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ABSTRACT

Models for estimating beef cattle herd sizes in Montana are
estimated using a nonlinear least squares algorithm. The use of this
algorithm allows the estimation of "nonstochastic difference equa-
tions".in which the stochastic component is purgéd from the lagged
values of the dependent variable. Models are developed to explain
the levels of total herd sizes as well as the levels of breeding
herds. Explanatory variables in these models include the levels of
‘hay production, beef to corn price ratio and calf (or. feeder steer)
prices in preceding periods. Interpretations of the estimated dis-
tributed lag patterns and of the nonstochastic forms of the difference
equations are offered. The models estimated din this thesis appear to
offer an improvement over previous attempts to explain and model beef
cattle herd sizes.




Chapter 1
INTRODUCTION

Introduction

The purpose of this thesis is to develop a model to explain énd
predict the level of cattle numbgrs in Montana. A detailed discussion
of the cattle production industry will be used to help construct a
theoretical model. Th model will describe the various factors.that
determine or influence changes in the level of cattle numbers in dif-
ferent time periods. The model will then be estimated empirically and
the results will be analyzed in detail.

One of the primary focuses of this study‘willlbe on the dynamics of‘
. the cattle raising industry. As Nerlove guggested more-than'two decades
ago, agricultural supply functions might be estimated mbst effectively
with distributed lag models. Even a very curgory survey of the liter-
ature since that time indicates that his suggestion was a most useful
one. Certain assumptions about ;he form of the iag disfriﬁutions in
these systems lead directly to more estimable dynamic sysfems; 1ike‘thé.
ones to he de&eloped in this thesis. '

It will be assumed that most of the readers have some familiarity
with the field of agricultural economics and have some rudimentary no-
tions of what cattle production éntails. However, Fo help clarify the
' i

discussions that follow for those not parﬁicularly familiar with cattle

raising, a list of terms related to the beef industry will be pre-

/




2
sented and defined. Some of the more frequently used terms in discus-

sions of cattle raising and beef production include,l

Cattle numbers - The total inventory of cattle on farms, eithér in
a‘particular state or in a country (e.g. the U.S. or Canada)
asZof January 1 of a given year. In this paper, cattle in-

ventories in Montana will be the center of focus.

Breeding herd - The total invéntory of cows and heifers one to two
years old) as of Jgnuary 1 of a given year. The difference
betweén breeding herds and total cattle numbers ié that
steers, heifers (less than one year old) and bulls are in- -
cluded in the latter but not in the former.

Cow herd ~ The number of cows that have calved.

Calf crop - The number of calves born in a given year.

Calf - Generally refers to cattle less than 7 months old.

Yearling - Generally refers to cattle abqut a year old. Often the
distinction between calves and yearlings is made on the basis
of weights, with. the division between the two élgéses being
made at 500 1bs.

Heifers — Female cattle that have not yet calved. These are

either kept in the herd for' purposes of reproduction or sold

1

The definitions of several of these terms were taken directly from
Rosine (p. 20).




‘ for slaughter or feeding.
Steers -~ Castrated cattle. These are generally young animals sold
either to feedlots for fattening or directly to slaughter-

houses.

Feeder Cattle ~ Cattle supplied to feedlot operators by ranchers

for fattening. Ranchers generally make the decision to éell
to feedlots when the calves are Betwaep eight and'ten mgnths
old. . _ '

Fat cattle - Cattle that have been fattened for slaughter 6n-érain

~or high proteiﬁ supplements.
: 1

Grass-fed (or non-fed) cattle — Cattle that have been on range and

pasture before being sold for siaughtér} These cattle do mot

pass through feedlots.

Cull céﬁs or bulls - Old cows and bulls that are no longer con-

sidered useful for reproductive purposes and are therefore

marketed for slaughter.

" Cow-calf operatbr ~ Cattle producer or rancher who generally mar-

kets his cattle as calves (except for those retained in the
breeding herd). Most of the cattle operations in Montana are

of this type.

Cowjyéarling operator - Cattle producer who markets his cattle

as yearlings.

i
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Feed-lot gperator - Cattle feeder who purchases cattle from
rénchers and fattens them for slaughter. Most feeder
cattle in Montana are sold to fee&—lot operators in the
Midwest market (Nebraské,_Iowa, and Kansés).

Beef - The final product of the cattle industry, iué., all

meat produced from cattle.

Statement of the Probiem and Structure of the Industry

The estimation of beef cattle inventories is, by itself, a stimu-
lating problem, particularly from an academic point of view. Cattle
producers’ decisions regarding desired herd gizes emanate from their
expectations‘of fﬁture prices of cattle and calves, but these expeéta—‘
tions are not observable. To the economist interested in deveioping an
empirical model for cattle numbers, speéification of a proxy for these
expectations is a problem of coﬁs;derable impbrtance. Aqother problem
stems from the fact that planned changes in herd sizes do not cor-
respond perfectly with actual changes. If it is assumed that herd size
in a given year is determined in part by herd sizes in previous yea¥s,
then it may be that ranchers base their desired herd size for this year

on what would have been the average herd size last year if it were not

for certain random disturbances, rather than on actual herd size. This

problem and the methods to account for it in an empirical model have
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received little attention in the li‘teratu‘re.‘2 An attempt to deal with
this problem will be made in this thesis.

From a nonacademic point of view, estimation of beef cattle in-

ventories is of interest for at least two reasons. Firgt, cattle prices

as well as cattle numbers seem té follow a cyciiqai pattern with some
modicum of regularity. -for many purposes, cycl;cal or seasonal fluc-
tuatioﬁé éroﬁnd the trend in the level of a variable‘can bé ignored.
For example, if the problém being addreﬁsed is to prédict 16ng term
gréwth rates in the level of national income, then Lhe problem of bre—

dicting cyclical fluctuations around the trend is not of‘interest. But

-for other problems, the prediction of -these cyclical movements is of

vital ‘importance. For individuai cattle operators, the trend 1evei in
cattle prices is of little relevance to them if they do not have the
financial resources to survive the trough.of the curfent cycle. Pre- H
diction of turning points in the levels of variableé over time ié‘one

of tﬁe most difficult tasks faced by econometricians and is thus of

2This problem appears to have been recognized first by Griliches (1960,.
p. 291). Recently, work related to this problem has been done by Burt
(1978, 1980) and. LaFrance. Methods of handling this problem have been
discussed primarily in the context of estimating crop responses. In
the present problem, livestock responses are being estimated. The
intrepretation of the nature and causes of the differences between the
expected level (or systematic component) and the. actual level may
prove to be.somewhat different for a livestock response model than for
an acreage or yield response model. This problem will be discussed in
detail in later chapters. .
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interest from an aéadeﬁic standpoint. But from a practical or policy-
oriented point of view, the problem is also of great importance. If the
turning points (and possibly the amélitudes)-of these cycles can‘be
.predicted with some accuracy, then it may bé possible‘for ranchers to
alter their aétions in ways that will enable them to survive the low
points in the cycles or fér pélicy makers to intervene with actions that
" ease the burden on cattle produceré during hard times.

The development of a model to estimate Mbnténa cattle numbers would
seem at first glance to be an endeavor of limi;ed value to anyone other
than Montana policy makers. But it is hoped that after the Montana
model is dgveloped it wili be useful, without major aiterations, for
estimating and predicting cattle numbers in other states and possibly on
the national 1evel.- It might be expected that the structure of the
cattle industry in Montana would be less complex than the structure of
the industry on a national 1ev¢1 because of more homogeneous conditions
and a relatively small dairy industry.A An'additional simplification for
a state model is that cattle prices can be treated as exogenous with
littlelrisk of joint dependence in tﬁe relationship between inventories
andlprices. Often, valuable insights to a problem can be gainéd by
solving more simplified versions of the prbblem first. A logical ap-
proach to the problem of estimating a national model for beef cattle
inventories miéht thus be to egtimate a model 6n a state level and then

use the knowledge obtained to help in constructiﬂg the more complicated




national model.

Beef cattle inventories are important determinants of the‘number of
cattle phat enter feedlots and are slaughtered. The number of cattle,
slaughtered is in turn the primary determinant af the shppi& of beef on
retail meat coﬁnte:s. The ultiﬁate usefulnees of beef cattle inventory
models on the'staté and national 1évels thérefore lies in the role they
play in obtaining estimatés of fetail beef supply. This is the second
nonacadémic reason for developing a médel of Montana cattle herd sizes.

It has long been recognized that hog prices and numbérs follow a
cyclical path over time. Theré have ﬁeen numerous attempts to develop
models that effectiveiy account for this type 6f.variation'aqd accu-

- rately predic£ upcoming phéses of these cycles. As was ﬁentionéd'above,
cattle prices and numbers also appear to follow a cyclical pattern. Yet
there has been considerably less attention directed towards the deve-

- Lopment of models to explain and predict cattle r}umbers.3 It is not
clear why these cattle cycles have been'neglec;ed relative to the hog
cyclés. One poésiBle explanation is that because the cattle cycles have

longer periods, more data would be required to develop a model that

3The'studies that have been done on this topic inelude Maki (1962 and
1963),. Tryfos, Martin and Haack, and Arzac and Wilkinson. In most of
these studies, the equations for estimating cattle numbers are parts of
larger systems for estimating livestock or meat supplies. -In these
articles, the authors spend little time interpreting the results of
their cattle number equations. These articles and the results they
contain are analysed in detail ‘in the next chapter of this thesis.
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effectively deals with_these cyclical movements,4 The longer time
series increases the hazards ;f structural change during the samplé
period,

On»a national level, the United States cattle industry is cur-
rently going.through the final phases of the seventh cycle of this
century.5 These cycles have typically lasted about ten to twelve years,
The éverage_cycle has had an expansionary ﬁhase of about six or seven
years and a contractionary phase of three to four years., However,
these éycies have not by any means begn uniform in these traits. The
second cycle of thg century, for example, ‘lasted from 1912 to 1928 and
had expansionary and contractionary phases of six and ten years réspec—
tively. Most of the other cycles have.peaked near the midpoint éf a
decade and hit low points léte in the same decade. For exgmple, iﬁ fhe
past 50 years, cycles have peaked in 1934, 1945, 1956, and 1965 and
have bottomed out in 1928 1938, 1949, 1958, "and 1967,

Figure A-1 in Appendix A reveals that cattle numbers on the state

4That is, since hog cycles appear to be about four years long, twenty-
five to thirty years of data will span about seven complete cycles. If
there is any regularity at all to these cycles, an econometric model
should be able. to isolate it quite effectively with data on that many
cycles. But, since cattle cycles seem to last about ten years, twenty-

- five years of data only spans two or three cycles. It is much more
difficult for a model to pick out regularities with data on so few
cycles. .

5See Rosine (p. 13) for a plot of.the path of total cattle numbers on a
national level during this century. .
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level in Montana haye followed the peaks and troughs of the national
cattle cycle quite closely since World War IT, Thig would be expected
if caﬁtle_nﬁmbérs are determined largely by cattle prices, since there
is no reason the pfices recelived by'Mbntana~ranchers should not follow
the same path over time as the prices received by rancheré in other
parts of the coﬁntry.

An im;ortaﬁt question is "Why do cattle numbers follow this cycli-
cal'path?" Is this cyclical movement a result of factors external to
the cattle production industry or is it due to forces that are internal
to the proééss? It appears that these cycles can be attributed largely
to biolégical QOnstraints and lags in économic adjustments inherent iﬁ
the cattle raisiﬁg process, Before describing the characteristics of
cattle cycles in detail, it will be useful to sidetrack somewhat and
outline the process by which beef oﬁ the hoof becomes beef on the re-
tail meat counter,

for descriptive purposes, it is conveniént to view the cattle
industry as consisting of three sequential mafkets'—'the markets for

feeder cattle, fat cattle, and beef. Each of these markets, like any

~other market, has a supply and a demand side, In the feeder cattle

market, the suppliers are the cow-calf-yearling operators and the

6A significant portion of the folloW1ng dlscu581on was adapted from
Kohls and Uhl and Rosine.
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deménders are feedlot operators, The feedlot operators are the sup-
pliers of fat cattle’to'the packer, Wholesale and retail demanders,
The latter then act as suppliers in the beef market while consumers
‘play the role of demanders, Not all beef goes through eaéh‘of these
steps, of course, Some cattle are slaughtergd immediately after pur-
chase ffomhthe cow—calf operator without being fattened in a feedlot.
The different functions-iﬁ these three markets are not always performed
by separate enterprises. For example, some opérations iq the Midwest
raise feedgrainé as well as cattle. In faét; beforé the 1950's, most
cattle production took place on these diversified crop-~livestock farms.
The last three decades, however, have'seen the development of largé
specialized cattle feedlots in the West and'Southwest regions.7

The focus in this thesis is on-tﬁe suppliers in the feeder-cattle
market, i.e. the cattle fanchers. It is important to point out that
the organization and structure of these producing units is high;y diver-
sified. " Some ranchers raise sheep and/or hogs as well as cattle. Some
raise grain crops in addition to their livestock. Others Qiew their
livestock production as a secondary source of income and use it to

occupy otherwise unused resources like labor and buildings. The size

7For further discussion of some of the different aspects of the live-
stock marketing industry, the different roles played by large highly
specialized feedlot operations in different sections of the country,
and the movement towards decentralization of the livestock and meat

packing industry see Kohls and Uhl (Chapter 23).
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of these operations also varies widely, from small to very large and =
highly specialized, This diversity is pointed out to emphasize the
prob;ems that may be encountered when trying to develop a single equa-
tion to model such a heterogeneous gfoup.of operatiéns. Agaip‘the
merits of constructing a model for a single state initially shéuld be
clear. Cattle production operatioﬁs in a given state would be expected
to be fairly homogeneous since they face similar climatic and topo-
graphic as well as economic (distance'to ﬁarkets, etc.) conditions.
Thué, it shéuld be relétively easier to ébnstrucf a moael on a state
level. Again, it is hoped that insights can be gained from this exer-
cisé that will be valuablé in modeling the cattle industry on a national
leveli
The cattle production portion of the cattle ipdustry consists pri-

marily of cow-calf and cow—yéarling operations. _In Montana, the major-
ity of cattle ranches are of the former type. Caives are,generéliy
born late in the winter and early in the spring. Ranchers will typi-
cally keep these calves uﬁtil they are about seven to ten months old.
At_that time, a number of options are availabié; Steers can be sold to
feedlots for backgrounding aﬁd then fattenihg or directly éo slaughter.
Ranchers may aléo choose to carry the steers thfough the upcoming
winter. This option might be chosen if ranchers felt that the price of
.steers would be higher in the sbring and/or if winter pasture and feed

conditions lookéd promising., A rancher would probably.not choose to
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carry steers through the winter if the summef hay yields were low and
if forage conditions for the winter look poor, Male calves are not
generally kept as part of the breeding herd éincé most hgrds have only
one bull for every thirty to forty-five cows. Thése bulls are generally
purchased rather than raised, In Morntana the majority of steer calves
' appear to be sold to feedlots.8 |

Ranchers face basically the same set of alternatives for‘their'
heifers with the additional option of keeping a certain portion in
their herds for breeding pufposes. Heifers might be added to the breed-
'ing herd either as replacements for old cows thét are culled from the
herd or as net additions to the herd, If the héifgrs,are "plowed backh
into the herd, it usually takes about two years for them‘to have.the
first calf. The gestation period for cows is about nine or ten months.
The useful réproducti&e life.of a cow is generally about six to eight
years. After thaf the cows are "cuv]il'ed'i from the herd and sold f§r 

slaughter, The age at which these cows are culled will depend in part

8Whether ranchers sell their cattle.to feedlots or for direct slaughter
depends on which buyer offers them a higher price. Changes in the
price of feeder cattle relative to non-fed slaughter cattle will de-
pend in part on changes in the demand by consumers for high quality as
compared to low quality cuts of meat, However, the critical factor in
the determination of these relative cattle prices is probably the com-
position of beef made available by suppliers. This composition will
be affected by where thé economy is located in the cattle cycle at the
time in question and by the number of older animals (which rarely go
to feedlots) being marketed. ‘ -
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on whether the rancher is trying to expand or contract his herd, If
cattle prices are rising and the rancher is expanding his herd, he will
kgep these older cows in the herd longer. If prices are falling and
he is reducing his herd size, he will be more likelf to cull the older
cows earlier.

Steers and heifers sold té feedlots are fattened'oﬁ high concen-
‘trate rations (e.g, soybeans and/or cottonseed oil meals) and grains
for approximately 130 to 160 days, after which .they are referred té as
fat, fed, or slaughter cattle, The length of time the feedlot operator
keeps the cattle in the feedlot will depgnd partly on the priée of feed

relative to the price of fat cattle, From the feedlots, fed cattle are

sold to pécking plants where they are slaughtered and fabricated, then

sold to wholesalers or directly to retail stores (poséibly for further
processing), and then purchased by coﬁsumers.
At this point ig is helpful fo describé a "typical® cattle cycle.
An ordinary cycle consists of three distinct phases:? (1) the rapid
growth stage,'(Z) the deceleration stage, and (3) the turnaround stage,
ihe rapid growth stage ié éharactefized by (1) -favorable Beef’:
prices, (2) rapid‘incrgasés in cattle numbéfs; (3) é IoW'ragio‘of

slaughterito inventory, and (4) higher than_aVerage'fiﬂ@éQial retufns ‘

S onE

9These_ classifications, as well as much of the information,content in
the discussion and description.of cattle cycles was obtained from
Hasbargen and Egertson. - ’
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to beef producers. During this stage favorable beef prices induce
ranchers to increase their breeding herds to try to capitalize on those
prices, This increase is accomplished by keeping older cows in the
herd longer and by retaining mo?e than the normal number of heifers.

Calf slaughter dfops because more heifers are kept in the breeding

herds and because feeédlot operators (who are also benefiting from high
beef prices) bid more of the lower quality heifers éway from slaughter

accounts.lO The holding back of heifers and reduction in calf slaughter

5y

results in reduced production of beef which causes ﬁrices to rise still ~
more. The normal ratio of cattle and calf slaughter fo January 1 inven-
tories for the United States is about 36 percent; Du;iﬁg the rapid

growth stage this ratio falls to about 30 percent. Notice that.accord—
ing to economic theory, the normal response of a suppiier to an in-
creased price is to increase output. However, the biologicalucharac—

teristics of cattle production dictate that an increase in output can

.only be accomplished by-first reducing current beef supplies by selling

fewer calves to feedlots. Thus, the short run effect: of rising prices

lOActually, this representation of the relationship between the prices
of feeder cattle and the profitability of feedlot operations is
probably an oversimplification 6f reality, Rising prices of feeder
cattle will mean increased costs for feedlot operators, TUnless fat
cattle prices rise by a similar amount, feeding margins will be
pinched. Similarly, in the deceleration-stage, when feeder cattle
prices start falling, margins will improve if fat cattle prices fall
at a slower rate.
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on beef production would be expected to be negative, Prices.and herd
sizes will continue to rise until breeding herds become large enough
that (although heifers ére still being ﬁeld back) the number of cattle
being slaughtered begins to increase, When this happens, the produc-
tiog of beef will increase and prices will begin to fall,: Fglling
prices are then péssed from the retailers on down éhe market channel to
the.cattle producers, These falling prices and the resulting cutbacks
in the rate at which herd sizes are being increased mark the end of the
rapid growth stage and the start qf_the deceleration stage.

The characteristics of the deceleration stage include (1) unfavor-
able cattle prices, (2) the growth rate in herd sizes'decliﬁes sharplyA
and then inveptories actually drop, (3) the .ratio of slaughter to in-
Véﬁtory begins to increase, and (4) returns to beef producers are below
average. The falling prices that marked ;he end of the rapid growth
stage affect cattle fégders. They receive lower fed cattle‘prices and
must then lower prices for féeder_cattle to pfotécf feeding margins.
Raﬁchérs then begin to slow down thé rate. of growth of their herds.
They do this by plowing back fewer.heifers;into thé breeding herd and
culling more of theix older cows. Since cattle producers are.trying
to cut‘back on productioﬁ to reduce their losses, this period is marked
by an_increase.inAslaughter relative to inventories, Examples of this
rise in recent deceleration stages includes a jump from a 30 percent

slaughter rate in 1973 to a 36 percent rate in 1975 and from 32 percent
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in 1952 to 42 percent in 1955-56, Between 1973 and 1975 the culling
rate rosé %rom 12 to 20 percent which implies an accompanying increase
in cow slaugﬁter. Probably the only type of cattle not showing an in-
crease in slaughter during this sfage is choice finished siaughter
cattle. This is because reduced demand and prices paid by feedlots
allow slaughter accounts to outbid feeder accounts,

At the beginning of this stage, when pfices initially start to
fall, -ranchers do not imme@iately decrease their herd sizes. This is
because priées héve been risiné for several years and ranchers e#péct
‘them to continqe rising. They initially view the fayling prices- as
temporary and are thus hesitant tq_decrease their hérd sizes. If
ranchers did reduce their herds and prices started'risipg again, they
would not be able to capitalize on those high prices.ll But the in-
creased slaughter rates at the beginning of}this stage lead to in-

creased ‘beef, supplies which lead .in. turn to further price reductions.

lOne interesting characteristic of the cattle production process 1s
that increases in herd sizes are constrained by the rate at which
cattle can reproduce but that decreases in herd sizes can occur as
rapidly as producers are able to liquidate their herds, The tendency
for producers' price expectations to adjust slowly (which causes them
to hesitate in .liquidating their herds) may act to make the cattle
cycle somewhat more symmetrical than it would be if its shapé was
dictated solely by the biological constraints of the industry. It
was noted.by Lorie that during the beglnnings of this stage, prices

are falling, but they are still above their average or ‘‘mormal" level.

As long as this is the case, one might expect producers to continue
increasing their herds, depending of course, on how much their price
expectations are affected by anticipated cyclical behavior of prices,
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Aftér a while, cattle producers realize that the falling prices are not
an aberration and actually reduce their herd sizes., This, of courée,
leads to further decreases in prices, This continues until herd sizes
.are small enough that the supply of beef begins to fall and pfices
start to recover, When.this happens, the céttle cycle enters the turn-
around stége;_ | N

‘The basic characteristic of.the turnaround stage is "normality";
prices recéver from thg‘lbw levels of the deceleration stage, herd .
sizes stabilize, the slaughter to inventory ratio is near normal, énd

returns to beef producers are about average, This stage begins when

- prices start to recover (even though producers are still marketing more

than a normal proportion of heifers and may be cﬁlling at faifly high
rates) due to herd sizes being small enough that beef production ié

reduced. Prices and herd sizes level off for awhile, bgg_iﬁ_popuiatipn

and per capita incomes continue to grow, the demand for beef will in-
— . -

crease. Prices will begiﬁ to rise again and feedlot operators will
respond by increasing their production levels and bidding up the price

of feeder cattle. These rising prices induce cattle producers to start

increasing their herds again. The cycle has entered the rapid.growth

- stage once more,

From the preceding discussion; it can be seen that the cattle
cycle is caused basically by the physical and biological constraints of

the production process and by the mannér in which producers form tﬁeir
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‘price expectations; That is, cattle ranchers decide to increésé (de—‘
crease) their herd sizes because current and past price increases (de-
creases) 1eé& them to expégt future increases (décreases). Oné influ-
'~ ence that isArequired for the continuationiof tﬁe.cattle cycle but is
not inherent'in the industry is the indrease in population and incomes
that acts to start prices risingjand-moveé the cycie from tﬁe turn-
arodnd to the rapid growth stage. (Even in a rather stagnated economy,
it éeemé that the phasing of the business cycle would sooner or later

disturb the cattle cycle from the "normality" of the turnaround stage.)

Other "outside" factors also affect the shape, and 1ength of the cycles

even though they are not necessary for the continuation of the cyeclical "

{

path, These factors may explain why the stages of different cycles vary
éo much in magnitude and duration, Examples of these influences include
the end of the Korean War in i952 which resulted iﬁ a slowdown in de-
mand for beef and a break in beef prices, and thé economy-wide boom of
the late 1960's that kept consumer demand high and resulted in a short-
ening of the deceleration stage that started arpund 1965. Random vari-
ations in weather and feedgrain crop yields also affect feeder cattle
demand and héncé, ééttle.prices.

Another.factof that may be confributihg to the cyclical nature of
this industry is related to forage conditions,- When prices are rising,
produceré areilikely to overgraze .their range lands. When’pricés be-

gin to fall, the depleted condition of this pasture acreage will
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contributé to incentives to reduce herd sizes, By the time prices
bottom out, pasture conditions should have recovered; - Thus, readily
available forage will contribute to the incentives provided by rising
prices to increase herd sizes,
The econometric model that will:be used in this thesis will be a"

distributed.lag model. These models are employed when there is a.time
lag between the point at which a change in an independent variable
occurs and the point at which all of the effects of this chaﬂge on the
dependent §afiable‘have been felt. This type of a model seems appropri4
ate in the estimation of-cattle numbers for at least th;ee reasons.
First, if an event occuré that induces ranchers to decide to change
their hérd sizes, 1t takes a significant length of time for tﬁese de-
sired changes to Be implemented. Cattle do not reproduce instanta-
ﬁeously and it is not pqssible, in the aggregate, for all ranchers to
buy cattle to enlarge:their breeding herds at the same time., Second,
ranchers face rigidities in addition to those associated with the bio-
logicai constraints-of cattle reproduétion. For ekampie, if cattlel
pfoducers.decide they want to enlarge their herds, they will want té be
reasonably.certain of having adequate feed availableg This may require
developing additional hay acreage or purchasing (or leasing) more
grazing land, which égain takes time, Third, ranéhers'Aacfions with
regard to expanding or contracting their herd sizes will depend largely

on their expectations about future price levels, Although little is
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known about tﬁe precise mannef in which these'price expectations are
formed, it is generally agreed that they are based on some type of
weighted average of past prices., Thus‘the‘compléte éffects of a price
,changelin a given time period on a decision makexr's future price expec-
tations will not be felt until several periods have elapsed, The uses
and precise forms of the distributed lag models to be employed in this
paper will be discussed in detail in ensuing chapters,

The next chapter of this thesis contains a review of the litera-
ture related to the estimation of cattle_(and other livestock) cycles
and the use of distributed lag models., In the third chapter, a number
of the theoretical aspects of the problem oftestimating cattle numbers
are considered. The estimated models are presented and discussed in
the fourth chapter. The final chapter summarizes the accomplishmengs
of.fhis project and suggests some possibilities for extending our work.
The raw data used to estimate the models aﬁd graphs of this data are
pfeSented in Appendix A, - Appendix B contains plots of the lag distri-

butions implied by the estimated models,




Chapter 2
REVIEW OF THE LITERATURE

This chapter contains summaries and discussions of many‘of the
important past works related to the subject of cattle cycles. The
_1iterature that will be reviewed can be divided into two sectionms.
The first contains articles that.dealt directly with discussions and
modeliqg of cattle numbers and the cyclical nature of the inddstry.
These articles include studies that attempted to develop empirical
models and make predictions as well as works that discussed tﬁe
theoretical nature of the industry without attempting to do any

quantitative work. Prices and numbers of other types of livestock

" besides cattle have been observed to follow cyclical paths over time.

As was mentioned in the previous chapter, much attention has been
directed toward the study of hog cycles. Since the nature of the
cycles for cattle and hogs is essentially the same (the basic diffgrw'
ence is the length of the cycles) and since a significant portion of
the early work on livestock cycles was done on hog cycles, a few
articles dealing only with hogs will also be reviewed. The analysis
in these studies is easily modified to apply to cattle numbexs.

The second section of literature to be reviewed deals with

studies on the subject of distributed lags, The topics of these




22

studies range from theoretical discussions of when the use of a
distributed lag model is appropriatevto quite technical works dis~
cussing how such models might be estimated under conditions of wide1y
varying complexity. Within this section of she literature, a topic
of particular relevance to later ‘work in this thesis pertains to the

use of "stochastic" vs. "non-stochastic' difference equations.

Literature on Cattle and Other Livestock Cycles

The first section of this literature review will be further di-
vided into two sub-sections. The first sub-section will review arti-
cles that deal specifically with cattie numbers and cattls cycles.
The articles in this sub—sectidn will be reviewed in chronological
order and will consist of, (1) studies of a surely quslitative nature
which are of value because of ths ideas presented or because they.
contain exceptiopal descriptions of some aspect of the cattle in-
dﬁstry or its cyclical nature, and (2) works of a quantitative nature
that étﬁempted empirical analysis asd pre&iction of the catfle cycles.
The secona~sub—section will contain descriptions of articles that
have focused sn other types of animalicyéles. Once again, the reason
for looking at these studies is thét the techniques they ssed fof
estimating dyclesAmay prové to be useful in studying the cattle
cycle.

One of the first studies thatuattempted‘td develop a concrete
. Ny

1
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analytical framework for analyzing livestock and crop:cycles was con-
ducted by Mordecai Ezekiel (1938). The framework he used to look ét
these cycles is referréd to as the "cobweb theorem”; The basic idea
of this theorem is that cycles in prices and/or production can be
attributed 1argély.t9'lags between the time a production‘decision is
made and the time the output froﬁ that decision is actﬁally produced.1
Ezekiel began his article by giving credit to the originators of the
"theorem" and then‘discussed_the'conditions‘that must‘be satisfied
' for the theorom to be appropriate for analyzing cyclical fluctuations
in the "real world". These conditions esseﬁtiallytrequire that
supply in a gi&en pefiod is inelastic and’is determined-By price in
tﬁe preceding period and that demand in a given period’is determined
by the price in that period. After this, Ezekiel-gave verbal and
gréphical descriptions of the three types of fluctuations (contiﬁubus,
convergent, and divergént) that‘might occur. The type of fluctuation
that actually occurs depends on the relative slopes of the supply and,
demand curves.

He then. pointed out that his theory explained short cycles, or

cycles in which high and low levels of production alternate year

i

lFor a more detailed description of the cobweb pheofem, see Mansfield
(pp. 240-242).
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after year, but did not fully explain the iong cycles observed in

many commoditieé,2 To remedy this, Ezekiel extended the analysis of
the‘theorem by changing the aséumptibns about the length of time it
takes production to respond to price changes. In the original for-
mulation of ‘the theorem, it was assumed that this lag wés one year.
This resulted in a two year cycle. By assuming that production in a
given year depends solely on prices two years earlier, a four year
‘cycle results. Using this technique, cycles of anyllength can be‘
-obtained using the framework of the cobweb theorem, simply by adjusting
the assumption about the time lag between price changes and préduction
response. He then made a visual comparisoh between thése theoretically
derived cycles and the actual price and production cycles of hogs and
cattle. He pointed out the evident similarities, noted that the
actual cycles differ from the theoretical cycles in that they are

more irregular, and left the reader with the impression that his
modified cobweb theorem could be used to explain the actual cycles.

Ezekiel then stressed that ''the cobweb theory can apply exactly

only to commodities which fuifill three conditions: (1) where pro-

duction is completely determined by the producers' response to -price

2 i . L .

A long cycle would be one in which production levels are higher than
normal for several consecutive periods and then below normal for
several consecutive periods.
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under conditions of pure competition (where the producer makes plans
for future production on the assumption present prices will continue
and that hig owﬁ production plans will not affect the market); (2)
where the time needed for production requires at least one fﬁll
period before producfiop can be changed, once the plans are made;
and (3) where the price is set by the supply available' (p. 272).
Finally Ezekiel discussed some of the shortcomings qf the theroy.

' These included,

- there is some elastiéity of response in the supply
of mogt commodities, especially on the contractionary
side.

- for most commodities, production in a given period
depends on price levels in more than one preceding
period.

- intended and actual output may differ due to weather
factors. These influences, if they occur frequently,
may tend to distort the shape of -the actual cycle so
that it does not appear to follow a pattern predicted
by the "cobweb theory".

- frequently, production levels do not bounce from very
high to very low levels in succeeding years in respomnse
to fluctuations in prices as the theory predicts. TFor
example, producers may expand herd sizes slowly in re-
sponse to rising prices, but contract rapidly in response
to falling prices.

