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ABSTRALT

Wheat, flour, and bread prices fluciuate af all levals of the
market. Accurate forecasts of these prices are valuable to buyers and
sgllers that trade in the c¢ash and futures markets, Rational
distributed lag models of monthiy prices from June 1977 to May 1984 for
Kansas City Mo. 1 Hard Red Winter Wheat, Minneapolis Dark Northern
Ypring Wheat, Portland No. 1 Soft White Wheat, Kansas City flour, and
retail bread prices are made to evaluate the economic or structural

factors influencing price. Muitivariate autoregressive-integrated-
moving average error {ARIMA) models are also used to compare with the
structural models price foracasting ability, Rational Jlags ara

gstimated using a nontinear least squares algorithm, incorporating the
specification of nonstochastic difference eguations so  that the
disturbance process 1s divorced from the systematic portion of the
difference equations,

Certsin economic factors are found to be significant in influsncing
the prices of wheat, flour, and bread. Partial derivatives and price
flexibilities are calculated to estimate the short, intermediate, and
tong-run  adjustments of prices in the structural models. In the
structural models total wheat stocks are the most influential vartable
in determining wheat prices and the price of wheat was most influential

in the flour price squation, Flour price is highly significant in
influencing retail ©bread price, with the secular effects of incoms
increasing over time, The price forecasting abilities of the

structural and ARIMA are found to be relatively close when camparing
the Roat Mean Square Errors and the adjusted cogfficients of
determination.



CHAPTER 1§
INTRODUCTION

United States wheat production and marketing is highiy integrated
with the international grain market. Currently the U.S5. share of world
wheat production is ebout 14 percent and its share of world wheat
exports is about 43 percent., 1In general, U.5. wheat is used for food,
feed, and seed, as well as exports, with changes in stocks accounting
for the net disappearance. For the marketing years of Junes 1977 to May
1984, about 61 percent of U.5. wheat disappearance was sexportead; about
24 percent was used for human consumption; about 4.5 percent was used
for sesed; and abodut 7 percent was used for livestock and poultry
feeding. However, there has been a relatively rapid increase in wheat
fad during thé last two ysars of that pariud.1

The process in which wheat moves into human consumption involves
the wheat first belng stored (public and private storage), processing
into flour, and then further processsed into an edible retail product.
Usually these retail products fall into the general catesgories of
cereal products and bakery products. Considering these marketing stages

of wheat, the final demand for the end product (i.e. cereal and bread)

consists of the demand for the farm based component (wheat) plus the

1 U.%, Dapartmsnt of Agriculture, Economic Research Service, Wheat
Gutlook and Situation, Statistical Bulletins WS-247-273, Washington
D.C. Govermment Printing Office. 1981-1983,
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demand for the services component (i.e. storage, processing and
distribution).

The market structure of the U.5. wheat industry at the production
and initial marketing levels illustrates an example of a competitive
market. Specifically, there are numerous local elevators buying wheat
from many producers, with the farmers being a price taker since weach
individual demand is infinittely elastic., Local elevators ars composed
of many farmer owned cooparatives that handle most of the trade to the
terminal elevators, The terminal elavators, which do most of the
salling to foreign buyers, are relatively few in number so that the
concentration ratio increases from the farm level to the terminal

lavel.

Statement of the Problem

The complexity of the U.S., wheat market makes it difficult to
predict certain variables in wheat production and marketing. This is a
particutar problem in predicting wheat prices since they are subject to
economic, technical, 1institutional, and random factors in the market.
However, if some of the important variables that influence price can bs
identified and used to form an efficient price forecasting model,
buyars and sellers in tha market would be able to predict price changes
that could improve upon marketing stratagies. Modeils of annual wheat
prices are more common than either quarterly or monthly models, but the
annual models are more useful for yearly production decisions than for
marketing a curreni ysar’s crop. Short term changes in wheat prices

have morse of an influence on producer marketing decisions. They «also
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nhave important implications for the flour and bread markets,

Previous studies dealing with the wheat, flour, and bread marksts
dealt more with time series analysis and have not considered the
interrelationship of thesse markats in a structdra? framework. A study
that provides estimates of structural parameters and response
coefficiants may be more useful in understanding the relationship of
the wheat and processing markets, by measuring impacis of exogenous

shocks to the wheat and wheat products industries,

Opjactives

Three major objectives are addressed in this research. The first
objective is to develop a monthly econometric model basaed on
distributed lags for terﬁinai wheat prices, flour price, and retail
bread price. The terminal wheat prices include Kansas City Hard Red
wWinter (HRQ), Minneapolis Dark Northern Spring (DNS), and Portland Soft
wWhite Wheat (5WW). Flour price is & Kansas ity quotation and brsad
price is a U.,S. average, The second objective is to analyze the
dynamic interrelationships of these markets by calculating short,
intermediate, and long term price flexibilities, and to interpret their
meanings. The third objlective is to estimaté an ailternative
multivariate ARIMA model for each price series, and to compare their

predictive performances with those of the structural model.
Procedures

The structural parameters for the first objective are estimated

using a nontinear - least squares algorithm which incorporates
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nonstochastic difference equations and a Joint autorsgressive/moving
average arror structure., The specification of the variables in the
dynamic model is based on prior knowledge of the industry and sconomic
theory, The short, intermediate, and long term price flexibilities ars
based on the distributed lags of the structural equations, and are
estimated by a mathematical algorithm using a recursion formula. The
ARIMA models are estimated by the Box-Jenkins integrated methnod,
accounting for trend and seasonality. Finally, the relative predictive
parformances .of the structural and ARIMA models are avaluated via
calculated Root Mean Square.Errors of forecast (RMSE). Predictions ars

period by period for & sampie of tweive months,

Literature Review

Ho previous work, known to the author, has estimated a monthly
dynamic modal that interlinks the wheat, flour, and bread markets.
Most of the work completed in this area involves using structural and
time series methods to forecast farm wheat pricgs in either annual or
guarterly periods.

A Kansas study conducted by Kahlon {1861} primartiy investigated
the competitive and complementary nature of the different classes of
whéat by comparing their respective price and consumption ratios.
Least-square regression lines were fitted to log price ratios of whseat
{the dependent wvariable) and log consumption ratios (the indepsndent
variable} for the interwar period {(192%9-1938) and the postwsr period
(1946-1957). Kahlon concluded that hard winter and spring wheats ware

substitutes for each other and that all wheat price movemenis were
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positively correlated, However, his results showed that the soft and
hard wheats were not statistically significant as being competitive
products..

Wang (1962) esiimated structural parameters for price functions of
various classes of wheat in the U,5.. An annual model Incorporating
data from 1929-1957 was hypothesized and the regression coasfficients
were estimated by ordinary least squares. Domestic wheat price was
gstimated as a funciion of the adjusted supplies of sach class of wheat
and per capita disposable Yncome. Results showed that at least 89
percent of the variation in domsstic wheat prices could be explained by
these wvariables, with the adjusted supply of wheat being the more
significant variable,

Vannerson (1969) estimated monthly U.5, wheat prices using postwar
data and an annual wheat price model. Paramsters estimated in the
annual model wers 1ncqrp0rated in the monthly model, The monthly model
included the effects of government support price and loan programs,
stocks of wheat remaining in commercial holdings, exports of wheat, and
domestic food and feed consumption. The monthly model was determined to
be wuseful for inventory control of wheat stocks, although some
autocorrelation was felt to be present in the error structurs,

A study by Barr (1%73) estimated annual average farm price of wheat
from 1964-1972 by wusing & ratio of normal food use to total ending
stocks on July 1, The ratio of food use to stocks was specified to the
fifth power so that a curvilinear relationship betwsen the two
vartables existed. The results showed that average wheat price rose

sharply when total ending stocks were less than 600 million bushals.
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Arzac (1979) westimated an annual structural model of U.S5, wheat
supply with data from 1947-1675, The purpose was to evaluates a
stabilization policy for the U.S§. gratn market. The endogenous
vartables included in the modsl were domestic consumption, commercial
inventories, domestic supply, and the market price of wheat. Exports,
government stocks, support prices, diversion rates, disposable income,
weather, and a time trend were treated as exogenous variables, The
most infiuential variables were the market and support prices of whseat,
an index of weather conditions, and trend in the domestic supply of
wheat .

- A study by Westcott, Hull, and Green (1984) sstimated an aggregate
U,5, wheat price model by using three classes of wheat stocks, lagged
wheat price, and quarteriy binary seasonal variabies. The following
three wheat stocks were considered: (1) total whest stocks (all private
and government wheat in storage); (2) total stocks 1less Commodity
Credit Corporation (LCC) wheat in storage less farmer owned ressrve
(FOR) in storage (SFONE); and (3) SFONE less CLC wheat on loan {S§FTW0).
Hyperboiic curves retltating quarterly wheat prices to stocks-to-use
ratio wvariables, for & given lagged price, were constructed for the
years 1971-1981 and then were used to predict prices for 1982~-1983.
The mean absolute error of prediction for total stocks, SFONE, and
SFTWO for 1982-1983 was .278, .261, and .246 respectively. The results
indicated that the less aggregated wheat stocks (SFONE and SFTWO),
compared to totai wheat stocks, were slightiy better at predicting the

turning points in wheat prices.



CHAPTER 2
MODEL DEVELOPMENT

This chapter presents the theoretical and practical framework for
modeling the wheat, flour, and bread price model eguations. The
framework 1is essentially twofold; describing the nature of the
interretationships betweén the mdfket levels and the specificatton and
justification of the individual variables at @ach lavel of the market.

It is hypothesized that the monthly price interrelationships
between the U.S. wheat, flour, and bread markets are of a recursive
nature, That is, whegt prices at the terminal markets are aestablished
by economic forces specific to that level and then feed forward into
the flour and bread markets. The flour and bread market prices are
further determined by economic variables spacific to thelir industries.
Such a framework is hypothesized since, on such a short-term basis, the
concentration of weconomic power at the terminal markets and the
importance of the international market may reduce the effect of the
domestic flour and bread trades on wheat prices. However, i1f the time
period were expanded to quarterly or annual gbservations, more feedback
would be expected from the flour and bread markets, repressnting more
of a jointly dependent relationship among prices.

Since the model is formulated on a monthly basis, the wvariables
that determine wheat, flour, and bread prices ars spécifted with

distributed lags. Such dynamics indicate that a change in  an
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acanomic variable spreads its effect (on price) over seaveral monthly
periods ({(discussion in Chapter 3). This sesms reasonable since there
may be delayed adjustments 1in the markets due to formation of

expactations, and institutional and technical constraints,

Terminal Wheat Markets

The first price level considered is the tsrminal wheat market.
Terminal wheat prices are defined for Kansas City, Hard Red Winter;
Minneapolis, Dark Northern Spring; and Portland, Soft White Winter and
Spring. Fach wheat price equation is treated as a reduced form
relation, and all prices together are considered a set of jointly
determined random variables,. Consequently, each squation has a common
sat of indspendant variables since it is believed that the different
wheats are relatively good substitutes with the present milling
technology. However, it is not hypothesized that the magnitude of each
independent variable will be the same in sach wheat markst.

In general, each class of wheat is considered to be a funciion of
sgasonality, wheat exports, feedgrain exports, wheat stociks, and
astimated wheat production. Specifically, the sequation for the
terminal market price of the rth class of wheat is:

PWHpy = fy [D,0EXFGy 5, QEXWHy_; Ky 5, PRODg ¢ E(PHHL )¢y epgd (1)

r=1,2,3, 3=0,1,...,k i=1,2,...,p k<p
where
pWHl = Price of No. 1 Kansas City Hard Red Winter Wheat {($/bu.).
PWH, = Price of Minneapolis Dark Northern Spring Wheat (¢$/bu. ).

it

PiH, Price of Mo. 1| Portland S5oft White Wheat ($/bu.).
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K = Beginning stocks of government and private wheat storags,
{all classes of wheat (million bushals)).!

