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ESTIMATING THE EFFECTS OF VOLUME,
PRICES, AND COSTS

ON MARKETING MARGINS
OF SELECTED FRESH VEGETABLES
THROUGH MIXED ESTIMATION

By Ron C. Mittethammer and David W. Price*
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INTRODUCTION

hen constructing econometric

modeis, the researcher often has
¢ priori notions concerning the signs
and magritudes of a number of
parameters, These notions (prior
information} originate from previous
research, economic theory, commod-
ity specialists, knowledge, character-
istics of institutions within the
system under investigation, andjor
introspection. Persons engaged in
applied research tmplieitly admit
having prior information whenever
they reject 2 model because it does
not fit their expectations.

The mixed estimation technigue
originated by Theil and Goldberger
{I2) combines pure, sampfe
information with uncertain prior
information for derivation of param-
eter estimates.! Stochastic linear
restrictions on alinear model’s param-
eters represent the uncertain prior
information, The disturbance terms
asscciated with the linear restrictions

*Ron C. Mittelhammer is assistant
prolessor of agricultural economics
and David W. Price is professor of agri-
cultural economics with Washington
State University. This article reports
research in which the senior author
was engaged while he was with the
Commodity Economics Division,
ESCS.

* Iizlicized numbers in parenthescs
reler to items in References at the
end of this article,

Priar information derived from previous
research, commeodity specialists, market
institutions, and introspection was used to
estimate margin equations for selected
fresh vegetables through the mixed esti-
mation technique. Use of this information
increased the precision of parameter esti-
mates, Behavioral implications of the
statistical results are examined.
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are generally assumed to follow a
normal distributior, although, in
prineiple, the disturbances could be
assumed to follow other continuous
distrbutions. Essentially, the mixed
estimate is an application of general-
ized least squares to a data set in
which sampie data and prior con-
straints are combined. Extensions
have been made by Thell (71},
Nagar and Kakwani (8, 9}, Kakwani
{4), Swamy and Mehta (10), Yancy
and others (13, 14}, Miltelhammer
{8}, and others.

A substantial number of proper-
ties, deseriptive statisties, and tests
of hypotheses concerning mixed
estitnators have been established,
These include the percentage of the
posterior precision of the mixed
estimates that is due to prior infor-
mation, a statistica! test to determine
if the prior information is compatible
with the sample informaticn, and
tests to determine if the mixed esti-
mator has smaller mean square error
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(that is, the expected squared dis-
tance of parameter estimates from
true population parameter values)
than estimates based on sample infor-
mation alone {6, 4.

A set of marketing margin rela-
tions was estimated for seven fresh
vegetables {cabbage, carrots, celery,
cucumbers, green peppers, lettuce,
and tomatoes) (7). Prior estimates of
the effects of volume, prices, and
costs on the marketing margins were
available from various sources, includ-
ing censultations with commodity
specialists ard introspection by the
authors (2, 3, 5). The mixed estima-
tion technique provided estimates of
the parameters that were judged
mean square £rror superior to pure
sample-based estimates.

The objectives of this article are
twofold: (1} to illustrate the mixed
estimation technique and (2} to
provide estimates of the margin-
forming behavior of produce markets.

THE MODEL

The margin behavior relations of
the seven fresh vegetables were a sub-
sct of a complete modet of domestic
demand for the vegetables (7). The
relations were specified in general
functional form as:

MvEG; -~ MvEa: | P/ vEG:,

Qdveq,IWPLUVEG:) (1)
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where

MvEG: = Doliar margin associated with vegetable
i per pound retail weight

Pl VEG| = Dollar farm value of vegetable / per
pound retail weight equivalent

deg(},‘ GQuantity of fresh vegetable / demanded
by domestic consumer, in million
pounds retail weight

IWPIL Industrial wholesale price index, 1967 =
1.000

UvEq; = Disturbance term, assumed to be nor-
mally distributed

In the first three definitions, for lettuce, margin and
farm values are measured in dollars per head, and quan-
tity is measured in million head.

For simplicity and because no prior considerations
suggested a nonlinear relationship, we set the specifie
functional form of the margin relations in linear terms,
and we had 22 annual observations on data from 1954
to 1975,

The specification of the margin relations was moti-
vated by the work of Buse and Brandow (2). The rela-
tions express the margin of a particular vegetable per
retail unit as a function of the farm value of the vege-
table, the total quantity of it demanded by COnsuMmers,
and a proxy (IWPI) for other marketing costs.?

