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Arthur J. Fursel
AZ3TRACT

The purnose of this study was to obtain estimates of the
marzinal productivities of the resources used in the oper-
ations of Michizan elevator-farm eguoply firms. It was antici-
pated that these ectimates would provide useful aicds to
elevator owners and manmzers, boards of directors, managexent
consultants, recearch =nd extencion personnel in =znalyzing
the effects of »nro~o=ed reorgenizertion ard expansion prograne .
The real »nroduct of the country elevator ie eservice and
tre emdirical weasure of this service is gross wmeargin. A
Cott-Douslas tyove oroduction function w=2gs enployed to deterrine
the marzinal value nroductivities of the inouts uced in vper-
forming this service. This ie an exponential egustion which

is linear in lozarithms. The regression coefficients 2re
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ceternined by the xethod o
The marginal value onroduct of e=~ch input category was

then determined by the following formula: MVPxi= by E(Y) or
X3

the antilogarithm of the log by + log E(Y) - log Xy, where
E(Y) is the zrces marzin obtained when Xj is the amount of that
inout ueced in the estimating equation, and by is the regrescion

coefficient of X;.
The data used in estimating the marzinal value »ro-
ductivities were obtained from the financial records and a

personal interview with the menazere of 34 eelected ¥ichigen

elevetor-farm eunnly firme. An effort was m=de to select firas
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rrorortions of inrputs used was

desirel in order to reduce the inter-correlation between in-
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ruts and nence to assure
resressicn ccefficisnts, Thls 1n turn increases the accurzcy
of the msrginal value ;roducts derived from the function.

The returns to ezch category of inguts fer the "typical®
orgonization were found to he 5320 feor the lzbor (X7), 5.179
for inventory znd accounts recelvable (XZ), 21.695 for direct
orersztins exgenses (XB)’ and 2.88 fer ianvestrent in machinery
and egulpnent (X4)° Ine gross nargla wes estimated to be
583,674 wnen the geometric mezn amounts of inputs are used.

The merginzl valve product of lzbor is net siznificantly
different from 1its marzinel fzctor cost, thnerefore, 1T wcs

. 1t wes

u

concluded thst this 1nrut shculd not be increcase
believed that increasced qguality is a mere cppropriate ozl
with respect to lesbor. It wss concludel that the laventory
=nd accounts recelveble cztescry snould nct be lncreased be-
cause its MVP wes aprroximately esuel to its IZC. The leck
of a meessuring device which would simultuaneously mecsure tine
interrelated foctors of level, ccomposition znd rste of turnover
makes 1t difficult to svcluste 1rvenlory =deyuetely.

The two =zdjustments which seem most sdvisable are: (1)

increase tne expendicures oa direct opersting exprewmses wihille

oy

cldinzy 211 other inputs ccnstant, end (2) to increase direct

N
)
[

operating expenses snd tne amount of investment 1In machlnery
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and equipment, 1in least cost cowbinztions. FHowcver, the csse
for the latter zdjustient 1s nct strong when m=chinery snd
ejquipment have & reservz=tion price of 20 percent. The first
adjustment 1s rrimerily &an incrzcese 1n utilization of existing
fecilities becsuse ogrercting exrenses =re those which vary
witn tne rhysiczl volume cf products hiniled ty the {irm. The
fact thet a hizh rate of 1liguid capital =zccurulztion is ot-
tained subtstontlistes the cese for thils adjustment. Liguid
ceplitzl sccumulstlion is thought of in terms of traditional
accounting procedures ¢rnd is nzt rrofit plus the derreclestion
charge.

It must D2 recognized that the country elevator is a
merchzndising firm as well 25 & preducing firm, therefore,
the instization cf the prorosed adjustments wust slso be
accompanied with msncgement practices which will incrczse the
quantity of services demarnded from the firm.

a mezsurement of the demend for a glven firm's services
indicates thet it is relatively elastic. Therefore a mzjor
mesns of increasing the utilization of capecity is to cut unit

oross mzrzins end consejuently increase total gross wergin.

~pproved bym_ﬁm

Major Professor
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CHAPTER I

INTBRCDUCTICN

Cblectives =2nd Methods Used. The major cbjectives of

this study =re (1) to meacure the returns to verious input and
investtent czteories used in selectsd Michiz:n elevator-farm
supply firms znd (2) to estimste the effects of v:rying re-
source comblrations on returns to these input cstegories.

This study 1s concerned with the problem of efficlent resource
use in the operation of country elevsztors.

Probebly the major problem in the operation of elevotor-
ferm surply businesses 1s determirinz the quantities znd pro-
portions of resources which szre most likely to maximize net
cperzting profit. Fowever, country elevators zre merchzndising
firms zs well as producing firms. Therefore market comple-
mentarity among products 1s 2lso en 1mpcrtont feocteor in deter-
mining the profitability of these businesses.

Slevatcr owners =nd m:=nacers, vposrds of directors, m=neze-
ment consultznts, and werketinz firm research workers zre con-
tinuslly feced with the guestion "Will it pey?". Generzlly,
this question is of concern when a reorganization or expenslcn
program 1s proposed. It was hoped that results of thls study
would offer zuides useful in znalyzing the effects of prorosed
reorzanizetion end expension prozrams.

Theoretically, the conditions of mweximum profit ere met,

when the marzinzl velue product cf ewch input 1s egual te 1its



margzinal feactor cost. The most logical rrocedure 1a zdjusting
a firm to a more nezrly oprtimum ecoromic positicn is to in-
cresse the use of those inputs which yleld the greatest returns.

Cobb-Douglas znalysls 1s used to obtaln estimztes of the
marzinal value products of major input =nd investment ccte-
gorles employed ir the production of market services by the
firms studied. VWnhile Cobb-Douzles functions have teen used
in anelyzing ferm firms, very little use has been made of
this method in anslyzing firms which market the products of
aggriculture and furnish the necessary preduction items for
farms.l/

The operzting relstionships znd the neture of the pro-
duction function for a country elevator zre discussed in
Chepter II. A brief discussion of the Cobb-Douglas function
and a vreview of pzst studles in which this function hcs been
employed 1s zlso given in Chspter II.

Cnapter III deals with four major items. The first of
these 1s the fitting of the functior =nd a stetisticzl evelu-
ation of the results; second, the computation of the mzrizinal
value products; and third, ratlo comparisons of net operuating
profits to net fixed zssets and replacement values. The
fourth item considered is & short-run and long-run &djustment
in the fectors of production and the changes 1n ret opersting

profit as a result of these adjustments.

1/ Recently two studies have been completed at Kensas State
College on resource returns znd productivity coefficients
for grain elevators in Kansas,
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Chapter IV dezls primzsrily with an snzlysis of the diff-
erences between estimated and actusl operating returns 3{ and
secondly, with a further comment on the operating structure
of the country elevator.
General conclusions snd recommendzations obtainable from

thie enslysls are given in Cnzpter V.

The Semple. Data were obtaired from finsncial records

of the firms analyzed snd from a personal interview with the
mznager of each firm, Several major criteria were established
in selecting the sample.

Ln effort wes mzde to select firms which were typical
of the elevator-farm surply business in Michigan - typical in
the sense that the prcducts sold and merchandised by these
firms zre essentislly the same. Organizations with an un-
usuzl product mix were not included in the sample. Those with
exceptionally low dollzar volume (below 200,000 dollars) and
those rrimerily of the feed store variety were excluded from
the sample. Considerable reange with respect to the size of
business z2nd the proportions of inputs was desired in order
to assure greater rellability of the estimated regression
coefficlents.

Elevztors operated by chzin organizztions were not in-
cluded because of the overlapping accounting and managerizl

services employed. A pzartial excertion to this rule wsas

2/ Actual operating returns is zn index of marketing services
which eliminates the difference in &bsolute unit gross
margins taken by the firms studied.



mzde in the czse of elevztors assoclated wlth Farm Stureau
Services. nhowever, thls wzs not consldered =z seriocus error
tecause of the decentralized accounting end maunsgement pro-
cedures practliced by Farm Rurezu Services. Originzlly finsncicl
records and interviews were chbtained from 42 country elevators,
however, due to insufficlent informetion it was necessary to

reduce the number studied to 34,



CHAFTER IT

THE ANALYTICAL FRANMENORK

Crerating Relztionships. The elevator industry plzys

an lrportent role in Nichizzn sgriculture ty meeting a lerge
portion of the marketing and distributing needs of the farm-
ing community. Elevator-farm supply firms zre cssenbling
points for the movement of grain through the marketing system
and into the hands of the consumer. The country elevstor is
also a major distributor of items required in the procduction
of field crops @nd livestock products

These [irms handle processed znd unprocessed grezin. The
greater proportion of processed zrzin is derived frcm the
elevstor's custom feed grinding and mixing operation, while
a smaller proportior 1s obteined from retziling "comrlete"
feed mixes. eed surplements ere added to a2 high percentege
of the processed grain hsndled. Fost of these suprlements
take the form of protein additives such ss soybesn, linseed,
cottonseed meals &nd/or prepared commercisl protein supple-
ments. OCther feed ingredients such as szlt, antibotics, znd

crain,

ligquid molssses ere =zlso added to the processed
Unprocessed or nerchsndised grzin is sold to three major
classes of buyers: (1) terminal grain elevator companies,
(2) other country elevetors, and (3) fermers.,
In classifyinz the market service output of the firms
studled, unprocessed grecin, processed zralin, snd service 1ln-

come are grouped into & sinzle catezory. The guiding principle,



in grouping these products 1ls the hizgh degree of complemen-
tarity existing between them. The gre=zter the degree of inter-
relationship between proiucts, tne more reason for aggrezsting
them into the szne category.z/ This principle was also used in
groupling the many other items h:indlel by country elevectors into
the sideline cztegory.

The firm which provides o fermer with those commoditiles
needed in livestock production is very apt to obtain that same
fzrmer's salezble grain. In thls respect, feed and merchandised
grain operations are complementary in the market.

The sources of service income for the country eleveator
are: (1) custom grinding and mixing of livestock feed, (2)
handling, trucking end storinz grain, and (3) clezning and
treating grein for seed. Service income, as the above list
indiccztes, 1s primerily derived from grain handling and pro-
cessing operations. Vertical integration of service operations
with both processed and merchendised gr=zin leads to & greater
volume in either or both enterprises. In this respect service
operations exnibit both techniczl snd market complementarity
with processed and merchandised grain., Technical complementarity
exists beczause some of the facillities used for service oper=-
ations mey be used for greain processing and merchandlisinge.
Merket complementzrlty exlists because grzin merchandising and

processing volume may be increased s & result of providing

3/ Richard Phillips, VMun=zging for Greater Heturns in Country
Elevator and Retail F:rm Sunply Businesses, Published by
Fermers Grain Dealers Assocletion of Jowz (Cooperztive)
Des loines, Iowa, pp. 34 znd 35.




the service.

Techniczl complementarity between unprocessed znd pro-
cessed gr<in 1is greatest in whet wight be cxzlled the dusl-
purpose plent, bec:zuse pert of the same fucilities are used
1ﬁ handling zgraln zs are used in processing feed. The
seasonal nssure of graln hervests end livestock feedingz, makes
thls type of operstion possible., Techniczl coxplementarity
between these two cctlvities permits nigner utilization of
machinery =nd equipment, znd consejuently absorbs 1ldle cspacity.
Dual-purpose fucilities provide operational flexibility and
reduce risk caused by shifts in the composition of the grain
volume hendled by the firm. It is apparent that an in-
crease in the total volume of grain (processed and unprocessed)
hzndled may lesd to competition for the avallable fecilitles.
This competition is not serious in those firms primesrily
merchandisinzg oczts ani whest, beczuse these grains sre har-
vested at =z time of the yecar when feed volume 1s lowest. How-
ever, 1if the firm in question merchzndlises lzrge guantities
of corn a competitive relztionship cculd exist, beczsuse corn
is normzlly harvested snd scld when the feed business 1is =zt
or neasr peak volume,

A pertial snswer to the competitive relationsnips exist-
ing in the dusl-purpcse plant, 1s sepzration of grain and feed
facilities. Ifthe fecilities sre separated, the firm can handle
a2 greater total volume of business. Separcste fauclllitles permit
handling nurvest-time runs, and at the szme time enable the

firm tc maintain 1ts feed volume. However, an expansion program
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of this tyre rejulres increcced Investwment in fired frcilities,
more specl:=lizei esplcyees, =znd consejuently the necessity of
increused s=zles volume,

fhe guestion now rresents itself ss to wnen grain end
feed facilities should be sepzrated, It 1s extremely daiffi-
cult to gilve z concrete or empiricel answer to this question.
Tne fectors wnlch must be considered ere: (1) the rresent
sales volume in feed znd gzrein, (2) the seasonal neture end
type of grein production in the treding eres under consider-
ation, end (3) the potential increase in graln volume that

result of 1increzsed cz=pacity. If all these

(O}

mizht occur as
guestions can be unswered with & reasonabvle desree of accureacy,
1t would then be necessary to make 2 comparison of the costs
relationsnirs for ezch method. Upon completion of the cost
analysls, ménzgement would hsve 2 guide to the decisicn of

whether to sepsrzte the feed snd grain fecilities.