3For example, once a production decision has been made it may not be
possible to significantly increase output but it may be feasible to
decrease output by plowing a crop under rather than harvesting it
or by slaughtering cattle or hogs earlier than would be the case if
prices were higher. :
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- there is no commodity for which supply alone determines
the price. Other factors, like prices and availability
of substitutes and income levels, also affect prices.
~ Because these other factors are usually not constant, it
is difficult to isolate any underlying cyclical movements.
It seems apparent that one of the most obvious shortcomings of
this theory is related to the second fault Ezekiel discussed.
Producers make their production decisions on the basis of the
prices they expect to receive at hafvest time. The assumption that
is made in the cobweb theofy aboﬁf.the manner in which ‘these expeé—
- tations are formulated is remarkably naive.4 For this. theory to be
useful as a tool for analyzing real-world cycles, it must be adapted
to iﬁcorporate a more complex model of the formation'of_précé;
expectations, . | - .
In a 1947 publication, James Lorie presented an extensive dis-
cussion of the nature and mechanics of the cattle cyecle. Actually
this.study had a considerably broader scope than simﬁly looking at‘
the cattle cycle. Lorie looked first at the fluctuations in feed
consumptién and then focused onﬂfluctuations in the number of
animal units on farms (he developed an index to measure these units

in his opening -chapter). He found that there were four distinct

:cycles in these numbers between 1891 and 1945. He then attempted

4The assumption, once again, is that the price in a single period
in the past (usually the immediately preceding period) will
" continue into the current period.
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to determine which of the component cycles (cattle, hogs, or sheep)
seemed to be accounting for the la?gest proportion of the deviations
in the total number of animal units. He found that movements in
cattle numbers accounted for the major cyclical fluctuations in
numEers of all animal units on farms. Because of this finding, he
devoted coﬁsiderable effort to tfying to determine the factors that
cause the cattle cycle. '

He opened his discussion of the cattle cycle by reviéwing and
critiquing previous theoretical explanations of the cycle. Two
prominent theories for explaiﬁing the cycle at that time were the
theories of exogenous and endogenous causation. As the names imply

"the first theo?y attributed cycles in cattle numbers to factors
that were not an inherent part of the cattle cycle, whiie the
second credited the cycle to the ngture_of the cattle ﬁroduction

process itself. The leading proponent of the theory of exogenous

causation was John A. Hopkins Jr.. 1In his A Statistical Stu&y of

the Prices and Production of Beef Cattle, Hopkins states that

" The cattle cycles of the past 60 years are apparently due
to forces outside of the cattle industry, but these forces
or conditions which have caused the major crises in the
cattle industry do not seem to be related to any regularly
recurrent phenomena. The prices of cattle are affected,
of course, by the activity or depression of business, and
are therefore influenced by the general business cycles.
This will probably account for a minor series of cycles
but not for the major cycles which have been 12 .to 15 years
in length. No phenomena of a regularly recurrent nature
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and with a periodicity of 12 to 15 years have come to light

_ to explain.the major cycles, The cattle price cycles are
irregular in length and in amplitude, and for each there
seems to be a different reason.”(p. 351)

He then attempted to determine the different causes of the
individual ecycles of the six decades preceding his study. Lorie
levels some extremely harsh criticism on Hopkins' explanation of
the factors that caused the cattle cyeles. The first cycle Hdpkins
attempted to explain peaked in 1870. ILorie questioned Hopkins'
factual data concerning.the timing of the booms. and depressions of
the 1870's, then stated that "Hopkins explains subsequent cycles
with an equal imprecision and lack of cogency'(p. 50). After
critizing Hopkins' analysis of the cattle cycle of the 1880's,
Lorie dismissed his discussions of subsequent cycles with the
comments,

"At no time is statistical evidence presented and seldom

is the influence of factors, other than the somewhat ar-

bitrarily chosen causal agent, considered. In the absence

of any reliable measure of the demand for cattle, or the
effect of population changes, or of changes in business
activity, one must view with extreme caution any conclusion
which posits a causal relationship between these various
factors and changes in cattle prices or numbers. Hopkins
seems to have proceeded on the basis of 'reasonable' as-
sumption rather than upon a rigorous examination of the
available evidence. It seems probable that a more con-
sistent and convincing explanation of the fairly regular
fourteen - to sixteen-year cycles in cattle numbers can

be found." (p. 51) '

Lorie then looked at the work of Professor F. L. Thomsen, a.

proponent of the endogenous causation explanation of the cattle cycle.
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Thomsen made the following remark with regard to works such as
Hopkins',
"It appears to many . « « that these episodic
influences have served merely to affect the length

or emphasize the degree of the cyclical movements of

cattle production and prices and that there is ' a

residual movement of cattle prices which is attrib-

utable to the truly cyclical nature of cattle pro-

duction." (p. 360)

Lorie criticized Thomsen for not being more precise in his
delineation of the causes of the cyclical nature of the producﬁiont
process and for not discussing the effects of exogenous factors
such as the weather on these cycles.

After looking at these two theories of the cattle cycle, -Lorie

then turned his attention to "more sophisticated" attempts at '

" modelling the cattle cycle through the use of the cobweb theorem.

In particular, he focused on Ezgkiel's 1938 article. He took
particular exception to Ezekiel's implication that the cobweb‘
theorem provided a framework for analyzing the cattle cycle.
Lorie, upon substitdfing "more precise phrasing for Ezekiel's
ambiguities," found that '"the actual cycle is far longer than the
theorem would have led one to expect'" (p. 52).. In support of his
argument, Lorié Eited a study of the hog cycle By Coase and Fowler
that concluded that the cobWebutheorem simpiy did not explain the

observed facts.

Lorie theﬁ developed his own theory to explain the cattle
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cycle and the interrelationships between value, marketings,.and
number of cattle on farms. One important aspect of Lorie's theory
was his emphasis that the separéte cycles in these three comp;nents'
of the cattle industry were really part of the same cycle: Lorie's
theory of the cattle cycle began with the assumption that all
exogenous factors were constant, so that the system was initially
in equilibrium with no cyclical motion. Then a change occurs;
perhaps the Weathér is exceptionally good or there is a change in
tastes (which leads to a greater demand for,béef). As a result of
fhis, ranchers decide to increase their herd sizes. This leads to
a decline in‘marketings and increased'cattle prices. At this
point, Lorie pointed out that theoretically, farmers could react to
these higher prices either by increasing sales to take advantage of
high prices immediately, or by decreasing sales to build their
herds so they can bénefit to a greater extent from cbntinued high
prices. in tﬁe future. Lorie fel; that the available evidence
indicated that ranchers most often took the latter course. The
result is further declines in marketings, accumulation of cattle on '
ranches, and incréases in ‘values. 1In other words, the initial
forces sef off other forces that move the sjstem away from equilib-
rium. This trend continues for three or four years un;il "the
increased producfion on farmé resulting from the éreater breeding

capacity of the herds can be expected to reverse the downward trend
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in marketing" (Lofie, p. 54). This increase in marketings will
(other.factors constant) lead to a fall in beef prices. Lorie
maintained that ranchers would continue to increase their herd
sizes (although at a slowér rate), despite falling prices, as long
a; prices remaiqed above their ”hqrmal" level. Because of increas-
ing herd sizes, marketings would continue to increase and prices
would continﬁe to fall. When prices fall below their equilibrium
level, ranchers would begin to cut back on their herd sizes. Ag—
cording to Lorie's theory, this decline in cattle numbers wo'uldi
begin about seven years after the initial disturbance that moved
the s&stem away from its equilibfium poéition. )
As the liquidation of herds continues, marketings continue to
rise apd_prices continue to fall. These trends continﬁe until the
- herds are sméll enough. that "the ﬁroductive-capacity of breeding
herdé will have declined so much:that the lessening in the flow to
market of young animals will more than offset the continued liqui-
dation of breeding stock" (Lorie, p. 57). At this point, marketings
Begin to fall, prices begin to rise and the rate of liquidation is
lessened (although‘liquidation does continue as long as prices are

below their equilibium level). When prices eﬁentually rise abq?e

theitr equilibrium values, ranchers begin to expand their inventories
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once again and the cycle repeats itself;5 Lorie's cycle took about

fourteen years to complete a full rotation. The length of this:

cycle is determined by the assumption that cattle are marketed ;t

an ayerage age of about two and Qne—half years. The devélopment of
large écélé‘féed—lots, technological chagges in feediﬁg,,and possibly
shifts in cpnsuﬁer demand have caused a reduction in average marketing
age. This may explain part of the discrepenc§ befween Lprie's

cycle length and observed cycle lengths in recent decades of ten to
{ : i _

[
: 1

twelve years.

Lorie ran some fairly crude tests and found that his theory
Lo '
was confirmed by the observation that accumulation (liquidation) of

cattle seems to occur "with great regularity" when cattle values
. o ‘1
are above (below) normal. He then tried to determine the effects

-of exogenous factors on the-cycle and concluded that-weather'fluﬁ; !

tuations seemed to have a considerable effect on cattle numbers

while the business cycle seemed to have had a relatively minor

5It is interesting to note that Lorie's breakdown of the cattle
cycle is essentially the same as that of Hasbargen and Egertson
(described in the preceding chapter). The basic difference be-
tween their analyses is that in Lorie's story the cycle, once
kicked off by an initial exogenous shock, seems-to continue
indefinitely while in Hasbargen and Egertson's model, each period !
of the cycle is begun with exogenous boosts, e.g. 1ncrea81ng pop-
ulation and/or incomes.
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effect on the cattle cycle.

© In 1955, Harold Breimyer'published an article in which he

suggested a nﬁmbe? of different ways of looking at daté on cattlei
prices, inventories, and slaughter. His hope was that by breakiﬁg
the data down in-a variety of ways, different aspects of the indu$try
and cycle could be concentrated on énd improved forecasts éf‘différent
variables could.be obtainéd} Breimyer opened his article by describ-
iﬁg the price-decline phase of the cycle that started in 1952 and
then commented on the inability of economists of the ;920'3 to
empirically demoﬁstfate a connection between cattle prices in one {
time period and cattle numbers in later periods. He felt that the
cattle cycle, "more than any recurring fluctuation withiﬁ agricuiture
resembles cycles of industrial origin; Basic to all such cycles is
-the management of capltal goods of high investment cost and long
productive llfe. In cattle those 'goods' are breeding stock" (p. 2)
Next, Breimyer commented on the'conflict between thqse who felt the
cattle: cycle was self—generated and those who felt it wags due to
' outside forces. He concluded this discussion by saylng that

"In making their responses to qll factors, producers are
affected by the complicating features of large financial
investment, long life cycle, and scarcity of alternatives.
"As a result, responses by cattlemen are not quick, simple

and direct but take on the slow evolutions known as the

cattle cycle. It is the special features of the cattle

industry, converting all responses into cyclical responses,
that latgely account for the historical cattle cycle. The
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cyclical effect cémes about regardless of whether the forces

responded to arise from within or outside the cattle in-

dustry." (p. 3)
Breimyer did not specify what ''special features" of the industry he
was referring to. His stafement implied that he did not consider
the discussion of endogenous or exogenous causation of the_cattle
cycle to be very relevaﬁt since the cyéle WOuid occur in either
case. In the néxt section of this paper, Breimyer presenged some
of fhe devices he thought would be useful as tools for predicting
upcoming trends in the cycle. These devices iﬁciuded free-hand
graphic extensiqns of the trend and tabular arrangements of the
data that he referred to, as "balgnée sbeets" and "'progressive
balance sheets" of‘catfle numbers. The balancelsheets basically
-broke total cattle numbers dowﬁ into different éategories according
to how they were disposed of (death loss, Slaugﬁtér, expérté, etc).
He_felt these could be used as aids for prediction. The pfogressive
balance sheets £réced different categories of cattle (milk'ﬂeifer
calves, beef heifer calves, and cows and heifers) through £ime to
see how they were disposed of. Breimyer felt there Waé enough
regularity in these patterﬁs of disposition that "forecasts based
on this progressive balance sheet would have much validity" (p. 4).
He did not make any actual predictions using these balance sheets,
proﬁably because the data base neéessaryito construct ﬁhem was too-

weak.  In the final section of his paper, Breimyer looked at the
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changes in prices, price ratios, and the composition of inventories
and slaughter during previous cattle cycles. He felt that the
uniformity between the gycleé; thbugh far from.complete, was.close ' ,
enough to be informatjvé. Breimyer did not attempt té make any
actual forécasts or devglap any regression models, but he hoped‘
that his exposition would "make possible more productiﬁé:analyses
of trends in cattle and improve the éccuracy of forecgsts" (p. lQ).

In 1962, Wilbur ﬁaki ¥eported the results of a study in which
he developed an econometric modél for the beef and pork industries.

He estiméted nine multiple-variable equations. and used the results
' i

of these to "generate the time paths, from 1949 to 1964, of selected
output and price variables within the livestock-meat economy" (1962,
p. 731). One novel asﬁect of Maki's work was that in his study,
livestock numbers were &isaggregated to a greater extent than in_
- any previous study. He estimated separate inventory equations for
calyes, heifers, cows and steers. In these equations,.

“"the number of various classes of cattle on farms was | .

related to the number of other specified cattle on

" farms a year earlier, the number of cattle slaughtered

under federal inspection during the preceding -year,

and the average Kansas City feeder calf price during

the last two years." (Maki, 1962, p. 731)
_For example, the change in beef calyes in year t was regressed on

the change in beef cows lagged one year and the change in feeder

calf prices lagged two years. Maki then used the results of these
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equations to obtain an equivalent equation in which changes in beef
cow inventories were a function of changes in beef cow numbe;s-
lagged three years, federally inspecfed slaﬁghter lagged one yéar,
changes in hog prices-lagged one year, and changes in feéder calf
prices lagged three and four years (since he obtained the estimates .
of the coefficiaﬁts in this eduation indirectly; he did not feport
any standard errors or other summayy statisti;s).‘ He then gave a
very skétchy interpretafion of the meanings of the resulting coeffi-
cients. Next, Maki. estimated equétions for slaughter prediction
and feeder calf prices and described the causal chain of events.
that linked feeder calf prices, éattle inventories, cattle slaughter,
and beef prices. In this description he emﬁhasized the importance
of the role,ﬁlayed by changes in beef cow iﬁventorieé in’accounting
for both the period and thé amplitudé of the beef cycle.

In a 1963 artiéle, Maki egtended the work in his 1962 article.
At the beinning of the 1963 article, befdfe he‘stérted actﬁally
discussing his results, Maki made two important observations on
points related to the cattle cycle. First, he pointed out that fof
certain purpoées, tﬁe pfediction of seasonal and cyclical fluctuatidns
is not impertant, but for other forecasting purposes, "the ;easonal

and cyclical fluctuations are quite important since they determine

" the. economic life of businesses that lack the resources to gopé
: . . -as . .
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successfully with market instabilities and uncertainty" (1963, p.
612). Second, he made the observation that when ranchers respond
to price information, we do not have any form of data that indicatés
their true pro&uction response. The proxy ;hat is generally used
as a meésure of this response is chagges in the numbér of cattle
and calves on ranchés on January 1. It is important to keep in
mind that differences between intended and actual changes may exist
for a number of reasons; iﬁcluding unexpected death loss, unusual
weather conditions, and unusual breeding success (or lack of itj.

To describe the producing sectors of the beef and pork iﬁdustry,
Maki developed a series oﬁ nine equation systems (a total of 37
individual equationsj; The system of interegt for the purposes of
this thesis is the series that obtained.predictions for the number
of cattle on hand on January 1. He estimated individual equations
for dairy cows, beef cows, calves and heifers, steers, and éattie
and calves on feed. He estimated most of theée as felatively
simple first or&er difference:equations'with only one or two rigﬁt
hand side variables in addition to thg lagged value of the dependent
variable. Fof example, the number of beef cows in a given period
was a function of the number of beef cows in the preceding periqd
and the. change in the number of beef heifers lagged one periéd.
Maki then combined the results of all theée equations to obtain a

series of two and four year forecasts and very briefly gave a
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verbal description of his results. He also stated that a series of
simulation runs were made for the beef and pork sectors under
varying levels of aggregate demand. These resulfed in "well defined
cyclical patterns" with a cattle cycle whose period was seven
years.

In 1966, an .article by Schlomo Reutlinger was published in
which he constructed and tested a model to estimate the short-run
supply elasﬁicity.of.beef. érior to thié time, researchers had béen
puzzled when their empirical results had indicated zero or negative
élasticities of §laughter response with respect to prices.

Reutlinger pointed out that one property of the cow and heifer com-
ponents of beef supply was that a demand existed for them as iﬁvestment
.goods as well as consumption goods. ''Hence, Whiie in response to a
rising‘beef—feéd price ratio, more beef is produced, also more of

it is demanded for inventory buildup. The correlation between £he
beef-feed price ratio and mérket supplies of beef depends on the
balance between the increased supply of beef and demand for inventory
build up" (b. 909). Reutlinger's approach to the problems was to

develop and then empirically test sepafate models for the individual

6This thesis is concerned with estimating a model for breeding herds.

However, a negative relationship would be expected to exist between

slaughter and herd sizes. Thus, Reutlinger's discussion of slaughter

response also provided useful insights into the responses of ranchers
- with respect to expanding or contracting their herd sizes.
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components (steers, cows, and heifers) of beef supply response. His
models predict positive elasticity of reponse to price changes for
steer slaughter and negative elasticity for cow slaughter. His model
for heifer supply did not yield a determinate sign for thelelasticity
of heifer response. The coefficients in his models had the expe;ted
'signs when he tested them empirically (the coefficient on price in the
heifer equation was positive). When he combined ;he component equa-
tions to get an estimate of the aggregate elasticity éf résponse; he
(like previéus researchers) got a very small, negative wvalue.

An attempt was made to estimate the simuitaneous relationships
among demand, supply, price and export variables in the Canadian beef
cattle sector by Kulshreshtﬂa and Wilson in a 1972 article. One of the
equations estimated in their system was a beef cattle inventory eqﬁa—
tion. The inventory variable was then used as an.explanatory Qariable
'in estimating the supply of beef in two other equations in the modél.
In their inventory equation, levels of cattle inventories at the start
of a given year were explained by the number of live feeder cattle
exported from Canada (in the given year, not the preceding year, ac-—
cording to the authors' definition of their variables), £he farm price
of beef cattle in the given year, the expected price of beef cattle, the
number of heifers, steeré, and calveé in previous years, the feed grain
supply lagged one period, and total cattle slaughter laggéd one period.

The wvariable for'farm price of beef cattle is actually a ratio of beef
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cattle prices to feed grain prices, while "expeéted price" is measured
by the "average ratio of the beef prices deflated by feed grain-price
index for the years t-3 to t-5" (Xulshreshtha and Wilson, p. 86).
Their choice of the periods t-3 to t-5 was based on the 1ength.of,the
gestation ﬁeriod of cattle. This inventory model does not appear to
have been very carefully formulated (or possibly the authors jﬁst
presented their description of it poorly). In light of this, it does
not seem too surprising that théir empirical results were not wvery -
good. The only estimated coefficients that weré statistically signif;
icant .were those on heifers, steers and calves in previous years and
the lagged feed grain supply variables. Despite the.fact that the
coefficients on the expected beef‘pribe and'current farm price‘of.beef
variables were not significantly different from zero, the authors
cal;ulated and reported theAelastiéities of response of beef inven-
tories to changes in these variables. No qualifications were made
about the validity of these estimates as the authors‘ngted.their
similérity to estimates in a previous study.7 ‘To conclude their
article, the authors used their estimation fesults to obtain a pro-

jection of the beef cattle sector for 1975.

7Kulshreshtha and Wilson claim that their estimates of elasticities
of inventory response "approximate those obtained by Lamgemeier and
Thompson for the U.S. beef economy" (p. 88), It is not clear what
estimates by Lamgemeier and Thompson (1967) they are referring to,
since Lamgemeier and Thompson made no~attempts to estimate any in
ventory models. ' : )
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In 1974 Lovell Jarvis reported the results of a study of the
Argentine cattle sector. He was concerned with slaughter response
and did ndt‘dévelop of,eétimate eqﬁatibﬁs specific to cattle invenj
torigs, but his analysis contained ﬁany important insights inté>the

production sector ,of the cattle industry.. He described cattle as

"capital goods which are held by producers as long as their capital

value in production exceeds their slaughter value. 1In essence,

producers become portfolio managers seeking the optimal combination
of different categofies of animéls to complement their non-cattle
assets, given existing conditions and future expectations" (p.
489) . |

'In hié introductory discussion of the industry he pointed out
the following important characterist#cs of the cattle production
process,

"The cattle sector presents an interesting feature
insofar as the slaughter of animals responds negatively
to a price increase in the short run. This behavior con-
trasts with the supply response of most other agricul-
tural products, such as field crops, whose desired out-
put (in the Nerlovian sense) and actual output are both
expected to rise immediately in response to a price in-
crease. Although actual output for these crops is ex-

" pected to adjust only gradually to the long~run desired
output, there is never reason to expect output to fall
when its price increases.- But, because cattle production
can be increased only by increasing the size of the
breeding herd and/or withholding animals for futher
fattening, producers must bid animals away from consumers
.to increase the capital stock which is the source of
higher future beef production. And the slow rate of
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biological reproduction causes the negative supply re-
sponse to persist for some time." (p. 491)

Jarvis set up.a’theoretical model to determine optimal slaughter
time that was similar to the Fisherian model fbr'thé determindtion
of the optimal harvest time for trees. He devélobed differéﬁt
modeis for different classes of cattle (e.g. steérs, cows, heifers,
ete.), derived the expectéd‘direction of response in the decisioﬁ
variables to changes in different parameters, and aiso discusged
poséible rankings of the elasticity estimates for the different
cattle classes (e.g. he hypothesized that the price elasticity of
female slaughter would be greater than that of males). He also
discussed éuch topics as the probable differences in response to
temporary and permanent price changes, the differences between
slaughter.and production'response, and some possible estimation
problems that might occur because of the time lapse between data
observations being different from that for Whicﬁ the animals moved
between éategéries.B Since it wés "not certain how ﬁ;o&ucers might
form their (price) expectations, or whether the same variables

would have the same effect in different equations,h'(p. 509) .

8For example, a price increase may lead producers to hold onto
certain categories of cattle just enough longer for them to
move into a different class when they are slaughtered than
previously. .This could make it appear (incorrectly), as though
the price;slaughter response of the-older class was positive.
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Jarvis discussed and tested several different specificatioﬁs of the
price coefficients. Among other results, he found that the rate of
change of price was consistently a significant deterﬁinant of slaugh-
ter. When he estimated his model with data on the Argentine‘catflé
industry, his equations explained high proportiohs of the wvariations
in slaughter of the different classes and most of the estimated co-
efficients had the expécted algebraic signs and were significént; For
those coefficients that did not have the expected signs, Jarvis th;
fhrough perceptive discussions of why -the discrepancies may havé
occurred.

In another 1974 article, Peter Tryfos attemptéd to-ponduct a
comprehensive study of supply and inventories in the Canadian live-
stock sector. Tryfos briefly developed theoretical models for 1iv§— '
étock supply and iﬁventories and then estimated equations for each of
these for four different categories of livestock: cattle, calves,‘
sheep and lambs, and pigs. In deveioping his model for stock.forma—
tions, Tryfos assumed that 'desired' livestock inventories depended on
the expected live animal prlce and expected feed costs. 1In developing
a model for the formation of expectations, he considered wvarious
models of 'adaptive expectations', but found that g simple model in
which current price and feed costs were used as proxies for expected
pricé and'feéd costs generally performed better than the more complex

"models. Thus, the stock formation models he estimated were first
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order diffurenée equations in which inventory at the end of a gilven
period was a function of average prices and feed costs during that
period and inventory at the end of the preceding'period. ‘Upon esti-
'mating these models, he found that, as hypothesized, all price
coefficients'were posifVe and all feed céefficiénts were_negativé.'
Also, the coefficients were clearly significant in all the equatiohs
estimated, exgegt for his beef cattle quation. He suggested that
this»lack of significanée may have been due‘to "the aggregation of .
the components of beef suﬁply,énd inventofies" (p. 110). Obvio;sly,
. Tryfos' attempt to estimate. an equation for ‘cattle numBeré was not
very éucoeésfhl.‘ | - ” N

In a 1974 publication of tﬁe Federal Reserve Bank of Mihneapolis,
John Rosine discussed various aspects of the cattle'industry iﬁcluding
bast cycles, the structure of the industry, and some poésiblé
developments:that might have been expected at that time. He began-
his article with a brief overview of previous cycles of this century,
(including a description of the typiﬁal c&cle), and then focﬁsed
his at;éntion on the state of the industry in 1974. He predicted
that the cattle cycle was entering a éontractionary‘phasé (which
turned out to be a correct predictién). His reasons_fér making-
that prediction included high feed, ‘labor, and energy costé, and
lagging c058umer-demand. To deéermine whethér'the industry was

headed for a contraction and if so, how prolonged and serious it
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would be, Rosing'compafed conditions in 1974 with.conditions in the
.éarly‘19§0's (the last time an extended break in prices occurred).
He decided that, although.in.many ways conditions iﬁ 1974 looked
like those in 1952, there were also noticeable differenées'between
the twdApériods; To illustrate some of the factors tﬁat‘comblicated
the 1974 cattle cycle, Rosine made sdme simplifying ass;mptions
about ihe_structure and wotrkings of the cattle indust;y. In this
. model (which was used in‘the_discusssion in the first chapter of

. . ) : |
this thesis), he. viewed the cattle industry as consisting of three

\ .
sequential markets - the markets for feeder cattle, fat cattlé, and
beef. ‘ﬁsing this framework, he discusseé_tﬁe possible effects oﬁ
different ﬁarts of the industry of such factors as shifting consumer
demand, increases‘in marketing costs, rising feed costs and guafantegd
1oan.programs.' Rosinefs framework for looking at the industry is
quite useful as an analytical dévice for deriving testaﬁie hypotheses.
However, he .did not make any attempt to defive empirical estimates.
of the magnitudes of the effects he'discussed. His 'forecast” of
the probable course of the industry consisted of.a verbal description
of some of the possible effects of the facgors thatlcompiicéted the
analysis of the industry in i974.

In a 1976 publication by the Ag Extemsion Seryice at the

_Uniyversity of Minnesota, Paul Hasbargen and Kenneth Egertson discussed
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various general characteristics of past cattle cycles and made some
predictions about the immediate future courses of different prices
and quaﬁtities in the cattle industry. - Théy began By giving a
de;ailed déscription of the various phases of the cattle cycle
(their breakdown of the phases of the éycie was used in the discussiﬁh
of céftle cycles in' the previous chaﬁter of this ﬁaper). They thén
analyzed the deceleration stage of the cycle that was occurring at
that time. Their analysis included loéking at theicauses of the
downturn and compariﬁg it with the similar downturn of the mid
1950's. They described the similarities and differences between
the two cycles and then made some fairly detailéd prediétions about
corn prices, cattle and calf slaughter, per capita beef consumption,
feeder cattle prices, and choice steer priées. Actually, they made
dual predictions. One set of predictions would apply if weather
conditions were good, and the other set would be relevant if the
weather was bad (they were coﬁcerned.about the possibilify ofian
impending drought). All of the predictions made were of a very
short term nature (three to six months) and no attempts were made
tg develop or test any empirical models.

In a 1977 article, Larry Martin and Richard Haack constructed
a modél of North American beef supply response in which. they tried

to capture 'the nature of supply response in a manner that fully
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explains the sequential linkages among decisions in beef production"
(p. 29). Because of its importance as a coﬁponént of beef éuppiy
,responsé, the authors estimated a beef breeding inventory equatfon
in an attempt to model the decisions of cow-calf opefators concern-
ing the éizes of their breeding herds. They.viewed cows as "c;pital
goods which are transformed intg an intermediate product - stopkef
calves - which are sold to feed lots for further transformatipn”

(p. 33). Théy hypothesized that the decisions of ranchers'pertainiﬁg
to chaﬁges in their herd sizes-were’based primarily on their expec-
tations about the future prices of stocker'calyes. Thus; thelmodel
they set up.attempted to explain breeding herd inventories at the
énd of the year as a function of expected stocker calf prices.

They assumed thatfprice expectations were formed according to a
geometric lag specification. Aféer transformation, the equation
they estimated had breediné inventories in a given year as a function
of stocker éricés and breeding herds 'in thg preceéding year. To
form their price variable, they took an average of stocker prices

in the four quarters immediately prece&ing the time at which the
decision on thé‘number of cows to breed is made. This average is
weighted b& the proportion of annual sales.of stocker calves through
public stockyards in each quarter. The authors presented an inter-

-esting justification for not including variables like slaughter

'
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cattle prices and feed costs in their equation. Their argument was
that the price feedlot operators pay for stocker calves is determined
by tﬁeir (the feedlo£ operators') expectations of fatfened steer

and feed prices. "In other words, expectations of steer énd feed
prices as-fofmulated by feedlot operators are embedded in tHe

stocker prices" (p. 34). Separate equations were estimated for the
U.S. and Eastern and Western-Canéda. The results indicated thét

all coefficients had the expected ;igns.and were statistically
significant and that their models explained high proportions of the
variation in the dependent variables. The aﬁthbrS‘reported their
estimateé of the short and long-run elasticities 6f breeding herd
responsés to éhanges in stocker prices. They also estimated equa;
tions for stocker prﬁces as a.function.of steer and feed prices.
Frqmlthese, they derived estimates of the elasticity of breéding
herds with respect to steer prices which tﬂey felt may be of more
importance than the other elasticiy estimates (they did not explain
why these may be more important). They:also suggeéfed that inter-
esting extensions of their study.might include examining the response
to steer prices in different phases of the cycles and replacing the

geometric lag specification for the formation of price expectations
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with more general polynomial specifications.9
A quarterly econometric model of the United States féed and
livestock markets was presented‘ﬁy Enrique Arzac and Maurice Wilkinson
in a 1979 article. The primary purpose of the study was to provide
quarterly forecasts for different variables associated with the
livestock and feed seétdrs, One of the forty-two equations in their .
system explained breeding herd inventories. 1In their formulatibn,
inventories in year t were a function of prices of feeder calves’in
periods t-1 and t-2, prices of non-fed beef in périod t-1, and
inventories in t-1. The estimated price coefficients had the.expectéd
signs, but only the coefficient on feeder calf prices in period t~2
was significantly different from zero. ' The estiméted coefficient on
lagged inventéry was positive and highly significant. When the
inventory model was tested to see how well ié predicted, it was
found that a simple fourthﬁordef'autoregtéssive model ‘yielded better
results than the ecoﬁometric'model deVeléped by Aréac'and Wilkinson.
This concludes the review and discussion of articles dealing
Jdirectly wi£h the cattle cycle. Next, in chronaiogical order; a

number of articles dealing with different types.of animal cycles are

9The results of this study by Martin and Haack were incorporated into
a larger project by the Policy and Economics Branch of Agriculture
Canada whose purpose was to conduct an empirical study of the major
livestock and grain commodities and purchased farm inputs (See Hassan
and Huff, pp. 29-60).
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reviewed. The purpose of this section will not be to present a
complete review_of the "animal cycle literature," but rétﬁer to
simply give an idea of some of‘thé‘different approaches that have
been used to study qther cycles. It may be tha; some of these
techniques might prove useful for studying thé cattle cycle.

The animal cycle that has prébably'béen discussed, estimated,
and analyzed more than any other is the hog cycle. The reéSons for
all this attention may be that, (1) pork is a fairly importan£
source of protein, so fluctuatipns-in its price and production
affect ; significant segment of the economy, (2) the flﬁctuatiohs of
the hog cycle were distinct in their uniformity, pargiculafly in the
two decaaes following World War.II, and (3) the‘period of~the hog
éycle'was short enough (about 4 years) that a relatively short
series of data would hépefully be sufficient for analyzing its
cyclical characterigtics. The .cobweb theoreﬁ was probably the
first formal model used to analyze animal (particulérly hog) cycles.
The basic problem with using this theorem. to analyzé the hog cycle
was that the length of the cycle that emerged most napurally from
the cobweb model was two years, while data indicated that the hog
cycle actually had a period of four yéars. |

As early as 1937, the cobweb theorem was used by Coase -and
FoWlef as a possible theoretical.éxplanation of the hog cyclé in

' Great Britain. TIn 1938, Ezekiel presented one of the first formal
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discussions of the cobweb theorem and its potential usefulness. As
was noted earlief in this chapter, he also showed how'the basic -
formulation of the theorem had to be changed in order to‘handie
cycles whose pe?iods were longer than two years. This was followed
by a discussion of the'shortcomings of the theorem as a tool for
- analyzing and estimating '"real-world" cycles.

Among the articles on the topic of the hog.cycie that have been
published in the last two decades, one of the first was by Arthur
Harlow in 1960. He attempted to .explain the'four yvear hog cycle as
a result of factors inherent in the industry. He began by pointing
out the interrelationship among hog pricés, pig crop, and slaughter,
and then told a story describing the meéhanism of the hog cycle that
was remarkably similar to Lorie's 1947 description of the cattle
cycle mechanism. In Harlow's story, price in one period determines
the size of the pig crop in the next périod, which determines slaughter
in the following period, which determinés price in that period,.
which determines the pig crop in the following period, etc. He
then tried to determine how well the cobweb-theorem works in expiéining
the hog.cycle. He described tHe conditions necessary for the theorem
to be applicable, p;inted out that one of the stumbling blocks for
previous researchefs had been that the two year cycle implied by the
theorem did not correspond to the four year cycle actually observed,

and then showed how the theorem could be adopted to-yield a four '
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year cycle. His "adaptation" was to assume that the time lag between
price changes and marketing response was two years instead of the

one year lag typically assumed in the formulation of the theorem.

As justification for this assumption, he refefred to evidence indicating
"theye has been an approximate two year laé between price and its
effects on marketings in recent vears" (p. 849). He did not béther

to cite his evidence.. The pfoblems with this formulation are obvious.
The major one is it required that marketing response in a.given
period depended solely on price levels two periods éarlier. The
simplicity of this model~for the formulation of price expectations

Wés criticized earlier in connection with Ezekiel'é article. Harlow's
modification of the cobweb theorem to handle four year cycles was

the same as that suggested by Eéekiel over twenty years earlier. ’
The only contribution of this article seemed to be to point out that
if the proper assumptions were made (absurd though they-may be), .the
cobweb theorem could be used as a model for explaiﬁing cycles of aﬁy
length.

