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CHAPTER T

PURPOSE OF THE STUDY

Introduction

Institutions such as the U. s. Department of Agri-
culture, universities and private firms have published
regularly current and outlook information to the partici-
pants of the livestock market.

Information about short-run future tendencies in
the market place is a necessary tool used in the decision
making process, by hog producers, wholesalers, retailers
and others operating in the hog and pork markets. The fore-
casting techniques which have been used range from very
sophisticated ones to simple "rules of thumb" or purely
guesses. Many forecasters use their own procedures and
techniques developed after long experience in operating in
the market, and they only get their results after much
"pencil and paper" work, and frequently the technigques used
are known only to the forecasters.

The present work was developed under the supervision
of Dr. John N. Ferris, professor of Agricultural Marketing
and specialist in 1ivestock outlook at Michigan State Univer-

gity. It is an attempt to formalize his techniques and




procedures with some modifications, for predicting monthly
hog prices two years in advance, using a model reasonably
tailored to existing data published mainly by government
sources. This research is a first step in the development

of an improved model in the future.

Literature

Knowledge about the causes underlying short-run
fluctuations on a monthly basis in the supply and prices
of hogs and pork is vitally important as a tool for the
decision making process for many participants in that sec-
tor of the economy. In recent years much effort has been
devoted to the study of these fluctuations on a guarterly
basis, but only a little research has been published con-
cerning monthly fluctuations.

Crom (2) designed a recursive model for simulation
and projections of the beef and pork sectors of the live-
stock industry using quarterly data. Commercial hog
slaughter was explained as a function of pigs produced from
sows farrowing two and three guarters previously; these
farrowings from two quarters before would be responsible
for the barrow and gilt slaughter. Hog and corn prices
were not used as a ratio but in their separate components:
hog price lagged one guarter and the corn price lagged one
guarter. The variable pigs saved per litter enters in the
model as an e€xogenous variable, but an equation was pre-

sented to estimate it. Imports and exports of pork were




estimated as a function of lagged price of wholesale pork
products, lagged per capita supply of pork, and a trend
term; increases in domestic pork prices would stimulate
imports, while high domestic prices would reduce the

amount of pork supplied for export. Ending stocks and
prices are jointly determined from the entire supply avail-
able. Over 120 operating rules are introduced in the model
based on economically logical behavioral relationships. 1In
the opinion of the author his model is of more value for
long-run projections than in the short run.

Hayenga (9) presented a model to explain monthly
fluctuations in the supply and prices of beef and pork.

He used monthly average supply of pork per workday as a
measure of the level of supply in the market which improved
his estimates for some months. Least square methods were
used in the estimation of the parameters. It is one of

the few studies dealing with monthly prices and supply
fluctuation.

Ferris (3) tested the hypotheses that the hog
market would have cyclical tendencies and that it would be
convergent. For this he used regression analysis and a
method proposed by Nerlove (15). He used data from the
period 1908~24, 1925-41 and 1947-58: his results confirmed
the hypotheses above and a cycle of five to six years was
indicated. Still, the results gave support to the idea
that hog production is a function of past prices. Retail

quarterly prices of pork were used as a dependent variable




as a function of: (a) disposable income; (b) supply of
pork; (c) supply of competing meats; (d) time; (e) popula-
tion; and (f) dummy variables for the different seasons.

He estimated the price flexibilities of the demand for hogs
to be respectively for the four guarters: -2,09, -1.12,
-1.33 and -1.56. He combined three equations to have a
complete model: a gquarterly demand equation for hogs, an
equation to link "spring" farrowing to "fall" supply of
pork, and a supply equation.

Hacklander (7) presented a study of the monthly
fluctuations in the price of beef and pork at the whole-
sale level. He analyzed a model for the short-run fore-
cast of monthly beef and pork prices at the wholesale
level. Beginning pork storage level proved to be inversely
related to pork cut prices. simultaneous and close correla-
tion was found between wholesale pork prices and live hog
prices. The pork guantity level did not prove to be a
significant variable to explain storage levels of pork.

Harlow (8) concluded that changes in the hog-corn
ratio today have come about primarily because changes in
its component price of hogs, since with Government price
support programs the price of corn has become much more
stable, thus price of hogs alone, independent of corn, has
become more important. Harlow estimated the number of
"spring" farrowings as a function of: (a) price received
by farmers for hogs in the period of October-December,

deflated by the Consumer Price Index; (b) price received




by farmers for corn, October-December, deflated by the
Consumer Price Index; (<) price received by farmers for
beef cattle, October-December, deflated by the Consumer
Price Index; {d) production of oats, barley, and sorghum
grain. He found a supply elasticity of 0.82 using data for
1949-1960. "Fall" farrowing was explained in logarithmic
form as a function of: (a) number of sows farrowing in the
"spring"; (Db) production of oats, barley and sorghum grain;
(c) price of feeder cattle at Kansas City, April-June,
deflated by the Consumer Price Index; (d) price received
by farmers for corn, April-June, deflated by the Consumer
Price Index. Price of hogs was explained, in logarithmic
form, as determined by: (a) per capita consumption of
pork; (b) per capita consumption of beef and veal; (c) per
capita consumption of poultry meat; (d) deflated discre-
tionary income per capita; (e) time. From this equation
he computed the farm-level demand elasticity of -0.35.
Using data from the period 1949-1966, Myers et al.
(14) estimated monthly price elasticities of demand at the
retail level as being -0.73 for pork, -0.72 for beef and
-1.55 for broilers. Average farm level price elasticities
of demand for pork were =0.43 and -0.50 for beef. Average
income elasticities were estimated to be 0.30 for pork,
1.10 for beef and 0.76 for broilers. He presented three
forecast models for the hog-pork sector and evaluated the
predictions on the basis of: (a) the direction of change

in the endogenous variables; {(b) other tests involving the




magnitude and direction of the deviations among the observed

and the predicted values generated by the model.

The Problem

Hog production, like agricultural production in
general, is based upon a physiological production process
which takes a certain period of time to be accomplished,
i.e., there is necessarily a span of time between the far-
mer's decision about how much to be produced and the begin-
ning of the process until the time when the output is ready
for sale. The farmer's decision today about how many SOWS
to be bred will have a future effect on the size of the
supply of barrows and gilts in the market a year later.
Excessive reliance upon present market conditions as an
indicator of the situation for the next period may result
in very poor decisions which would determine accentuated
production and price fluctuations in the free hog market
via the process of adjusting the supply and demand forces.
These production and price oscillations bring increased
risk and uncertainty to the market participants, resulting
in lower efficiency and higher costs.

More adequate forecasts would result in a better
performance in the market, since hog producers and other
participants in the hog and pork market, such as meat
packers, speculators, hedgers, chain stores, wholesalers

and others are basically interested in predicting future




prices in order to make their adjustments in time for
future conditions in the market. Decisions about when is

a good time for buying or selling, about the determination
of adequate inventory policies and promotional schedules (9),
and other decisions could be improved with the existence

of reasonable forecasts. These would serve as an extension
of the present hog market information available in the
guarterly report "Hogs and Pigs" and other information
published by the United States Department of Agriculture.
The purpose of this work is, based on the information found
in that source of publication, plus information about
exogenous variables, to forecast monthly hog prices twenty-

four months ahead.




CHAPTER II

METHODS, DATA AND PROCEDURES

Recursive Models

Regular fluctuations in a cyclical pattern in
prices of hogs have been pointed out almost a century ago.
A close association between corn prices in a period and the
size of the supply of hogs was recognized too, and the
hog-corn price ratio had been used as an indicator of hog
production in the next period: a lafger hog-corn price
ratio woula result in a higher level of supply of hogs in
the next period, and vice versa. Today corn prices have
become more stable, and added to this fact, the relative
importance of the cost of corn in the total cost of hog
production has been declining because of the increasing
costs of other items such as protein supplements, buildings
and installations; labor has also become relatively much
more important than before. However these two tendencies
which were thought to bring much more stabilization to hog
prices may only have brought a partial alteration in the
pattern, because a substantially regular cycle in the pro-
duction and price of hogs can still be observed.