The Mzrxzet Service QOutput of the Firm. The relationship

between merchandised grein and processed grsin has been dls-
cussed in physicesl terms, however, 1t 1s luvossible to devise
a physiczl index which will measure ll the products nandled
by these dbusinesses.,

Sideline items run the gemut from fertilizer to print
feed bezs, out of which farmers' wives make zprons. In con-
Junction with the prefit motive, the purpose of sidelines is
to increcse competitive effectiveness and make use of 1idle

cepacity. Idle cepaclity may be lzbor, plent f:=cilities, or
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menzgerial sbility. Sideline creraztlions absorb idle capeccity
snd provide an opportunity to geiln zdditlonzl grsin volume
from the szme f:zrrers who purchsse sideline items. In this
respect, sideline items znd groin are complementzry to esch

| other.&/

A substantial proportion of the elevator's cperzting in-
come 1s derived from services which are not associated with
the rurcnase and szle of 2 ccommodity. A service is zlso per-
formed in hendling and distributing the many products bought
end sold. The s2le value of zny commodity is composed, in
part, of the vslue of mwarket services performed in handling,
storing and processing. These services sre simllar to those
rerforred independent of the purchase and szle of commodities.
The services performed 1n these two ways then, represent a
nomogeneous output of the firm. The dollar value used to
measure tnese services 1s the gross margin derived from esach
ectivity carried on by the elevstor. T[he zversge gross mzrgin
for the 34 elevators studied was 398,564,

The following table shows the averaze percentaze of gross

margin derived from each source of gross margin.

Table I. Percentzge Each Source of Gross lM-rgin 1is
of the Totel Gross liargin

Merchan- Pro- Fertil- Petrol- Farm Ser-
dised cessed 1izer Seed eum Supply vice
Grain Graln Inc,

Percentage 18.08 20.09 £.56 5.71 10.08 17.23 22.25

L/ Joel Desn, Monzrerial Economics, New York: Frentice Ezll,
ITIC. ) ppc 119-120.




Table I indicetes that grain onerations are the oriuary
sourceg of eervice revenue for these firms. The gross xargin
derived from merchandised grain, procesced grain and other
service associated with grain operations is 60.4 vercent of
the total gross margin. The onroportion of zross margin ob-
tained from these three sources is also a fairly constant per-
centaze amonget the different firms. Only nire of the firus
obtained less than 50 percent or more than &0 percent of their
gross income from grain ooerations. 1In other words, 25 of
the 24 firms studied derived from 50 to &0 oercent of their
total zroess marzin from zrain oonerations.

Nature of the Production Furction for the Flevetor-Ferm

Sunnly Bucinece. 1In the nrevious section comnodities h=andled

by the country elevator were classified into two onriuary cate-
gories. In the next few varsgranhs a juctification will ke
developed for measurinz the cutput of an elevetor-farm sunnly
firm as 2 homozeneous set of .inarket services.

Trhe commodity innute c2n be specified sas:

(1) 77 = grain (2) Zp = sideline items

The total value of outout when measured to include the

value of both the comrodity and -arket services is:

Q =F [(29), X, -+ . ., xn]
2 =F 7)) 2, -l Xy

The comnodity inouts (27 and Z,) are identities with the
physical outouts 2and Xl to Xn are the innuts incorvorazted with

the comuodities in the marketing overation. The value change

10



11

between the comnolity inonute 2nd comuodity outouts arices to
the extent the2t non-conumodity imoute (X3, ....,X,) add value
throuzh the incorooraticn of wmarzet services with the comsodity.
Since there is an identity between the coasndity innuts and
the cutnut in voth a physical and value sense, it a=npears ir-
relevant to include the commnodities handled as a »art of the
outout of a wmarketing firm such ae tre country elevator. If
tris premise is acceoted, service is the real vrocduct of the
elevator-farm susnly businees 2nd the fin~ncial weasure of
this service is gross mar_in which includes the difference te-
tween the nurchmse and sale value of conmndities handled, =nd
direct chearies Icr cervice »erformed without the »urchase and
sale of commodities. The vnlue =zroduct for the elevator, then,
could be stated as follows:

d
Y :J,f_l?:j(Plj - P2j) + 2 =F (X1, X2, X3, Xy|X5,....,%X,) + U,

where Y - index of marketing services in dollars es measured

by adjusted zross marzin. Zj = bhysical cuantity of conunodities
ourchased and sold. Plj = price of a particular product sold,
ij = price of a particular product ourchased, j =1 to d, and
Q is service revenue obtained independent ¢of the buying and
selling of comwodities. Xy through X are the amounts and/or

values of each variable input used in ottzinirnz gross wmargin,

x5,....,x are fixed, while U reprecents the variatione in

n
actual zross margin from the functional relastionship. These

variations are ascumed to be randomly and normally distributed.
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Gross margln 1s derived from msny scurces. These are
azgregzted into a single output category. Grain and sideline
operations, as was the previous categorization of all the
sources of gross mzrgin, sre complementary to each other for
essentially the same rezsons, that processed grein end mer-
chendised gzraln =re complementzry to service operations, as
well =zs to each other. MNMarket complementarity stems from the
relztion between graln volume and the ability to provide a
complete or "full" line of rroduction items needed by farmers.

To use gress morgin zs the index of marxeting services,
1t 1s necessary to mzke certein computztions in order that the
index wlll have the same meaning for &ll firms. This 1s
necessary to obtain ccrpzrzble interfirm comparisons of the
value of market services performed. A1l firms must be placed
cn an egusl basis in the sense that any differences in the
eébsclute unit gross margins due to ccmpetitive relsationships,
location fectors 2nd neznazerial policy are elimineted. The
computation of the index 1is 1llustrated in the next chepter.

In producing mearketing services certain inruts are re-

quired. These are categorized as follows:

Xy = Lebor

Xp = Inventory and accounts receivable

X3 = Direct operating expenses

7y = Investment 1n machinery and equipment

Xeso o .,Xn = Unstudled factors of productions which are

-

held constant
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Lacor (Xl) is measured in man months of oproductive labor.
This category includes all l=2bor time except thet devoted to
management and bookxeening tmsks.

Inventory and accounts receivable (Xg) is the averaze
monthly inventory, plus the mvera.e monthly accounts receivable.
This is uced 2s a reasure of the liouid canital necessery to
onerate.

Direct operating expenses (X3) are the expenses which
vary with the volumne of businecs done by the elevator. Such
thinzs =28 pnower, telenhone exwnense, #nd hired trucking 2re in-
cluded in tris input category.

Investzent in machkinery and ecquipment (Xy) ic the re-
placement value of machinery »nd eguioment in the elevator.
These values 2re engineering estinates obtained from Kichigan
Millers, the =zency which insures the »hysical facilities of

these firas.

(xg,....,xn) the effects of these factors on the de-

ocendent variazble (Y) ere fixed at a snecific level.

Rules for Inout Cotezorization. One of the wajor diffi-

culties encountered in carrying out tris study was categorizing
the inouts in such a way as to gain a reasonable degree of in-
dependence between the input catezories. The proportions of
individual innuts within a cstezory ehould e in leret cost

combinations to be meaningful from an ecoromic standpoint.
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Johnsoni/presents the followinz rules zs zuldes to be used in
cztegorizing inputs wnich have s mezrinsful relstionsnip to
vlue of output in aznalyzing farm businesses. Thnese rules
erpear to te anplicsble in categorizing the inputs used by
country elevztors.

(1) One rezssonable rule for grouping inputs into czte-
rorles is to group good complements together and
good substitutes together, mezsuring the complements
in terms cf "sets" and the substitutes in terms of
the comron denominstor wnicii mckes them zood sub-
stitutes.

(2) Sets of complements end sets of substitutes cen be
grouped into the same cstegory very ccnvenlently if
the sets esre complementary to, or substitutes for,
each other.,

(3) TIhe converse of the above two rules follows: Input
categories defined should be nelther good substi-
tutes nor good complements for each other.

Johnsoné/further states that the above rules have the

following zdvznteges: (1) the input categories so defined
ordinsrily turn out to be the categories which manzagers have
recoznized znd named. (2) Mwunsgers ordinarily recognize sub-

stitutes znd have a nzme for them which recognizes the common

5/ Glenn L. Johnson, "Cl=zssification and Accounting Problems
in Fitting Prcduction Functions to Farm Record and Survey
D=ta", Resocurce Productivity, Returns to Scele znd T-rm Size.
Edlted Ezrl O. kEesdy, Glenn L. Johnson and Lowell 5. Herdin.
pp. 90"'910

&/ Ibid., p. 91.
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denominator. (3) Concentrates the anzlysis on the rezl provb-
lenms feced by managers; The rezl input combination problems
are nct concerned with combining substitutes znd complements,
but, rather with comblnlug categories of inputs which are
rielther perfect substitutes ncr perfect complements to each
other.

Tnere are alsc certeln accounting procedures that should
be followed in grouping individual inputs into categories.

It 1s necessary to put cash expenditures and investments in
fixed fecilitles 1n separate input categories or the marginal
value products willl have little meaning zs guldes for obtain-
ing optimum adjustwent. FVP's for casn expenditures would be
underestimated, and the MVP's for investments would be over-
estimated, 1f the two types of inputs were in the same cate-
gory. This condition zrises from the expected returns on
different types of inputs.

Cash expenditures are made on items that asre generzlly
consumed within one period of production. Therefore, it is
necesssry that the product resulting from these expenditures
have a value at least as great =s the cost of the input. On
the other hand, investment ltems are ususlly consumed over
several perilods of production, conseguently, the return should
be high enough to cover that portion of the czsset used in one
production period. Nzaintenance expenditures &nd depreclation
should be eliminated from the input categories, then the mar-

ginal vslue product can be determined for the investment category



1%

and equated zzzinst a2 marginsl f-ctcer cost determined by the
manegement, The murginal factor cost would include depreci-
ation, insurance, repairs, t=xes, interest, and perhars a

subjective cost for risk.

Theoretical Bzckrround. Tne theory zulding the empirical

raert of this study 1s the theory of static production economics.
Tnis body of theory 1s deduced from the law of diminishinz re-
turns under a set of ststlc assumrtions which state the con-
ditions necesszry to mzximize profits. "The lazw of diminishing
returns holds that (except in very srecizl instances) the
addition of a vericble input to fixed inputs results first in
total returns which increase at an increasing rate, second in
.total returns which increzse at a decreasing rzte, and third

in totzl returns which decrecse with increasses in the veri-

a2ble 1nputs“.2/

Crptirum Ccmbinations of the Foctors of Prcduction. In

&rplying the eccnomizing principles to the fectors of pro-
duction there are two guestions cof primzry concern. They czre:
(1) optimum or most profitable combination of the factors to
use and (2) the optimum smount of all factors to use.

The general eguatlion or expression for a production re-
l=tionship between tctal gross margin or the index of marketing
services and the fcctors of production, lsbor, accounts re-

ceivable &nd inventory, direct orerating expenses @nd cepital

72/ “rzdford & Jchnson, Farwm Fenszement énslysis, p. 113.
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investaent, olus an indefinite nuaber and amount of fixed

w

factors would be:

Y = F (X, X, X, xulxs, ceen LX)

This is a »roduction functicn and may ve thouzht of as a
definite reletion between gross zarzin (Y) and a set of innout
variatles (xl,....,xn). The index of gzross marcin (Y) depends
simultaneously uoon the fzctors (Xy,....,Xy) in some definite

way when the Tactors (XB""”Xn) are held constant.g/

In the cperation of a country elevator the awansger ie
orimarily intereeted in xeximizing orofit. It follows from
the lew of diminiching returns, that profit will be increaced

: a/ - -
ss long as the u2rzinal value oroduct</of any factor of pro-
10/

auction exceeds its m2rsinal factor cost.=—

Tris corcent is illustrated in the followinz nrofit

=

\')

equation with sross marzin dependent upon direct ti € X—

penses (Xz) and investment in machinery and ecuipment

2/ Icid., p. 122.