QEXFG = Quantity of U.S5. feed grain exports, ({(corn, sorghum,
gats, and barley (mil. metric tons)).
QEXWH = Quantity of U.S., wheat exports (all ctasses of wheat
{thousand bushels)}.
PROD = United States Department of Agriculture (U.S5.D.A.)} monthly

projected harvest (crop year from March to August
{(mil. metric tons)).

D = Seasonal binary variebles specific to e#leven months with
the manth of January omitted,

E = Expectation operator. Refers to the lagged expectation of
the rth wheat price.

¢ = Random disturbance term with mean zero, constant variance,
and serial indspendence.

All prices are deflated by the Consumer Price Index (1967 = 100).
The sample period for the variables is based on manthly time series
data from June of 1977 through May of 1984, The reduced form model is
specified as a set of difference equations (with the justification of
the lagged expectation of the dependent variables given in Chapter 33}.
bifferance equations are specified since, in small samples, all the
necessary information to explain wheat prices cannot be contained in
the specified set of independent variables.

Over the sample period, whsat exports averaged about 44 percent of
the total disappearance of U.S, wheat supplies, Consaquently,
inclusion of this vartabie in the structural equations is ¢rucial., The

guantity of wheat expoarted each month reflects factors such @ as

1 ¢ince only guarteriy stock figures are published by thse U,5.D.A,,
the remaining months were lingarty interpolated from the quarteriy
figures, ‘
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international relations, exchange rates, ocean freight rates, tariffs,
and general foreign affairs. Since some of these variables are
difficult +to quantify, 1f not impossible, the gxport variable itself
would tend to proxy the sum of these effects.

Monthly exports of feedgrains ware also included as an indirsct
measure of the substiiution retlationship between wheat and feedgrains.
Generalily, corn is the key componsent in the fesdgrain market with other
feedgrains reacting to economic changes in the corn market. Usually
consumption of corn, barley, and sorghum in livestock feeding exceeds
that of wheat. Nevertheless, in periods when feedgrain prices increase
relative to wheat prices, utilization of whaat as feaed Iincreaseses,
Thus, changes in feedarain exports would be exXpected to influence the
leval of wheat price.

Wheat stocks are assumed to have a strong influence on whesat prices
since they measure the net balance that occurs between production and
disappearance. Thus, for example, {f wheat stocks are building up
because of an increase in production and/or a decreass in whea{ wuse,
egconomic logic impliss that wheat prices would reflect these changes.

After completion of & wheat harvest for a given crop vear, the
gxpectation of next year's crop production 1is important. Praoducsr
expectations play an important role hare since anticipated changes 1in
future wheat production will have an impact on current wheat prices.
For example, if next season’s crop production is projected to increase,
less grain will probably be stored and more marketed. The production
figures used are a forecaest of total U.S. wheat production from the

beginning of March until the harvest has been completed. After
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completion of harvest, the U.S5.D.A, f{figures are sstimatess of actual
U.5. wheat production. Such .projections wusually reflect weather
conditions as well as government farm programs which are implemented or
will be enacted.

The Dbinary variabies are specified to account for monthly seasonail
patterns 1in wheat prices over the course of a crop vyear. At timas,
segasonal variablas may capture other factors in the mods)l, thus,
casting doubt on their meaning and interpretation. However, this is
usually an inherent risk with seasonal time series data (Sims 1974),
making the binary method lsgitimate for the purposes of this study.
The expected signs or the partial derivatives in equation (1) 1indicate

the a priori relationships among the vartables. They are given as:

8 PWH. . g 8 PWH, . g  (2)
8 QEXFG a K

8 PHH. . g BPWH. <o (3)
8 QEXWH a PROD

Ceteris paribus, an increass {(decrease) in the gquantity demanded of

a commodity decreases (increases) its price. If tha quantity dgmandéd
of a substitute increases (decrsases), the price of the substitute
decreases (increases}) and conssquently reduces {(increases) own price
through the demand response process. Tharefore it is hypothesized that
manthly changes in  export quantities of wheat and feedgrains will
display a negative relationship with wheat prices. Stocks and the

production of wheat represent supply variables, thus, it s expected
that changss in their leveils would demonstrate a nagative correlation

with wheat prices.
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kansas City Flour Market

Iin the monthly model, the price of wheat Interacts with the flour
market and is thus one of the factors responsible for determining flour
price. It is recognized that consumer demand represents primary demand
at the retaii level, with the demand for flour and whsat being derived
demands (Tomek and Robinson 1972}, Howsver, in this study 1t 1is
hypothesized that one month i1s not a sufficient time period for changes
in the flour market to significantly impact terminal prices, but rather
the reverse occurs, in addition, other economic variabies specific to
the flour m#rkat ievel are important, The following equation spacifies
the determinants of Kansas City flour price:

PRCFy = f2[D,PWH1t,j,DINCtMJ,QFLMtMJ,Wt,j,E(PKCF)t_i,at] (4)

j=0,1,...,k 1=1,2,...,p k<p
wheare

PKCF = Price of Kansas City Flour ($/cwt.).

PWH = Price of No. 1 Kansas City Hard Red Winter Wheat ($/bu,).

BISP = Disposable income per capita ($/thousand people).

QFLM = Quantity of flour milled per capita (mil. cwt/thousand
people).

W = Wage index of flour mill workers (1967 = 100)

D = Seasonal binary varfables specific to eleven months with the month of
January omitted.

£ = Expectation operator. Refers to the lagged expectation of
flour price.

€ = Random disturbance term with mean zero, constant variance,
and serial independence.

All price and income variables are deflated by the CPI (1967=100},
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The contemporaneous price of K.C, HRW enters the flour dguation
recursively as an @xogenous vafiable hecause it is believed that vn a
monthly basis, the world wheat market is the primary influence on K.C.
wheat (rather than the K.C, wheat price jaint]y‘determined with the
K.C., flour pricej.

The expected signs of the partial derivatives in equation (4) are

givan as:
8 PKCF o 3 PKCF . g (59
a PWH, & QFLM '
3 PKCF . g 2 PRCF o g (6)
8 DINC 8 W

Flour is made with wheat as the major raw materiesl resource, Bread
and related products made from flour are a relatively small portion of
consumer expenditures, therefore the consumption of these products is
fairly constant énd rot highly price responsive. The mililing industry
is a fairly competitive industry so that we would expect the profits in
the industry to be vyielding a normal rate of return. With these
concepts in mind, it appears logical that the price of flour wk}l be
highiy influenced by the price ¢f wheat rather than the price of bread
{in a monthiy time framework}. Such reasoning implies that an increase
(decrease) in the price of K.C. HRW wheat would resuit in an increase
(decrease) in the price of K.C. flour,

Fer capita quantity of fiour milled would be expected to dispiay a
negative relationship with the price of K.C. flour. That is, ceteris
paribus, additional suppliies of flour would only be sold to domestic
market users at lower prices. The partial derivative of flour price

with respect to intome is expected to be positive, howaver, not of
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great magnitude, The positive sign is consistent with theoretical
reasoning that flour (and particulariy its end products) are normai
goods .

The flour mi}l) wage is used as a proxy for the processing margin in
fiour production. Such marketing costs affect the derived demand for
the raw product, For example, 1if there were an increase in the flour
mill wage the result would be a decrease in the derived demand on wheat
prices, The extent of its reduction would depand upon the relative

elasticities of supply and demand for wheat {Tomek and Robinson 1872),

Retail Bread Market

The specification of the retail price of bread is based on similar
logic wused in modeling the flour market. The retail bread oprice

equation is given as:

PBRy = fSED,PKCFt_j,DINCt_j,PPOTt_j,E(PBR)twi,et} (7)
whers
PBR = Retail price of bread {(cants/ib.).
PKCF = Price of K.C. flour ($/cwt.).
DINC = Disposable income per capita ($/thousand peoaple).
PPOT = Indexed price of potatoes (1967 = 100).

D = Seasonal binary variables specific to eleven months with
the month of January omitted,.

E = Expectation operator, Refers to the lagged expectation
of the price of bread.

e = Random disturbance term with mean zero, constant variance,
and serial independence.
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The expected signs of the partial derivatives in squation (7) are

given as:
o PBR > 0 8 PBR . g (8)
g PKCF g PPOT
g PBR > 0 {9)
3 DINC

All price and income variables are deflated by the <CPI (1967 =
100). Cost statistics indicate that about 13 percent of the final cost

/

of a loaf of bread is due to the price of the flour. !

Consegusntly,
other variables constant, the effect of a change in the price of flour
on the price of bread is expected to be positive. Bread is presumed to
be a normal good as well, so fThat an increase in per capita disposable
income would result in an increase in the demand for bread, henca the
price of bread. However, 1t is hypothesized that the income effsct
would be minimat,

A price 1index of potatoes is included in the bread equation as a
measure for a substitute commodity. The substitution relationship
between bread and potatoss {s not expscted to be vaery .large,
particutarly since the proportion of consumer expenditures allocated
to potatoe purchases is small. However, a positive sign is expected
since an increase in the demand for potatoss would increase the price
of potatoes relative to bread, leading consumers to substitute more

bread in the diet.

tu.s, Department of Agricutture. Economic Research Service. Whaeat
Qutiook and Situation. Statistical Buliletins WS-247-273,
Washington, D.C., Government Printing 0ffice. 1981-1983,
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CHAPTER 3

ECONOMETRIC THEORY

This chapter discussas the stetistical concepts and economeiric
methods used in parameter estimation of the models developad in Chapter
2. Included ars (1) distributed lags, {2) stechastic and nonstochastic
difference equations, (3) regursive systems, and (4) Box-Jenkins
multivariate ARIMA wmodels. Elemeantary aspects of market demand and

supply theory are assumad to be understood.

Distributed Lags

Oftentimes the dependent variables in demand and supply functions
respond to changes in independent variables over several time periods.
For example, the time adjustmant between a change in price and its
effect on quantity may not occur instanteneously due to the nature of
the commodity, imperfect knowledge, habits and technology, and/or time
required to make changes in consumption and production decisions. This
particuiar form of dynamics (i.e. time lags in the adjustment of demand
and suppiy) is the basis of distributed lags. In general, distributed
lag models can be classifisd as elther finite or infinite. The
difference refers to whether & change in an independent wvariable
influences the dependent vartable over a finlte or infinite length of

tima,
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A finite lag model can be specified a&s follows:
Yo = @+ BoRg + ByReey * Bp¥yp * oo BXpey ey OO

where Y 1is the dependent variable, X is an Iindependent (exocgenous)
variable and e, 1is a white noise disturbance tarm. The eqguation
indicates that the order of lag coefficients higher than 8, are assumed
to be zero, so that the independent variable X does not affect Y beyond
k time periods. Examples include the arithmstic lag, inverted VY-lag,
and Almon polynomial lag. Finite distributed tag models are difficult
to statistically estimate because of the problems of defining the
proper end of the adjustment process, degrees of fresdom, and
multicollinearity. Usually, defining the end of the adiustment process
becomes arbitrary, since there s little theoretical basis and/or
precise knowledge of the industry to identify the length of the lag
periocd period. If the order of lag structure is large, degrees of
freedom are lost and multicollinearity between the lagged cosfficients
may rasult in small coefficient astimates relative to their standard
errors (Rucker 1980}.

Three weighted lag structure modeis, the geometric, Pascal, and
Jorgenson's rational lag are common exampies of infinite lags. A
geometric weighted 1lag model with one dependent variable Y and one
independent {exogenous) variable X is specified as:

Yo = @+ BaXe + ByXp g+ BoXyp t ... o€y (11)‘

where €

is white noise and thaisum of the B's is finite, This modsl
cannot be directiy estimated due to an infinite number of paramsters
and multicellinearity betwesen the f's. However, the geometric series

can be estimated via & Royck +transformation (Kmenta 1971), which
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transforms equation (11) into the following three parameter function:

Y = all=A) + BXp +AYi g + € = hep gy (123
The difference equation paramster, i, indicates the time rate of
adjustment of the dependent wvariable Y given a 'change in the
independent variable, X, Thus, higher values of A indicate a slower
rate of adjustment and lower values of A indicate a more rapid rate
of adjustment. Such results are illustrated in figure 1. Nots also that
the errar term is transformed into a first order autocorrelated
DrOCEsS.

