecasting model equations'—Continued

Poultry secior, guarterly equations—continaed

3. Broiler production
BRQ = - 391468.0 + 2.37 BRH,_, + 4351.13 BRP9C,., — 13414.07 FGPFM,_,
{15.79) {2.33) {1.38)
+ 101577.0 D1 + 1299120 D2 - 57060.73 D3 + 7006.39 TQ
(5.03} {6.99) (2.48) {3.85
R? = 0.990 RMSE = 41645.09 v =177 Estimation period = 1971-1981
4. Beginning stocks, young chickens
BRCIT = BRCOT,_,
5. Total chicken supply
BRSST = BRCIT + BRQ
6. Ending stocks, young chickens
BRCOT = - 1085.26 + BRCIT {(0.771 D1 + 0.875 D2 + 0.543 D3 + 0.963 D4) + 0.00175 BRG + 10219.19 D3
(7.99) (8.10) {3.35) {8.68) {1.07) {1.91)
R? = 0717 RMSE = 3736.52 CV = 13.28 Estimation period = 1971-1981
7. Civilian consumption, young chickens
BRUCC = BRSST - BRCOT - BRUXT — BRUSH - BRUML
8. Civilian per capita consumption, young chickens
BRUCCPC = BRUCC/POPCIVI1000
9. Broiler price, 9-city
BRPIC = — 165.03 — 0.0233 (BRQ/1000} — 0.00751 BEQT ~ 0.00857 POQT
{4.48) {4.83) (4.200
+ 46.57 LOGIYMA4) + 143.56 YMA4LC + 242 DZ 4+ 235 D3
{7.83) {1.17} (1.43) {1.29)
R = 0.855 RMSE = 2.66 CV = b.37 Estimation period = 1972-188]
10. Broiler price, farm
BRPFM = — 6.03 + 0.684 BRPOC — 0.139 D3 + 00247 TQ
(86.68) (1.52} {5.56)
RZ « 0.998 RMSE = 0.25 CV = 1.0 Estimation period = 1971-1981
11. Turkey production
TUQ = 429556.0 + 4503.30 TUPFM,_, — 31789.13 COPFM,_, — 475734.0 D1 - 338735.0 D2 + 3218.47 TQ
(2.65) {2.21) {28.04) {18.89) {2.92)
R? = 0.964 RMSE = 45409,95 CV = 8.74 Estimation period = 1971-1981
12. Beginning stocks, turkeys
TUCIT = TUCOT, _,
" See footnotes at end of table. Conlinued--
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Woestcott and Hufl

Quarterly agriculture forecasting model equations*—Continued

Poultry sector, quarterly equations—continued
13. Total turkey supply
TUSST = TUCIT + TUQ
. Ending stocks, turkeys

TUCOT = - 83389.40 + TUCIT (0.857 D1 + 0.921 D2 + 0.490 D3 + 0,277 D4)
{5.14 {4.26} {297} {2.00}

+ TUQ 0.263 D1 + 0340 D2 + 0,567 D3 + 0.255 D4)
{2.74} (3.771 {7.51) {2.85)

R = 0.943 RMSE = 30457.75 Estimation perlod = 1971-1981
. Civilian consumption, turkeys
TUUCC = TUSST — TUCOT - TUUXT - TUUSH - TUUML
. Civilian per capita consumption, turkeys
TUUCCPC = TUUCC/POPCIVIOOD
. Turkey price, farm

TUPFM = — 84.40 — 0.00594 OTHERTUQT + 25.84 LOGIYMA4) + 357.85 YMA4LC - 4.23 D1 - 604 D2 - 547 D3
{2.78} {5.27) {2.09) f2.35) {3.17) .63

Rl = 0,757 RMSE = 3,73 CV = 10,72 Estimation period = 1972-1981
Aggregate livestock sector variable, quarterly eguation
1. Prices received by farmers for livestock
PR7LV = [0.666({480 CAPFM + 37 OVPFM + 212 HOPFM)/24442,1}
+ 0.135{(56.69 EGPFM + 23,83 TUPFM + 111.11 BRPFMI/4768.3)

+ 0.19%H{1120 MIPFMH7156.8)] (39%.16)(0.20772}

L subscripts on variables denote annual lags, "t subscripts denote guarterly fags. No subscript on variables denctes current period
ohservations fyear or quarter, as appropriale).