2/ ¥arzinal value »roduct is the ch
total product (gross 4ﬁr31“) ae
cddltlonal unit of in»nut.

In terms of calculus:

¥VP = Y-9PY + Py ,9Y
X X4

~e in the wvalue cf th
reeult of using an

Where: Y = Orizinal output
Py = New price of Y
10/¥arginal factor cost is the chenze in the total cost as a

result of using enother unit of innut.
In terms of calculus:

Px.
KFC = X;. O X1 4 p, . 9%
9 Xy i aXi
Xy Crizinal input
Pxi: ew price of Xj




with labor (Xl) and eccounts receivable and inventory (Xg)
held const2nt at 2n arbitrary level ~nd with (X5,....,Xn)

zsgumed fixed.

11
Yy = ¢ - F.C. 1

when differentiated with resnect to X3 and Xy.

(2) dm _ wyp - ¥FC
3 Xz = 7 T Xqryy Xz
(3) 24 VYD i
——— - & -— ﬁ/,F
3 Xy Xy (v) Ay

The conditions for maxirizing profit are met, by setting
equations (2) =and (3) egual to zero a2nd solving them siaul-
taneously. Interaction between the fsctors necescitates 2
simultaneous solution so that the profit maximizing concitions
(1) what coxbination of X3 and Xy to use and (2) how much of

X, and Xy to use, are satisfied. X

The Cotb-Douglas Production Function. The use of this

function w2s originated by Cobb and Douglas in a2 study con-
cerned with statistically testing the marginal oroductivity
theory of distribution. Tre function was used to wmeacure the
effecte of l2bor and ca2onital on gross national oroduct. Tte
function in tre pvower form wes P = bLXcl-X, It was fitted by
least sguares rezression and was linear in logarithme. The
restriction that the sum of the regrescion coefficients be

ecual to one was imnosed upon the function, thereby ascsuming

11/ C = the arvitrary azount of X7 and X, ured tiwes their
respective prices.
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constant returns to scales.lg/ It wes leter demonstrated by
Durznd, that the assumptlon of constent returns to sczle

could be stztistically tested by the F test cf varianée.lj/
Increasing returns to scale sre vresent, if the sum of the
coefficients or exponents 1s grezter than one, decrezsing re-
turns if the sum 1s less than cne and constant returns to
sczle when the sum 1s equal to cne. Thus, the function never
reaches z maximum and can not hendle two or more producticn
stages simultzneously. The function has constsnt elssticity
thnroughout, which meens that lecst cost combinations of two
inputs will be in the szme proportion =t successive levels of
output. another disadvizntage, s the function 1s used in

trnis study, 1s that it must intersect the Y and X axis &t Y = C.
li. C, Carter hes developed certain modificstions which do awey
with these disadVantages.lE/

However, there are severazl sdvantszes to this functlon
which make 1t & useful tool for determining the marginz=l velue
rroducts of 1nput categorles. 1In logerlthms the function 1g
linear end easily fitted to empirical datz by the method of

leust squzres. It takes the following form when fitted in

12/ Chzrles W. Cobb £nd Pzul H. Douglas, "A Theory of Fro-
duction", Arerican Econoric Leview, Supplement XVIII,
co. 139-1¢5.

13/ Dzvid Durand, "Some Thoushts on Merginal Productivity with
Specilzl Reference to Frofessor Douglas' inalysis," Journsl
of Pclitical Econormizs (XLV), rp. 740-7:58.

14/ E. O. Carter, "lodifilcection of the Cobb-Douglas Function
to Destroy Constant El-ssticity and Symmetry", Zescurce fro-
ductivity Returns to Scezle znd Frrm Silze. Edlted by
Bzrl C. Heady, Glean L. Jounson snd Lowell S. Herdin.
Ep. 168-174,




logerithms:

Log ¥ = log & + by log X; + - + b lecg X,

1
When transforming into natural numbers it 1s necesscry only

to place the coefficients in the exponent position. It gives
lumredlietely elasticities of tre rroduct with resgect to the
factors of rroduction snd permits the phenomenon of decreas-
ing marginal returns to come into evidence without using too
many degrees of freedom. If errors in the data zre smzll and
normelly distributed, a logsrithmic transformztion of the
variables will perserve the normality to a substenticl degree.
Even 1f errcrs are not normally distributed and not independent

the best linear estimates will still be provided by the method

of lezst squares.li/

Lrplications of the Cobb-Dourlas Techrlaue. Considerable

work hcs been dene in fittirg value productivity functions to
cross sectional deta of farm firms. In most of these studles
the Cobb-Douglas function heas been used in determining the
marginal productivities of input and investment categeriles.
One of the first studales of this type was trat of Tintner

end 2rownlee wnho fitted a producticn functicn to farm record
data.lé/ Earl Heady used a rzndom sample of Iowa farms in an

analysis measuring the returns to the factors of production.lZ/

15/ Gerhard Tintner, "A Note on the Derivztion of Production
Function from Farm Records", Ecororetrica ¥XII, No. 1,
Janusry, 1G4L, pp. 26-4L4,

16/ Tintner and Brownlee, "Froduction Functlions Derived from
Fsrm Records", Journazal of Form Economics, Vol. 26, 1944,

17/ Earl Heady, "Production Functions frcm a Rendom Szmple of
Jowa Farms", Journzl of Farm Economics, Vol. 28, 1946,
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In & series of progress reports at the Unlversity of [Kentucky

Johnson used a purposive semple in filtting value productivity

functions to farm data.l§/ In the more recent pest several

studies of tnis type have been dcne &t Michigan State University.

R. V. UWegley, in 1953, determined the marginzl vzlue produc-

tivities of input and investment cztegories on a purposive

sample of Ingham County Michigan farms.lﬁ/ C. Peringer used

a multi-equation model in determining the marginal produc-

tlvities of input cetegories for 27 Illinols dairy-hog farms.gg/
While many empiricel studies have been mzde to anszlyze

the economic efficlency of resources on farm firms, only re-

cently have the analyticel technligues of production economics

been employed to study resource use in agricultural marxeting

firms. Within the last yezr two studles have been completed

at the Kansas Agricultural ZExperimental Station on the

elevator industry in that stote. Thne first of these studies

1s entitled, "Resource Returns and Productivity Coefficients

in the Kansas Cooperective Grein Elevator Industry“.gl/

18/ Glenn L. Johnscn, "3Sources of Income on Upland lNclrscken
County Fzrms", 1951, Progress Report No. 2. Kentucky agri-
cultural Experimentzl Station.

1 Robert V. Weagley, "Marginzel Froductlvities of Investments
) H <
and Expenditures, Selected Ingham County XFarms, 1952",
(Unpublished Master Thesis, 1953), NMichigan State College,
1953.

20/ Christoph Zeringer, "A Method of Estimating Margilnal Value
Productivities of Input end Investment Categories on Multi-
rle Enterprise rerms", Unpublished Ph.D. Thesis, lichigan
State College, 1955.

Paul L. Kelley, Henry Tucker, and ililton L. Mznuel, "iZe-
source Returns and Productivity Coefflcients in the Kansss
Cooperative Grain Elevator Industry", Technlcal 2ulletin 84,
2oricultural Experimental Station, Kenszs Staute College,
October 1956.

S
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The seccond study is entlitled "Resource Returns and Froductivity
Coefficlents in Centrszl end Western Kensas Country Elevztors
of NModern Construction".gg/

In the first study the Cobb-Douglzs function was ermployed
to estimate the rroductivity of resources used in 215 cooperative
elevators in Kensas for the 1949 whezt crop year. The varilables
were classified as follows:

Y = Value of output in dollars

Lzbor services in dollars

X1

Xo= Crerating expense services 1n dollars

X3= Caplital services in dollars
The value of output (Y) is szles plus endlng inventories less
beginning inventories less purcheses plus income from storege,
grinding, commission and other miscelleneous incomre. Patron-
age refunds and recovery on accounts rreviously charged off
were excluded. (Xl) labor services wes defined as selaries
of menagers end office help, wzges of plsnt workers, commissions
peid, directors'fees and emrrloyees' pensions. (XZ) other
operating expenses were defined as office supplies, plant
supplies and other incidentzls essential to elevator operztions.
(XB) capital services included repeirs, water, light and power,
telephone znd tele.rsph, gas and oil, depreciation, rent and
rallrcad lease expense. Taxes on rroperty, cepital stock taxes,

corgoration taxes, insurance, interest, cuditing expense,

22/ Pzaul L. Kelly, John H. ¥cCoy, tenry Tucker, znd Virve T.
Lltean, "Resource Returns and Froductivity Coefficients in
Centrel znd “Wesctern d:snsas Country Elevators of Modern Con-
struction, &gricultural Experimental Station, Kansas State
College, lMzrch 1957.
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licences a@nd bonds, lezzl exrense, bank service cherges and
bsd debts were excluded from the function.23/

Functions were first fitted to dsta stratified by three
risk areas of the state - Vestern, Central snd Eastern Kansas.
Secondly the data of the seme firms were sorted by degrees of
diversification to deterwine whether the rore diversified
plants were more rrcductive in the use of varlous resources.

The results showed thst in general labor hzd been optimally
allocated among the area a2nd diversification alternatives.
Cepital services were substantially more prcductive than
labor services in this industry. Capital services, on zn
srea basls, apreazred to hzave been optiwmally allocated. How-
ever, on s diversificstion basls carital services in the
medium stratum were more productive theén in either low cor high
diversification groups. The zanalysis, in zenerzl, indicated
that the firms studied exhibited constant returns to scale.gg/

In the second study a sample of 22 elevators was drawn
from a suépopulation of western and central Kensas elevators
with licensed storage capacity of 95,000 or more bushels end
of uniform type of construction. The subpopulation wes
stratified into four size groups. Ilevators 1n each stratum
were plcked at random with vroportion allocation. Data for
the 1951 whezt crop year were collected by personal interview

end from office records. Cobb-Douglas production functlons

23/ Kelley, Tucker, lznuel, op. cit., p. 4€.
24/ Ivid., p. hko.
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were fitted to sldelines, storazze znd grsin merchandising
operztions s well as for totzl plant cperation.gﬁ/ The
classificaticn of vezrlaebles was essentially the same in both
studies.,

Estimated marzinal productivities, measured at the geo-
metric neans of output and inputs, showed that efficlency
could hzve been increzsed in sidelines and total plant operations
by adding labor inputs relcotive to cperating exprenses end
carital service Inputs, snd in storage by increasing operat-
ing expenses znd carltal services relative to lsbor. Tests
of interfunctlion differences in marzinal products indicated
that trensfers of rescurces between elevator activities would
rnot have increuzsed totzl economic efficlency. Constant re-
turns to sczle were indicated in grein merchandising and
totazl plent functions. Incressing returns to scale were in-

diczted in sidelines @nd storzge sctivities .28/ b

Kelly, lcCoy, Tucker, ilten, op. cit., p. 1.
Ibid., p. 2.
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CHAFIZR IIT

FITTING TEZ FUNCIICN

Computzticn of Index of VMiorketing Services. The data

collected from 34 elevators was summerized to determine the
gross incore and the emount of eccn input or investment cste-
gory used in obtalning gross rargin. Gross muargin wes then
converted to an index of mirketing services by elliminating

zny differences in absolute urit zross mergin tnst occurred
between firms. A weighted sveraze unit gross mergin was com-
ruted for every commodity snd item sold by the elevators. The
ectual unit zrcss mergin times the cuantity sold was cslculated
for ecch firm, tnis figure is the totsl zross margin obtain-
ed frem that prcduct. These fisures were tnen surmed and the
total divided by the sum of the gusntities sold, to obtain

the wel: hted averzgze unit gross msrgin. The welghted average
unit zross margin wes then remultiplied by each firm's quen-
tity to get the index velue of mzrketing service for that
comrodity or service. The 1Individual 1index vslues were then
summed to get an azsrezazte value for the index of wmarketing
services., Lzck of informztion on the number of bushels of
crain hendled @nd warehoused, necessitated the use of actual
gross margin vslues for these services. Thls wzs not con-
sldered & scrious error becsuse of the small percentage of

total marketing services thet these items rerresented. An ex-

ample may help to clarify the computation of the azgregate



N
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value of the index of murketing services.