Distributed lag models with éecmetricaity deciining weights may not
always be appropriate, It may be more reasonable to expect that
current changes in an independent variable would dispiay morg of a
polynomial weighted effect (i.&. an {nverted V-lag distribution) rather
than a geomeiric decline from the current pariod. Two ways of allowing
for this distribution are by using the Pascal ‘lag and Jorgenson’'s
rational lag. The Pascal lag model is specified as

Yo = BWILIRg + ey - {13)
where L 1% a lag operator, and W(lL) represents a power sertes in the
lag operator L. Specifically,

WILY = wg + wyl + wyl? + wal® + o, (14)
fach weight corresponding to the model is

wi = LO+r=0)1 /2 i0e-131) (=0 =0,1,2,000,  (15)
where 1 is the time period in question, r is some positive integer, and
A is a parameter to be estimated (Kmenta, 1971). For r equal to ons
the Pascal distribution is & geometiric lag distribution. Ffor r greater

than one the result is an inverted V-lag distribution with the peak
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waight occurring at period r~-1, Figure 2 shows the relationship of the
Pascal distribution for different values of r with & given A. In
essence, r determines the order of the difference squation and the
order of correlation in the error term when the latter {s transformed
in sequation (13) {(Kmenta 1971}. Its estimated value determines the
rate of adjustment of the dependent variable, with the restriction that
all roots of the difference equation are real, positive and equal,
Both r and » enter the sstimation process nonlinearly, and gensrally
maximum l1ikelihood procedurss are used to estimate the Pascal lag
(Judge, et al. 1982),

A dess restrictive distributed lag structure that altlows for an
jnverted V-iag is Jorgenson’s (1966) rational lag model. This model is
specified as

Yy = BT(LIAL + ey (16)

with the rational gensrating function

T(L) = A(L)Y/B(L). (imn)
As given by Jorgenson, A(L} = ag + a4l + a2L2 + .. amLm and A{L) =
Bg -~ B4L - 32L2 - i - ﬁnL“, with 89 normalized at a valua of one.

Thus, A(L) is an mih order polynomial lag on the independent variablae,
and A(L) s an nth order polynomial lag on the dependent variable. A(L)
alsa determines the order of the difference equation and correlation of
the error structure. For gxample, multiplying equation (16) through by
the numerator (L} yields;
Yo ¥ By o P Bp¥gop Ta b @l b ¥ Xy
€0 * Brper f oo F By (18)

men



22
The result is an nth order difference equation with an nth order moving
average error process. Jorgenson’s model is less restrictive than the
Pascal ‘lag since the roots may be imaginary, or rsal and unegqual. If
the order of m and n are of sufficient magnitude, Jorgenson showsd that
any arbitrary lag function can be approximated by the rational lag.
This implies that the geometric and the Pascai functions are special
cases of the rattonal lag. Howaver, if not too constraining, the use
of the Pascal or geometric lag may be more suitable in dynamic models

due to the estimation of fewer parameters,

S5tochastic and Nonstochastic Difference Equations

When there is a joint presence of a stochastic difference equation
and an autocorrelated error process, ordinary least squares regression
results in tnconsistent paramster estimates. This inconsistency is due
to statistical correlation betwesn the error structure and the lagged
dependent wvariable(s). One method that can be used to alieviate this
problem is nonstochastic difference equations (Burt, 1980). Following
Burt’s definition, a first order nonstochastic d¢ifference equation can
be written as:

Yo = o & BXg_q v AE(Ygog) + pg (19)
where py = ppy_y + €, B(Yg () = Yyoy = Mgy, and e is a white noise
error term, The mean of the nonstochastic difference equation is
purely exocgenous since the observed lagged dependent wvariable is
replaced by its lagged expected value., That is, the lagged dependent
variable, E(Yt_i) is minus its random component, If the error

structure is wmisspecified in such a model, consistent and unblased
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coefficient estimates are still obtaitnable since the disturbance
process 1s removed from the systematic part of the aquatibn. Further
advantages 1in specifying nonstochastic difference equations are; (1)
the disturbance structure does not have to be correcily estimated as in
the stochastic difference equation; {2) the disturbance structure is
usually simpler because it does not have to be transformed; and (3) a
distinction is made between the exogenous and endogencus components of
the model. The major advantage is that the parameter estimates of any
autocorreiated disturbance are asymptatfca]ly uncorrelated with other
parameters in the model (Burt 1980), Perhaps a minor weakness in using
nonstochastic difference egquations is that ordinary ieast sguares is
not appropriate since the specification of E(Yi_ ) and/or an
autocorrelated error structure yields nonlinearities in the paramsters.
Therefore, for the model developed in this paper, a modified Marquadt
nonlinear Jeast squares algorithm (maximum 1ikelihood under normality)

is used to estimate the parameters.

Hecursive Systems

Oftentimes 1in agriculture, particularly with short time periods,
supply—demand interaction can be described by recursive systems (Wold,
18533, For example, a price determined at one market Jlevel often
determines price at another market levei. A recursive sysiem can be
iliustrated as follows:

= &1 + blxit + @t {20}

»
——
ot

1

= ﬂz + bz)(z.t + Ciplt + Et {21)

o
o
“t

I

th = ag + b3X3t + C2p2t + CaPyy oy (223
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where tne error terms (et, €4 and “t) are assumed to be uncorreilated,
and the error term in each eguation is uncorreiated with its relevant
gxogenous variable, Xg. Thus, a chain causality effect occurs where an
endogeous variable determined in one egquation feeds into the following
equation as an explanatory variabie. 5Such a system is technically
described as having & triangular 8 matrix and diagonal error covariance
matrix (Johnston 1972). As explained in Chapter 2, this structurs is
hypothesized in the wheat, flour, and bread markets. Terminat wheat
price is determined by certain exogenous and predetermined wvariables,.
Wheat priﬁe then feeds into the flour price eguation, and the fiour

price, in turn, feeds into the bread price squation,.
Time Series

An alternative to structural price models s analysis of price
pehavior by time seriss methods. Argumants for pure time series
analysis is that knowledge of the “true"” structural modsl is uncertain,
data collection is usuaily less costly, and for an efficient market, a
history of past prices may accurately predict current and future
prices, The time series method used in this study is the Box-Jsenkins
autoregressive-integrated-moving average process (ARIMA)}. The ARIMA
model may start with a simple univariate autoregressive process of
order g, given as AR(qg):

+ €

Yt = Blyt"i + ezYt_z +...% &Y (23)

g't-q t
whare €y is white noise. If the order of q is large, or if the error
term 1is weighted differentliy across time, then & moving average {MA)

pruocess of order p is more appropriate (Judge, et al. 1982), A MA(p)
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is danoted.as

Yi = €p ¥ Qqep gt .. Un€y_ps {(24)
whera equation (24} is merely & moving average of the white noise error
term, .

If both an autoregressive, and a moving average error structure arae
praesent, then an autoregressive-moving average {ARMA) process of order
g and p is appropriate. An ARMA {(g,p) 1s noted as:

Ye = OyYi g * B o + 0. # Qth_q oag tapeg g o ey (25)
If we assume a process where E(Yy) follows & linear trend equal to ty,
then the series is nonstationary since the maan 35 not constant, To
solve this problem, Y; can be differenced up to some order d so that
stationarity is obtained. That is,

we = (1 - DYy (26)
where L is the lag operator and wy is stationary. The rasuilt is that
Y¢ in eguation (25) would reprasent an autoregressive-integrated-moving
average process, denoted as ARIMA (q,d;p), where d is the order of
differencing.

Tha time series method appliisd to the price model described in
Chapter 2 approximaies the Box-Jenkins method. That 1s, this study
approximates the Box-~Jenkins ARIMA model by accounting for seasonality
with binary varisbles, accounts for data trend with a trend variable,
and tests for an autocorrelated error sitructure. The primary
difference is that seasonality 1is additive in this model  but
multiplicative in the Box-Jenkins method (Marsh, 1983), As an
alternative, the wheat, flour and bread price squations are tested as

multivariate ARIMA processes. The latter implies that various lagged
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sndogenous variables areg specifisd in the time series system (Chow,

1983}, The individual ARIMA equations are represented in the foliowing

form:
(PWHL., PBRy, PRCFL) = f4(D,T,PWH 4 ,PBRy_,PKCF,_4,uy) (21)
where
D = monthly binary variables.
T = trend variabla.
PWHrtwi = jagged price of the rth wheat.
‘PBRt_i = lagged price of bread.
PKCFy_y = lagged price of flour.
By = PyHg-qp t oo F pq“twq * € - eiet-l - e - apatmp, which

represents an autoregressive process of order g and a
moving average process of order p.

Thus, esach time series eguation is expressed as a function of ths past
history of the endogenous vartables (i.e., i=1,2,...,k tags) and a&an
error process. If the markets are relatively efficient, lagged prices
would reflect itmportant market information and the order of lags would

be expected to be small.
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CHAPTER 4
EMPIRICAL RESULTS

This chapter presents the statistical results of the struciural and
multivariate ARIMA models of the wheat, flour, and bread marksts.
Determination of the final model estimetes was based on thae joint
criterton of the adjusted Rz’s, asymptotic t-ratios, standard srrors of
the equations, and consistency of the mode)l with ecenomic theory.
Therefore, not all vartables hypothestzed in the 1initial equations
(Chapter 2) are included in the final version ¢f the model. Tables 1
through 4 present the statistical results of the structural eguations
and their respective price flexibiiitiss. The latter are based on the
distributed lag patterns of the gndogenous variables with given changses
in the exogenous variables. Table 5 presents the statistical resulis
of the muitivariate ARIMA models and Table 6 presents ths Root Mean
Square Errors of forecast (RMSEs) wused to compare the relative

predictive performances of the structural and ARIMA models.

Terminal Wheat Markets

The structural wheat prices of K.C. HRW, Minn. DNS, and Port., ShWw
are estimated with a common set of independent variables since they . are
hypothésized to be influenced by the same economic faciors. For
aexamplie, aach wheal price would be determined by exports, domestic

production, angd stocks. Also, the wheat prices arsg closaly
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interralated since they are substituies in thermi}ling process and are
partially utilized in livestock feed rations.

The Pascal distributed lag was used to estimate all three classes
of wheat pricas, The final wheat price equations are estimated as
functions of seasonal binary variables, exports of faedgrains (t and t-
13, exports of wheat (t Qnd t-1), the contemporansous quantity of
government plus private wheat stocks, and monthly wheat production
astimates. The nonstochastic difference equations are estimated up to
a fourth order lag and each equation is also estimated with positive
first order ss8rial correlation. Table 1 presents the regression
coefficient estimates and statistical resulis for the three terminal
wheat price equattions.

The Pascal distributed lag facititated parameter stability in the
whaat price modais 1in that the parameter estimates varied little with
changes in model specifications. The order of the difference equation,
determined by r in the Pascal density structure, is not the same in all
equations, That is, r=4 for PWH; and PWH,, and r=3 for PWHy. This
difference indicates that the distributed lag price effecis peak one
month earlier in the Portland market {(i.e., Portiand prices peak 2
months compared to 3 months for the Kansas City and Minneapolis
markets). Although this difference is not large, one reason may bg the
role of white wheat in livestock faeding. Generatly, more soft white
wheat (lower grade) is fed to livestock compared to the hard wheats.
Thus, the shorter price peak period may reflect its relatively quicker
adjustments due fo changing livestock feeding conditions in the Pacific

Northwest, particulariy since lowser quality white wheat substitutes
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with barley in concentrate rations.