Estimates of the soybean meal price equation result from a principal components regression underiaken to address extreme collinearity in the
regrassors. R? is derived using (55T - SSESST, where 55T is the mean corrected total sum of squares of meal prices and SSE is the sum of
squared errors.

Cattle sector equations 9, 11, and 15 were estimaled with intercepts constrained 10 equal zero. The resulting bias and systematic errors were
not statistically significant.
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Appendix B—Variable Definitions

Quarterly agriculture forecasting model variable definitions

A Quarterly Forecasting Model

Variables

Definition

Endogenous

BECIT
BECOT
BEQC
BEQT
BESST
BEUCCC
BELICCCPC
BEUCCRPC
BRCIT
BRCOT
BRH
BRPFM
BRPL
BRPLWS3
BRPIC
BRQ
BRSST
BRUCC
BRUCCFC
CAADW
CAFQ
CANPL
CAOF
CAPFM
CATQ
CBQ
COAHG
COAPL
COCCTP
cocIT
COCOT
COPFM
COSPR
COSST
COUALC
COUALCPC
COUFD
COUFDPCA
COUFE
COUFEAD}
COUSE
COuUT
COYHG
CVPFM
oo
CVQP
CWK
CWQ
CWQA
FGPFM
HFG5K
HFN

HFNP

HFR
HOBGQ

Beginning beef stocks, cold storage

Ending beef stocks, cold storage

Beef production, commercial

Beef production, total

Total beef supply

Clvilian beef consumption, carcass weight
Civilian per capita beef consumption, carcass weight
Civilian per capita beef consumption, retail weight
Beginning stocks, young chickens

Ending stocks, young chickens

Broiler hatch

Broiler price, farm

Broiler pullets placed in hatchery supply fiocks
Moving weighted sum of BRPL*

Broiler price, nine-city

Broiler production

Total chicken supply

Civilian consumption, young chickens

Civilian per capita consumption, young chickens
Cattle, average dressed weight, commercial production
Fed cattle marketed, 13 States

Net cattle placements on feed, 13 States

Cattle on feed, 13 States

Cattle price, farm

Commercial cattle slaughter

Bull slaughter

Acres harvested for grain, corn

Acres planied, corn

Ending privately held free stacks, corn
Beginning stocks, corn

Ending stocks, carn

Farm price, corn

Production, corn

Tota! supply, corn

Alcoholic beverage use, comn

Per capita alcoholic beverage use, carn

Food and industrial use, corn, uneven quaners
Per capita food and industrial use, corn, even quarters®
Feed use, corn, uneven quarters

Adjusted feed use, corn, even gquarters*

Seed use, corn

Total utilization, corn

Yield per harvested acre, corn

Calf price, farm

Annual calf crop

Annual calving rate

Cow inventory, lanuary 1

Cow slaughter

Annual cow slaughler®

Feed price—weighted average of corn price and soybean meal price®

Heifers over 500 pounds on farms, january 1
Heifers actually entering the cow herd

Proportion of heffers kept for replacement that actually enter the cow herd

Heifers kept for cow replacemen
Barrow and gilt slaughter

*See arithmetic expressions for constructed variahles at end of tahle,

Mil. lbs.
Mil. bs.
Mil. Ibs.
Mil. 1bs,
Mil. lbs.
Mil, lbs.
Pounds/person
Pounds/person
1,000 |bs.
1,000 lbs.
1,000 chicks
$lowt

1,000 pullets
1,000 pullets
lowt

1,000 1bs.
1.000 bs.
1,000 lbs.
Poundsfperson
Pounds
1.000 head
1,000 head
1.000 head
Showl

1,000 head
1,000 head
1,000 acres
1,000 acres
Mil. bu.
Mil, bu.
Mil. bu,
3/bu.