The following tzble shows the type of data obtained from
the questlonnaire thzt was answered by the menagers of the
firms studied. A check on the totzl gross margin computed
from questionnaire data was mzde (not index of meriketing ser-
vices) for each firm by a comparison with the totzl gross
marginEZ/indlcated in the operating statements. The com=-
parison revealed that in certain incidences discrepancies did
exlst. These discrepancies were due to inaccurate answers to
questions on returns obtailned from merchandising grain. Since
nezrly &ll of the firms azgregate individual grain meargins
into a single account, it was impossible to determine in which
zrain or combination of grains the discrepancy had occurred.
It wes possible to determine however, that sbout 85 percent
of the total error occurred in nine firms. The 1index of
marketing services for these nine firms was adjusted by add-
ing or subtracting the difference between questionnalre data
and operating statement figures. Upon completion of this ad-
justment an aguregate discrepancy of only 14,056 or arproxi-

mately .43 percent was not accounted for.

N Statisticel Results end Ev:slustion. The method used in

fitting the Cobb-Douglzs function was lezst squares rmultlple
regression and correlztion. 1e normal equations were solved

to calculate the regression coefficlients znd thelr respective

27/ This 1s total gross morgin adjusted to exclude non-
operating income such as pastronage dividends, rent revenue,
etc.
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standard errcrs were determined.gg/

me recression coefficilents and tneir respective stzndard
errors were found to be:

Lzbor by= 387980 & .123377

Inventory and iccounts Zeceivable bo= 1E3434 + .083167

Direct Crerzting Expenses b3= .269722 + .0900&5

Machinery and Equipment Investment by, = 187699 + .090447,
A1l the regression coefficients were positive and less than
one. Thls 1Indicates that additionzl increments of ecch input
will increese gross margin, but that additlonal increments
of eny one input, with the other inputs fixed at & specific
level, will 1lncrease gross m=rzin at & decrezsing rate.

The equation obtained for predicting gross 1income 1s &s
follows:

Log ? - 1.339103 + .387980 log Xp + .1&3434 log X, + .269722
log X5 + .187€99 log Xy.

The sum of the regression cocefficients is 1.006E35, in-
dicating that there 1s slizhtly increasing returns to scale.
fiowever, the sum of the rezression coefficlents does not differ
significently from one. Therefore, i1t was rot concluded th:zt
these firms had increesinz returns to sceale.

The coefficient of multiple determinztion (R°) 1s .87.
This neans thz=t €7 rercent of the total variance in the log-
arithms of the derendent varizble (gross income) 1s assoclzted

with the independent verizbles. To test the reli:sbility of

28/ See "Computetional Vethods for Hendling 3ystems of Simul-
taneous Equations" by Jozn rriedman e¢nd Zichard J. Foote,
Szriculture Hondbock lo. 94, USDA, AM3, Nov. 1955.
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the coefficient of deterain=stion, the F tect of veriance w-=s

employed.gi/ Tre F value obtained fros the test was 4£.C619

. . I
or well heyond the upwer .001 noint, thus making R§.X1 _—
3 3

>

rn

cleerly significent when tested agysinst zero.
Thirteen percent of the variance in Y is not explained
by the indenendent variables. It can te assured thnt this
difference is caused by such factore as menagexent, gu=lity
of 1labor, commetitive factors, nercent utilization of caepacity
and nosgitly certain other unmeasured elements. The ascumption
used regarding the influence of variation in the unreasured
factors about their means on gross incoxne is that they arc
randomly and mormally distributed.
The lecgaritha of gross income at the geowetric mean (G)
was estimated to be 4.92259, the antilog of wkich is &3,674.00
dolilars. The standard error of estimate (%) was .OH2Z7S.
Under conditions of random sampling and given the s~me businees
conditions that existed in 1955, 32 percent of the tiune the
logarithm of gross incouxe would e expected to e greater or
smaller than 4.92259 + .04Z973. In dollar values the gross
income in two out of three times, on the average, would be

within the rangze of 7,757 to 93,642 dollars. K

23/ Frederick E. Croxton 2nd Dudley J. Cowden, Anplied Genersl
Stotistics, (New York; Prentice-H=11, Inc.) o. 723. The
formula used in deterxining tke F value was:

2
F = R1.2zu§-m + (1-1)
(1 - Ry o3h__m) & (N-n)
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Corrutzution of the I'zsroirsl V=lue Prcducts. The next

1

step in eveluating the results of tre rezression =nd corre-
laticn znalysis 1s tc compute the morzinal vzlue rroduct (1VP)
39/
for each input catezgory for the "usuzl" or "tyrical" firm.
The following table gives the data regquired in computing
the I'.T\IP .
Table 3. "Usual" Crganization and Estirated arginal

Value Froduct of 34 Elevator FParm Supply Firms
in Michiven, 1955,

Input Quantity Log of Log of Log of %
Categories of (3) by by Gross  INVP
Input Inrut Income

Labor (X7) 101.3 2.00581 ,.39798 9.58881-10 4.92259 :320.32
Inventory &
Lccounts Re- 176,164  L4,88192 .16343 9.21333-10 .179
ceivable(X,
Direct
Cperating 213,3C5 L,12402 .26972 9.43091-10 1.6
Expense(XB)
Replacement
Vl;lue Of a i< / z
chhinery & 58,897 L,78862 18770 9.273L46-10 .258
Equipment(xu)

ON

rfvg( Pa(E)Y - arntilog of log by + log (E} Y - log X;.
Bl

The regression coefficients (by) are used directly in
computing the mzrginal velue productse. Therefore, it is
necessary that the coefficients be relizvle. One method of
testing the significence of these coefficlients 1s to test them

azgainst the null nyrcothesis of zerc.

30/ Ime term "usual" or "tyrical" is used toc mean the elevator
farm supply firm having the geometric mezn zmounts of in-
ruts used in the production of gross margin,



31

The regression coefficient (by) of labor (X;) was signifi-
cantly different from zero at the one percent level., The re-
zression coefficlent (b2) of inventories end cccounts receliv-
eble (X,) was significently different from zero at the 10
percent level., The rezression coefficlent (b3) cf direct
operating expenses (XB) was sionificantly different from zero
at the one percent level znd by of total replacement vzlue
of mzchinery and eguipment (X,) was significantly different
from zero a2t the five percent level.

An slternative rethod of testing the rezression coefficlents
and one whilch seems more rezlistic in determining the ontimum
cembination of inputs, 1s to test the bi's cetermined by the
regfession anelysis, against & winlmum by wnich will yield
an I‘CVPxi ejuel to the NFCX1 . Tris is computed by setting

HYPXi ejuel to the MFCy, and fixing E(Y) and X; at their

X3
respective geometric mean velues end solving for the minimum

by, &lgebreically.

1
Lzbor (Xl) was priced by dividing the mean value of the
cost of lahor by the mean emount of labor.zl/ Inventory and
azccounts receivable (X;) wzs priced at several different levels.
The reason for doing thls wss thzt the cost of carrying these
two items in an elevator varies conslderably. Irne cost of
carrying inventories includes interest, depreclation, losees,

texes, and risk. The elevator iniustry generzlly ccnslders

12 percent per annum &s the total cost of carrying an 1irventcry.

31/ Labor 1s mezsured in man-months, which is one men's labor
for a month.



Tne cost of sccounts receivable s determined by Dunn
end Sredstreet32/ for country elevators varies from € to 24
percent. Ine mzjor difference between the cost cf inventory
and zccounts recszivable 1s bad debt locg. The cost of direct
operating expenses (X3) 1is equal to actuzl outleys. The cost
of mzchinery znd equipment wes computed at three different
levels. Cre level was computed @t a depreciation rate, a
nigzher level for depreclation and repalrs. A still higher
level wuas computed to provide for derreciation, repsirs and
the normal return that it probably would taxe to induce business-
men to invest money in new machinery and equioment.
The following prices were used in determining minilmrum
by velues.
L=bor +311.50 per month
Inventory and zccounts receivsble 3 .05
.09
.12
.18

1.00

£

Direct oprerating expenses
Machinery and equipment v «10
.15
.20
The following tecble indicetes tne minimum by values.
The difference between the b? and the estimzted by 1s then

measured in terms of the standard error of the estimated bi'

327
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This in turn incicates the proba ility of tre by occurrirng,
if the estinmted b} is the true population regression coef-
ficient.

The standard error of the rezrescsion coefficients is
cdeteranined by the ranze of the data, size of samuple and the
inter-correl=stion occurring tetween varistles. Relatively
Eizh inter-correlation between variadbles reduced the reliability
of the coefficients. Such influences =2re reflected in the

tandard errors of the b'e =2nd, hence; in the reliability

n

the marzinal value »roducts. Relatively high inter-

(o]
U]

correlations tetween two v-oriables may cause an overectimation
of one of the b's 2nd an underestimation ¢f tke otrer t. In
an atteant to reduce inter-correlation, the rules outlined in
the previous chapnter for innut categorization were followed.
The semple w=2g also selected in such a manner as to give
substantial ranie to the »roportions of inputs used.

Even through these precautions were taken, it c=n be
gscen from the folloWing sample correlations thet consider-
able inter-correlation was exhibited vetween certain sets of

the wvariables.

Tyo = - 721%5 Toz = .5775¢ Ty = La220
riz = 75459 Toy = 63076
ryy = .cH308

Cbeervation of the above values inlicates that x37 and xo,
and xq7 and X3 cshow the highest degree of correlation. BHowever,

the rest of the varisbles exhibited a substantially earller
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degree of correlztiorn. In elther set of the variebles in-
dicating & higher degree cf correlstion the estimauted b's
could be hizher or lower thazn the true regression coefficlents.
If blas exists in the regression coefficients it would be re-
flected in the marginal value products.

The only regression ccefficient wnich yielded en VP
below the minimum return wes the acccunts receivable and in-
ventory input cztegory. This occurred when the cstegcry wes
rriced at a2 reservation price of 1€ percent; however, the re-
gresslion coefficient wes within the 62 percent confidence
interval.

Cn the besis of outside information and exrerlience the
returns to lzber end direct orerating expenses did not differ
too much froin expectations. Generzlly in these businesses
an excess amcunt of labor 1s used relative to the utilization
of machinery and egquirment. Therefore, the returns to labor
are barely encugh to cover the cost of labor, while the re-
turns to direct cperating exrenses are relatively high. The
most logical sdjustment by which to increzse gross mzargin is
to increzsse the proportion of direct operating expenses re-
lative to the zmount of labor used.

It is extremely difficult to determine the returns on
inventory &nd accounts receivable without an emrirical anslysis.
The interrelzted fzctors of composition, level and rete of
turnover make it difficult to evaluate inventory. Accounts
recelvazble are also difficult to eveluate beceuse of the mazny

types of credit policies which prevall in the feed ond grain

industry.
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The returns to mzchinery and equirmsnt gre senerally con-
sildered lcw beczuse of the excess cepecclity needed to handle
harvest runs znil sezsonal livestock feceding pesks. Eowever,
the marginal value product c:zlculated in the eupiriczl rortion
of this study indicztes thet 2n incresse in the proportion of
machinery znd equlipment investwent relstive to other inputs
may increese total gross margin.

rom the results of the zbove anzlyses 1t zrpears thet
the usual orgenlzation of the lMichigan elevators 1s not in
serious malzd justiment exceprt for direct operating expenses.
I'he rezsression coefrficient of direct operating expenses 1s
significently higher (at the 75 rercent level) than the by*
necessary to return a minimum VP, indicating that rmeore of
this input cen be used.

kn adjustwent in machinery end equipment iInvestment may
1ncréase the returns of the typically orgsnized elevator
although the cese for this type of on adjustment with & reser-
vation price of 20 rercent is rot strceng. The high returns
to direct overating exrenses 1ndicates that these rlants cre

opereating at scmething less then full capacity. It would then

(U]

rpear that if these firms desired tc increcse zross mwerzin,
efforts should first be mede to exprsnd cutput in exlisting

facilitles.

otio Comparisons. in alternstive rethod of enzlyzing

the returns of these firms 1s to mzke certaein ratio comparisons

with the agsgregzte results of the functional cnclysis. The



mean estimeted zross mersin (G) as determined by the function-
2l enslysis wes 23,074, TIhe total operatinz expenses includ-
ing depreciation, messured ¢t the geometric meen is ;7¢,823.
3y subtracting totel operating expenses from gross mergzin, the
net operating profit is [7,E51.

