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Abstract:

This thesis has a two-fold objective; namely, (1) to obtain a measure of the relative economic
productivity of resources employed on Montana dry-land crop farms; and (2) to measure the returns to
scale on these same farms. When economic theory is integrated with the empirical findings of the
study, it is possible to draw some conclusions relating to production efficiency defined in terms of
"balanced resource use." PART I defines the problem of "balanced farming" and sets forth the
necessary conditions for its fulfillment. Also presented is the theory of production which is used as the
basis of interpreting the empirical regression equation, making use of the historical developments of
production theory, as well as a rather extensive review of empirical production function studies
conducted in the past.

PART II deals with the procedures and the analysis employed in this study. Values of crop and
livestock output, respectively, were expressed as logarithmic functions of variables selected as
important in explaining variations in the products. These functions were fitted statistically by means of
classical least squares regression, the reliability of the coefficients of the functions being measured by
their respective standard errors. From these regression coefficients, elasticities and marginal
productivities are computed which serve as the basis of economic interpretation. The progressive steps
involved in this section extend from defining the statistical universe to drawing implications from the
results.

PART III examines the limitations encountered when dealing with regression equations as related to
the measurement and interpretation of the input-output relationships. Many problems still exist in this
type of analysis, pointing out the need for further refinement in techniques.
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RESOURCE PRODUCTIVITY ON MONTANA
DRY-LAND CROP FARMS

ABSTRACT

This thes1s has a two-fold objective: namely, (1) to obtain a

"measure of the relative economic productivity of resources employed on

Montana dry-~land crop farms; and (2) to measure the returns to scale on
these same farms., When economic theory is integratéd with the empirical
findings of the study, it is poss1ble to draw Some conclusions relating
to productlon efficiency deflned in terms of “balanced ‘resource use.!

PART I defines the problem of "balanced farmlng“ and Sets forth the
necessary conditions for its fulfilliient. Also presented is the theory
of production which is used as the basis of interpreting the empirical
regression equatlon, maklng use of the historical developménts of pro=-
duction theory, as well as a rather extensive review of empirical pro=
duction function studles conducted.ln the past. : :

PART IT deals with the procedures and -the analysis employed in this
study. Values of crop and livestock outputb, reSpective1y5'were expressed
as logarithmic functions of variables sélected as important in explaining
variations in the products. These functions were fitted statistically by
nieans of classical least squares regression, the reliability of the co-
efficients of the functions being measured by their respective standard
errors. From these regression coefficients, elasticities and marginal
productivities are computed which serve as the basis of ecomomic inter—
pretation. The progressive steps involved in this section extend from
defining the statistical universe to drawing implications from the
results,

PART IIT examlnes the 11m1tat10ns encountered when dealing with
regression equations as related to the measurement and 1nterpretat10n of
the inpub-output relationships. Many problems still exist in this type’
of analysis, pointing out the need for further refinement in technigues,
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PART T. INTRODUCTIGN

A. ﬁheuPrleem.-

......

farm management. This-tefm:is widely used in both professional and lay
literature, and, like many such Widelyauséd terms, its meaning is hagzy and
.ambiguous,. There are about as many different meaﬁingé for the term as
there are people using it. The meaning of the word "balance" in its eco-
nomic sense as used in this study implies that there must be a "balance®
in three major problem areas: (1) resource use, (2) enterprise selection
and combination, and (3) financial managements It is recognized that these
three items are not completely indepemdent, one from the other, but that a
great deal of integration exists between them,v |

As the title of this: thesis suggests, the principle objective in this
disseftatioh will be the isolation of the various factors of production
employed on-thése farms in order that the produc@ivity; efficiency, and
combination of the factors of productién can be determined. This objécw
tive will constitute a study of the first problem area, and to a more .
1imited extent, the'second, EnterpfiSe seleqtion and combination does not
seem to be a major problem in the universe of d?yhland wheat farms studied,
for here singleuenterprise f;fming predominates., However, limited livem

stock enterprises exist on a sizable proﬁortion of the farms, and the

importance of the livesteck enterprise will be .examined in the analysis,

It will not be possible to explore the third problem because of the lim-

Stations of the data. This is regrettable because a part of the wealk-=

nesses which may be found in the first two problem areas probably could

o e —m -
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be partially explained by financial Limitations.

B. Criteria for "Balanced Resource Use™

farm income. According to the theory of the firm, under competitive con~
dition§, such .a. maximum will be achieved if two basic conditions are met:
(1) that given levels of pr_oduction be attained at a minimum cost, and
(2) that the level .of production be extended to the point where the marginal
c.:ost,of‘outpu,t :‘i.g equal to the price of ouﬁputu; |

. A given 1evél of out_put is ébtained at a minimam cost when producz:tive
services are combined sé as to equate the ratios 6f_ their. marginal physical
products inversély with their price ratiocs. W'hén this procedure is follow=
ed for successive levels of outpﬁt, it is possible to derive a continuous
marginal cost curve for output, which can jpe equated with the price of out-
put. When this condition is met, the firm or industry is in an optimum
position from the standpoint of max;ixﬁ.zing net revenue for"'c,he firm. This
is also loné of the conditions of a’cta:‘i_nirig max:Lmum welfare for socie’t,y- as a
whole, | |

The same solution can be found by using a similar method, which has
advantages for this _stud_z.ro i\Te’c farm income will be maximized if the value
of the marginal product of each factor is equal t.o j.ts price.  The value of
the marginal product of a factor is found by Irmltiply_:’ing its mafginal physi=
cal product by the price of output, g.iving for all péints on t;he resultant
‘curve the increments in total revenue arising from each unit a'.dd:‘i.t:‘i_.on of a
factor. It follows that the farm operabor, under pure coﬁpétitidn, will |

add factor units to the pqihb where they just pay for themselves, Although
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this is the opbtimum equilibriuml point, the farm operator. seldom reaches it
because 6f lack of laloﬁledge, uncertainty,. Yeapital raﬁioning"‘, and social
restrictions, ' ' | T ‘

For fufthér‘anaiysis;' the difference between the value of the marginal
product ‘of a factor and cost of a factc;x; may be defined as the ’A"_ne’o value
of marginal - product" for_ _that f’aé‘cor.” An optimum in. the c.ombiné.tion of -
productive resourceé is achieved for a given level of outpﬁt when the Unet
values of marginal product® are équated for all factors of productien used
in a given productive procéss. | Thn.s solution satisfies the. first two basic
conditions pfeviotisly outlined: In order to be at an absoluté-optimum, the
"net values of marginal product! should ,all be gzero, for here every dollar-
invested would yield a dollar 1n return,. Un_dgr any circumstan’ceé s they -
should all be nearly the' same in the incremental sense to insure an optjmum
resource allocation. |

For this study, except for the land and labor variables,.value of i)ro-‘
ducf,:‘Lo_n is expressed as a function of in_puts in value terms. Coefficients
can be derived from this functional x;e],ationship which are *net values. of
margihal product "1/ 'The quantitafixfe? values of these coefficienté, within
their limitations, form measures to be compared with the c¢riteria for "bal=-
anced resource use" in the "short run®, h

~ Previously déécribed cénditions deal with the allocation of resources

in the "short run" where the scale of plant is fixed. Over the "long run¥

all resources are variable and the optimum s:Lze of pla.nt becomes an mport-

_/ From the empirical studies done in the’ past., the "net value of marglnal
product! has. been referred to as the marginal productivity of a resource.

v
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ant consideration., It will be possible to debtermine some measure of re-
turns to scale from this study, from which some broad conclusions may be
drawn, If decreasing returns afe in évidence, farm size willl at least be
in the theoretically rqievant economic range. If returns to scale are
constant, it can be.assumed no appreciable economies: or diseconomies of
scale exist. When“increasiﬁg returns are in evidgnce, the firm should.
most generallj expand the scale of opérations because such actién will
increase the net revenue.

_ The problem of entérprise selection and. combination will be diffiul

cult to resolve. Dry-land wheattand a few other cereal grains constitute -

the main enferprise.’ When livestock is preseht on these fafmsa it.exists
apart from the dry-land operation'with a minimm of complementarity be-
tween enterprises. As both a crop and livestock function will be fitted
to the‘data, it may bé_possible to'draﬁ.some very broad conclusions as

. to thé relative profitability of the two enterprises.

The preoduction functionzwiil provide the basis toward which the pre-
vioﬁsly described technigques of analysis;gre directed. Regression édua—
tions (which are the empirical cqunter—parts of productioh functions iﬁ
theéry), will be fitted to the data obtained from a random sampie of dry=-
lana crop: farms. Outputs (in value terms) are expressed as functions of
the inputs to be defined below. DerivatiﬁeS'of thése equations will be
used as emperical estimates éf divergence from ﬁhe criteria of "balanced
farming.i

‘qg The Analytical Framework

Micro~economics deals with the allocation of scarce: resources among
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competing or alternative uses. In an economy such as ocurs, for ;he pur-
poées qf economic¢ analysis, it is assumed that peoﬁle wisﬁ to maximize
their satisfactions and firms wish to maximize their profitsa Among
other things, certain external obstacles exist which.hinder the fulfill-
ment of such a conditioﬁ,‘one‘of the obstacies‘being represented bj the
physical production function§,;/ _Therefore, a knowledge of these fﬁncm
ticns is necessariij,oneyof thé starting points in economic analjsis,

The whole process of production serves the end of sabisfying wants.
Production economics is concerned with the énaiysis of alternative com=-
binations of land, labor,.-capital, and manageméﬁt in the production proc—
ess. The goal is an optimum economic cémbination. If various-combihatiéns
of productive resources are to be examined, then something must be known
about the character and naturé of proauction,' In order to arrive at any
valid conclusiens sbout the allocation of resources within and between
industriés, the manner in which resoﬁrces are combined musf be examined.
in order to find answers regarding the relative economic efficiency_éi
ﬁheir 6pmbinati®na Henqe, the‘phyﬁical production‘function becomes the
firét thing we must know before other economic data can be applied to
determine that efficiency.,

The marginal productivity ("net Valﬁe of the marginal product") of
a pérﬁicular resource, as derived from the préduction function, isﬂfeally
a measure of its éfficienﬁy in ﬁhe production brdcessa If the marginal’

productivity is measured in terms 6f net dollar addition-to total product

1/ Boulding, Kernneth E. , Economic Analysis, (Revised Edition), Harper and
Bros., Publishers, New.York, 1948, p. .0LO. )
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when a given résource is ingreas“ed by an infinitely_ small unit (measured
in dollars), it; in relation to such a figu:.;*e for another service, shows
us the relative profitability of varying that resource in co_mparisén_‘with
variation in other resources. The firm will be making maximum prefits
with a given outllay wheﬁ the marginai productivities are as nearly equal
as possible. Due to the fact that productive services are not completely
divisible, theée marginal preducts 'are not apt to be exactly equal.

The marginal preductivity theory states that g:'.l.\.ren a combination éf
variable mputs in a production process, if all inputs except one‘_are held -
-constant, the change in total product resulting _wheh t};e one input is
\'raried._ is the marginal productivity of tﬁat service. Once the marglnal
pfoductivity theory was establj.shed, :‘i.’p became theeretically possible to
" reduce meas'urablg, variable input factors to a cominon denominator;- Thus,
The variétion in total produc{‘, can be examined when a variable inpubt is
increased or decreased.by its respective. unit measurement, other variables -
held coﬁstant o |

D. The Theory of Production ;L_

Simply stated, -the production function is a‘physical!. input-output rela- _
tionship per unit of £:‘i.me, which may take many forms, The usual sjmbolic
statement of this relationship appears as, P = f£(a, b,...n) where (P) is
total produét and is -expressed as some functien ‘of inputs {a, b,oo’;ﬂj‘o

There may be one fixed and one variable factor combined to obﬁain a

1./ This.section based on: Stigler, George Jdes The Theory of Price, The
Macmillan Cos., New York, 1947, Ghs 7. See also.Boulding, op. cibs, .
Ch, 31. .
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variable product. When two or more variable factors are applied to a
fixed factor or group of fixed factors, the same amourtt of product can be
'oBtain.ed from various combinations of the variable ;i.nputs, This :;Ls ‘the
more realistic case.where the selection and amounts of x‘rariabiﬂll_e‘ inputs
depend on the :‘L_riputn price relationshipég To mir;:'mize costs at a'given
level of p.roduction, the firm will broduce where the plarginal rate of sub~
stitution of .the...var.%.atbles are inversely proportional to their respective.
prices. The problem resolves itself £o oné_ of obtaining a given quantity
of product at mlnlmum cost (i.e., selec;c,ing the most appropriate preduction
funcfion, and then détermiping the progortions. of inputs which will mini-
mize costs). Thesé ‘decis:-‘l.ons must ocecur sjmuitaneously,

Stigler divides production. functions inte thres main classes, this
division being made on the basis of the nature 61‘ the coefficients of prb;-
' duci;,ion. ng productioﬁ coefficient of a given produétive service is the
quantity of that service nécesséry to produce one unit of produc%, .,- Sym-
bolically, if A produces a product of P, the A/P = ap is the coefficient

of production of A in the production of P.M 1/

The fj.rét b,v'pothesis{ is_ that all prodﬁc‘bion coefficients are fixed,
there being -only' oﬁe comﬁ;'.ﬁation of resources which will yield a pr.oduc‘:to.
This assumption is indeed unrealistic, as it is difficult to visualize
obtaining a zero product by varying the proportions of the inpubs by only
a small degree from a fixed ratio. | '

The second possibility is that all of the production coefficients are .

