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A STUDY OF ALLOCATIVE EFFICIENCY AT THE FARM
LEVEL IN SOUTHERN BRAZIL*

Introductiqg

Brazil has had surprisingly high rates of economic growth in
recent years, both in the industrial and the agricultural sectors
(Bacr, 1972). The industrial scctor's growth is supported by
governmentil policies intended te protect and modernize the
domestic industry :nd hence increase capital formation. Inflow
of foreign capital as well as technological changes and export
incentives play a very important role in this process (Baklanoff,
1970, p. 198). On the other hand, agricultural output grows
almost entirely by increasing cultivated area, except for some
effort to increase productivity in the Central-South region.

Since income per capita is incressing, demand for agricultural
products is rising. Furthermore, (a) a very large proportion of
the brazilian population still depends on the agricultural sector,
(b) agriculture is characterized by traditional methods of pro-
duction and low productivity levels, and (c) both population and
urbanization are increasing at high rates. Therefore, substantial
increase in productivity in agriculicvre is necessdry to mecet domes -
tic consumption neceds and continue to support the process of devel-

opment.

*This paper is based on the author's Ph.D. Dissertation at the
University of Kentucky, 1973. 1t is the result of a cooperative
effort between the Department of Agricultural Economics of the
University of Kentucky and the Department of Agricultural Economics
and Rural Sociology of The Ohio sState University.



Recent policies providing incentives for exports of agricul-
tural products add to the burden imposcd on the agricultural sector.
These policices taver more diversified exports and !ikely will have
a major impact on rcallocation of resources at the farm level. Under
full employment, incrcases in agricultural production would have to
take place through shifts outward in the agricultural production
possibil ty curve. However, full emplovment is not the case, s0
production can increase by either (or both) moving along the existing
production functions, or shifting them upward via technological
changes. Adams (1970, p. 20) predicted that "A major part of future
ugriculéuru! growth will likely be determined by creating and adapt-
ing, through rescarch, new technologies appropriate tor Brazil."

Moving along the pruduction function surtuce, toward or away
from the point of meximuwn cconomic efficiency, is the subject of
allocative cfficiency. Thus, it becomes important to identify and
estimate production function in order to assess how well producers
have been allocating their resources to achieve tie assumed goal
of individual protfit maximization.

Several levels of aggregation can be considered in estimating
production functions, from the tarm-level micro studies to the macro-
models of the whole sector. The present study is the first type,
attempting to estimate production functions for different farm types.

It is a study of the production unit in isolation. VYet, the complex
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interrelations between production and consumption decisions inherent
to the farm business 1s recognized.

Objectives

The general objective is to identify and analyze differences in
resource productivities at the farm level in Southern Brazil. Such
a studv should shed some light on questions of resou.ce allocation
and capital formation in the agricultural sector.

Specific objectives are: (1) To detemine possible differences
between production functions of three different types of farms in
the region (heef cattic, mechanized wheat farms and "mixed" farms);
(2) To determine differences in productivity levels, as measured
by the production function estimates, as a means to appraise resource
allocative efficicency; (3) Te determine possible cffects of the cur-
rent price policy on the pattern of resource use in the region and
the potential for capital formation at the farm level. It is also
hoped that the current dynamic move away from beef cattle and toward
wheat production in this region can be at least partially evaluated
by this analysis.

Theoretical Models

Production function analysis is the basic economic model used
in this study. At the theoretical level a production function is
no more than a useful construct. [t asserts that a process takes

place in which an inflow of factor services (inputs) 1s transformed
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into a outflow of products produced (output).

The theory is a simplification of the real world. It assumes
that instantancous transformation takes place under internal and
external constraints. The internal constraints are summarized by
"the state of the arts,'" or the shape and level of the production
function. lixternuel constraints are dictated by factor and product
market conditions. Further simplifications are achieved by assuming
perfectly competitive input and output markets as well as pertect
foresight. Risks, uncertainties, and technological changes are ignored.
This is cguivalent to saving that available technology is promptly
adopted, and maximum output is obtained from each cembinuation of the
limited available resources.  lHence, the production function can be
represented by a single-valued functional relation between inputs and
output.

Theoretically, the entreprencur has in mind an objective to be
attained when a production process is undertaken. The most widely
accepted objective is profit maximization.

A necessary condition for profit maximization is that inputs be
combined so as to minimize the cost of any level of output produced.
That is to sav, any increasc in production nust be obtained along the
firm's expansion path. Furthermore, profit will be maximized if,
and only if, production is expanded up to the point where marginal
cost of production equals output price or marginal revenue.