When this velue 1s compered to net fixed assets, we have
4 silinificant measure of the carning power of fresent invest-
ment in plant fecilities. Ihe averase net fixed assets of the
34 elevators studied in tidls survey was .£9,502. Net cperat-
ing msrgin as a percentage of net fixed assets is 9.857 per-
cent. another meaningful finsncliel mezsure 1s the return
on the replacement vualue of builldinzs, machinery end egulirment.
This wezsure 1s a useful indication of the &bility of these
firms to rebuilld and -odernize their rhysic:l rlents. The
replucement values of bulldings, machinery and equipment used
are eprralissls that Michigan Iillers Mutuzl Insurance Compseny
use as 2 besls for insuring these firms. Leplascement values
for truckinz eguipment were taken directly from bzlance sheet
data on totzl investment in trucking equipment. It was
necessary to use this data beceuse inzdeguzte inforumution on
numbers snd tyces of trucking esulpment mede 1t impcossible to
ccmpute the cost ¢f new trucking equipment.

It 1s necessary to mske certain guzlifylng assumptlons,

whien rstio comparisons are mzsde wvith rerlacenent values. These

essumptlions are:



38

1. TLates of depreciztion will remcin constant though the
totel depreciztion chsrge mzy chanze,
2. Prcperty texes will rem=in constant.
3. 411 operating expenses exclusive of depreciztion
will remzin constent.

L., Dollar volume cf business will remain constant.

It 1s necessary to aedjust totel operzting exypenses by
the irncre=2se 1n deprecizticn, which will result from using
replecement values. The cverazze total replacement velue of
buildings, mechinery =nd ecuipment is (143,197 for the 34
elevators., Tnis amount plus 10,746, the wverage investment
in trucking equipment, sives a total averzie replacement velue
of £153,943 for «ll fixed assets. The depreciation rate appli-
ed to tne investment 1in bulldin:s, mucutirnery and equipment 1is
5.7313 percent. Tne rate arrlied to trucking egqulrment in-
vestrent 15 20.158¢ percent.zz/ The cdjusted total depreci-
ation is $10,373.00, hence total operating expenses increased
from 77£,823 to .,79,638. When &djusted total operating ex-
penses &re subtracted from the gross morgin derlved from tne
functionzal znalysis, the adjusted net operzting morgin is
4,038,

The averaze investment over a period of years would ve
approximztely one-half of the replacement value of fixed assets,

or $76,971.50. Net profit divided Ly the averaze investment

33/ These rates are computed on the basis of 24 elevztors, in-
adequacies in bslence sheet data made it impossible to
comrpute an average rate based on all of the 34 elevztoers
surveyed.



over o gericd of yezrs zives z measure of the net return cn
investment in plent focilities. This rercentaze 1s 5.

Ic .et en indication of the total raturns to investment in
fixed zssets, 1t 1s necess=zry to adld deprecl=ztion tc net re-
turns. Tue tctal return on averase investment over z period
of years wculd te 12.72 rercent, when fixed facilities ure
rriced st replzcement values. Exgerlence indicztes that a
return of 15-20 percent on the avera.e investment in fixed
fzcilities 15 reasonazble in the operction of elevator-farm
surply firmrs. The cbove return of 18.72 percent is probably
enouzn for the zveruzze firm to replace its present fzcilitles,
but 1t 1s unlikely that this 1s & high erough return to czrry

out any extensive expansion zrogream.

Srort-liun Adjustmznt. The ultimate rurrose of thls study

wes to provide refefence polints to make judgments on elter-
native ecornomic org:inizations of elevetors znd to serve zs
guides 1n reorganlzing these firms. The estlirated rezressicn
coefficients were baelleved relichle enough, to werrant thelr
use in estims=ting gress msrgln end marginel velue products
for different corbinastions of inruts.

As a preliminary tc & suggzested reorgenizaticn, consid-
eration 1s first given to the effect on gross murgin end the
merginzgl velue products of increzsing the input wnich has the

highest rate of return. A reorgesnizaticn bazsed on tnls cri-

teria will be referred to @s a2 short-run adjustment.
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e input hazving the hizhest rate of return is direct
orerating excenses. Direct cprerating expenses nave gpreviously
been defined =s tncse expenses which very with the volume of
business done by the firm. Greeter amounts of tuls input re-
sult in increuased utilizaticn of ylznt cepacity.

Zxperience indicstes trzt one of tre mzjor econcmic pro-
tlems in country elevators 1is excess cepzcity. Cepucity 1is
defined as the bushels cof grzin or tens of feed, thet a feed
and grain elevstor cen handle in = glven reriod of time. Due
to the sezsonel nature of groln end beasn harvests ond the re-
sulting necessity of hendlingz these commodities in z short
rericd of tize, 1t 1is necessary to malntain vnused capeclty
during certaln vzrts of the yezr. This zlso 1s true to a
lesser degree con feed processing facilities.

Tiie average plent studied in this survey utilized only
9.32 percent of 1ts grain capacity and 42.95 rercent of its
feed handling capacity.3§/ While these zre only rouzh estimates,
they do zive an indication of czpucity used.

“hen direct operating expenses are incressed frem 13,305
to 27,250, = better than two fold increcse is obtzined in the
utilization of plent fe=cilities. These results apply only if

the commodity mix 1is not changed frcm the everaze vilues

34/ Percent utilizetion of grain fecilities 1is based on rated
grain handling cs=pescity for a 101 day pericd at elght hours
per day. It was believed that the normal grain hendling
period is espproxiretely four months in length.

Percent utilization of feed facilities is based on rated
feed handling capacity for a 305 day period et eight hours
per dzy. Some feed business 1s done nearly every dey of
the year, however, there are seascnal fluctuations.
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included in the sample. The following teble shows the effects
on the marginal value products when the sbove mentloned increzse
in direct orercting expenses is made &nd other Inputs are used
in the "usual" amounts.,

Table 5. Changes in ['VP's for the "Iypilcal" COrgenization

hesulting from Increasing Directing Cpersting
Exrenses from %13,305 to 527,250.

Tuentity Criginal New
Input Category of F.V.Pe .V.P.
Irruts (Doll=ars) (Dollars)
Lzkor in Man months (Xl) 101.3 320.32 388,64
Inventory and
Lccounts Receivable (XZ) 76,194 .179 217
Direct Cperating )
ExXpenses (XB) 27,250 1.496 1.004
Investment in Machilnery )
and Equirment (Xy) 558,697 267 324

The estimated gross margin increased from 83,674 to
3101,517 as & result of increasing the amount of direct operat-
ing expenses (XB) to the point where the I‘-IVPx3 = KFCXB. This
causes the t'VP's of the three other factors of production to
increase substzntizlly. Figure 1 illustrates the chenge in
the FMVP of labor when the "usuul" zmounts of &ll inputs except
direct operating expenses zre used in deriving zross margin.
The FVP of the merginul unit of lebor increzsed from 320.32
to §3388.64.

t would seem thest the next cuesticn to be enswered 1s
the effect on net opersting profit &5 a result of ths shnort-

run adjustment. It snould be recoznized tnat prcfit is the
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consejuence of usinz =11 the fzctecrs of production. EHowever,
the elevstor operator 1s most concerned about the =zbsclute
rsgnitude of net opervting profit snd the rote of return it
represents on investment 1n fixed sssets. Zstimeted net operuat-
inz profit increazsed from %74,2851 to 210,749 witn the above
short-run adjustment. In estimzting the net profit zfter the
short-run zdjustment was m=ie, the increase 1n direct operst-
inz exrzenses wes added to the geometric wean of totzl operating
expenses. Tis totzl was then substracted frcem the estimzted
gross mergin derivad frem maxing the adjustment. The rzote of
return cn net fixed @assets increcses from 9.8€6 to 15.46 per-

cent or =n increasse of 56.95 percent.

Long-Run ~djustment. Znother sussested reorganization

i1s a lorg-run zdjustment when two or more varlsbles are changed
simultzneously. [he hizh r=zte of returr on direct opercting
exrenses =2nd investment in meochinery sand eguipment, indicstes
thet increase in zmount expended on these two factors of pro-
duction, could enhance the gross marzin of country elevators.
In determining an organizaticn whnich would be nesrer
optimum adjustment, several trial combinations of different
amounts of X3 end %), were mzde, while X; and X, were used In
the "ususl" zmounts. The umounts of X3 and X, used in the
trial combinations were determined by en "expsnsicn" line
obtained by proportionzte increzcses in XB end Xu. The line

1s a path which represents successive points of tengency betwecn

A -

ico=-vzlue product curves wnd iso-cost curves. It 1is peortly
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determined by the nzture of tie prrcduction function and pertly
by the relative prices of the two inputs. It should further
be remembered that the expansicon line indicates the wmost pro-
fit=ble prencrtions 1n which to comolne direct crersling ex-
renses and investrent in mzchlrery &and eguipment, to derive
varlous levels of gross rarzin. The followlng figure  siiows
tiie expansion line (C.P) with direct operating expenses priced
zt one dollur prer unit znl machinery and ecuipment investment
included st a reservation return of 20 percent.

& 100,000 dollzr iso-value product curve hss been surper-
imposed uron the expsnsion line. The iso-cost line wnich is
tangent to the isc-vslue product curve st point (=) repre-
sents an annuszl cost of 3 3€,700.

The investment in machinery end the equipment is .;75,000.
The annusl cost of KB is ;21,700 while the annusl cost of X,
is $15,000.

£s czn be seen from the point of tangency vetween the
iso-value product curve znd the iso-cost line the selected
points representing Qifferent amounts of X3 and X, sre elso
points of optimum combination. The fcllowing FVP's of XB and
X, &t the trial points 1, 2, 3, and 4, show the effects of the
law of diminishing returns, when part of the measured inputs,

(Xl end XZ) are fixed at a specific level.

LN
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Teble 6. Chznzes in the IVP of X5 enrnd X, zs a Zesult of
Increceling the Zyrenditlres on Direct Cperzting
grrenses =nd lzchinsry end Zquicment Invest-
ment.

. Estimzted VP VP
Trial Gross Direct Crerst- Fachinery &
lMlargin inz-Expenses Equlpment
1l 90,110 1.41 .28
2 111,392 1.09 .22
3 114,722 1.03 .21
L 119,025 1.01 .20

ifter exploring the effects of increcsing the amount of
XB end Xu used, as dictated by the expunsion line, a prcposed
reorganization was developed. The proposed organization was
to use labor (Xl) and accounts receivable and inventory (XZ)
in the "usual" amounts, while direct orerating expenses (XB)
and machinery and equlipment investment (X,) were increaced
to ‘he roint where the MVF's of X3 end X, were spproximitely
equal to thelr respective I'Fl's.

The estimated gross mwar:sin of the rpropcsed recrganizetion
is ,119,025. Tne resulting NVP's sre shown in the following
tabvle, (7).

While the merginal fector cost of #11 the input cate-
zories ere not equated with the winimum merginal value products,
it 1s evident that the rroposed reorganizstion 1s nearer copti-
mum &djustment thzn the "typicsl" organization. The reorgan-

ized firm does not have the IVF of all inruts equated with

thelr respective I'TC's. No zttempt 1s wzde tec ezuate these
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Table 7. Chenges in I'VF's for the "Iyrical" Crguni-
zztilon Hesultinz from Increéses in Direct
Crerating Expcenses &nd Investment in

FMzeninery asmd Eaquipment.