In 1964, Afnold Larson presented a theory of the hog cycle as
"true harmonic motion" that arose from "a widely occurring phenomenon
called feedback" (p. 376). The basic requirement for feedback -is
"an unvarying response to a signal, which acts thrqugﬁ é fixed delay
to alter the signal in a predetermined mamner. The chiéf objection

to use of the theory in economics has been its insistence on such a
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rigid behavior pattern" (Larson, p. 377). In the context of the hog
cycle, these éssumptions would require.that_a given price change
would, after an unvarying time period, lead to a change in marketings
that would lead te another change in price. This theory requires
that a given price change always‘ieads to the same marketing response
and that the subseqﬁent price changé alwéys be the same. After
looking at the characteristics of hog cycies over the period from
1949-1962, Larspn decided that most of the assumptions of hié thepry
‘were probably reasonably realistic. He then gave two possible
explanations of the mechanism of the hog cycie that led to theoretical
cyéles that resembled the observed cyclés. Near the end of ?ﬁe paper,
after describing thé similarities and differenences'between his
model and the cobweb model, Larson warned that, if his model is
correct, "economists may need to turn to ﬁeasurément of mass, force,
and other truly dynamic concepts rather than trace the reflection of
static parameters whose releﬁance (or even existence) is dubious"
(p. 386). Larson's papef is primarily theoretical in nature aﬁd he
made no attempt to develop any numerical predictions,: In his concluding
section h; suggested that the harmonic motion model ﬁay be apﬁropriate
for analyzing éhe.cattlg cycle. Aﬁparently, nd.sucgeésful attempts
haye been made.to folléﬁ up this sqggestion. |

In 1970, Rausser and‘Cargill applied'spegtral analysis to time

series data on the broiler chick industry. Previous authors had
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found eyidence of an approximate 30-month éycle in broiiér prices
and plaéements. The.objective of the authors was to tr& to determine
whether such a cycle did exist énd whether or not they qouid detect
any noticeable lag-lead relationships between changes in prices and
changes 'in flock supplies. Their results indicated that there was
no 30 ﬁonth.cycle present apd that there was very little association
between price and oufput series. The techﬁiqug of speétral aﬁalysis
is relatively new in its application to economic time séries data.
Among other things, it can be used in tﬁe specificafion.and estimation
of distributeq—laé models. It_appgars that this tgchniqpe may be
useful in analyzing certain aspects of cattlé‘cycles. .No articles
were located that made any attempts in this direction.

In a brief article puElished in 1973 Mark Jeiavich used data’
'from'the hog indusfry to demonstrate ﬁhe uéé of dis;riﬁﬁted lag
models to test for evidence of harmonic motion. Upon estimating a
second order difference equation, he found'that the pull hypdthesis
of stable harmonic oscillation oﬁ the hog cycle could not be rejected.
Jelayich pointed out that his results implied a four year hog cycle,
which in turn led to certain implications about the manner in which
producers formed their price expectations. Jelavich's article was
notabie insofar as it was one of yvery few attempts to empirically

test the harmonic hypothesis. It appears that the technique he

suggested might be an easy way to check for the existence of harmonic
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motion in the cattle cycle (although it is not clear whether the
simple specification he uéed to get the coefficient'estimatés he
needed to test his hypothesié would yield unbiésed estimates).
This conclu&és the first section of this chapter. The next
section will cohsist of reviews and discussions of the articles that
: ﬁere important-in the development of the theory and estimation tech-

niques for distributed lag models.

Literatu;e on Distributed Lags

When dealing with time series data the situation often arises
in which a change in an independent vériable in a given'périod
results in changes in the‘dependenf variable‘in several‘subsequent
time periods. That is, the effects of the change in the independent
variable on the depéndent variable are distributed over several time

periods. A model that attempts to. account for this phenoﬁenon is

referred to as a distributed lag model. The most simplistic formulat;

ion of such a model has the dependent variable in a given time

period as a function of values of the independent variable in previous
ﬁime periods. The primary broblem in developing and'estimating‘such

a model is that it is usually not kﬁown a priori how far back in

time .the effects of the independen; variable on the dependent variable
are felt. .The decision to include oﬁly a given number of lagged

values in the equation will usually be arbitrary and without any

AN
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theoretical basis. if it is decided the lagged effects will confinue
indefinitgly the model will not be estimatable unless one has an
infinite data sample. Thus, tﬁe problems most articles onAdistributed
lag models are concerned with is how to formulate the model in such
a way that coefficient estimates are obtainable (énd have desirable
\propertiesj without placing "unduly" arbitrary (or unrealistic) .
restrictions on.the form of the laé distribution.

The first person to explicitly recognize aﬁd discuss the distri-
buted lag phénomenon appears to have been Irving Fisher.. In 1925
he wrote an article whose pufpose was to determine the relationship
between fluctuations in the yalue of the dollar and in the level of
business activity., Fisher had the novel idea'of including not -one,:
but several, lagged ﬁalues of rates of price‘change as indgpeﬁdent
variablesuin his equations. In previéus studies, researchers had-
included a single lagged value of the iﬁdependent variable. The
length of the lag was determinea by which lagged'Value had the
highest correlation with the dependent variable (e.g. Fisher found
that the price variable lagged seven months yielded-a higher corre-
lation vaiue than a lag of six or eight or any other). Fisher
péinted out that the degree of éorréiation could be greatly increase@
"simply by substituting for this'fixed lag- of seven months a distri-

buted lag spread over one, two, three, etc. months according to the
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principles of probability" (p. 183) and then argued that

"the reason for distributing the lag is that the full
effect of each P” item is extremely unlikely to be
felt at only one instant, such as seven months later,
and not felt at any other time either earlier or later
than ‘this seven months. Can we imagine that the sharp
rise of prices in April, 1917, did not begin to affect
trade until November, 1917, and that then the whole
effect suddenly exploded, as it were? It is far

more probable that the influence began at once, show—
ing itself in the very next month, May, and that it
then gradually increased to a maximum a few months
later and thereafter tapered off indefinitely. accord-
ing to the probability distribution." (p. 184)

Fisher estimated his model (he did not say how many lagged values of

the price variable were included in his final formulation) and then
attempted to determine the nature of fhe probability distribution of
‘the lag. He found éhat the distribﬁtion tﬁét most cloéely'fit his
estimated results was a transformed normal distribution in which the
time axis was scaled as a geometric (father than an aritﬁmetic)
progression. TFisher's analogy of a "gunner sﬁooting bulleté along a
time road' provided a useful source for obtaining an intuitive feel
for the concepté of his.distributed 1aé model.

Anbther early aiscussion of the problem of diséribufed lags was
presented by Franz Alt in 1942, The problems on which he focused

were the determination of the length of the lag and of the function

. by which the lagged values were weighted. His method for determining

the length of the lag was quite straightforward. Using time series

data he Simply'keﬁt adding lagged véldesfof the iﬁdependeﬁt variable
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to his equation uﬁtil the estimated coefficients no longer made
sense. If the addition of anéfher laggea value caused'the previously
estimated coefficients values to become erratic, Alt took that as an
indicatioﬁ that too many independeqt variégles were being introduced,
and that the process should be stopbed (he did ndt seem to be con—.
cerned with whether or not the added 1égged values Wefe statistically
significantj. Once the length of tﬂé lag Was‘determined in this

way, Alt described a method by which an approximation of the .weight
function could be obtained.

In a book published in 1954, L.M. Kéyck suggeéted'the use of a
particular iag scheme for studying investment behaviorland other
similar problems in econometrics. frior to this, the lag scheme
.most frequently used was a general distributed lag of the form .

Dy = :'EO 3%e-g Uy

There'ére at 1éast two problems withlthis formulation of the
lag. First, the lagged values of the x's must be truncated at some
point so .that enough degregs of freedoﬁ remain to obtain estimates
of the a,'s. This truncation will usually be arbitrary. Second, it
is likely that the x's will be highly corfela;ed with each other,
implying th%t the values.of the coefficient éstimétes will be small

relative to their estimated standard errors.

To ayoid these problems, Koyck proposed a more-rgstrictiVe
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formulation. The simpiest form of his scheme was

. _ o i
(2) yt = a'Z A Xt—i + ut
i=0

In this model, the coefficients on the x's are constrained to decline
10 o

geometrically. This formulation can bé easily transformed into

the equivalent relationship

(3) Yo = ax, + Ayt—l + u, - Aut—l

which:involves only three observed vafiablés and estimation of two
parameters. The problem with_eétimating this equation using ordinary
'least squares is that Vet is contemporaneously correlated with u_q
iq the composite error term. This implies that the estimates of a
and A will be biased ana inconsistent. Kéyck developed a method for
obtaining consistent estimates of a and A but his method depended on

an assumed value for & in

(4w = Bu gy Wy

That is, he assumed that the error¥ term in the original formulation
(2) may be aﬁtocorrelated but he did not suggest a method for obtain-
ing estimates of the Qalue of ¢ froﬁ the samfle‘data.

In 1956, in a book edited by Milton Friedman; a study of hyper-

inflations by Philip:Cagan was published along with a number of

lOIn an article published in 1937, Fisher had suggested a scheme
similar to Koyck's in which the coefficients declined arithmetically.
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other studies on the quantity theory of money. The important result
of ‘this article from the standpoinf of this thesis W&s that Cagan
develpped what ﬁas been referred to as the "édaptive expectations'
model for the formulation of price ekpectations. One of thelmost
appealing attributes of Cégan's formulation was that it supplied
economists with-a theoretical jﬁétification.for the use of distributed
lag modeis. |

In this study, Cagan first pointed out that one conspicuous
characteristic of the hyperinflatioﬁs he surveyed was that real cash
balances tended to decline markedly. He aiscussed'the determination.
of real balances‘and,decidea that the expectéd returns from hblding,
wealth in different forms was the only factor that varied enough ‘
during hyperinflations to explain thé observed changes in real
balances. Cagan looked at the opportunity éosts 6f holding cash

baldnces, decided that .the real rates of return on bonds, equities,

ana non;perishable consumers' goods did not vary drématically during

1
i

these times and that therefore

"the only cost of holding cash balances that seems
to fluctuate widely enough to account for the
drastic changes in real cash balances during hy-
perinflation is the rate of depreciation in the
value of money or, equivalently, the rate of

" change in prices. This obserxvation suggests ,
the hypothesis that changes in real cash balances
in hyperinflation result from yariations in the -
expected rate of change in prices." (pp. 31-33)
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In other words, people altered the composition of their asset port-
folios away from cash and into other types of assets because of the
expected rapid devaluation in the real value of money.

Cagan felt that to test his hypothesis he had to relate desired
real cash balances and tﬂe expected réte of'chaﬁge in prices to
obsefvable phenomena.' To handle the former, he made the assumption
that desired real cash balances were equal to actual balances at all
times, i.e. any differencés that existed between these two:quantities

would be erased immediately by changes in prices. With respect to

" the latter, he postulated that "the expected rate of change in

prices seems to depend in some wgy on Qhat the actual rates of
change were in the past" (p. 37). He thérefore‘assuméd that "the
expected raée of change in prices is.revised per period of time in
proportion to thé difference between the actual rate of change in:
price and the rate of change'that was expected" (p. 37). This
assumption, which Cagan formulated in a continéus—time framework, is
usually expressed in a discrete-time framework as

) (S - 92 ) =B,y -5 o<1
where pi is phe expected price level, Pe is the actual price level,
and B is the "coefficient of expectation." B8 values éiose to one

imply rapid adjustment of expectations while 8's close to zero imply
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that expectations adjust slowly.l After Cagan tested his hyPotheséé:
(and found that thgy received strong statistical support from the
data), he discusged his assumption about the relationship between
desired and real cash balances. He giplained that if it was assumed
that desired balances adjusted to real balances with a lag (and if

the form of this édju§tment was analogous to that of the adjustment |
in price expectations)12 and that there was no lag in expectationé
then the equation to be estimated would be identical to the equation

derived in footnote 11 above. This implied that it was not possible

to determine from his empirical results whether the. lag between the

1lln a discrete time framework, Cagan's hypothesis about the relation-

ship between desired real cash balances and expected price levels
might be expressed as

d

(5a)  (Dy=a+bp +u

t

where (g)i is desired real cash balances in period t and U, is an

error term that follows the classical assumptions. Under the assump-

tions that (IB)d = (p)t (where ( ) is actual real cash balances) and

that price expectations adjust as in (5}, (5a) can be rewritten in
terms, of observable variables as

() . (@) =a' bR+ (=B v,

where V. = U (1—B)ut_l

let this point, Cagan was dlscu331ng what is now referred to as a
"partial adjustment" model.
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adjustment in actual cash balances behind actual price cﬁanges was
due tp the lag in adjustment of price expectafioﬁs or to the lag iﬁ
adjusting desired to actual cash Balaﬁces. He also displayed the
quel that results if both of .these lags are assumed to exist. In
this model it is also impossible to distinguish empirically between
the lags. Because of these factors, he referred to the estimated
coefficient on lagged real balances thét he obtained empiricaliy as
an "amalgam" of thé two lags and stated that ﬁto‘some extent the
estimates of the coefficient of expectation also reflect a lag~in
the balances and are to that extent too low as a measure of the lag
in expecfations alone" (p. 76)..

In a frequently cited 1958 article, L. R. Klein addressed the
problem of finding consistent estimates for the parameters in the
distributed lag model proposed by Koyck (see equation (3) above). -
Koyck had developed consistent estimates under the assumption that
thHe autocorrelation parameter of the error term in the original
equation (2) Qas known. Klein showed that Koyck's estimates can be
interpreted as either generalized least squares or maximum likelihood
estimates and developed an alternatiye éomputationél method for
deriving Koyck's estimates. Klein theﬁ proposed an iéeratiye‘technique

for obtaining parameter estimates when the autocorrelation parameter
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of the original error term is not known.13

A series of articles written by Marc Nerlove betweén 1956 and
1958 dealt with the problems of estimating agricultural sﬁpply |
functions and long and short-run demand and suppl& élasticities,
These works provided a solid foundation for the theory of distributed
lag models. 1In thé ﬁirst of these article;, Nerlove attempted to
explain why pre?ious studies had found such low resﬁoﬁse elasticities
of acreage with respect to prices and to devise an ‘estimation technique
that yielded estimateg that were "more in line with what we know
from studies made on production.functions and on farmefs' reactions
to the allotﬁent and price support programs' (1956, p. 496). ﬁerloye
argued that the models from which tﬁese previous estimates had been
derived had assumed that farmers based their acreage decisions
solely on the price in the previous year. Nérlove felt that "farmers
react, not toklast yeér's price, but rather to the price they expect,
and this expected price depends only to a limited extent on what
last ‘year's price was" (1956, p. 498). To express this in a form
that was estimable, Nerlove required a férmulation that allowed a
declining weighting system on the coeffiéients of past prices. For

these purposes, Nerlove adapted Cagan's model to the form presented

13In a comment published about three years after this article,

Malinvaud showed that Klein's technique for finding estimates of the-
parameters under these latter conditions did not yield consistent
estimates.
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in equation (5). That equation is equivalent to the following . -

e

2
(6). P_ =8P -1 o+ (lTB) sPt—Z f (}-B? BPt— f ...

£ t -3
where 0 < 8 < 1

which implies that expected price in a given year is a weighted moving
average of past prices where the weights are a fungtion only.of the
'coefficienf of expectation (B). The weigﬁts on paét‘prices decline
geometrically in this formulation.. Nerlove transformed his hypothet-
"ical model in which acreage in a‘giﬁen period depended on expected
prices into an estimable model in which acreaée depended on actual
price and acreage both lagged one period.. In a footnote, Neglove
pointed out that élthough the formulatipn he ésfimated was identical
to that suggested by Koyck's wotk, there was an important'differenpe

conceptually in the way the models are derived since Koyck simﬁly

postulated the existence of a distributed lag whereas Nerlove's method

explained the existence of the lag. Nerlove, like Cagan,'also pointed .

out the broblems in interpreting the results of the ﬁodel that arise
because of the inability to distinguish between the model he proposed
and a model in'whigh it is postulated that expected price was equal té
last year's price but that desired acreége wés not the same as observed
acreage. After making some comments on the possible properties of the
coefficient estimatés in his model, Nerlove presented his results.

These results were very promising.in that (1) his method explained a
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considerably higher proportion of the variatién in the dependent
variable than the method used in previous studies and (2) the esti-
mated long-run response elas£icities were larger than previous.estiw
mates and tﬁerefore more in line with fhe eyidence from other sources.
In the first of two 1958 articles, Nerlove presented a theoretical

discussion of the problems of estimating.sﬁort— and long-run elastici-
ties using static models. He showed that under conditions in which "it
takes time for producers and consumers to adjusf to changed conditions
and wherever the period which is required fbr full adjustment exceeds
the interval of observ;tion, then sfatiétical relatiodéhips among ob-
servationg on the rele;anf variabiés, éach ofvwhich is taken at.the
same time, tgll us little about the long-run elasgicity_or any of.the
short—run'elasticities" (May, 1958, p. 306). To circumvent this prob-
lem, Nerlo&e advocated the use of distributed lag models. As-a method

of attacking the problem of estimating these models, he supported the’

development -of "an explicit dynamic model of producer or consumer be-

havior which implies a distribﬁted lag oﬁly incidentally." This ap-

proach would lead to "a direct interprétatiou of the distribution of
lag in terms of producer or consumer behavior, and tﬁerefore in terms
of the difference between short- and long-run elastiéi;ies of supply
and demand" (May, 1958, p. 308).

The model Nerlove propoéed for qbtaiﬁing estimates of long-run

supply elasticities was (under the assumption that farmers had static
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expectétions and based their production plans-oﬁ pricesAin the preced-
ing year)
' n. §t =dp _; te
wﬁere Et is planned lopg—run equilibrium output, The postﬁlated.df—
namic adjustment proceés”of.actual to planned output was

)

(8 x -x_ . o=a(x -x

t | t-1 t-1

t

. where X is current planned output and o is the coefficient of adjust-

- ment. ~By sdlving (8) for it and ‘substituting int6 (7), Nerlove obtained

©) - ¥ =dupy F U)Xy ey

Long-run supply elasticities can be easily estimated from the coeffi—
cieﬁt estimaﬁes.of (9); Nerlove then commented aboqt'the.assumption
in this model of static price expectations; He crypfically asserted

that non—sfatic expectations were actually introduced "thfough the back

..door"'in the above model and (in contrast to his positidn in his 1956

articie) Ehat there seémea to be little to be gainéd by'the éxplicit
iﬁtfoduction.of ﬁoﬁ—static expectations into the model.v

In Fhe sequel to thé first 1958 baﬁer, Nerlove and Addisoﬁ ﬁadian
article published in'Novgmber of thaf year in whigh they presented the

results of émbiricél tests of Nerlove's earlier'hypotheses. They used

"data on consumption of different commodities in the United Kingdom‘to

estimate a series of demand relations and data on vegetables produced

for fresh markets in the United States to estimate supply functions,

_The dynamic models they.ﬁsed were quite simple; but resﬁltgd in




68

significant improvements over similax static models, The authors felt
that the most important finding in their study was that the serial -cox-
relation among the error terms in their dynamic models was almost non~

exisfent.14

This was in marked contrast with the resulté of their
static models, Their explanation for thié was that if the dynamic for-
mulation was the true form of the model, but a static model was actually
estimated, then one would expect to see positive serial correlgtion in
the error terms (if the dependgnt variable is positively serially cor-

related). -They then comment on the wvirtues of treating such problems-

(how to handle serial correlation) as economic problems rather than as

.purley statistical problems.‘

In 1960; Robert Solow proposed the use of a more geﬁeral form of
lag distribution than the geomefrically declining form used by Koyck.
The simplest form of Koyck's-model for distributed lags was shown iﬁ
equation (é) above. édlow criticized the conceptual baéis of this férm
because it imposed the constraint that the largest effect of a change

in x on the level of y would be felt_immediateli. Solow suggested that

14Part of the reason for this result may be that Nerlove and Addison

used the Durbin-Watson statistic to test for serial correlation in
both the static and dynamic models. The use of this statistic is not
appropriate when lagged values of the dependent variéble are present
as right hand side variables, Under these conditions, the Durbin-
Watson statistic is biased towards non-autocorrelation.’
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when abservationa on the datn belng used are taken more frequently than
annually then "most of the reaéons which make a. distributed lag scheme
seem.like a good idea in the first place also suggest that the effect
of x on y may very likely build up to a peak béfore tailing off"

(p. 394). Koyck‘s method of handling this problem was to use the more

general formulation

. L ’ . - .
(10) vy, =L Bix _ tol .Ai (m+l)xt_i +_ut
.0 i=0 - i=mt+1 :
" . . 15
which can be transformed into- the more easily estimated form
i _ - _ £ (e ’ .
(1) oy, = 8 x * izl (By-ABy_1) =, + (a=2B) xt_(mﬂ)

+ xyt_l + (utfxut_l)

The problem with this formulation of the model is that if m is larger
than two or three, £hen the same problems in estimation occur as witﬂ
equation (1) above, i.e., a proliferafion of paraﬁeters and multicol-
linéar variables. 1In particulaf, if the xt's are autoédrrelated? then

the covlrielent estimates wlll not be very precise. As a remedy to

these problems, Solow suggested the use of the Pascal distribution as a

15To obtain (11) from (10), lag equation (10) by one period and' multi-

ply both sides by . When this transformed equation is subtracted
from (10), the result is equation (11). The advantage of (11) lies
in the reduced number of parameters to be estimated.
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constraint on the shape taken by the lag distribution. The aanntage
of the Pascal distribution (which includes Koyck's geometric distribu-
tion as a special case) is that it is gdnsiderably more flexiblg in the
shape it assumes and aliows the peak in the respohsé function to occur

several periods after the initial change in the independenf variable.

If this constraint is iﬁposed on the form.of‘the lag distribution, then

it turnms out that only ﬁhree pérameters have to be estimated. Tﬁus,
this technique '"provides a way of getting a wider range of response
profiles without having to makeivery highly intércorrelgted time series
bearvthé burden of estimating a large.number of indepeﬁdent coeffi-
cients" (Solow, p;.397). One problem. with using this ponstfaint is
that simple estimation techniques are not appropriate. The reasons for
this are, (1) two of the fhree parameters enﬁer the formulation of the
equation to be estimated in a highly\nop—linear faéhion, and (2) the.
residuals are autocorrelétgd. ‘Solow discussed these problems and some
of their possible Splutibns extensively in the sécénd half of his
paper, |

In a 1961 article, Zvi Griliches focused on the problem of serial
correlation in the .error terms in distributed lag models fhat have
lagged dependent variables és explanatory &ariables. Griliches derived
expressions showing the direction of bias in the coefficient estimates
of a distributed lag model when ordinarf least squares methods are used

in the presence of serially correlated error terms. 1In addition, he
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I

found expressions for calcu;ating lower bounds on the'magnitgde of the
bias for different va}ues of the serial correlation parémetef.. He
also discussed cifcumstgnces under which estimation of a distriguted
lag model resulted in a reasonable and sigqificant.cééfficient on the
lagged dependent variable and a reduction in the serial correlation of
the errors even though the distributed lag model was not the "true"
model generating the data. Griliéhes closéd his article.witﬁ tﬁe fol-
1ow;ng comment on the problem of serial correlation and the various
methods of dealing with it, '

"I believe that as long as we have serial correlation in the
disturbances there is still something systematic in the world
which our model has not incorporated. It seems to me that it
is much more desirable to find the economic reasons behind
this correlation and incorporate them into the model than to
pursue very complicated estimation techniques designed to
deal with this problem. The research strategy should be
directed toward eliminating serial correlation by including
its causes explicitly within our models, rather than to de-
vising new methods of 1living with it. On the other hand one
should be careful in interpreting the results of such models.
Just because the serial correlation has been "taken care of"
by the particular technique does not prove that it is gen-
erated by the assumed mechanism, Serial correlation in the
disturbances could be due to many different reasons, and its
identification with one mechanism rather than another may
require more careful investigation and much more detailed
data than are usually available," (pp. 71-72)

In another 1961 article, Wayne Fuller and James Martin were con-
cerned with essentially the same problem as Griliches. In this péper,
they suggested an iterative estimation technique for finding maximum

likelihood estimates of the coefficients in first order difference
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equation models with a first order autoregressive error term, They .
also derived confidence intervals for the estimates of long-run elas-
ticities obtained from these models. After this, they estimated dem;nd
equations using United Kingdom conéumétion, price and income data |
and compared the results uéing'or&inary least squares methods with the
results using their suggested technique. They then discussed the
biases in the estimates from the or&inary least squ;res model and re-
marked on the inyalid;tioﬁ of tﬁe Durﬁin—Watson statistic when lagged
endogenous variables are present in the equation.
In 1963, Nissan Liviatan suggested a solution to the problem of

*developing a consistent estimation technique for equations with a
lagged dependent variable and autocorrelated error terms. He mentioned
the shortcomings of Koyck's solution to this problem and then criti-

cized Klein's iterative procedure as being somewhat messy computa-~

tionally. He also cited Malinvaud's contention that Klein's procedure

was not consistent. Liviatan's alternative estimation technique was to -

use an instrumental variable (or two stage least‘squares) estimator.
The main advantages of his method.ﬁere that it resulted in consistént

. estimates and was easy to apply. The disadvantage was that.his method
did nbt yield efficient éstim;tes. He also ﬁointed out that hisimethod
did not require any assumptioﬁé of*homdscedastiéity, normality, or Ehe

form of the correlation in the error terms. Liviatan initially pro-

posed the use of a simple instrumental variable (the lagged value of an

pe
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independent variable) and theﬁ discusséd the possibility of using more
complex variables in an effort to improve the éfficiency of his esti-
mator., He also developed some testé for determining whether the lossés
(in terms of inconsistency) from ﬁsing OLS‘we;e.great enough to warrant
the use of his instrumental variables technique and the.aCCompanyingl
losses from inefficiency.

Two years after Liviatan's work, E,J., Hannan derived the asymptotic
aistribution of Liviatan's estimators under general conaition;. He
also used spectral methods to develop efficient esfimators-for dis-
tributed lag models with serially correlated error terms.

In 1966, Dale Jorgenson wrote an article_whése purpose was to find
a class of lag distributions that (i) could be used to estimaée an ar-
bitrary distributed lag function (of the form shown in equation (1)
above) to any deéifed degree of accuracy and (2) would have at most the
number of parameters that a finite distributed lag function approxima-
tion of a compafable degree of‘accuracy would have.16 Jorgenson felt
that the problem with using finite distributed lag functions as approxi-

mations of (infinite) distributed lag functions was that "the number of

6Jorgenscn defined a finite distributed lag function as one-in which
all of the coefficients after a certain point were zero, That is, it
would have the form,

+.a

v o= a.% +o.X + o, % +, . .o X
'y o o, o o X .

£ %0t M17t-1 " Y27e-2
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parameters required for a satisfactory approximétion of this type may
be quite large" (b. 136)., He mentioﬁed that specific solutions to the
problem of reducing the number of parameters Eo be'estimateé had been
proposed by Fisher (1937), Kéyck (1954) and Solow (19605, but that each
of the classes of estimators that they suggested had the undesirable
property of‘not being capable of approximating an arbitrary distrib-
uted lag function. Jorgenson suggested the-use of rational distributed
lag functions to solve the problem. A distributed 1ag'fuﬁction quaii—
fie; as é membér of this class "if and only if it may be written with
a finite number of lags in both dependent and independent variables"
(p. 138). He then demonstrated that finite distributéd 1%g functions,
geometric distributed 1ég functions, and Solow's Pascal distributed‘
lag functions were all special cases of the class of rational distrib-
uted lag functions. Jorgenson also derived estimators (with desirable
large sample properties) for the parémeters in his lag function ﬁnde;
two different specifications of the stochastic nature of the systeﬁ.

Iﬁ another 1966 articie Yair Mundlak examined the link between
the adjustment pfocess suggested by Nerlove and comparative static
economic theory. He found that the Nerlove adjustment process and
other more complex processes assumed "intrinsic relationships between

economically endogenous variables. Such relationships cannot be justi-

- fied by economic theory, and their existence may imply very strong

restrictions on comparative statics theory" (p. 51). - To demonstrate,
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Mundlak devised examples of perfectly feasible response paths which
Vlolated the constralnts on the coefficlent of adJustment in Nerlove‘s
partial adjustment model, He also discussed similar problems with
Ko&ck's and Jorgenson's iavestment modeis and went threugh an example
in which the Le?ﬁatelier principie was violated,

In a frequently cited 1967 survey article, Zvi Griliches presenfed

an extensive discussion of the topic of distributed lags, The purpose

of his paper was to
"draw attention to the practical difficulties of distinguish-
ing between different lag schemes and lag models from the
data. We may be asking too much of our data. We want them
to test our theories, provide us with estimates of important
parameters, and disclose to us the exact time form of the
interrelationships between the various variables. Progress
in this area is likely to slow until we have a much better

theoretical base for imposing a time-lag structure on the
data." (pp. 17-18)

The contents of this papef included,

-a description of lag generating functions and lag operators,

-a review and discussion of efforts in the direction of developing

generalized forms for the lag distribution (e. g Koyck, Solow,
Jorgenson). .

—-a discussion of the problems inherent in tryihg'to determine the
form of the lag distribution from the data generally available,
Griliches demonstrated how relatively. small variations: in parameter

estimates tresult in radically different shapes for the’ 1ag distri-
bution,

~discussions of the nature and direction of biases in coefficient
estimates due to serially correlated error terms and several pos-

sible methods (and their respective shortcomlngs) of handling the
problem.
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-comments on the 'theoretical underpinnings'" for distributed lag
models, His opinion was that, in general, they were pretty weak,

In a 1968 article Roger Waud looked at the bias that resulted from
misspeéifiéation of the "partial adjustment" and/or "“adaptive expecta-
tions" models. Cagan's "adaptive expectations" model and Neflove's
"partial adjustment" model are not distinguishable from each other when
the models are estimated empirically, i,e. both of them can be reduced '
to first order difference equationé and it is not poésible (from the
estimation results) to determine whether ome is obtaining an estimate
of the "coefficient of expectétion" or of the "coefficient of adjust-
ment." If the two models are épmbined, the résulfing estimable form

of the model is a second order difference equation (in this equation it
is still not possible to distinguish betﬁeeh the coéfficients of ex—-
pectation and adaptation since they enﬁer the model symmetrically).
Waud pOinted.out that the Cagan and Nérlove‘models were really special
cases of the more general '"combination" model. He described the rather
unrealistic assumptions that had to be made, either explicitly or im-
plicitly, in order for one of the "simple! models to be the correct

17

model to estimate, If the "combination model" is the truth and one

7For example, the "adaptive expectations" formulation is the true
specification of the model if the coefficient of adjustment is unity,
Similarly, the "partial adjustment" formulation is correct if expec-
tations are formed statically, i.e. if the coefficient of‘exPecta—<
tions is equal to one. ’
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" of the simple models is estimated then .the estimated coefficients will

be biased (this "omitted variable bias" results because the second—
order lagged Qalue of the dependent ﬁariablé has been exciuéed as an
exﬁlanafory Qariable). ‘In this pépe;;‘Waudnlooked;at the extent of fhe
resulting bias in the estimated coefficients, in their standard errors;
énd'in'the estimated aﬁerage lags under arQariety of assumptions about
parameter values when one of.the'gimple models was inappropriately
specified as the "correct" model.

Phoebus thymes developed a prbcedure-for eétimating distributed

lag models with autocorrelated error terms in a 1969 article. By using

this procedure, which he felt was simpiet‘fhan ather aﬁaiiable methods, .

he was able to obtain maximum likeliﬁood estimators that '"globally
maximize the likelihood function for evefy sample size" (p. 45). The
procedure was developed under the assumptions of a geometrically de-
clining lag distribution on one of the independent variables, and a

first-order Markov process on the normally distributed error term.

‘This method, which involved a two-stage iterative process yielded con-

sistent and efficient estimates. -
In a comment on Dhrymes' paper, Y.P. Gupta suggested the use of a

"somewhat simpler two-step estimator" (p. 112) for the model considered

by Dhrymes. This technique involved the application of the instru-

mental variables method followed by ordinary least squares.. Gupta did

not derive or mention the properties of his estimator.
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In 1971 G.S. Maddala and A.S. Rao used an extension of the esti-
mation technique develﬁped by Klein (1958) to obtain maximum likeli-
hood estimates for Solow's Pascal distribution and Jorgenson's rational
distributed lags. They developed these estimators first under the as-
sumption of independent normally distributed error tefms and then under
the assumption that the error term followed a first-order autoreéres—
sive scheme. 1In their technique, it was necessary to deal with the
presample values of their independentr§ariableé in one way or another.
They found that their results were improﬁed greatly when they esti-
mated these initial values as parameters rather than simply ignoring
them (setting the>presample values equal to zero). They'alsq demon-
strated how the likelihood ratio test can be used to test for equality
of the roots of the-polynomial in the denominator of Jorgenson's
rational lags. This test is of interest since Joréenson's'model re-
duces to Solow's Pascal distribution when these roots are equal.

In a 1972 survey paper, Marc Nerlove discussed deﬁelopments in the
relationship between economic‘theory and'measureﬁent o§er the three and
a half decades preceding his paper. 1In particﬁlar, he described the
pfdgress (or lack thereof) in the de&elopment of a dynamic theory of
economic behavior and how this theory -was being used in concert with
empirical work. ' He was quite.concerned with the haphazard manner in
which distributed-lag structures were frequently tacked onto modeis

that were otherwise static in nature. Nerlove, of courég, felt that
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the models éhould have been based cémpletely on dynamic theory.

Nerlove focused 1argely'on the studies that had Been done on invest-
ﬁent. In pérticulax, he discussed the work .done Ey JOrgenson:iﬁ that
area. Nerloﬁe.repeatedly labelled ‘the d&ﬁamic portiqns of Jorgenson's
models as being'géjégg, in fact, after reading Nerloée's critique of
Jorgensoh's dynamic formulations, it is not at all cléar what t&pé of

a dynamic theory would not be considered'gg_égg by Nerlove. Most'of
Nerlove's éffo;%s in this paper'aré directed . toward tfying to deQelop a
tﬁeory to deal with the dynamic éharacteristics of inﬁestment. QerlOQe
also spends time in this article expounding on.his own philosopﬁy abdut
tﬁe proper relationship between empificaliWork and tbeory. One impor-—-
ténf facet of his view has to do with how the shape of the lag distri-
bution should be determined. Often in empirical studies, reSéérchers‘
ﬁave letAthe'data determine the shape of the lag. Nerlove's &iew was
that time series data is'usuélly not adequately detailed-to determine
thé shape of the 1ag with any exactitude, thus theories of dynamic be-
haviér needed to be developed whiﬁh would specify the shape of the iag
in advancé. He was not certaip whether this could be agcompliéhed, and
in fact his efforts in that direction in this paper do not abpear to
‘meet with much success (judging by‘commentsAog those:éfforts made in
later studies).