1/ Tbide, ps 1l. .
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1
variable. In this situation, the same quantity of product can bé secured
Bj varying the amougis of any one input when the amounts of the other in-
- puts are varied in a compensabory mannef. This h&pothesis impliess substi=
tution_between factors of prgduction, Here time becomes the crucial
élement, because over tiﬁe it can be a§sumed that the entfepreneur can
vary his production fungtion or ‘technique. Aﬁ example might be proaucing
a given product from a given piéce of land, Tﬁe'land may be improved: by
incréasing its abiliﬁy to absorb inputs; (i.e., its:capacity for produc=
tion). This could take the form of improved éoil structure. Neither
does management remain constant over time: Most economists accept the
proposition that éll of the production coeffidien£s are variable in the
"long run'. |

. The third possibility is that some of thé'producﬁion coefficients

are fixed and others variable. A variation of this idea is that the in-

puts may be in fixed felationships with one another and not with the pro-
duct; Here, the inputs could be combined in only one propertion, but a
variable product‘could resuito Stigler illustrates this péint‘with the
ekamp}g thgt'a deiivery truck may "require" only .one drivér, but the
combination can deliver a vériable.émount of goods. 1/ These assump~
tions do npt generally hold if the entrepreneur has suffiéient time to
make adjustments in the use of all his resources.

.There are certain general laws which describe thé éharacperistics of

the production fuhction, these being the laws of return. ‘These laws: are

1/ Ibid., p.112. .
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generallj known as the law of variable proportions or diminishing reﬁurhs;
and the law of returns-to scale. |

‘The‘léw of diminishing returns states that as successive amounts of
a variable factor are increased by equal increments, othér variables hebi
constant, the resulting increments in total product wjll eventually de=-
cline. Evidently; this is generally true in all processes of production.l/
By substitution of reséurces is meant thét to‘soma degree resources will |
substitute for oné another in producing aﬁy given product., This is illus~
trated by the contour lines drawn on a production.éufface whegé various
‘combinationshof variable inputs X and Y will give the same product.

In the scale anal&sis, all resources are variable. if,‘when_ail in=
puts are increased in the same proportion, output increases in the same
proportion;ithen constant returns to scale exist.. If total ouﬁpuf inn..

_creases proportienately greater, then increaginé returns exist,.and, if
total oubput increases proporﬁionately less, then'decreasiﬁg returns to
scale éxisfo Returné to scale on the physical preduction surface is shown‘

by the movement on the surface above a straight line drawn on the'XY plane

through the origin. When moving on any straight line through the origin, .
we are changing X and Y by constant ‘respective pgrcentages._‘Thé resui—
- tanf’percentage.change in output compared with the percentage change in
inputs determines the conditions of scale.2/. |

Production functions can vary from the.very.éimple to the extremely "

ke = b

1/ Hopkins, John A., Eleménts of Farm Management, Prentice-Hall, Iﬁc.,
New York, Third Edition, 1949, Chapter 10. ..

2/ TFor a diagramatic illustration see: Boulding, op. cite, po 68L.
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. .comp;éx, depending on thé number of variables and their relationship to :
each other., The most simple would be linear with onlf two variables and
is illustrated iq ?wo dimensions:. A predﬁction function of this type

-would show constant marginal retu?ns to the variable input throughout the
'Whole scale of operatiqns, This assumption is not in accord with our laws
of return, at least not over the entire range.

When progressing to the three or more variable anal&ses,,it is pos-
sible to obtain a more complete picture of the process of producﬁion, Al=
most eﬁery productien process cémbines at ieasﬁ two variable‘resouréés oi
'iproduction. To be represented graphicallyyé/ this analysis mist be picij
tured in three dimensioné where the two variable inputs are shown oﬁ the
axis of the base plane with the product resulting from various cqmbinatiéhs
| of the two variables §hown as the height above the base .of the §tructuref
With this type of analysis, all of the laws of‘feturn, including substi-

tution effects in producing a given outputs cah be shown.2/

1/ Ibid., ps 679.

g/ It will be noted that derived from the general symbolic produetion fuhé-
tion P=1f (a, b, «...n) we can derive an equatien

(4P =3P .da £ 2P .db # .. 2P .dn)
2a . @b 2n

which is the same as (dP= MPP, # MPP, # eve MPP_)s The marginal physi-
cal productivity Szgg-is the slope of the total product curve at a given

.28 .
point on the production surface with respect te input a, when all
other variables are held constant. When the marginal physical pro-
ductivity is multiplied by the quantity of that service-?{ﬁ - ag

: 228
the marginal physical product of that service is obtained. If the sum
of the marginal physical products is equal to the change in output,
. 1
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E. Historical Development

The awareness of problems.arisiné in the process of .productién' has
been present since earliest recorded history. .In the _.B“ible.und'er the
"Book of Genesis," it is told that Abram and Lot saw fit to s_spliji their
flocks and go ‘bheir sepafate Ways, all becap.s“e. their_holdings had become
too great for them to subsist together aﬁ_ optimum advé.ntagea;;/' ’A'ristot'le
made referenceé to the technique of good management when he Wfote concern~
ing the active ba'.rt:"l.c_:ipati__on ‘of the owner in caring for his propélr’sm 3,/

There was also a hint of the productive advantdges of t_,hé division of

.labor when Aristotle wrote that the man who wishes to practice economy

should "be fuli'y acquaintea with the 'Lpiaces in which his 1aboﬁr lieso“g/
In ithe writings of Plato, the spec,ial.jadvantages‘of specializa}?»ién. in“;‘)ro-
duction and in the promotion of a socie;c,y received eﬁliahasisag./ These few
exanples illustrate that people did-think of production-problems even
though the ecénomic productien theory or economics it_seif had n@»t ‘yet been

developeds It was probably with the rise of mercantilism that peeple

'

(_g/ continued from p. 16.) then constant returns to scale are indicated,
" but if the sum is more or less than the change in output (dP), in-
. creasing and decreasing returns, respectively, are evident. .When
" | constant returns to scale exist, a linear, homogensous function is
- implied., By holding one variable constant, it is possible to observe.
" the increase or deecrease in the marginal physical product (MPP) of the
variable being varied. : L

1/ Genesis, X¥III, Vs. 2 =~ 6.
2/ The Works of Aristotle, Vol, 10, Geconomita, 13h5a.

]

3/ Ibid., 13450, |
y The Dialogues of Flato, Vol, 3,‘Republie, pe 50,
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- became increasingly aware of economig': problems, and the science developed.
Heretofore the accumulation of wealth was regarded with disfavor because
of the Church, but with the development of mercantilism, the attitude to-
ward wealth changed, with resultant increased interest in econélilic affairs.

L. ﬂ‘ontribui;_ions m Economic Theory.

So=cé.11e‘d "médéfn ecénc'amics"' ‘had its inception in the eighteenth and.
gar];y n:‘i.neteentﬁ cenburies. As éeople began to studj twealth," they also
inquired into its production. What things constitutedkwealth, .a.nd what
forms of manfs activity were productive? The French Physiocrats held the
view that oniy land was productive, tha’c; it, alone,.brought forth a Hsure
pllis above maintenance.’ Adam Sm:.th asserted that some labor Wlas'préduc-m
tive, while some other i‘orms of labor weré not? Oniy when the product
produced . was of a durable 'natur_e could the labor expended in its.production
be called productive. .Thle .se,cialistls s especially Karl Marx, thought ’?hat'
labor alone gé.ire rise to wealth; therefore, the di-spositioﬁ. of wealth
spoﬁld be in the hands of these who produced it, However, since the work
of Adam Smith, most economists have proposed\ that ail resources combined
in production may be termed 'iiaroductive"o This is the view most 'generall:'}
ac;cepf.ed today. Capital and_management‘alsb made thelr appearance as pro=-
ductive factors with the advancement of economics. We now have the four
generally accepted factors of production‘: Land, labor, capital, and man-
agement _/ Entrepreneursh:.p nay also be :anluded as a factor, the returns
to which may be considered as the res}llt of bear:.ng uncertainby. The re-

turn to this factor is a residual quantity and may be positive or negatlve

_/ Whlttaker, Ed.rmnd A History.of Economlc Idea.ﬁ, Longmans, Green and -Coo,
1947, Chapter VIIL .........
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after _returné have been allocated to the other factors of production. -

. Leoﬁ Walras was the first economist to give a general symbolic. s"catem
ﬁent of the production function. Although he assumed fixed coefficients
of production and no-profit entrepreneurshib, his work is most importaht,
Walras is probably to ‘t')e comuended most for his de_v_'elopment of thé theory
describing the generai nafure of equilibrium. He has the distinction of
being the first economist to show "that under pérfect competiﬁion, full
emé];oyment of resources is cqmpatiﬁlg with the desire of each individual
to maximize the returns from his resources."l/ |

Philip H. Wicksteed!s great contribution was the reduction ef all fac-

’bors of production te a common measure, that being service rendered. Here

the marginal efficiency of a factor determined its value, fornmlated by the

effect upon the product of a small increment of tha‘b fa¢tor, all o’c.hers re=
maining constant. Wicksteed proposed exhaustion of produc‘b, _2/ but Went

about to prove it by use of the ciassical theory of rent rather than by

_/ Stigler, George Joy Product:_on and Distribution Theor:x_es, The Macmlllan
Company, New York, 1949, ppe 241=242. . . .

J There has been considerable conflict in the development of distribution
theory regarding the validity of the concept that all. produc’c:.ve agents
are rewarded in accord with their marginal produéts, thus exhausting
total product. This branch of theory fell imto two parts. The exhaus—
tion of product question did not confront the proponents of the resid—
ual theories. Here at least one residual claimant to the total product

. was assumed., Rent was nearly always considered a residual with Yprofith
as a second claimant., Although the exhaustien of product postula.te was.
no problem for the residual theorists, it was an ‘explicit assumption for
who held the other view. Much controversy followed, and it was with the
application of Euler’s Theorem that justification of the latter view |
gains validity. For.a sumary of this-discussion, see ibid., Chapter 12,
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using the Euler Theorem, _He chose to s}iow that rent as a residual équals

‘rent as a marginal product,_;l_,/ Another assumption was a linear homogéneous;

production function; i.e., as all factors are increased in a given propor—
tion, toﬁal product wi.ll. inerease in the same proportion. Eulerts Theorem
holc_ls here only if the price.,' of the commodity remains constant w:—‘i‘.th' respect
to price of inputs. The 15ric‘e of the product will remain fixed oﬁly if
there is a corresponding increase in the market. Such a conclusion is ob»=_=3
viogsly ﬁnwarrantable H another explanation i_s foﬁhconﬁngo If perfect com=
petition exists, t'he outpﬁt. of a single firm will be p'egligible in ii';s ef=-
fect on the price of the préducta | |

Barone -did significant work in preoduction theory whic_h is worthy of
mention. g/ His analyéis dealt only with stationary equilibrium? which
means a fi.}:ed quantity of reseurces. The basis of his work is the law of

diminishing physicai productivity. His solution of the pré;duction problem

is essentially the same as held today, i.e., that the entrepreneur will

maximize returns if gach factor is used ﬁp to the point where fh’e increment
of cost of the factor equals the incr'émenf 6f return~tq the entrepreneur.

Time consumed in the production process was also a part of Barone“s ar}aiivm
sis. Here‘ every faétor‘ of production was rewarded in accord with-lits mar-

ginal product less iﬁterest on the correspending part of the capital of

, anticipation. 3/

........................................

1/ Ibid., p'p, 324-330-
2/ Tbid., ppe 356~362,

2/ The capital of anticipation may be considered as the increased value
of an investment resulting from a period of waiting for returns to accrue.
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Pareto's main contribution here was his criticism that there is not

complete substitutability of factors in the production procéss , but that

some hold in fixed relationship_ to each other,. In other words, some CO=

efficients of ppodiict'ion are fixed, others variable,_]_,/ Alﬁhdugh this is

. 8 valid argument_, it$ importance is questionable. Although there are some

processes of production which involve fixed factor rélationships s these
cases are economically trivial. B‘e;sides, it seems perfectly logical to
assume some variabilibty in producﬁion cqefficients over the ';1bng=rui1",
This variability occurs with advancement in technology g/ , and the ac=:=
cumulation of capital .goods.