Input or Investment uentity Criginel New
Cetegory Used i VYP
Lezbor (Xq) 101.3 320.32 Lss 65

Inventory znd
Accounts TReceivable(X,) 74,194 .179 .255

Direct Crerating
IxXpenses (XB) 31,750 1.£696 1.011

Investment 1n VMachinery
end Equipment (X ) 110,0C0 .2€7 .203

vzlues for all factors becuuse increasing returns to scale

™
1t

prevents attzinling the high profit point. urtier, on the
basis of experience and judament 1t 1s believed that the other
two inputs should not bz incressed. wWith reference to lubor
1t vics belleved thet heving more uzlified emzloyees was a
more errrorriate goal then ilncressed amcunts of labor. There-
fore, 1t wes concluded that lebor inputs should not be in-
creased in attempting to incregse gross margin.

Due to the complicsations involved in ev=luating the zccounts
receivsble and inventory catezory, it wss belleved that this
input categzory should not be increased. Yost of these compli-
cations erise because the three interrelated fectors of level,
composition, «nd rate of turnover mske it difficult to evzluste
inventory adequately. In order to rrovide the surrounding

farming cormmunity with the reguired items it 1s necesszry for

elevator-farm surply firms to maintain 2 certain level -nd
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comrositior of inventory. Certain items such ¢s feed, ferti-
lizer end nsrdw:re normslly turncver several times every year.
Cn the other hend, a whezt or besn inventory mey be stored
for a considercble reriod of time. Due to inadegquate mezsur-
ing devices for handlin: 211 these factors, it 1s impossible
to mzke accur=zte measurcrents.

offects on Net Frefit end Crersting Cs-itzal of Increcsing

Direct Crerstino Fxpernses znd Investment in FMocuirery end

Zijuirment. It srhould azain be enphasized that grofit is a
residucl value derived from using all the factors of rroduction.
is & result of increasing the amount of direct orerating ex-
renses snd macnlnery =nd eqguipment irvestment, net opereting
profit was increased substzntizlly over the net ogercting
profit derived frcm the tyrically orgenized elevator-ferm

s pre=t zs 1t was when

©

supply firm. However, prcfit was not
the shert-run z2djustment wzs mude. Thils wzs due to the in-
crease in depreciztion, which resulted from the increased
investment that was incurred in the long-run adjustwent. Ihe
procedure in estimating the net operating rrofit wes the same
zs wes used 1in estimating het operating profit for the short-
run adjustment. The sare rstes of depreciationzﬁ/ were
egpplied to the estimated investment in bullding mechinery

end equipment and trucking equirmernt, &s wess used in the

35/ 5.7313 percent on investment in building, mzculnery and
equipment. 20.1586 percznt on investmert in trucking
eguirment.
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short-run adjustment on the returns to rerlcocenent leues.jﬁ/
Tne Increase in depreciztion plus the incre:sse in direct
operating expenses was added to total crerating exrpernses csl-

culated a2t tre zecrmetric mean. Tnils total was then subtracted

35/ With investrent in machinery =nd ejuipment beinz only a
pzrt of the total investment in the physical fecilitiles,
it 1s necesszry to estimste whect the totel investment in
11l plant f=cilities will be if the irnvestment in mechinery
znd eguipment 1s expunied. To estimate whst the total in-
vestment will ve, & correlstion end regresslon anelysis
wis computed to determine the degree of relationshipg that
exlisted between machinery znd equipment investment, and
tctal investment in =11 fzecilities. Totzl investment in
211l fzcilities rriced 2t replucement volue represented the
dependent vz2rizble @nd investment in mecuinery and eguip-
ment rriced =t rerlacement.

% = ,919008 The predicting ecuation w: s:
R2= ,24L45757 log 2 = - .588544 + 1.208447
S = .105859 log X),.

or= 020474 % = estimzted total in-
b= ,097757 vestment.

Ty= 12.2¢F1762 Xu= investwent in rveichinery

znd ejulipment rriced =t
rerlaecement value,

The results injic=ted = =iznific:snt relationship exist-
ed vetveen total investment in sll plant facilitles and
Investment in machinery and equipment. Therefore, the
rredicting etusxation was believed relizble encugh to be
employed in determining whzt totul investment in «ll
physiczl facilities would be, i1f mzchinery &nd equipment
w.s set at & specific level,

Me srecific level =t which investment in machinery
'nd equlpment shcoculd be set, 1s theoreticzlly determined
by increzcing the amount of this 1laput used, to tne

point where the 1'VigE I'¥CXy . The theoretliczl term-
inaticn peint for incresses in direct operatinzy expenses
wculd &lso be where the I Jr = ].I°C

X< Xz
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frem the eztimeted gross ner:in d
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edjustment. The eztimated gross morzin frem increcsing direct
cper=ting expenses to 731,750 =znd r:chlnery =znd eaulpment to
»110,000, wes 119,025, The estimuted total operating ex-
renses ere 109,201 wiilch when su%trsctzsd from estipated

sross marzin le-ves on estlmated net operating profit of

29,824,

[yl

et onerating prcefit =5 w rerc

O

ntuze of averzaye invest-
ment in fixed =zssets, jriced et rerlacement values, over «
cericd of yecrs 1s £.1703 percent. Estimatsd total invest-
ment priced =t replacement velue was 318,943, which would
maKe the sverag e investment over a pericd of years eaqual to
approximztely one-helf of this, or .;159,471.50. To zet zn
Indication of tue tot:sl r=turrs to the investment in fixed

o

deyrecistion were tuoxen ss

A

asscts, net orerating profit plus

z percentzoe of the aver=zie investment in fixed ossets. This

o
[

wes 19.€4 percent.

X

[he net crercting prefit is not as jreat with the long-
run zdjustment s with the shcrt-run =djustuent wnere in the
l=ztter case totzl depreclszticn is bsczed on the present in-
vestmwent in facilities. FHowever, when replzcements values ere
used in pricing fecilities in a2ll situsztlons a conpazrison of
the eccurulaticn of liquid cepitel can ve mede, The lumportance
of the cecncept of 1lijuid capitzl accumuletion liss in the fact
thzt the rate of sccurulzticn relstive to tetzl investment

determines the firm's 2bility to meintzin end modernize 1its
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rhysicel plent aoni ;rovide & return on investment.
The followling teble sheows the ebsolute zmount and rate

of liquid capitel =zccurulaticn, when fzcilitles ere griced

t

replscement velues,

o

Texle 8. ccurnulation of Liguid C:zpit=1l when
¥&cilities ere Friced =t Rerlacement Values.
Geometric Short- Long-
ean =un Run
et Frofit SoL,036 5 7,934 :o9,824
Depreciztion” 10,373 10,373 21,492
Totzl Zeturns 14,409 1,307 31,316
Total Reprlacemsnt Value 153,943 153,943 318,943
sverasce Investment cver
Period of Years 75,971 74,971 159,471
Accumulation rete on In-
vestment over a Period cf 192.72 23.78 19.&4
Years
* Rates of depreclzaticon: .73 on bulldings, mzchinery znd

ezulpment
20.1€ con truckinz equipment

It i1s seen from the above table th:t the grcztest abso-
lute emount.of cccumulztion cccurs iu the lonz-run situcticn.
However, the rate of sccurmulation is highest in the short-
run situction. This further substantlates the case for in-
Creasing the utilization of existing facllities rather than

constructine new fzcilities.,
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LnALYSIS O LZSIDU-LS

Severel of the firms enslyzed hzad an 1index of murieting
services wnichn devlisted & considerable =mcunt from the value
estimeted by the functlion fitted to the dsuta. Explanation cof
these deviations rejulres en indivicduzl enzlysis of ezch firm,
o determine whicn firms should be enclyzed the stendard
deviztion cf the logerithm residusls wes computed. The standard
deviction wes determined to be + .0786. There were five firms
wnich hed s positive residual greater than tnils value =nd five
firms which had a nezative velue lerzer than - 0786, It wes
belleved tnat en empiricsl wn=lysis could be based on everazes

f the grougs znd thet further explanation of the indivicduszl
firms which deviated raiically from the zverage of the groups
would be given.

rroluct mix, utilization of capzcity, cempetition,
volume heandled, snd gu-lity of inguts ere the five wajor
fuctors cssumed to be wffecting the Jegree to whilch a given
firm deviates from the function fitted to the detu from the
34 elevators studied.

The quulity of inputs used is relatsd to the cecliber of
rznszement operating en elevator. It is lipcssible to measure
thhese factors relsted tc manwewent directly, but it is
vossible to develop indirect measures of treir efiects ¢on
gross maérgins. The two priwe examnrrnles zre the gquality of

personnel =nd the guslity of imachinery znd eculprment ewployed.
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cnuel eaxsloyed 1a a country
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Frobnbly more of the gper

glevetor jerform nene-cunent tisrs trhan 1o rost otrer busiaesses,
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hecauce muca of the work to be done is of & non-routizne neature.

¢ 1s decslirzdle for key en_ loyees in the feed grinding and
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mixing derzrtment to hoeve censlideroble 'mowledgoe of feed cc

nd supplements so tiict they con ¢i1id f-rrers in the
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develcpment cf telionce feel retions. Ihe ey cirloyee in thre
zrain deportwent shceould be =ble to deterwmine the gride cf a
gcecific lot ¢f & grein so tiat the mzneser cf the elevetor
and formers are ahle to cornclude 4 rutuslly satisfaectory
trensaction.

)

Trie yroductivity of lator is closely relztzd to the
Guallity of wzchinery eni equirment in =zn elev:=tor. & firm
thet ras reictively noldern machluery cnd equirment wnicen 1s
synchronized will probzbly ovtaln more husiness rel.tive to
its competiteors. Flont layout w1ll enhznce the jrofuctivity
of labor in two ways: (1) it encbles the eumjloyses tc hendle

2iven time

<

& -rester paysicezl velume of prciucticn in «
period, «nd (2) decrecases the chunge over time regulred for
escn customer.

e first factor examined was the product wmix or thre
sources of :ross merzin fcr trhe {irms in the posltive and
regztive resldual grours. These figures were ceunpzred to each
other znd to the aversze for the 34 clevatcers studied (able 9).
Substantiel differsnces exlisted in four sources of :rocs

mzrgin.
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Teble Q. Corpzrison cf tre Zcurcss of Grcss Faroin,

erchendised Processed Tarm Service

Grain Grain Surply Income
ive, 34 firms 18.07 20.09 17.24 22.25
ive. 5 positive rssiduzsl 20.22 19.5%2 12.35 2£.00
fve., 5 nezative residucl 14.48 32.03 17.05 21,45

me five filrms with lzrge positive residuesls, cbtaired

5 grezter percentage of total ross rmwrain frcm ierchzndlised
grzin 2nd service 1Income relzative to the averasge fcr the 34
firms =nd to the aversze of tne five firws with rnezstive re-
gliuals. Tre flve firms with the larse rezstive r-osiduals
obtzired =z zr=ater percentsge of tctzl gross mergin from
processed grein znd ferm supnply relotive to the group with

lergs rositive residuzls. Tne nezautive arcup =1so0 obtzined

W

grester percantsze of tot:zl 2ross rnzrzin from processed

rrain end fzrm surply relative to the group witn large rositive
resijuals. The negative precup €lso obteéined = larser percent-
age cf tetel nergin frem processed zrzin then the avers e for
all firms znd obtalned =z=bcut the s:zme percent:ize from farm
surrly. In tnemselves these fizures do nct mean too much,

but wnen they zre related tc the percent utilizetion cf proin
czpaclty and feed czpacity they give ar indicction of the

reaescns for the dilrection of tne residuzls (Iwbhle 10).

T=ble 10. Ccrpzriscn of Carxzcity TUtllization.

Fercent Grein rercent I'eed

Cereciity Used Cupacity Used
ive, 34 firms 26.81 52.85
tve. 5 rosiltive residuals 41.31 £7.53

ve. 5 negative recsidusls 19.00 2.97







Inis t=blec slhicws tuct the five firms with vesitive re-
siduels utilized 22.31 psrcenteze rolats icre o

ceprelty =nd 14,58 rercentcze peints nerzs of tieir feed cope-

h
[

five
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clty th=n tn ras with wme:sstivs resiliuzls. These five

f'irms on the &cvercze =zlsc utlilized = hi cher ;ercenco .2 of zrein
snd feed copucity thon the sveraze of ¢1l firms. Cne firm

in tris grour utilized on excertionelly low rercentzze of its
srolin capocity; tune rcoson for the lsrge joclitive residuel

N

dve tc the hizh rerceante-e of sross we=rzin

H
o
-
W
]
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is ©u
derived frbm r2troleum products, which 1s & nizh rerk-up
rroduct. In georer=1l, tie baosis for portiel explonation cf
the lurze positive residuasl is indicsted by the high percent
of total zross margin from merchsndised sraein in ccordinztion
with grecter utillization of zroin feocilitiss. Ihe inverse
rel=tionsnip is <lso = rertial exrsleonaticn of tne lorge

rexative residual. The grour with nez:tive residusls, derived

0]

()
rs

& lzrger rercentase of zress mzrzin frow processed zr:in but
12d lower vtilizetion of feed processing capacity then the
sroun with positive residuals. Tnis implles thet tanssc fires
were not deinzy z leérge enough volume in the product wnilcn was
the larzest zcurce of grcess msrsian,  owever, 1t coull =lso
iniic2te thut tre firvs with nezetive residucls were act doing
enouzh tctzl business relative to those firms with pesitive
resiliuals or to the averawse of =11 firms.