In another survey. paper, published two'years after Nerlove's,

Christopher Siﬁé:discusSed various developments in the study of
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distributed lags since the time of Griliches' 1967 survey article. -
Sims, like Nerlove, was concerned about developments in the relation-
ship between dynamic theory and empirical estimation. He felt that

Muth's (1961) article on rational expectations was an important contri-

bution to dynamic.theory but that “the difficult program of bringing .

the rational expectatioﬁs hypothesis uséfully into the bpfiﬁizing
theories used to generate applied distributed lag models is still only
" beginning" (p.:292). Among the many items discﬁssed by Sims in this
paper were |

~comments on the validity of interpreting the sum of the coeffi-
cients in an estimated lag distribution as the long-run effect.

—~descriptions and comments on estimation techniques for. d1ffer—
ence equations under various dssumptions about the nature of ‘the
error term.

-a review of works on the use of spectral methods of estimation.
-a discussion of the effects of placing restrictions on infinite
lag distributions in order to make them estimable -.-and some criti-
cal comments on the implications of the assumption that the lag

distribution is smooth.

-descriptions of recent advances in methods of testlng for speci~
fication error.

In 1977, Askari and Cummings published a survey of studieé ;hat
used Nerlove's partial adjustments and/or adaptiﬁe expectatiqns modei
to éstimate agricultural supply response. They discﬁssed the general

.modifications that have been made in.Nerlove's basiélmodel, aé Welllas

. some of the problems encountered in finding the empirical analogues of
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the theoretical varigbles in Nerlove's models (e.g. "Which prices
should be used and how should they be deflated?"; "What should be éone
if the variables to which decision makers respond change over time?"
and "What is the proper measure of desired output ;esponse?”). The
authors then presented the long- and short-run elasficity estimates
from an enormous number of studies on agricultural supply response
(their bibliography contains 190 references!). “

~In a 1978 paper Oscar Burt discussed éome of .the problems in es-
tiﬁating agricultural supply response and suggested a new approach to
the problem. To begin ﬁith, he dispussed some justifications for using
difference equations. These included Nerlove's "theorqtiéal" justifi-
cations,‘i.e. the partial adjustments and qdaptiVe expectations models.
Burt also pointed ‘out that a complete history on the lagged Qalues of |
thé exogenous variables in the model probably contains the same infor—!
mation as a few lagged values of the dependent variable. Thus, a more
pragmatic‘justifigation for the use of difference equations is that
since.time series data is not generally available on the entire his-
tory of the exogenous variables, a relatively low order difference e-
quation will prqbably accomplisﬁ the same purpose. Burt alsé‘felt
that a relatively low order difference equation that included a couple
of lagged price variables should do a goqd job of capturing the essence

of the technological, economic, biological and behavioral factors and

constraints that act to determine supply respopsé (but which are
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probably impossible to measure more directly). Burt's new approach to

the supply-response estimation problem was to use what he referred to
as "nonstochastic difference equations.'" A tyﬁical first order sto-—
chastic difference equation is

(12)  y, =o+Bx_, +Ay,_; tu,

1
This expression has two stochastic components, the random error term

ut,-and random portion of the lagged dependent variable, y Burt

t-1°
defined a non-stochastic difference equation as

(13 ytv= a4-8xt_l + AE(yt_l) + u,

where E(yt_l) can be thought of as the lagged value of the dependent

variable minus its non-systematic components, i.e. E(yt) = yt— Ut-

‘He discussed the uses and interpretation of these difference equations
and also developed a non-linear least squares algorithm for estimating

the parameters under general assumptions about the nature of the error

term., . Burt also présented summaiy results for applications of his

method to U.S. wheat and soybean acreage, U.S. wheat yield and Montana

beef breeding herd inventories. The results using the non-stochastic
difference equations appeared to be markedly better than the results

using the st9chastic specifications.

In a 1980 paper on the same topic, Burt extended the analysis and
discussion in his 1978 paper. .In this paper, he discussed further the

distinctions between stochastic and non-stochastic difference equations

and then showed, for some simple cases, that the two models can be
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made equivalent thfough.reparameterization, i.e. he showed that a sto-
chastic difference equation wifh a classic error term is equivalent to
a nonstochastic differeﬁce equatiqn whose error term follows a first
order autoregressive process. The bulk of this paper was directed
toﬁard explaining and describing the particular estimation proce&ure
and algorithm deQeloped by Burt. This algorithm (which was used for
the empirical work in this thesis) is designed to estiméte.rational
distfibﬁfed lag functions with &ery general specifications of the error
term.

This concludes the second portion of the literature review. The

preceding discussion of distributed lags is not considered to be a com-'

piete review of that literature. To get some idea 6f the fugility of.
undertaking the task of completely reviewihg the distribﬁted lag liter-
ature, one has only to 1ook_ét the bibliographies in such publications
as Griliches (1967), Nerlove (1972), Sims (1974), and Askari and
Cummings (1977). Many important works have been left out of this
paper for one reason or ano;her. 'For example, no discussion of
Friedman's (1957) work on the consumption'functioﬁ and the permanent
income hypothesis has been presénted; e§en though that work along with
Cagan's are the semiﬁal articles in the development of the adaptive
expectations literature. Various studies that dealt with-different
types of constraints on the shape of lag distributions'have not been

discussed. Examples of these include Deleeuw's "inverted V'
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distribution and Almon's work Qith polynomial constraints on the lag
Aistribution. A great deal of work on estimatioﬁ techniques for dis-
tributed lag models has not been discussed. One of the most important
works in this area was probably Dhrymes' 197i'book. The lis; of impor-
tépt works that ha§e been deleted could probaEly go on indefinitely."

The articles that have been discussed describe éome 6f the more
important develoﬁments in the distributed lag literature as it applies

to the work done in this thesis, and provides a basis to interpret and

evaluate the empirical results.

Hots




Chapter 3
DEVELOPMENT OF THE MODEL

In the first section of the preceding chapter a skeletal des-
cription of several earlier attempts at estimating models of beef

cattle inventories was given. 1n those models, a price variable (or

 variables) was generally present (although not necessarily statisti-

cally significant) and several of the models were specified wifh
lagged dependent variables acting as explanatdry variables, The
second section described some of the developments on thé topic of
distributed lags that‘segm pértinenﬁ ta the model to be conétfucﬁed
in this thesis. The ﬁost common theoretical justificé;ions for the
use of distributed lag models are the "partial adjustment" and
"adaptive eXpéctations" hypotheses. The partial adjustment modeliis
used in situations where the adjustmgnt in the level of some decision
variable does not take place instantaneously. This slow adjustment
process may be due to such factors as technological and/or biological
constraints; habit peréistence, or institupional rigidities. The
adaptive expéctations model is appropriate in situatibﬁs where the:
level of a decision.variable is a function of the expected level of
an independent variable. If the egpected.future value of the indep-~

endent variable is some type of a weighted average of past and
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present values of that variable, then a distributed lag model is
implied; When' developing a model to explain cattle herd sizes, the
use of a distributed lég model can be justified uéing either or both
of these hypotheses. For example, the partial adjustment model

makes sense in a situation.in which hexrd size is the decision'variable
sinée biological factors as weli aé pﬁysical factérs (liké capacity‘
or feed availability gonstfaints) act to make adjustments occur
slo&ly. Similarly, an adaptive expectations model is apbrOpriate
since décisions with regard to hér& sizes will bé made on the basis
of ranchers expectations about the future level of.céttle prices and
the availability (and/or price) of feed.

Models in which the distributed lag on the independent variahle

(or variaﬁles) is infinite can generally be converted to low order
difference equations (see Cagan and‘NerlOVe (1956)). In féct,
Jorgeﬁson showed that any arbitrary infiﬁite\distribued-lag function -
can be approximated to the desired degree of accuracy by a rational
distributed lag function. These ratibnal lag fuﬁctions can f;equenFQ
.1y be expressed as low order difference.qﬁafions with relatively low
order lags on the indépendent variables in the model. The model to
be estimated in this thesis will be a member. of the class of rational
distributed lag functions. -

There are two views in the economics profession as to how the
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shape of lag distributions should be determined for purposes of'
empirical work. The first group bases their argument on demonstrat-
ions like those presented 5} Griliches (1967, pp. 29-31) in which -
he showed that relatively small changes in.parameter estimates lead
&o a wide variety of impliéd.shapes for the lag distributions. This
group, whose léaders include Marc Nérlove, aréues that‘time seriés.
data is virtually always inexact enough that rough approximations of
the shape of the lag dist;ibution will be the most that the data can
~ be expected to yield. They maintain, therefore, that the shape of
the lag distribution must be derived from a theoretical basis. A
well developed dynamic theory of economics‘is required before theory
can‘dictéte theée shapes to empiricai workers. TUnfortunately, no ;
such theory exists and although efforts to develop one continue, it
does not.appear that any major breakthroughs Havé occurred up to
this point in time (see Nerlove (1972) and Sims for a discussion qf.
the develoﬁments in this area). The flaw in the view held by this"
group is tﬁat even if an adequéte dyﬁaﬁié theory existed, it wouid
still have to be tested using inéxact dafa. Paxametér estimates |
-from this data will have wide confidence bands implying, (1) that it
will be difficult to reject a given hypothesis about the shapé of
the lag distribution and (2) thét it may be nearly impossible to

distinguish among alternative theoretical explanations of the possible
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shapes of these distributions.

The Second groupnholds the view that the‘daté.should be ;1lowedl
to determine thé shape of the lag dist;ibution. Thedir argument.is
that since no adequate theory exists to explaiﬁ how expectations
are‘formedvof how dynaﬁic adjustments take place, theré-is no way
the forms of the lag distributions can berobtained'from this‘source.
The only available method to determine these shapes is thus to et
the data do it. Thié'will.be the approach taken in this thesis for
approximating the form of cattle ranchers'.response functions. How-
éver, it will be kept in mind that the estimated lag distributions
are only inexact approximations. Tests to give indications of the
limits of theAipéxactness will be run when possible.

The method of estimation suggested by Burxrt (1978, 1980), using

"nonstochastic difference equations" will be tested and used in this

~thesis. This method basically involves removing the stochastic

component from the lagged values of the dependent variable and using

the resulting nonstochastic yariable as a.regresspr. One advantage

of this technique is that the stochastic and nonstochastic components’

of the equation are cleaxrly delineated. in a stochastic difference
equation, the lagged values of the dependent variables contain a
random, as well as a systematic element, implying that the delineation

is not well defined. In a monstochastic difference equation, the
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lagged dependent variables-only contain é systematic component.
Thus all random elements on the right had side of the equation are
contained in the error term. This is a helpful feature in ée;tain
inétances when_interpreting_the model gndér consideration. Another
positive attribute of the nonstoéhéstic férmulation is that coeffi-
cient estimates will be consistent regardles; of whether the second
moment specificégion on the error term is correct. This nonstochastic
difference equation formulation can be viewed as an alternative to
the method developed. by Maddala and Rao for computiﬁg maximum
likelihoéd estimates;

In his study attempting to estimate aggreéate agricultpral
sﬁpply, LaFrance offered a feasible theoretical interpretation of
the meaning of these nonstochas?ic‘lagged values of the dependent
variable. Using a cémmené‘by Griliches (1960, P. 291) as a basis
- for his argument, LaFrancé suggested that the cp?rect behavioral
responée Variable for farmers in a distributed lag model was expected
normal (or planned) output rather than actual output. The proxy
used for planned output is approximated in'fhe aggregate for the
industry by the nonstochastic lagged de#endent variable. LaFrance's
érgument which was couched primarily in terms of crop production,
was fhat actual oufput differed from planned outpﬁt ﬁecause of the

effects of random factors like weather variation. .Planned output in
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turn differed from desired long-run equilibrium. output because pf
adjustment costs and asset fixities. LaFrance demonmstrated that the

systematic, measurable component of plamned output is equivalent to

the "expected" level of production, given average weather conditions.

In other words, a nonstochastic difference equation might be inter-
preted as implying that output in the current period is éffected b}
the "planned" or "expected" levels'of output in previous periods
rather than by the actual levels. This interp;etgtion seems.quite
reasonable for crop outfut where the difference between plaﬂned and
actual output due to random weather effects may be proportionately

quite large. Also, for crops, unusually good weather comditions in

a given year will lead to unusually high output in that year but

will probably not have much effect on the level of output in follow-
ing years. Thus, it makes sense to remove this random component of
output.from the lagged value of the dependent variable. That‘is,
the use of a nonstochastic difference equation seems to be appro-
priafe when estimating models where crop yield has a pajor influénce

on the dependent variable.

The -above interpretations for crop production would appear not

to apply as well to a livestock model. It may not make sense to
remove the random component from the lagged value pf the depéndent

variable for the same reasons as in the crop models since the random
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component of output in a given year may affect the level of output
in subsequent years to a considerable‘degree (e.g. an exceptionally
large calf crop in a gi&en year méy impiy exceptionally lérge herd
sizes in following years).l This characteristic of the livestock
breeding inddstry'implies that the use of nonstochastic difference
eqﬁations may not be theoretically jusfifiable when estimating beef
inventoryAmodels. Ho@ever; there are other faétors‘that enter into
the determination of the "appropriate" forms of the difference
equations.h It might be instructive at this point to discuss in more
detail the elements‘that will generaily determine whether stochastic
or nonstochastic difference equations yield better results.

One crucial consideration here is the composition of the error
term. The degree of correspondence between the error term in the

. !
aggregate model and the random variations that cause differences

lThe causes of the differences that do exist between planned and

actual herd sizes (these differences should generally be much smaller
proportionately for cattle than for most field crops) are not as
obvious for cattle as they were for crops. For example, weather
variations would appear to have a proportionately smaller direct
effect on the size of beef breeding herds than on crop preductiom.
Some factors that may result in divergences between planned and
actual herd sizes inclide unanticipated disease and death loss,
variations in the availability of feed because of random weather
factors, and variations in calf crops are a result of the random
nature of the cattle breeding process.
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between planned and actual output play an important role in determ-

ining the correct specification of the form of the difference equation.

To see'this; consider the following ﬁodel: o [

(1) Ve = .t BX. + Ay toug
Assume that this difference equation has been derivéd from a partial
adjustmenf model. The question to be addressed, once again, is

whether the stochastic or the nonstochastic formulation of this

model is appropriate. The answer appears to Hepend largely on the

composition of the error term. This can be. demonstrated by partition-

ing the error term into two components,

(2) u = w +-€
where W, is the portion of the error term due to fluctuations in
factors beyond the control of ranchers (e.g. weather variations)
that cause actual output to differ from planned output. o is
_‘other types of errors in our model (e.g. maybé some minor variables
that have systematic effects on the level of ¥, have not been in-
cluded). Now, compare the two extreme situations to clarify the
effect of the compoSitibn-of the error term.

First, look at the situation in which ¢, = 0 (assume also that

t

the average effect of the w_'s is zero): In this éase,.the nodel is

o

correctly specified to the extent that all relevant explanatory
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variables have been included. The only éource_of differences
between planned and actual levels of y, are random factors (like
weathér) beyond the control of rancherswtlUndef'these circumstances,
the variéble that best reflects the cbnstrain;s faced by ranchers

(or alternatively, the planned level of yt—l) is §t-l = o + BXt +

"A§t—2 . Thg best'example.of this type of .a situation might be a

crop yield model. For these farmers, the variable that_hasAthe‘
greatest effect on Ve will be the average (or planned) level of Vi1

since the actual level of Vi is iﬁfluencea by random weatﬁer

fluctuations (Wt—l) which,'by'themseives, will not have much effect

ony, . A nonstochastic specification of the difference equation

. would seem correct in this scenario.

At the other extreme, suppose that wt = 0. That is, all of the

differences between the actual values of Ve and the values predicted

by the model are due to variables that rahchers take into account
when making production decisions but which have not been included in
the model. 1In this case, the error component of Veoq will have a

systematic -effect on the level of y, - That is, would not do a

V-1
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good job of reflecting constraints or rigidities,2 since itsAvalué

depends only on previous values of Xt » when in reality, there are

systematic effects from other variables that also affect preyious
levels of yt . Thus, the stochastic formﬁlation of the difference

equation would seem appropriate under these circumstances,3

The use of a difference equation can be justified directly if the
lagged values of the dependent variable are thought of as proxy
variables for the rigidities faced by ranchers. At any given point
in time, each rancher will be constrained by the levels of certain
"state variables." These variables include such factors as, con-
dition of the range, age distribution of the breeding herd, and
availability of specialized labor and machinery. If a one dimen-
sional measure of the information contained in these "n" state
variables is desired (either because of prohibitive costs of mea-

suring the state variables, or because of limited degrees of freedom)

then the level of herd sizes in the preceding period is probably the
leading candidate. This discussion justifies the use of a difference
equation, but does not reveal whether the stochastic on nonstochastic
specification is appropriate. This will depend on how well the Xt's

in the model reflect the state variables actually taken into account
by producers.,. If the Xt's do a poor job of reflecting the levels .

of these variables, then the stochastic specification should be used.

3The interpretation of the lagged value of the dependent variable

(in either its stochastic or nonstochastic fcrm) as a measure of
production rigidities avoids any discussion of producers' subjec-
tively formed expectations. This dis probably desirable, since
this notion is quite different from the "expected value of a
random variable," which is what is obtained when we find the non~-
stochastic value of the lagged dependent variable in our models.
It might also be noted that a set of consecutive lagged values of
the dependent variable (or its expectation) would perform essen-
tially the same role as a single walue, but jointly; could potentially
capture more information about the underlying rigidities and con-
straints on production. ‘
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%

The true composition of the error term will be somewhére bet&éen
these two extremes. If the error térm consists mainly of the first
type of error, then a nonstochastic difference equation will probably
yield‘the best empirical results. If the éecond type'of error is

predominant, then a stochastic difference equation should yield better.

‘results. Normally, the true composition of the error term will not

be known. In such cases, it ﬁight be pbssible'to make inferences
about this comﬁosition by comparing the empirical results from the
estﬁnation of the two specificationshof the difference equation.

_In the preceding discussion of the elements that determine the
appfopriate specification of the difference equation, it was assumed
that a partial adjustments model led directl& to the presence of the
lagged dependent variable. Difference equations can also result
"indirectly" from adaptive expectations models.4 To see which spec-
ification is appropriate when the difference équatioﬁ is implied by

an adaptive expectations model, consider the model,

= RX*
(3 Ve = @ + BXt + u,

4That is, given certain assumptions about the weights given to pre-

ceding values in the formation of expectations of future values of
a variable, a difference equation can be estimated as a way of re~
ducing the number of parameters in the model.
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where u, has the classic properties and Xi , the expected level of

Xt » is formulated in the following fashion

(4)  XF-X¥, 12

= - *
Y(X, - X¥

The difference equation that results from solving (4) for X? s

substituting the result into equation (3) and then performing a

Koyck transformation on the resulting geometric lag model is
(5) e o 0 T N € L

Noting that y - u = E(y ), (5) can be rewritten as the non-
t-1 t-1 t-1 ‘

stochastic difference equation
(6) yp = ot ByX + (A-ME(y _;) + u,

The advantage of equation (6) over equation (5) is that the stochas-
tic and systematic components of the model are cléarl& delineatéd in
(6) and that ﬁhe error term iﬁ (6) has the same properties as in the
original equatioq (3). Thezlatter implies that the structure of the
error term in (6) will be simpler than in (5). This is a straight-
forward justificétion for the use of a nonstochastic'difference equa-
tion when the model to be esfimated is derived from an adaptive expec-
tations model.

Suppose now, that a difference equation résulté from a combination

partial adjustment - adaptive expectation model, In this situation it
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is unlikely that, a priori, one will be able to specify the form of
thé difference equation, Compariﬁg results from the empirical estima-~
tion of the nonstochastic and stochastic formulations of the models
will yield certain insights into the structure of the s&stem. For
example, for the catﬁle-numbers models éstimated in thisvthesis, tﬁe'
nonséochastic formylation of the difference equation was clearly
superior'to similar stochastié gpecifications. This might‘indicate
‘that the factoré implying a-ﬁonstochastic difference eéuation (random
variations in variables beyond the control of producers and the in-
fluence §f the adaptive_expectatign portion of the system) "out-
weighed" the elements that lead to a stochastic difference equation
(left-out state va?iables). .

Suppose the model to be estimated is of the form

(7 V. = o +A8XE + Ayt—l + uL

where yt_is herd size in period t, Xt is the level of an independent
variable (or vector of variables) that is hypothesized to affect herd

size, is the nonstochastic component of the lagged dependent

Y1
variable, and ut_is the error term. The best estimate of the average

valye of the lagged dependent yariable is

8- v

t~1 =et BXt--l t }’yt—z

If (8) is substituted into (7) and theq'(7) is solved recur-
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sively, the result is

. 2 -1
9 = +
(9) Vo = @+ £ 27+ AT Ta) +(BX + ABX , t

-1 L LEs
A BXO) + A Yb + u,

This equation is nonlinear in the parameters-and thus cannot be
estimated using linear least squares techniqueél If the error term
does not have the classical propertiés (e.g. if it is autoregressive)
then the model is nonlinear for. that reason as well. To handle this,
the computer program used for estimating the model obtains 1easf [
Bquares estimates using a modified Marquardt nonlinear least squarés
algorithm.5 The program is capable of estimating stochastic as well
as nonstochastic difference equations with an autorégressive/moving
average error term.

After a difference equation has been estimated, one of the
phenomena that can be discussed is the implied shape of the ?esponse
function of the dependent variable to changes in the exogenous vari-

ables. Different values of the estimated coefficients on the lagged
dependent variables imply different adjustment paths. Some set of
values of these coefficients implies cyclical adjustment patterns; in

particular, the case of complex rqots in a second orxder difference

For a description of some common methods of nonlinear estimation, see
Draper and Smith (Chapter 10). .
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equation. (The methods for solying difference equations are described
in Baumol and Chiang.) One simple, and plausible, gxplanation of thé.
meaning of these cyclical.types of response paths is that decision
makerg have a tendency to overadjust in their respoﬁses to exogenous
shocks in prices or other variablesA' |

The most common theoretical justifications for using difference
equations are the partial adjustment, adaptive ekpectations, and cam—
hination partial adjustment-adaptive expectétions‘models. It can be
demonstrated that all of these models implicitly constrain the values

of the coefficients of the lagged dependent variables in such a way

as to exclude the possibility of a cyclical a&justmeﬁt pattern. Thus,‘

there is no.theoretical model in the literature on distributed lags
that would be consistent with a cyclical adjustment pattern. In
addition, the interpretation of a lag distribution as a probability

density function is no longer valid when the response function is

cyclical, implying that the concepts of "the mean lag" and “the vari-

ance of the 1aé“ lose whatever meaning ﬁhéy had in the case of asymp-
totic response functions. As a result, there has been very little
discussion of cyclical lag patterns.

Yet ohseryable qpéntities do follow cyclical paths outside of
theoretical modelé and there are at least two reaéons for suspecting

that the difference equations to be estimated in this paper may have
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complex'roots, First, cattle pricés havg tended to be cyclical in
the past. Rational producers probably expect these cyclical fluc-
tuations to cpntiﬁue in the future. Thus, even if prices stopped
their cyclic fluctuations, ranchers would continue to expect such
fluctuatiéns for a certain period of time. (until their.expectatidﬁs,
adapted to the new path of prices) and‘would adjust their he;d sizes
accordingly. 1In such a case, one might expect the response function

for cattle numbers to follow a damped oséillatory path, with the

‘oscillations dying out‘aé,ranchers realize that prices are no longer

cyclic.

The second reason for expecting complgx roots derives from the
possibility of.specification error in'the modei. Praéticall? speak-
ing, it is unlikely that any empirical model ﬁill be correctly spec-
ified. In the model to be estimated iﬁ'this paper, oﬁe‘iikely soﬁfce
of'specification error is in the functional form. Thé estiméti;n
procedure to be.u;ed is constrained to 1inear'¢ifferencevequ§tions.

It is probably naive to presume that the true relationship is linear.

Thus, if the true model is represented by a ncnlinear difference

equation, it seems likely that in order to achieve the best empirical

fit of the nonlinear system, the estimated model may take on a form

 that implies a cyclical response function, particularly in view of

the cyclical pattern of priées within the sample. Because of these




101

factors the coefficients on the difference equations estimated in this

1

thesis will not he constrained to values that imply only real foots.

‘The Inﬁentogy‘Modei

The basic qum of the model for esfimating cattle numbers will

be

D _ e
Ve T ECp Fio W) +oey

where YE is the desired herd size in period t, P€ is expected future

t

prices of cattle, F

¢ is feed price ( or availability) in period t,

Wt is weather cdpdifions in period t, and ét is an error term.

It is hypothesizéd that rancheré,base their decisions about herd .
size on théir expectatiéns of the future ﬁrice‘of-cattle. ﬁsing the
approach suggested by Jarvis (1974), in which cattle are viewed as |
capital goods, it can be seen that price changes will have two oppos-—
ing effects on ranchers’ decisibns. An increase in price will probébly
cause ranchers to expect higher prices in the future. This should

lead them to want to increase the size of their breeding herds so they

- can better take advantage of these future prices. Jarvis referred to

this as the investment demand for cattle. On the other hand, the
price increase will put pressure on'cattle producers to sell cattle
immediately to take adyantage of the current high price., This effect

is analogous to Jarvis' consumption demand for cattle. A priori, there
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is no theoretical justification_for expecting one of‘these effects
to be greater, although the results of previous empirical studies
generally seem to. indicate that the former effect oﬁ?weiéhs the
latter (which makes senéé if the rapid growth stage is going to occﬁr).
The second variable that is hypothesized to have an effect on
cattle inventories is the price of ayailabilit? of feed. Raﬁche?s
will look at factors like thg prices of high protein supplements,
the availébili;y of winter forage and the price of hay when deciding
how many cattle to keép through the &inter. It is not ﬁossiblé té
tell in advance which‘of these vériablés will have significant effects
empirically, but it would be expected that an incfeasé in the price
of protein suﬁplements (like spyﬁean 0il meal) will cause réncﬂers to
decrease the size of their herds (ceteris paribﬁs, of course) because
of the implied higher costs of production. foor pasture conditions,
i.e. a shortage 6f winter forage, will be expected to cause ranchers
to carfy fewer cattle through the winter than otherwise. A poor hay
crop during the summer will imply that ranchers will have trouble
finding this type of feed for their cattle during the winter. This
would he expected to cause them to reduce their herd sizes. There:
should be a strong negétiye corfeldtidn hetween thé‘availability and
price of hay, so that it is difficult to predict which of these

Variablés will do the best job empirically. .It might be apgued.though,
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that if most ranchers‘grow their own hay (rather than.buyihg it) theé
a measure of availability might be more effective thap a measure of ‘
price. Another reasoﬁ:for éuspecting that the,availébiiity variable
- may be more effective is thét aggregate price statistics on hay have
tended to be rather poﬁr because of the local nature of hay markets.

,The third variable is weather conditions. Poor conditions would
be expected to cause ranchers to rgduce'their herd sizeé. There is‘
probably a variety of forms that "péor weather conditions" can take.
For example, an unusua;ly dry summer would.probably‘imply a dearth
‘of winter forage and hay availability. 0# unusually cold and snéwy
conditions'during the months of October, Noveﬁber and.Decémber might
lead ranchers'to éxpect the same for the rest of the:winter‘ahd cause
them té cut back on their-herd sizes., Bad weather in thg spring‘durr
ing calving.season would also have an adverse‘effect.

In the next chapter, some of the ptoblems encounpered in trying.
fo obtaiﬁ empirical counterparts of the theorétical variaﬁles des-
cribed above are discussed. The results and implications of the final
.versions of the models estimated are- then analyzed in &etai1‘

:




Chapter 4

RESULTS

. . |
In the preceding chapter, the theoretical considerations in the

development of the model for this thesis were discussed. In this chap-
tet, the estimated results of the theorétical model are described.

Three final models were developed in this study. ‘The first model
attempts to explain the leQel of breeding herds in‘Montana,.whiie the
other two attempt to explaiﬁ total cattlé numbers in Montana (the
definition and discussion of these categories is contained in Appendix
A). All three of'these models will be discussed, since the potential
uses of a total cattle ﬁumbers model may différ from the uses for a
breeding herd model.l

The bréeding herd model and both of the total ¢attle numbers mod;

els will be described, analyzed, and discussed in detail. Both total

>

lFor example, predictions of total cattle numbers may be used to fore-
cast slaughter, which in turn might lead to estimates of wholesale or
retail beef supplies. On the other hand, one potential use for the
breeding herd model might be as a tool to better understand how cat-
tle producers form their expectations of the future, and the criteria
they use in their production decisions. It may also turn out that
breeding herd models are the best indicator of future total .cattle
numbers, since changes in breeding herds should be a strong indica-
tion of what ranchers plan to do with their overall herd sizes. Obvi-
ously, breeding herd size is the-crucial population variable for fore-~
casting next year's calf crop.
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cattle numbers models will be discussed since an evaluation of the re—
sults of the tests on thesg two models indicated that neither was
cléarly superior.

This chapter will be divided into three sections. The first
section wili gontain a description of thé specifiqafion and results
of several of the preliminary models tested in the search for the final
models. The second section contains detailed analyses and disguséibns
of the final models. The third section describes.se&eral attempts to

improve the final models, as well as the results of these attempts.

"Preliminary Models

A major problem in the estimation of the models was to find the
combination of measurable proxiles for the theoretical ﬁariables de-
scribed at the end of the preceding chapter that resulted in the "best
empirical model." There is no formal definition outlining the char-
acteristics of fhe "best empiricai model," so frequently the choice
among modél sﬁecifications was made on the basis of subjective factors.
At times, these choices were made using nothing more concrete than thé
intuition tha; was developed from working with different Qersions of
the model. 1In most caseé, the earlyIQersions of thé models were so
&iffereﬁt from the final Qersions (discussed later in this chapter)
that a comparison of the actual empirical estima;es would be of little
Qalue. For this reason, most of the following discussion isubasically

descriptive in nature and very few actual estimation results are
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presented.

The first theoretical variable in the model was the price of cat-
tle. There are many potential eﬁpirical analogs to this variable. As
was aiscussed in the preceding chapter, a change in the price of cat;
tle should have two effects: (1) it should capse'a change in ranchers'
expectations of future prige levels and (2) it should imply a change in
the pressure to seli immediately. Much of the effort.to find proxies
for the price variable was devoted to trying to isolate.and distinguish
between these effects. The remaining work Qith this variaBle (aé well
as with the other variables in the model) was directed‘toward finding
the order of the lag on the p}oxy variables that resulted iIn Lhehbuﬁr‘
empirical Iit.z |

One priée Vériable'thgt was tested in a number of early models was
the price received for ﬁtility cows. It was hypothesized that .changes
in this price might induce ranchers to seil their older cows at dif-
ferent ages, thereby resﬁlting in chénges'in the size of their herds.
However, empirical results iﬁdicatea that its coefficient was not gen-

erally statistically significant, i.e. it added little to the

2The inclusion of lagged values was justified since we postulated that
expected future prices were determined b§ current and past price
levels. The search for the lag that yielded the best empirical fit
was warranted by our decision to let the data determine the shape of
the response function. A rational lag structure is determined joint-
1y by the order of the difference equation and. the order of the lag
on the independent variable.
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explanatory power of the model. Another price variable that was in-
cluded in a number of early models was the’Nermber price of feeder
steers at Kansas City. It was théught that this ﬁariable might re-
flect the immediate pressure on ranchers to sell their cattle before
the winter begén. Although the estimated cdefficiént'on‘this variable
was significantly different from zero in many of the eérly models, it
did not seem to contribute much to the more refined'models and is
thereforé not included in any of the final models. Tws of the follow-
ing three price variables appear in each of the final models: (1) a
twel?e month average of Kansas City feeder steer prices, (2) the
October through December average of prices received for calves by
Montana ranchers, and (3) the ratio of the é&erage wholesale priée of
choice steers at Om;ha to the wholesale price of corn at Omaha. These
variables and the rqles they play in the final models are discussed in
the next section oﬁ this cﬁapter and in the final chapter. |

The second_§ariable in the theoretical model is the priée, or
availability, of feed. It was hypothesized that the price of protein
Supplemeﬂts might affect ranchers' decisions to incréase or decrease '
herd sizest ‘To test for this, a protein price variable (the avérage
annual price of cottonseed meal at Memphis) was included in prgliminaFy
specifications of the model. The coefficients on this 'variable werel

frequently significant, but the values ‘of the coefficient were ex-

tremely sensitive to the specification of the model. .  In several cases,
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the addition or subtraction of one variable from the model caused thg
coefficient on the protein price Qariable'to change from a ﬁalue sig-
nificantly greater than zero to a Qaiue significantly'less than zero.
Because of this instability, the.protein variable was eﬁentuall;
dropped from the model. Another protein price variable (price of soy-
bean o0il meal at Chicago) was also tested in a couple of specifications
of the model. This variable showed little potential and was quickly
diécarded. A possible explanation for these §ariables not playing a
strong role is that Montana cattle ranchers rely on other sources
(forage and hay) for most of their feed so the price of protein has
little effect on éheir decisions regarding herd sizes. This result may
not generalizé to areas where ranchers rely less on their own sources
of feed.