Many statistical models have been presented to explain




cycles in agricultural products. A very simple one is of

the type:
'Pt = a2 + szt + Gt
" S¢ T D

where:

St = supply size in a given period of time t.
a = estimated parameter,
b = other estimated parameter.

P, 17 price in the previous period.

price in the current period.
Dy = guantity demanded during period t.
U, = error term in the supply equation.
G, = error term in the price eguation.

In this model the current supply size is explained
by a lagged variable which is the price level in the pre-
vious period. But the current price ié explained by the
demand forces in the same period t; for that is necessary
to assume that the whole quantity supplied in the current
period be totally consumed in the same period, i.e., S, = Dg -
This is a recursive model, i.e., "it shows how certain ini-
tial conditions will affect conditions in a coming period,

say, t+l; then how conditions in period t+1 will affect

conditions in t+2, and so on" (20).
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Data Source and Periods

The recursive model to be presented will use eight
exogenous variables and five lagged endogenous explanatory
variables. It will explain and predict supply of pork and
price of hogs. The forecast program was settled to start
at the end of December;._j, and generate 24 forecasts of
hog prices in the period from January, year +, to December,
year t+l. The computer program for this can be found in
Appendix B.

The data period used was from 1958 to 1971, with
the exception of the equation for sows farrowing in the
"spring" when a slightly longer period was used, 1956-1971.

The use of all the forecast range of the program is
necessary to have on hand the lagged data including that
for Decembery_7. Some of these data may not have been
available at that time; thus some approximate estimates for
this month may be necessary. Projected data for exogenous
variables to be used are: Consumer Price Index, U. S.
population, disposable income, consumption of turkeys and
broilers, and consumption of non-pork red meats; some of
these projections can be found in current publications while
others must be obtained from specialists or experts in the
area.

The following list presents a basic source of in-
formation used in the present work as well as other sources

with collateral relevant outlook information. A relation of
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the data used can be found in Appendix A. We can see

below relevant information sources for each variable used

in the model; the variables are expressed in the same

units as used in the equations.

1.

(PC)--Price of No. 3 yellow corn at Chicago {average

price from October to September in dollars/
t-2 t-1

bushel.

(a) Grain Market News--U. S. Department of Agricul-
ture, published weekly.

(b) Feed Situation--ERS, U. S. Department of Agricul-
ture, published in February, April, May, August
and November.

(PSM) -~Average price of soybean meal, 44% protein
Decatur, Illinois (average price from Octobert-2 to
Septembert_l) in dollars/ton.

(a) Agricultural Prices--SRS, U. 5. Department of
Agriculture, published monthly.

(PPDF)--Index of Prices Paid by Farmers (base 1967 =
100).

(a) Agricultural Prices--same as above.

(PH)--Average price of barrows and gilts, in dollars
per hundred pounds of live hogs, 7-8 major markets.

(a) Livestock, Meat, Wool Market News--AMS, U. S.
Department of Agriculture, published weekly.

(b) Livestock and Meat Situation--ERS, U. 5. Depart-
ment of Agriculture, published in February, March,
May, August, October and November.

(DSPK) --Domestic supply of pork (data from total
production plus beginning stocks of pork) in
millions of pounds.

(a) Livestock and Meat Situation--from source cited
previously.

(b) Livestock Slaughter--SRS, U. S. Department of
Agriculture report.

(c) Cold Storage--SRS, U. S. Department of Agricul-
ture, published monthly.
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(d) Summary of Regional Cold Storage Holdings--
SRS, U. S. Department of Agriculture, published
annually.

6. (PGS) and (SF)--number of pigs saved and number of
sows farrowing respectively, in thousands.

(a) Hogs and Pigs--ERS, U. S. Department of Agri-
culture, published trimonthly.

7. (pOP), (CPI) and (DI)--respectively, U. S. popula-
tion, Consumer Price Index (base 1967 = 100) and
disposable income.

(a) Economic Indicators—--Council of Economic Ad-
visors, monthly.

8. (CNPK) --Consumption of non-pork red meat (beef,
veal, lamb and mutton), in pounds.

(a) National Food Situation--ERS, U. S. Department
of Agriculture.

9, (CTB)-~Consumption of turkeys and broilers, in pounds.

(a) National Food Situation--cited above.

(b) Poultry and Egg Situation--ERS, U. S. Depart-
ment of Agriculture, published in February,
April, June, September, and November.

10. {(PC), (PSM), (PPDF)--for projections of these
variables, consult:

{(a) outlook specialists.

(b) private sources of information.

(c) future prices on PC and PSM.

Some production and supply variables were used
per workday; a table with the number of workdays in each
of the months in the period 1958-71 can be found in Appendix A.

An index of seasonality in slaughter hog prices
was computed for the period 1958-71 using the following
procedure: by dividing each month's observation by a cen-

tered 12-month moving average, averaging these over the
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years, and multiplying by 100. See Tables 7 and 8 in
Appendix A for the slaughter price of hogs data used and
for the seasonal computations.

The hog price equations in the forecast model were

used in their logarithmic form.

Least Square Estimates

The equations in our recursive model were estimated
by the least squares procedure. In our demand equations
instead of using prices of competitive commodities as
independent variables, their quantities were used in order
to reduce the possibility of high serial intercorrelation..
"In a strict sense, demand theory requires that prices of
substitutes be held constant. But as a practical matter
in fitting a demand equation, quantities are often used
to reduce the high intercorrelation found among many price
series” (8). The quantities enter as predetermined inde-
pendent variables, i.e., they are not simultaneously deter-
mined with price. The price equations were used in their
logarithmic form since it shows a better statistical fit
and because it makes possible almost direct obtainment of
the price elasticity of demand value. Disturbances are

assumed to be independently distributed.

Evaluation Criteria

The criteria used for evaluation of the estimates
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of the parameters of the equations were the value of the
coefficient of correlation (ﬁQ) which expresses the pro-
portion of the variation in the dependent variable which
was explained by the independent variables used in the
equation. The Student t-test was used to test the proba-
bility that the regression coefficient is not significantly
different from zero; the levels of significance employed
were 5% and 10%. The standard error of estimate (SEE) is
shown for each equation.

A non-parametric measure of forecast efficiency
to be used is the turning point criteria which considers
the number of times the direction of changes in prices were
correctly predicted by the model.

The magnitude of the error for each forecast value
will be shown in the form of a list of the differences
among the predicted and the actual value.

An annual measure of forecast error was computed

using the formula

z (Pred - Rep)

n
B = ¢ Reported -100
n
where:
Pred = values predicted by the model.
Rep = reported values (taken as the actual values).

n = number of observations (it is cancelled out in
this equation.

E = average forecast error during the year, in %.




CHAPTER III

SUPPLY AND DEMAND

Production

The size of the pig crop for any given season is
equal to the number of sows farrowing times the number of
pigs saved per litter from these farrowings.

The production cycle is, on the average, accomplished
in a period from 10 to 12 months. It is constituted by the
gestation period, i.e., the time since the sow was bred
until the farrowing occurs which takes around 4 months,
plus 6 to 8 months more for the hog to reach an adeqguate
slaughter weight.

Most specialized hog producers obtain two farrow-

ings per year from the same sow, forming a 6-month farrowing

cycle:
(:Breeding:><:?arrowin€> Weaning ( Farrowing )( Weaning )
and new
breedin
Gestation Sucking Gestation Sucking
4 months 2 months 4 months 2 months
6 months
12 months

After farrowing sows are not bred immediately but only after

15
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a period of two months when the pigs will be weaned.