In en cttempt to sce if those {firms witn negntive residual

1 business, actusl .ross marzin

W

were nct doiaz enough tot

(Ya), index of meriketing services (Y,), =znl estimutced index



cf marketing services (?) are compered in Telkle 11,  These
comparlsons indiceate the relztionshin betwecn the vrice of
merxet services &nd the tot:zl volume of business dcocne by tnese
firms. Price compstition 2nd volure hzndled zre hishly inter-
related beczuse both grewtly cffect the mi-nitude of total
gross merzin., Thils me:zns trnet the wraasgement of = country
elevetor muct bave ccome 1ies of the elosticity of dexmand for
its services. If demend is relestively inelzstic, total gross
,
mergin will te decreased if price 1is reduced.zZ? If demand
1s relatively elastic =z decresse in price will increcse totel
gross m2rzin. Wwhile tne exzct dercnd schiedules for the scer-
vices scld zre rct know, it still is prossible tc use the con-
cepts involved to develop a better understanding of the
direction and mazritude of the deviations for the productivity
function.
'y

The for the group with nezutive resilduzls wes

N

verage
¢1,450 under the eaverage ? for those firms with rcsitive
residuzls. This indicates that the amount of inputs used by
these firms was not radics1lly different from the group with
rositive residuals., [herefore, it ayrpesrs thuat perticsl ex-
rlanation of the residusl is relastcd to the price-vclume re-
letionsnips confronting these elevetors.

Tne index of merketing services (Yc) was cenmputed to
eliminczte differences in unit gross mergin =snd for sll przcti-

cal purposes eliminate the effects of price competition

37/ ctuelly unit gross marzin is reduced =ni the selling
price is cut by the amount of this reduction.
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Table 11. Ccmzzricon of 1, ¥

C’
4 r 7 ‘A . ~
Y, Y, Y Y, ? 7 9
zve., 34 firms 95,955 95,543 + u13* ok, 959 + l,58h*%
ive. 5 positives Res. 99,543 103,937 - L,394 75,31z 428,605

AvVe. 5 mnesztive kes. Q/,SQO 58,202 +11,398 73,312 -15,¢460

% Tnls difference 1s due to tue 14,055 doller wiocregszte
roslitive error between Ya znd

¥% Thils difference is due to a rositive tluss crezted by cen-
verting tne logerithm estirztes into neturel numbers.

between these firms, 3tiff pricz comretition, relative to

the averzge firm studled, 1s 1indlcated when ¥, 1s subtructed

frcm Ya aud the reculting difference 1s negstlve., Tne 1inverse

(O]

ls true when the differ=encs i1s positive. TIhe inverse relstion-
ship between Ya-YC and Yc-f is en irport=nt indication cf the
elazsticlity cof dem:nd for the services c¢ffered by a country
elevator. Ihe difference between Y, ond Y, shows whet change
will cccur in total gress margin when price differences cccur
between {irmes, wihlle the difference between YC and ? is &an
inlication cf tne volume differences on tetal gross marzin.,
Pased on the functional relationsnip developed for the 34
firas enclyzed « negzz=tive differesnce Y, ani<? wculd indicate
o deficiency in the physicel vclume hendled by tne firm in
question for the amount of inputs used.

& comperiseon of the cdifferencs between Y, ond ¥, fer each
of the groups points cut very conclusively thut this 1s the
situation, beczuse Y, eliminztes price differences (1in the

sense of urit gross mzrgins), thus a true picture of the



rhysiceal vclume diffcrences is shown. Comp-risons of the

.verzre Y

fecr trhe twe groups shows thaet the firms with

(o

o

o

c
rositive residuzls have =n =ver=-e of 45,000 more grecss mur-
£in, thun the firrs with nez:ctive residuals. Comparisons of
the Y  Tetween the two greoups shews that the difference 1s
only ..3C,000. =zoughly “11,000 cf this ..15,0C0 ch.ngc occurred
in tre ;roup with nesstive residu:ls, which indicates thet
these firms are cttempting to mzintain totsl gross marsin by
Increzsing unit gross m=r;3ins, rather than striving to i:zcrecse
rhysicel volume. This further iacicates tnet derend for a
glven elevator's services 1s relztively elastic, hence the
totul gross morgin will increuse whnen unit gross margins are

(&)

decrecsed,

D

Cne firm in the group with rositive residusls h:d &

S

posltive differ=nce botween ¥ wnd Y,, however, tuls scme firm
(&8

A
p4

hzd z lsrze rositive 2ifference between Y, end Y, which in turn

offset all the nositlve differsernce botueen Y, 2nd YC end leaves
a substanticzl positive difference between Y, eni'?. Itis firm
1s in en extremely =dvantizeous competitive pfosition, becuuse
1t 1s silmultineously =ble to take = wider murgin on services
scld end heve = liorre rhysical volure of business. Inils sume
firm utilizel €2.21 percent of 1ts grair capscity and 97.11
rercent of 1ts feed copacity.

211 firms in the group with rnezwtive residuals hed
negetive differences between Y, znd Y,. Thils indicates thet

these firms have & lezsser degree of compyetition then the

averzze for &ll firms studlied. 7This could result from loczlized
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gentlemsn's zzreements or the sctusl lack of effective com-
retition in the crez. In 1licht of the large vositive residuals
for thosc firms which o-erzte with lower msrgirs 1t would =p-

z unlt g¢ross

P
=

rear that tnese firms zre in error by not cuttin
rerrins.  Oreater vcelume rsther then hish rargins agrear: to

be the mcre aprroprliste objective if moneazement desires to

<

increase the rrcfitstility of the organization.

2 curther Corment cn the Crerctine cTrzomework of the

e

I"Achizen Ccuntry Elevator. There zre mazny fectors, cother than

those empriricslly zrnzlyzed in this study, which =ffect the
profitabllity of & ccuntry elevetor. Whlle there was no
étparent relationshir with the resiiuvals comruted in the rre-
vicus section, 1t wes believed that & descrirtion of these
fectors could neln to exilain the business cverating framework
of the country elevator. Credit avsilzatility, pricing pollcles,
comretitive rractices of competitors, hcw these rractices zre
met, advertising szrd rromotionzl schemes z2re z1l fectors which

ffect the zross mirgin of these firus.

Wl

\inen the m=nazers of these firms were asked unier wnst
conditions they needed operating capltzl in the lsst two or
three years, 20 cf the 34 muncgers indicszted & reed for c:opital
to meet seasonél demend. Six mznsgers sald thet there wsas
no need fcr seascnal opercting cspitzl and eisht did nct reply
to the guestion or sz1d that there was s need forvlong-term
investment c=pitzl. Ten munagers s:=1d that shiort-term cecpital

for meeting scasonal demznd would have incrsased zross marglin,
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The reason gilven mout often for tine nesd of saort-term courital
wzs to taxe sivaentepe of pre-season disccunts on fertilizer

end other ferwm sugp . Cnly cone munzzer indicated short-

0

11
term cupltzl weculd be usel fer finsncing grain purcheses.
“ren check =zzainst a question which =sked 1f the munagers
held grein for hizher prices only five indicated thit they
n=d followved this rractice.

Zcven rmenszers szld that ccpitel for investment in
fscilitles wss needed, five cf these same mznagzers haed wlso
indicat:d & need for shicrt-term capitzsl. The answers to this
guestion were rot ccrnsistent with a later question which ssked
whzt new yrrcducts and services should be sdded. Ihirty of
the thirty-four managzers indicated that new lines cculd
rrofitably be added to the firm's rresent lines. The follow-
ing are trne tyres of new lines that the manszers szid were
needed: (1) bulk feed and fertilizer delilvery equipment (2)
feed and molzsses nixinz ejuipment, (3) grain hundling and
storagzing faclillities. It 1s epparent from the sbove list
that the new lines would require intermediste or long-term
caritel. lNany manssers indiceted that having the ebove
facilities wculd vut ther on a more ecual bssis with thelr
competitors.

Practices employed by competitors which were mcst trouble-
some to the mznzgers intervieredmy be sumnarized into four
najor classifications: (1) price cutting, (2) not discounting

sufficiently on damzied or wet zrein, (3) cutting trucking



charres, and (L) livberzl credit terms.
fne mendogers s-1d they rmet these roctlces by rroviding

()

tter services, hilzh cuslity prcducts -ad the advonteges of

48}

o
3 cooperztive 1n soxe cuses., A scomewnnt rore cemplacent

znswer w:=s tnéct they "tried to do the best possitle under the
circurstznces".

Pricing policles =zlso derend uron tne ccwpetitive structure
fecirng the iralvidual firw, however, products wiilen cen be
differenticted will be priced by different methods thin thoce
rroducts which czrnot bte differentiated in the fazrmers' mind.
e following tzble shows & summery of pricing methods for
certain iters sold by country elevsztors. Ire sum of exch
cclunn does nct ejuzl 34 because more then one method of
rricing & ziven commodlity wzs emrloyed by part of the firms
studied.

Table 12. IFethod of Fricing, iumber of Firms &nd
Perc-ntaze Using Zech Method.

Iethod Per Ter Other Fer Ser- Fer
of jrain cent- feed cent- rarm cent- vices cent-
Fricing eze age Surplies ege age

2uyers or

suppliers sug- 8 19 L 10 13 25 2 5
gested mork-ups

eet competition 25 58 11 27 20 L1 27 75
Rzse on

estimated cost 8 19 24 60 15 31 6 16

Try to beat
competitcers 2 L 1 3 1 2 1 3

43 Lo Lo 35
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The methods of pricing grain end services indicates that
there 1s & high degree of competition in these two items.,
nls 1s expected In & homozeneous commodity such cs grzin.

Services, zenerslly sreskinz, cre very nuch thne sare regsrd-

(s

less of the firm, therefore, it is to be expected that a sub-
stantial degree of competition exists in this item.

The above table indicstes that feed is = product which
cen differenticted to a conslderable extent. Tals is pri-
marlly due to "comrlete" feed mixes and braznd neame protein
suprleinents wnicn can be differentisted on a quality vasis.

The methods employed in pricing other ferm supplies
exnibit considercble variability. Items sucn as fertilizer
have exrerienced considercltle rrice competition in the last
few yesrs, szlmost to the extent of price wars in certain zreas
of the State. Seed corn snd legume seeds on the cther hand,
mzy be differenticted on @ quzlity basis, hence suprliers
susgested mark-up or mzrzins besed on estimated cost mey be
used zs the predcminznt pricing methods.

Zdvertising and other promotionul schemes c<re not used
to any gre=t extent in the elevetor business. Probably the
rs jor recson fcr this is that the country elevator primarily
merchandises farm rroduction ltems and these do not lend
themselves to the emotionzl eppecl which ceén be created for

such products &s new zutomobiles, clothes =znd other consumer

itens.



Thirty-two of the 24 firms studied zdvertised, however,
the totzl uzmount spent was only .42,303. :sbcut 41 percent of

this amount was srent on newspesper advertisingzg, 15 percent

o)

wes used for dlrect rmall zdvertising and 5 percent wes srent

¢n redio =nd T.V. advertising. ~bcut 10 percent of the

totel zmount s;ent on advertising wes for cells on fzrrers

Py

9]

end 29 percent was spent for £ll other preowotion. Hearly
211 of this 22 rercent was donztions to community orzeni-

- - Y

zations sucl: és F.F.&., Junior Farm 3vreau, 4-H =2nd churches,



CEAPIER V
SUMNFMAZY ~MND CCNCLUSICLS

In this study a Cobb-Douglas typre production functicn was
employed to determine the rrcductivity of the different re-
sources used in 34 selected Michigan elevetor-farm supply
firms in 1955. Ire prim=ry cbjectives were to mezsure the
returns to vsrious resources used in country elevators &nd to
estimz=te the effects of varyling resource combinations cn gross
mzrgin es mezsured by on index of mardeting services. The
secondsry objective was to obtain estimates of the returns to
fixed essets based on rresent valuations and on replzcement
costs. It was hoped that these estimates would offer useful
tools to the msznazement of ccuntry elevators concerned with
proposed reorganizstion nd expansion programs.