Manchester shows that 79 percent of the wholesale
produce fizms participating in his study used, in estab-
lishing margins, either a constant percentage of acqui-
sition or selling price or a constant per unit markup
above costs {5}. An additiona! 18 pereent of the firms
indicated that supply and demand forces established
prices or that these firms charged according to what
the market would bear. Buse and Brandow maintain that
“a large amount of evidence supports the conelusion
that changes in farm-retail price spread over a peticd of
time are determined primarily by changes in costs of
all factors employed in processing and distributing
operations” (2}. Including the farm price and an intar-
cept term in a linear equation provides measures of
percentage markups and per unit markups. George and
King used a specification algebraically simtiar to the
margin equation; they expressed farm price as a linear
function of retail price (3).

The quantity variable accounts for the marketing
firms’ reactions to changes in the level of quantity
demanded. Changes in the margin will occur if market-

*The farm value of a vegetable per pound refers to the
price paid fo the farmer for an amount of raw product
sold at retall. For example, 1.18 pounds of fresh toma-
toes at the farm ave equivalent to 1 pound at retail. The
difference between guantities at the farm and at retail is
due to waste, shrinkage, and spoilage as the commodity
passes through the market system. In this article, the
term “farm price” will refer Lo the value of a vegelable
per pound of retail weight equivalent,

2

L e et et et e e b e —rte s o ot it =l sk e

ing firms attempt to charge whai the market will bear
and adjust the level of margin in response to the sirength
of demand, or if the firms experience economies of size.

The IWPI is a proxy for all costs other than for raw
produet acquisition. Buse and Brandow indicate that the
IWPI serves as a useful proxy for costs of factors
employed in processing and distributing (2).

THE PRIOR INFORMATION

We formed prior estimates of the ranges for the mean
margin elasticities with respect to farm prices, volume,
and [WPL We based these estimates on discussion with
commeodity specialists and colleagues, characteristics of
institutions in produce markets, past research, and intro-
spection.

The research by George and King (3} and Buse and
Brandow (2) provided information that helped us form
prior estimates of the likely range of elasticities of the
margins {or farm prices. The following mean level elas-
ticities were obtained from the results of George and
King:

EM,pcar = 0.15

EM PLET 0.51
EmprOoM = 0.88 2

Buse and Brandow calculated the following mean
level elasticities of the margins for retail prices for a pre-
1957 period:

Empcap = 0.58
EMPLET = 0.58 {3}

Assuming the elasticities of price transmission are less
than one, the estimates in {3) are upper bounds to the
elasticities of the margins for farm prices.?

Given the previous estimates and the argument that
elasticities among commodities with similar characteris-
tics should be similar, the prior range of values for the
mean level elasticities of the margins for farm prices was:

En,ps € [-0.25, 0.75} with probability 0.95 (4)

For estimation, a prior point estimate of Em py=0.25,
assumed to be generated by a normally distributed
process with variance equal to 0.0625, was used to
represent the prior information (4).

Buse and Brandow reported a positive relationshi p
between margin and volume for cabbage and a negative,
but statistically insignificant, relationship for lettuce,
The mean level elasticities were caleulated to be 0.36
for eabbage and - 0.42 for lettuce.

*As would be indicated by the results of George and
King {3, p. 62).
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We anticipate that volume and margin will be
positively related as, in times of slack demand, margins
are expecied Lo be lower than in times when demand is
strong. This view is supported by Manchester’s finding
that many produce handlers report charging what the
market will bear, or according to supply and demand
{5). Our prior estimate of the range for the mean level
elasticities of the margins for volume was:

Enm g € [0, 2] with probability 0.95 {5}

The prior information (5) was represented as a normally
distributed prior point estimate Epg Q = 1 with variance
equal to 0.25.

Finally, Buse and Brandow, using the average market
basket farm-retail price spread index as a proxy for
cosls in marketing, obtained the following elasticities:

Ecap,cosT=1.09
ELET cosT = 0.62 (6}

They stated that using the TWPI in place of the market
basket index made littie change in the results, although
they did not present them. As the market basket index
is directly determined by the margin setting behavior of
marketers while the whoiesaje price index is not, we
believed that the I'WPI would serve as a better proxy for
the costs of marketing inputs.