The summation of the parameter estimates for wheat exports (t and
t-1) is negative, indicating larger quantities of whegat entering the
export market occur at a reduced price. This would be in agreement with
negative guantity effects for inverse demand. Initially, the oprice
flaxibilities are positive since the contemporansous parameter estimate
for wheat exports is positive, In & 3 month period, a 10 percent
increase in wheat exports Jeads to increases in K.C. HRW, Minn. DNS5,
and Port. SWW prices by .56, .16, and .44 percent, respectively (Table
2}, These initial positive signs are likely dus to an inttial increase
in demand for wheat at the terminal level. Beyond 3 months the effects
of wheat exports are negative as the negative coafficient on whaat
axports (t-1) dominates. However, the price flexibilities show
relatively 1little impact wuntil about 12 months, after which 1ihe
coeffictents demonstrate a more significant effect, Such cumulative
effects appear to be more in line with an adjustment period of a full
crop year or more, Note, also that soft white wheat prices are not as
affected by wheai exports as are hard wheat prices. For example, aver
a 12 month period, a 10 percent increase in wheat exporis reduces K.C.
HRW price by 6.8 percent but Port, SwWW price by only 1.8 percent., Ths
smalier price flexibility may partiy reflect white wheat’s groater
reliance upon livestock feeding, where the latter tends to cushion
wheat price variability due to changes in exports,

The sum of the parasmeter estimates for exports of feedgrains (t and
t-1) indicate that an increase in the quantity of feedgrains exported

results in a decrease in all classes of wheat prices, Genarally, this
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reflects competition between wheat and feedgrains as wheat is partialiy
utilized as 1livestock feed and some feedgrains are wused in food
production, Note, however, that a positive retation exists betwsen
feedgrain exports and the prics of soft white wheat for the first 3
months and then the relationship bscomes negative thereafter {(Table 2).
The initial positive relation is small and could mean that additional
feedgrain exports temporarily reduces feed supplies 1in the Pacific
Northwest, thus, boosting f{eed demand for lower quaiity white wheat,
Extending the time analysis it can be seen that, over a 12 month
period, a 10 percent increase in fesdgrain exports reduces K.C. HRW,
Minn. DNS, and Port., SWW prices by 2.96¢ percent, 16.37 percent, and
8.05 percent, respectively. These results confirm the fact that a
dominating inverse demand relation exists.

The contemporansgous and Jag paramsters of both the whsat and
fesdgrain export variables appear to aiternate in sign. A priori
raasoning would indicate that unusua]ly high or low exports ons month
{(i.e., dus to unusual international events or problems with locading and
unioading ships at the dock) could be followed by opposite levels of
exports the next month., Upon examining the sample data, the export
obsarvations .seem to confirm this pattern for both wheat and
feedgrains. However, in the statistical model the combination of other
independent wvariables and the difference egquation cosfficients have
more of a smoothening affect on the distributed lag patterns of wheat
prices. The result is to precludes whaat prices from displaving
corresponding month-to-month osciliations.

Government plus private wheat stocks disptay a negative correlation
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with ail three terminal wheat prices. This is in agresment with
theoretical reasoning since additional wheat stocks augment total
supplies, thus, tending tou decrease wheat pricas. As shown by the price
flexibilities in Table 2, wheat stocks have a greater distributed lag
impact on wheat prices compared to the impact of other variables. For
example, over the long-run, & 1 percent increase in stocks decreases
K.C., HRW price by about 2.2 percent compared to 1.2 percant and 1.3
percent, respectively, for wheat and feedgrain exports. §ince total
wheat stocks measure & het balance betwsen wheet production and wheat
disappearance, 1its dominating effect is not surprising. An alternative
modal included specifying only private wheat stocks as a separate
expltanatory variable. However, the statisticel results were inferior
comparad to those including total wheat stocks. Gne reason is that
there was an Iincrease in the vartance of the stock variable when
governmant stocks were added, giving more explanatory powsr to ths
tatter.

The foracast of next year’'s crop production (PROD,) ts also
included as an independent variable in each whesat price equation.
Howaver, positive signs of the parameter estimates resulted, which are
opposite of those hypothasized in Chaptar 2. Monthly data reveal that
wheat exporis, feedgrain exports, and wheat stocks display considerabls
variations about their means, However, since the production variable
js defined on a crop year basis ({.e., more nearly reflects vyearly
phenomena), retatively 1ittle wvarjation sexists in  its monthly
estimates. Such tack of variation may at least partly account for

these unexpected coefficient signs, But due to strong theoretical
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considerations, the production forecast varilabie was retained in the
wheat price equations., In terms of demand and suppiy analysis,
expectations of future wheat production {as given by U.S5.D.A. wheat
production estimétes) should certainly be important 1in influencing
current cash wheat prices.

Overall, the monthly seasonal binary variables are not highly
significant. Calcuiation of F-ratios indicated that K.C., HRW was the
only terminal wheat price significant at a 90 percent confidence level,
indicating that the seasonal variables contributed only 1ittle to the
regression sum of squares in the Minn. DNS, and Port. SWW squations.
However, certain individual asymptotic t-ratios appear significant
making these results difficult fo interpret. Often, in dynamic
models, seasonal coefficients lack precise meaning as the binary
variables may be confounded with other economic and technical factors.

The nonstochastic difference eguation coeffictents in the Pascal
model are relatively large {(in absolute values) for all three wheat
prices. These large values indicate that the distributed lag sffects
(i.e. the adjustment period of a dependent variable given a change in
an independent wvariable) take & considerable perioed of time ftfo
dissipate, In the Pascal model, the time length of dissipation for at
ieast 80 percent of the distributed tag affects to be reslized on wheat
prices due to changes in the indepsndent variables averaged 14 months,
This may not be unusually long since it only extends 2 months beyong a
full crop vyear. The Pascal model also performs reasonably well in
sampla prediction performance as the standard error of the estimates

divided by the respective means of the depsndent variables are lass
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than 5 percent for all three wheat price eguations,

kansas City Flour Market

The Kansas City flour price equation is sstimated as a function of
iagged Kansas City wheat price, per capita U.S5. disposable income,
quantity of flour milled per capite, seasonal variables, +trend, and a
first order nonstochastic difference equation with a first order
autoregressive error. Table 3 gives the parameter estimates and
statistical results of flour prices, while Table 4 presents the time
retataed price fiexibilities, The structural equation was estimated by
rational lags, vyielding a Koyck geometric funciion. The value of the
difference equation coefficient (.7033) indicates the length of the
adjustment period (the distributed lag pattern) of +the depegndent
variabie given a change in an independent variable. {n the averags,
flour prices tended to reach an equilibrium or dissipate within 6 to 8
months given a change in an independent variable.

The hypothesis that wheat price influences flour price was
evaluated against the alternative of flour price determining wheat
price in a structural and lagged price framework. The results of the
t-ratios and adjusted Rz's indicated that changes in flour price were
determined by wheat price movements with 1ittle feedback. Because
1ittle feedback occurred, wheat and flour prices werg assumed not to be
jointiy dependent. Consequently, K.C, HRW price entered the flour
price equation recursively tn its original form. Entering the original
K.C. HRW price data was also supported by the fact that there was no

significant corretation (i.e., adjusted R2‘5 ware laess tThan ,01)
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Table 1. Statistical Results of the Kansas City Hard Red Winter Wheat,
Minneapoiis Dark Northern Spring Wheat, and Portland Soft
Whits Wheat Price Equations.®
Eguations
Variable Pt PiH, PWH,
Intercept . 1499E+00 .11 48E+G0 L2173E+00
(. 1974E+01) {.1482E+01) {(.3721E+01)
EXFG, ~.5928E-02 ~,6521E-02 L9625E-02
(-.1091E+01) {-.1599E+01) (. 7758E+00)
EXFGy 4 .2258E-02 - 4178E-02 -.1732E-01
(.3951E+00) {.1019E+01) {(~.1325E+01)
EXWHt . 2868E-006 1 414E-00 .29338~-006
(.1689E+01) {.1171E+01) ( .BBIBE+OQC)
ERWH_ g -.4420E-06 ~.2737E~06 ~.3865E-06
{-.2260E+01) (-.1920E+01) (- 1133E+01)
Ky -.1669E-04 -, 8683E-05 -, 2971E~04
(-.3030E+01) (-.2848E+01) {~.3055E+01)
PROD L2242E~03 .1557E~-03 L 1829E-03
(.2289E+01) {,1933E+01) (.7919E+00)
D5 ~.9126£-01 -, 1262E+00 ~.1156E+00,
(-.6533E+00) (-.8771E+00) {-.1462E+01)
03 ~-.9534E-014 - . 4524E-01 -, 1205E+00
{~.1069E+01) C (-, 494BE+00) {(~.2107E+01)
Dy -, 6723E-01 -.4297E~0% -.53%0E-G!
{(~-.6217E+00) (~.38B58E+0Q0) {~.8787E+00)
Dy -, 1408E+00 -, 1363E+00 - 1839E+00
{-.1331E+0%) {~.1252E+01) {-.2495E+01)
Dg -.3688E-01 ~. 7092E-C! -, 1604E-01
{-.3471E+00) {-.6482E+00) {(-.1204E+01)
07 -, 1262E+00 -, 571 7E~01 -, 8985E-01
{-.1160E+01) (-.5125E+00) {-.1415E+01)
Dg -, 1474E+00 -, 2232E+00 ~.1416£+400

(-, 1425E+01)

(-.2087E+01)

(-, 24522E+01)
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Table 1 {continued).

Equations
Variable PWHI PWH2 P,
Dg . 1048E+00 24318400 -, 467hE~01
{.1245E+01) (.2812E401) (~.8095E+00)
DlO ~,2126E+00 -, 2866E+00 -, 9204E-01
{-.2381E+01) {(~.3211E+01) (~.1415E+01
011 L2157E-01 ~,3673E~-01 -, 3619E~01
{.2494E+00) {~-.4211E+0Q0) {-.6308E+00)
Dy5 - . 1930E+00 - . 9294E-01 ~.1610E+00
{~.1364E+01) {~.6378E+00) {(-.2037E+01)
E(DEP“I)b 271618401 .2918E+01 2182E+01
E(DEP-2) -, 2859E+01 -, 3193E+01 -, 1586E+01
E(DEP-3) 13168401 ,1553E+01 3850E+00
E{(DEP~-4} -, 2270E+00 ~,2830E+00
£y LHT3EE+QO . 9933E+Q0  F902E+00
(.6215E+01) {.6551E+00) (. 1153E+02)
Statistic Regression Results
R? . 9347E+00 .9192E+00 .9380E+00
Sy/Y L A260E-01 L 4096E-01 ,3891E-01
D.W. .1872E+01 L1925E84+01 L18652E+401

% The top figure represents the paramter estimate and the figures in

parentheses represent the respective t-ratios for each variable,

b Represents the expecied value of the lagged dependent variables,
which are determined by the estimated Pascal paramster. The Pascal
parameters and their asymptotic t-ratios for each sguation are:
PwiH, = t~ratio = 20.462; PWH, = .7296, t-ratio = 27.281;
PWHy = ,7272; t-ratio = 17.530.

CR? = adjusted multiple R-squared statistic,

Sy/Y = standard error of the estimate divided by ths mean
of the dependent variable.