Mil. bu,
Mil. bu.

Mil. bu.
Bu.fprersan
Mil. bu.
Bu./person
Mil. by,
Mil. bu.
Mil. bu.
Mil, bu.
Bu.facre
$lewt

1,000 head
Proporlion
1.000 head
1,000 head
1,000 head
Slowt

1,000 head
1.000 head
Propartion
1.000 head
1,000 head

Continued—

41




Westcott and Hull

Quarterly agriculiure forecasting model variable definitions—Conlinued

Variables

Dedinition

Endogenous, continued

HOBRG
HOPFM
HCPGQ
HOP7M
HOP7TMWAS
HOQ
HOSWF
HOSWQ
OTHERPOQT
OTHERTUQT
POCIT
POCOT
POQC
POQT
POSST
POUICCE
POUCCCPC
POUCCRPC
PR7LY
SBAHB
SBAPL
SBCIT
SBCOT
SBPFM
SBSPR
5BSST
SBUCR
SBUCRUN
SBUUTUN
SBYHS
SMCIT
SMCOT
SMPOM
SMSPR
SMSST
SMUDT
SMUUT
SMYCR
SOCIT
SOCOT
SOPDM
SOSPR
SOSST
SOUDT
SOUDTPC
SouuT
SOYCR
STEP
STEPA
STEPWA3
STFP
STRPWAS
STGSK
STHFFG
STHFNFQ
STHFTQ
TUCIT

See footnotes al end of table.

Boar slaughter

Hog price, farm

Pig crop, 10 States

Barrow and gilt price, seven markets
Maoving weighted average of HOP7M*

Hog slaughter

Sows farrowing, 10 States

Sow slaughter

Meat and poultry production less pork production”
Meat and pouhry production less turkey production®
Beginning pork stocks, cold storage

Ending pork stocks, cold storage

Pork production, commercial

Pork production, total

Total pork supply

Civilian pork consumption, carcass weight
Civilian per capita pork consumption, carcass weight
Civilian per capita pork consumption, retail weight
Livestock price index

Acres harvested, soybeans

Acres planted, soybeans

Beginning stocks, soybeans

Ending stocks, soybeans

Farm price, soybeans

Production, soybeans

Total supply, soybeans

Soybean crush, even quarters

Sovybean crush, uneven quarters

Totat use, soybeans, uneven quarters

Yield per harvested acre, soybeans
Beginning stocks, soybean meal

Ending stacks, soybean meal

Soybean meal price, Decatur, dd-percent protein
Production, soybean meal

Total supply, soybean meal

Domestic use, soybean meal

Total use, soybean meal

Crushing yields, soyhean meal

Beginning stocks, soybean oil

Ending stocks, soybean oil

Sovbean oil price

Production, soybean oil

Fotal supply, soybean oil

‘Total domestic use, soybean oil

Per capita domestic use, soybean il

Total use, soybean oil

Crushing vields, saoybean oil

Feeder steer price

Feeder steer price, annual*

Moving weighted average of STEP*

Fed steer price

Moving weighted average of STFP*

Steers aver 500 pounds on farms, January 1
Fed steer and heifer slaughter

Nonfed steer and heifer sfaughter

Total steer and heifer staughter

Beginning stocks, turkeys

1.000 head
$lowt
1,800 heagd
Slowt
$lowt
1,000 head
1,088 head
1,000 head
Mil. Ibs,
Mii. Ibs.
Mil. s,
Mit. Lhs,
Mil. Ibs.
Mil, 1bs.
Mil. Ibs.
Mil. Ihs.
Pounds/person
Poundsiperson
1977 = 10D
1.000 acres
1,000 acres
Mil. bu.
Mil. bu.
$ibu.