A discussion on the operating structure of the Michigan
country elevztor cnd the nzature of its production function
showed that the rezl product cf the cocuntry elevator is ser-
vice and thet the measure of this service 1s gsross masrgin.

When mezsured at the geometric mean of inputs, 1t was
fcund thzt the productivity of direct opereting expenses and
mzchinery and equlpment wes considersbly grester than leber
or accounts recelveble and inventory. It wes then concluded
thet en increese in the amcunts of direct operztinzy expenses
znd fixed assets would lead to & more nezarly economic ortimum,

Slight increasing returns to sczle were evidenced in the



function itted, therefore 1cv wss nct possibvlz to resciy en
econowlic cptimum in the sense thalt the marzinzl velue vroduct
cf ezch inzut wes equal to 1ts respective nerzinal fecter
cost,

~ prcpesed reorzerizetion based on incressing direct
ocrerating exrenses, the input which ylelded the highest re-
turn, was investiganted. Ihis 1s primerily an increacse in the
use of the firm's capscity, beczuse direct opersting expenses
zre those expenses which vary with the rhysicsl veclume cf

rroducts hzndled by the elevstor. It zprezrs to be a very

H

rezsonable proposzl in 1lizht of the fzct thzt cnly cbout 50

Py

+h

percent of the fecd ~rindinz ¢nd mixinyg cupacity of these
firrs wes used =nd cnly =bout 26 percent of the grain cecpa-
city was utilized,

3Y Increzcing direct opersting exrenses to the point =t
wiiilchi trhe wsrginsl velue product wes ejusl to the murginal
fecter cest, sress margin wes increcced by 17,843, cs a re-
sult of the increccse in gross wergin, net profit wos increcsed
froem 5,851 to 10,749,

A long-run zdjustment, in which direct operating exrenses
and Investmert in mecchinery and egquipment were increcsed in
lecst cost combinztions wes =lso investizeted. TIhis «djuct-
went increszsed the estimsted gross reburns from 83,874 2t the
seometric mean of inputs to 112,025, however, incrsesed de-
precisticn as & result cof expanding the rhysical plznt cavse

the net operating profit to be only 49,824,






The net operctinz prerit is not s

run zdjustment -s witn tie ctort-run z3juztaent where 1in the

~

in facilitlss. hen roflocement vilucs wre uced in pricing

fecilitlies in 211 situzticns tne net rrofit decreases in both

1

the "usu:zl" orgsinizeticon -nd trhe thicrt-run situ.tion, however,

-

the rcte of 1iguld cornitsl cccuruletion 1s highest ia the
shert-run situsticn. Thnils nezns tnat the luncdiebe concern

cf these firms snoulld b= cre of increzsics the utilization of

"3

resent fecillities rather then 1nvesting in new fecilitles.

It rust be rencmbered thet elevator ferm supply firas
ere merchundising; =s well &s rrciucing firms, I[nerefore, an
irstiz:ztion of the prcrocged reorzenizeticns will not necessarily
ircreuse returns unless rmenszement tskes action which will in-
crease the gu.ntity demenied of the firm's services.
Tirms wnich deviatsd substantizlly frea the function

fitted to the data were anczlyzed to determine the cause of

19

tne deviaticn. In z2enerzl, those firms with lzrge positive

(

residuszls oobtained higher percentags of teotel gross wsrgin

or
S

o

srezter percentege of

[

frem merchendised grair snd utilized
thelr rated copzcity relative to the zveraze for all firms
or tnose wilth negative residuzls.

4 compurison of zctuzl gross morzin indicated in the
cperating stutement (Y. ), index of marketing services (¥.),

A -
and estimate of the index of murxetinz services (YY) indiczted

02

thet the dersnd for 2 siven firm's services 1s relatively






ON
ON

S

elzstic., [herefore, e jor onjective cf minz_ement should

e to increase volume by decreasing the rrice of 1ts services

in order to ottuin & grezter totcl gress murgin,
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Teble 15, Computztion cf lMorcinzl Jslue Froducts

Trarus Coteror: Zuantity of Firzinal
fut Cotegery Inrut Vezlue rrcduct
X5, Inventory & ,
" iccounts Recelvable 274,194 .179
X5, Direct Crer=ting
7 Zxvense 13,305 1.£98
Xy, Herlecement Velue of
Mzchinery & Zauirument 52,49 .2€8
'”Fx; by (E) ¥ antiloz of log by + log (7) Y - log Xy
J:i
ntilow

YUP, = 9.58891-10 + 4,00059 - 2.7°0581 = Z,50359 = .320.32

MVP, = 9.21333-10 + 4.92259 - 4.22192 = 9,25L00-10 = .179
‘\2

rv;xj = 9,43091-10 + L.92259 - 12402 = .22948 = 1.695

M VP = 0, 27304=-10 4+ L,52259 - L, 78282 = 9.h2743-10C .268
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CONFIDzZNTIAL CONFIDENTIAL
Questionnaire on Elevator-Farm Supply Businesses
The information asked for on this questionnaire is for research purposes only.
It will never be divulged in such a manner that the information can be identified with
your business.

Name of Business Date

Address Michigan
Post Office County

GmINERAL INFORMATION

Kind of Ownership
Individual proprietor
Regular Corporation
Cooperative Corporation

How large a trade territory do you cover (miles in each direction)

East
South
West
North
EMPIOYENT RECORD
How many full time employees do you have exclusive of the manager ?

How much seasonal hiring did you do last year?

Can you give a Job classification for each individual you employ as asked for in the
table below? If one individual works at two Jobs, for example, if an office employee
waits on customers, or if a mill man drives truck part time, please estimate the time
spent on each job as closely as possible.

Classification of jobs by individuals

Employee and ~ Time employed Duties Salary
Department in months
Feed

~owmEwmpH




Employee and Time employed Duties Salary
departnent in months

Grain

ownEw -

Truck drivers

Bookkeeping

O\\J‘lk"wl\)l-‘g nmEwn -
H

lanagers Name e Do you operate on a straight salary
or on a salary plus commissions or a bonus o

What is the basis for payment of commissions or bonuses if any

How much of the salary item in the operating statement of your audit represents a payment
to you for management .

Do any other employees receive commissions or bonuses. If yes, explain

What percent of managers time is spent:

l. Waiting on customers ?
2. Buying grain or beans ?
3. Doing cleri al work ?

L. Studying markets, attending meetings, learning about feeding or fertilization
practices, studying past operating records otherwise acquiring information
needed for management decisions ?

S. Other activities ?







FARM PRODU (I'S MARKETED

Product Quantity Cars Cost of Average mark
bought shipped sales up taken

Beans (navy)

Corn

Oats

Wheat

Barley

Soybeans

Other

FARM SUPPLIES SOLD

Supplies Units Sales Cost of Mark up Average
sold sales taken price rec'd

Gasoline

Tractor fuel

Kerosene & fuel
oil

Lubrication oil

Feed

Seed

Fertilizer - high
low

Coal

Other farm
supplies

SRR
RN

\
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Receipts Charge

Receipts from services rendered:
Grain and seed treating and cleaning

e 6 o o 06 06 0 0 0 0 o

Grinding and MiXiNg o o ¢ o ¢ o ¢ ¢ ¢ o ¢ 6 ¢ o o eee o o
Wa.rehousing (St Orage) @ © o 0 0 ¢ 6 0 0 0 0 0 @ 0 0 0 0 0 o 0
TmClﬂ..ngQ © e ¢ 0 0 6 o 6 060 0 0 0 06 0 06 060 0 06060 00 o o

MONTHLY STATEMENT OF INVENTORIES AND ACCOUNTS RECEIVABIE

Month Accounts Inventories
receivable

January

February

March

April

May

June
July

August

September

October

November

December

Marketing inventories include wheat and other grains, poultry, egrs, etc. Farm supply
inventories include feed, seed, fertilizer, farm machinery, miscellaneous farm supplies,
etce.
BORROWING DURING IAST FISCAL YEAR
(List each loan separately)

Loan No.

Term of loan in months
Source (type of lender)
Purpose (oper., cap., etc.)
Se airity (mort., etc.)
Method of repayment

Maximum amount outstanding
during fiscal year

L 5

Amount outstanding at close
of year

Interest rate



5



-5 -

How much did you owe on trade accounts payable during seasonal peak operations?

Spring Fall

what is the maxdmum amount which you can borrow on a seasonal basis from banks, patrons,
relatives, etc.?

KIND OF ADVERTISING OR FARI:R RZLATICNS USED
Method Frequency Expenditure

Newspaper advertising

Direct Mail

Radio or T. V.

Call on farers

Other

Under what conditions in the past 2 or 3 years have you been hard pressed for capital?

Could you have increased your volume if you had had additional operating capital this
past year? Yes no How much .

Explain

Do you feel that at the present time you should add new lines or services which you do
not have? Yes No o What

How much capital would be needed? « How much additional would this bring
in?
Which phase of your operation do you consider most profitable? .

Have you aggressively attempted to push it in anyway? How?

Have you held grain for higher prices or bought future comtracts throughout the year?




Do you pick up or deliver many commodities which you handle?

Item

% picked up
From suppliers or farmers to

% delivered Charge
buyers to farmers

Feed
Fertilizer
Grain
Petroleum

Other

What percent of your feed volume is from your mixing operation?

What percent is from merchandised feeds?
What percent of your feed volume is for: Average price for each kind of
feed
1. Poultry
2. Dairy cattle
3. Beef cattle
L. Hogs
50 Other
What kind of a pricing policy do you have?t
Grain Feed Other Other services
supplies mixing, clean-
ing, trucking,
etce.

Take supplies or buyers suggested

mark-up

Try to meet competitors price

Base mark-up on est. cost

irrespective of competitors

Try to beat competitors




What community projects does your business sponsor or support?

Who has the authority in practice for the following types of problems?

e
b.
Ce
de
Co
f.

Setting prices

Pricing feed and supplies
Selecting sales outlet
Buying major equipment
Hiring employees
Complaints

How many competitors do you have?

Iocation

Owner Manager

Directors

Others

Kind of ownership

Estimated total volume

Grain

of sales

Other




Which of)the plants previously mentioned give you the strongest competition? (Name
in order

1.

24

3.
Llo
Se

 What do these businesses do that cause you trouble?

How do you meet this competition?

How much government grain did you handle last year?

Did you suffer any unusual losses on commodities handled last year?

Considering now the amount of business available and your competetive situation
what maximum volume of business do you ti:ink you ought to have in the trade terri-

tory you operate in?

Feed Grain Other

About right

Should increase

(How much - in percent)

If you feel you should increase ~- what has prevented it?




BUILDING AND FIXTURLS RLCORD

Elevator
Grain storage capacity Bu.
Bag storage capacity
Cost value of bldg.

Present book value

Age of building

Mill

Bulk storage capacity
Bag storage capacity
Cost value

Present book value

Age of building

Office and retail

Size of building X

Cost value

Present book value

Age of building

Warehouse No., 1

Use

Capacity

Cost value

Present book wvalue

Age of building

Warehouse No. 2

Use

Capacity

Cost value

Present book value

|

Age of building

Warehouse No. 3

Use

Capacity

Cost value

Present book value
Age of building

Other buildings

Other buildings




Eievator or Grain
Handling

Cost value

Present book value

-10-

EQUIPMENT RECORDS

Make |Kind and |Purchase Present
& year |Jcapacity | price book wvalue

Average age

Daily grain capacity

Mill

Cost value

Present book value

Average age

Grinding amd mixing

capacity

Office and retail

Cost value

Present book wvalue

Average age

Warehouse equipment
(Include loading-
unloading equipment,
such as coal loader,
petroleum handling
equipment, etc.)

Cost value
Present book value

Average age

Other equipment

Use

Cost value

Present book value

Average age
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