The prior estimate of the interval for the mean level
elasticities of the marketing cost margins was:

Epm,1wpi € [0, 1.5] with probability 0.95 1)

The prior information (7) was represented as a normaily
distributed prior point estimate Em swpr = 0.75 with
variance equal to 0.140625. The covariances among the
three prior constraints were assumed to be zero for each
margin relation. The implication is that errors in the
prior estimates of one coefficient do not affect prior
estimates of the other coefficients in the equation. This
assumption is plausible because prior estimates on an

equation’s coefficients were selected independently of
one another,

RESULTS

Statistical

The margin equations were estimated with two-stage
feast squares mixed estimation.’ The parameter
estimates, share of prior information in the posterior

* Por a discussion of the first stage of the two-stage
analysis, see Mittelhammer (7). The first stage included
predetlermined variables thal appeared in eguations other
than the margin relations,

precision, the x* test of compatibility between sample
and prior information (x5}, and the simple correlation
between the actual and predicted value of the margin
appear in table 1.5 Except for cucumbers, the prior

estimates provided less than 20 percent of the informa-
tion present in the posterior precision of the mixed

estimates. Therefore, much of the information used to
calculate the mixed estimates came from the sample,

The X* test of compatibility indicates that, except for
cabbage, the sample and prior information are judged
compatible at the 0.05 level of Type I error. Acceptance
of compatibility implies acceptance of strong mean
square error supericrity; that is, every linear combina-
tion of the mixed parameter estimates is smaller in mean
squatre error than a cotresponding linear combination of
the pure estimates. For cabbage, compatibility is
accepted at the 0,025 level of Type 1 error, Through a
test of strong mean square error superiority based on the
noncentral ¥? distribution (see 6}, the mixed estimate of
the cabbage relation is strong mean SQUArE error superior
to pure estimates of the parameters at the 0.05 level of
Type I error.

The lowest simple correlation between actual and
predicted values of the margin was 0.885. Six of the
seven margin relations exhibited simple correlations of
0.944 or better.

To provide a comparison between pure estimates
(based on sample information only} and mixed estimates
{based on sample and prior information), we present a
table of prior, pure, and mixed mean level elasticity
estimales (table 2). Two standard deviation {85-percent
confidence level} intervals are also provided.

Although occasionally the pure and mixed estimates
are nol especially close to each other, most are the same
general order in magnitude and all interval estimates
overlap substantially. The point estimates of three of the
2] elasticities differed in sign between the prior and pure
estimates. For these three elasticities, the mixed point
estimates agreed in sign with the prior estimates in two
cases and with the pure estimate in one case. A number
of eniries in table 2 iliustrate that because of the covari-
ance structures of the two-stage least squares estimate,
the mixed point estimates need not lie inbetween the
prior and pure estimates.

The variances of the mixed estimates were [ess than
the variance of the pure estimates in every case, Conse-
quently, the mixed estimation intervals averaged 21
percent shorter than the pure estimation intervals. Ina
few cases, the reductions in length were over 50 percent.
However, it is evident upon examining tables 1 and 2
that, although generally the mixed estimates represented
a relative improvement over pure estimates, in several

cases confidence in individual point estimates remained
rather low,

*The simple correlations are computed using actual
values for right-hand-side endogenous variables.
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Table 1—-25LS-ME results for margin relations

Dependent
variable

[ndependent variables

Constant

efves

OvEG

AR

Share
of prior
information
in precision

McaB

McAR

McEL

Mcuc

Mgp

MieT

MTom

1617
157/.284)

=318
{-1.22/.111}

-12 569
{-56.27/<.001}

~2.825
{-471.319)

-7.177
-1.29/.099)

-25.463
{-1.60/.055)

-9.289
(-1.77/.038)

1.011
{5.88/<.001}

-117
{-.80{.212)

© B30
{3.38/<.001)

2956
{.84/.201)

561
{2.69/.004}

481
{2.08/.019}

592
{3.268/<.001}

00050
{.28/.390}

L0601
{2.43/.008}

01188

{2.25/<.001}

01447
{1.08/.138}

03299
{1.87/.031)

01554
{11.23/<.001)

00876
(3.00/.001)

2.032
1.95/.026)

7547
{6.00/<.001}

5813
(4.98/<.007}

8.005
(251/.006)

9578
{2.67/.004)

4.168
{1.977.024)

7.288
{2.30/.011}

0.196

.109

101

418

.182

144

139

7.055

2.397

948

973

885

844

986

867
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Note: Except for Pf\.r EG. all parameter estimates have been scaled by multiplying times 100; Pf\; EG and QyEg refer to the
farm value and quantity demanded of the vegetable to which the dependent variable refers.