Mil. bu.
Mil. bu,
Mil. bu.
Mil. bu.
wil, bu.
Bu.facre
1,000 tons
1,000 tons
$/ton
1,000 tons
1,300 tons
1,000 tons
1,000 tons
tons/1,000 bu,
Mil. Ibs.
Mil. ibs.
Centsfib.
mil, tbs.
Mil. [bs.
Mil. lbs.
Poundsiperson
Mil. lbs,
Lbs./hu.
Blowt
$fowt
$lowt
$lowt
$lowt
1,000 head
1,000 head
1,000 head
1,000 head
1,000 lbs.

Continued—




A Quarterly Forecasting Model

Quarterly agriculture forecasting model variable definitions-Continued

Variables Definition

Endogenous, continued

TUCcoT Ending stocks, turkeys 1,000 |bs.
TUPFM Turkey price, farm $icwt

TUQ Turkey production 1,000 |bs.
TUSST Total turkey supply 1,000 1bs.
TUCC Civilian consumption, turk vys 1,000 ibs,
TUUCCPC Civilian pér capita consumption, turkeys Pounds/person
WHAHG Acres harvested for grain, wheat 1,000 acres
WHAPL Acres planted, wheat 1,000 acres
WHCCTP Ending privately held free stocks, wheat Mil. bu.
WHCIT Beginning stocks, wheal Mil. bu.
WHCOT Ending stocks, wheat Mil, bu.
WHPFM Farm price, wheat $/bu.
WHSPR Production, wheat Mil. bu,
WHSST Total supply, wheat Mil. bu,
WHUFD Food use, wheat Mil. bu.
WHUFDPC Per capita food use, wheat Bu./person
WHUFE Feed use, wheat Mil. bu.
WHUSE Seed use, wheat mil. bu.
WHUUT Total utilization, wheat mil. bu.
WHYHG Yieid per harvested acre, wheat Bu.facre

Exogenous

BAPFM Farm price, barley $ibu.
BEQF Beef production, farm Mil. Ths.
BESMT Beef imports Mil, Ths,
BELML Beel consumplion, military Mil. Ibs.
BEUSH Beef shipments mil, lbs.
BEUXT Beef exporis Mil, ibs,
BRUML Broiler consumption, military 1,000 lbs.
BRUSH Broiler shipments 1,000 Ibs,
BRUXT Brotler exports . 1,000 lhs.
COCCTC Ending stocks under CCC loan, corn Mil. bu.
CODP Houck-Ryan corn diversion payment rate $/bu.
COFCR Ending farmer owned reserve stocks, corn Mil. bu,
COFOREX Ending extended FOR stocks, corn Mil. bu.
CONEN Covernment owned (CCC) stocks, corn Mil. bu.
COPHR Houck-Ryan effective corn price $ihu,
COSMT Imparts, corn Mil. bu.
COTA Annual time trend for corn crop year 1366 crop year = 1
COUXT Exparts, corn Mil. bu,
CPI Consumer price index 1967 - 100
Gi Dummy variable equal 1o T in the i-th quarter, i = 1, 2, 3, 4 N.A.
070 Annuzal dummy variable equal 10 1 in 1970 NLA.
071 Annual dummy variable equal to 1 in 1971
D73MY Annual dummy variable equal to 1 in the 1973/74 soybean marketing year

{fourth quarter 1973 through third quarter 1974}
07302 Dummy variable equal to 1 in the second quarter, 1973
D7303 Dummy variable equal to 1 in the third quarter, 1973
D74 Annual dummy variable equal 1o 1 in 1974
L7401 Dummy variable equal to 1 in the firsl quarter, 1974
07603 Dummy variable equal to 1 in the third quarter, 1976
D78 Annuzl dummy variable equal 10 7 in 1978
079 Annual dummy variable equal to 1 in 1979
Dso Annual dummy variable equal to 1 in 1980
08003 Dummy variable equal to 1 in the third guarter, 1980

*See arithmetic expressions for constructed variables at end of table. Cantinued—
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Quarterly agriculture forecasting model variable definitions—Continued