The year has therefore been arbitrarily divided
into two production seasons: the "spring" farrowing sea-
son which takes place during a 6-month period from December
to May, and the "fall" farrowing season from June to
November. Such a dichotomy does not fit some hog producers.
2 declining number of farmers are following a "one litter
system” with farrowings in the summer in pasture. An in-
creasing number of farmers have sows farrowing throughout
the year and not concentrated in the spring and fall. Even
so, definite peaks in farrowings remain in these two
seasons.

What would determine or influence the number of sows
farrowing in a season? What factors do farmers take into
consideration in their decision making process in deter-
mining the number of sows to be bred?

Certainly farmers consider the factors that influ-
ence the amount of profit likely to be obtained when their
output will be ready for sale 10 to 12 months later. They
have to form their future expectations based on past and
present information. Some factors which are believed to
enter into their considerations and which will enter for-
mally in our equations are: past and current hog prices
and the price of hog feed inputs such as corn and soybean
meal, and costs of other inputs. Other factors which could
be taken into consideration, although they are not formally

included in our equations for simplification reasons, are
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the alternative possible returns which could likely be
obtained from the production of other commodities such as
beef cattle, considerations about prices of other minor
hog feed inputs like ocats, barley and sorghum grain.

Three variables will be considered as exogenous in
our supply model: prices of corn and soybean meal, and
the Index of Prices Paid by Farmers which represents the
cost of non-feed inputs. These variables enter the supply
relationship as components of a "gross margin" variable
described on the next page. The expected "gross margin"
is considered as a function of current and past "gross
margins" in a distributed lag relationship.

The estimate of the number of sows farrowing during
the "spring" season was derived from the following regres-
sion equation, fitted to data from 1956-1371. The e

values on the coefficients are given in the parentheses.*

GMH, _;
SFS, = -926.36 + 0.9399 SFS,__, + 71.46 = (1)
t PPDF
(6.28) (4.67)
R = 0.72
SEE = 286.0

*Figures in parentheses below thg equation ex-
press the calculated t—values" for testing the hypothe-
gis that coefficients = 0.
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where:

SFs, = number of sows farrowing during the "spring"
season (from December to May), year t, in
thousands.

SFS,_1 = number of sows farrowing during the "spring"
season, year t-1, in thousands.

GMH, _, = average gross margin on a hog weighing 230
pounds, after deducting costs of corn and
soybean meal, year t-1, in dollars.

PPDFt_l = Index of Prices Paid by Farmers, year t-1,
(base: 1967 = 100}.

GMHt__ 1

§§5§€rz = deflated gross margin on hogs.

Both coefficients show the expected signs; both
coefficients for sows farrowing in the past "spring” and
for the deflated gross margin on hogs are significantly
different from zero at the 0.0l per cent level. The number of

sows farrowing during the "spring," year t, is a function
of the number of sows farrowing during the past "spring"
season, and a function of the deflated gross margin on

hogs in a past period; the greater the gross margin on hogs

in one year, the larger will be the number of sows farrow~

ing in the next "spring" season. The two independent

t
M

variables in equation (1) explain 72% of the vggig@i};yy NG
in the dependent variable.

The variable GMH,_; expresses the aggregate effect
of the variables: past prices of hogs, corn and of soybean

meal. It is explained by the following identity:

_ _ _ 159
GMH, _; = 2.3 PH__j = gg— PCp ) = 2= PSMi
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where:
GMHy_, = average gross margin obtained by a farmer on
a hog weighing 230 pounds, after deducting
the feeding costs of corn and soybean meal,
year t-1, in dollars.

PH = average price of barrows and gilts, in dollars,
per hundred pounds of live hog, 7-8 major
markets, in year t.

PCy_, = average price of No. 3 yellow corn at Chicago
(average price from Octobery_, to Septembert_l),
in dollars per bushel.

PSM{.1 = average price of soybean meal, 44% protein

Decatur, Illinois (average price from Octobery¢.;
to September,_3) in dollars per cwt.

The coefficients of the equation above were based
on calculations for a typical average feeding cost to raise
a hog to a live weight of 230 pounds. It was found that,
on the average, for a hog to reach this weight it is neces-
sary to feed around 807 pounds of corn and 159 pounds of
soybean meal, including an allowance for the sow and boar.
In order to simplify the introduction of data currently pub-
lished by the USDA, expressed in units other than pounds,
simple conversion factors were introduced into the eguation
to permit direct introduction of the prices of hogs/100 pounds,
price of corn/bushel and price of soybean meal/cwt.

Thus:

2.3 to adjust guantity expressed in pounds to price
in dollars/100 pounds

adjust quantity expressed in pounds to price
6 in dollars/bushel

Ljoo

159 o adjust guantity in pounds to price in dollars/
100 cwt.
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Thus, the gross margin on hogs represents an indication of
the relative attractiveness of the hog producing activity.
Other formulations of the supply equation were tested, in-
cluding the addition of a variable for profits from cattle
feeding, but they had less favorable statistical proper-
ties than equation (1).

The farmer usually makes his decisions in the last por-
tion of a year concerning the production level of hogs for the
entire following year, instead of planning just for the next
season {(8). This being true, what the farmer does during
the "spring" season will be a good indication of what he will
do in the "fall" season in the same year; changes in produc-
tion in the "spring" in relation to the same season last
year, would mean changes in the same direction during the
"fall" season. The data in our period of study have been con-
sistent at first moment with this idea as can be seen in Fig-
ure.l; here we can see a tendency of the difference between
the number of sows farrowing during the two seasons becoming
smaller over time. However, a more accurate examination of
data shows that it does not hold true for the second half of
the "fall," which is affected by the GMH during the "spring."

The estimate for the "fall" farrowing was derived
from the following regression equation, fitted to data from

the period 1958-1971.

SFF, = 398.18 + 0.6997 SFS¢ + 27.61 GMH3-5, + 38.20 T (2)
(5.48) (2.04) (1.91)
R2 = 0.73

0o

SEE 225.57
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where:

SFF, = number of sows farrowing during the "fall"
season (June to November), year t, in thousands.

SFS, = number of sows farrowing during the "spring"
season, year t, in thousands.

T = time variable which assumes the value Ty =1
when representing the year 1958; Tz = 2 when
representing 1959, and the same procedure was
used for the following years.

Ty =1 for year 1958
Ty = 2 for year 1959
T3 = 3 for year 1960
e e for year . . .
T14 = 14 for year 1971

GMH3-~5, = the same as explained before, now for the period
March-May, year t.

In egquation (2) all coefficients have the expected
signs; the coefficients for sows farrowing during the "spring"
year t is significantly different from zero at least at the
5 per cent level, and the coefficients for T and GMHB—St
variables are significant at the 10% level. This indicates
fall farrowings are related to spring farrowings but that,
in addition, it is related to the gross margin on hogs dur-
ing the "spring" and to the time variable. Seventy-three per
cent of the variability of the SFFy variable is explained
by the independent variables.

Estimates for different 3-month periods during the
year were derived from the "spring” and "fall" farrowings
and time in the following four regression equations fitted
to data from the period 1958-1971.

SF12,.1~24 = —615.32 + 0.4469 SFS_ + 15.15 T (3)
(7.23) (1.93) ﬁz

0.80
110.2

SEE
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SF3-5_ = 897.41 + 0.517 SFS, - 21.70 T (4)
(11.81) (-3.91) 5
R% = 0.94
SEE = 78.1
SF6-8, = -124.99 + 0.0951 SFS. + 0.4379 SFFy - 6.74 T  (5)
(2.63) (9.88) (-1.86)
RZ = 0.97
SEE = 36.29
SF9-11_ = 124.83 - 0.095 SFSy + 0.5622 SFFy + 6.63 T (6)
(-2.50) (12.04) (1.55)
R = 0.97
SEE = 38.24
where:

SF12,_1-2;y = number of sows farrowing in the three month
period from December year t-1 to February
year t, in thousands.