Knut Wicksell raises: the question of the indivisibility of productive
services with regard to a linear homogeneous function, When large and
continuing indivisibilities are present in the firms of an'j.nd_ustry, these
firms‘w;i.ll be éperating- under conbinuously decreasing "long-run" average
cost curves. Gompetition will be unstable,3/ To hold true, this rela=

tionship must consist of technolog:‘i.ca’l consideratior_xs alone, It may be

- well %o point out at this time the human factor which is really the cause

of ‘the limitation of indefinite increase in the scale of the firm. Human
abilities ar'e limited and especially subjeé‘b to diminishing returns to

management. There comes a point where the advantages of specialization

1/ Tbid., pe 364365 -

_?;/ An advancement. in technology has taken plaf',ce when the same (or more)
product can be produced with less (or the same amount of) inpubs. This
means the production surface has shifted'to a higher plane. )

3/ Ibid., p. 38L.
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are overtakeﬁ by the compléxities of red tape. Therefore, most‘certainiy,
the firm will ultimately be faced with decreasing returns to scale.

It is only in an entrgpreneurleSSAeconomy that the linear, homogen~-
eous preduction function will hold énd that Emierfs Theofem is appliéa‘blé°
The entrepreneurial role will disappear.only in a'completeiy stationafy |
econonmy Where the stocks of resources, technology, and the tastes of people

_are fimed. £11 production would become a matter of routine., However, iﬁ
_ i; unﬁér a dynamic economy which we live, where decision making and ever
present unceértainty exist. Anticipations of profit determine production
and the returns to eﬁtrepreneufship are expiessed as a residual, This
does not discredit-the facf that ail other productive services may be re-
warded in relation to their marginal productivities.-

20 Empiricgl Studies.’

The use of prodﬁction functions_in empiricai studies.is é somewhat
recent development. This field of study has developed with advanCeguin
econometrics. Exploration in preductien function ana}ysis was pioneered
by Professor Paul ﬁ, Doﬁglgs of the Uﬁiversity of Chicago, who is now. &
United Stgtes Senatqr; His first work appeared in ;928 and was composed
oi a prqducﬁion funqtion.for all manufacturing in the United States;;/
This study was co-authored by C., W. Cobb of Amherst College. Here a.
function was fitted to all‘ganufacturing by using the indices of the re-
lative aﬁouhts_of capiﬁél, labor, and physical output employed in manu-

‘ facturing for the years 1900-22, The year 1899 was considered as the base .
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year with a value of 100, The general symbolic ft_mctiop of P = £ (1L,C)
was used. These 'tﬁree varisbles as included in the equation, are denoted
' respectively ass: (P) which is the index of physical volume of manufactuf-
i:qg; laber (L) which is‘ the index of the average number of wage earners '
in manufacturing: and cgpi’dal '(C) which is the index of the fi_xed'ca.pital
in manufacturing. ‘

He fitted a funetion linear in the logarithms by.least squares ‘x.*e'z-
gression. This has come to be the method. followed in most subsequent
Studic_es. Bouglas started with tﬁé assumpbion that the sum of: the regres~
sioz_l coefficients is one; thus ;'a.sswning constant returns to scaleé. His
functioﬁ in non-logér:'i.thmic form is expressed as follows: -

| P—1.0L L0475 (025
The exponents are also the elasticities-of the dependent varigble product
in its relation to the inc’_{epei}dent variable inputs.l/ Interpretation of
this function then indicates that if laber is increased by 61_qe pe'r cent,
total .pro.duct will iﬁcrease by B/L; of one per .ce_nta Likewise, _vtrhen'capi—j
tal is increased by ohe per cent, product will be increased by l/L; of one
per cent.' 5 |

If the production function is linear; and homogeneous, then it is a
matter of complete indifference which size of plant the entrepreneur may
.bu’il'd, for every size of plani; is just as efficient as every other size.
All sizes of plg.n’o will have the same minimum “short-run" average cost.

When output doubles, then total costs deuble. Even when the assumption

1/ An elasticity of a paf»ticular independent‘variaﬁlé'is ‘thé pérceéntage’
change in total product variable when the variable is increased by one
per cent.
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of a linear homo'genequsfunction was not made, the sum of the elasticities
made by D'ougias in later studies were 'vér;y‘ close tq oneg _indicating con==
stant returns to scale. Al“i;hough Douglas and his associates made numer-
ous obher studies, this one sh_ould be suffiecient for the purpeses of this
study, |

G"erhard Tintner. ef'Iowa State College was one of the pioneers in
using stabistical produc'bion fu.nc'bions to analyze farm data. In his orig-
inal ‘study,l_/ Dr., Tintner used the business records from. 6(39'Iowé. farms
for the calendar year 1942. The function Fitbed bo the daba was Linear in
the logafithms s being esseﬁtially the same function Bzouglas. had letsedo'
Tintner!s reasons for using this function rather thaﬁ any other were as
follows: M"....it gives immediately elasticities of the.product with res—
pect to the facters of prodx_zction; this form of the production function
pémﬁ.ts the phenomenon of decreasing marginal returns to come into evi-
dence without using too ma.ny'.degrees of- freedomy and fina.]ly,j if the errors
in the data are small and nomaﬂy distributed, a logarithmic transforma=
tien of “‘the "v’ar'iables will preserve the néi*mality to a substantial de-
gree. "2/ Tintner used total producf x) éléasured by gross profits for the h
depenéent ﬁfariableo‘ Independent variables included: land (A) measured by
total acress labor (B) measured in man-months; --valué of i‘am_':‘xmprovem ’
ments (C)3 liquid assets (D), :‘mcludlng livestock, feed, seed, and supplies; |

‘and working assets (E) including breeding cattle, horses, tractors, crop

G N =
o e . PR

1/ Tintner, Gerhardt: UA Notd on The Derivation of Production Functions
.+ from Farm Records", Econometrica, XII, No. 1, (Jatmary 1944) 26~3k.

-

2/ Ibid., p. 26,
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machinery, livgstock equipment, special_machinery, trucks; farm share of
the automobile; and cash operating expense (F), including 1ivéstock er
pense; feed . purchased, repairs, fuel, and {ail"for' all equipment on the
farm, |

The regression coefficients as coﬁpqted were as follows: A = 0,288y
B=0,158; C = 0,65h; b= 0,212;.E = -0,005;:and F = 0,159, All these
coefficients are significant at the 5% level of pfébability-except fo:
working assets (E), which had é,negativé value, This is to say that a
value of -0.005 for (B) has.the pfobability of arising by chance more
than 5 times out of a 100, if the true value is iero, Therefore, it can
" be concluded that the negative value of working assets could have arisen
by chance and apparently has little statistical significance in ﬁhis Pro=
duction equaﬁion@ A11 of the elasticities are less than 1,0, §6 decreas~
;ng'marginal returns are in evidence. Also, the sum of the elasticities
of all inputs is less than‘l,O (0.866), thus indicating decreasing returns
to scalea. Anothér regréssion edﬁatioﬁ-was fitted to the data'under the
assumption_that constant returns to scale existed (sum of elasticities .
eqnal to 1.0). When the sums qf the squared residuals of both functions
wére compared, it was found that the différenée was not significant at the

one per cent level. We can then make the aésumption that constant returns

to scale existo;/_

This result tends to substantiate the finding of Douglas which indi-

...............

1/ Tintner, Gerhardt: Bconometrics, John Wiley and Sons, Inc., New York,

1952, pp. 89-91.
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.cated a linear, homogeneous, production functlona_/ It must be recognized,
however, that the Iowa farms observed in this study were not "average" but
somewhat-above. This may be attrlbLted to-the fact that record keeplng
farmers are usually more prosperous than the average.

-A further study of “Productlon Functions Derived from_Farm Records!
by Tintner and O. H. Brownlee g/ is closely patterned after the preV1ous.
study and the results are szmllar. Detailed farim records of 4,68 Iowa
farmers far the year 1939 were usedo The sample con51sted of above average
.farmers, a "Cobb-Douglas? function was used, and variables were classified
in the same way as in_?ihtner‘s previous study. Elasticitiee as computed
for the individual factors were all less than one and the sum of all wae
almost 1.0 (0.9871), this indicating constant returns to scale.

Marginal productivities of the variables‘were also found.3/ The
Marginalvproauetivities measured at their geometric means and derived from
the elasticities were found to be: land 0.098L; labor, O. 0877, improve- .

‘ments, 0.0449; liquid assets, 0,1790; working assets, 0.15853 and cash

1/ This does not mean that a llnear, homooeneous function exists over - the
entire range of possibilities, but only over the range actually ob—
served.

g/ Tintner, G. and Brownlee, 0. Ho: " Prodﬁctlon Functlohs Derived Erom
. Farm Records", Journal of Farm Economics, vol. 26, l9hh, pp. 566 ff.

2/ A marginal product1v1ty 1ndlcates the net addition to total product in
terms of dollars when a partlcular resource is increased by the amount
.of one dollar.




. operating expenses, Oc-280éa Interpret_ing this- would méén that on the
average if onel' additional dollar was invested iﬁ land, we could expe‘ct
$1.10 in returng if one dollar was épent on labor, we could expect $LO9
in returr_l, ete. Ih terms of the marg;i.nal productivities of the factors, ' ‘;
it would be most profitable for the average _(at the _geome’bric mean) of '
the farms studied to.spend additional iﬁoney ’.:‘.’Or~ casﬁ operating expenses ' .
where the return ié $1.28 for every dollar spent. |
The previo'us‘ work was followed by a study conducted by Equ Q.
- Heady,l/ The production functions ‘;ieveloped by Heady were similar to
all previous W'o'rk? glthoﬁgh he divided the independent variables into
s?mewha,t_ _différent classifications. Allso, this is a study made from a
random éample of ;owa farms. , A complete record of all opérations and
transactions for the year 1939, including beginning and ending inven-
tories s made up the answers on the schedules. Seven hundred thirty-eight
(738) farmers were interviewed. A function linear in the logarithms was
developed, and is expressed in the foilewing forms:
'llog'X:a;lblogA#bz log B 7éb3 Llog C ;Lbh,logD 74b5 log E.2/
In;_auts and _outpu't.s we_r'e cléssified in the following mannér, T'otal)product
included the sum of all cash sales, home consumption and changes in in-
ventory., Inputs inclﬁd,‘ed:. the value of land and buildings; months of |

labor used; machinery and équipment value, including the cost of maintéin—

_J;/ Heady, Earl O.: “Proc.iuctz.on'Functlons from a Random Sample of Farms,"
Journal of Farm Economa.cs, Vol, XXVIII, No. 4, November, 1946, . -
pp. 989=1004. . . ......

_2_/ The b values are regression coefficients or elasticities.
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ence and operation; the value of livestock on hand and purchased, inclu=
ding feed fed and livestock expense; and cash operating expense, including
fertilizer, twine, custom work and other miscellaneous operating expenses.

Tﬁese_independent variable inputs were designated as A, B, C, D, and E,

respectively, and the dependent output variable called X;

Separate functions were figured for crop, hog, dual purposé’and_
dairy, general, and special farms. Functions were aiso figured for small
farms and large farms, the division being made on the basis of total cap-=
‘ital employed. For all farms, more than 8% of the variance in total
output was associate& with the inputs listed. It must be remembered that.
this includes an average of all farms. The une#plaingd portion could be
attribﬁted to different techniques emplo&ed on the farms, the exclusien of
the manasgement variable, and -error in reporting the 6riginal data.

The regression coefficients which were calculated for the individual

facﬁors of production are also the elasticities of these factors. They

show the'gverage pefcentége change in total product which might reéﬁlt if
the input of tﬁe pafticular resource is increased by one per cent. The
elastiéities as computed for all fgrms were as follows: 1and,.Qa2315;

labor, 002823 eqnipment,.0.08bh; livestock and feed, 0.47673 and mis—
ceilgneous operating'expegse,'0.0317e The livestock and feed coefficien£
was by far the largeéta An increése in the livestock and feed input'of'qne '
per cent would give a 4767 per cénﬁ iﬁcrease in total product: The gext
highest coefficient was for land, it being‘?23l63 In each classificatién

" of farms diminishing marginal returns was indicated for the individual pro¥

duction factors as the elasticity in each case was less than one.