From the point of view of resource use and allocative cfficiency

analysis, however, it is more comprehensive to state the above ecquili-
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brium conditions in terms of input productivities. 1t can be easily
shown that the best resource allocation within the firm is obtained
when (a) for cach input employed its marginal value product (MVP)
equals 1its marginal factor cost (MEC); and (b) the input combination
must be such that the last dollar's worth of cach input is equally pro-
ductive. Similarly, cfficient resource allocation among firms 1is
attained when the marginal value product of a given input is the same
for all firms vmploying that input.

This mocel serves to explain resource allocation since it is
possible to empirically estimate the marginal value products of the
inputs using statistrcal techniques. Given the static nature of this
model, the analysis has to be restricted to an cquivalently static
situation. In spite of this restriction, policy implications can be
derived from this model by using comparative static analysis,

The stochastic model used here is a modified torm of the Zellner
et. al. (1960) model. The principal assumption of this model is that
the entreprencur's objective s to maximize the mathematical expec-
tation of the profit function. This in tum implicitly assumes that
there exist two types of crror in the process of profit maximization;
(1) in the production function itselt, and (b) in the decision func-
tions. Lrrors in the preduction function are due to factors such as
weather, diseases, and machine performance, while errors in the decision
functions are attributed to the human agent. Both types of error lead

to inefficiencies which will be reflected by the size of the residual



term of the model.

The gencral form of the model used here is:

Y = A 0Bl P2 Py o

where Y = flow of oatput produced; D = land input services; L = labor
input services: K = capital input services: A = constant term which
reflects the level of the function; By, for i =1, 2, 3, = production
coefficients; und s stochastic term ot the model that accounts “or
both controllable and noncontrol lahle impertections in the production
process. It is assumed that uo is normully distributed with mean zero
and variance o . llence ¢ has o tognormal distribution,

The most interesting feature of this model is that single equa-
tion estimation of the lincarized torm of the production function,
using ordinary least squares (OLs), lTeads to consistent and anbissed
estimators (Zcllner et. al., 190: 780-790). That is to say, the
OLS estimates of the parameters of the Cobb-Douglas function are free
from the simultancity bias between input and output usually present
in cross-section studics of production function.

Data Source

The data used for estimating the models constitute only a small
part of the information gathered by the Capital Formation Project (CFP)

team in 1909-70.  The CFP is a research project being carried out by

1De Janury (1272) has gencralized this result. He has proven that
under the Zellner ct. al. maximization of expected profit assumption,
"direct estimation of the production function from cross-section data
on firms is always free from simultancsus equation bias, whatever the
functional form specified.”
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the Ohio State University's Department of Agricultural Economics ar<
Rural Sociology. The general objective of the CFP is to study capital
formation at the farm level, technological changes and agricul tural
output growth in less developed countries (Rask, 1972).

In the Brazilian part of the project, a large cross-section of
farmers was interviewed dircctly using a detailed questionnaire
schecule.® The purposc was to obtain a range of primary information
wide enough to allow the study of the different aspects of the farm
business-houschold complex.

The basic population scudied, in most cases, included the farm-
houschold units located within the geographic area of a municipio.
This study focuses upon the municipio of Sao Borja in the State of
Rio Grande do Sul. A preliminary report regarding the Sao Borja
survey has been published in Portuguese by Souza et. al, (1972)

The Region

Sao Borja city is located about 495 km West of Porto Alegre,
the state capital (see map). The municipio of Suo Borja is scp-
arated from Argentina by the Uruguay River on the West, The
estimated area of the municipio i1s about 5000 km:, and the popu-

lation was about 30,000 people in 1970. More than 60 percent of

These data were collected by the Centro de Lstudos e Pesquisas
Economicas (IEPE) da Universidade Federal do Rie Grande do Sul.
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the people live in the rural arca. The topography is gently rolling
and adaptable to mechanization.

In 1969 the estimated number of farms in the municipio was 2,015.
Most of the arca (about 70 percent) is used for livestock production.
The main agricultural crops are wheat, rice, flax, corn, soybeans and
mandioca. Suao Boria ranks as the leading municipio in wheat pro-
duction in the country, and has a cattle herd which is the 9¢h largest
in the state. ‘There are more than 200 municipios in the state of
Rio Grande do Sul.