The asymptotic t-vaiue and one-sided probability value are presented Leiow each coefficient as asymptotic t-value/proba-
bility value. The probability values are hased on the normat distribution.

Benavioral

The relationships between the margins of the seven
vegetables and the farm value were positive in all cases
except carrots, where the farm vaiue is inversely related
to the margin. For carrots, we have considerable doubt
concerning the validity of the sign or magnitude of the
coefficient due to the large variance of the estimate.
Excluding carrots, the margin relations indicate that a
1-percent increase in the farm value of a vegetable will
result in a first-round increase in the margin of from
0.158 percent (cucumbers) to 0.427 percent (cabbage}.
It is a first-round increase because the interaction effect
on volume has not been considered.

Converting the elasticities of the margin to elasticities
of price transmission {the percentage change in the
retail price given a I-percent change in the farm price)
results in:

EPcab- P'rcab = 0'597 EPcan Pfcar = 0.271

Epcel, Pleel = 480  Epecyg, Plope = 451
Epgp,Plgp = 576 Epiet, Pllet = .556

Eptom, Pllom = 581 (8)

Except for carrots, the magnitudes of the elasticities
of price transmission are consistent. For the other six
vegetables, a 1-percent change in farm value would result
in a first-round change in retail price ranging from 0.451
percent {o 0.597 percent.

The elasticities of the margins for quantities are all
positive (table 2}, Thus, the first-round change in
margins and retail prices due to changes in farm values
will be dampened when an interaction with negatively
stoped demand curves is allowed.% Marketing margins for
the salad vegetables will increase when quantity
demanded inecreases and decrease when guantity
demanded falls. Unlike the reaction to farm price
changes, the elasticities of the margins for quantities
demanded differ substantially in magnitudes, froun a low
of 0.105 for cabbage to a high of 2.024 for lettuce,

The elasticity of the marketing cost margin is uniform-
ly positive and ranges from a low of 0.267 for cabbage
to 0.670 for carrots {table 2). As with farm value, these
elasticities represent first-round effects that occur before
quantity demanded is allowed to change. Given the posi-
tive values of E;y, 4, the upward effect on the margins
for an increase in the cost index will be dampened by

¢ Estimates of retail demand curves for the seven salad
vegetables can be found in (7).
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the effeets of the increased retail price
on volumes soid.

To provide an overall view of the
effects of farm price and quantity on
the margins, we graphed retail and
farm level demand relationships for
lettuce {chart). The vertical difference
between the two demand schedules is
equal to the margin:

MLET = a + b, QLET + b P/LET

1
Trp, (e*biQLET

+ & PrLET)

since Pfy g = P'LET- MLET. The
demand curves are drawn at the
mean levels of the other arguments
of the functions.

The net effect of farm price and
quantity is to decrease the margin
as quantity increases and price
decreases. As a result, the farm level
demand schedule is flatter than at the
retail level. The results are similar for
the other vegetables excluding earrots,

Table 2—Comparison of prier, pure 2515, and mixed 2508 estimates of mean

level elasticities of the margins for farm values, quantities
demanded, and cost index using two standard deviation
confidence intervals

Elasticity

Priar

Pure 2515

Mixed 2518

7
Mcas.Pcas
McasCcag
Mcar.P canr
Mcar.Qecar
Mcar JWPI
Meee . PeeL
Mee.Ocer
Mce( JWPI

f
Meuc. P oue
Meue.Qouce
Mc yc WP
Map.Pap
MepQgp
Mg . IWP)
M er.PLer
MeeT Qi eT
M. IWP]
Mrom.Prom
Mrom.Qrom

0.25* 0.5

1. *1.
5% 75
.25% 5

1.
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Mo,
b }
a
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N
3
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A N U P,
& a

NI
<)
b

0448 £0.162

. —935%1.159

28B% 320
-080% 149
552% 833
706+ 242
280+ 173
1.358 % 552
468% 220
AT1 % 881
1078 £1.816
B27E 743
421 795

345% 770
381% 354°

273 352
2216 414
J143% 318
445+ 257
573% 578

0.427 20,145
A05% 752
267+ 273
-082% 130
bas5+ 530
670+ 223
271 E 16D
1.261 £ 480
504+ 207
A58+ 376
430 % 791
A86* 387
328 + 244

548+ 589 -

308+
288+ 278
2,024 +
273% .
241
723% 4
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For carrots, the retail level demand Mo, WP
schedule is fiatter than the farm level
demand,

200% 333% 328+

Lettuce Margin Behavior, Mean Level of Data

P*M,P! (doltars) To examine the effects of changing farm leve! prices
o on retail price and margins after quantity demanded is
6 [ ' allowed to interact, we combined the margin relations
in fable 1 with retail demand equations estimated eise-
where {7) Lo derive a partial reduced form. Mean level
efasticities were computed and partial elasticities are

aiso summarized (table 3).