SN

J
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The sum of the elasticities for all farms as well as the various

breakdewns was less than 1.0 (.8526) > hence diminishing returns to scale .

were indicated. It was expeeted that inereasing returns to scale would be

found on the "smaller® ferms, but such was not £he case: Such an' assump-
~ tion supﬁoses. that smell- farms could profit by l’ohe use of specialization,
-diversification, larger machines, etc. A previous study which was con~

ducted on larger farms had also shown decreasing returns to seale.

o Marginal productivities- were computed for' each group of farms. For
all farms they appear as follows: land, 0.0465; labor, 0.0791; equip-
ment, 0,2013; livestock and feed, .0.8390; and miscellaneous operating ex—
pense, 0.3931. These figures give definite ciues as to efficiency in the
combina'bion of resources. In the cé‘begofy of all farms, it ;was shown
that the net returns to be expected from land for an extra dellar invested
would be L} cents, 8 cents for ‘labor, 20 cent's for all equipment, 84 cents
for l:l.vestock a.nd feed, and 39 cents for m:x.scellaneous opera'b:mg expense.
Th:x_s would 1nd:|.cate that livestock would be the most profitable enterprise
o a_xpand (1.e., e.dditional money the farmer has, .or can borrow, should be
in\fested in livestock first because it w:";.ll pey him ilil,Sh for every dollar
inerease in cost). It would also pay him to reduce his: costs 1n some
categories to the place where the marg:_nal product1v1t1es from 21l re~
soxjx'ce_s are more nearly equal, thus ma;d.mizing net farm income with a -
given outlay,

The marginal productivities were highest on the most productive land-
which is the cash grain area of the state. Since these marginal produc-f

tivities relate back to the land walue, it appears that relative to the
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rest of the state, land is under-capitalized in the cash grain area. The
marginal productivity of land gives us a measure of uhat rents on various
types of land should be. Theoretieal;y; eacb factor_of production is re-
warded in accord with'ibs marginal productivity. .At“a'return of 43 cents
for all land, then the landlord can expect to receive 9 dollars in net '
rent on land valued at $200 an acre. This is the return to land and im-
provemenbs accruing to'the land owner if these are hissonly conbrib-
ubions to the farm enterprisea '

_ Labor showed 2 rather low marglnal product1v1tye This can be par-
tially explained by ‘the fact that there'was a surplus of labor on Iowa
.farms in 1939; also no differentiation'was made as to the capa01ty of the

workers in regard pozage and phys1Cal abilltys In addition, farmers tend
to report more ﬁan—monﬁhs of Iabor than is actually spent.

The‘returns to machinery and equipmenb were highest‘in uhe poorer
areas'of the state. This can be abtributed to the fact that bhese areaa
were -largely under-mechanized in 1939. However, a fairly high return %o
machlnery and equipment was indicated for the. state as a whole.

Dr. Heady pointed out the limitations of the bechnique'of fitting a
-production function to empirical data, One of the‘main diffiéultieSris-‘
the clas31fication of 1ndependent variables into categories which are
really independent. So many of the preduction processeS“Within-nheffarm ’
firm have complementary relationsbips.. Therefore;‘when a higﬁ:dégreé'of
correlatien exists as predetermined by statistical analysis of the Yiri=
ables, such variables should be combined 1nto one 1ndependent variableq_

Also, it should be noted ‘that the regression coeff101ents as compubed
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apply to the average 'o_f the farms in the universe studied, and not a sin~
gle _f’a.mr Therefore, the regression coefficients and marglna.l productivi~
ties can only be regarded as applying to the average of the farms studied
and not individual units. Dr. Heady ;’urther points out that more reli-
ability ,can be abtached to the resulﬁs: when co:hioarisong of similar produc— '
tive services are made between groups of farms rather than between. the
factors of production within a group of farms.

A recent production ‘functio‘r;: study was coridg.cted by Hu Harries.l/ It .
is perhaps 'l';he most rele{an’s to this thesis, as the universe of farmé uséd ' ;
':‘i.n both studies is composed of dry-land wheab farms. Comparisen of the , |
results should prove the most interesting. Data for Harries' study were
_ gathered_ from the records oi_‘ 194 :farmers in ’c;he Eyebrow—Laceﬁda section of
S_askatchewan, Canada, for the yeai'-v ending April 30, 1940. These farms were
a1l in Land Glass .III,' and the techniques and type of farming operation was
held as nearly constant as possible. This was done t0 insure more homogen--
gity of "ponmeconomic" factors such as cliniate, moisture, sunlight, and
insects., Alse, such é. classification gives more significance to the "eco—
nomic! _:\"_.ndepehdent variables in the function. These va:_:*:‘i.able.s Were cias-—
sified as i’ollof{.rjs:. (&) average real. esté.te: investment; (B) avérage livestock
investment s (¢) average machin’ery'inves‘cment’ (D) months oflabor;and (E)cash
operabing expense. Both a linear nnﬂ.t:.ple regress:.on equation and a logm

arithmiec funcétion of the .Douglas type were fitted to the data. For the

............................................

1/ Hafries, Hu "Development and Use of Production Functlons :E'or' F:ers in
Agriculture," Scientific Agriculture, Agricultural Institute of Ga.nada,
XXVII, No. 10, October, 1947), K87=-493.
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former, the equation is: _xé = 471_,4 0,0h5 A # 0.2340 B # 0,359 € £
15.823 D £ 1,922 E, and the latter; log xc' = 0.0 ,é 0.18 log & = 0.03
_ log B # 0.18 log C # O»Oé log D £ 0,75 log B, It will be noted that the
sum of the.elasticitiespof the 1ogérithmic funetion isvlelho" This indi-
.Qates increasing returns to scale. This is ohe of the few studies that
has shovm this phenomenon;' Perhaps this is not too surbrising when the
haturéﬂoffé“dfy¥lahd wheat operation is examined, It is generally recog=
nlzed that wheat farms in the Great Plalns are on the whole too small.
With mﬂdﬁpn-machlnery and methods of farming, the acreage one man ean
handle has increased considerablys, Shifting of resources to ﬁake up lare
ger and more p;ofitable ugits_has undbubtgdiy suffered a time lag.

On thé basis of ﬁhe sum of §las£icities.ahd actual observation of
existiﬁgfconditions, it Wpuld be concluded that farmers are operating under
| increasing returnsito scale. Howevef,.we do.not’know that 1¢1h is signif-
icantly different ffom 1.0 until it has been tested; On the basis oﬂ'the
correlation coefficients for the logarithmic and the multiple linear cor= |
relabion analysis, we can be more skeptical of the conclusion that ine
creasing returns to sca}e_gxiéta The correlation coefficient for the for-
mer is 0.85, and for the latter, 0.88, With due regard for. the method—
ology involved, more ‘variation in the dependent variable is explalned'thh
a linear equation than with the logarithmic function. The coefficiepts
for both equatlons are significant at the 1% level of probablllty. It
would be interesting to develop a function of the type: log ¥ = A £ BX %

GX2 === to determine if these farms are operating under condltlons of ine=

L.
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creasing marginal returns., ;/
Several of the }.j';fnita’c;ions as poi_nted out by l\ﬁ-o Harrigs 'a.re:, (1) the
study is <‘>f a static nature and does not use a dynamic technique, (2) man-
agement is not included in the analysis; (3) a.high degree of relationship
between the inﬁut and output variables is‘nc;t ﬁecessarily_a ca,usal‘_ rc_alationn-
ship. Therefore, the resul’os obtained shogld be carefully aﬁalyzed }aefore
any stat_ement of causal re’latiénships can be made. Also, 'efren though the
unexpla:.ned vgriation is not st_.atistically significant,; it may be import-= |
ant from an economic standpoint.

Table I. Comparative Elasticities of Production Function
Variables Derived from Farm Data 2/

Tintner & %

Factors Tintner® .~ Brownlee Heady ¥ Harr:_esﬁﬁm
Land . .0.288 0,343k 0.23162 0.18%
Tmprovements 0.054 0.0431 . B LT
Labor 0.158 0.2364 0,0282 0:06_. .
Liquid Assets 0.212 0.1729  0.47670 =~0,03¢
TWorking Assets -0,005 0.0795 . 0.084,4 0,18¢
Miscl. expense 0.159° 0,1118 -0.0317 0:75

Sum of the . - . :

Elasticities 0. 866 ez 9871 0.8526 1.14

¥ Derived from Towa farm records (1942)
¥¥% Derived from.Towa farm records.(1939)
%%% Derived from.random sample of Iowa farms (1939)
%485 Derived from records of Canadian dry-land.crop.farms (1940)
a ~ and Improvements . - R
- b = Livestock and feed :
¢ - Livestock only
d - Machinery & equipment

_g_./ If the correlation coéfficient of this equation was below 0.88, it could

be concluded the linear fumetion provides the best fit.

2/ W:Lth the acceptlon of working assets under Tintnert's study, work:.ng assets
and improvements urder Tinther!s and Brownlee's study, labor under Heady!s
study, and livestock and labor .under-Harrieés!study, the elast:.clt:.es are..
s:.gn:.f:l.cant at the 5% level of probab:.l:.tyo .
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By way of summary, it should be well to brn.ng the results of prev:l.ous
. sbudies together under one heading. Here, an abbtempt w:J.l be made to brief~-
ly summarize and compare the elasticities (regression coefficients) and the
marginal p;c'dductivities__derived in past studiess . '

Any conclusions drawn must necessa.ri_iy be broad ones, The :’Lndependentl
variables of the v;'a.rious studies do mot all include the same thingé s nor’

- are they all measured in the same waye Also, different areas and sémpling
iechniques were used. | Howe,ve:r"', the sums of the elasfcicities are all close
to one. 1/ This would indicate that for the Iowa farms, c.onstzm_t returns
to scale’may exist. - .
Elast.icities have ,b'eef:l cla,e_‘,sified ca;cegorically under the factor he_a_d-
. 'ings that Ti.ntr;er‘used‘ in his study of farm }records for 1942, As will be
noted in the Table, the classificétion of variables (factors) differs bém
tween studies. For the pufposes of comparison of thé elastié:ities, only
Heady's and Harries! studies will be used, It is doubted if meaningful re-
sults .could be obta:ined by a comparison of all four studies due to com;;liu
| cations pr.eviousliv’ mentioned.

‘Elasticitie"s do not sex;ve as measures of efficienecy; they do, however,
serve as a basis for deriving the marg,:.nal productivities from which con-
clusions relating to efficiency are der:l.ved. ‘The labor.variable does not
give 2 signif_icant result in either study; Nearly all studies have shown '
low elasticiﬁies for labor. This may be due to farmers overestizﬁétj.rg

their labor input; also, it tends to substantipte the thesis that an "excess"

.................

more than ones
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labor supply exists on most farms.

Livestock was not a significant variable on the dry-land wheat farms;
in faet, its elasticity is negative. However, on Iowa farms, an inérease
in livestock investment would providé a greater inéregse in total product
than any oﬁher variable. This tends to show the relative profitability of
an inereased livestock enterprise on Towa farms. Machinery and equipment
showed a higher elasticity en the wheat farms than the Iowa farms. Machine
farming should hold a special advantage on wheat farms because large scale
machine use is espeéially‘adapted on this type of operatione It could be
expected that the elasticit& of machinery could have been even higher,
However, most of these farms were probably already highly mechanized by
1940, The exceptionally high elasticity of miscellaneous expense on the
wheat farms suggests important relationships. Sinee it represents an ag=
gregate of inputs, few S£raight£6rward conclusions can be drawp, Furthe?=
more, in relation te all elasticitiés, it must'beAremgmbgred'that ﬁeady's
study was taken from a rapdom sample of farms using the survey method,
while Harries! study was from selected farm records. Therefore, if Harries!

study had beeﬁ a random sample, the difference between elasticities of the

two studies could have been even wider.l/

;/ Record keeping farmers are usually the most progressive, and therefore
make better use of resources under their command. Hence, it can be
supposed that they are operating at a higher point on the total pro-
duct curve, thus giving lower values for the elasticities of the vari=-
ables. ' '
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Table II: Comparative Marginal Productivities of Production
Function Variables Derived from Farm Data 1/

: . Tintner &%

Factors "~ Brownlee ' Heady ¢
Land 0,098 0, 04652
Improvements 0.0449

Labor 0.0877 O, 0791b
Liquid Assets 0.,1790 0. 8390

Working Assets 0.1585 0, 2013

Miscl. Expense 0.2808 0.,3931

# Derived from Iowa farm records (1939)
%% Derived from random sample of Iowa farms (1939)
a — And Improvement )
b - Livestock and feed
d - Machinery and equipment
Ohly the marginal productivities of two studies appear in the sbove
table as only for these two.were marginal productivities derived. Again,
comparison 1s difficult because of different c¢lassifications of inputs.
When comparing the two tables, it will be noticed that the marginal

productivities are more nearly equal on the study taken from farm records

than those of ﬁhe random sample, This, ibself, is an indication that re~

" . sources are more efficiently combined on the farms'which kept records. In

the random‘sample, livestock and feed show an extremely high marginal pro-
ductivity. On the average of farms, then, the livestock enterprise should

| be expanded. Both a better alloca?ion qf resources and more neb ihcome to
the average farm operator should result. Land and labor both show a higher
productivity on the record keéping farms. Farmé who join record keeping as-

sociations are ordinarily the first to adopb new techniques and improved

1/ A1l marginal productivities listed are.significant at the 5% level of
probability.




37
production methods; This is probably one of the reasons record keepihg
farms show higher marginal productivities.

Some elarification comeérning the difference between the marginal

productivity and elasticity needs to be made. The elasticity is a constant -

and holds throughout the.rénge of observations. It shows the conditions of

rebturn to each factor, and is a percentage‘dhange:in outpqt/resulting from
a 1% cﬁange in input. The sum of all elasticities indicates returns to
scale. Marginal preductivities are evaiﬁated at a given poiﬁt, (e,é,, at
the geémetric means), on the total product curve and are a ratiohbetween

two value terms.
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- PART II. EMPIRICAL INVESTIGATION

4. Sampling Procedure

As fhis is a study of resource productivity on Montana dry-land crop
farms, the first neceséary-step was to define the limits of the universe
fromrwﬂich‘a sample could be dramn. The state has been divided into
major farming areas by the Bureau of‘Agriculturai Ecdnomics, E/ each
area representing certain types or combipationg of types of agriculture.
Areas III, IV, VI, and VII const;tutg the,universe which represents both
winter and spring wheat areas with their accompanying variations in farmmr
ing practices and climate conditions. It is,assuﬁed the universe,_ag
' designated, will adequétely reflect the fange in dry-land crop farming
confiitions. These areés are outlined on thé following map.