Variables Definition

Exogenous, continued

DB103FC3 Dummy variable equal to 1 in all third quarters beginning in 1981 N.A.
EGPFM Egg price, farm Flowt
GNPDA GNP deflator, annual 1972 = 100
HAPFC Hay price . $/ton
HAPFMSA Hay price, annual, season average $hon
HOADW Hogs, average dressed weight, commercial production Pounds
HOPGQRAT Pigs saved per litter, 10 States : Number
uly precipitation, Corn Belt Inches
July temperature, Corn Bell Degrees (F)
Milk price, farm $lowl
Personal consumption expenditures deflator : 1972 = 100
PQCRWCT Pork, carcass-to-retail weight conversion factor Proporion
POP Total U.S. population Millions
POPCIV Civilian population : Millions
POGF Pork production, farm Mii. lbs,
POSMT Pork imports Mil. Ths.
PCUML Pork consumption, military Mil, Ibs.
POUSH Pork shipments Mil. 1bs.
POUXT Pork exports Mil. Ths.
PPFZ2 Fertilizer price index, second quarter 1977 = 100
SBTA Annual time trend for soybean crop year 1966 crop year = |
SBUSFRUN Soybean feed and residual, uneven guarters Mil, b,
SBUXT Soybean exports, even quariers Mil. bu,
SBUXTUN Soybean exports, uneven guarters Mil. bu.
SMUXT Soybean meal exparts 1,000 10ns
SOUXT Sovbean oil exports Mil. Ihs,
TA Apnuz! ime trend 1966 = 1
TQ Quarte-ly time trend 1960:1 = 1
TUUML Turkey consumption, military 1,000 |bs,
TUUSH Turkey shipments 1.000 lbs.
TUUXT Turkey exports 1,000 lhs.
WHCCTC Ending stocks under CCC loan, wheat Mil. bu,
WHDP Houck-Ryan wheat diversion payment rate $/bu.
WHFOR Ending farmer owned reserve stocks, wheat Mil. bu,
WHHNEN Government owned {CCO) stocks, wheat Mil. bu.
WHPHR Houck-Ryan effeclive wheat price $fbu.
WHSMT Imports, wheat Mil. bu.
WHTA Annual time trend for wheat crop year 1966 crop year = |
WHUXT Exports, wheat Mil. bu.
Y Personal disposable income, nominal Bil. dol,
YMA4 Four quarter moving average of income*® Bil. dal.
YMA4LC Change in the log of YMA4 Bil, dol,
YMAB Eight quarter moving average of income* Bil. dol.
YMABLC Change‘in the log of YMAB Bil. dol.

N.A, « Not applicable,

" Arithmetic expressions:
BRPLWS3 = BRPL + 0.80 BRPL,_, + 0.61 BRPL,_,
COUFDPCA = COUFD D1 + D2{3/2} + D3(3/4) + DA)/PQP
COUFEAD] - COUFE [D1 + D2{3/2) + D3{3/4) + D4}
CWQA = D4 ([CWQ + CWQ,_, + CWQ,_, + CWQ,_,)
FGPFM = 0.70 (COPFM/D.56) + 0.30 (SMPDM/20)
HOP7MWAI = (3.0 HOP7M,_| + 2.0 HOP7M,_, + HOP7M, /6
OTHERPOQT - BEQT + BRQ/1000 + TUQNO00
CTHERTUQGT - BEQT + POQT + BRQ/I000
STEPA = D4 (STEP + STEP,_, + STEP,_, + STEP,_.)
STEPWA3 - (3.0 STEP,_, + 2.0 STEP,_, + STEP, /6
STFPWA3 = (3.0 STFP,_, + 2.0 STFP_, + STFP,_ ,)i6

i
YMA4 g Y, 4 YMAB = D Y, /8
T =0}
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Appendix C—Construction of the
Houck-Ryan Variables

The planted acres equations in the crop sector use the
Houck-Ryan (14} approach to incorporating price and
policy variables in the model. This approach uses
effective price variables for payments of the crop pro-
duced and diversion payment variables, In each case,
adjustments are made to represent the commodity
program requirements in place for a given year. And
for each year, the value used for each variable is the
average vaiue between the alternatives of minimum
and maximum levels of participation in the program.