SF3-5, = number of sows farrowing during the period
from March to May, year t, in thousands.

SF6-8¢ = number of sows farrowing during the period
from June to August, year t, in thousands.
SF9-11¢ = number of sows farrowing during the period

from September to November, year t, in
thousands.

The coefficients for the independent variables,

sows farrowing during the "spring," in the equations (3-4)
are significantly different from zero at the 0.0l per cent
level: and at the 5% level in equations (5) and (6); the
coefficients for the time variables are significantly dif-
ferent from zero at the 0.0l per cent level in equation (4),
but is not significant at this level in equation (3) and (5),
where it is significant only at the 10 per cent level and in

equation (6) in which it is not significant even at the 10%
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level. The variability in the dependent variables was better
explained in the three last quarters by the independent vari-
ables; 80% was explained in eguation (3}, 94% in equation (4),
97% in equation (5) and 97% in equation (6). The negative
sign of the variable SFS. in equation (6) acts as a device
to reduce the value of the dependent variable SF9-1ll; when
"spring" farrowings are large. The negative sign in the
time variable in equation (5) expresses a tendency in reducing
the number of sows farrowing in the period from June to August.
It is necessary, now, to have an estimate of the number
of pigs saved per farrowing or litter; this was derived from

the following two regression equations, fitted to data from

1958-1971,
(PGS/LS¢) = 7.01 + 0.0253 T (7)
(4.65) )
R” = 0.61
SEE = 0,082
(PGS/LF} = 7.08 + 0.0184 T (8)
(3.47) D
R™ = 0.46
SEE = 0.08
where:
(PGS/LSt) = average number of pigs saved per litter
during the "spring," year t.
(PGS/LF{) = average number of pigs saved per litter
during the "fall," year t.
T = time variable as used previously.

The temporal coefficients in equations (7) and (8)
both are significantly different from zero at least at the

5 per cent level.
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The total number of pigs saved by guarters is given

by the following identities, in thousands:

PGS12,_;-2, = SF12¢_3-2; * (PGS/L12¢_1-2,)
PGS3-5, = SF3-5; - (PGS/L3-5),
PGS6-8_ = SF6-8y - (PGS/L6-8)

PGS9—llt = SF9-11 (PGS/LQ—ll)t

t

This simply means that the total number of pigs saved in
a given period of time is egual to the number of sows far-
rowing during the same period multiplied by the average

number of pigs saved per litter during the same period.

Where:
PGSth”l*Zt = total number of pigs saved during the three
month period from December, year t-1, to
February, year t, in thousands.

PGS3-54 = total number of pigs saved during the
period from March to May, year t, in
thousands.

PGS56—-8¢ = total number of pigs saved during the
period of June-August, year t, in thousands.

PGSQ-llt = total number of pigs saved during the

period from September to November, year t,
in thousands.
Since we do not have estimates of the number of pigs
saved per litter for the different three month periods,
these estimates will be made by use of the following sim-

plifying assumptions:
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(PGS/Lth_l-2t) = (PGS/L3—5t) = (PGS/LSt)
and
(PGS/LG—Bt) = (PGS/LQ—llt) = (PGS/LFt).

This means that we are taking the average number of pigs

saved per litter during the whole "spring" season to repre-

sent either the first or the second half of the same season.

A similar assumption was made for the "fall" season as being

a good representative of either of the two half periods.
With these two simplifications, our total pigs

saved identities will be:

PGS12y_1-2y = SF12,_1-24 * (PGS/LS¢)

PGS3-5, = SF3-5_ * (PGS/LSy)
PGS6-8, = SF6-8, ° (PGS/LF)
PGS9-11, = SF9-11_ * (PGS/LFy)

Supply

The supply of pork in the market is formed by the
total guantity of pork produced, plus cold storage stocks
of pork, plus imports, and minus exports. Because imports
and exports of pork are relatively minor in relationship to
stocks and production, and because international trade in
pork is difficult to forecast, these elements of supply were
not analyzed in the model.

We are now interested in the domestic supply of
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pork expressed by the following identity:

DSPKmt = STPKmt + QPKmt
where:
DSPKmt = domestic supply of pork in month m, year t.
S'I'PKmt = cold storage of pork, month m, year t.
QPKm, = total quantity of pork produced in month m,

year t.

The quantity of pork produced in month m affects the
price of pork in the same period. This will be reflected in
the price of hogs. The effect on the market is better under-
stood when making measurements in terms of average quantity

of pork produced during month m per workday in the month.*

(QPKm/WKDm) , = average quantity of pork produced per work-
day during month m, year t.

where:

WKDm, = number of workdays during month m, year t.

Quantity per workday in this case is a more adequate indicator
of the average level of the flow of hogs being supplied to the
meat packers than monthly totals which are affected by year to
year variations in work or slaughter days. Also month to
month comparisions are more valid on a per workday basis.

Now we are interested in estimating the change in

the average pork production per workday occurring in a given

*The number of workdays in a given month, in a given
year, was calculated for the period from 1958-1971 according
to the rule: Monday to Friday = 1l; Saturday = 1/3; Holiday =
1/2, except on Saturday when a holiday = 0 (9 ). See Table 4

in Appendix A for the number of workdays per month during
the period 1958-1971.
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month m, vear t, relative to the production in the corres-

pondent month m, in the year t-1.

(QPKm/WKDm)

A (QPKm/WKDm) , =
(QPKm/WKDm) o _;

where:

A(QPKm/WKDm)t = change in pork production per workday.

The changes in the pork production variable are
basically determined by the changes which occurred in the
past in the total number of pigs saved. This can be ex-

pressed by the following identities:

A(PGS12y l—zt) = PGS512¢_1-2¢ representing the changes in

- the number of pigs saved dur-
PGS12,_5-24_; p

ing the period from December

to February, year t, relative

to the same period a year

before.
PGS3-5
A(PGS3—5)t = t change in the period from
PGS3~5, 4 March to May, year t.
A{PGS6~8). = PG56-8y change in the period from
t PGS6-84_1 June to August, year t.
A(PGS9-11), = PGSI-11l¢ change in the period from
t PGS9-114_3 September to November, year

Estimates of the changes in pork production as a
function of the changes in the number of pigs saved were de-
rived from the following regression equations, fitted to
data for 1959-1971.

For January:

A (QPK1L/WKDL = -0.3826 + 0,7297A(PG83-5) ..
(Q / )t (3-41) ( )t 1

+ 0.6684A (PGS6-8) .1 (9)

(3.50) ﬁz 0.85
SEE 0

o
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For February:

A(QPK2/WKD2)t = ~0,1265 + 1.13A(PGS6—8)t“1
(11.29)

§2

SEE

For March:

A(QPK3/WKD3)t = 0.1657 + 0.4019A(PGS6—8)t_l

{(2.17)

+ 0.4405A (PGS9-11)

(1.99) t-1

For April:

SEE

L\.(QPK4/WKD4)t = 0.2716 + 0.5517A(PGS6~8)¢_1

(2.66)
+ 0.1942A(PGS9-11), 4
(0.78)
For May:

A (QPK5/WKD5), = 0.3488 + 0.6716A (PGS9-11), 4

(2.90)

For June:

A(QPKG/WKDG)t = 0.2387 + O.??SSA(PGS9~ll)t_l

(6.12)

R2
SEE

M o
Moo

ﬁ2
SEE

il

0.86
0.031

0.81
0.034

0.38
0.069

0.75
0.038

(10)

(11)

(12}

(13)

(14)




b (QPK7/WKD7) = 0.

+

A(QPKS/WKDB)t = 0.

A (QPK9/WKD9), = O.