Phe Production & Marketing Administration (hereafter referred to .
as the PMA) has subdivided all the counties in the state inmto PMA ®commmi-
tiest, defined in teriis of & trading area, "I‘.his break-domn of the counties
into sub-areas provided the basis for drawing a random sample without: hav-
ing observations scattered over the entire universe. Furthermore, ﬁhe
PMA had coﬁpleﬁe'l;stings of all farm units in the universe as defined. 2/

PMA communiyies in which more than half of the farms were-ifrigated

v Farm Adgustments in Mbntana, (Graphlc Supplement) , USDA BAE, ‘Washlngton,
Do Co, July, 1940, .

- 2/ The PMA assured us that their records would include more than 99% of the
farm operatorsn
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were eliminated from the universe, Thelnéxt step consisted of setting
up the procedure for drawing the sample.

It was:arbiprarily decided that the sample should consist of approxi-
mately 150 iﬁterviews._ Furthermore, to insure adequate representation
of each of the major fafming areas, it was necessary to-apportioﬁ'the
pumber of observations among ﬁhese areas on %he basis of the number of
dfyiléﬁd farms per area. i/ The respective numbers of farﬁs in each area
are indicated in the following btable, | . |

Table IV, Number of Drybland Farms in Selected Major Type-of-Farm Areas

Area Number .Per cent of Total
IIT 6,227 22,1
A Y 597 23,5
VI 110,703 38,1
VIT h 582 163
|Totar 28,109 | . 100.0

_ .Numberé of observations ﬁere apportioned to each aréa by ﬁyltiw
plying its reSpective.“Per‘ cent of Total® by 150. This gives approxi=
mately 33, 35, 57, andNZS'observations ffom.Areas I1I, IV, VI,'and VII

' ?espegtively. It was then arbitrarily decided to take twelve interviews
from each community. Three were picked in Afea II, three in Area IV,
five in_Ayéa VI, and two in Area VIT. Thus, thirteen communities were

selecéed and 156 interviews were taken., A table of random numbers was

1/ When taking a proportional sample from each area on the basis of the
T number of farm units, it is assumed that comparable varlatlons exist
between farms in their respective areas,
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used to select the communities, thus insuring a random selection. As
such,.these'communities should represent the universe. The commmities
selected are outlined on the map on page 39.

Although 28,109 farms comprise the entire universe, the sample was
Qrawn from g subdivision of the universe (the 13 PMA'communities) which
contained 2500 farm units. This means that the sample drawn represents
+555 per'cent of the entire universe, and 6.2l per cent of the farms in
the thirteen randomly selected communities.

Twelve interviews were made in each of the thirteen comnunities.
The twelve farm units were selected 5y using & table of random numbersj
six alternates were selected for each community.e

4 schedule was prepared for use by the eﬁumerator in the personal
interviews with the farmers. (See Appendix A,) The schedule was designed
to furnish thg following information: (1) the total dollar value of oub- :
put in 1950, including changes in inventory, and (2) the quantities of |
various reséurcés employed during that year in producing that ouiput,

In general, the schedule is self-explanatory. However, for certain
items, some explanation concerning tﬁe derivation of their values is
necessary. Under “croPS“ on Page 2 of the schedule, the respective
valpes of. all crops listed were computed by using the arithmetic mean
of prices received by all farmers interviewed, This was necessary because
some farmers could not place a vﬁlue on certain cropss; it also makes the
output ﬁalues comparable betweén farms, As a considerable price differ-
ential for spring wheat existed between Areas VI and VII'VSG Areas TIT

and IV, their respective average prices of $1.95 and $é°00'were used,
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This differential in price can probably be ex@lained by the difference in
freight rates, Areas ITI and IV being in the eastern part of the state
and closer to the terminal mgrketo If the value of output is increéseé
due to a favored geographical location, it should be refiécted in the
\dataé _Avefage prices for all areas were used for other crops as no
noticeable price differences existed., (See Appendix B for a listing of
the average prices used).

The vgiﬁe of all pasture was computed by using a nine-month grazing:
season 1/, and a value of $0.80 per Animel Unit Month (AUﬁ)o 2/ Then,
total AUM's figured on the basis of the_number‘of 1ivestock each farmer
carried dﬁring 1950'2/‘times $0.80 times 9-equals the total\value of
pasture on each farm. This metth éssumeéApasture.to be equailf ﬁaluablé
throughout the area, and -does not take into account the infensity of
grazing, Renﬁél rates may haﬁesﬁéen a better measure of this input but .
they were not available. Therefore, the soméwhat arbitrary mea#urement
§£ pasture valugz as outlined above, was used. The farmer's estimate of

the worth of his gardeh and potatoes was used in eath case, . On Page 3 of

the schedule, a state average price for 1950 was used, in'calculating the

l/.A.nine—mohth grazing season was considered the average length season
for Areas III, IV, VI, and VII by the Bureau of Agricultural Econ=~
omics, Montana State College, :

E/ A figufe of $0.80 per AUM was calculated from a publication éntitledé‘

Basis. for Developing Sliding Scale System for Grazing Fees, (mimeo),
. 3oil Gonservation Service, November 20, 1947, :

3/ The Animal Unit conveérsion table used will be found in Appendix C.
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value -of milk and eggs. 1/ It was necesuary to use state prlces, as area

prices were not avallablea Also, these are mostly home-consumed products,

and many farmers d1d not’ have estimates of their value, On the basis of

butterfat content, the price of milk used was. $0.0459 per quart. BEggs
were figured at $0.37 per dozeﬁ;' These prices represent what eggs and
milk would Bring on‘the market, for if the farmerfdoes‘not consume them;
his altérnative is to Sellltheﬁ. A11 livestock and other livestock prod-
ucts were assigne& the value which each individual farmer placed on theﬁ0
Averages were not used becavge they would have little significance. -Iive-
stock is too_variablé a producte

"Resource service inpu’o’i on Page 5 under "Machinery and Equipment

used on the Farm®" is a figure which represents the cost of using a parti-

‘eular piece of equipment or machinery for the year 1950, A straight line

depreciation factor was used to find the %resource service input® (annual
cost of machinefy), The replacement coét.of a machine times the depreci-
ation fad£0r~gives the annual cost of machinery. Factors used were as
followss tractbrs; 2093 pickup truck, ,lQ; other trﬁcks, 20873 dri11;

;OhB; combine, .11l; baler, .,125; field chopper, .0%i; and all other

- machinery and equipment, .056. 2/ For example, if the replacement cost

{

of a tractor was $3,000, then $3,000 x .09 = $270, which is the cost

1/.Agr1cultura1 Prices, Bureau of Agrlcultural Economics, USDA, January
29, 1950 through December 29, 19500 .

3/ These factors were supplied by the.&wrlcultural Economlcs Department
Iowa State College, Ames, Iowa, :
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(resourpe service_input) of using that tractor for 1950, All other items

oh the schedule are taken as the farmers! estimate of their‘ﬁalue@

B. The Regression Analysis

As in the studies cited.previouslyg Cobb-Douglas type fuhctiene,
linear in ‘the logarithms were fitted to the data. ‘Two functlons have
been computed: (1) a crop functlon, and (2) a livestock functlon, The
crop function was derived from 151 observations, while only 111 were
included in the 1lvestock function. A discussion of the'variables used

for each function will follow.

e
X, Xg

wheres- Y is the gross value of crop output including value of crop prod-

The crop function is expressed as: Y =C’TX% XE Xg

uets plus miscellaneous receipts; Xi is total crop acres; X2 is total
acres in wild hay and pastureg X3 is the.mannmonths of-labor attributable
to crop§ Xh is value of total machine.services ineluding custom work hired,'
erl, annual cost of machlnery plus repalrs, annual cost of bulldlngs for
crops, and the annual eest of fences for crops; Xg is total cash crOp €Xe=
penses 1nclud1ng value of home grown seed sown, purchased seed, fertilizer,
lime, and spray. |

The method used in determining the annual cost of machinery hes been
pfeviously outlined, (p. 43). The value of buildings was multlplled by
5025 to find the annual cost of buildlngso (Russell Shaw of Icwe State
College prov1ded this factor to use in flndlng the amnual cost of bulldm
ings). Annual building cost was. then mpltlplled by the proportion.of

labor used on crops to find the annual cost of buildings allocable to
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CIrops. fﬁe remainder was chafged to livestock,

The annual cost of fence was found by mnltiplying the total value of.
all fences on a farm by‘g per cent, Thié resultaﬁt figure was then
multiplied by the ratio of crop acres to total acres and called the annu#l
cost of fence té crops. The remainder of the cost was allocated to liVé% -
stéck. On farms with ﬁo livestock, the entire cost was allocated to crop.
(An arbitrary figure of é per cent was provided by the Bureau of Agricule- » |
tural Economics, Montana State Gollégé. This figure should also include
interest on investment.,) |

The livestock function is expressed as: ’Yi =C}TX§ 'Xg Xg Xﬁ

L
of non=breeding stock ét the end of the year, plus the value of non=

where: 7Y - 1is the value of total livestock output expressed as the value

breeding stock sold, plus the value of livestock products used in the

household, plus'the value of breeding stock raiéed; X, is the value of

1
total feed fed.includihg homé pfoduced feed, plus feed purchased; X2
is man-months of labor expended on livestock;'x3 is totai livestock input
expressed as the valve of non—breediﬁg_stock at the‘beginning of the year,
plus the valué of non-breeding stock purchased, plus breeding herd de='
preciation; and Xh is the value of other livestock input which includes
the cost of buildings allocatéd to livestock, the cost of fences allocated
to livestock, and other miscellaneous expenses consisting of veterinary
expenses and livestock supplies, |

Breeding stock raised. includes beef céwsg dairy cowé? and ewes, Thé.

7/

value oflbreéding sﬁock raised was found by adding the number of breeding
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stock sold and those on hand at the end of the year minus the sum of those
purchased and on hand thé first,of the year times the average value of
such breeding stock at the end of the year, This was done separately for
ééch type of-animal and their respective average'valueslwerg used, The
sum of these values constitutes the value of breeding stock raised. Using
this procedure also eliminated tﬁe effect of a pure price increase in the.
value per head of all breeding s.*qégk.

Breediﬁg herd depreciation was estimated by subtracting salvage vaiue.
from the beginning value of the breeding herd and dividing by the expected
(average) useful life., Diffe?éntials in'pricqs and weights were included.

The functions were fitted statistically by means of the classical
1easp.squafeé regressidn where the éum of.the squared residuals are mini=-
mized in the dgpendent variables Vaiués of the wvariables are taken from | j
the survey da.’ga° Coefficients derived in the function are significant
statistical estimatés, their reliability being measured by their respective
sfandafd errors. -The reliabilities of the functions.are méasured by the
squared multiple correlatioﬁ'coefficients'conrected for loss of degrées of
freedom. |

Mﬁltiple.correlation coefficients'as computed'were found to be ,8560
for the crop function and .9597 for the livestock function. These co~
efficients were both significant at the 1 per cent level of probability.