Another hypothesized feed variable was.the availability of forage
for winter feeding. Unfortunately, no direct measure of this wvariable
is available., Data are not kept on the nﬁmber of acres left as pasture
and rangeland (although it may be possible to estimate this acreage as
a residual) or on the quantity of grass that grows ‘each year. If might
be posited, though, that the availability of forage would be positively
correlated with the condition of the range. To test this hypothesis,
a range index variable ﬁas included 4in the early models. Althoﬁgh dif-
ferent modifications of this variable were run in different models

(e.g. the average of the“April through December levels of the index and
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the November level of the index lagged either one or two years), it
never entered with strong significance. This may have been because
this vgriable contained.the same type of information as tﬁe hay Qari-
ables in the model 6r becéusé the information it did contain was simply
ﬁot detailed enough to pick up the desired effects.

The third hypofhesized'feed variable was the avéilability 6f.hay.
The total tonnage of hay (which includes both irrigated and non-irri-
gated hay) was used as a measure of this ?ariable.- fhis was an impor-
tant Qariable'throughout the ﬁfeliﬁiﬁary specifications and is included
in the final version of the models. "Since it wés not clear Whether
ranchers baée their decisions oﬁ the availability of héy or on its
.price, two different series of ﬁay prices were used in place of the
production variable in early runs. With these price series, the models
either had trouble converging, or the price~variab1es'were not signifi-
can;,'or the introduction of tﬁeée yariables rgéuited in considérable
‘alteration in tﬁe signs and sigpificance of the other variables in the
.model. As a result, it was decided to use the éroductién éeries in
latervversions of the model. |

The final variable in the théoretical version of the model was
weather conditions. - It would be expected that:the range index might
act a; a reasonable proxy for this Qariable. The résults of attempts
to incérporate this vatriable into the model were described ébo&e. It

is also possible that the hay production variable acts as a surrogate
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for weather conditions. Attempts to test for this possibility are
described in detail in the next sectidn of this chapter. The results
of these tests indicate that the primary role of'thé production varia-
ble was not as a proxy for weather conditions. Thus, there is no

weather wvariable, per'se, in the final Speéification of the model.

Stochastic and Nonstochastic Model Tests

Tests were run on the reQised Qersions of the models to compare
the results of the stochastic and nonstochastic formulations. These . £
comparisons are displayed in Tables 1 and 2. Looking first ét the
comparisons of the two formulatiohs_under the assﬁmﬁtion that the error
term has the ciassic_properties, it is ob&ioﬁs_that thé-nénstbchastic
specification is superior for all tﬁree'of the final models. In.every
cése, éhé adjusted multiple-correlation coefficient (ﬁz) and the stan-
dara error of the estimate are considerably lower for the nonstochést&c
difference equations. The average t-ratios in the'tables also iﬁdicate
that the explanatory power of the ihdependent Qariables is greater in
the nonstochastic models.3

From these observations it can be‘seen that the nonstochastic dif-

ference equation specification of the model has at least two advantages

3The calculated average t-ratios do not have a clear meaning and thus
no great emphasis should be placed on them. They might be interpreted
as giving a rough indication of the nominal significance of the ex-
planatory variables, and nothing more. - ,
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TABLE 1

Comparison of Summary Statistics from Stochastic and Nonstochastic
Specification of the Breeding Herd Model#*

s — ' Standard Error Average t-ratio
Model Description R "of the Estimate on Independent
' Variables*#*
Classical Error Term .
Stochastic Dif. Eq. .9832 46,700 2.90 °
Nonstochastic Dif. Eq. .9946 26,700 5.73
Second Order Serial Correlation
Stochastic Dif. Eq. .9904 32,600 3.49
Nonstochastic Dif. Eq. ..9946 24,400 . 9.46

*This model is described in detail in the ensuing section of this
chapter. The models in this table were estimated using actual
breeding herd numbers as pre-sample values.

**Independent variables include hay production, Montana calf prices,
and the ratio of fattened steer prices to corn prices.
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TABLE 2

Comparison of Summary Statistics from Stochastic:and Nonstochastic
Specifications of the Total Cattle Numbers Models*

. Standard Error Average t-ratio

Model Description ﬁz ~of the Estimate on Independent
"Variables**
Model TA
Classical Error Term
Stochastic Dif. Eq. .9628 © 89,500 . 2.12
Nonstochastic Dif.Eq. .9851 ’ 57,800 5.84
. ' |
Second Order Serial Correlation ; . :
Stochastic Dif.Eq. .9768 . 64,500 3.41
Nonstochastic Dif.Eq. .9902 ' 42,000 \ 10.61
Model TM
Classical Error Term . '
Stochastdic Dif.Eq. 9674 83,700 2.72
Nonstochastic Dif.Eq. .9849 . 58,400 4,97
Second Order'Seria; Correlation :
Stochastic Dif.Eq. L9791 61,300 3.16
Nonstochastic Dif.Eq. .9898 . 43,000 8.46

*These models are described in detail in-the ensuing section of this
chapter. ' The models in this table were estimated using actual total
cattle numbers as pre-sample values.

**Independent variables in model TA are hay production, price of
feeder steers at Kansas City and the ratio of the prices of

fattened steers to corn. Independent variables in Model ™ are’ hay

production, Montana calf prices, and the ratlo of the prlces of
fattened steers to corn.
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over the stochastic specification. First, considerably less of the.
Qariation in the dependen£ variable remains to be explained as sys~
tematic behavior ip the error term. This is advantageous since (1)
'the error term conéists of Variationé ih;thé dépéﬁdent Qariabie, the

causes of which cannot be attributed to any'factors predicted by the~
ory, and (2) fewef parameters are required in the'model witb'a'simpler
structure on the errér term. Second, if the specifiéationibf.the'model
with a classical error term is not the "true" form of the model gener-
ating the data, then the estimited coefficients in the stochastic dif-
ﬁerence_equation will not be consistent. On the other hand, the es-
timated coefficients in the nonstochastic’difference equation model
with the c¢lassical error term aré consistent regardless of Qhether the
specified structure of the error terﬁ is the "truth." Thus, the non-
stochastic difference equation is more robust with reéspect to specifij
cation errors on the structure of tﬁé error teyﬁ.

It is also apparent from Tables 1 and 2 that for the models with
second order autoregressive specifications of the error term, the
nonstochéstic versions are, in alltthreé cases,.superior to the sto-
chastic versions. It can Be shown that there exists a reparémeteriza—
. tion of any nonétochaétic difference eduation'(reégrd;ess of the speci-
fication of the error term) that results in an equivalent stochastic
difference equation (see Burt 1980, pp. 3*5).y If it is assumed that

‘the nonstochastic difference equation models with second order
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autoregressive error terﬁs are the true specifications (which is Wh??»
the ‘comparison of the results of the numerous models estimated.wouid‘
imply), then there exists a sfochasticrdiffereﬁce eéuation specifi-
cation that is equivalent and would yield comparéble results. In this
case, the error term in the stochastic difference equation.would be a-
combination autoregressive, moQing-aQeragé procesér . The aanntages of
estimating the nonstochastic differénce equation are -that (1) the
structure of the error term is less complex, making the interpretation
of this'component of the model easier, and (2) i£ is less of a problem
numerically to estimate models with autoregressive.érror.terms than it
is to estimate models with moving average errors.

In the estimation prdcédure used for the models in this thesis
(and for any distributed lag model) it was hecessary to spécify pre-
sample values for the variables in the model. For example, if the
first observation on thg dependent variable included in the daté set
is for year t, then values for the dependent variable must be specified
for years t-1 aﬁd t~2 when estimating a second order difference'equa—
tion. For the nonstochastic difference equations ih this thesis, two
possible estimates of these presample values were considered. The
first possibility was to use the actual values of the dependent vari-
ables fgr theée two years. The second possibility was to eétimaté
these presampie values aslparémeters, i.e. to find the values of the

. dependent variablé in those two years that would minimize the residual
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éum'of squares. A comparison of the summéry statistics from-tﬁese al-
ternati@e specifications is presented in Table 3. For: the bree&ing
herd.model, the specification in which the presample'vélues are esti-
mated as parameters is only marginally betéer than the altefnafi&e.
" For the totél céttle humbers models, this specification is clea;ly su-
perior. It is worthwhile to speculate as to why these.resﬁlts were ob-
tained.

If the structure_éf the system was the saﬁe guring'the presamplé
period as during the sample period and if no Qnusyal events occurred
during the presamﬁle years, then one woﬁld expgct the actual presample
values of the aependent variable to be quite close to the values of
that variable that minimize the reéidual sum of squares. In this case,
it would not make much differenée which method was used to obtain the
presample!values. It might be hypothesized thatlthis was the situation
for the breeding herd model. This can be tested by.observiﬁg how close.
the estimated pfesample parameter values.were to the actual leVeis of
herd sizes. The results indicated that the actual values fell near the
centers'of the confidence intervals for the parameter ésfimates of the:

4 . : '
presample values , i.e., the hypothesis that mo unusual events occurred

4'To construct confidénce intervals of the initial value parameters, it
was necessary to have estimates of the standard deviations of
Y, —E(yo) = EB and y 1° E(y 1) = € 1° Under the assumption that the

properties of the error terms in the presample period are the same as-
during’ the -sample period, a reasonable approximation of the standard :
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TABLE 3

Comparisons of Summary Statistics from Models Estimating
Pre-sample Values as Parameters with Models using
Actual Herd Sizes as Pre-sample ‘Values

e =2 Standard Error
* N .
Model,Degcrlptlon R of the Bstimate
Breeding Herd Model
Actual Herd Sizes Used
as Pre—-sample Values . 9946 24,400
Pre-sample Values Estimated .
as Parameters .9955 24,100
Model TA
Actual Herd Sizes Used
as Pre-sample Values .9902 42,000
Pre-sample Valués Estimated
as Parameters . 9955 31,200
Model TM
Actual Herd Sizes Used
~ as Pre-Sample Values .9898 43,000
Pre-Sample Values Estimated .
as Parameters : 0 .9961 29,100

*A11 models im this table use nonstochastic difference equations and
were run with second-order serial correlation specifications on the

error term.
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and that the structure of the system did ﬁot change during the pre~
sample years would be accepted. On the other hand, if the structure
of the system was different for the presampleuperigd o? if unusual
e§ents occurred during these two years, then it wduld be expected that
the differerce betweeq the estimated and actual presample values will
be consideréﬁle. This wéuld appear to be the situation for the total
cattle numbers models. The resﬁlts of the models showed that this was
indeed the case. The first actual presample value was outside of the
confidence interval for that parameter estimate. From this, the hy-
pothesis that the'structure of the system changed or that the actual
values of the dependent variables were affected by unusual events dur-

ing the presample years would be accepted.5

4(cont.) deviations of 80 and o might be the standard error of the

1
estimate of the estimated model. Using these, approximate 95 percent
two-tailed confidence intervals were constructed to test the hypothe-
sis discussed in the body of the paper. It might be noted that the
standard error of the estimate only includes the variance due to the
movements in the dependent variable. Strictly speaking, the desired
measure of variation would also include variation due to estimating
the parameters, Inclusion of this wvariation would increase the width
of the confidence interval and make it more difficult to reject the
hypothesis that there is no specification error.

5The preceding is related to a Monte Carlo study by Schmidt (1975).

- Except for the presample parameter estimates, the estimates of the
paraméters in the model are consistent regardless of how the initial
conditions are obtained. Schmidt found that it made little difference
whether the actual values were used or whether the initial values were
estimated as parameters. Our results indicate that under certain con-
ditions the choice between using actual values or estimating the ini-
tial values as parameters may make a considerable difference in the
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Ano£her way of looking at the comparisons in Table 3 is that they
proﬁide'us with a test for specification efror. If the results from
the two specificatioqs of the model are quite differenf %t can be takén
as an indication tﬁat the strﬁcture of ;he system changed between the
presample years and the years included in the sample? This implies
that it.might not be apprépriate to stért thé sample in a'year fhgt
was preceded by years from a system with a different structure since
the use of initial values from sysfems withla different strucfure-may
prove detrimeptal to the rééults of the model (ésﬁecially in small
sémples).

“ . The next section of this chapter contains detailed descriptions

and analyses of the final versions of the estimated models.

5 ‘ ,
(cont.) fit of the model; apparently the total cattle numbers eaquations
suffer some specification error. ' :
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“Analysis of‘Final'Models

As mentloned above, three flnal models were developed, one breed-
ing herd model and two total cattle numbers models. In this section,
the breedlng herd model will be presenped and analyzed first. :Two dif-
ferent breeding herd models Qere initially de;eloped. Early tésts.did'
not éhow either of them to be better than the other, so both were
teéted in more detail. A close analysis of thgse more complete results
indicated that one. of the models kphe-model that used Mdntana calf
pripes rather than Kansas City feeder séeer priceé) did appear to be
superior. Each of these models wiii be presented indi&idually, justi;
fication will be'given for choosing one of the modéls.over the pther,‘
and then the chdsen,modél will.be analyzed in deﬁadl: Foilowiné this, -
each of the totdl cattle numbers models will be presented'and.analyzed
in detail. Thesg'models will then be compared‘and cdntrasted; Both of
the tdthl cattle numberé models will be analyzed:in detail.since
- neither of these models wds clearly superior.

The definitions of the variables used in this section are:
AF$‘— averagg-Kanéas City feeder steef price'(dollafs per hundred
wéight)w This is an annual averaée of all weights and

"grades shipped.

6For further dlscu351on of these variables and the construction of the
data series see Appendix A.
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B/C - beef to corn price ratio. The beef price used was the

annual avefage wholesale price of choice steers (dollars per
hundred weight) in Omaha. A weighfed average annual price
‘(dollars.per-bushel) of #2 yellow corn at Omaha.was used as
the 'corn price.' This latter annual aQerage wés calculated
for a.twel§e moﬁth pe?iédvstarfiné.in‘Octoger and‘epding'in.

September.

HP - hay production. This variable wésﬂdefinéd as the total pro-~

duction of all hay (includes irrigated and noﬁirrigated

hay) in tons in a given year.

MC$ - ﬁride received by Montana ranchers for their calves (dollars

per hundred weight). 'A weighted a&éragé of October th?ough
December prices was useﬁ.

- total head of cattle in Montana on Janﬁary 1 of year t.

- nﬁmber of cows and heifers iﬁcludea in the breeding herd

'catégory on january 1 of yéar t.

E(yt_j) or E(wt—j) - the 'expected value' of the dependent vari-

u .

t

able lagged j periods. This variable can.bérviewed as the
actual lagged value of the dependent variable with the non-
systemgtic, or random, components netted out.
the error term. In the ;hrée final models the estimated

- error term followed a second order autoregressive pattern.

That is, in these models, u = ‘ -
- : t Pp¥og TPy TV s
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where v, has the properties of the classic error term.

The annual feeder price and Montanq calf price variables have beén
adjusted for inflation in all of the final models (note that it is not
necessary to deflate the B/C vériable, siﬁcé tﬁe‘deflator eﬁtgrs both
the numgrétor and denominatorj. The priée index used was 1967 base
"prices paid by farmeré for commodities, services, in£erest,'taxes and
wage rates.'

The following abbreviations will be .used to identify the models
to be discussed.

BM ~htﬁe breeding herd model that uses Montana calf prices as the

pfice variable. l |
BA - the breeding herd model that uses average annual Kansas City
feeder steer priqes as the price variable.
‘ ™ —'thé.total cattle numbers model that uses Montana calf prices.
TA - the total catqlé numbers model that ﬁées annual Kansas City .

feeder prices.

Breeding Herd Models

The sample period uséd'for both of tﬁe breeding herd models was
1945—1979. There were two reasons for beginning the sample period
around 1949. First, several of the data éeries did not exist prior to

this time.- Second, it was felt that the general structure of the in-

" dustry may have been quite different before and during World War II

than it has been since that time. There was no particular reason for
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beginning the sample in 1949 rather than in 1948 or 1950. Later re-
$ults will indicate that the model was not pafticularly sensitive to
;he year in which the sample was started.

Table 4 presents the breeding.herd models.7 " The basic difference
between these models, with respect to their specifications, is that in
model BA lagged average.annual Kansas City feeder.steer prices were
used as proxies for price expectations, while in model Bﬁ weighted
averages of October through Deceﬁber Montana calf prices were used. It
should be noted that the lag gtructures on the price variables in, these
models is different. Model BA has a seéond order lag on the beef to
corn price-ratid and a third order lag on the annual feeder.price vari-
able, while BM has a first order lag on the beefvto-corn ratio aﬁd a .
second order lag on Monfana calf frices. Model BM displays second or-

der serial correlation, compared to third order serial correlation in

7The summary statistics calculated by the program used to do the empir-
ical estimation for this thesis (RZ2, RZ2, S.E.E. » etc.) do take account
of the-variation in the dependent variable that is attributable to the
systematic portion of the error term. In a nonlinear model, there
are groblems interpreting the meaning of thel conventional definition
of R To make this measure more intuitively meaningful, R? was de-
fined and computed as the square of the correlation coefficient be-
tween the actual and predicted values of the dependent variable. For
a discussion of this topic, see Dhrymes (1971, pp. 338-343).




TABLE %
SUMMARY OF BREEDING HERD MODELS

"MODEL
BM y_ = -118,470 + .16888HP . - .10935HP_ , + 3580.8(B/C) _ "+ 3213.7MC§ -
‘ (6.025) - (10.87) (4.564) - {(7.841) (6.996) -
- 2146.6MC$,__, + 1.7102E(y__.) - .83200E(y, ,) - .69622u,_ . - .39377u__
(8.449) T2 (50.69) TV (43.45) T2 (4.217)FT (2.385)E2
R? = .9972 R = .9955 S.E.E. = 24,139 . S.E.P. = 32,186 -
d.f. =19 Sample Period = 1949 — 1979 S/M = .00153
BA y, = -178,140 + .15567HP__, - .078689HP _, + 8952.2(B/C) __, - 3807.6(B/C) __, s
(10.29)  (14.65) (4.998) (10.08) (4.667) 3
+ 2456,4AF$ | - 3757.2AF$__, + 2620.1AF$ _, + 1.7256E(y, ;) - .87090E(y__,)
(2.270) (2.301) “ (3.082) ~ (83.25) . (66.01)
- 1.3284u, . - 1.1740u, . - .52421u
(8.546)51  (6.009)"%  (3.372)"7°
R? = .9986 R% = .9973 S.E.E. = 18,197 S.E.P. = 25,052 -
d.f. = 15 Sample Period = 1949 - 1979 S/M = .00LL5

Numbers in parentheses are estimated t-values. S.E.E. is the standard error of the
estimate; S.E.P. is the approximate standard error of prediction; d.f. is the number
of degrees of freedom; and S/M is the ratio of the standard error of the estimate to
the mean of the dependent variable.
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BA.

Both of these models. can be Qiéwed as secoqd order nonhomogene-
ous, nonstochastic difference equétions. The characteristics of model
BM implied by the estimated differénce equation, as well as other char-
acteristics of thié model, will be analyzed aﬁd discussed in detail,
Model BA will not be analyzed and discussed in detail, since a number
of dindications led to the belief that EM was é superior model; A
cursory inspection of the summary statistics reported in Table 4 would
appear to indicaté that the opposite might be the case. Model BA has
a higher adjusted multiple correlation coefficient (ﬁz), a lower stan-—
dard errér of the estimate, a 1ower'sténdérd error of predictioﬁ, apd

!

8A third specification of the breeding herd model looked promising but
was overlooked until this thesis was almost completed. This model
differed from model BM only in that it had a second order lag on the
beef to corn price ratio and a first order lag on the Montana calf
price variable. The estimation results of this model were

y, = -139270 + .1766HP__, - .10l6HP__, + 7030B/C__; - 3537B/C__,

1 2
(13.4) (5.4) (17.1) (11.4)
+119M08, ) + 1.702E(y, ;) - B4S3E(y, ) - .B4lu,_,
(3.9) (61.4) (54.3) (5.6)
- .5498u,_,
(3.7)
R% = .9963 S.E.E. = 21,900 S.E.P. = 23,850

Further testing of the properties of this model might yield interest-
ing results. ' '
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a lower ratio between the standard error of the estimate and the mean

of the

dependent variable. However, there were numerous other results

that contradicted these statistics. Included among these results were:

the precision on the estimated coefficients on the primary price
variableé (AFS$'s and MC$'s) is coqéiderably less in model BA.

BA is a more complex model than BM, which might lead to the sus-
picion that the speéification of thé model ﬁéy not be very sta-
ble as the sample period changes. This suspicion was borne out.
BA did not predict as well outside of the sample period as‘quel
BM. Several simplified and alte;ed'Qersions of BA were tested
for prediction capabilities, but nomne of tﬁém did as well,és
model BM.

there were numerous indications that model BA was little more
than an 'empirical model,’ in the sense that it fit the data

well, but the results did mot lend themselves to intuitive

explanation.

Elasticity estimates, results of predictions, effects of changing

the sample period, etc. for model BA will all be reported in tablés.

Most of these results will be mentioned in passing (if not in the'body

- of this thesis, -then in footnotes) so that the reader may judge for

himself as to the relative merits of model'BA.f Beyond this, however,

BA will not be analyzed or discussed in any detail.

Model BM, preserted in Table 4, can be reduced to the following
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second order difference equation,
(1) y(t) = 1.7102y(t-1) - .83200y(t-2) + K

where K = 1118,470 + .16888E(HP__ ) + ... ~2146.6E(MCS,__,)

1

- 69622B(u, ;) - .39377E(u_,)

If it is assumed ‘that the explanatory variables are mnonstochastic
and ‘if the error term is replaced by its mean of zero, then

K - ~118,470 + .16888HP__; + ... ~2146.6MC$ __,

For simplici;y, evaluate the difference equation (1) at the means
- of the explanatory variables. Then,
K = -118,470 + .16888ﬁ§t_i + ...'—2146.6ﬁ6§t_2 = 186,427.51
It can be shown that the éenerai solution to the nophomdgeﬁeous
difference equation (1), is [Chiang, pp. 583-4]
@ y, = (-9121)% (e cos Qt + f sin Qt) + 1,530,603.4
where e and f are determined jéintly by the initial conditions of the
-system and the value of K (recall that K is dependent on the values of

the independent variables at which the difference equation is evalu-

ated). The soldtion to this model indicates that the'systém is cyclical

This is actually a nonstochastic difference equation and could
formally be written as, o

E(yt) = 1.7102E(yt_l) - .83200E(yt_2) + k

' The expectation qpérators have been dropped in the body‘of the paper
for notational simplicity.
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in nature. The value of Q ié determined by the values of the parame;
ters of the homégeﬁeous portion of the difference équatioh in (1), and
in turn determines the length of the cycle.implied by the model; For
this‘particulaf system, it can be'shown tﬁat a cycle with a period be-
tween seveﬁteen and eighteen years is implied.lo When interpreting.
this result, it should be Rept in mind that the difference equatﬁﬁl(l),
is necessarily analyzed under unrealistic ceteris paribus assumptions
with respect to the explanatory Qariables, ice., prices and other

variables are treated as fixed. In reality, prices will be changing

constantly, providing incentives for ranchers to react quickly, thus

making the 'Eeél—WOrld" cycle shorter than indicatqd above.

The solution shown in (2) also'indicates that‘the system is stable.
To see this, suppose that initially fhe.systemAis in equilibrium and is
then submitted to a one—time‘exogénous disturbance. As fime passes,

i.e., as t increaées, e,cos'Qt + £ sin Qt will simply reﬁeét itself and

(.9121)t will approach zero asymptotically. The system will therefore

approach a stable position as t increases. In the system represented

by (2), the 'stationary value is 1,530,603.4. As.indicatéd above, the

lOThe term e cos Qt + £ sin Qt will repeat itself every 360°. It can

be shown that, for this model, Qa#20.4°. Thus y(t) will undergo a
cycle of length, 360° = 17,7 years. ‘ '
' 20.4°
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time path followed by the system after the occurence'of such a gistur—
bance will be one of dampening oscillations about thé statiohary Qalﬁe.

Referring again to Table 4, it can be seeﬁ that the short run
(abdut three months).éffect of a $1.00 chanée'iﬂ the average of October
through December Montana calf prices in year t will be to.incréase
breeding herds by about 3,200 head on Januéry 1 of year t+l, The short
run price elasticity (calculated at the saﬁple meéns) is thus .0573.
In other words, a 1 percent change in Montana calf prices in year t
results in (ceteris paribus) a .06 percent chénge in breeding hgfd sizes.
on January 1 of year tfl. This implies that breeding herd sizes are
relatively unresponsive to changes. in calf prices in the short’run.
This would, of course, be expected considering the biological constraints
inherent in the cattle industry.

To calculate the long run price elastiéty, imagine that the system '
is initially in equilibrium at price MCS$* and herd size y*. Since
this is an equilibrium'position, it will be the case tﬁat,

Ve = ey = Tpop = ver =VF

and

i

= = o= *®
MC$, = MC$,_, = MC$ cow = MC$

t-2
In equilibrium, the regression equation can thus be viewed as,

(3) y* = o + 3213.7MCS$* - 2146.6MCS* + 1.7102y* - .83200y*

where o = —118,470 + .16888HP* — .10935HP* + 3580(B/C)* .

Rearranging (3),
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3213.7 - 2146.6
(3" —— G
(3 vy = +'Q_* 1.7102 + .832) Mes

o' + 8761.1 Mcs$™

. a
1-1.7102 + .832

where o'

From the above it is apparent that the long run effect of a $1.00

change in Montana calf prices will be to increase the equilibrium herd '

size by 8,761 head. The long run price elasticity would thus be .1520.
The response of fanchers to a given change in prices is considerably
larger if they are given an indefinite period 6f time to react than if
they are only given a few months (or ygars)} This is, of course, con-
sistent with general economic theory.ll

Tablé 5 presents the above elasgicities, as well as the elastici-~
ties with respect to‘each of the other explanatory variables for four

different lengths-of time. Notice that for Montama calf prices (as

well as for all the other variables in both of the.breeding herd models),

the 10 year elasticity in greater than the long run elasticity. This

phenomenon seems to be due to the cyclical nature of the adjustment

llIﬁ particular, this is consistent with LeChatelier's Principle, which

(paraphrased slightly) states that the response in an economic proc-
ess to a change in a relevant variable will be greater, the fewer the
constraints on the system. Thus, as time passes, more of the inputs
into the cattle production process become variable, i.e., the con-
straints on the system are reduced, and the response to a change in a
given explanatory variable will be greater (for further elaboratlon :
on this subject, see Silberberg, 1978).




TABLE 5

*%

All elasticities are calculated at the sample means of the linear model.

ELASTICITIES*
. MODEL Hay Production Beef Price/Corn Price , Price®*

One Two Ten  Long One Two Ten  Long One  Two Ten Long

Year Year Year Run Year Year Year Run Year Year Year Run

BA .3342 7419 1.373 1.137 1160 .2669 .5723 .4589 .0438 0492 .2113 .1520

BM .3625 .7478 1,326 1,049 0464 ,1258 .5246 .3811 .0573 .1169 .1956 .1561

TA .3334 .6248 .9172 .3743 L0648 ,1825 1.418 1,024 .0114 .0321 .2493 .1800

™ .3502 .6606 .9003 .4564 L0479 .1336 . .9278 .6569 .0232 .0649' <4504 ,3189
%

Elasticities with respect to prices received by Montana ranchers for their calves in
models BM and TM; and with respect to the average annual Kansas City Feeder Prices in

models BA and TA.

O€T
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process in these ﬁodels. Intuitively, it implies that, ceteris paribus,
ranchers have a tendency to. 'overadjust' their herd sizes in response
to changes in the explanatory variables - when they discover this over-
adjustment, they: compensate, change their herd sizes in the other
direction, overadjust again, compensate again, etc. Hence the adjust;
meﬁt érocess imp%ied by this modgl (and all three of the others) is one
of dampening osci1lations about the new équilibrium_herd size. This
differs from the geomegrically declining type of an approach to the
new equilibrium implied by many currently popular economic models.

When analyzing the other elasticities presented in Table 5, care
must be taken nog to intefpret the elasticitieg with resbéct to the
beef to corn'price ratio as price elasticitiés. This wvariable is.
thouéht to be serving as a proxy for the profitébility of cattle feed-
ing and can be interpreted as an important variable in the formatibn of
beef producers' future expectations‘of'calf or feeder steer prices.

The elasticity estimates of Table 5 are Eherefore saying that a one
percent increase in the.beéf to corn price ratiol'2 in year t-1 will

result in a .05 percent increase in herd sizes in year t (or a .13

len increase in this price ratio proxies for an increase in the
profitability of feedlot operations. There is no reason, however,
that a one percent increase in this ratio will necessarily imply a
one percent increase (or any other given. percentage change) in that
profitability. It is not possible, therefore, to use these models to
say that a given percentage. increase in the profitability of cattle
feeding will result in a given percentage change in herd sizes.
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ﬁercent change over two years, etc.).

Interpretation of the elasticities on the hay production variable
are straightforward. Other féctors cénstént, a one.percent increase in
hay production in year t-1 will lead to a .36 percent increase in herd

. )
sizes in year t, a .75 percent increase over two years, and a i.05
percent increase after an indefinite period df time.

Consideration of some of the characteristics of the beef prodﬁcing
industry leads to‘hypotheses aboﬁt possible forms that the distributed‘
‘lag patterns on tﬁe independent ﬁariables may -take. Firsf, consider
the effects of an increase in hay production in some year t. An’iﬁ—
crease in hay production means that.rancheré will haﬁe ﬁore'feed a-
vailable for the winter. This will cause them to carry more éattle
through the winter than might otherwise be the case. The breeding
herds will be affected in two ways. First, ranchers will keep more
of the marginally productive cows already in the herd, and second, they
will keep more of the heifer calves Bdrn in the spring of yeér E.

These célves, which are approximately nine months old, will not be
counted as part of thé breeding herd on January 1 of year t, since the
breeding herd is defined to include Qﬁly'beef cows and heifers one to
two years old. An increase in Hay p?oduction in t thus only affects
breeding herds to the extent théf it induces ranchers té keep more

older cows. On January 1 of year t + 2, the calves Kept because of the

increase in hay production in year t will be about 20 months old and

&t
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‘will be counted as part of the breeding herd. Since a large portidn'

of the increase in breeding herds comes about through keeping more

calves, it might be hypothesized that the effect of an increase in
hay production in year t on breeding herds in t + 2 would be relatively
large. Beyond year t + 2, it would seem that the only effects of

changing hay production in year t will be to the extent that calves

added to the breeding herd in year t + 1 and their offspring will remain

in the breeding herd for several years.

| Analogous arguments can be made to formuiate hypotheses that the
effect of a change in the beef to corn price rétio or Montana calf
price variables in yéarAt on breeding herds in yeaf t.+ é should be

relatively large.

Nistributed Lag Patterns

Table 6 and the graphs of the estimated distributed lag patterns

- in Appendix B give an indication of the shapes of the distributed lag

patterns on the independent variables implied by model BM (and also
model BA). The above hypotheses seem to be confirmed, since for all
three of the explanatory variables ‘the two year partial derivatives are

relatively 1arge.13 Notice that for hay production, the lag pattern

13Look at the lag pattern on annual feeder' prices in model BA. The
two year response to a change in this variable is very small. The
general shape of the lag pattern simply does not seem to lend.itself
to any intuitive explanation. In defense of this model, though, it




" TABLE 6
PARTIAL DERIVATIVES

Model BM

Time For Response¥®

1 2 3 4 5 6 7 8
Year Years Years Years Years Years Years Years
Hay ) .
Production .1689 1795 - .1664 .1353 .0929 .0463 .0019° -.0352
Corn Price 3581 6124 7494 7721 6969 5495 3600 1584
Montana .
Cdlf Prices 3214 3350 3055 2437 1626 754 -64 -736
' Model BA '
Time For Respomse
1 2 3 4 5 6 7 8
Year Years Years Years Years Years ‘ Years Years
. Hay : :
Production . 1557 .1899 .1922 .1662 .1194 .0614 .0019 -.0502
Beef Price
Corn Price 8952 11,640 12,290 11,070 8399 4853 1059 -2399
Annual
Feeder Prices 2456 482 . 1312 1844 2040 1914 1526 967

* The values in this table indicate the effects of a change in the value of an independent
variable in year t on breeding herds i years in the future (i = 1,2,...8). For example,
a $1.00 change in feeder prices in year t will result in a change in breeding herd sizes
of 1312 in year t+3. The cumulative effect of a change in an independent variable can ‘be
calculated by summing the individual entries.

el
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péaks and then falls off quite rapidly, while for the beef to corn

price ratio, it peaks later. This might be occurring because the lat-

‘ter variable is affecting ranchers expectations and these expectations

change gradua}ly aﬁd might Ee affected by prices sgveral years back.
This effect, in addition to effects 'due to calves remaining in thé
breeding herd for several periods, might explain the difference in the
shapes of tﬁe lag patterns in-the hay prodﬁction and B/C variables.14
It was initially thought that there ﬁay be some problem with
simultaneous equations bias in model BM because of a joint dependencé

between calf prices and the size of breeding herds. However, since

13(cont.) should be pointed out that the B/C and AF$ variables are
. correlated and have a joint effect on cattle numbers. Looking at the
effects of either of these variables in isolation may yield puzzling
results.
14To this point, a comparison of BA and BM would indicate that judging
by the conventional summary statistics presented in Table 4, a
second-order lag on calf prices and a first-order lag on beef to corn
ratio seems to have about the same explanatory power as a third-order
lag on annual feeder prices and a second-order lag on the beef to
corn price ratio. This would indicate that the Montana calf price
variable is doing a more direct job of measuring the way in which
producers form their price expectations. This makes sense since
the Kansas :City prices are not net of transportation costs and buyers
fees, and are thus a rather muddied measure of what ranchers receive
for their cattle.




" calves are not included in breeding herds, this concern was allayed.”