A(QPKlO/WKDlO)t =

30

For July:

1882 + 0.3628A (PGS9-11)

(2.79) el

0.4629A(PG512t_1-2t)
(3.66)

SEE
For August:

4430 + 0.3113A(PGS9-11),
(1.98)

0.2669A (PGS12, _1-2y)
(1.74)
SEE

For September:

3093 + 0.4604A(PGSth_l—2t)
(1.84)

0.2557A (PGS3-5) 4
(1.06)

SEE
For October:

0.0165 + 0.3956A(PGS12,_1-2,)
{1.87)

+ 0.603A(PGS3-5)
(2.95)

SEE

o

i

0.81
0.031

0.56
0.037

0.54
0.052

0.78
0.044

(15)

(16)

(17)
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For November:

."_\.(QPKll/WKDll)t -0.1894 + l.ZlBA(PGSB—S)t (19}

(8.53) _
2 = 0.86
0.045

SEE

For December:

A(QPK12/WKD12)t -0.5587 + 0.8578A(PG83—5)t

(2.83)

+ 0.7215A(PGS6-8) (20)
(2.42)%

§2
SEE

0.90
0.047

From the 20 coefficients in equations (2) through
(20), above, 12 are significantly different from zero at
least at the five per cent level, 5 coefficients are not
significant at this level but are at the 10 per cent level,
and 3 coefficients are not significant even at the 10 per
cent level. The variation in the dependent variables was
better explained by the independent variables for the
months of February and December, 91% and 90% respectively;
the poorest explanation occurred for May, 38%. The other
values were 85% for January, 86% for March, 81% for April,
75% for June, 81% for July, 56% for August, 54% for Septem-

ber, 78% for October and 86% for November.

*The critical "t-value" at the 5 per cent level 1is
2.201, and the "t-value" at the 10 per cent level is 1.796
for 11 degrees of freedom.
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With available information about past data on the

variations on the number of pigs saved

possible to foresee future changes in pork production,

(PGS) on hand,

it is

Using now these forecasted change estimates,together with

other past data, we can forecast monthly quantities of

pork produced through the following identities:

I

(QPK1/WKD1) .
(QPK2/WKD2), =
(QPK3/WKD3), =
(QPK4/WKD4) =
(QPKS/WKD5), =
(OPK6/WKD6) =
(QPK7/WKD7), =
(QPKB/WKDB)t =
(QPK9/WKDY), =
(QPK10/WKDL10)
(QPK11/WKD11l),
(QPK12/WKD12)

Now if

that: percent

(QPK1/WKD1), _, A (QPK1/WKD1),
(QPK2/WKD2), _; *A(QPK2/WKD2),
(QPK3/WKD3)y_; 4 (QPK3/WKD3)
(QPK4/WKD4) _; °A (QPK4/WKD4)
(QPK5/WKD5)  _,) *A (QPK5/WKDS)
(QPK6/WKD6) ¢ _1 *A(QPK6/WKD6)
(QPK7/WKD7) -1 A (QPK7/WKD7),
(QPK8/WKD8) 7 *A(QPKB/WKDS)

(QPKQ/WKD9)t_ “A (QPK9/WKDI) .

1

for

for

for

for

for

for

for

for

for

January

February

March

April

May

June

July

August

September

(QPK10/WKD10),_; °A(QPKLO/WKD10), for October
(QPK11/WKD11l),_; *A(QPKL1/WKD1l) for November

(QPK12/WKD12)t__1 'A(QPK12/WKD12)t for December

we make the following simplifying assumption

of change in the cold storage stocks of pork
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during a given quarter, year t, relative to the stocks in
the correspondent period one year before, say t-1, is equal
to the per cent of change in pork production in the corres-
pondent quarters and years, i.e.,

ASTPKq, = AQPKq
then, this would imply that the variation or change in the
quantity of pork produced would be equal to the changes in
the domestic supply of hogs in the same period.*

Applying this reasoning for quarter periods, we have:

(QPK1-3/WKD1-3}) ¢ DSPK1-3,

(QPKl—3/WKDl—3)t_l DSPK1-3¢.3,

to express that changes in pork production are equal to

changes in the pork supply, from which:

(QPK1-3/WKD1-3)
(QPK1-3/WKD1-3),

Il

DSPK1-3

DSPK1-3, -1

or, finally:

DSPKl—3t = DSPK1—3t_1 . A(QPKl—B/WKDl~3)t
This means that we have the domestic supply of hogs in
the period from January to March, year t, obtained
from past domestic supply data for the correspondent
guarter (January-March) and an estimated year to year

change in total quantity of pork produced

*Based on the identity described previously:
DSPK = (STPK + QPK).
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obtained from equations presented before.

The same principle can be used for the other quar-

ters:

DSPK4~6, = DSPK4-6,_; * A(QPK4-6/WKD1-3), for the period

from April to June,

DSPK7-94 = DSPK7—9t_l - a(QPK7-9/WKD7—9)t for the period

from July to September,

DSPKlO—th = DSPK10-12¢ 4 ° A(QPKlO-lZ/WKDlO—lZ)t for the

period from October to December.

The average quantity of pork produced per workday
in a quarter can be obtained by averaging the monthly
values for pork production identities previously expressed,

or:
For the first quarter (January to March):

(QPK1—3/WKD1—-3)t = %[ (QPK1/WKDl) + (QPK2/WKD2) + (QPK3/WKD3)]t

For the second quarter (April to June):

(QPK4-6/WKD4-6) = %[(pra;/wxm) + (QPK5/WKD5) + (QPK6/WKD6)]
For the third quarter (July to September):

(QPK7-9/WKDT~9) = T[(QPK7/WKD7) + (QPKB/WKDB) + (QPK9/WKDI)],
For the fourth guarter (October to December):

(QpKlo_lz/WKploﬂlz)t=%{(QPKlO/WKD10)+(QPKll/WKDll)+(QPKlZ/WKDlZ)]t
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Demand

The consumption of pork is a function of such
factors as the price of pork;consumption of substitute
meats such as beef, broilers, turkeys, and veal; changes
in disposable income; changes in population; temperature
during the season; holidays and traditionally special dates;
changes in tastes and preferences; and other factors.

We will overcome the population changes effect by
expressing our data in per capita units. We will consider
the following variables:

1. (CNPK/POP) = consumption per capita of non-pork red
meats (beef, veal, lamb and mutton) in

pounds, in a given quarter.

2. (CTB/POP)

consumption per capita of turkeys and
broilers, in pounds, in a given quarter.

3. (%%5 * CPI) = disposable income per capita, in dollars,
in a given quarter, deflated by the
Consumer Price Index (1967 = 100).

4, (PH/CPI) = deflated price of barrows and gilts,

per 100 pounds of 1live hog.

Instead of using the variable,consumption of pork,
we will use in its place the pork production plus stocks
variable. This is reasonable because pork production and
consumption are closely related but at the same time stocks
of pork are relatively more significant than are other
meat products. "The close relationship between pork produc-
tion and consumption means that production can be used as
an indicator of consumption in ‘a statistical model" (8 ).

And, instead of using quantity as the dependent wvariable we
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use price since quantity is largely predetermined in the

time interval we are considering.
Since the pioneering paper by Working on identification,
price has commonly been used as the dependent variable
when estimating demand functions for agricultural
products by least squares. Justification as shown by
Fox (5) is that consumption of agricultural products
can be treated as predetermined; whereas price cannot
be so treated (8).

Hog price estimates by quarters can be derived from
one regression equation, fitted to data from the period
1958-1971. We will use one expression for each quarter,
as this fits more clearly in the explanation for the fore-
casting model in Chapter IV. The regression equation was

actually a single equation with dummy variables for

gquarters.