This means the probability is les; than 1 per cent tha£ correlation as
high as found could have arisen by chance if the true cprrelafion co~-

efficients were zero. The corrected coefficients of multiple determination.
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were found to be ,7hl5 for the crop function and 9180 for the livestock
function,' These pérrected coefficients show the pefcentage of variance
"in the total prodﬁct associated with variance in the independent variables..
More than Tk per cent of the variaiion in iotal crop output is associated
with the measured inputs. The livestock fupction'shOWS‘an exceptionally
high corrected coefficient of multiple determination. :These valueS‘corre;
Spond_closély to those found in.previous studies, 1/ Several factors caﬁ‘
be responsibie for the "unexplained" portion of the variation in total
output. . The study is fér'an averagé of farms and the “unexPlained“
portion cbuld be attributed to only partial méasurement of different :
techgiqueg émployed on the férms, no measure of the management inpub, and
error in reporting the  original data. |

1. ‘The Crop Function

Expressed in logarithms, the crop function was found to bes
Log Y = £ 929689 £ ,22,196 log X, - .006735 . & £ 2065263 Xy # .3383?8 :
X, # 68972 X

5o The regression coefficients are the elasticities of
output with resPecf to each factor of production, The coefficieﬁt fq#
crop acres (Xl) is significant‘at the 5 per cent level of pfobabiliﬁya
Coefficients for pasture acres (Xz) and labor (23) were not sigﬁifiganto
Coefficients for machine servicgs (XL) and cash crqp expense (XS) wére
significant at the .5 per cént levél of probability. The elasticities
§hdw the average percentage change in output resﬁlting from a ome per

°

- \ : -
cent change in imput. If crop acres were increased by one per centy

.1/ See'Part T.
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total product on ‘the average'WOﬁld increase by approximately .22l per

cent. Diminishing marginal returns are indicated for each of'thé factors,
éince the elasticities in each case are 1éss tﬁan"one°

It will be imp&ssible to include labor and pasture acres in the
analysis. Aé they are statisﬁically insighificant, no éqonomic inﬁerpre—
tation can be drawﬁ for them either. There is no evidence of the effect
of labor or pasture acres on ou.’opu:bf If the input pasture acres was
statistically significant, then increasing the use of this variable,by.ohe
per cent would result in é decreaée in output, as the ecoefficient is nega-
tive: ‘As in previous studies, labor was measured in man-months and usuvally
was not significant, Some éther means for observiné this input should péf-
haps be used. ' A fuller discussion of this problem will be dealt with in a |
following section (page 65). |

Some indications of returns to scé}é are fqund'Whén‘ﬁhe elaéticitie#
of all factorsvare added toge;bher0 If the sum of elasticities'is greafer,
the same as, or less than one; then increasing, donétant, and decreasiﬁg
returns to scéle,'reSpectiver, are indicated. :In this case the sum of
,-éll elasticities was 1.09 which indicates a condition bfﬁindreasi#g fe,
turns to scale, This result tends to coincide with increasing‘rettrns to
‘scale which was indicéfed for a similar group of Canadian dry-land crop
farms in_Harries’ study. l/' For béth casés, the assumption must be made
that the sum of élasticities are sighificantly'diffErént.from 1,00 The

results would have been somewhat different for both studies had it been

_]_._/ See pp. 31-33.
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possible to measure management,

Marginal productivities ﬁere also computed for each of the factors.
They are estimated at the geometric means of the variables and derived
from the elasticities. Each-respepfivé marginél productivity is found by
multiplying the elasticity of eaqp factor by the ratio of the geémetric
mean of total output to the geometric mean of the respective factor. The
marginal prbdﬁétivity indicates the expected average dollar return from
the addition of one unit of each factor. The units added would be
measured as:lwhah-months of labor; acres of lané; and dollars for all

other factors. Marginal productivities as computed were found to bes

Py = 446838593 ey, = 03168006 WPy = 9li.5690k1; Wy, = 1.6L5719;

and the'MpX, = 84309473, As pasture acres (X2) and' labor (X3) did not.
5 ' ' . )
have statistically significant elasticities, the marginal productivities
for these factors are also insignificant and must be disregarded, ‘Grop
land Cxl) is measured in acres, therefore the interpretation must read
that for every acre of land added, an average annual return of $Li.68 is

forthcoming. WMachine services (Xh) is measured as the actual cost‘of -
'these services for thejyear 1956, Therefore, every dollar_of increased
cost here wili yield an average annual return.of approximately $i.65, or:
. a "net valﬁe-of marginal product" of $O.é5° The highest marginal pro—
duétivity is Sbtained from tota1~cash crop expenses th) where a return
of $8.31 could be expected for every dollar spent.

2, The Iivestock Function

The regression equation for livestock expressed in logarithmic form
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was found as Log YLZ‘% .678881‘% .2872?9 (log Xl) - ,017225 (log X5) A
#582211 (19g"x3) # 104830 (log Xh)‘ 511 the elasficities are signifi-
cant at the 1 per cent'lgvel of probability, except for labor (Xz) which
is npt significant. Increasing the livestock inpﬁt (XB) by 1.per,cent
‘would"give on the average a .58 per cent increase in~tota1'output. In=-
creaéing this input gives a larger percentage increase in total product
than any other variable, |

Decreasing_réturns to scale are indicated fof the livestock enter—
prise as the sum of the elasticities is less than 1.0 (d,9571). This
figﬁré is, however, very close to 1,0 which would indicate constant re-
turns. | |

Marginal productivitieS'were found ?o bes MPX1 = .9282ih5 MPXZ =
=16 ,06157; MPXB =_1.57711h7";" and M_th = L.56662l, A4gnin the marginal
produetivity of labor (Xz) must be disregarded as it is statisticaliy
insignificant. For total feed fed (Xl), every dollar invested here will
yield an average return of appfoximately 93 cents., The results indicate
that the greatest return can be expected from other livestock input <Xh)'
wp;ch includes the cost of buildings and fence to livestock and veterinary
expense. According te the marginal productivity, a return of $h.57 is
forthcomiﬁg fér every dollar Spenf° This variable includes several inputs
which makes economic interpretation difficult.

C. Implications of the Study

1. General TImplications

Befpre proceeding with the analysis, it is well to point out again

that this is primarily a dry-land crop study. Measured at the geometric
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means, the gross returns.to livestock made up less than one;fourth of
total receipts. The crop function can be considered as closely apéroxi—
mating an aggregate functian,

increasing returns to scale was found for the crop function. This
would indicate if the summation of'elasticitieg is significantly greater
than one, that the avefage of farmers are operatipg in a theoretically
uneconomic range. Such a conclusion corresponds with thé hypothesis that
Wheat’farms”should be expanded in size. By so doing, the average farmer
would bélin§reasing"hi§ net farm income.

., This same point is illustrated when the marginal p;oductivity of
crop iand“is examined, 4 retwrn of $h°68 is forthcoming for every acre
-of‘crép land,added-On the average farm. From this, thé conclusion can be
dfawn that it would be profitable for the aver;ge farmer to increase crop
acres.if the prices of all inputs vs. output remain the same, or incfease
or decrease in the same proportion. If the return of $4.68 is capital~

ized at S‘pgr cent, then the value of land should have been %93;60 an

acre in'l950} Aécording to the 1950 Census of Agriculture, the average

of all land and bulldlngs for the counties in vwhich samples were drawn
was-$20,18, 1/ A 51mp1e average of all land and bulldlngs, as estlmated
by t@e farmers-lngthe_study, was found to be $40 an acre, It was im-
ﬁossiblg to derive a figure for crop lénd alone, as such information is

unavailable, However, a figure of $lj0 an acre may be close to the value

1/ 1950 Gensus of Agrlculture, Preliminary, Series AC 50-1, “Farms, Farm
Gharacterlstlcs, Farm Products™, Bureau of the Census.
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of crep‘lapd alone. Although the figure includes pasture land, farm
buiidings and the'hopse'are also inclﬁded, the extra value of which may
eeﬁpensate for the lower value of pasture land. At any rate, if $50 an
acre were used fof cfop 1and a difference of 3&3 éo an acre existse This
means, on the basis of 1950 prlces and yields, land is con31derably under—
va}ued,-or farmers are not u51ng enough crop land, Alternatlvely, the
returnis to land were exceptionally high and increasing crop acres would be
a pfofitable means of expanding the enterprise, |

" The input of machlne services is measured by'the actual cost of these
servlqes. Several separate factors (custom work hired, fuel, machinery
repairs, and the amnual cost of machinery, buildings, and fence are ine
cluded in this category, which makes economic interpretation dlfflcult;
A return of approximately $1 65 is 1ndlcated'when the cost of these
services are increased by $1, giving a net marginal return of $0.65. An
;screased use of these factors should increase net fasﬁ income and bring
about .a more efficient allocation of resources. However, on the basis of
| the statistical fgnctibn, it is impossible’to say which factor or in what |
'preportion they should be increased, for the effect each factor has on‘
:total output is not kﬁown@ There is only ‘the indication.that a ao;e effi— .
‘01ent use of these resources could be brought about.

Total cash crop expenses was found to have fhe hlghest statlstlcally
signiﬁicant marginal productivity. A retwn of approximately $8,31 is
indieated'for every dqliar spent., This variable inciudes,ﬁaiﬁly’home
grown seed sown, purchased seed, and Spray. Spraying wheat. to control

weeds.is generally recognized as a profitable practice. BExperimental
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_evidence has shown an avefage return of $7¢53 per dollar spent en.Spray.E/

The extremely high marginal productivify of this group of resources séems
to bear this out, indicating that it would be profitéble for most farmers
to spray for weeds, |

Under a position of eqﬁil;briuﬁ with competitive conditions existing,
the value of the marginal productivities should all approximate one if -
output is'ﬁeasﬁred\by gross;receipté, and if inputs are measured as a flow
of resources and not the stocks of resources from which the fléw is de~
rived, Under such conditions, a dollar would be received for every dollar
spent and the‘?net value of the marginal product® would be zero. It Would-
then be ;mpossible to increase net farm income in the “short rua® sensé;
In practice, it is extremely doubtful if such a condition can be attained,
but all the marginal productivities should be as near equal as p0551b1e to
maximize net Ffarm income. All variables must be measured in the same
manner for this condition to hold. Although all variables are not
measured in the same way, 1t can be seen that much is to be desired by
way of obtéining a more efficient allocation of resources.

Acéording to the sun of the elasticities for the 1ivestoc% function,
this enterprise ﬁs'aperating under constant or slightly decregsing re-

turns to scale, When compared with the crop function, the size of this

" enterprise is closer to the economically relevant rénge (the range vetween

the point of inflection and the highes£ point on the total product curve).

1/ Uhpubllshed Article by Myrick, D. C. and Warden, R. L., It Pays to
Spray —= At ‘theé Right Time and at the Right Rate, Bureau of Agricul-
tural Hconomics, Mentana State Gollegeo
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.Qpe_to thé conditions existing in the area studied, it is ddubtful-if the .
iiveétock enterprise dén be greatly expanded, Many times water for stock
is uné#ailablg, grazing land may not be available, also the cost of
fencing unused grazing land where no fences exist might not pay for itself
in a short enough period, As the category in which fenégs are include&
Shows a high marginal productivity, further investigétion is needed ‘here,
pivesﬁocﬁ'isdmostiy a suppiemental énterprise and exists apart from the’
&ry—lénd.ope}ation; Most wheat farmers keep livestock only as a hedge
againéﬁ.pfié;.and weather uncex;ta.inty° ihe goal fér the average farmer
Would'épﬁéér:to beuusing'his ﬁresent livestock resoﬁrées most.efficiently
by equating their mai'ging.l uproduAc'bi‘vi'bieso '

The marginal produétivit,{r for total .féed fed was found to be ,928211;,
This is éiose to 1 which indicates an efficient use of this factor. Re—
turns to fhé livestock input indicate' a retﬁrn of appfaximately $1.58 for
~ each dbllﬂax"_.invested° Such a figure indicates it would be_profitable to
expand livéétock numbers., However, due to the abpve mentioned conditions,
‘this méy be iﬁpractiéal° A return of $L.57 was.indicated for every dollar
invested iﬁ ofher 1iyest96k input, which includés the cost of fences and
.buiidiﬁgs tdhliveétock, and other small miscellaneous livestock expense,
Fences and?gngcially buildings for 1ivestock-are-1imited on Montana dry-
iand_égép i;a:é;ms° If the livestock enferprise is to be made mpfe profit-
able, then‘for the average of farms, additiqnal money available for the
%ivgst9qk enterprise should be spent for this factor first, For the live-
stock function, as well as thé crop function, considerable divergence'

. exists between the marginal productivities of the variables. Therefore,
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on the basis of the mafginal productivities; it is generally indicatéd

that as more money is épent for variables with high productivities, they

}' should be reduced and others with low values should be raised, bringing

’ about a more effiéient allocation 6f.resources,_ It must be remembered
that marginal productivities are derived at the geometric means, and are,

| therefore, appliqaple mainly for the area as a whole, ,

On the basis of the marginal produqtivitieé, the results seem to _
indicaté: (1)'Lse less feed; (2) use more livestocks and (3) use more
other 1iveétoék input. Labor for both functions and pasture in the crop
function are statistically insignificamb, but indications are that rela-
@ively too ﬁuqh of these inputs are ﬁsedo On the basis of the fofegoing
observations, 'it might be concluded that grazing intensity should be in-
creased on the present pasture acreage, and livestock facilities should '

_be 1mproved )

2. Special Implicaﬁions

- The results of this study have implications of varying degree for
three groups or flelds of study: (1) farmers; (2) investigators.in agri-
cultural 801enceS° and (3) agrlcultural pol:Lcy° They will be treated in
the order llé%ed, | ‘

An individual farmer in the area studied can use the data only insofar
as he apbfoximéées the average farmer, Obviously, this is a serious limi-
tation.ffom %ﬁé'standpoint of the individual farm qperator, The marginal
pfoducfivities are calculated at the geometric mean which means they'aré

evaluated at a specific point on the total product curve, As most farmers

do not use the same technique (production function) as developed for ‘the
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average of all farms, then little can be said for the use of the study in
helping him make production decisions. Byen if the marginal productivi--
ties were valid for the individual farmer, such limitations as the indi-
visibility of resources, the effects of capital rationing, and social
restrictions mighﬁ prohibit the farmer from making the desired adjust-
ments; These same limitatiqns hold in analyseé regarding the:implications
for agricultural policy and research in agricultural sciences.