Houck-Ryan effective price variables and diversion
payment variables are used in the model for corn and
wheat. However, soybean farm price is appropriately
used without policy adjustments. This is because over
the estimation period there were no scybean acreage
control programs, soybean farm price was higher than
the support rate, and there was no paid diversion pro-
gram for soybeans. '

To Hlustrate the construction of the Houck-Ryan
variables used, derivations of the effective corn price
(COPHR) and the corn diversion rate ({CODP} for 1972
are shown. The support price for corn was $1.41 per
bushel guaranteed on half the base acreage; price ex-
pectation (assumed in the modified “‘cobweb’’ frame-
work to be the first quarter 1972 price} was $1.09; the
set-aside rate was 25 percent; and an optional
20-percent additional set aside was in place with a 52-
cent-per-bushel payment on all unpianted acreage. For
participation in the program at the minimum leve}
{25-percent set aside}, the effective Houck-Ryan price
would be the support price (since it exceeds the price
expectation) times the fraction of base acreage covered
by support (0.50) plus the remaining fraction of base
acreage that could be planted (0.25) times the ex-
pected market price. No diversion payment is made at

A Quarterly Forecasting Model

the minimum level of participation. Therefore, for
minimum participation:

COPHR,,, = 0.5 (1.41) + 0.25 (1.09} = 0.9775
CODP,, = 0

At the maximum level of participation (additional 20
percent of base set aside) the fraction of base acreage
covered by support (multiplied by the $1.41 support
price} is again 0.50, while the remaining fraction of
base acreage that could be planted {multiplied times
the $1.09 expected market price) is now 0.05. Under
the additional 20-percent set-aside option, all
unplanted base acreage {0.45 of base) is paid at a rate
of 52 cents per bushel. 50, for maximum participation:

COPHR,,,. = 0.5 (1.47) + 0.05 (1.09) = 0.7595
CODP,,,. = 0.45 (0.52) ~ 0.234

Averaging over the minimum and maximum, the
values used in the model are:

COPHR = 0.8685
CODP = 0.117

For wheat, a similar process is followed to construct
the Houck-Ryan variables. However, the price expec-
tations variable for wheat in the modified ““cobweb’’
framework is the previous third-quarter price, the last
observable price prior to winter wheat plantings.

No attempt was made in the construction of the
Houck-Ryan variables to handle set asides differently
from reduced acreage programs. Also, no attempt to
adjust for ““program yields’" versus “actual yields’’ was
made. Finally, the policy parameters used here each
year were the final values of those parameters. No at-
tempt was made to adjust those parameters in years
when policy changes were made following plantings,
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Appendix D—Specifications of Additional Equations and Variable Definitions

Specifications of additional equations

Corn seclor, additional equation specifications
1. Change in corn stacks under CCC inan!

COCCTCO = - 45.02 + 0.0505 COSPR«D4 — 173,10 COPFM + 173,60 COPFM® + 115.49 COPLC+(D4 + D1}
{5.46} {3.78) {3.60) {3.99)

- 147.00 {COPLC~(D4 + D1}y — 82.03 COPLF«{D4 + D1)-DFORD«DFORE
{4.71) {2.78)

+ 104.77 (COPLF-(D4 + D1)+DFORD-DFORE),_,
(3.313

Rz = 0,745 RMSE = 108,75 CV = 27.90 Estirnation period = 1967-1981
2. Change in privately held corn stocks!

COCCTPD = — 724.23 + 0Q.825 COSPR«D4 — 0.164 COCCTP, ., ~ 90.83 COPFM — 153.74 COPLF-1D4 + D1)-DFORE + 498.51 D2
{49.33; {5.89) (2,55} {3.48) (3.48)

R = 3.994 RMSE = 186,65 CV = 8,24 Estimation period = 1967-1981
3. Corn price

COPFM = ~ 0358 +  0.718 COPEM, | + 198 D (ICOCFRE/COUUTAD ' + 1.46 DHCOCFREICOUUTAD) !
{10.1) (3.8} (3.6}

+ 0551 DMHCOCFREICOUUTADN T + 2,35 DHCOCFREICOUUTAD) !
4,1} {3.3

R: = 0.588 RMSE = 0.23 CV = 10013 Estimation perind = {971-1981
Wheat sector, additional equation specifications
4. Change in whuat stucks under CCC lean'