.the state. This latter technique would seem to be considerably more '
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15
One problem with using Montana calf prices as an explanatory variable
instead of feeder prices is that the estimates of calf prices probably
contain more error than the estimates of feeder pricés. ~This is be-
cause feeder price avérages are calculated from widely reported and
(presumably) highly accurate central market price data, while calf

prices are estimated by (hopefully random) sampling of calﬁes within

susceptible to error than the former. ' However, since there does not

seem to be any reason that calf prices should be contemporaneously cor-

" related with the error term, asymptotic properties of the estimated

.coefficients should be retained (Kmenta, 1971, pp. 297-304).

Model Predictions

The models were subjected to a number of tests to see how well
they would predict outside the sample period.16 Two basic criteria.

P

|

b
1

15If a joint dependence problem existed, then it would be the case fhat

an increase in breeding herds caused by an increase in the number of
calves retained by ranchers (holding other factors constant) would
lead to an increase in calf prices. Since a change in the number of
calves kept by ranchers does not change the number of animals in the
breeding herd category (until the calves are older), there cannot be
a joint dependency problem in this model.

16No attempts were made at predicting future values of cattle numbers.
The "prediction tests" that were run were conducted by truncating the

- sample period at different points, using the actual values of the in-
dependent variables (in the models estimated using the truncated sam-
ples) to obtain "predicted" herd sizes, and comparing these predic-’
tions with actual herd sizes. :
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were used. The first was to compare the residuals (the difference
between the observed and predicted.values of the dependent variable)
Qith the eStimaFed standard errors of prediction. If the residual was
laréer than two times the standard error of prediction, it was taken as
an indication that the model did é poﬁr job of_pre&icting. The second
criterion’ used was to leok ét thé root mean squared errors (RMSE's) of
prediction.l7 This statistic gives some indication of the average
‘amount by which the values predicted by the model differ from the
observed values of the dependent variable. By comparing the RMSE's for
the models, an indication of which model did a better job of predicting
was obtainéd.

TaBles 7 and 8 show the comparisons between the residuals and the
standard errors of prediction; From Table 7, it can be seen that,
‘judging by this criterion, model BM did not do a very good job of
predicting outside of the.sample period. It failed the test for preﬂ
dicting 1979 breeding herd sizes both one-and two years outside of the

Asample periéd. It also had definite problems predicting 1976, 1977,

l7This statistic was calculated using the formula,
RMSE, = [+ F &
J 0 3o

where j is the number of years beyond the end of the sample for which
the prediction is being made; n is the number of predictions that

were made 'j' years outside of the sample; and e is the difference

between observed and predicted values of the dependent variable,
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TABLE 7

PREDICTION RESULTS - MODEL BM

Residuals and Standard Errors of Pfediction1

Number of
Years Beyond
End of Sample

Sample .
Period 1 ) 3 4
1949-1978 %32:888)**

1949-1977 (821000) (5231888)** |

1991978 233:883> (123j888) (3537000)

TR 7 Sl Al
L9197 @400 (10h300)™ (167,000 (222,000
oo e e e
ST N =N
s e Tt T e e
1949-1970 -2521?33> (92;288) (1522888) (1221888),
1949-1969 (82,000) _ (129.000) _ (183,000) (239000
1

of prediction.

* 1Indicates that the residual is greater than 1.5 times the standaxd

error: of prediction.

*% Tndicates that the residual is greater:-than twice the standard error

of prediction.

Numbers in parentheses are two times the estimated standard errors
Unenclosed numbers are the residuals.
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TABLE 8

PREDICTION RESULTS - MODEL BA

Residuais and Standard Errors of Pfedictionl

Number of
Years Beyond
End of Sample
Sample
Period ) 1 2 3 4
~ 107,000
3 2,900 111,000 |,
1949~1977 (70,500) __ (131,000)"
_ 16,000 26,500 142,000
1949-1976 (88.,000) (153,000)  (229,000)
-68,000 -112,000 -167,000 -98,000
1949-1975 (114,000) (243,000) (378,000) (470,000)
49, 500 41,000 85,000 117,000
1949-1974 (102,000)  (267,000) _ (522,000) (788,000)
78,000 165,000 242,000 . 393,000
1949-1973 (85,000) " (180,000)  (364,000) (655,000)
12,000 101,000 210,000 316,000
1949-1972 (108,000)  (242,000)  (446,000) (759,000)
1949-1971 - — |
1949-1970 - — .
43,000 -42,000 -71,000 -77,000
1949-1969 (147,000) (258,000) (431,000) (797,000)
1

Humbers in parentheses are two times the estimated standard errors
of prediction., Unenclosed numbers are the residuals.

* Indicates that the residual is greater than 1.5 times the standard
error of prediction.

*% Indicates that the residual is greater than twice the standard error
of prediction.
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and 1978 herd sizes. The fact that this model was unable to.predict
l979:herd sizes is not really vefy surprising since the graph of B;eed—
ing herds (Figure A-1 in Appendix A) indicates that 1979 may have‘béen
a tufning‘point in the cycle. It does not seem unﬁsﬁal that a ﬁoﬂel :
would have trou@le predicting such a situation. Notice that if-the
sample period was terminéted priqr to 1974, the model predicted quite
well ﬁp to three, four or even moreiyears outside of the sample period.
.Cqmﬁarinngables 7 and 8, it would initially appear that BM does

a considerably poorer job of predicting than.BA.l'8 But these results

18According to Table 8, BA also has problems predicting 1979 herd sizes,

but- did fairly well (by this criterion) elsewhefe. The blank entries

in this table indicate the inability of the computer program to con-
verge on a solution. The apparent cause of this inability to con-
verge was that the model was overparameterized (several of the param-
eters were so highly correlated with each other that the model was.
not able to isolate the individual effects of their respective vari-
ables). Two simplified versions of this model were therefore con-
structed and tested to see how well they predicted.

Ye T % + BlHPt—l + BZHP + BB(B/C)t -1 + B4AF$t 1 + B5AF$t 2

FAMEG ) T ARG ) Fegu g tegup p"ut 3 7F
The justification for this specification is that the two variables
that were deleted from BA to form the model ((B/C) and AF$t 3)

were the ones whose parameters seemed to be causing most of the
parameter correlation problems.

The second modified version of BA (model BA(iidi)) was specified as,
Vg = ogt BIHP ) T BYHP 5 + BI(B/C) y F BL(BICY _p + BSATS,

+ AlE(yt_l) + AZE(yt_z) + P18 1 + PoUt o + €
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are deceptive. ﬁotice that the standard errors of predictiop for
‘ model BM afg generally'considerably smaller than BA. ' This means it
requires a much smaller prediction erro¥’for BM to fail this test.
If the standard errors of prediction for BM had been as large as
those of BA, there wéuld be very little differeﬁce 1n the models as
far as their performance in meeting this first criterion is concerned.

Tables 9 and 10 show the comparison between the residuals and
standard erroré of prediction for two altered ﬁersions of model BA,
referred éo as models BA(ii) and BA(iii) (see footnote 18 for a dis-
cussion of tﬂese models). Table 9 indicates that when the‘sample
period was extended beyond 1972, modei BA(ii) did a very foor job of
prediction. Otherwise, the model did quité well. Table 10 indicates
that model BA(iii) did a poor job of predicting one year outside of
the sample in four out of the ten year; for which it was tested. A
model that consistentiy cannot predict one year beyond the end of the
sample is probably not specified correctly.

To this point, the models have been tested to see how well theyf

met the first criterion. The results of these tests are somewhat

1

}8(cont.) The justification for specifying this model was that when an
F-test was run on the joint significance of AFS$ and AF$ :
in model BA the resultslwere’inconclusive. When fhese two §ariab1es
were dropped from the model, the third-order serial correlation par-

~ ameter also became insignificant. '
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TABLE 9

End of Sample

" Residuals and Standard Errors of Prediction1

Sample
Period 1 - 2 3 4
3 T143,000 ,, 262,000 ., 404,000 . 392,000 ,
1949-1975 (57,0000 (99,000)"  (162,000) ° (214,000) "
3 42 <143,000 ,, -262,000 4. 404,000 L,
1943-1974 (58,000) (82,000) (129,000)" " -(194.000)
54,000 , 44,000~ -66,000  -163,000 ,
1949-1973 (58,000) (88,000)  (123,000)  (178.000)
= ~27.000 30, 000 5,100 =115.000
1949-1972 (64, 000) (94,000)  (132.000)  (179.000)
3 79,000 15,000 85,000 74,000
1949-1971 (72,000)  (124,000)  (180.000)  (255.000)
~43,000 238,000 Z81,000 46,000
1943-1970 (78,0000  (132,000)  (199.000)  (264.000)
To49-19¢9 47,000 37, 000 77,000 76,000
' (196,000)  (187,000)  (295.000)  (415.000)
1

* Indicates that the residual is greater tham 1.5 times the standard

Unenclosed numbers are the residuals.

error of prediction.

%% Indicates that the residual is greater than twice the standard error
.of prediction.

Numbers in parentheses are two times the estimated standard errors
of prediction.
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TABLE 10

Residuals'and Standard Errors of Predictionl

Sample

Period 1 2 3 4
1949-1978 %38:888)**

1949-1977 G000 (129,000)

1949-1976 (57.000) _ (118.000) __ (108.000) '
1949-1975 ;;;;888)* Eiié:ggg)* 21321888>* '2%22:888)
1949-1974 (56,0000 (162,000) (257,000 (333,000
1949-1973 (2,000 (40,0000 (262,000) (421 000)
1349~-1372 (;Z:ggg) (1;?:888) (zgg:ggg> (33?2888)
1949-1971 (1333288)** (522:888)* (éiijggg)* (1,3222283)
1949-1970 (63,0000~ (151,000) (290000 (514.000)
1949-1969 (79000) (151,000 (253,000 (397,000
1

of prediction.

* TIndicates that the residual is greater than

error of prediction.

>lumbers in parentheses are two times the estimated standard errors
Unenclosed numbers are the residuals.

1.5 times the standard

*%* Indicates that the residual is greater than twice the standard error

of prediction.
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deceiving and inconclusive. The second criterion.was; once again, to
compare the RMSE's of prediction for these models. Table 11 presents
. 19 '
the results of this test.
' Using the RMSE's calculated from the differences between observed

and predicted values of the dependent variables, it can be seen that

overall BM is clearly the best model. . The 'combination model' appears

to do a better job of prediction, on average, than either BA or BA(iii).

It also appears to do a slightly better job of predicting one or two

years outside of the sample than model BM, but beyond that, the combi-

nation model is inferior to BM.20

19The 'combination model' in Table 11 uses the original specification of
model BA when the sample period is terminated after 1971, and the
specification of BA(ii) when the sample is ended on or before 1971.

‘There were two reasons for combining the model in this fashion. First, |

as already pointed out, it was not possible to find a solution using
model BA when the sample terminated in 1970 .and 1971 (when the sample
terminated in 1969, the results were nonsense, since the calculated
serial correlation parameters indicated an unstable system), so the
results of BA(ii) were used in these instances. ‘Second, the specifi-
cation of model BA appeared to differ for different sample periods.
If a researcher were constructing a model similar to BA and only had
data up through 1970 or 1971, he would probably use a spec1f1cat10n
more like that of BA(ii) than BA.

201t is of interest to note that model BA(iii), one of the simplified

versions of BA, does not do as well at predicting as the more complex

BA. Also, BA(ii) does a poor job of predicting when recent years are

included in the sample. This indicates that if central market prices
are going to be used as -explanatory variables, then the fairly com-

plex lag structure of model BA seems to be necessary for proper
specification of the system.
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Table 11 has another set of statistics which should be discussed
and considered. Thg bracketed terms in the table are the root mean
squared errors of prediétion calculated with the 'residuals' defined

as the difference between the 'expected' value and the observed value

rather than as the difference between the predicted and observed values.

To see the difference this makes, consider the following generai
model
(4) Ve = ot BXp t MEQ ) oy
where u, = P3U 3t PoU + e
E(ut) = E(et) =0
and E(etes) =0 ¥t£st=1, 2, ...T

2
Define the "expected value" of Y. as !

A A

5 - F A ~ 3 ~
(5) Y, a()+ let t Ayeq t plE(ut_l) + p2E(ut_2)

A

Where o

~

0° Bl s Al > Pq and py are the least squares (ox
maximum likelihood) estimates-of %5 Bl s Al s Pyq and p, respec-

tively. can be thought of as the empirical analog of E(yt~i)'

Vi

41In this context, 'expected value' refers to the best estimate of
the systematic portion of the variation in the dependent variable.
This "differs from the earlier definition of the expected value in
which, E(yt) =a_0.+ BlXt + AlE(yt_l){




TABLE 11

PREDICTION RESULTS

Root Mean Squared Errors

ala
~

RMSE

RMSE

RMSE

‘RMSEl RMSE2 RMSE3 RMSE4 5 6 7
Model BM 64,102 97,387 125,139 130,174 140,056 144,947 152,328
- [60,380] _ [69,861] _ [76,438]  [67,769] _ [61.474]  [75.695]  [73.931]
vodel sa | 57,796 97,415 164,855 238,017 384,384 599,082 718,511
oces - [48,563]  [56,210] _ [67,651]  [83,7991  [141,794]  [202,590]  [229.444]
Model 65,146 112,977 198,625 327,019 538,636 899,935 1,434,776
BAGIAL) |[61,914]  [71,210] . [110,220] [185,693] [275,174] [466,801] [712,024] .
Combination| 54,584 86,765 149,060 203,717 321,494 478,972 529,340 &
BA & BA(ii)|[46,761]  [48,391]  [66,391].  [68,195] [124.,642]  [168.082] [176.790]

ot
w

sample.

RMSEj is the root mean squared-error for predictions 'j' years beyond the end of the

Unbracketed numbers are RMSE's ‘calculated using the differences between observed and
Bracketed values are calculated using the
differences between observed and expected values.

‘predicted values of the dependent variable.
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Define the predicted value of Y. as

A A A ‘ ~ A

(6)  yp =gt ByXp F Ay T Ppug TP

where Yt T Te-1 T Vi

If estimates of Ve outside the sample period are desired, they might

be obtained in two different ways. First the "expected values" could
be used, resulting.in

Yetr = %t B1¥eq

+ Alyt

~

uo + le

Vet2 e42 T A Yeqn

Vet = %0 B1Xt+-j A Yegy-1

From this, it can be seen that the value of §t+j»Will be partially
determined by all previous forecasts of y.
The second method of obtaining estimates of y outside the sample

- would be to use the "predicted values," which results in

~ ~ o] ~ A A A A

Vel

= 0ot ByXip T AV Foequg Feu

(10 + letrl"l + }\lyt + Dl(}’t"yt) + pz(yt—l - yt—l)
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Vewz T %0 T Bi¥eso T AV T Prles T PoY:

~ -~

% T B Xy T AV TP g~ Vo) H ey m YY)

Yeag = % T B ¥ty T A0 eag-1 F P11 T P2Yetg-2

~ A

= @ +B

o T B % T M ko1 T P10ty T Yegg-1) T P2

Gepg-2 = Vej-2)

From thelpreceding, it éan be seen that the only difference
between 'expected' and 'predicted' values is that the latter uses
the estimated serial correlation structure of the error term to
obtain the forecasted y values. If the residuals from these two
methods differ,'it must therefore be due to the inclusion of this
serial correlation structure. Table IT indicates that the RMSE's
of the predicted values are considerably larger than the RMSE's of
the expected values. This is probably an indication that the
estimated structure of the error term is not appropriate outside
the samble period. In.other words, thelserial correlation structure

seems to change-as the sample period changes, implying that attempts

to use this structure to help forecast will probably make the

forecasts worse rather than better. The reason for these problems

L ]
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with estimation of the structure of the error term might be either
that the structure is non-stationary (in which case thére isn't
much hope ' of correcting the problem) or that the sample size

simply is not large enough to accurately estimate the structure.

Using the difference between the observed and 'expected' values!
to calculate the RMSE's, the ‘combination' model probably does the
best job for predictions up to three or four years outside of the
sample (although if a formal test were run, it is doubtful that this
model would do significantly better than model BA). For predictions
beyond four years outside of thg sample, model BM‘is definitely super-

ior to any of the others.

Specification Tests

Informal checks were run to sge.whether the basic models (BA and
BM) were sensitive to the specification of the sample period. If the
parémeteryvalues jumped around and the general structuré of the model
seemed to change considerably when the end points of the sample period
were changed, this would indicate specification erro% in the models.
Tables 12—i5 show the results of these runs. Table 12 shows the ef-
fects on model BM when years at the beginning of the sample period
are cut off. As can be seen, tHe'fi£ of £he models, the parémeter
vaiues, the standard errors of the estimate, etc., all stay relatively

constant when the sample period is changed in this way. The largest
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TABLE 12

MODEL BM
EFFECTS OF CUTTING INITIAL YEARS FROM SAMPLE PERIOD

Sample Period

1947- 1948- 1949- 1950~ 1951~
o 1979 1979 1979 1979 1979
R? .9976 .9974 .9972 .9969 .9967
R? .9964 .9960 .9955 .9950 .9946
S.S.E.  111935x10°  111338x10°  110707x10°  110141x10°  101312x10°
S.E.E. 23,100 23,600 24,100 24,700 24,400
S.E.P 30,700 31,400 32,200 33,100 33,000
Parameters
Constant -125,000 -121,000 -118,000 -117,000 -119,000
QP .169 .169 .169 .167 .160
t-1 (11.5) (11.2) (10.9) (9.98) (9.07)
AP -.104 -.107 -.109 -.109 -.101
t-1 (5.09) (4.78) (4.56) (4.40) (3.97)
(8/C) 3430 3500 3580 3690 4200
t-1 (11.5) (9.52) (7.84) (6.35) (5.74)
MCS BRIk 3290 3210 3130 2840
A= | (9.96) (8.35) (7.00) (5.83) (4.72)
s =2130 ~2130 ~2150 -2160 =2270
t-2 (8.96) (8.77) (8.45) (8.15) (8.04)
;fz ) RS T .71 1593 1771 1.72
TS | (64.5) (55.4) (50.7) (48.0) (48.1)
E( ) -.832 o892 =.832 ~.833 =.837
Y2 (45.7) (44.7) (43.5) (41.5) (41.3)
~.674 ~.691 ~.696 ~.697 ~.674
Py (4.17) (4.24) (4.22) (4.15) (3.90)
=.369 ~.390 =.39% ~.391 -.362
P2 (2.28) (2.39) (2.39) (2.32) (2.09)
S$.S.E. is the sum of squared errors or the residual sum of squares. All

other abbreviations are as defined in previous tables o in the body of

the paper.
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Qariation in estimated parameter values appears to occur when the
sample is séarted in 1951 rather than-in 1950. A formal ;tatistical
test developed by_Gregbry C. Cho% (1960) for determining if the speci-
fication of a model is the same for different sample sets was used to
test for stability of the model.22 This test indicated that there.
was no structural shift between 1950 and 1951. Further tests using
thig Chﬁw test also indicated that there were no stfuctural‘shifts
between any of the other years tested.

Table 13 shows the effects on model BM of cutting recent years
from the sample period. The first thing éne notices when looking at
this table is that the addition of 1979 data seems to~have a very"
noticeable effect on the model. The adjusted multiple correlation co-
efficient, the standard errors of the estimate, the standard e{ror of
prediction, and seﬁeral of the parameter estimates all chaﬁge consider~-
ably. .The Chow test, when used fo test for the stability of the
model23 between sample periods 1949-1978 and 1949—1979, indicateé that
the 1979 observation‘db;s not come from the same population as earlier
obseryations; i.e. £he proper specifiéatioﬁ‘of the model is differeht
for these two sample periods. Tﬁe results ;ere the same when the

model with a 1949-1979 sample period was compared with the 1949-1977

22Actually, the Chow test is only approximately valid in this context
since it was designed for linear regressions, while the model in
this paper is non-linear in the parameters.

23Unless otherwise stated, all tests were run at an a level of 5%.
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TABLE 13
MODEL BM

OF CUTTING RECENT YEARS FROM SAMPLE PERIOD

Sample Period

1949- 1949- 1949~ 1949~ 1949- 1949~ 1949- 1949~ 1949~ 1949- 1949~
1979 1978 1977 1976 1975 1974 1973 1972 1971 1970 1969
Rz .9972 .9982 .9983 .9982 .9986 .9986 .9986 .9984 .9984 .9982 .9979
Ez .9955 .9971 L9971 .9970 .9977 .9975 .9973 .9970 .9968 .9962 .9954
S.S.E. 110707x10° 69360x10° 66500x10° 66246x10° 47721x10° 44764x10° 38222x10° 35932x10° 31720x105 30160x105 30146x105
SR 24,100 19,600 19,800 20, 300 17,800 17,900 17,100 17,300 17,000 17,400 18,300
SIEPL 32,200 26,600 27,100 27,800 23,600 23,000 22,500 22,600 22,400 23,300 24,900
Parameters
Constant -118,000 -89,500 -84,900 -87,000 -112,000 -123,000 -110,000 -119,000 -110,000 -112,000 -113,000
HP .169 +2313 .129 131 .131 .128 <122 .124 117 .121 .121
t-1 (10.9) (7.79) (6.93) (7.01) (8.69) (8.47) (7.96) (7.49) (6.49) (6.60) (6.28)
up -.109 -.106 -.107 -.107 -.089 -.079 -.081 -.079 -.075 -.081 -.081
Tkl (4.56) (5.45) (5.33) (5.29) (4.98) (3.94) (3.96) (3.76) (3.37) (3.50) (2.99)
B/C 3580 4300 4350 4330 4110 3960 4360 4110 4520 4250 4280
t-1 (7.84) (10.2) (9.76) (9.80) (11.4) (9.89) (9.08) (6.99) (6.34) (5.39) (4.59)
uCS 3210 3050 3210 3090 2140 1920 1790 1730 1800 1790 1790
-1 (7.00) (8.25" (7.71) (5.67) (3.67) (3.09) (2.93) (2.72) (2.65) (2.63) (2.49)
MCS -2150 -2250 -2400 -2290 -1070 -641 -862 -572 -978 -751 -768
t-2 (8.45) (10.7) (8.67) (5.06) (1.83) (.878) (1.15) (.682) (1.01) (.732) (.679)
E( ) By | 1.82 1.84 1.83 175 1.72 1.76 .73 T 4 1.76 75
Ye-1 (50.7) (43.1) (36.4) (32.7) _(33.7) (29.0)  (27.3) (23.3) (20.8) (20.2)  (19.2)
E(yt 2) -.832 -.893 -.906 -.898 -.843" -.827 ~.852 -.830 -.867 -.845 -.846
(43.5) (36.8) (30.1) (25.6) (24.9) (21.2) (20.3) (16.1) (13.9) (12.3) (11.0)
5 -.696 -.818 -.834 -.873 -.938 -.896 -.823 -.758 -.672 -.714 -.714
e ! (4.22) (6.00) £5:.72) (6.10) (6.10) (6.01) (6.10) (5.49) (4.43) (4.62) (4.53)
-.39% -.664 -.619 -.652 -.601 -.650 -.738 -.737 -.686 -.690 -.692
) (2.39) (4.87) (4.25) (4.55) (3.91) (4.37) (5.47) (5.34) (4.52) (4.47) (4.39)
E( ) 925,000 935,000 938,000 937,000 932,000 932,000 933,000 932,000 934,000 933,000 933,000
Y1948 (86.4) (131) (120) (115) (127) (128) (138) (129) (119) (118) (111)
EC ) 910,000 919,000 922,000 920,000 913,000 915,000 912,0C0 911,000 915,000 911,000 912,000
Y1947 (44.6) (69.8) (64.9) (61.5) (65.3) (65.5) (59.7) (66.0) (63.1) (58.0) (50.9)
S.S.E. is the sum of squared errors or the residual sum of squares. All other abbioviations are as defined in previous
tables or in the body of the paper.

49!
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and 1949-1976 model.2?

* Another point at which the model seems to change significantly
is when 1976 data is added to the sample period. The Chow test indi-
cates that the.model with sample period 1949—1975 is significantly
’ different_from the model ﬁith sample period 1949-1976. However, in
this éase, if ‘more data than 1976 alone ére'édded to the sample, i.e.
ifAl975 and 1976 or 1976 and 1977 data are added simultaneously, then
the structure of the system does not change-significantly (according to
the Chow test). Table 13 also indicates that the addition of 1970 and
197l to the data sample. may result ig significant chénges in the spec&-

fication of Ehe model. 1In this instance, however, the results of the

The results of estiﬁating this model with the addition of data on
1980 herd sizes were

y, = ~116,000 + ,167H?t_ - ';11HPt—2,+ 3640B/Ct_l + 317OMC$t_l

1
(12.5) (4.84) (10.1) (7.9)

(8.7) (92.6) (52.2) C(4.41)
—-.406ut_2 . . |
(2.51) : '

=2 ' 5

R = .9957 S.S.E. = 110991 x 10

S.E.E. = 23,600 S.E/P. = 32,100

These results indicate that the 1980 observation probably came from
the same population as the 1979 observation.
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Chow test éhow that the structure did not change significantly.during
this period. |
These results indicate that model BM definitely had problems when
1979 data was added to the sample period. Other than this, the struc-—
ture of the system appeared to be stable and model BM appears to do |

well at explaining the wvariation in thé dependent variable;25

Table 13'indicates one other result worth noting. The t-values |
on the estimated pérameter values indicate that, with one exceptioﬁ,
the precision on the ﬁarameter estimates yielded by model BM was quite
high. This exception is that the second-order lag on Montana calf
prices loses its significance when the-data sample is terminatéd prior
to 1976. One possible explanation for this can be obtained from look-

ing at the graph of real Montana calf prices over time. This graph

shows fhat} starting in 1972 or 1973, the variation in this variable

25Tables 14 and 15 show the effect on model BA of changing the sample
period. Tests on the stability of this model when years were cut
off the early part of the model indicate that the structure of the
system is quite stable (None of the F-statistics calculated using
the Chow test were even close to 1.0). Table 15 indicates that this
model also had problems when 1979 data were added to the sample. In-
deed, when the Chow test was run to compare the models with samples
1949-1979 and 1949-1978, the results indicated that there was a
structural shift in the system. However, unlike model BM, if 1978
and 1979, or 1977-1979 are added simultaneously, the Chow test indi-
cates that the structure of the system has not changed. A survey of
the parameter values in Table 15 indicates that they do quite a bit
of jumping around as the sample period is changed. Chow tests indi-
cate, however, that all of the other data sets belong to the same
population, i.e., the structure of the system is stable.
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TABLE 14
MODEL BA
EFFECTS OF CUTTING INITIAL YEARS FROM SAMPLE PERIOD

Sample Period

the paper.

1947- 1948- 1949~ 1950~ 1951~
1979 1979 1979 1979 . 1979
R2 .9988 .9987 .9986 .9984 .9983
R% .9978 .9976 .9973 .9969 .9965
S.S.E. 51729x10°  49871x10° 49671x10°  48331x10°  47189x10°
S.E.E. 17,400 17,700 18,200 18,600 19,100
S.E.P. 24,000 24,200 25,000 25,800 26,600
Parameters '
Constant -183,000  -178,000 -178,000 -177,000 ~178,000
P .158 156 .156 154 150
-1 (15.5) (15.4) (14.7) (13.4) (10.5)
- ~.076 ~.079 -.079 ~.078 ~.075
t-2 (4.93) (5.13) (5.00) (4.80) (4.17)
(5/C) 8960 8960 8950 9030 9110
Y621 (10.3) (10.6) (10.1) (9.86) (9.70)
~3880 ~3810 -3810 -3820 ~3740
(B/C¢_p  (4.81) (4.84) (4.68) (4.57) (4.30)
AFS 2380 2450 2460 2430 2560
£-1  (2.23) (2.36) (2.27) (2.16) (2.24)
arS 23510 ~3760 23760 ~3900 ~4390
=2 (2.18) (2.37) (2.30) (2.25) (2.30)
AFS 2490, 2620 2620 2730 3020
t-3  (2.99) (3.17) (3.08) (2.99) (2.98)
y L.72 1.73 1.73 1.73 1.73
E(yi1)  (99.8) (90. 3) (83.3) (79.2) (76.8)
~.870 —.871 ~.871 ~.871 ~.871
E(Viop)  (66.4) (68.1) (66.0) (64.2) (62.5)
~1.23 71.32 -1.33 ~1.30 21.30
Py (7.65) (8.60) (8.54) (8.01) (7.86)
~1.05 21,17 T1.17 -1.13 1.12
) (5.31) (6.16) (6.10) (5.64) (5.44)
; ~.409 ~.519 ~.524 —.490 ~.483
3 C(2.54) (3.38) (3.37) (3.03) (2.92)
All abbreviations are as defined in previous tables or in the body of




TABLE 15
MODEL BA

EFFECTS OF CUTTING RECENT YEARS FROM SAMPLE PERIOD

Sample Period

1949~ 1949~ 1949~ 1949~ 1949~ 1949- 1949~ 1949~ 1949~ 1949~ 1949~
1979 1978 1977 1976 1975 1974 1973 1972 1971 1970 1969
Rz . 9986 .9991 .9991 .9991 .9991 . 9590 .9991 . 9990 .9995
Ez .9973 . 9982 .9981 .9980 .9979 L9977 .9978 .9972 .9933
S:S.E. &9671)(10> 31840x10° 31336x105 31605)(10S 29090x105 27270x105 20798x10S 207149)(10s S773x10S
S.E.E. 18,200 15,100 15,600 16,200 16,300 16,500 15,200 16,100 10,700
S.E.P. 25,000 20,500 21,700 22,900 22,900 22,800 21,300 _ 23,000 15,100
Parameters
Constant -178,000 -156,000 -155,000 -157,000 -149,000 -143,000 =-115,000 =-107,000 -111,000
HP .156 .141 . 141 . 140 .134 144 . 150 L T 164 -
t-1 (14.7) (13.3) (12.2) €11.5) (10.2) (8.97) (9.93) (9.50) (18.0) w
-.079 -.086 -.086 -.085 -.081 -.091 -.109 -.113 -.129 (o)}
HPy 2 (5.00) (6.36) (6.08) (5.72) (5.286) (5.02) (5.50) (4.14) (2.46)
8950 8380 8370 8550 6860 9150 11,000 11,500 13,200
(B/C) ¢y (10.1) (10.8) (10.3) (8.80)  (3.77) (3.01) (3.80) (3.15) (2.01)
(oici =3310 ~3040 -3040 -3170 ~1630 ~3810 ~5700 ~6180 ~7930
t-2 (4.68) (4.10) (3.90) (3.50) (.977) (1.34) (2.07) (1.76) (1.25)
2 2460 3420 3450 3610 3310 2890 1300 968 487
AFSi ) (2.27) (3.51) (3.09) (2.36) (2.59) (2.21) (.839) (.428) (.102)
~3760 ~4960 ~5000 ~5310 ~4270 ~4430 ~2600 ~2220 ~1990
AFSe-2 (2.30) (3.43) (3.09) (2.82)  (1.98) (2.15) (1.17) (.771) (.379)
2620 2810 2820 3010 2140 2630 1700 1550 1910
AFS._3 (3.08) (3.88) (3.63) (3.20) (1.70) (1.98) (1.32) (.937) (.589)
13723 1.78 1.78 1.78 1.76 1.80 1.86 1.88 1.90
E(ye-1) (83.3) (67.5) (56.3) (49.3) (38.7) (28.2) (27.2) (16.4) (6.22)
) —.871 =.893 ~.89% ~.899 —.866 -.%10 —.964 ~.980 ~.991
Elye-p (66.0) (63.4) (50.8)"  (3815) , (22.0)  (1&.8)  (15:.4)"  (9.90) (3.76)
=33 <1.34 ~1.34 =112 -1.33 <3247 -1.45 -1.49 -2.02
Py (8.54) (8.16)  (7.97)  (1.74) (8.22) (9.77) (10.1) (10.6) (4.67)
=15 Y =1.23 =Yoo =121 -1.19 ~1.30 -1.46 ~1.50 ~2.09
2 (6.10) (6.43)  (6.22) (6.14) (6.01) (6.41)  (10.4)  (10.9) (3.72)
~.524 ~.463 —.457 ~.466 ~.565 =661 ST =2737 ~1.21
P3 (3.37) (2.81) (2.72) (2.73)  (5.49) (4.40) (4.96)  (5.23) (2.28)
939,000 944,000 944,000 946,000 939,000 944,000 945,000 946,000 948,000
E(¥1948) (128) (150) (124) (100) (72.8) (68.0) (82.6)  (79.9) (82.0)
920,000 928,000 928,000 930,000 922,000 925,000 920,000 920,000 917,000
E(y1947) (67.2 (80.2) (67.8) (57.1) (44.8) (49.4) (58.9) (57.7) (117)

S$.S.E. is the sum of squared errors of the residual sum of squares.

All other abbreviations are as defined in previous
tables or in the body of the paper.

L ————————————————————————————
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is greater thén at any other time in the Saﬁple peripd. This implies
that the'reason the second order lag on caif p?ices doesn't enter the
model with a significant coefficient prior to 1975 (note that for 1975
data on breeding herds, MC$t__2 is.calf prices) is that the wvariation
in this variable was not large enopgh for the model to be able to’
distinguish between the effects of first and second order lagged calf
prices. Another possible explanation for this réduced significance on
MCSt—Z is thaf_cattiekproducers becamé«more sophisticated in formula-
ting their expectations abput the future price and profitability of
their industry during thig time., This explanation is somewhat trite
in the oﬁinion‘of this writer and seems to give a disproportionately
small amount of credit to the intelligence and sophistication of past

producers relative to present producers.26

. _ . .
To summarize the breeding hexrd models, both BA and BM appear to be

solid models. 1If anything, BA has a slight edge, judging by the usual

summary statistics and the stability of the model as measured by the

26A look at the precision on the parameter estimates of model BA, as

f‘shown in Table 15, indicates that the estimates of all the second or
higher order lags on the price variables. [(B/C ),_AF$t_2, AF$t_3]

lose their significance around 1974 or 1975. An ex?lanation similar
to the explanation given as to why MCS__, loses its significance
seems to be appropriate. The graphs oE annual feeder prices and the
beef to corm price ratio (especially the graph of the latter variable)
indicate that prior to 1973 there simply may not have been enough

variation in these varlables to isolate the effects of the indiv1dual
lags on the varlables.
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Chow test. Howe&er, BM has a distinct ad&antage in its long range pre-
diction abilities. From a mechanical standpoint, BM (unlike BA) does
not run into convergence problems when recent years are removed from
the sample. Also, the coefficienté on the AF$t_j ﬁariables in the BA
model show a strong tendency to shrihk to zero and lose significance as
recent years are cut from the sample. Primarily because of these 1ést
three factors (and secondarily because of the greater precision on the

price variable in BM), it is felt that overall,; BM is a superior model.