For the first quarter (January-March):

(PHL-3./CPI) = 64.53 - 2.55(DSPK1-3,/POP)
(-9.13)
- 0.7777 (CNPK1-3,/POP - 0.1575 (CTB1-3,/POP)
(=2.77) (-0.27)
+ 0.0089(%%E + CPI) (21a)
(2.56)

For the second quarter (April-June):
(PH4*6t/CPI) = 64.53 - 8.33D1 =~ 2.25(DSPK4-6t/POP)
(~1.14) (-7.44)

- 0.7777(CNPK4—6t/POP) - 0.1575(CTB4—6t/POP)

DT .
= + CPI 21b
+ 0.0089(POP ) ( )
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For the third quarter (July-September):

(PH7—9t/CPI) = 64.53 - 8.97 D, - 2.l9(DSPK7—9t/POP)
(-1.23 (-6.94)
- 0.7777 (CNPK7-9,./POP) - 0.1575 (CTB7—9t/POP)
DI
+ 0.0089(§6§ + CPI) (21c)

For the fourth gquarter (October-December) :

(PH10-12, /CPI)

I

64.53 - 3.37 D, - 2.25(DSPK10-12, /POP)
(—0.45? (-8.77)

~0.7777 (CNPK10-12, /POP)

—0.1575(CTB10—12t/POP)

+0.0089(%é§ + CPI) (214)
R? = 0.83
SEE = 1.36
where:
(PHl—3t/CPI) = average price of barrows and gilts

during the period January-March, in
dollars per hundred pounds of live
hog, deflated by the Consumer Price
Index (1967 = 100), year t.
(PH4—6t/CPI) for period from April to June.
(PH7-9t/CPI) for period from July to September.
(PHlO-lzt/CPI) for period from October to Pecember.
D, =D, =Dy =1 = dummy variables used for each of the
last three quarters.
Since the expressions (2la), (21lb), (21lc), and (21d)

are part of the same general equation for the four gquarters,

all present the same coefficient values for the variable
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consumption per capita of non-pork red meats, consumption of
turkeys and broilers, and deflated disposable income per
capita. Thus the "t-test" values are the same for these
coefficients in any of the quarters. The &2 and SEE values
are .83 and 1.36 respectively.

All coefficients have the expected signs; the nega-
tive signs of the coefficients for domestic supply of pork
in the four equations show that increases in the amount of
pork supplied would have a depressing effect on prices of
hogs; the negative signs of the coefficients of the compet-~
ing goods represented by the consumption of non-pork red
meats and consumption of turkeys and broilers show that an
increase in their consumption would bring a reduction in the
price of hogs; the positive sign of the coefficient of the
deflated disposable income per capita suggests that an in-
crease in the real income per capita would bring higher
prices for hogs. The coefficients for the domestic supply
of hogs for the four quarters are significant at the 5 per
cent level; the coefficients of the dummy variables used
for the last three quarters are not significant at the 5
per cent level in any of the three quarters; the coefficient
for consumption of non-pork red meat is significant at the
5 per cent level; the coefficient for consumption of turkeys
and broilers proved to be not significant at the 5 per cent
level; and the coefficient for real income proved to be sig-
nificant at the 5 per cent level.

Similar estimates for hog prices were obtained in
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logarithmic form, since “with price dependent in a logarith-
mic relationship, the regression coefficient for consumption
is the price flexibility which is the reciprocal of the
price elasticity, providing other goods do not measurably
affect consumption™ (8 ).

The logarithmic estimates follow in their explicit

forms, one for each quarter, as was done previously:
For the first quarter (January to March):

log (PH1-3 /CPI} = 1.85 - 2.17 log(DSPK1-3,/POP)
(-9.45)

- 1.06 log(CNPKl-Bt/POP)
(-3.01)

- 0.0623 log(CTBl-3./POP)
{(-0.28)

+ 1.09 log (255 :+ CPI) (22a)
(2.88)

For the second quarter (April to June):

log (PH4-6, /CPT) = 1.85 - 0.39 Dy - 1.91 log (DSPK4-6 _/POP)
(~0.95F  (-8.02)

1.06 log(CNPK4-6,/POP)

0.0623 log (CTB4-6,/POP)

+1.09 log (Bgp + CPI) (22b)
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For the third quarter (July to September):

log(PH7“9t/CPI =1.85 - 0.58D_ - 1.75 log (DSPK7—9t/POP)
(-1.38)  (-7.22)

- 1.06 log (CNPK7-9 _/POP)
- 0.0623 log (CTB7—9t/POP)

DI .
+ " —_—
1.09 log (POP CPI) {22¢c)

For the fourth quarter (October to December):
log(PHlO~12t/CPI) = 1.85 + 0.014D3 - 2.15 log (DSPK10—12t/POP)

(0.04) (=9.60)
-~ 1.06 log (CNPK10-12,/POP)

- 0.0623 log (CTBlO—l2t/POP)

+1.09 log (g + CPI) 22 _ g (22d)

.028

SEE

The reciprocal of the pork consumption coefficient,
here represented by the coefficient for the domestic supply
of pork per capita, is an approximation of the price elas-
ticity of demand. This coefficient points out an approxi-
mation of the farm-~level demand elasticity {(e) as being equal
to -5%17 or -0.46 for the first quarter. This is just an
approximation because the pork consumption is represented
by the domestic pork supply per capita and because the con-
sunmption of pork is affected by the consumption of non-pork
red meat and by the consumption of turkeys and broilers. The
effect of these two competing goods acts to make our estimated

elasticity lower than could be obtained from a more accurate
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estimation procedure (8).
Similar estimates of the demand price elasticity (e)

with respect to the farm-price level for the other quarters

show:
Second quarter: e = - IE§T-= -0.52
, . - _ 1 —
Third quarter: e = T 58 = 0.57
Fourth quarter: e = -~ flig = -0.46

These approximations of the elasticity range from -0.46

to -0.57 depending on the quarter period considered. Myers
and Havlicek (14), using data from the period 1949-1966,
found an average farm level price elasticity of demand

for hogs of -0.43, and using monthly average prices and
gquantities they found this elasticity ranging from -0.35

to -0.52,.

Seasonality of Prices

Hog prices have exhibited regular seasonal fluctua-
tions as a consequence of timing to fit work patterns on farms
and to take advantage of pasture (not as important as for-
merly). Farrowings during the cold season require costly spe-
cial installations and equipment; thus hog producers plan to
have their sows farrowing during the spring and fall. The
concentration of the farrowings in these two favorable periods
brings a seasconal peak in the hog supply 6 to 9 months later.

The rather large fluctuations in hog slaughter prices are




42

illustrated in Fiqure 2, which was derived from data for
1958-1971. We can see two troughs, one in November when the
spring pig crop is being marketed, and another in April

when the fall pig crop is in the market. The peak occurs
during the summer, in July, before the spring crop comes

to market.*

The seasonal hog price oscillations are strong not
only over the year, but also within the quarterly periods,
which makes our quarterly hog price estimates less valuable
for shorter time periods. Thus, 12 seasonal adjustment
factors (K) were introduced, to permit us to estimate

monthly hog prices.

Kl = 0.9741 + 0.00263 T for January
K, = 0.9816 + 0.0036 T for February
Ky = 1.044 - 0.00622 T for March

Ky, = 0.9843 - 0.00458 T for April

Kg = 0.9883 + 0.00084 T for May

Kg = 1.0275 + 0.00374 T for June

*The interrupted lines above and below the full line
representing the index of seasonality bound the area of un-
certainty about the index. The upper and lower bounds are
one standard deviation above and one standard deviation below
the mean respectively. This means, in other words, that in
two years out of three the price will fall between the
boundary lines. See Appendix A for original data and measures
of seasonality in Tables 7 and 8.
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K7 = 1.0178 + 0.001l22 T for July

Ko = 1.013 - 0.0002 T for August

K9 = 0.9692 - 0.00102 T for September

Kig = 1.017 - 0.00057 T for October

Kll = 0.9912 - 0.00107 T for November

Kyo = 0.9919 + 0.00165 T for December
where:

K = seasonal monthly adjustment factor.
T = time variable.
T1= for year 1958; T, = 2 for year 1959; T3 = 3 for

year 1960, . . . , T14 = 14 for year 1971.