DWW, purbin-Watson statistic.

it
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Table 2. Estimates of Price Flexibilities for the Kansas City Hard
Red Winter Wheati, Minneapolis Dark Worthern Spring, and
Portiand Soft White wheat Price Equations.®

Length of Run (months)

Variable 3 6 iz 24 Long-Run
EXFG ~.137 -, 445 -.996 -1,301 ~1,328
{(-.144) {-.45%) {(-1.037) {-1.454) {(~1.537)

(.0191 = [-.218] [-.8053 [-1.2141 {-1.268]

EXwH 056 -, 075 -, 682 -1.178 -1.228
(.016) (~.144) {~.867) (~1.719} (-1.911)

{.0441 t-.0061 [~.183] {-.318] £~.3361

K -, 167 ~.623 -1.556 -2.122 ~-2.175
{(-,085) (-.395) (~-1.173) {~1,896) {~2.051)

[~.214] £-.629] £-1.3123 [-1.71713 [-1.768]

% The top figures reprasent the PWH, equation, the figures 1in
parentheses represent the PWH2 equation, aend the figures in brackets
represent the PWH, equation. The price flexibilities are calculated
with respect to the means of each variable. Price flexibilities were
not computed with respect to the production variable because the sign
was not consistent with the original hypothesis,

between the residuals of the wheat price and fiour price eguations,

The effect of Kansas City wheat price is statisticalily significant
in both the contemporanescus and first order lag pericds. The one month
lag could indicate the time period neseded for wheat to be moved from
storage to the point of processing. The distributed lag effect of hard
red winter price on flour price indicates there is always a positive
relationship between the two prices {(Table 4)., That is, as the raw

material cost of wheat increases millers pass part of the cost on in
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the form of higher flour prices. For example, ths 6 month price
flexibility indicates a 10 percent increase in wheat price vieglds a 7.7
percent increase in filour price. Note that the 1long-run prics
flexibiiity for K.C, HRW is about 3 timas larger than that for either
per capita gquantity of flour milled or per capita disposable income.
These economic results are consistent with the fact that wheat is the
dominant input in the flour milling process,

Per capita disposable income has a positive affect on flour price,
which 14s consistent with flour being a normal good. However, the
magnitude of the disposablie income coefficient indicates that the
effect of income iJs relatively small and tends to {increase rather
stowly over time. Given a 1| percent increase in disposable incoms,
flour price increases only about .3 percent over the long-run. Flour
is a relativeiy small proportion of the cost of retail products in
consumer budgets. Thus, the income effect is not expected to be strong.
In addition, flour 1is utilized in numerous ratail products that ars
income inelastic, preciuding & strong income sffect 1in the., flour
market,

The per capita quantity of flour milled is negatively correlated
with fiour price. Its effect is not particularly large as can be sesn
by the price flexibility coefficients in Table 4. For example, a 10
percent 1increase in per capita quantity of flour milled decreases the
price of flour by only 1.6 percent over the long-run. One rsason for
its minor importance may be the dominating effect of the level of wheat
prices. That is, 1f monthly processing costs for making bread remain

relativaly constant, the price of flour is largely affected by the
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price of wheat, This is particulariy true since the cost of whesat
constitutes the largest share of miller raw material costs, |

In the original hypothesis a fiour mill wage variabie was inciuded
to proxy the processing margin betwsen the wheat and flour markets,
However, the result was a positive relationship between the flour price
and widge rate, which was contrary to the effect of marketing costs on
derived demand (Tomek and Robinson 1972), Part of the reason for the
positive relationship may be that milling technology and flour price
jointly influence wage rates rather than wages impaciing flour price.
Also, 1in this case, using a monthly wage as a proxy for a processing
margin might be inadequate for reflecting all processing costs. For
examplie, about 85 percent of the final cost of flogr {at the miil} is
due to the cost of wheat and most of the processing costs are related
to capital investment in plant and equipment.

The asymptotic t-ratios indicate that most of the seasonal binary
variables are not statistically significant (different from zerog)} 1in
determining levels of flour prices. Economic logic would bear this out
since wheat 1is & nonperishable commodity with considerable storage
1ife. Consequently, millers can continually draw upon whaeat stocks to
satisfy monthly flour processing requiremants. In addition, seasonal
retail consumption of flour based products is very weak at best.

The trend variable in the flour price sguation indicates that real
flour prices experienced an upward trend throughout the sample period.
Though the variable is statistically significant, the magnitude of the
coafficient (.0014) 1is relatively small, indicating 1its impact 1is

ovarshadowed by the effects of other regressors,



39

Retalil 8Bread Market

The retatl bread price squation ts also astimated by rational
distributed lags (similar to that of the flour price equation)., Retail
bread price is estimated as a function of lagged Kansas City filour
price, par capita disposable income, a price index of poiatoses,
sgasonail bipary vartables, trend, and a first order nonstochastic
difference eguation with a first order autoregresstve error. Tabla 3
presents the associated parameter estimates and statistical rasﬁ1ts.

The rational lag form for the bread price squation was reduced to a
geomeiric function. The estimated difference squation coefficient,
0,907, indicates that the distributed lag sffects adjust more slowly
than those found in the flour price equation, More specifically, the
average length of period for bread prices to dissipate or reach
equilibrium (given a change in any independent variable) is about 10-12
months (6#-8 months for flour)., This may be due to the fact that bread
price is not only subject to economic influences from tha flour market,
but also to the factors that determine purchasing behavior of
consumers., The result could be tu produce an underliying structure that
delays the distributed ltag process. Such distributed lag effects ara
reflected in the price flexibilities for diffesrent lengths of run in
Table 4.

The causal relationship of flour price influencing retail bread
price was evaluated against the opposite alternative to wverify the
hypothesizad recursive structure (i.,e&., similar to the relationship of

wheat and flour prices in the flour price equation). Results of the {-
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ratiocs and adjusted R2's showad that, on a monthly basis, therd was no
significant joint depsndency between the two markets, but rather that
flour price only impacted bread price. The regression results show
that the Kansas City flour price 1is significant in both  the
contemporaneous period and in the period lagged one month. The lag may
be due to an adjustment in price expectations from one month to the
next or to a lag in the production process due to transportation and
processing time. The price flexibititiy of bread price with respect to
flour price is .30% for a 3 month period and then decreases to ,187 for
the long-run. This time decrease in the price flexibility coefficients
indicates that bread prices adjust to changes in flour prices qu{te
rapidty in the initial months, which may be due to the very short time
horizon in bread production and sales,

Par capita disposable income displays a positive correiation with
the price of bread. This positive relationship supports the original
hypothesis that bread 1is & normal good. The price flexibility
coefficient of .13 for a 3 month time period indicates that the - income
effect is not very significant for shorter time periods, but inGreases
over the course of a year to a value of ,353. Although small, it s
indicative that longer periods of time permit consumers to more fresly
adjust pread purchases from an income changse, Also, the oprice
flexibility coefficient 1is still relatively small over the long-run,
refliecting the fact that bread is a relatively small proportion of
total consumar food expenditures.

The price index of potatoes is included to measure potatpes as a

substitute for bread. A priori the degree of substitutability 1is
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hypothesized to be weak, which was confirmed withand a long-run price
flexibility coefficient of only .027. The positive coefficient sign is
theoretically correct; that is, for substitute commodities an increass
in the price of potatoss would lead to an intrease in the demand for
bread (hence, increass its prige),

The sgasonal and trend vartables show littla statistical
significance, The absence of seaschality in bread prices is due to
continual availablie supnlies of flour for bread manufacturing and the
fact that consumption of bread is nonseasonal. The negative trend in
real bread price could indicate there has baenh a steady increase in the
efficiency of baking bread, but tack of information makes the argument

weak at best.

Multivariate ARIMA Equations

Few theoretical considerations are wused in the ARIMA models,
conseguently, terminal wheat prices, flour price, and bread price are
gstimated as a function of the same set of variables. They  includs
lagged prices, seasonal binary variables, trend, and an autoregressive-
moving avarage@ error structurs, Final parameter estimates and
statistical results for the time series squations are given in Table 5.
Stocﬁastic diffarence equations are used stnce the lagped observed
values of the dependent variables are specified. The specification of
binary wvartables and trend account for sgascnality and time effecis in
the data, respectively. The autoregressive tearm (p) is estimated to
account for the fact that the data is not first differenced as is

conventionally done in the Box-Jenking framsework. However, the
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Tabtle 3. Statisticail Results of the Kansas City Flour Price and U.5.
Bread Price Equations.®

tgquations
Variable PRCF FBR
Intercept LB639E-01 . 5683E+00
{.,4083E+00) {,4384E4001
Py, L1605E+01
{.1088E+Q2)
PWH{ 44 ~. 1040E+01
(-.,3499E+01)
DINCt ,9378E-01 L 2869E+00
{,3403F+01) {,1930E+01
OF LM, -, 18690£+01
(~,1008E+01 }
PKCFt ,1743E+01
{.5240E+01)
PRCFy_y -, 1651E+01
{(~,4749E+01)
PPOT, LABOOE-03
{ . 2162E+00)
E(pEP-13D . TGA3E+00 .9070E+00
( .5904E+01) (. 11t12E+02)
24 L. 3160E+00 , 7118E400
{.2980E+01) (. 9064E+01)
Trend L1143E-02 ~,3141E-02
{.2133E+01) {~.6600E+00)
Da -, 7880E-02 . 1300E-01
{-.1252E+400) {,5470E-01)
Dy ~,1836E-01 -, 7768£-01
{-,3156E+00) (~.3323E+00)
Dy -, 7210E~01 L 2385E-01

{~.1255E+01) (.1033£+00)




Tablae 3 (continued).

Equations

Variabile PKECF PBR
Dg . 1232E-01 - .6253E-01
{.1309E+01) (~.2703E+00)
D -, 4488E-01 ~.9063E-02
(~.7515E+00) (-.3757E-01)
D, . 1610E+00 L6572E-01
(.267T1E+01) (. 260TE+00)
Dg . 896GE~02 ,1347E+00
(.1427E+00) (.5531E+00)
Dg ~.1962E~01 1711801
(~.3144E+00) (.7104E-01)
Dyg -, 4443E-01 .3063£-01
(~.7420E+00) (.1322E+00)
Dy4 -, 4174E-01 L 2944E~01
{~.7007E+00) {.1248E+00)
Dys - .5243E-01 . 2359E+00
{~.8363E+00) (.9882E+00)
Statistic® Regression Results
RZ . 9616E+00 .9587E+00
Sy /Y . 2481E~01 .1987E-01
D.W. . 1976E+01 .2178E+01

depandent variable,

D.W, = Durbin-Watson statistic.

The top figures represents the parameter estimates and the figures
in parentheses represent the asymptotic t-ratios for sach variabile,

Represents the expected values of the iagged dependent vartables,

52 = adjusted multiplie R-sgquared statistic.
Sy/Y = standard error of the estimate divided by tha mean of the
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Table 4. Estimates of Price Flexibilities for the Kansas. City Fiour
Price and U.5. Bread Price Equations,?

Length of Run (months)

Variable 3 6 12 24 Long-Run
PWH;, 126 . 766 .784 187 . 7187
OFLM -.102 -.137 ~.153 ~-.156 -.156
DINC .180 .243 272 L2786 276
(.130) (.227) (.353) {.462) (.512)
PKCF (.3085) (.275) (.236) {.203) {(.187})
pPPOT (.007) (.012) {(.019) (.025) {.027}

@ The figures in parentheses represent the U.5. Bread Price Equation,
and the figures without parentheses represent the Kensas City
Flour Price Equation. Price flexibtlities were calculated with
respect to the means of the variables.

statistical results showed that an autoregressive error structure was
not significant 1in any eguation, and that the only error structure
consisting of a moving average parameter in the soft white wheat price
aquation.

The lagged price variables that were not statistically stgnificant
{in terms of their asymptotic t-ratios) were excliuded from the original
ARIMA model (as given in Chapter 2). As a general result, it can be
seen that most of the equations nearly reverted back to a univariate

autoregressive structure. The individual fits of the ARIMA squations
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are ciose to those of the struciural equations, however, the adjusted
R2’s and standard errors of estimates are siightly inferior,

Since the ARIMA and structural methods are highly differant,
comparison of thair respactive resuits is somewhat tenuous,
Generaiization of the resulis would indicate that 1in both models
ssasonality s very weak, no doubt dus to lack of strong seasonal
requirements in monthly production and consumption. Trend in the ARIMA
madels appears only sirong in the soft white wheat equation, with
marginal effects in ‘the hard red winter whsat and bread price
gquations, Trend in the ARIMA may be reflacting some of the weaker
structural arguments found in the structural squations. Finally, the
statistical significance in the ARIMA models rests with the I1agged
dependent variables, which are merely incorporating histortcal
information implicit in the sempla.

Such results suggest that the wheat, flour, and bread markets are
relatively efficient in that past prices readily capture important
factors at work in the market. In the structural models, the difference
gquation coefficients are also reftacting past history in wheat prices,
but gmphasis {is shifted towerd Iindependent effects by certain

ragressors that leads to understanding market structure.