Total Cattle Numbers Models
Tﬁe sample pefiod used for the primary total cattle numbefs models
was 1950-1979. The reason for starting this sample period dround 1950
was the same as for the breeding herd models. As in the case of the
breeding herd models, there was no particular reason for starting with
1950 rather than with 1949 or 1951. |
Table 16 presents the two total cattle numbers models. The only

difference between these models is that TA uses annual average Kansas

‘ City feeder steer prices and TM uses Montana calf prices as an ex-
planatory variable. Each model has a first order lag on the respective
price variable, a second order lag on hay production, a first order lag
on beef to corn price ratio, and second order serial correlation.

As with the breeding herd quels, both of these models can be

" viewed as second order nonhomogeneous difference equations. Both of




TABLE 16

SUMMARY OF TOTAL CATTLE NUMBERS MODELS

TA w_ = -111,530 + .25472HPt_1 - .23661HPt__2 + 8185.0&K%_1 + 1134.8AFS

(8.20) (10.50) (7.273) (22.59) (2.174) o1

+ 1.8139E(wt_l) - .87723E(wt_2) - .49147ut_1 - .65668u

(119.9) ) (53.89) (3.569) (4.769)

R? = .9970  R®® = .9955 S.E.E. = 31,193 S.E.P. = 41,893

t-2

d.f. = 19 Sample Period: 1950 - 1979 S/M = .01197

T w,_ = -97,864 + .26759HP,_; - .24217HP._, + 6043.2B/C__, + 2157.1MC$,__,
(16.72)  (12.94) (8.877) (6.964) (3-148)

+ 1.7912E(w,__,) - 86409E(w, o) - .56587u,_; - .68649u,
@y Y Tcesss) TP 26t Tt (5.0

R? = 9974 = R? = .9961 S.E.E. = 29,076 S.E.P. = 39,067

d.f. = 19 Sample Period: 1950 - 1979 S/M = .01116

Numbers in ﬁarentheses are estimated t-values. S.E.E. is the standard error of the

-estimate; S.E.P. is the approximate standard error of prediction; d.f. is the number

of degrees of freedom; and S/M is the ratio of the standard error of the estimate to
the mean of the dependent wvariable.

66T
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these models will be analyéed and discussed in detail, since neither éf
them appeared to be superiér.
Model TA can be reduced to the following second order difference
equation, |
(7 w(t) = 1.8139 w(t-1) - .87723 w(t-2) + K
wﬁere

K

il

- 111,530 + .25472 HP,_; + ... + 11348 AF$ __

148,916.7
The general solution té this second order difference equation is -
w(t) = (.93665)% (e cos Qt + £ sin Qt) + 2,351,440

Thus, tbe’model implies that tﬁe system is cyclical iﬁ naturé and
that, if the system is disturbed from an equilibrium position by_éﬁ
exogenous shock, the system will eventually return to a stable positioﬂ
The time path of this adjustment process will be one of dampened oscil-
~ lations around the stationary position, 2{351;440. The length of the
cycle impiied by the model is about 25 years. .Again, keep in mind that
the cycle is longer than the cycle observed in the real world, -since
the model is analyzed under éhé restrictive assumption thaf pricés,kand
other explanatory Qariables) are consfant.

From Table 16, it can be séen that the short run effect of a $1
chénge in average annual feeder prices in year t-1 will be to increase’
total céttle numbers by about 1135 ﬁead on Janﬁary 1 of year t. The

short run price elasticity is therefore .01l4. Note that this price
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elasticity is much smaller than the short run elaét;city of breediné !
herds with respect to feeder steer prices. Comparing Tables 6.aﬁd 17;
it can be .seen that the short run effect of a change in feeder prices'
on breeding herds is larger than the effect on total cattle numbers
(2456 vs; 1135). This at first seems inconsistent with some of the
earlier analyses on the breeding herd. Reéall that an incrgase in
feeder priceé in year t leadé ranche#s to increase their expectations
about future prices. Because of this, they will want to incregse
their herd sizes; They do this by culliné fewer of their oider cows
and by keeping more of their heifer calves. The increase in cull cows
will result in an increase in both breediﬂg herds and total cattle
numbers. The increase in heifer calves, however, will only increase
total cattle numbers since the breeding herd classification does not
include heifer calves less than one year old. According to this, the
effect of a'change in feeder p;ices 05 eotal cattle numbers should be

greater than the effect on breeding herds. But this is the opposite

of the results given by the models. A possible explanation of this

might be the following: the total cattle numbers categbry includes

the breeding herd, as well as calves"(less than one year old), heifers
kept for purposes other than breeding, and steers and‘bulls more than

a year old. When feeder prices increase, there are'two_opposihgvforces
acting on cattle producers. First, future prices will‘be expected to

increase putting pressure on ranchers to increase their herd sizes, and




TABLE 17

PARTIAL DERIVATIVES

MODEL TA

Time for Response*

1 2 3 4 5 6 7 8
Year Years Years Years Years Years Years Years
Hay
Production L2547 L2254 .1855 .1386 .0888 .0395 -.0063 -.0461
Beef Price
Corn Price 8185 14,850 19,750 22,800 24,030 23,590 21,710 18,690
Annual
Feeder Prices 1135 2058 2738 3161 3332 3271 3010 2591
MODEL T™
-
Time for Response
1 2 3 4 5 6 7 8
Year Years Years Years Years Years Years Years
Hay
Production .2676 .2371 .1935 .1418 .0867 .0328 -.0162 -.0573
Beef Price
Corn Price 6043 10,830 14,170 16,020 16,460 15,640 13,780 11,180
Montana
Calf Prices 2157 3864 5057 5719 5875 5581 4920 3991

*The values in

of 2738 in year t+3.

this table indicate the effects of a change in the value of ar independent
variable in year t on total cattle numbers i years in the future (i = 1,2,...,8).
a $1.00 change in feeder prices in year t will result in a change in breeding herd sizes

calculated by summing the individual entries.

For example,

The cumulative effect of a change in an independent variable can be

291
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second, as prices rise thére ié an incgnti&e to éell more cattle im- )
mediately. Thus, when prices rise, toﬁal cattle numbers increase since
more heifer calves and cull cows ;re.kept in response to increased ex—
pectations, but more steer-calﬁes ;nd gteers older th;n one year are |
sold to feedlots (rather than being fed through the winter by the’
rancher) in direct response to the increase in feeder_p;ices. If the"
decrease 1n cattle numbers dﬁe to selling more stéers is greater than
the increase due to keeping more heifer calQes, then one woﬁld get the
result that breeding herds increase by more than total cattle numbers
in response to an increase in feeder prices. Skipping ahead slightly;
a similar story can be told to explain wh& the short run response to a
change in Montana calf prices is greater for bréeding herds than for
Atotal cattle numbers. |

The long run effect of a $1.00 increase iﬁ annual feeder prices

implied by this model is an increase in total cattle numbers of 17,919

(%r C 1134.8° ~. Y. The long—rﬁn price elasticity would thus be
1-1.8139 + .87723

)

.1800.

Table 5 presents the above élasticiﬁies as well as the elastici-
ties for the other independent variables for several different lengths
of time. Notice that, as with the breeding hefd models, for all the
explanatory variableg in both models,.the teq—yéar-elasticities are

. larger than the long-run elasticities. Again, this is probably due to
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the cyclical néture of the system and the resulting overadjustment by

cattle producers. Once again, the interpretation of the partial deriv-

atives and‘elasticities with respect to hay production are straigh;—
forward, but care should be taken when interpreting-these for the beef
to corn price ratio.

Model TM (see Table 16) can be reduced to’the following second
order difference equation,

(8) w(t) = 1.7912 w(t-1) - .8640%w(t-2) + K
where '

K = -97,864 + .26759 HP, , + . . . +2157.1 MC$t;1 = 174,154.7
The general solution to (8) is

w(t) = (.9296)° (e cos Qt + f sin Qt) + 2,389,281

This model, like all of the previous models, implies a system with
a stable, cyclical adjustment process. The length of the cycle implied
by this model is slightly over twenty three years. The'stationary po-
sition of the system is 2,389,281 head of cattle. Tables 5 and 17 pre-
gent the elastiéities and the responses in the défendént variable in

year t 4+ j to a change in the independent variables in year t.

To this point, the two total cattle numbers models seem quite
comparable. The summary statistics of Table 16 indécate that model TM
has a higher R2 and iz and lower standard error of the estimate and

standard error of prediction. The difference, however, is very small.
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Modél Predictions

To compare these models further, they were tested to see how well
they would predict outside the sample period. Here, as with breeding
herds, two criteria were used to ﬁeaSure how well the modelé did in
these tests. The first was to compare the ?esiduals with the standard
errors of prediction (multiplied by 2). The results of this test are”
shown in Tables 18 aﬁd 19. Both models do quite well except when'the“
sample is terminated in 1971 or 1972. Neither model is able to predict
‘1973 cattle nuﬁbers, either one or two yeérs outgide of the sample.27
Model TA does a poof job predicting four years outside of the éamﬁle
when the saméle-stops in both 1971 and 1972, while model TM does
a poor joE of predicting one, two, three and four years ahead whén the
sample period is 1950-1972. On the basis of'this first criterion,
neither model seemed superior.

The second method of testing the modelg for their prediction capa-

bilities was to calculate and compare their root mean squared errors

(RMSE's). Table 20 shows the results of these calculations. A compar-

ison of the umbracketed terms in this table indicates that Model TM has -

27A possible explanation of why the models had trouble predicting
around 1973 is that corn prices, .as well as feeder and fat cattle
prices, started changing dramatically about this time. It may be
that the model simply could not handle these.fluctuations for the
first year or two. :
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TABLE 18

PREDICTION RESULTS ~ MODEL TA

RESIDUALS AND -STANDARD ERRORS OF PREDICTIONl

Number of
Years Beyond .
End of Sample
Sample
Period o1 2 3 4
1
1950-1978 (14;’888)
1950-1977 -77,000 ~-96,000
(133,000) (237,000)
~ 6,000 ~68,000 -81,000
1950-1976 (132.000)  (231.000)  (399.000)
~ ~31,000 ~31,000 ~125,000 ~170,000
1950-1975 (118.000)  (188.000)  (306.000)  (493.000)
i -3,000 ~35,000 ~35,000 ~132,000
1950-1374 (121,000)  (171,000)  (261,000)  (394,000)
70,000 73,000 75,000 130,000
~ 1950-1973 (136,000)  (212,000)  (332,000)  (507,000)
~122,000 ~86,000 ~117,000 -188,000
1950-1972 (100,000)"*  (136,000) (172,000) (210,000)"
~36,000 ~157,000 5, -135,000 ~176,000
1950~1971 (105,000) (139,000) (182,000) (223,000)
2,700 ~33,000 ~153,000 ~129,000
1950-1970 (128,000)  (173,000)  (232,000) (288,000)
, ~46,000 =68, 000 ~132,000 286,000
1950-1969 | (167,000)  (390,000) . (526,000) _ (661,000)

lNumbers in parentheses are two times the estimated standard errors

of prediction.

Unenclosed numbers are the residuals.

%% Indicates that the residual is greater than twice the standard error

of prediction.

* indicates that the residual is greater than 1.5 times the standard
error of prediction.
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TABLE 19

. PREDICTION RESULTS - MODEL TM

RESIDUALS AND STANDARD ERRORS OF PREDICTION

Number of
Years Beyond
End of Sample
Sample
Period 1 2 3 4
1950-1978 (1307000)
. —42,000 -51,000
1950-1977 (125,000)  (224,000)
29,000 -8,000 11,000
+ 1950-1976 (109,000)  (190,000)  (342,000)
~14,000 ~17,000 -25,000 ~16,000
1950-1975 (99,000) (138,000) (226,000) (388,000)
T -4,600 -17,00 13,000 ~30,000
1950-1974 " (108,000) (133,000)°  (174,000) (258, 000)
29,000 22,000 14,000 55,000
1950-1973 (121,000) (163,000) (211,000) (263,000)
' ~119,000 ,, -106,000 , -127,000 , -172,000 ,
1950-1972 (95,0090) (132,000) (167,000)° (191,000)
~21,000 ~138,000 , -132,000 -159,000
1950-1971 (103,000) (139,000) (186,000) (232,000)
: 12,000 -500 ~109,000 7 -93,000
.1950-1970 (127,000) (177,000) (240,000) (299,000)
~30,000 -29,000 -67,000 ~199,000
1950-1969 (167,000) (284,000)  '(512,000) (561,000)

Numbers in parentheses are two times the estimated standard errors

of prediction. Unenclosed numbers are the residuals.

*%Indicates that the residual is greater than twice the standard error
of prediction. ‘

*Indicates that the residual is greater than 1.5 times the standard
error of prediction.




TABLE 20

PREDICTION RESULTS

Root Mean Squared Errors*

RMSE R.MSE2 RMSE3 RMSE4 RMSE5 RMSE6 RMSE7

Model TA 55,181 . 81,051° 112,711 180,526 213,776 292,636 427,200
[57,504] [70,785] [69,945] [122,483] [124,630] [158,417] [253,208]

1

Model Ty 44,096 1 62,160 . 79,853 123,859 146,611 189,761 251,356
[50,996] [57,624] [51,112] [87,096] [78,386] [89,673]  [142,611]

* RMSE{ is the root mean squared error for predictions 'j' years beyond the end of the sam-

ple.

Unbracketed numbers are RMSE's calculated using the differences between observed and
predicted values of the dependent variable. Bracketed'values are calculated using the
differences between observed and expected values.

891




169

a fairly distinct advantage, especially for predictions beyond two
years outside of the sample. As was discussed in the analysis of the
breeding herd models, whgn serial correlation is présent, better esti-~
mates of valuéé of the dépendent‘ﬁariablé outside of the sample may be
obtained by using 'expected values' rather than 'prediéte& Qalues’ of
the dependent_variable.28 The RMSE's using this definition of the"
residual (observed value ﬁinus expected valuej are the bracketed fig~
ures in Téble 20, A comparison of’these valﬁes shows that, first, the
bracketed RMSE's are smaller than the unbracketed RMSE's for both
models in all cases except for predictions one year outsidé of the

model, and second, that model TM again yields diétinctly smaller

RMSE's.

Here again, the 'expected value' of the dependent variable is defined
as, :

Wt = (1,0 + BlHPt—l + BZHPt—Z + 83 (B/C>t"1 + B4MC$t—1 .

* 7\1Wt:—J. + Aowe-2
while the 'predicted value' is defined as,
We = g + B HPL_ g + BoHP, o + 33-(3/'0)":_1 + B4MC$t'_]

A A

T A Veep B A, Fequ g Fpjup)
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Specification Tests

The stability of these models was checked by estimating the same
specification of the models for different sample periods. As witﬁ the
breeding herd models, the Chow test Qas used as a formal test of the
stability of the model. Tables 21 - 24 show the_eétimatéd models for

the different sample periods tested. Notice that.the testing of the

effects of cutting initial years from the sample period were more ex—

tensive for these two models than for the breeding herd models. Ini-
tially, the same tests were run for both groups of models, but the
stability of the total cattle numbers models appeared to be more

questionable, so further runs were made.

Table 21 shows the effects on model TA of changing the year in
which the sample period is started. The parameter estimates seem to do
quite a bit of jumping around as the initial year of the sample is

changed, Sut the Chow test indicates that the only instance in which

the structure of the system appears to change significantly is when the

sample period is changed from 1949-1979 to 1950-1979. - There is no
other combination of sample periods for which this test indicates that

s s 29
the change in the structure is even close to significant. These

29E§eﬁ for the sample period 1949-1979 and 1950-1979, the change was

just barely significant at an a level of 5%. The calculated F-
statistic was 4.39 and the critical F-value was 4,38. ‘




TABLE 21
MODEL TA
EFFECTS OF CUTTING INITIAL YEARS FROM SAMPLE PERIOD

Sample Period

1947- 1948- 1949~ 1950~ 1951~ 1952~ 1953~ 1954~ 1955~ 1956~
1979 1979 1979 S 1979 1979 1979 1979 1679 1979 1979
-
R® .9969 .9968 .9966 .9970 . 9966 .9964 .9964 .9963 .9962 .9966
§2 .9955 .9953 .9949 .9955 .9948 .9943 .9941 .9938 .9935 .9940
S.S.E. 24029x106 31760x106 2176OxlOF 1&687x106 183’!2x106 ].7'262)(10—6 16285x106 15469x106 1528111064713356x1567
S.E.E. 33,000 32,900 33,700 31,200 31,900 31,900 31,900 32,100 33,000 32,100
s 8 44,100 44,000 45,200 41,900 43,100 43,200 43,400 43,800 45,200 i 44,000
Parameters
Constant -131,000 -124,000 -125,000 ~112,000 -108,000 -113,000 -115,000 -113,000 -110,000 - 96,200
HPt_l .254 .262 .262 S23D .256 .276 .298 -305 L7 .320
(10.5) (19.8) (10.4) (10.5) (10.4) (9.33) (9.63) (9.55) €9.15) (10.1)
HPt—Z -.224 -.238 -.238 -.237 -.241 -.260 -.285 -.295 -.300 -.328
(7.28) (7.52) (7.05) £7.27% (7.24) (7.11) (7.68) (7.60) (7.13) (7.84)
B/Ct—l 7760 7830 7820 8190 8320 7700 6920 6380 6100 4980
(25.9) (26.1) (24.3) (22.6) (17.0) (10.1) (7.08) €5:53) (4.46) (3.37)
AFSI_1 2020 1800 1800 1130 916 1590 2310 2760 2970 3800
(8.75) (6.09) (4.45) (2.17) (1.24) (1.61) (2.03) (2.22) (2:15) (2.69)
E(“t-l) 1.81 1.81 1.81 1.81 1.81 1.81 1.81 1.81 1.82 1.83
(119) (129) (117) (120) (117) (114) (119) (114) (99.6) (91.7)
E(wt_z) - .884 - .878 - .878 - .877 - .874 - .871 - .867 - .869 - .869 - .865
(55.6) (54.7) (51.6) (53.9) (51.5) (51.0) (53.4) (53.6) (51.5) (53.4)
o1 - 472 - .532 - .532 - .491 - .524 - .546 - .670 - .684 - .679 - 771
(3.53) (4.17) (4.10) (3.57) (3.76) (3.56) (4.42) (4.73) (4.51) (5.06)
52 - .641 - .692 - .692 -14657 - .661 - .585 - .614 - .676 - .658 - .666
(4.89) (5.43) (5.34) (4.77) (4.74) (3.82) (4.05) (4.68) (4.37) (4.37)

S.S.E. is the sum of squared errors or the residual sum of squares. All other abbreviations are as defined in previous
tables or in the body of the paper.

TLT




TABLE 22
MODEL TA

EFFECTS OF CUTTING RECENT YEARS FROM SAMPLE PERIOD

Sample Period

1950- 1950- 1950- 1950~ 1950~ 1950- 1950- 1950- 1950- 1950~ 15950-
19 1 ABT9 1978 1977 19706 1975- 1974 1973 1972 1971 1970 1999 %
&i_‘ .9970 .9970 .9972 9972 .9971 .9967 .9964 .9970 .9967 .9961 .9956
-y
R™ e 298955 .9954 .9956 9954 .9951 L9944 .9936 .9945 .9937 .9921 .9906
o9 Be L§i§7xiﬂn 18-’.3~/ox10h 17202x10° 171Q331J° 16922x106 1&919x106 lS975x10h 11635x106 11187x10° 11185x106 10571xlpn
Sk B 31,200 32,000 31,800 32,800 33,600 34,800 35,100 31,100 31,900 33,400 34,800
S.E.P. 41,900 43,400 42,900 43,700 44,900 46,500 46,400 39,900 42,100 45,300 47.400
Parameters _ L a
Constant -112,000 -112,000 -115,000 -114,000 -123,000 - 90,200 -158,000 -169,000 -168,000 -183,000
PP(_I +255 .251 +263 B 3 .266 .266 .247 .304 312 «311 -320
il _ (10.5) (8.77) {8.85) €7.91) (7.63) (7.31) (5.89) (8.99) (8.99) (8.27) (8.08) =
HP[_Z -.237 -.235 -.230 -.231 =.222 -.221 -.232 237 -.243 -.242 -.268 ;j
(7.27) (6.83) (7.03) {6.48) (5.6%) (4.96) (4.24) (5.82) (5.88) (4.97) (4.22)
(B/C)t_1 3190 8260 7610 7690 7190 7140 8480 5840 5500 5500 5860
(22.5) (16.4) (10.2) (6.47) (4.66) (3.91) (3.43) €3.21) . (3.1L) (2.93) (2.852)
AFSt", 1130 1140 1270 1230 1520 1560 406 2550 2850 2830 2980
a3 (2.17) (2-13) (2.45) (1.92) (1.73) (1:32) (.229) (1.86) (2.06) (1.94) (1.97)
E(wt—l) 1.81 1.82 1.79 1.79  F Y 1.76 1.82 1.70 1.69 1.69 1.71
(120) (71.7; (46.9) (30.3)  (23.5) (20.2) (15.6) (19.7) (19.7) (18.6) (16.5)
f(wt 2) -.877 -.881 -.862 -.865 -.853 -.852 -.837 -.800 -.788 -.789 -.783
3 (53.9) (39.9) (31.8) (24.0) (19.9) (17:.7) (14.1) (16.3) (15.7) (14.8) (14.1)
°1 -.491 -.489 -.474 -.469 -453 -.451 =343 -.515 -.545 -.540 -.597
(3:57) (3.52) 3:51) (3.41) (3.10) (3.03) (2.17) (3.14) (3.33) (3.22) (3.47)
09 -.657 -.663 -.698 .698 -.666 -.669 -.631 -.616 -.639 -.638 -.639
(4.77) (4.77) (5.16) (5.07) (4.56) (4.51) (3.99) (3.75) (3.90) (3.80) (3.71)
E(w1969) 1,857,006 1,857,000 1,856,000 1,856,000 1,855,000 1,856,000 1,846,000 1,866,000 1,870,000 1,370,000 1,875,000
(119) (116) (119) (115) (108) (104) (92.0) (109) (109) (101) (96.9)
E(W‘QSO) 1,807,000 1,809,000 1,799,000 1,800,000 1,798,000 1,798,000 1,783,000 1,800,000 1,805,000 1,804,000 1,807,000
S (71.7)  (67.6) (64.3) (60.5) (56.9) (56.1) (47.:1)>155¢5) {557y (92.9) " (51.7)
S.S.E. is the sum of squared errors or the residual sum of squares. All other abbreviations are as defined in previous

tables or

in the body of the paper.




TABLE 23
MODEL TM
EFFECTS OF CUTTING INITIAL YEARS FROM SAMPLE PERIOD

Sample Period

1947- 1948~ 1951- 1952- 1953- 1954~ 1955- 1956~

1979 1979 79,0 523979 - 1979 1979 1579 1979 1979
5‘2 .9975 .9974 .9972  .9974  .9971 .9969 .9967 .9965 .9964 .9971
R” .9964  .9962  .9958 .9961  .9954 .9951 .9947 .9942 .9938 .9948
S.S.E.  _19159x10® 13655x10" 18491x10% 16063x10° 15981x100 14978x10° 14680x10° 14609x10P 14562x106 11539x106
S.E.E. 29,500 29,800 30,400 29,100 29,800 29,700 30,300 31,200 32,300 29,800
S.E<P. 39,500 39,900 40,800 39,100 40,200 40,200 41,000 42,200 43,700 40,400

Parameters = .

-93,500 -89,700 -87,900 -85,900 -58,200

Constant -101,000 -99,400

.286 .294 .294 .294 .307

HP SEA .
t-1 (a1 (10.1)  (11.9)

o : & S SRl - =AB05 e
P2 (B.32) . - (3.88)  (1.43).  (B.84)

; 5130 5040 4910 2890 .
(B/C)y_ 1 (12.8) (10.8) (8.05) (3i53) L Qi (2086) (D67
2930 2740 2880 2630 2660 2730 3810
Hove-1 CHE Ay S(7.5A)" 65 a0) CAPAL5 T e 250 (239) (3.3
3 1.78 1.78 1.78 1.79 1.79 1.79 1.79
Ewe))  a30)  126) (120) (98.8) _ (93.8)  (87.9)  (94.2)
-.862 ~.860 ~.860 ~.353 -.853 -.853 —.841
E(we_2)  (66.8)  (65.9)  (64.4) (57.7) _ (55.9)  (53.6) _ (57.1)
X =675 =611 =612 -.687 -.683 =676 —.791
Oy (4.62) . (5.06) . (4.93) (AT5) e ebi0) s b Chi50). . (5.00)
! -.699 -.730  -.722 -.659 -.673 ~.639 -.340
£ (5:61). - (6.05). < (5.82) (4.55)  (4.63)  (4.38)  (4.08)

S.S.E. is the sum of squared errors or the residual sum of squares. All other abbreviations are as defined in
previous tables or in the bodv of the paper.

ELT




TABLE 24
MODEL TM
EFFECTS OF CUTTING RECENT YEARS FROM SAMPLE PERIOD

Sample Period

1950- 1950~ 1950- 1950- 1950- 1950~ 1950~ 1950- 1950- 1950- 1950-

1979 1978 1977 . 1976 1975 1974 1973 1972 1971 1970 1969

B2 .9974 9974 .9975 9975 9973 9970 .9966 .9973 .9970 .9964 .9959
R .9961 .9960  .9960 _ .9959 _ .9956 .9949 .9939 .9951 .9942 .9928 .9913

S.S.E. _ 16063x10® 16041x10° 15637x10° 15386x10® 15312x106 15305x10® 15147x106 10422x106 10275x10° 10208x108 10074x10°
S.E.E. 29,100 29,900 30,300 31,000 33,100 34,100 _ 29,500 30,600 32,000 33,500
S.E.P. 39,100 40,300 39,800 39,900 42,000 44,000 44,400 37,900 40,600 43,400 45,800

Parameters

Constant 97,900 97,900 _-98,200 _ 96,900 _ -98,300 _ -98,900 94,600 -111,000 -113,000 -111,000 -117,000
= .268 ~266 S272 - 265 1966 -266 ~260 -298 ~300 .297 300
HP iy (12.9). . (0.9 S(10.15 oo laizrye S(8739). . (BLI2Y S SA(7I9%)L -~ (IODT)h (9563 (BUBS). . 4B.I6)
= =TT, okl % ZEPGT =.238 ~.238 =.235 —.268 ~.273 ~.265 =08
-2 (B:8B).:  (8.40).. (BA0).. UT 95) - (2:49) wh (FS0BY J(6.A6)" " (B.70) =0 (7.00) . /(6.06) *u (§.61)
6040 5090 5780 6210 5970 5910 6500 4690 %700 4650 4910

(B/C)e)  (6.96)  (6.50)  (5.50)  (4.50)  (3.57)  (3.08)  (2.72) _ (2.55) DEREY  TT(E27) . 2T
s 2160 2160 2160 2030 2150 2200 1770 3030 3070 3050 3060
il o (3.35).0. (3.07) . (3:05).. €2561)i-. €2.30)  (1.91)=v CLiT&)s. '(2.5D)> .= (2485) h (2579) (2 18)
1.79 1.79 1.78 1.79 1.79 1.79 1.80 1.75 1.76 1.75 1.77

Eowe te “Eii) (7560 - ASD.Z) - bie3Bs2) - (3L 2955) - (26:3) £ (33:0)— {3197} . €2B.5) 0 (Z21.9)-
. S -.864 —.866 —.856 ~.866 -.863 . 862 —.871 —.826 .82 —.827 -.826
¥z (6425). - (46:9) .1 (3RL6) o - {26597 4 (2450)s (2050  D(20.5).. WEBT) . (22560 XTS5y 20:0)
; =T566 -.565 ~.552 =528 = 918 -.516 =456 = 613 ~.620 ~.595 =610
1 (h76) . oo (ho22) N k19 - SBLHITL L (BUEBIEAEITEYYE - B (3,000 (AL BT) ELAIBEY (A 61) N LI¢I166)
E ~.686 —.692 —.706 =551 ~.696 —.701 -.680 —.651 —.661 ~.655 ~.654
Bs (5170 = (5160 5:27) 1 AT DTY I CALAR): i, S R 55 N s (A TL) AR e Ta9T) [ H3R6)

= 1,865,000 1,865,000 1,864,000 1,864,000 1,863,000 1,864,000 1,859,000 1,875,000 1,876,000 1,874,000 1,876,000
19490 (134) (130) (128) (124) (118) (113) (101) (124) (120) (111) (105)

* 1,819,000 1,820,000 1,812,000 1,816,000 1,816,000 1,816,000 1,809,000 1,823,000 1,824,000 1,823,000 1,823,000
¥19487 7 (83.1). " (I8.4)° . (68.6) . (63.8) . (60.8) . 57.1): L(R9.6Y . L (59:5)i0(58:0) - . (56.5) L L (5252)

S.S.E._1is the sum of squared errors or the residual sum of squares.
tables or in the body of the paper.

All other abbreviations are as defined in previous

LT
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results indicate that when it is desired to check the stability of. a sys-—

tem, it may not bé enough to compare the estimated parameter values for
different sample periods. Estimates of parameter values in a model ma&
be highly correlated, either péirwise or groupwise. In this case, vefy
different combinations of parameter values may yield approxiﬁately the
gsame fit. The Chow test is based on a comparison of thé residual sum:
of squares for different sample periods, and thus is not concerned o
directly with whether or not the parameter values jump around; This
explains why the parameter values in these models can jump around as
they do, and yet a formal test indicatgs that the structure of the sys-
tem does not change.30
Table 22 shows the effects on model TA of changing the years in
which the sample period is ended. Again the pa?ameter‘estimétes change
quite a bit, but in no case is the change in the structure significant.
In fact, the only situation in which the Chow test indipates that the
change is even close to being significant is when the sample period is

changed from 1950-1972 to 1950-1973. The approximate t-values in Table

22 show that the precision on the feeder price parameter estimates is

3OAn informal check on the stability of the system might be based on a

comparison of the distributed lag pattern on the independent varia--
bles. For example, the parameter estimates on HP 1 HPt~2, E(Wt_l)l
and E(wt_p) may jump around quite a bit between two sample periods -
but maintain a relationship such that the distributed lag pattern on
this variable does not change significantly. The two models are
therefore saying that the effects of changes in hay production on the
dependent variable are the same in the short and long runs.
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poor for many of these sample periods. The beef té corn price ratio
vériable fades in significance as recent years are cut from the sémple.
This might be due to the increased variation in this wvariable after.
about 1973. The precision on the other variables in the model is very
good for all of the sample periods.

Table 23 shows the effects on model-fM of changing the initial
years of the sample period. For this model, it was found that the
structure of the system was the saﬁe for all of the sample periods.
When Chow tests were run using the results shown in Table 24, it was.
found that only iﬁ the case in which the sample period was changed
from 1950-1972 to 1950-1973 did the structure of the éystem change.
The precision of the parameter estimates on the Montana calf price
variable faded out as the sample period was changed, but not as badly
as the feeder price parameter in model TA. Also, like méde] TA, the
coefficient on the beef to corn price ratio_systematically loses its
significance as recent years are cut from the sample'periodt

To this point in the analysis, it appears that model TM did as
well or better than model TA in all of the tests to which the models
were subjected. Based on this analysis it appears that model TM woulq
probably be chosen as tﬁe superior model. However, there is a theo-

retical problem that seems to be avoided in model TA, but not in TM.
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In model TM, Montana calf prices and total cattle numbers may very
well be jointly dependent; When calf prices rise, farmers wiil be
induced to keep more heifers to build up their breeding herds: This
results in an increase in total cattle numbers. But an increase in
tofal ca£t1e numbers means fewer cal&es are mérketed which may drive
up calf prices in Montana. The exteﬁt of bias from this simultaneity’
problem may be small because of the strong link between the Monténa
and national markets. This problem, whatever its magnitude, is
qﬁoided in model TA.since the number of calves sold to Kansas City is
such a small portion of total t¥ansactions that a change in fhe number
of cattle marketed from Montana would not bé expected to affect the
price in Kansas City. Primarily because of this poteﬁtial'joint de-
pendence problem in model T (and the accompanying possibility of'bias-
and inconsistency in the parameter eétimates), if was decided to report

and analyze both of the models.

Further Testing of the Final Models

A number of further tests wefe run on the final models with
several different objecfives in mind, one of which,was’to‘get a better
idea of the roles being played by the different variables. Iﬁ this
section seﬁeral of tﬁeSe tests will be described. The reasons for
running‘the variations on the models will be discussed, the results
will be presented or described, and then the implicationé of these

results will be examined.

b
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The Role of Hay Production

0f the variables in the models; the role of the Hay production -
Qariable was the most puzzling. It wés hypothesized that this vari-
able might be serving as a proxy for weather, since it seemed reason-
able to expect the level of rainfall (or precipitation) to be corre-
lated with hay production. Several runs were m;de to try to test thié
hypothesis. The baéic technique in most of these’runs was to eéxclude
the first-order lag on hay production from the'calculatién of the
lagged expectation of the dependent variable. The effect of this is

to remove the influence of the hay variable from the dynamics of the

equation. To understand the reasoning behind this technique, consider

the following.