WHCCTCD = 139,35 + 0.0483 WHSPR-D3 — 45.65 WHPFM + 40.15 WHPFM® + 46.23 WHBLC-(D3 + D4y
{2.88) {2.47) {2.20} {4.25)

- 16,08 [WHPLC.(D3 + D4lj,., - 0.223 WHCCTC,_, + 7.86 {RT8 — RCCCWH) — 0.497 WHUXT + 362.63 D770
{1.59 {4.22) {i.74) {3.81} {3.80

R? = 0.722 RMSE = 55.87 CV = 21.31 Estimation period = 196714981
. Change in privately held wheat stocks?

WHCCTIPD = 20.28 + 0.661 WHSPR-D3 - 0.322 WHCCTP,_ | + 43.80 WHPFM® - 16,20 RTB - 85,06 Di - 77.58 D2
(191 G110 {2.66} {3.55) {2.17) {1.43

R = 3.986 RMSE - 86.14 CV = 10.04 Estimation period = 1967-1981
. Wheat price

WHPFM = 0.0183 + 0.837 WHPFM,_, + 0.878 DIWHCFREMWHUUTAD- ! + 0.246 D2AWHCFREMWHUUTAD) !
{13.4) (2.1} .0

+ 2,06 DIWHCFREMWHUUTADD ™! + 2,02 DA(WHCFREAWHUUTAD) !
{2.8} 3.3

R w 1.876 RMSE = 0.39 CV = 12,64 Estimation period = 1971-1981

'For the slocks equations, the coefficient of varation [CV) is calculated with the mean of the level of the stocks variable as the denominator.
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Variable definitions

Variables Defimtion L rls

i

COCCTCD Change in ending wocks under CCC loan corn Mil b
COCCTP Ending prvately held stacks. corn Ml b
COCCTRD Change in ending privately held stocks comn Ml b,
COCFRE Ending free stocks total minus CCC-omned nunus FOR), comn sl by
COPEM Farm price, corn $ b
COPEMY Expecled farm pree carn’ S bu
COPLC CCC loan rate. corn S bu.
COPLF FOIR foan rate, corn $hu
COSPR Production. torm il hu
COuuUT Total wilization corm ad b
COUUTALY Total uhbzation adpusied, corn® . sht bu.
DEORD Dummy variable egial 1o 1 when the corn FOR & open tor dicect ooty LAY
OFQRE Dummy varable equal to 1 sbarting when the corn FOR was ¢ reated oA
Dummy varable equal 1o 1 in the ith quarter 1 - 1 203 3 NA
Durmmy varable equal 10§ m the third quarter 1977 oA
Interest cate. $-month Treasuey bill Percent
RCCOWH Interest rate COC commuodity foan rale Pore ont
WHOUTCO Ending stocks under COC kan wheat Sl e
WHCCTCD Change in ending stocks under €O Joan whoeat LSTII Y
WHOCTP Ending pravately held docks wheat At by
WHOCTPD Change in ending privately hekd stochs wheat sl b
WHUFRE Lrtcding deee stoc ks total menos OO owned munos FTOR) wheat Sl b
WHPFM Farm pnee wheat $ bu.
WHPFMY Expecied tarm paoe wheat $ hy
WHPLC COC loan rate wheat 5 b
WHSPR Produe ogn whesal RS TERR T
WHULT Total utthizabion wheat st by
WHLHITAD] Tolal vthzanon adpssted. wheal shi bu
WHUXT Exports wheal S buy

NOA = Not apple abie
TOULTADD = COURTI « D233 v 3340 [
WHULTAD] = WHULT D] « DAL« DL = DY

4 1
COPENY = 3, COPRM, 4 WHPIAE - 2 WHPFA
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