The magnitudes of the partial elasticities are larger
than the elasticities in which quantity demanded has
been allowed to change in response to price stimuli.
One reason is that the price-quantity demand relation-
ships for the vegetables are negatively sloped (7). A
farm level price increase leads to an increase in retail
price and a decrease in quantity demanded. The

Farm level demand decrease in quantity demanded leads to a decrease in
[ the margin, one that is lower than the partial effect of
' a farm price change would indicate,

l I ] |

Except for carrots, marketers® final reaction to a
higher level of farm value is .o raise the level of the
1800 1900 2000 2100 2200 2379
Qg1 (million heads)

]
E
H
i
[
3
t
3
E

margins. Such a response could be expected as, if
margins were not increased, marketers® revenues
would decrease, given negatively sloped demand
curves,
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Table 3—Mean leve! elasticities

N
Percentage change in—
A 1-percent -
change in— Retail price Margin
With Q Wwith a _
interaction Partial interaction Partial
Pleab 0.586 0.597 0.411 0.427
Pfear 227 271 -113 : ~052
Plee) 406 490 . 115 271
Poug 419 451 079 .158
P:gp 538 576 267 328
Phar 480 556 182 289
Plrom 469 581 .165 341
CONCLUSIONS charge what Lhe market will bear andjfor to attempt to

Qur objectives were to apply and evaluate the mixed
estimation technigue, and to specify the margin-forming
behavior of produce markets.

The prior information used in the model was proba-
bilistic, and its degree of unc2riainty was included. Prior
infurmation was compatible with sample information,
for all but one vegetable, at the 0.05 level of significance,
For the exception, the mean square error test showed
the mixed estimation estimates were superior to the pure
estimates. For six of the seven vegetables, the prior infor-
mation was responsible for less Lhan 20 percent of the
posterior precision of the estimates.

Regarding behavioral implications of the model,
aggregate farm-retail price spreads for cabbage, celery,
cucumbers, green peppers, lettuce, and tomatoes
increased when farm price increased. The inverse rola-
tionship cceurred for carrots, prehably beecause of esti-
mation error.

Apgregate marging increase when quantity demanded
increases and they decrease when retail demand weakens,
The behavior reflects a tendency of many marketers to

equate demand forces with supply. Agpregate margins
increased when marketing cost (proxied by the indus-
trial wholesale price index) increased.

In our application, the mixed estimator resulted in
parameter estimates that were relatively more precise
than those derived from sample information alone. The
extent to which it will improve the estimates in applica-
tions is problem specific. However, in modeling situa-
tions where respectable research has been previously
accomplished and/or specialists familiar with the struc-
ture of the system under study are avaitable, it would
appear desirable to use prier information in parameter
estimation. Statistical tests exist to indicate conflicts
between the sample information and prior notions.
Another test determines whether the precision of
parameter estimates will be increased concomitant with
decreases in the mean square errors of estimators. The
U.S. Department of Agriculture is a prime example of
an institution in which substantial amounts of com-
modity specialist experiise can be used to bolster the
historical sample information base, and improve the
estimation of commodity models.

of his career.

Waiter A, Hendricks
Vol. I, No. 1, dan. 1951, p. 37

The beginner need not let the language and notation
In Earlier Issues  of the mature mathematical statistician deter him.

The vocabuiary and symbolism must be learned
sometime by a prospective statistician and it may as well be at the start
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'}F Collective action is now dominant in America and in all

i in Earlier fssues  other important national economies throughout the

E world. {ts principal forms in America are corporations,
tabor unions, and political parties. }f econamic analysis is to be directed to

real problems of policy instead of merely to the solution of logical

,t probiems of mathematics, it cannot escape the analysis of collective action

i and the choice of alternatives available under collective action. In a period

5 characterized by control economics, the most serious blindness is the

i i iliusion that it is possible to retusn to the individuzlism of the eighteenth