Ihvestigafors-in agricultural sciences maj use the study as a basis
for further research in the production field. Gértain mistakes and weak-
nesses of this studi should be pointed out in order that other researchers
may-noﬁ make the same errors. It is through this process -that the science
iﬁ an& field grows and develops., The implications of the study for this
grgup:wiil Bé discussed in a following section on ®"Suggestions for Further
Research." c

’Wbrkers in agricultural policy should have much to gain from this
typé of anal&sisn Policy formation deals more with the aggregate situ-
ati9n, being the situgtion for which a study sﬁch as this is ﬁost
gdaptéd. Maximizing welfare for the community-as a whole is the norm of
welfére écbnomics._ Following Reder, welfare is defined in terms of a
welfare indicator, with the indicator defined as follows:z el fare in;
ereases (éécreases) whenever one or more individuals become more (less)

satisfied without any other individuals becoming less (more) satisfied."l/

1/ Reder, MelVin Warren, Stiidies in the Theory'oquEIfare Economics, New
York, Columbia University Press, 1951, ppe 1h=15,
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The same idea of'welfare ‘should be incorpBrated into agricultural policyo

F0110w1ng, ‘the eff1c1ency"w1th whlch resources are combined becomes an
important consideration. In our economy the price system is supposed to
do the joB-of rationing Scarce resources. It ;s known, however, that due
to elemehtéhof"monOpoly and the immobility of resources, the movement of
resources into fields where they héve their‘gfeatest'ccmparative advantage
(defined in terms of maximum ecoromic product for the society as a whole)
does not always take place. People do not have perfect knowledge; the
costs of:traﬁéférring resources'are often'ﬁoo great; the risk and un=
certainty of change is a factor; and also human abilities are often
inflexible,

In e%aﬁiﬁing resource combinations and allocation we have a two-fold
objective;uioé.; obtaining'the maximum returh for the farmer and ‘the maxi-
o returﬁ fdf;éocietye Tn these tgrms, both the farmer and society are
interested iﬁuﬁ;oductioﬁ efficiency. The trouble arises in the fact that
the oéjeéii%eéJgf the farmer and society may conflict, Among other
things, fﬁe farmer may regard leisure as being:more important than maxi-
mum prpdﬁé%isﬁoﬁ Intangibié vaiues become evident through variabilities
in human naﬁuéé, and we find people who do not wish to "maximize®, How-
ever, sociéﬁy a; a whole doés benefit from economic progress, and more
efflclent ‘use of resources is one of the means of attaining that' end.

In llght of threatenlng'world confllct, our nation may have to maxi-
" mize the real-value of goods and services from our existing resources to

;éve itself from disaster. Every resource would need to be pléced in a

position where it held the greatest comparative advantage., This would
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appiy to all the factors of production, including 1§nd, labor,'ménagement,'
and4a11 forms of capital and capital gbods. If the phyéical prodpction.
functions were known, then resource use could be shifted more effectively,
Resource shifts could be made in time of emergency, which caunnot take place
under normal conditions when economic and social institutions are mofe
rigid; This is-not to say that resource movement does not take place
" under normal conﬁitions;'it only occuré more slowly. In the interest of
economic'prpgres;, these changes.should take place more rapidly than fhey
do, The point‘is that a measure of the efficiency of reéource use is
needed as a basic starting point in determining where} and in what cch
binations, fes;u;ces should be combined in the production process, Once
© this hés béeﬁ es%éblishéd, policﬁAformation énd_the action of the entre-
prenéur éh;uld Bo%h‘be more cpnsistant‘With the goals of economic effi-
cienby ahdweééyééic Progress,

Policy impiiéations with respect to Qconomiq_effibiency are indicated
by this study. :Iﬁcreasing returns to scaie were féund for the average of
‘ farm.s.studied° Gertain 1egislativé meésures ﬁo promote increased fafﬁ
size is indicated as desirable, This could take the form; €.8., Of loans
for expansion and fewer credit réstrictions in production. The marginal
productivities could be used as bases for credit; e.g., extend credit to
bﬁy éhemical 5pray and not livestock féed. The danger lies in ‘the fact
'that credit policies which are too liberal would promote inflation and
iqsﬁabilitye It must be remembered that this is a high risk.area and any
policy_recomméﬁdations must be tempered with ihis.conéideration.

Whenever possible, to approach a condition of "balanced resource
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use', education should be used to bring aboht the more intensive use of
items which show high marginal productivities; As indicated by this’
study; crop acres, machinery, buildings; spray, and livestock inpubs'
should Ee ﬁsed more-ektensively'in the area as a wholeol Subsidies should
be used only as an incentive for the farmer to effect a better balance of
resource use when such a change is profitéble for the farmer as well as
society. In s0me.cases, certain iﬁternal and external factors may keep the

farmer in his present condition.
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PART III, CONCLUSIONS

A. Limitations of the Study

However useful thg production function type of énalysis may be in
examining the problem of “bélanced farming“; its limitétioﬂs need to‘be
delineated, Any conclusions drawn from this study must.necéssarily be
subject to the following limitations.

The problem of grouping resources into homogeneous catégories is’ com-

plex and difficult. Both the size of the universe and the degreé of . diver-
.sifigation of farming practicés are inversely related to the homogeniety in
classification of resources that can be attained. Generally, climate,:éoils,
market, and institutional factors become more diverse as the géographical
universe expands. Although the universe of farms in this study encompasses
considerable area, some compgnsatidn is obtained by aefining the universe

to contain primarily dryland wheat farms., By so doing, variation in farm-
ing pracfices is reduced.

Certain factors are used jointly in the production process and are

complementary to each other., When this relationship exists, the fesourcé

efficiency measurement of a p;fticular resource taken separately has
Tittle sféﬁiétical significance because of high inter-correlation, If
this complementarity is known Wa priorit, such resources should be com=
bined into théAsamé group so as to promote statistical reliability. When
such relationships are suspected but not known, it would be'profi%able to
make a brelimingry analyses on a small sample taken from the entire group;

to determine the degree of correlation between factors. If a high. degree
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of correlation exists, they”shbuld be combined.into .ohe.independent variable.

‘Care must be exercised in drawing causal relationship inferences from

the I"esults° The statistical technique is not designed to establiéh causal
relationship, but to measure the degree of relationship. Therefore, con-
clusions drawn from the study must be based on economic.theory as ﬁell as
‘the statistical results.

'A further limitation is that -this analysis is not strictly a physical

input-output relationship. Output and most inputs are measured in terms of

dollars, thereby reducing the relationship to one of dollar values, At best,
the aﬁalysié applies'énly to the "short run" and will hold from year to year
only if prices of .input and output increase (decrease) proportionately; or

remain the same.

‘In this-analysis, the dynamic aspects of our economic system are not
considered, Therefore, such aspects as flexibility, risk, and uncertainty
in production are not considérea. Incorporating these items into the analysis
would be a sizeable task, but is a problem worthy of investigation,

The analysis applies only to. the average of ' farms, and ‘thérefore does

not necessarily coincide with any one farm. The production function de-

rived is an avérage of the functions for each farm, As the deviation from

the average function increases,the economic interpretation tha£ can be

made becomes more limited. Marginal productiviﬁies computed are averaées
~of marginal productivities of resources and will nbt necessarily coincide
" with any particular farm. Although every effort may be made to pick

: homogeneous farms, a multitude of resource combinations will exist because
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of differences in management abilities. Comparisons of the statistical
results have increased meaning when individﬁél production factors are com-
pared between farm~group§ raﬂier'than"within a sipgie‘group° Ideally,
production function techniques are useful iﬁ inter-regional analysis® where-
by different types of agriculture can be'ex'amini_ado Also, efficiency in
agficulture could be compared with efficiency in induétnyo

Managemerit has not been -included explicitly in the categories of

ié2é23° “This proaﬁctivg factor does not lend itself to obfective'measure—
ment,. nge of the maﬁagemént input is ﬁrobébly ipcludéd gn épme df'the
oﬁhgr inpﬁt‘cétégdries;"bﬁt how much‘is not known, If it were possible
téjmeasure'management explicitl}, it does not necessarily follow that

the sum of elasticities would hgve been gfé#ter; thé indiyidual elasticities
mayr ha'i'reft.Jeeanmallero ;/ As yg%, ménageﬁent remaiﬁs an intangiblé; the
reSui£s of ﬁhich cén be observed but not easily measured. Tﬁi; limitation
is not one that plagues production function analysis élohe, but all other
typés of proauction economics sﬁudiéé as well.

Finally, the accuracy and adequicy of the analysis must be directly

dependent .upon - the original data. The author was also the enumerator in

gathering'déta for this study., Every effort was made to gather unbiased
information. However, from observation, many of the farmers! estimates

. of resources used are rough approximations, at best, In most cases, this

1/ Heady, Earl 0., "Production Functions from a Random Sample of Farms,®
Journal of Farm Economics, Vol. XXVIIT, No, Iy, November, 1946, p. 997.

Y




was not deliberate; the frailties of human memory.are réspdnsibie° It

' Gurrent prices in- 1950 were used to value inputs and outputs, except for’

‘be conducted o ‘this problem, -

~ from which the flow is derived, for it is actually the flow which affects

 production and not the stock of resources, In many cases, the two are
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can only be hoped that the over-estimates will balance out the under—
estimates. This limitation is common to all survey studies.

B. Suggestions for Furthef~§esearch'

‘Production functions as developed in this study are not physical

input-output relationships, but rather capital input-output relationships.

#he inputs labor and land, When the variables are measured in this way,
the analysis is restricted laréely to 1950,
Mé@Wbm@tﬁashmﬂymwmﬂi@umetmhﬁmwﬁ
has many desifable imp1i¢étith: ' Relationships between the variables
should hold éver a longer ‘time span <unti1'néW'techniqhéé‘are used)
Tébhﬁiques of prb&gcﬁion supposedly do not change as rapidly as price
ratios, Then the desired prices of resources and products can be used in'
the analysis to determine the rélevant:econOMié éolution“of‘dpiimum re-
source combination, The trouble arises in trying to reduce divérse factors

and output to a measurdble common denominator, Further research should
This study can be ériticizéd somewhat for thefwaylin which certain'

inputs were measured. When measuring resources in whatever terms, it

would be desirable to measure the f;ow of resources and not the source

highly correlated, but the value of the marginal productivity relates - / j
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only tq the flow. At any rate, a consistant measure shoula' ber used to
allow easier comparison between the variabiesm In this study, land and
labor were measured in acres and man-months, respectively, whi;e other
inputs were measured in'aqllar t'erms° Land is measured as the stock of
resources in'physical terms, Labor is a“fiow of resources and measured
. in physical terms. Ease of comparison aﬁd perhaps increased reliability
‘could be attained if all resources had been measured as the flow in
dollar terms, |

Land and buildings are usually included as one input. ’In this study
they were measured séparately in order that the costs of these facpors
might be divided between thelcrop and livestock enterprises° Something
can be said for includiﬂg'them in one category and then splitting the
costs, Land.andjbuildings are both fixed resources in the "short-runt
and the value of land tends to be made up in part by'the value of the
buildings. Although market value of the farm, as estimatéd by the farmer,
is ot alwa&s too accurate, it seems a better measure tﬁan acres because®
the valué will more likely reflect variations in productivity between
farms, The cost of this cOmﬁined factor can then be found by multiplyiné
market value by an alternative rate of interest which is the opportunity
cost of renting the iand and buildings. This cost could then be divided
between the livestock and c;op enterprises by using the ratio of crop
acres to total acres to find the cost to the crop enterprise° The residual

cost would be allocated to livestock, This would be an arbitrary division,
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but it may be better than the method used. Other alternétivé methods
shouid be explored; e.g., a physical producfivity factor for adjusting
variations in land. -

With the exception of the Tintner and Tintner and Brownlee studies,
labor has been an insignificant variable in all past production functién
studies, including the'ﬁresent one, In these studiés, labor was measured
in man-months., In this study it was hoped that,thé error in measuriﬂg
labor would be reduced by asking thé amount of tiﬁe in months actually
spent in production, Apparently this did not alleviate the situation.
Tabor is a difficult 1hem to measufelaccurately as the value of labor
has considerable variation between farms. An implicit assumption’ in-
volved in production functioh analysis is hqmogeneity of factors.betweén
© farms, 'Lébor is one of the 1eést homogeneous of factors. Although
difficulties arise, it might be well to measure labor in dpliar té;ms.
The wage paid té wsteady® hired labor is generally a fair indéx of the
productivity of that labor, Value of the farm operators?! labor could
be found by asking the wage he would earn if working for someone else,
In essence, this is the farmer's opportgnity cost. The danger lies in
that this may also reflect a return for phe’farmer's management, In the
present'and previous étudies; the difficulty encountered with labor must
lie in its measurement. A separate study dealing with this' problem could
be cgnducted; |

The annual cost of using machinery was found by multiplying the re-

placement cost by a depreciaﬁion factor which accounts for depreciation,
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repairs and maintenance,'and intérést onfiﬁves%meﬁtO' It miéht be well’
to examine the separate components of the cost of machinery'and use
separate calculétions for each. The sum would be total énnﬁal ma.chinery
cost, Such a method would complicate figuring the cost of this variable,
but it should be more accurate, B