Structural vs. Multivariate ARIMA

To evaluate the relative predictive psrformances of the structural
and ARIMA models, Root Mean Square Errors of forecast (RMSE) were
calcuiated, The most recent 12 months of the sample period wsre

sequentially truncated and, thus, forecasts ware made on & month by
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month basis for sach equation, During the +truncating process, the
parameter estimates remained stable for both the ARIMA and structura?l
gquations, suggesting that same models would have besn chosen sven if
the sample had been shortened. The formula for the Root Mean Square
Error is

no-2
RMSE = [ = ey/n]tf?
1=1

-~

where e; is the difference betwsen the actual and predicted value .of
the dependent variabie, and n is the number of periods tested (i.e.,
sample size of 12). Table 6 presents the RMSE, adjusted R, and
standard error of estimate associated with each squation in both the
structural and ARIMA framework.

Generally when the size of HMSEs are }arge' retative to the
standard arrors of forecast, it 1is indicative of the measurs of
specification errors 1in the modsl (Marsh, 1883}, Such errors are
usually revealed 1in that the estimated parameters are unstable with
respect to a change in sample size, in this model, however, the KMSEs
of both the structural and ARIMA price equations are less thaé thair
respective standard errors of forecast, and the parameter estimates
remained quite stable in the truncation process, This would suggest,
particularly for the structural model, that given the combination of
data, sample size, and methodology, relative structural price stability
is present in the wheat, fiour, and bread markets,

Overall, the comparative results for the structural and ARIMA
equations appear to be close and mixed. ror examplie, in examining the
price equation for hard red winter wheat, the RMSE statisticel criteria

are close for the structural and ARIMA methods when comparing .0416 in
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the structural model with .0456 in the ARIMA method (1.8., oniy a
stight advantage for the strﬁcturai equation}, However, 1in the soft
white wheat and bread price equations the RMSE’'s favor the ARIMA model.
Thus, one may conclude that if there is joint interest in structural
information and price prediction iﬁ the market, the use of a structural
model would sarve relatively well, If one ware marely interested 1in
pure price forecasting in these markats, the ARIMA model would be a
morg efficient method since the costs of data collaction and estimation

would be less with 1ittle concesstion of statistical precision,
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Table 5, S5tatistical Resuits for the ARIMA models of Wheat, Flour,
and Bread Prices.?
Equations
Variable PWH, PWH, PWH4 PRCF PBR
Inter- .8096E-01 -~ 1596E+00 L2647£+00 . 3357E+00 . 1848E+01
cept {  B439E+00) (~.8614E+00) {.2398E+01} (-.7698E+00) {.1599E+01)
D2 . 1088E-01 -.5214E-02 -.16B4E-02 LA674E-01 . 3964E~01
{.2761E+00) (-.1411E+00) (-.5000E-01) (.1958E+00) (.1510E+00)
03 . 13896400 +100QE-01 -.1857E-01 1978E-02 ~.8112E~-01
(.3507E+00) (.2696E+00) (-.4923E+400) (,2313E-01) (-.308%E+00)
Dy L3561E-01 .6499E-01 .1806E-01 . 3344E~02 .1813E-04
( .9003E+00) (.1757E+01) (.4787E+00) (.3905E-01) (.7278E-01)
05 ~.2252E-02 .5803E-01 -.1846E-01 .B971E-O1 .8176E-01
{(~.5661E-01) (.1565E+01}) (~-.4880E+00) (.1048E+01) (.3109E+00)
06 «2593E-01 ,4740E~G1 .5800E-02 L1433E-01 -, 391 4E-01
(.6280E+00) (.1220E+01) (.1478E+00) (.1596E+00) (-,1430E+0Q0)
Dy .B412E-02  3947E-01 .28206-01 LA611E+00 1627E+00
(,2032E+00) (. 1009E+01) (.7160E+00) (.1793E+01) {(.5940E+00)
Dg ~.3514E-02 -, 2121E-01 ~.3443E-01 LA246E-01 LI8TLE-OL
{~.8323E-01) (-.6990E+00) (~-.8725E+00) (.1376E+00) (.2878E+00)
Dg AQ06TE-01 .4325£-01 -.1581E-01 v 3335E~-01 L630BE-D1
{,1006E+01) (.1167E+01) (~-.4229E400) (.3887E+00) (.2397E+00)
Dio .4646E-01 L7172E-~01 ~.1581E£~01 .1898E-01 L 4806E-01
(1167E401)  (.1938E+01) (~.4192E+00) (.2213E+00) (.1B27E+00)
By . 7882E-01 LA622E-01 .1413E~01 L9437E-01 1 776E400
(,1999E+01) (.1244E+01) (.3750E+00) (.1101E+01) (.6756E+00)
Dio -.7192E-03  ~.1688E-01 -.5291E-01 -,3048E-01 .1688E400
(—.1829E-01) (-.4546E+00) (-.1567E+01) (-.3554E+00) (.6122E+00)
Trend —.7155E-03 ,1886E-03  -.1325E-02 G6827E-03  ~,5961E-02
{(—,1372E+01) (.2850E+00) (-.2305E+01) (.4245E+00) (-.1454£+01)
PWRy ¢y
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Table 5 (continued)

Equations
Variable PWH, PWH, PHH, PKCF PBR
PWH, ¢ 4 .8231E+00
(. 1387E+02)
PWHA: 1 1361E+00 8754E+00
(1441E+01) (.1598E+02)
PRCFy . 7949E+00
(. 1134E402)
PBRy .4 J1993E-01 . 5228E~01 .9157E400
(.1860E+01) (.1925E+01) (.1BT9E+02)
o, -, 2094E+00
(~.1637E+01)
StatisticP Regression Results
r2 . 9224E+00 . 9065E+00 .92 78E+00 .8920E+00 . 9384E+00
Sy/Y . 4628E-01 . 4388E-01 L 4182E-01 L 4167E-01 .2425E-01
D.W. . 1831E+01 1771E401 L 1955E+01 . 2195E+01 . 2053E+01

2 The top figures represent +the parameter estimate and the
figures in parenthesis represent the asymptotic t-ratios for each
variable.

RZ = acdjusted multipie R-squared statistic.

Sy/Y = standard error of the estimate divided by the mean of the
dapendent variable.

D.W. = Durbin-Watson statistic.
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Table 6. Comparison of the Root Mean Square Errors of the
Structural and ARIMA Wheat, Flour, and Bread Price
Equations.®

StatisticP
Equation RMSE R2 Sy
PWHI 416 9347 L0675
{.0456) (.9224) {.0734)
PWH2 . 0400 L0192 L0645
(.0430) {.9065) {.06981)
PHH3 0642 , 8380 0642
(.0401) (.92718) (.0690)
PKCF 0523 L9616 L0852
(.0782) {.8920) {.1599)
PBR L1750 L9587 L4025
(.1325) (.9384) {.4912)

8 The top figures reprasent the structural equations and the
figures 1in parentheses represent the ARIMA equations.

adjusted multipie R-squared statistic,

b RMSE = Root Mean Square Error of forecast.
R
5 standard error of the estimate.

" oH

¥
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CHAPTER 5
SUMMARY AND CONCLUSIONS

The purpose of this study was: (1) to determine the dynamic
structure of sconomic variables that impact shori-term {monthiy} lsvels
of wheat prices (K.C, HRW, Minn, DNS, Port. 3WW), flour prices, and
retail bread prices; (2) to measure and analyze the distributed lag
relationships both within and between these market level prices; and
(3) to compare the price forecasting performance of each structural
squation with an alternative multivariate ARIMA model, An sconometric
model jncorporating rational distributed lags and nonstochastic
ditference equations was used to estimate the structural segquations,
whitle <tThe time series equations were estimaisd by an approximation of
the Box-Jenikins ARIMA method. Monthly data from June of 1977 to May of
1984 were used,. The structural coefficlent estimates were wused fo
calculate 3 month, 6 month, 12 month, 24 month, and long-run oprice
flexibitities. These price flexibilities reflecied the distributed tag
patterns of the endogencus price variables which facilitated analysis
of their adjustment process. Statistical tests revealed that joint
dependency was nonexisteni betwsen monthly wheat, flour, and ©Dread
prices, but rather that a recursive structure existed. That is, wheat
price determined flour price and flour price, in fturn, determined bread
price. This stands in contrast to many agricultural commoditiss whers

economic conditions in the higher market levels (i.e., retaitl) fsged
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into the lower market levels (i.a., farm).

The terminal market wheat prices were estimated as a function of
sgasonal variables, tagged exports of wheat, lagged exports of
feedgrains, U,S.D.A, monthly wheat production sstimates, and third and
fourth ordsr nonstochastic difference egqustions. The third ordar
difference egquation was estimated for Port. SWW and fourth order
difference equations wers estiﬁated for ®K.€C. HRW and Minn. DHNS, All
equations were estimated as Pascal distributed lags with positive first
order serial correlation. Exports of wheat and exports of fasdgrains
included contemporansous values and lags of one period. Both the wheat
and feedgrain export variables exerted a negative impact on +the
terminal wheat oprices, iIndicating increases in quantity demanded
occurred at lower market prices. However, the asympiotic t-rattos were
relatively weak for feedgrain exports, probably due to wheats minor
rote in livestock feeding. The wheat production variable exerted a
positive relationship with wheat prices, which was contrary to
theoretical expectations, Total stocks of wheat was the dominant
variable in determining monthly wheat prices., 1In particular, its price
flexibility coefficient exceeded twice the value of those of other
regressars.

Kansas City flour price was estimated as a function of seasonal
variables, lagged Kansas City wheat price, per capita U.S5. disposable
incoms, gquantity of flour milled per capita, a trend variable, and a
first order nonstochastic difference equation. The siructure was
gstimated by rational distributed lags with positive first order

autoregression 1in the error structure. Kansas City Hard Red Winter
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wheat price (contemporansous and one pericd lag) was the most important
variable 1in determining fliour price, This result is consistent with
the fact that wheat i1s the dominant raw product input in the wmilling
process and constitutes the largest portion of variable costs.

Retail bread price was estimated as & function of ssasonal
variables, contemporansous and lagged Kansas City flour price, u.s.
per capita disposable incoms, a price index of potatoss, a trend
variable, and a first order nonstochastic difference equation. The
eguation was likewise estimated by rational lags with & positive first
order autoregressive error, Basically, the statistical resuits showed
that K.C., flour price was the most influsential variable in determining
levels of bread prices within a sixth month periocd. However, beyond six
months disposable income was most important, indicating that secular
effects of demand (i.e., as opposed to the input side of ths market)
are more important in establishing bread price.

Al of the muitivariate ARIMA models were estimated as a function
of the same set of }agged stochastic price variahbles, accounting for
seasonality and time effects in the data with binary variablies and =a
trend variable, respactively. The lagged price variables that were not
statistically significant were omitted from sach price equation. The
result was that the price eguations for Port, SWW, and retail bread
reverted back tfo a univariate autoregressive structure. The price
aquations for K.C. HRW, Minn., DNS, and K.C. flour more nearly reflected
a multivariate autoregressive structure since an additional lagged
price variable was included (Port. SWw price, retell bread price, and

retall bread price, respectively), These results suggest that the ARIMA
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models are relatively efficient since past wheat, flour, and bread
prices appear to capture relevant economic and technical information in
the market.

In the structural and ARIMA models, the 12 most recent sample
obsarvations were sequentially truncated and then monthly predictions
were made for each estimation method, Their prediction performances
ware evaluated via calculated Root Maan Square Errors of forecast,
Overall, the price prediction performances of the structural and
multivariate ARIMA models were relatively close, with the structural
model performing onty siightly better, Both demonstrated paramster
stability in the truncation process and all RMSEs were less than their
standard errors of forecast., Since data 'co}lection and paramster
estimation may be less costly for time series aquations, it fis
concluded (for this wmodel) that the ARIMA approach may be wmore
gfficient if short term prediction were the only goal of the
researcher, Howaver, if the effact of grain policy decisions must be
analyzed {(i.e., the Iimpact of & change in the government storage
program on wheat price) then a structural model 1s superior since thers
is a description of cause-effect relationships.