To obtain the K monthly adjustment factor for a given month

m, we just substitute the value of T for the vyear wished.
The adjustment factors (Ki) came from a formula

of the type:

Ki = 1957 values + AR-T3

where:
1957 wvalue the wvalues from Table 11, in Appendix A,
entitled "Smoothed Monthly Price Ratio

Adjusted to Quarterly Data," for each
month of the year 1957.

T = time variable, used in the same way as
explained before.

AR = average year to year variation for each
column-month on the previously mentioned
Table 11 in Appendix A.
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With the values of these adjustment factors for
the month desired, together with our formulas for estimating
quarterly hog prices, we could estimate the monthly hog

prices through the following computations.

Phlt = K; ° PH1-3, for January year t
PH2y = Ky ° PHl—3t for February year t
PH3, = K3 - PH1—3t for March year t
PH4, = Ky - PH4-6t for April year t
PH5t = KS . PH4—6t for May vear t
PH6t = Kg PH4—-6t for June year t
PH7, = K4 - PH7-9, for July year t
PHBt = K8 T PH7-9¢ for August year t
PH9t = K9 * PH7-9, for September year t
PH10¢ = Kip - PH10-12 for October year t
PHllt = Ky, - PHI1O0-12 for November year t
PHth = Ky, - PH10-12 for December vear t




CHAPTER IV

THE FORECAST MODEL

Description

The representation of the forecast model presented
in Figure 3 shows three different periods of time cor-
respondent to three distinct areas bounded by the two broken
lines: the upper area referred to as 'T—l, represents a

represent

given year t-1; the middle ITI and the lower |T+l
the forecast period or the future, respectively the first

and the second following year t and t+l, covering the period
24 months ahead.

The variables in the largest circles represent the
exogenous variables, i.e., the ones outside this system or
not explained by it. The endogenous variables, i.e., those
explained by the model, are represented in the elliptical
shaped boxes. The variables K; inside the medium sized
circles are pre-determined by trends in seasonal price pat-
terns. The variable GMH is a mixture of endogenous and
exogenous variables; it is presented arbitrarily in the boxes
having the same shape as the ones used for the endogenous
variables. The smallest circles contain mathematical symbols.

The direction of the arrows represents the ordering of the

46
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causal effects or influences from certain variables upon the
others. The reason for the use of the whole figure is to
make the functioning and the operation of the model more
quick, direct and more easily understood.*
Five endogenous variables from the past year t-1,
in area |T—1|, were used for the explanation of the variables
in the following year t, area |T|:
l. the total number of pigs saved, by quarters, (PGSqt_l);
2. the per cent change in the total number of pigs
saved between year t-2 and year t-1, by quarters
(APGSqy _1);
3. the domestic supply of pork (DSPKRgt-1);
4. the price of hogs (PHt_l).
Three exogenous variables from period year t-1,
area T-1 were also used:
5. the price of corn (PCy_qp);**
6. the price of soybean meal (PSMy_q);**
7. the index of prices paid by farmers (PPDFy._1) .
These three exogenous variables, together with the price
of hogs, were aggregated into just one variable called
gross margin on hogs, (GMHt-l)’ to represent their associated

effect. ***

*To circumvent the bordering problem which occurred
when variables representing a three months average period when
one of the months was in a given year and the two other months
in the following year, the variable was indicated as belonging
to the year in which most of the three month period falls.

**pC -1 and PSMy_; variables, respectively average
price for corn and average price for soybean meal, were
computed for the period from Octobert_2 to Septembert_l.

***A similar GMH is computed for the period March-May,
year t.
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We can begin our explanation of the model at the upper
left portion of the figure where we see the lagged variables
GMH; _1 together with SFS;_1 exerting their influence or de-
termining the number of sows farrowing during the "spring"
season in the following year t, SFS¢. This "spring" farrow-
ing, which is of prime importance in the model, together with
the trend variable T, establishes the number of farrowings in
the first two quarters in the year t. The two guarter com-
ponents of the "fall" season are determined by the variables
SFF ¢, SFSt and by the time variable T.

The number of sows farrowing in a quarter multiplied
by the average number of pigs saved per litter in the
quarter, (PGS/Lg:), will give us the total number of pigs
saved in quarter g, (PGSqt).

The number of pigs saved per litter variables,
(PGS/Lg), were explained as a function of time.

The total number of pigs saved in a gquarter, (PGSq) ,
divided by its correspondent value a year before will give
us the change (increase or decrease) in the total number of
pigs saved in quarter g, year t, relative to the correspon-
dent period one vear before, (APGSqy ). These changes in a
given quarter period will determine the future changes in
the average quantity of pork produced per workday in a
certain month, [A(QPKm/WKDm)t].

Averaging three month values for the variable
A (QPKm/WKDm) + , we can obtain the values for the quarterly

changes, [A(QPKq/WKDq)t].
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Now, remembering the simplifying assumption made
in Chapter III, that the changes in the gquantity of pork
produced would be equal to the changes in the domestic

supply of pork, and, that it implied that
A (QPKQ/WKDq) ( * DSPKq,_; = DSPKq,.

To this point we have described the supply side,
relating hog prices to the domestic supply of pork. The
next step is to generate hog prices from the equ;tion in-
corporating the domestic pork supply.

The deflated price of hogs per quarter, {PHg/CPI),
is the next variable to be explained. For that we intro-

duced five new exogenous variables or demand factors:

8. consumption of turkeys and broilers in the quarter
(CTB) ;

9. consumption of non-pork red meat in the quarter
(CNPK) ;

10. disposable income per capita during the quarter
(DI);

11. U. S..population for the quarter (POP);
12. Consumer Price Index in the quarter (CPI).

It can be observed that these values are projected
values which must be obtained outside the model from ex-
ternal sources. Some of them may be found in some sources
of information mentioned in Chapter 1II.

Some of these exogenous variables were aggregated
and their overall effects together with the domestic supply

of pork (DSPK) on the market will determine to a large
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extent the deflated price of hogs in the quarter, (PHg/CPI).
To get the absolute values for the quarterly prices of hogs
it is just enough to cancel the CPI value in the denomina-
tor. This is done by multipiying the deflated values by
CPI.

Finally, the desired monthly hog prices are ob-
tained by multiplying the quarterly hog prices by the ade-
quate intra-quarter seasonal adjustment factor (Ki); there
are 12 K; values which permit us to determine the forecasted
values for the hog prices during the 12 months of the year.
The model was settled to forecast monthly prices for the
two first quarters; after that, an average PH3—5t is com-
puted which turns around to the beginning of Figure 3 to
enter the variable GMH3-5t which will influence the two last
gquarters.

For the forecast of the values of PH for the 12
meonths of year t+1, area |T+l|, we just repeat the same
process used here. 1In Figure 3 we can see that all vari-
ables which came from area IT-l‘ entering area IT,, will
be generated in year t or will be predetermined for year t

and will then generate values for variables in year t+l1.

Forecasting

The following results were obtained using the model

to forecast its total range, i.e., a 24 month period ahead.
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Table 1. Results from forecasting gquarterly domestic
supply of pork per capita (DSPK/POP), in the
first year ahead.