The theoretical justification for using the expected value of the
lagged dependent variable is that ranchers will base their production
decisions for the current year on the levél of the dependént variable
in preceding yeafs, net of any random disturbances. 1In other words,
producers are intelligent enough to realize that some portion of the
previous levels of the dependent variable was strictly due to chancé
and should not be coﬁnted on to occur again, so that the effects of
thgse chance happenings should not enter into any current or future
decisions. Only the systematic portion of the vari;tion in lagged
_ﬁalues of the dependént variables should be used to méke current pr6~

duction decigions. Weather variations are an example of random
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occurrences that may affect the current }evel of the dependent varia-
ble, but which should be netted out of any future influence on the
dependent variable. Suppose hay production is acting as a proxy for
weather. Then including hay production as an independent wvariable
will increase the explanatory power of the model, but there would be
no reason to include its effect as a' component of the lagged Qalue of

the expectation of the dependent variable since its effects do not

|
carry over to future years. If it is the case that hay production is

proxying for weather, then the random influences of weather fluctua-
tions should be largely felt within one year. That is, a year marked
by an exceptional level of rainfall (say year t) will result in a
bumper hay crop, which induces ranchers to hold more cattle through .
the winter (increase in héerd sizes on January 1 of year t + 1.) The
effects of the weather variation in year t would not be ekpected to
affect hay crops in year t + 1.° Thué, whatever effects hay production
in year t has on cattle numbers in year t + 2 musé be due to this
variable playing some role other than that of a proxy for weather.
This argument is the basis for exciuding the first-order lag and in-
cluding the second-order lag on hay production in the lagged expecta-
tion of .the dependent Qariable.

Using the ﬁreceding as a juétification; a model was tested in
which the first-order lag on hay production was removed from the

lagged expectations of the dependent variable. 1In addition, the
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model was specified with first, second and third-order lags on ;pg
hay production Qariable. The third-order lag was included to all;w'
the distributed lag pattern on hay production more flexibility in
the shape it assumed.Bl Suppose this.model turned out to be.inferior
to the basic model. This would imply that the first-order lag on hay

production has a systematic effect and should be included within the

nonstochastic difference variables. This would imply that hay produc- .

tion is not acting primarily as a weather surrogate. Suppose, on the.
other hand, that the model was EEﬁ significantly hurt 'by removing hay
production from the lagged expectation of the dependent variable. This
indicates that hay produption is not playing a systemdtic role.in thg
system, i.e., it 'is acting, at 1eaét to soﬁe degree; as a proxy for
weather.

When this test was actually run on a revised version of model

1Suppose the model was specified with.only first and second-order lags
on hay production. Then, when the first-order lag was excluded from
the lagged expectation of the dependent variable, the rational dis-
tributed lag on hay production within these nonstochastic terms would
have only one element in the numerator. This implies that the shape
of the lag is dictated solely by the difference equation parameters.
However, if the numerator has more than one term (second and third-
order lags on hay production) then the shape of the lag pattern is
determined jointly by the parameters in the numerator and those in
the denominator. '
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TA,32 the results indicated that the exclusion of first~order hay pro-

duction.from the lagged expectations of the dependent variable was '
definitely detrimental to the model. It resulted in a model with a
lower multiple (and adjusted) correlation céefficient, higher standard
error of the estimate, higher sténdafd error of prediction and reduced
precision on ﬁhe estimates of the coefficient on the price variables.
There were also indications of serious specification error in the
model. These results were taken as a'fairly strong indication that the
hay production Variaﬁle was not serving solely as a proxy for weather
conditions.

The grapﬁ of the levels of hay produc¢tion over the last thirty
years indicates that the level of this variable increased continuously
during the sample ﬁeriod used. This led to the suspicion that hay

production might be acting as a trend variable. To test this, models

32The specification of this particular model was

w o= . :
¢ = ogt BlﬂPt_l + BZHPt—Z + BBHPt-B + 34(B/c)t_l

o+ BATS, o+ BGAFS, o+ BoAFS. , + A B(W_)-
R M T SR

The basic difference between this model and the standard specification
of model TA is that AF$t—1 has been replaced by AF$t—2 AF$t—3’ and

AF$t—4’ and the third order serial correlation parameter has been

added. The reason for running this particular specification of the
model is discussed later in this section. For present purposes, it
is most important to point out that the explanatory power of this
model was not any less than that of the standard specification of the
model.
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BM and TA were run with a trend variable in place of the first and:
second-order lags on hayvﬁroduction. The idea here was that if hay
production is serﬁing ﬁrimarily as a trend variable, the fit of ;he -
.model should not be éignificantly decreased by making such a substi-.
tution. These runs resulted in dramétically inferior models. From

this, it was concluded'tha; hay production is not primarily picking

up trend effects.

Tests for Consistency with Theoretical Models ' \

1

In the preceding subsection, the analysis of the four final modeis .

revealed that all of them implied cyclical adjustment patterns. In thé
theoretical literature, the justification for using distributedllag |
models in apblied work comes from either a partial adjustment or an
adaptive expectatibns framework. Neither of these frameworks (or a
combination of the two) allows for a model with imaginary roots. Thig
means that there is no formal justification from economic theory for a
model that implies éyciical adjustment patterns.. Thus, attempts were

made to reconcile the models developed in this study with models .con-

sistent with the current state of economic theory. To do this, certain

restrictions were placed on the parameters in the stochastic dif-
ference equations so the models could not assume a cyclical form.

The results of these restricted models were thern compared with the
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unrestricted models to see if they differed signifiéantly. An ex-
planation of the restrictions placed on the models and a discussioen
of the results follows.

In the analysis of second~order difference équations, the char-
acteristics roots can be of three types: (1) real and distinct,
(2)_real and equal, and (3) complex. The case in which the rgots are
real and equal is the boundary between the region in which the roots
are re?l, and the region in which the roots are complex (Griliches,
1967). A series of tests was run to see how detrimental it would be
to the model to constrain the roots in such a way that they were forced
to be real and equal. It can be shown that the model that should be

estimated is qf the form
(9) Yt = of + BlXt + }lE(yt_l) + AZE(yt_Z) + el

where A =.2k and A, = fxz . Rewriting (9) with

1 2
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these constraints the model becomes,33

(10) ¥, =y B, + 2E(y, ) - ATB(, ) + e
Models with these restrictions o¢n the‘pa;ameters on'the differ—-

ence equation can be derived from a system in which it is assumed

that the weights gon the lag distfibution of the independent variables

come from a distributiog’known és the Eascal distribution (see Splow,

Griliches, 1967, pp. 25-27 and Kmenta, pp. 487~491); Notice that

in (10) there is one less parameger to be estimated than preyiously

(only A must be estimated now, whereas before A. and A, had to be

1 2

estimated) implying. that this model has an additional degree'of free-
dom. Models with the preceding restrictions on the parameters on the
difference equation will be referred to as "Pascal models."

It was felt that forcing the model to conform to the above re-

strictions might not be seriously detrimental since the estimated

33To see that the roots of this difference equation are real and equal,
solve the homogenegus difference equation,

. ‘ 2 _
(1) Y - 2Y R ATY , =0

as a solution, try Y o= Abt . The result is
i)  apt - 225 + 2% = 0

A
factoring out an Abt“2 texrm, the result is
b2 _ 26 4+ 2% = 0

The solutions to this quadratic equation are, bl = b2 = A,
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values of the parameters in the unconstrained models did not apﬁéqr.pd
grossly violate thg Pascal consfraints_(see Tables 4 and 21). Three,;
of the basic models (BM, BA, and TM) were run using this constraint.
Table 25 shows the results of these runs. It is'readily apparent

from the summary statistics in this tabie thé% the Pascal models are
inferior to the unconstrained models. In all three cases, the con-.

strained models have lower multiple (and adjusted multiple) correlation

coefficients, higher standard errors of the estimate and standard

errors of prediction, and in almost all cases, lower .precision on the
parameter estimates. Also, in both of thé breeding herd models, the

maximum likelihooq estimates of the Y1947 value are considerébly'dif—
ferent from the actual ﬁaiue of that variable. This may be an indica-
tion .of specification error in these models, sin§e it implies that thé

acutal value of 1947 breeding herds did not fit as well with the rest

.of the model as did an artificially obtained valué for that‘variable
(that value that'resqlts in the 16west residpal‘sﬁm of squares). In
the constrained model, these artificially obtainéd initial condition
values were much more different from the actual Qalues than in thé

unconstrained models. Finally, an F-test was run to compare the models

and see if they differed significantly. 1In all three cases, the Pascal

models differed from the basic models at a 99 percent level of signifi-

cance. In other words, constraining the difference equation parameters
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TABLE 25

COMPARISON OF BASIC MODELS WITH 'PASCAL MODELS'

98T

MODEL BM MODEL BA MODEL TM
™ TM-P
.9974 .9953
9961  .9933
49671x10° 159 LE. 16063x10° 29034x100
18,270 36 29,100 38,100
,100 51,300
Constant -97,300 _-176,800
5 .268 .289
T t-1 (12.9) (9.45)
= 1 Rt 7 T VI
77777 i et HP, 22 (8.88) (11.2)
2 3580 4760 o 6040 9560
(BYCH 1. (7.88) 1 (73h5) (BS/C9)e—1 (6.96) i
"2y 3210 2380 o 2160 -390
paig o ks (7.00) {328y el (3.15) (.487) .
-2150 ~2420 ) 1.79
e (8.45)  (5.14) Bfvecid . aiy .923
; 7L e ) --B6 (79.1)
E(ye-1) (50.7) .909 t-2 (64.5)
o -.832 152.7) : ~.366 =442
Ve-2) LSyt e 12 (4.26) (2.90)
~. 696 385 ~.h86 -.548
e (P pa o 00 ) ) (5.17) (3.59)
‘ 394 =551 = 1,865,000 1,858,000
P2 S oo6e39) 0 (2.09) E(wig49)  (134) (83.6)
E(y.. ) 925,000 922,000 = 1,819,000 1,773,000
1948 (86.4)  (59.7) Flvi948)  (83.1) (50.8)
910,000 866,000
E(y1947) (44.6) (30.5)
°3 (3.37) Ma8)
E(y.. ) 939,000 929,000
Y1948’  (128) _(38.4)
2 920,000 872,000
EVi947) (67.2) (19.2

BM-P, BA~P, and TM-P are the '"Pascal versions" of BM, BA, and TM respactivelv. To zive some idea of the accuracy of
the estimates of the initial condition parameters, the actual value of the dependent variables in the 'initial condition
vears' were; Y1948 = 932,000; Y1947 = 916,000, Y1949 = 1,939,000, Wigsg = 1,847,000.
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so that the characteristic rpots were forced to‘be real and equal did
have a significantly detrimental effect on the models. ’
A combination partial adjustment, adaptive expectations model
can be formulated that results in the same general specificatiop as
model BM but with certain'constraints among the parameters.34 it can

be shown that the roots of the second-order difference equation derived

. ‘ 35 . .
from this "theoretical" base cannot be complex. Runs were made with

34M.odels could have also been formulated to coincide with the other

basic speéifications, but the computer programming was difficult
enough, and the results obtained with model BM were unpromising
enough, that it was decided that the cost of pursuing this line of
research further would outweigh the benefits.

35Proof: Suppose we have a combination.adaptive expectations, paftial

adjustment model of the form

* = *.
(a) yE th.”‘ £
where
- = * -
(b) Ve = Yeop S AGE -y )
and
% — X% = - X%
(c) Xp - Xy =& - X))

Solving (b) and (c¢) for yg and X% respectively, we get

1-0L
- o=
(®7) yt 1-06 yt

1-0

1—0LXt

[}

(c”) X?

- where 6 = 1-A, 0 = 1-y, and L is the lag operator.
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‘the constraints implied by-Fhis “"theoretical model" to see if con-
'straining the model to have real roots would have a significant
effect. |

This theoretical formulation of the model resulted in a system
that was considerably more.noﬁlinear in the parameters than the un-
constrained model. To assure that the theoretical model did not'con~
verge to a local minimum residual sum of squares, the system was
giv;n several different sets of starting values. In all cases, the
model converged to the same values for all of the summary statistics,
parameter estimates, etc., (indicating that the model was converging
on a global minimum). Results of the estimation of this ﬁodel were
very poor, which implies that'constrainiﬁg the model to conform to
the partial adjustments, adaptive prectations form had extremely

detrimental effects.

35(cont.) Substituting into (a) for y% and Xk, we get
1-6L l-o ’

@ CyZgdy, = BEGDX + gy
of _ ,
(d”) Y, ='B(1—0)(1—9)Xt + (9+O)yt_l - Boy, o+ (1—6)(et—oet_l)

The solution to this second order difference equation will have com-
plex roots, i.e., the adjustment process of the system will be
cyclical, 1f (8+0)% - 480 < 0. But (8+0)% - 460 = 62 + 200 + o2 -

2 Z :
400 = 07 - 200 + o = (0—0)2 > 0. Thus, the combination adaptive
expectations, partial adjustment model  cannot have complex roots.
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Apparently, the cyclical nature of cattle numbers is such an

integral part of the system that a model that does not allow for this

feature is of little practical use.




Chapter 5

CONCLUSIONS AND LIMITATIONS

In this chaptef, a brief discussion of the possible implications
of cattle inventory response to changes in the independent variables
and an interpretation of the error structure of the final models
will be presented. The accomplishments of this thesis wiil be

~summarized and potential extensions of this work will be discussed.
Some possible limitations on the usefulness of the models developed A
will also be examined.

In the final section of the preceding chapter, the results of
tests for determining the role played by the hay production variable
were described. It was determined that this variable did not appear
to be acting as a proxy for weather conditions or as a trend variabie,
The question remains as to what role this variable is playing.

Recall that the results of the tesﬁs on this variable indicated that
its effects gig-play an important part in determining the level of

the systematic component of the lagged dependent variables. The

most plausible interpretation of the role played by the hay productidn
variable is thaf its level is an indication of investments or commit-’
ments of resources to the cattle production process. ‘If ranchers
decide they want to increase the size of their herds, it is likely
they will want to increase hay production as well,.so they will have

winter feed available for the additional cattle. Thus an increase
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in hay production in a given year might indicate that ranchers plan

to enlarge their herds in future years. This interpretation of the

‘meaning of the hay variable is consistent with the distributed lag

structure found in the final models and with the results of the
tests described earlier. The importance of the distributed lag and
the protracted respomse to hay production suggests that ranchers as

a group are committed to changes in cattle numbers in association

" with changeé in hay production for several years, bossibly because

hay is a perennial crop.

There were three price variables in the final models: the price
of Montana calves, the Kansas City prite of feeder steers, and the
beef to corn price ratio. Im one respect, the interpretation of
these variables is straightforward. They’appear to be acting as
proxies for future price expectations. The form of the lag distribu-
tion implied Ey the estimated coefficients might be used‘té draw
inferences about the way in which expectations are formed. In
another respect their interpretation is not so clear. Earlier, twé
types of effects of price changes were described: a "short-run"
effect that influenced the tendencies of fanchers to sell theit
cattle immediately, and a second effect on their expectations about
future pfice levels. Conjectures about which of the wvariables in
the models is playing which of these roles are highly speculative.

It is apparent that in each of the models, the beef to corn price
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ratio variables contain some information not included in the other
price variables. ;t seems quite plausible that this price ratio
variable (and its movements) might be serving as an indicator of fﬁe
current and future profitability of the cattle feedlot business from
which tﬁe demand for Montana feeders is derived. Ranchers may be
using this information to form their pficé expectations for several
&ears in the future.1 That is, if feedlot operations have been
getting more and more profitable in recent years, fanéhers might
expect favorable prices to prevail for sometime into the future.
Trends in the other price variables might Be intérpreted as providing
information about short term future price movements. The effécts of
movements in the most recent values of these variables may contain
the influences that make ranchers want to sell tﬁeir stock immediately
in response to high prices. Once again, this discussioﬁ about the

distinction between the roles played by the price variables has not

The question might be raised as to whether ranchers actually keep
track of the relationship between the price of corn and the prices of
slaughter cattle and use this information to form future expectations.
It seems likely that many ranchers are not aware of these specific
relationships. An alternative explanation of the role of this vari-~
able is that it is acting as an indication of activity by buyers for
feedlots. That is, when feedlot operations become profitable (this
should generally be indicated by an increase in the beef to corn price
ratio), the purchasers for these feedlots should become more active.
Ranchers may be using this information on buyer activity (rather than
direct observation of the relationship between beef and corn prices)
to form their future expectations.
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- been verified by any empirical evidence and are thus only speculation.
(It is not clear how these conjectures might be tested empirically.)
In all three af the final models presented, the estimated
structures on thé error terms were second order autoregressive
processes of the form

(L) up = vy T oty t ey
where £¢ is assumed to have the classical properties. 1In all of the
models, the algebraic signs on the éstimates of ¢l and ¢2 were
negative. To determine what these estimated struétures might imply
about the dynamics of the error components of the models, the auto-
correlation functions were estimated and.rough plots of the implied
correlograms were sketched.2 These showed that the "adjustment
process’ to a nonzero error term im a given year was cyclical in
nafure. For example, a large positive error term in a given year
implied that the error terms in the following two years would be
negative. TFor all of the models, the implied dynamic systems were
stable. A possible intuitive interpretétion of the meaning of these
estimated error structures might be the following,

Suppose that in a given year, ranchers cull their older cows at

an exceptionally low rate. This might occur because utility cow

2For a discussion of these concepts see Nelson (1973, Chapter 3).
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prices are exceptionally low, or because range conditions are very
good at the start of the winter, or\beqause ranchers believe the
forthcoming winter will be unusually mild. Cattle numbers in this
year will be larger than predicted by the model, implying‘a positive
error term. In the following year or two, ranchers will'be left
with disproportionately high ratios of older cows. To adjust for
this, they will cull at unusually high rates. Actual cattle numbers
will therefore be lower than predicted by the model, i.e.‘negative
error terms will be observed. Convergely, excebtionally high rates
of culling in a given year (negative errof terms) lead fo unusually
low numbers of older cattle in later years, implying low rates of
culling (positive error terms) in those years.

An alternative explanation of these ﬁatterns in the residuals
(which does not necessarily contradict the preceeding one) might be
based on either habit or caﬁacity constraints ﬁaqed by ranchers.
Suppose that, in a given year, thg infl;ence of some variable not
included in our models leads ranchers to keep unusually large numbers
of heifers to expand their breeding herds. In this case, the models
underpredict and positive error terms are observed. In the following
year or two ranchers look at their herds and decide they are too
large, possibly because of capacity cénstraints (e;g. there isn't

enough pasture land for the unusually large herds) or because they’
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decide they have attempted to expand their herds at faster than
"optimal" rates (the optimal rate of expansion may be consistent
with a certain age distribution éf the herd which has been violated
by keeping such large nﬁmbers of replacement heifers). Thus, herds
are cut back and the models overpredict, i.e. negative error terms
are observed. These interpretations of the meanings of the error
structures are highly speculative and it seems as thqugh it would be
extremel? difficult to develop empirical tests of their validity;
The attempts to develop models for estimating Montana cattle
numbers seem to have been quite successful. The final models
explain very high proportions of the variations in herd sizes over
time and the variables in the empirical models-are consistent with
those in the theoretical model. 1In addition the models are not

particularly sensitive to the specification of the sample period and

they predict well beyond the end of the sample. The models indicate

1

that ranchers' decisions regarding herd sizes are ‘strongly influenced

by the prices they have received for their cattle and by the availa-
bility of feed in recent periods.‘ They also imply that rigidities

in the cattle production process (as indicated by recent levels of
cattle numbers)vplay a strong role in determining herd sizes. All

of tﬁe models imply cyclical patterns of adjustment in cattle numbers.

Tests indicated that these cyclical reactions were a very important
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component of the system. From a strictly empirical point of view,
these cyclical patterns have probably been imposed on the models by
the historically cyclical movements in herd sizes and cattle prices:
Contemplation of different characteristics of the industry and the
nature of the economic decision making process indicate that these
cycles are probably largely attributable té slow adjustments in
expectations and various biological constraints in the cattle produc-
tion process..

It is hoped that the estimation of these models using state-
level data will provide useful information and insights for the
estimation of similar national models. If attempts to estimate
national models are even close to being as successful as the attempts
on the state level, then they shou}d provide a significant improvment
over previous work in this area. Improved inventory equations
should lead to improved estimates and predictions of quantities that
depend on estimates of cattle numbers (e.g. slaughter and hence
retail meat supplies).

One important characteristic of the models estimated in this
thesis was that the results were markedly bettef when the model was
estimated as a ﬁonstochastic difference equation than when it was
estimated in its stochastic form. Although a number of different

interpretations of the role of these lagged values of the dependent
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variable are possible, one of the most plausible is that they are’
acting as measures of the aggregate rigidties and inflexibilities in
the cattle production process. Advantages of specifying the model

as a nonstochastic difference equation (in addition to the fact that

it explains a considerably larger proportion of the wvariation in the -

dependent variable) include the assurance of consistency of the
parameter estimates, and the clear delineation between the random
and systematic components of the system that results with this
specification.

One caveat concerning potential limitations in the usefulness
of this model shoﬁld be mentioned. The entire structure of the
cattle industry and of the models estimated in this project depends
heavily on the nature of the fluctuations in the relevant price
variables. Over the past thirty years these ‘fluctuations ha&e beeﬁ
distinctly cyclical. Thus, the models in this paper might be
expected to explain and predict well.undér conditions in which these
cyclical variations continue. Tf these cyclical movements ceased
(say, for example, because prices were officially frozen), it is
unlikely that the models would be as useful for predicting futui:eI
céttle numbers. The problem in such a situation is analogous to the
problem of predictiqg the level of a dependent variable when values

of the independent variables fall outside of the range used for
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constucting the model. 1In that case the precision of the fOreéqsgs'“u

is expected to be poor. If cyclical price fluctuations cease, a
"second~order" version of this prediction problem will be encoun-
tered. The models will be forced to try to predict values of.the
dependent variables using independent variables that fol;ow a path
different from any path followed by those vafiables during the
period used to constfuct the model. The rgshlting predictions would

be expected to be imprecise.
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The purpose of this appendix is to describe the data used in the
development of tﬁe mo&els presgnted in the body of this-thesis. In
ﬁarticular; this éppendix includes the fqllowing,

-concise definitions of the variables -used and the
sources from which the series were obtained.

—-discussions of problems that were encountered in
constructing the different data series and des-
criptions of the methods used to circumvent these
problems. :

-the data series actually used to estimate our
~empirical models. . ‘

-statistics on the trahsformed_vafiablés that
entered into the final models.

—-graphs of the time paths of the variables
that entered into-the final models.

Construction of the Data -Series

Total Caftle Numbers

This variable is a measure of the total number of cattle and -
"calves (both beef.and dairy) in the state at the Beginning of each

year. The source of this data was Montana Agricultural Statistics a

"publication of the-MSntana Départment‘of Agriculture éna the Monfana
Croptand Livéstock Reporting Sérvice. No pfoblems were encountered in
coﬁstructiqg this data. series, Recent values fo; this variable (and
severai of_the §ther variables) were bbtaihed direqtly from Fﬁe ﬁontana

Crop and Livestock Réporting Service.
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Bréeding Herds

The breeding herd variable included all cows (two years and
older) and heifers (one 'to two years oid) that were not counted as

milk animals. A problem was encountered in constructing this series

since the categories (as reported in the Montana Agricultural Statis-

tics) into which the animals were divided were changed in 1970. After

1970, our data series was obtained by finding the sum of beef cows,
beef cow replacements, and "other" heifers 500 pounds and over. It
was difficult to tell how much effect this change in the definition of
the variables had on the models. To tést for the effects of this
change, a dumm§ variable was included in some early specifications of
the model (this variable was assigned the value of "1" for all years
after 1970), but it did not enter with any significance. An aiterna—.
tive way of testing for the influence of the change in the definition
of this variable'is to use the Chow test to compare the estiméted
models from the sample periods 1949-1970 and 1949-1971. As reported

in the body of this paper, this test indicated that these periods came

‘from the same underlying population, i.e., the change in the definition

of this wvariable did not appear to make a significant difference.

Hay Production

This variable is the total annual production of all types of hay

(in toms) in the state. It includes both irrigated and non-irrigated

«
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hay production. The source of this data series was the Montana Agri-

cultural Statistics and revised estimates for the last five or six

years were obtained directly from the Montana Crop and Livestock
Reporting Service. WNo problems were encountered in constructing'this

data series.

Annual Feeder Steer Prices

This data series reports the prices of feeder steers in Kansas
City. These prices are averages of all weights and grades shipped.
The average annual prices were calculated using a simple average of

the monthly prices. This data was obtained from the Livestock-and

Meat Statistics, a publication of Department of Agriculture. No

problems were encountered in constructing this data series.

Montana Calf Priceés

This variable is a measure of the average prices received by
Montana ranchers for their calves in the months of Octobef, November
and Decembef. These months were used because, on the average, about
847% of all the calves marketed out of state were sold during,tﬁese
months. The weight assigned to eagh month was the proportion of the
total number of calves sold during these three months thét was sold in
the month.in question (for example, if 1 million calves were spld in

October through December of a given year, and 300,000 of those were
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‘sold during October, then the weight assigned to October fbr'that‘yeaf
‘would be .30). A problem was epcountérea in constructing this data
series. There were only thirteen years (1958<1970) in ﬁhich‘the data

on out-of-state cattle shipmeﬁts were reported in the Montana Agri-

cultural Statistics. For these years, the monthly weights wére calcu- i

lated from the reported'figures, but it was necessary to estimate the

monthly weights for the remaining years in the sample. Using the data -

that was available'oﬁ oﬂt#of-étate'shipments, it was found that‘there
was no significant t?end in the proportion of cattle that was solé'
during thése three months. Using this result, it séemed reasonable to
‘use the average ﬁroportioﬁ‘dﬁringlthétthirteen years on thch there
was data as a weight for the remaining years. For example, the avérage
proportion of the total number of calves sold (during the moﬁths'of

. October thfough Decembér) in November during the years 1958—1970 Wasf
.413. This number was usgd asvthg weight oﬁ the Nbvember'price fof

the other years in the sample.

Beef to Corn Price Ratio
This variable is a measure of the ratio -of the price of choice
beef. steers to the'price'oﬁ #2 yelloﬁ corn. :The'cornvérices used were

October thru September weighted-averages of the price of a bushel of

corn at Omaha. Priceé through 1970 were obtained from Agricultural

b
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Statistics while more recent prices were obtained from Feed Situation.

The only problem encountered iﬁ constructing this series was that the
price series changed from #3 corn prices to #2 prices afound 1950.
This did not really.preéent a problem though; éince for the fivé
years that -the two series overlapped, the prices‘df the two types of :

corn were identical. Thus, the actual prices of #3 corn prior to

1950 were used, i.e., no adjustments were made in that series. Since

fhe months used to calculate these average corn priceé‘did not coinéide-
with the.calen&;r year, a decision on thch calehdag yea?'tq'éssign
them,- had to be made. It was decided to consider tﬁé cofn'§¥ice
average from OctoBer of year t-l1 to Septembef of yeéf t to Bé the
average price of corn in?&ea? t. For exaﬁple,‘the aﬁerage:price of
corn from October of 1949 to September of 1950 was assigned to'-the
calendar year of 1950. . -

The beef price uSed;in céﬁstrdcting the aapa series for this
variaﬁle was the average wholeéaie price of'ﬁeef steérs at Oméha

("choice"'graae). For fhe yeérs between 1950 and 1974, the price

data was obtained from Agricultural Statistics. For the most recent

years, the data was obtained from the Commodity Year Boék and Livestock

and Meat Statistics. A small problem was encountered in constructing

this series since the prices were not reported before 1950. .The

problem was "small" because the data series used 'in the final model -
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'dﬁl& used data from 194941979; ‘A price series similar‘£§ the Omaha
series existed for Chicago Stéer éribéé (this serieé was not used
because it éeaséd'in 1969). Data for the Chicago ;erieé was available
prior fo 1950. Tﬁus, to geﬁérate eafi§ estimates for the dmaha
series, a'regrgssion equatioﬁ between the Omaha and Chicaéé series
was estimaged'and then the Chicaéo prices weré used to:obtaih fhe

estimated Omaha priées. ., '-: L

Price Index .

The price index used to deflate fhe‘price variableé inlbur
modéls was an index of prices paid by farmers’for pommoai#iés, se;vices;
interest, taxes and wage ratésﬁ fhis data series was obféiqed-eiphéri

" from Agricultural Prices ot directly from the Economics, Statistics

and Cooperatives Service, a branch of the U.S. Department of Agricul-
ture. No problems were-endountered in constructing this series.
The remainder of this appendix consists of tables and figurés

displaying the-data used to estimate our models.




Year Tot

TABLE A-1

DATA ON VARIABLES USED IN FINAL MODELS

Sreeding Heras

1945
1946

Hay Proguction

2,581,000
195,000

Cholce Beef
Steer Prices

frice of Corn

16.15

NP AR b
Ure3vEn

o

1.
1

1.
1

i
1.80
2.7
3.

2.

2

2

2

MO B
=@

=
>
.

.
Data was not avalliacis

at the time the final r
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TABLE A-2

STATISTICS ON TRANSFORMED VARIABLES IN THE FINAL MODELS*

STANDARD

39.79

RANGE
VARIABLE HIGH LOW MEAN. DEVIATION
Total Cattle
Numbers -3,380,000 1,726,000 2,605,700 463,900
Breeding Herds 2,209,000 963,000 1,578,000 360,650
Hay Production 4,576,000 2,151,000 3,387,500 626,280
Beef to Corn ’ . .
Price Ratio 29.130 14.626 20.453 4.0614
' Montana .Calf _
Prices 41.26 16.63 28.12 6.75
Kansas City
Feeder Prices 18.57 26.18 4,84

% .
Price variables have been deflated.
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Beeft to Corn
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APPENDIX B .

‘Estimated Distributed Lag Patterns
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This‘appendix contéiqs plots of the estimated dis;ributed iag
.patterns on the exélanatory vériablgslin'the final'models.. The
nqmﬁers oﬁ_the hofizonfai-axis; when mulitplied by ten,:represenp:
the number of yeafs that have passed since the occurrenée of an
éxogendus qﬁanée in the level -of thé'peleéant ihdepeﬁdent yariab;e.

* For example, VAL indiéatés~20 years, “4" &ndicéﬁeé 40 ;ééré,'and 50
forth. |

These 1aé pafterns can be interpretéd as Phdrmaiizedﬁ-lag-
patterns, iﬁ fhe'sense thét-ﬁhe partial effects of the changés in
the Variabies iﬁ‘each yéaﬁ-have been diyidea by tﬁé total effect
(the summation of all the bartial éffects over anm infinite period)
of a chahge'in that v;riable on‘tHe depehdént vafiable. For example,
_suppose the:parpial effect in'year 10 of . a SI change;in calf prices
(in year 0) is‘7Q héad,of cattle and that the total effect.on herd
sizes of this éhange in calf prices is IAQOVhead. jThgn'the'aeight
of the normalized lag.distribution iﬁlyeqr 10 would-gé 1%865# .05
(to fead the gfaphs in thislway, the numbers on the verticai axes
must beé multiplied by .1). TIf the lag pattern in a givéﬁ modei.is
,restricted.to ndnﬁegative values;, then thé hormalized lag distribution
can be interpréted’in a manner analogous tp a probability denéify
function in étatistiéallanalysis. This'is a usefuliway of.obtaiﬁing

an intuitive interpretation of .the graphs.in this appendix (keeping.

B
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in mind that the~analogy is not.cdmplete vhen the lag patﬁern is

allowed to assume negative values, since probabilities are nomnega-

tive).




FIGURE B-1. ESTIMATED DISTRIBUTED LAG PATTERN ON HAY PRODUCTION:
MODEL BM -
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FIGURE B-2. ESTIMATED DISTRIBUTED LAG PATTERN ON BEEF TO CORN PRICE

RATIO: MODEL BM
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FIGURE B-3. ESTIMATED DISTRIBUTED LAG PATTERN ON MONTANA CALF PRICES:
MODEL BM
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ESTIMATED DISTRIBUTED LAG PATTERN ON HAY PRODUCTION:
MODEL BA .
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FIGURE B-5. ESTIMATED DISTRIBUTED LAG PATTERN ON BEEF TO CORN PRICE
RATIO: MODEL BA
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FIGURE B-6. ESTIMATED DISTRIBUTED LAG PATTERN ON KANSAS CITY FEEDER
PRICE: MODEL BA :




FIGURE B-7. ESTIMATED DISTRIBUTED LAG PATTERN ON HAY PRODUCTION:
MODEL TM .
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FIGURE B-8. ESTIMATED DISTRIBUTED LAG PATTERN ON BEEF TO CORN PRICE
RATIO: MODEL TM
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ESTIMATED DISTRIBUTED LAG PATTERN ON MONTANA CALF PRICES:

FIGURE B-9.
MODEL TM
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FIGURE B-10. ESTIMATED DISTRIBUTED LAG PATTERN ON HAY PRODUCTION:
MODEL TA
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FIGURE B-11l. ESTIMATED DISTRIBUTED LAG PATTERN ON BEEF TO CORN
PRICE RATIO: MODEL TA
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FIGURE B-12. ESTIMATED DISTRIBUTED LAG PATTERN ON KANSAS CITY
FEEDER PRICES: MODEL TA :
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