Several concluding remarks are in order. First, in this modsl the
retationship of wheat, flour, and bread prices is cast in a relativaly
short run framework. Consequently, price studies based on longer
periods, such as guarterly or annual models, might negate the racursive
structure and yield more of a jointly dependent system. Second, a
further refined model could provide additional information for terminal

wheat prices determined by quantitias divided into different classes of
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wheat; however, the necessary data was not availabis. Third, ths
interpretation of the effect of wheat exporits may be relatively obscurs
since 1t also captures the sffects of other variables such as ths
income of importing couniries, ocean freight rates, and indirectiy,
farm programs. Fourth, the Root Mean Square Errors of forecast were
estimated on a month to month basis; howsver, longer furecast periods
such as three and six months may be vealuable because of tha time
invotvaed in producer grain marketing and holding deacisions, Lastly,
overall, the parameter astimates in the structural wheat price
equations weré not highly significant though most of the coefficient
signs were theoretically correct and the adjuﬁtad RZ's were high, Tha
strength in these equations, according to the t-ratios, was the
negative impact of stocks, However, its effect goes beyond the terminal
market since wheat prices are instrumantal in the flour market, and
indirectly in the bread market. One can conclude that the structural
equations would serve as a base for likely direction and magnitude in
wheat price changes {due to changes in the independent variables), but

such measurements need to be interpreted with caution.
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Table 7. Origina)l Data Used in the K.C. HRW, Minn. DNS, Port,

Sww, K.C. Flour, and Retail Bread Price Fauations.®

Consumer K.C. Minn. Fort, K.C.

Price HRW DNS S Flour

o8BS Index Price Price Price Price
1 J1BI1BOE+03 .231060E+01 .24300E+01 .27900&+01 ,55800E+01
2 L182608+03 ,23500E+01 .22900&+01 ,Z8800E+01 . 58500£+01
3  .18330E+03 .23100E+0Q1 ,22200E+01 . 28800E+01 L59100E+01
4 ,18400E+03 .24700E+01 .25100E+0Q1 .28000E+01 .60900E+0]
5  L184500+03 L 25600E+01  .26100E+01 .27500E+01 ,63200E+01
& L18540E+03 ,28100F+01 .271008+01 ,29100£+01 ,65800E+01
7 .18610E+03 .28000E+01 .26800E+01 ,Z9700E+01 ,64900E+0]
8 ,18720E+03 .28200E+01 .27300E+01 .31700E+01 .69900E+01
9 ,18840FE+03 ,284Q0E+01 .27200E+01 ,33300E+01 .66800E+01
10 .18980E+03 ,30700E+01 .28600E+01 .34100E+401 .69600E+401
$1 .19150E+03 .32100E+01 .30800E+01 .36200E+01 .72500E+01
12 ,149330E+03 .31200E+01 .31000E+0G1 ,36000E+01 .74600E+01
i3 J19530E+03 .31200E+401 .30600E+01 ,36000E+01 ,72300E+01
14  L19670E+03 ,31400E401 .29500E+01 ,37400£+01 ,760008+01
15 .19780E+03 .31400E+01 .29600E+01  .37200E+01 . 75800E+01
16 19930E+03 . 32400E+01 . 307Q0E+01 ,37700E+01 .75500E+(1
17 .200%0E+03 ,34200E+01 ,32100E+01  ,37600E+01 ,76000£+01
18 .20200E+03 ,34800E+01 ,33200E+01 ,37600E+01 . 79200£+01
19  ,20290E+03 .33900E+01 ., 31500E+01 ,37100E+0Q1 .77900E£+01
20 ,18720E+403 .34200E+01 .31200E+01t ,37000E+01 . 75500E+01
21 ,18B40E+03 .35000E+01 ,31200E+01 ,36500E+01 . 77800E+01
22 .18980E+03 .35200E+01 ,31800E+01 ,37000E+01 .B1800£+01
23 L19150E+403 .35300E+01 .32900FE+01 .37000E+01 .8i200£+01
24 . 19330E+03 .36400E+01 ,36200E+01 ,39100£+01 ,88000£+01
25 .19530E+03 .41700E+01 .42300E+01 .44600:+01 ,90800E+01
26 L 19670E+03  .43400E+01 .43100E+01 . 46700E+01 .10390£+02
21 . 19780E+03 L 41200E+01 . 41000E+01  ,44500E£+01 ,10086E+02
28 ,19930E+03 .42600E+01 .41800E+01 .43100E+01 ,10086t+02
29 L,20090E+03 ,43900E+401 .43100E+01 .41300£+01 ,10100£+02
30 (20Z00E+03 .45300E+01 ,42700E+01 .416008+01 ,10600E+02
31 L20Z290E+03  ,45100E+01 ,41800E+01 ,41000E+01 ,10460£+02
32 .23320E+83  ,43300E+01 . 41600E+01 .41000£+01 ,10000E+02
33 ,23640E+03 ,43200E+01 ,41300E+01 .42600E+01 ,10260E+02
34 ,Z24490E+03 .40700E+01 ,40400E+01 .41300&£+01 ,98100£+Q1}
35  .Z42%0E+03 .39000E+01 .39400E+01 ,40200E+01 .94900E+01
36 ,24490£+03 .41000E+01 .42100E+01 .39100E+01 .10010E+02
37 .24760E+03  .40700E+01 .41900E+01 ,39200E+0{ .98100E+01
38 .24780E+03 . 42100E+01 .45400E+01  .415008+01  ,10000E+02
39 .Z24940FE+03 ,43100E+01 ,42200E+01 ,40600E+01 ,i0110E+02
40 ,25170E+403 .44500E+0! ,41700E+01 ,42300E+01 .10480£+02
41 ,25390E+03 .47000E+01 ,46200E+0% .44800E+01 ,10600E+02

% Observations 1-84 represent months of June 1977 to May 1984,



Table 7 {continued).

61

Consumer k.G, Minn, Port. K.C.
Price HRW DNS SWi Filour
oBS Index Price Price Price Price
42  ,25620E+03 .48Q00£+01 ,47800E+01 ,46800E+01 .106B0E+02
43  ,25840E+03 .45400F+01 LA46200E+01 L 44000E+01 L10350E+02
44  ,26050E+03 . 46000E+Q1 . 46500E+01 L.45200E+01 L, 10660E402
45  ,26320E+03 447008401 . 45300E+01 .45200E+01 ,10400E+02
46 ,26900E+03 .43500E+40t LA432008+01 A4100E+01 L10280E+02
47 ,26680E+03 .44800E+01 ,44100E+01 ,45100E+01 . 105308+02
48 ,Z26900E+03 ,43600E+01 .44400E~+01 ,441008+01 ,10310E+02
48 271308403 ,42400E+01 .42900E+01 ,42600E+401 ,10830QE+02
50 .27440E+03 ,42500E+01 .41800E+0% .42700E+01 .1028B0£+402
51 ,27650E+03 ,41400E+01 .40300E+01 ,425CG0E+01 ,10300E+02
52 .274930E+03 .41900E401 .40700E+01 .42100£+01 ,10200E+02
53 ,27990E+03 ,43100E+01 ,42200E+01 .43800E+01 .10020E+02
54 ,28070E+03 ,44600E+01 429008401 ,44200E+01 .10310£+02
55 ,28150E+03 ,43500E+01 .41500E+01 .40000E+01 ,10050E+02
56 .28250E+03 ,43300£+01 ,42100E+0f 412008401 ,10640E+02
57  L28B340E+03 .42600E+01 .41700E+01 ,40900E+01  ,10700E+02
58 L28310E+03 . 42500E+01 A41000E+01 41 200E+01 L10640E+02
59 ,28430E+03 .42800E+01 .42100E+401 .41400E+01 .10420E+02
60 ,28710E+03 .42200E+01 .41600E+01 .42400E+01 ,10330E+02
61  ,29060E+03 .40600E+01 ,40800E+01 ,41800E+01 ,10260E+02
67 29220E+403 .37400E+01 ,40800E+01 ,41300E+C1 .10210E+02
63 ,29280E+03 .37000E+01 ,37800E+01 .41600E+01 ,99800E+01
64 ,29330E+03 .37500E+01 ,37900E+01 ,42900E+01 ,10120E+02
65 ,29410E+03 ,36100E+01 . 378B0OE+01 .42%00£+01 .99600E+01
66 ,29360E+03 .38600E+01 ,38500E+01 .44400E+01 ,99200E+01
67 L,29240E+03 .39800E+01 .37600E+401 .44500E£+01 ,10300E+02
68 ,29310E+03 .40000E+01 .3BOO0OQE+01 ,45200E401 ,102Q0£+02
6% .29320E+03 .40800E+01 ,38200E+01 ,45900E+01 .10490E+02
70 .29340E+03 .41800E+01 .40100E+01 46800E+01 .1050Q0E+02
71 .29550£403 ,42100E+01 .43400E+01 .46200E+01 .10160E+02
12 L29710E+03  ,40500E+01 .42500E+01 ,43500E+01 .10350E+02
73 ,29810E+03 ,39200E+01 ,41500E+01 .41500E+01 ,10390E+02
74 ,29930E+03 .37100E+01 .40700FE+01 ,40800E+Q1 ,1038BQF+0Z
7% ,30030£+03 ,38BO0E+01 .421008+01 .40600E+01 .10340E+02
16 L, 30180E+03 ,39000E+01 .43000E+01 ,41200E+01 .10330E+02
77 .30260E+03 .38400E+01 ,43300E+01 .40300E+01 .10300E+02
78 ,30310E+03 .38200E+01 ,42300E+01 .39000E+01 .10020£+02
19 30350403 ,38500E401 .42100F+01 .3B100QE+01 .96800£+01
80 . 30520E+03 ,38100E+01 .41500E+01 ,37900E+01 .98700E+01
81 L30660E+03 L 3TI00E+OL 40600E+01 L 364900E+01 1 0030E+Q2
82 ,.30730E+03 ,38500E+01 .42000E+01 V37300E+0L 101208402
83 .30880E+03 .39300E+01 .42800E+01 .40300E+01 L10070E+02
84 ,30970E403 .37200E401 »43900E+01 LA0500E+01 . 10120E+02