Reported Predicted
Year OQuarter (DSPK/POP) (DSPK/POP) Pred-Rep
(1b) (1b) (1b)

1959 q1 18.66 18.87 +0.21
d5 16.73 16.10 ~0.63
g3 16.51 15.96 -1.05
dg 21.58 20.37 -1.21

4.2%

1960 d1 19.85 19.73 -0.12
d7 16.98 17.19 +0.21
d3 15,61 15.93 +0.32
q4 18.22 20.08 +1.86

3.6%

1961 d1 17.58 17.94 +0.36
d2 15.81 17.00 +1.19
d3 14.65 15.55 +0.90
d4 18.59 18.02 -0.57

4.5%

1962 qa; 18.03 17.99 -0.04
q5 16.54 16.15 -0.39
g3 14.97 14.90 -0.07
d4 19.01 18.38 -0.63

1.6%

1963 d] 18.67 18.38 -0.29
d7 17.09 17.20 +0.11
a3 15.98 15.25 -0.73
d4 19.95 18.75 -1.93

4.3%

1964 q3 19.25 18.24 -1.01
g2 17.32 16.47 ~-0.85
d3 15.95 15.37 -0.58
d4 19.63 18.22 -1.41

5,.3%

1965 a1 17.68 17.41 ~0.27
ds 15,20 16.39 +1.19
d3 14.07 15.22 +1.,15
qy 15,53 17.78 +2.25

7.8%
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Table 1 (Cont'd.).

Reported Predicted
Year Quarter {(DSPK/POP) {(DSPK/POP) Pred-Rep
{1b) (1b) (1b)

1966 d1 14.82 15.40 +0.58
d2 14.61 14.37 -0.24
d3 14.44 14.55 +0.11
d, 17.66 17.61 -0.05

E= 1.6%

1967 93 18.03 16.51 -1.52
dp 16.20 15.79 -0.41
ds3 16.08 15.91 -0.17
dg 18.53 19.28 +0.75

E = 4.1%

1968 d1 17.89 17.67 -0.22
o 17.12 16.39 -0.73
d; 15.95 16.09 +0.14
da 19.07 17.85 -1.22

E = 3,3%

1969 q1 18.30 18.58 +0.28
da 16.87 17.62 +0.75
d3 15.97 16.75 +0.78
qy 17.47 18.83 +1.36

E = 4.6%

1970 g1 16.45 16.83 +0.38
o p) 16.66 16.22 -0.44
q3 16.90 16.34 -0.56
dy4 20.43 19.87 -0.56

E = 2.8%

1971 d; 19.91 19,84 -0.07
d5 19.70 19._.32 -0.38
d3 18.88 18.71 -0.17
dy 20.28 20.51 +0.23

E = 1,1%

1972 qi -— 18.32 --
d5 - 18.58 -
d3 - 17.76 -
aj -- 19.42 --

E = ---%
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Table 2. Results from forecasting quarterly supply of pork
{DSPK/POP), in the second yvear ahead.

Reported Predicted
Year  Quarter (DSPK/POP) (DSPK/POP) Pred-Rep
(1b) (1b) (1b)

1960 d; 19.85 20.51 +0.66
d5 16.98 16.10 -0.88
q3 15.61 15.46 -0.15
dy 18.22 20,37 +2.15

E = 5.4%

1961 d1 17.58 19.28 +1.70
do 15.81 17.69 +1.88
d3 14.65 15.80 +1.15
d4 18.59 18.91 +0.32

E = 7.6%

1962 d3 18.03 17.38 ~0.65
o 16.54 l6.61 +0.07
d3 14.97 15.57 +0.60
d4 19.01 18.10 -0.91

E = 3.3%

1963 di 18.67 18.19 -0.48
95 17.09 16.45 -0.64
d3 15.98 15.26 -0.72
A4 19,95 18.78 -1.17

E = 4.2%

1964 q3 19.25 17.62 -1.63
q; 17.32 16.65 -0.67
d3 15.95 14.86 ~-1.09
dg 19,63 18.01 -1.62

E = 6.9%

1965 d; 17 .68 16.88 -0.80
d- 15.20 15.94 +0.74
d3 14.07 15.20 +1.13
9y 15.53 17.93 +2.40

E = 8.1%

1966 a3 14.82 16.52 +1.70
g3 14.61 16.53 +1.92
d3 14.44 15.67 +1.23
dy 17.66 18.35 +0.69

E = 9.0%




Table 2 {(Cont'd.).

Reported Predicted
Year Quarter (DSPK/POP) (DSPK/POP) Pred-Rep
(1b) {1b) (1b)

1967 d] 18.03 18.40 +0.37
d5 1l6.20 16.64 +0.44
d3 16.08 16.33 +0.25
d4 18.53 19.64 +1.11

E 3.2%

1968 q] 17.89 17.60 -0.29
d5 17.12 16.75 -0.37
d3 15.95 16.48 +0.53
dy 19.07 19.49 +0.42

E 2.3%

1969 d; 18.30 17.40 -0.90
q2 16.87 16.37 -0.50
q3 15.97 16.81 +0.84
qy 17.47 19.23 +1.76

E 5.8%

1970 dj 16.45 18.04 +1.59
do 16.66 17.54 +0.88
d3 16.90 17.02 +0.12
Uy 20.43 19,17 ~-1.26

E 5.5%

1971 a3 19.91 19.03 ~0.88
d- 19.70 17.84 -1.86
q5 18.88 17.46 -1.42
q4 20.28 20.93 +0.65

E 6.1%

1972 di - 18.79 --
d> -= 18.44 —--
d3 -- 18.00 -=
q4 -— 19-20 -

E = ———%

1973 q1 -- 17.87 --
q5 - 18.59 -
q3 18.26 -
d4 - 20.19 -

E ——=—%
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In Table 1 are the results when using the model to
forecast quarterly domestic supply of pork per capita one
year in advance (year t).

A measure of the absolute magnitude of the error,
i.e., the difference among predicted and reported (taken as
actual) values is presented in the last column. An average

measure of the error was computed by the formula

I (Pred-Rep)

E = I
L Rep
n
where:
Pred = values predicted by the model.
Rep = reported values.

n = number of observations, which is cancelled out
in the expression above.

E = average forecast error during the year, in %.

E values for the forecast of (DSPK/POP), one year
in advance, ranged from 7.8% in 1965, to 1.1% in 1971; see
Table 1. The model predicted the right direction of changes
in prices 46 times, of a total of 51, which is a good perform-
ance,

Table 2 shows correspondent results for (DSPK/POP)
but when the model is forecasting two years in advance
(year t+1), a larger error is expected.

Table 3 shows the results when the model is fore-

casting monthly hog prices one year in advance (year t).
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E varies from 19.3% in 1969 to 3.7% in 1971. Correspondent
forecasts can be found in Table 4, when the model is operat-
ing to make forecasts two years in advance.

The model proved to be much more accurate when
forecasting the quarterly domestic supply of pork than
forecasting monthly prices. It is expected because monthly
variations are larger than quarterly variation; variation
in a quarter is smoothed out since it is an averaged value.
As expected, the model performed better when forecasting
one year ahead than when performing the forecast two years

in advance,




CHAPTER V

CONCLUSIONS

This research, as was previously mentioned, is a
first step in the development of an improved model in the
future. It is a basic general model in which the forecaster
can introduce his own operating devices, as the ones used
by Crom (2}, in order to improve estimates involving parti-
cular situations. We can make a 24-month in advance fore-
cast as a first development and later make continuous
introduction of more recent information published by the
USDA, which would be a dynamic way of improving our
forecasts.

The December issue of the Hogs and Pigs report

published by the USDA brings projections about the number
of sows farrowing and other basic variables for the first
half of the future year. An interesting check on our model
would be to compare the results generated entirely by the
model versus the results from introducing-directly the
variables APGSth_l-Zt and APGS 3—5t in the model as
estimated by the USDA which are based on the farmer's
intentions,

The computer program for thosge who wish to use the

model is available in Appendix B.
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COMPUTER PROGRAM
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