Ié would be possible to test further hypotheses with the'use 6f the
data gathered in this StuAyo This would involyé setting up more regression
equations, Using some arbitrary classification thevfarms could be divided
into "small® vs, Wlarge" farms to see if any significant differences inj
returns to scale exist, agd also to examine further the marginal prbduéti&i—
ties of input relative to "balanced resource use.® Other groupings could
includesz .spring wheat vs, winter wheat; wheat with no livestock; and
separate functions for the four Mbntana Type of Farm Areas included in
the entire study. An aggregate function which ingludés both the live-
stock and crop enterprises is being computed by Iowa State College, but
is at present unavailable,

Factors which shOW'high marginal productivities may be worthy of .
further inVéstigation to test the profitagility of increasing their usé.
A study of land values in connection with existing rental rates could
yield useful information dealing with the division of costs and reﬁﬁfns
between  the lahdloafd and tenant. |

Enough information 'is available to develop an alternative approach
to "balanced resource ﬁse".by usingffhe conventional budgét method of |
analysis. The results of such an analysis could be-compared with the

results found in this study. If they showed_¢ompar§ble resulﬁs, the
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validity of this study as well as the budget method would be erihanced
conéiderablyo

"This type of study is especially useful in comparing reéourceleffiQ‘
_ciency between agricultural regions. Such a study is being conduc ted at.
' Iowa State College usiﬁg the‘funcfions developed in this Study, togetﬁer
with studies from several other regions. | ‘

Use of the production function in analyzing farm data is quite new,
Extensive research needs to be carried on to deﬁerminenits actual valid-
ity and usefullness.%n examining "balanced farming,' "It is certain that
this type of analysis leaves much to be .desired, and refinements in the
methodology are needed, It does, however,'open new paths into the field

of production economics.
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APPENDIX A
RESOURCE PRODUGTIVITY GN DRYLAND CROP FARMS, 1950
' MONTANA STATE COLLEGE
A, Tdentification:

. Name e Farm number

Address’ _ ' County .

Type of farm area

B. 8ize and Tenure:

1; Tdtal.Aéres:'  Owned | Rented | Total ‘

Dry‘ -
Irrigated
Total

G?9p Acres: Owned | Rented | Total |

Dry
Irrigated -
Total .

2, pr land rented:
Cash of § o Per Acre or $ ' £ota1
Share to landlord of = of'ﬁheat,

_of . . of . e

3. For land owneds ‘the customary lease would_give you $

cash or . of wheat, of. s

s of . ' R

(schedule ﬁage'l)




C. Crops: Organization, Production, Disposition

Producédu

DISPOSIT

IO0ON

Inventor y

Idld, Sold

Bought

Used

1/1/50

1/1/51

Crop -

19nit

Acres

Qty.| Val.

Qty. | Val,| Qty.

Vall

Qty.|Val.

Qty.| Val,

QtYo Val °

Qty° Val ®

1__

L 1.5

6 7 8 9.

10 1 11

12 ] 13

14 | 15

16 | 17

W. wheat

S. wheat|

barley

potatoes
garden
" waste

TOTAL

(schedule page

2)

D. Livestock Inventory

1/1/50 Inventory
Value

No,

No.

Purchased

Sold
Value

. 1/1/51 -Inv,
No ° Value - No °

Value

" No.

Psed in

-Household
Value

Land-
lord
No.,

House-~
hold
Value

Kind

1

2 13

L |5 6 .7

HE:

9 | 10

11

12 .

Beef cows
2 yr. olds
yearlings

PRODUCTS s
wool -
milk

eggs -

(schedule page

3)

0L
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Itenm

Value Rate

Operator iandlord

Temporary labor off farm days
Tractor work for others

Combining o hours
‘Spraying . hours
-Baling ’ hours
Other machlne work days

Benefit Payments
Refunds (gas tax, etCe)
"Insurance Rec'd.

Cash or share rent recelved for

land or pastire

Cash rent for equip. received
stock, etc,

Other Misc. income

TOTAL

Farm Bxpenses

Ttem

Amount Paid by

Fertilizer Analysis

Spray materials

Custom work hired

Combining

Spraying

Baling

Other

Machinery Repairs (not incl.
tractor or truck)

Purchased seed

Tractor truck & other englnes'

gasoline

distillate - .
repdirs, tires, overhauls
licenses & insurance
Car Expense (farm share)
Purchased feed:
cottonseed meal

linseed meal

soybean meal

other protein

dairy feed

beef feed

hog feed

Unit Amount

XX | XXX

days
days
days

Cwhe
Cwt.
Cwho
Cwte
Cwt .
Cwt.
Cwt,

Total | Operator: Landlord .

(Schedyle page L))
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" Farm E@enses (continued)

. i 1. ' Amount paid by

- Ttem Unit |Amount.| Total . |Qperator: Landlord
laying mash Cwbe
chick mash Cwto
minerals & salt Cwte
other mixed feed Cwto
Veterinary, medicine, eté. XXX XX
Breeding fees XXX XXX
Registration fees XXX XXX
Dairy & Beef supplies XXX polo'd
Hog supplies XXX XXX
Poultry supplies XXX XXX
Havling XXX XXX
Fencing
Bldg. Repairs’ (mater:n_als)
(special services)
Electric bill (farm share) . XXX pood
Telephone bill (farm share) XXX XK
Taxes (property) personal | — xxx XXX
real estate - XXX XXX
Interest paid XXX XXX
Insurance paid (crop) -
other
Cash rent paid out
Machine depreciation, Bldg.-,. not to be
depreciation, Fence deprec. enumerated
Cash labor pa:.d ' here -

TOTAL

Machinery and Equipment Used on Farm -

(excluding custom machine work)
; ' “Was This

: . Re=-
Beginning of ‘year | machine sold | source
Ttem No. | Market | Replacement| or traded | service
- | Value | value if during year's| input
i $ ‘new operation P
$ date :
Tractor size% age  yre.
Tractor size age = 7yrs,
Tractor size ‘age yrs.
Tractor size . age  yrse.
Pick-up truck age yrs,
Other truck  age Jrse
Car Model JTe
. Farm share %
Drill age YT .
Combine or b:.rglger — (schedulk page 5)
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Machinery and Equipment (continued)

Was this
' Beginning of yr. | machine soldjResource
Item No.|Market | Replace~| or traded service

Valve {ment val, during yr.'s|input °
if new $ | operation

Baler: age Jrs.
Field Chopper age . yrs.
All other machinery & equip.|xxx

TOTAL

% Sizes l-plow; 2-plow; 3=-plow; etce
ot to be enumerated )
Were all of these machines supplied by the operator

What was the value of all new machinery purchased during the yr. 3

value of all machlnerJ'sold or traded during the year $ T .
LABOR
: Rate
Iten ' No. | Men-equiv,.|with:|without value:
L o Months board| board &
Operator

Operatorts wife

Operator's children boys ages |
girls ages

Other family

Hired labor-day labor __days # /day | /day

Monthly labor , /m0. | /mo,

TOTAL ‘ ' - ‘

#must be converted from days to months, o '

Was any of the family labor paid $ » Approximately what per cent of

_the total labor employed was used for crops __%. How many months did
Operator spend off the farm total months.

REAL ESTATE:

Value of all land, buildings and house $ 0

Value of all buildings $ B

Value of all fences : $ A . ‘
Amount of fence : ‘(miles or rods)

(schedule page 6)
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7’

What was the net éharge in purchased feed inventory # $  or - §
What was the met charge in fertilizer on hand - £$  or-3%
What was the value of land and building sales § » Purchases $
during 1950 |

1

Non. Farm Assets

What is the value of Gther_prppgfty'and assets (aside from household).
Whi;h you onnz § ~ cash or in bank: $:;___;in'bonds;u$_;;__? Lloan
value of life insurance: $ . in annuity or other retirement plan
(not included gbqve): $§  of off farm property, stocks, etc.

Total Liabilities

Whg@ is the value of any;debts which you haves §. real estate mort-
pager & | chattel or other mortgage; @__;_;:wheaﬁ storage loans

$ = notes; § unpaid bills (hosPitai, store, ete.): §

other, What was bthe income from off farm investments § . What

was the value of all other off farm income $’ o

.(schedule page 7 ‘
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APPENDIX B

AVERAGE OF PRICES RECEIVED BY ALL FARMERS INTERVIENED:*

Product | ‘ , Unit Average Prices

Winter Wheat : ‘Bu. . ' $ 1.91
Spring Wheat ' Bu, 2,00
Barley Bue . 299
Oats , _ o
Grain : ) Bu. . 068
Hay' ‘ To . 21@38
Crested Wheat Grass ) :
Seed Lb. ' o8
Hay . ~ Te 18 ahé
Pasture ' A, : 2,38
‘Native Hay . Te 19,02
Mustard Seed _ Lb. , : 013,
Flax Seed Bu. ‘ 3430
Alfalfs
Hay Te . 2}4-093
. Beed . ' Bu. . 27072
Rye Hay Ta . 22050 .
Wheat Hay : To ' ‘ 26,95
Wheat Straw . Te 10,00
Sweet Clover Hay . Ts - 20,00
Corn Stover, T» - 13671
Millet Te : 20,00

Mixed Tame Hay T, o 19,83

#linter Wheat was found only in Areas VI and VIT, The average price of
spring w%eat was $1.95 in Areas VI and VII, while it averaged $2.0l in
Areas III\and IV, These reSpective‘ﬁricés were used for the respective

areas,
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APPENDIX C -
ANTMAL UNIT CONVERSION TABLE#

One

¢oW (with or without pre-weaned calf)
bull o |
2—yr. steer or heifer
1=yr. steer or heifer
calf (after weaning)
ewe (with or without -pre-weaned lambs)
ram - :
lamb (after weaning)
sow (with or without pre-weaned pigs)
boar
pig or shoat (after weaning)
horse
2=yro. colt
l-yr., colt
colt under 1 year

#Cited from lecture hotes in the Farm Organization class of

T. R, Hodges, Division of Agricultural Economics, University of
California, Davis, California, September, 1949 - January, 1950,

' "and modified by data in Mont. Bul, 459, re, Procedure for Land

Reéclassifications pe 2he

‘
\
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APPENDIX D

crop Fwetton
. In general form, the crop function.iss ¥ = X3 XD XS X[ XE o B
pressed :m 1ogar1thms s the crop funct:.on as computed iss Log Y =
£ 0929689 £ +2204196 (1og X-_L) - 006735 (log Xp) # «065263 (log X5) #
:338398 (log x_h) # o168972 (log X),
Th@m"ﬁ"mtest was used to test the significance of the variables;

the results appear as follows:

s (@) = 1ook* Y Degreas of Freedon = 151 - 6 = g
€ (0) 50,37 Y | t .05 = 1.656 2/
£ (f = 095 ¥/ 6,025 = 1.976 &/
£ {af =38 Y/ . 44005 = 2,609 2/
(e) = 1y,59%% 1/ R .866095 T LULS

*s:.gmf:.cant at 5% level
sisignificant at .5% level -

1/ derived from observations :
2/ derived from the table : _ |

‘The geometric means of the variables are: -_ |

X, = 77ha61 - X, = 3,321
X, = 31k.28 . Xg = 913.3L
X, T1.168 . Y =16,183

Correlation coefficieri”os.oi‘ the logs of the variables are:




o

818349 r_; 2062976

e 7 Typ
Ty T .1186L1 ryg = .588322
- ) ' .= . :
rYB 57? 10 rlh 796859
=. 06 - 6
- 7753 Ty 89@2 3

rYS "‘ 08'36 579

Iivestocleunction

In general form, the livestock function is: YL" x5 X2 p & Xh .

r
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ryy = '.252653 3 =‘,.61.1¢a'1§ Ty = #T73853
), = 26532} Tyg = .57h280

op = »100011

d

Bxpressed in logarithms, the livestock function'as computed is: Log Y1,

= ,é 678881 £ .287299 (log xl) - .,017225 (log x2) £ .582211 (iog X, ) #

.10h830 (log Xh)

The wph test was used to test the significancé of the variables;

‘the_résul%s'appear as followéz

6 (2) = 5,677 L/
t (b) = 0.l &/

& fey = 13.33%* I/

't (d) =-2 e 1/

t .05 = 1.983 &/
b oL = é;'e'zu 2/ o
Degrees of Freedom Z 1115 = 106'
R = .959700 R 2 .08

51gn1flcant at the 17 level
1/ derived from observations
/ derived from the table
The geometric_means of the variables ares
y = . =122,
1 1’657:5 X, =1 ?3
X, = 5.7430 Y =5,355.1
%y = 1,976.9
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Correlation coefficients of the logs of the variables are:

= 65677h

ryy = <869816 - rpp = .581255 ry3 = 618700 T3
Typ = 613536 T3 = °;803581; Yoy, = +587800

Ty3 = 936489 o), = 701063

Ty, = 721841
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