Tabie 7 (continusd),

62

Quantity Guantity of Quantity U,5. wWheat
of Wheat Feedgratn of Wheat Production

OBS Population 5tocks Exports Exports Estimate
1 21667E+03 ,11108E+04 ,3%000E+01 .77073E+05 .55100£+02
Z  J21682E+03 .14322E+04 ,41000E+01 ,838657E+05 ,55600E+02
3 .21699E+03 .17536£+404 ,41000E+01 .93432E+05 ,55600E+02
4 .21716E+03 .20750E+04 ,46006GE+01 ,11063E+06 ,55200E+02
5 L21733E+03 .23965E+04 . 38000E+01 .68107E+05 .55200E+02
6 .21748E+03 .22623E+04 .460006E+01 .57565E+05 ,55200E+02
7 L 21761E+03  .21281E+404 ,53000E+01 ,87368E+05 .55200£+02
8 .21774E+03 .19938BE+04 .42000E+01 ,64819E+05 .55100E+02
9 .217B4E+03 .18384E£+04 ,43000E+01 ,94669E+05 .55100E+02
16 .21794E+03 .16830E+04 .51000E+01 ,10547E+06 .48100E+02
11 .21809E+03 .15277E+04 .51000E+0t .10329E+406 .48100E+02
12 .21822E+03 .13522E+04 ,600C0E+01 .12006£+06 . 48800E+Q2
13 21B36E+03 . 11767E+04 .58000E+01 ,10893E+06 ,48800E+02
14 ,21850E+03 ,14168E+04 .50000E+01 ,10611E£+06 ,49500E+072
15 .21867E+03 ,16569E+04 ,52000E+01 .13192E+06 ,48500£+02
i6 .21886E+03 .1B970E+04 .48000E+0f1 ,11961E+06 ,48700£+02
17 .21903E+03 ,21370E+04 ,39000E+01 ,11552E+06 .48400E+02
18 ,21919E+03 .19686E+04 ,44000E+01 ,92392E+05 ,48400£+02
19 .21834E+03 ,1B00ZE+04 ,45000E+01 .90027E+05 .49000E+02
20 .21953E+03 .16318E+04 ,42000E+01 ,70400E+05 ,48000£202
21 21967E+03 ,14963E+04 ,43000£+401 .67106E+05 ,49000£+02
22 J21978E+03 ,13606E+04 ,49000E+01 ,75548E+05 .49000E+02
23 (21993E+03 .12249E+04 .53000E+01 ,76961E+05 .49000E+02
24 . 22009E+03 .10747E+04 .58000E+01 ,78306E+05 ,49000E+02
25 . 22023E+03 .82450E+03 ,61000E+01 ,10461£+06 ,49000E+02
26 ,22058E+403 ,12611E+04 ,60000E+01 ,13328E+06 ,57200E+02
2 22078E+03  ,15977E+04 .62000E+01 ,11779E+06 ,58100E+02
28 L Z209%E+QG3  ,18343E+04 ,54000E+01 ,12962E+06 . 57800E+(G2
29 ,22118E+03 ,22708E+04 .63000E+0) .14904E+06 ,57500E+02
30 L22136E+03 ,20859E+04 .65000E+01 ,10888E+06 .57500E+02
31 2Z2155E+03 .19010E+04 ,65000E+01 ,1148BE+06 ,57500E+02
32 .22172E+403 . 17162E+04 .59000E+01 .82683E+05 .5B300E+02
33 .22187E+03  .15525E+04 .58000L£+0! ,B89526E+05 .5B3008+02
34 .22200E+03 .1388BE+04 .61000E+01 ,94735E+05 ,58300E+02
35 .22217E+403 ,12251£+04 .65000E+01 ,98327E+05 ,58300E+02
36 . 22235E+03 .10635E+04 ,51000£+01 .88579E+05 .618B00£+02
37 L22261E+03  .80200E+403 ,57000E+01 ,96193E+05  .61800E+02
ag  ,22281E+403 .12946E+04 .57000E+01 ,12360E+06 .63100E+02
39 .22301E+03 .16872E+04 .53000E+0! ,14141E+06 .63300E+02
40 . 22324E+03 ,20798E+04 .58000E+01 ,13732E+06 .64100E+02
41 ,22345E+03 ,24723E+04 ,69000E+01 ,11685E+06 .64300£+02
42 . 22848BE+03 .22826E+04 .70000E+Q01 ., 11220E+06 ,64300E+02
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Table 7 (continued).

Quantity Quantity of Quantity U.5. Wheat
of Wheat Feedgrain of Wheat Production

0BS5S Population Stocks Exports Exports Estimate
43 ,22865E+03 ,20929E+04 ,68000E+01 . 13205E+06 .64300E+02
44  (22883E+03 .19032E+04 ,62000E+01 ,12988E+06 .64500E+Q2
45  ,22898E+03 17117E+04 .61000E+01 .12440E+06 .64500E+02
46 L 22912E+03 .15202E+04 .60000E+0G1 .12877E+06 .64500E+02
47 ,22928E+03 .13286E+04 .53000GE+01 .12765E+06 .64500E+02
48 .22944E+03 .11587E+04 .60000E+01 .78030E+05 .736060E+02
49 L 22962E+03 ,988B0E+03 . 46000E+01 .12452E+06 ,71800E+02
50 .22880E+03 .14254E+04 ,47000E+01 ,13817E+06 ,7650QE+02
51 .23003E+03 ,18620E+04 ,47000E+01 .14543E+06 ,74B00E+02
52 .23026E+03 ,22986E+04 .49000E+01 .19415E+06 .74800E+02
53 ,¥3048E+03 ,27352E+04 .61000£+01 ,15699E+06 ,74800E+02
54 .23067E+03 ,25495E404 ,51000E+Q1 .12749E+06 ,74B00E+02
55 ,23084E+03 ,23638E+04 ,54000E+01 .13776E+06 .T74800E+07
56 .23101E+03 .21780E+04 ,48000E+01 ,12416E+06 .76000E+02
57 .23118E+03 ,18710E+04 ,44000E+01 ,13872E+06 .76000E+02
58 ,2313BE+03 ,17640E+04 .56000E+01 .14908E+06 ,76000E+02
59 L, 23154E+403 .15571E+04 ,54000E+01 .14818E+06 .76000E+02
60 ,23170E+03 ,13605E+04 .58000E+01 .1166CGE+06 ,72100E+02
61 .Z3188E+03 ,11639E+04 ,S50000E+01 ,14591E+06 ,73900E+Q2
62 ,23206E+03 .16197E+04 ,37000E+0r .11791E+06 .73800E+402
63 .23228E+03 ,20755E+04 ,37000E+01 ,12434E+06 .75400E+02
64 ,23250E+083 ,25313E+04 .34000E+01 .13099E+06 ., 76600E+02
65 ,23270E+03 .29871E+04 .48000E+01 .98520E+05 .76500E+02
66 . 23290E+03 ,28315E+04 .49000E+01 .94638E+05 .76500E+02
67 .23308E+03 .26759E+04 ,52000E+01 .8B457E+05 .76500E+02
68 .23327E+03 ,25210E+04 53000E+01 .14314E+06 .76400E+02
69 ,23343E+03  .23060E+04 . 46000E+01 . 14659E+06 . 76400E+02
70 (23357E+03 ,20920£+04 ,49000E+01 13113E+06 .76400E+02
71 ,23374E+03 . 18770E+04 ,42000E+01 .11245E+406 ,76400E+02
72 .23389E+03 ,17090E+04 .41000E+01 .96235E+05 ,64000E+02
73 .23407E+03 .15410E+04 .42000E+01 ,11351E+06 .63800E+02
74  ,23423E+03 ,1B9T73E+04 ,L36000E+01 .11670E+Q6 .66300E+02
75 L23467E+03 ,2253HE+04 L, 37000£+01 .87823E+05 .66000E+02
76 L 23488E+03 .206098E+04 ,46000E+01 . 11926E+06 .65500E+02
17 23522E+03  ,29660E+04 . 47000E+01 .11481E+06 .65500E+02
78  .23538E+03 ,27527E+04 ,57000E+01 .10288E+06 .65500E+02
19 ,23555E+03 .25393£+04 ,S3000E+01 .1288%E+06 .65500E+02
80 ,23571E+03 ,23260E+04 .53C00E+G1 ,11836E+06 .66000E+02
#1 ,23588E+03 .21360Q0E+04 .48000E+01 .11110E+06 .66000E+02
82 .23603E+03 .19460E+04 ,54000E401 .11871E+06 .(66000E+02
83 .23620E+03 ,17560E+04 ,50000F+01 ,97132E+05 .66000E+02
84 .23636E+03 ,15660E+04 .46000E+01 ,11281E+06 .69400E+02




Table 7 (continued).

64

Retail Wage of
Disposabiae Bread Flour Mil
OBS income Price Workaers
i .3 3026E+04 . 40200E+02 . 58300E+01
2 132226+04 .A0B600E+02 . 59300E+0]
3 133178404 . 40600E+02 L B0300E+01
4 .1 3424E+04 . A40700E+02 H2000E+01
5 .13558E+04 L40500E+02 621 00E+0}
6 13679E404 .40400E+02 B4000E+01
7 .13799E+404 .40800E+02 .63900E+01
8 138258404 . 39900E+02 .64000E+01
9 . 13949E404 +A0100E+02 .H63IBO0E+O!
10 L14166E+404 .40200E+02 H4300E+01
11 . 14330E+04 .40300E+02 . 64400E+01
12 L 14398E+04 . 41200E+02 . 64900E+01
13 14493E+04 »41900E+02 L65300E+01
14 147026404 .42000£+02 . 66800E+01
15 . 14825E+04 ,42400E+02 LBBSQ0E+0!
16 .14936E+04 .42400E+02 . T1HI00E+01
17 .15131E+04 .42800E+02 . 70800E+01
i8 . 15284E404 .43500E+02 L T1T00E+01
19 L15504£+04 .44000E+02 . T1100E+0]
20 L15648E404 . 44400E+02 L69400E+01
21 .15785E+04 . 44600E+02 BS900E+0!
22 L15972E+404 . 44900402 LB9200E+01
23 .16024E+04 L45200E+02 LHB83I00E+01
24 .16105E+04 .45400E+02 . 68900E+01
25 L16254E404 .45 700E+02 .H9000E+01
26 »16503E+04 . 46600E+02 . 70400E+01
27 L 16664E+04 . 47700E+02 «THT00E+01
28 . 16747E+04 .48200E+02 LT3700E+0]
29 .16944E+04 . 48600E+02 . 75000E+01
30 «17109E+04 49100E+02 . T6100E+01
31 172516404 .4980GE+02 . 75800E+01
32 1 7569E+04 501006E+02 , T3600E+01
33 17633E+04 .50700E+02 . 13600E+01
34 L17751E404 . 50200E+02 . 74600E+401
35 L17756E404 .50700E+02 . 7T5800E+01
36 .1 T838E+04 .50400E+02  15400E+01
37 L1 T930E+04 »50300E+02 . T6200E+0!
38 .18249E+04 .51100E+02 L 78300E+01
39 L18377E+404 .B0T00E+02 . T9100E+0!
40 .18592E+404 .51100E+02 . 79200E+01
41 L 18802E404 .51400E+02 . 79200£+01
42 .18977E+04 .51900E+02 .B1500E+0!



Table 7 {continued).

G5

Retail Wage of

Disposable Bread Flour Mi1}

0BS Income Price Workers
43 L19131E+04 . 51900E+02 .B0200E+01
44 .18314E+404 .53100E+02 .B80000E+0}
45 1 9466E+04 .53300E+02 .BO100E+01
46 . 196548404 53B00E+02 . T9700E+01
47 .19756E+04 H1800E+02 . B0400E+01
48 . 19849E+04 .52500E+02 .80300E+01
49 L19963E+04  52300E+02 . 81900E+01
50 L20554£403 .52100£+02 .82200E+01
51 L20432E+04 .51800E+02 .84400E+01
52 L20573E+04 .52400E+02 .B5500E+01
53 L 20804E+04 B52100E+02 .B4600E+01
54 .20929E+404 .52700E+02 . 84600E+01
55 L20821E+04 B2100E+02 .85500E+01
56 L21092E+404 . 53700E+02 . BG400E+01
5% 211756404 .53400E+02 LB7500E+01
58 .21244E+04 .32600E+02 .B78O0E+01
59 L21463E+04 52600E+402 ,88300£+01
60 L21525E+04 .52900GE+02 L. BT800E01
61 L21556E+404 b2500E+02 LBT200E+0)
62 L21948E+04 .53400E+02 .91400E+01
63 L21967E+04 .53400E+02 .93100E+01
64 L22027E+04 .536006E+02 .894200E+01
65 L22118E+404 .5 3400E+02 ,83600E+01
66 L2228TE+04 .53400E+02 .94500E+01
67 L 22323E+04 53700402 . 93800E+01
68 L22532E+404 .53800E+02 . 93800E+01
69 W 22482E+04 . 54000E+02 . 94400E+01
10 L22665E+04 .54400E+02 . 94600E+01
71 . 22868E+04 .54500E+02 . 94400E+01
72 . 23038E+04 ,54600E+02 L95500E+01
73 L23124E+404 . 54700E+02 L95500E+01
74 L23518E+04 .54800E+02 .97200E+01
15 L23644E+404 L 54700E+02 L98T00E+01
16 .23861E+04 . 54600E+02 L99700E+01
17 .24103E+04 55000E+02 .8G400E+01
78 L24269E+04 .55500E+02 . 10040E+02
19 24487E4+04 .55600E+02 L10110E+02
80 L24822E+04 S6000E+02 LAG150E+02
81 L25045E+04 .55600E+02 L 10130E+02
82 251976404 +55500E+02 10060E+02
83 .25452E+04 .D5800E+02 . 10180E+02
84 L25541E404 LH6200E+02 . 99900E+01