Wheat production more than doubled between 1968 and 1970, due
to incrcasecs in both land devoted to the crop and higher crop vield.
production went up from 47,000 to 110,000 tons duc to a 100 percent
increase in acreage and about a 15 percent increase in yield. Soybean
acreage also has been expanding. The livestock herd is increasing
in size, even though there is evidence that increasing acreages of
wheat and soybeans have reduced the acrecage of pasture land. There-
fore, cither cattle farmers are using their pasture more intensively,
or previously idle lund is Lelng used as pasture, or both.

Preliminary data indicate that livestock farms are more traditional
than the others. Wheat farms are highly mechanized and essentially
market oriented, whereas mixed farming is a transitional phase between
livestock and wheat farming. Empirical production function estimates

should reflect these differences if they actually exist.
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Sampling

The only information available prior to the CFP sdarvey about
all the 2,015 farms in Sao Borja was total arca {in hectares). A
decision was made to usc the available list of farms, ~he rescarch
team's obsery iciovs, and sceondary data to sample this population.

The population ¢f interest consisted of 633 farme within the
size interval of 100 and 5,000 ha. ‘These farms represanted 33
percent of the total number of furms and included 79 -ercent of
the municipio's total arca.d A simple randor sample of 130 farmers
taken from this population was judged to satistactory. To com-
pensate for nenrespondents the study teom started with a list of
200 farmers to be inturviewed.  The final number of usable ques-
tionnaires obtained, after compietica and checks, was 109, ‘The
fact that the final sumple was larger than planned can only bencfit

the quality of the estimates,

Computation

In order to attain the specific objectives of this research,
the sample was divided into three sub-samples composed of 67 cattle
farms, 42 mechanized wheat farms, and 60 mixed farms.

"Cattle farms' were defined as those in which "60 percent or

more of the annual income from the sale of crops and livestock

35 . e .
Farms with less than 100 ha presented insignificant cconomic
importance, and only ¢ are larger than 5,000 ha.
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(including livestock products) .. from sale of cattle." Mechanized
wheat farms were those in which 60 percent or more of the annual

sales of crops and livestock is from wheat, and ecach farm has at

least one tractor. '™Mixed farms,' includes zll tarms in the sample
not classificd as cither caitle or wheat farms. The 60 percent cutoff
point was chosen mainly because it indicates a fairly high degree

of specialization and still preserves acceptahle sub-sample sizes.

Lstimating production functions of cach farm type separately
allows inferences to be drawn about resource preductivity by type
of farm and within the total region. As available Jara Jdid not break
down ditfferent inputs (and cutputsp by enterprise on cach  farm,
it was necessary to consider cach farm type as having a single-
product production rfunctiorn. Mixed farms can, in one scnse, be
looked upon as a control yproup.

This precedure may have theoretical implications if the degrec
of specialization poer se fmpiies different levels of technology. If
s0, any diiferences hetween these farm types must be attributed to
the classification procedure, and not to actual differences in resource
combination. However, Drummond (19725 studying Brazilian farms tour:l
that "fhe efficiency of the firm in production is not related to the
lovel of diversification as measured by the index used.™ (p. 145) .

o also contends that the level of diversification and farm size are

not associated "in cither a theoretical or cmpirical framework' (p. 146).



Input Variables

The three classical factors of production have been specified,
i.e., land, labor, and capital. The definitions and criteria used
here are based on those of the Capital Formation Precject (Reichert,
1972).  This same reference contains the definitions of the cutput
items,

Land input is measured in terms of the total land operated; not
necessarily total land owned (in hectare), Total land operated
includes cultivated land, natural pasture, and other land. Culti-
vated land jncludes irrigated and non-irvrvigated crop land, as well
as improved pasture land.  Natural pasture may have received minor
improvements out excludes any land which has been reseeded or
actively tilled. "Other luand” includes that land which is only
indirectly used for Agricultural purposes such as forest areas,
irrigatien facilities, and building arcas.

Labor input is measurcd by the number of man-equivalents of
family and hircd labor wtilized during the year studied. A man-
equivalent is detfined as a "standard labor unit' working 300 days
per year. A standard labor unit is a male between 1§ and 54 vears
of age. Percentage weights were assigned to workers who did not
fall within this age interval.

Capital was divided into two main categories: working assets

and operating cxpenses. Worning assets represent the sum of the
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value of buildings, mechanized equipment, trucks, non-mechanized
cquipment, production livestock and work livestoch, Operating
expenses represent the sum of teral annual crop, livestock,
machinery and general expenses usced up in the production process.
ALl these capital items were measured in cruzeiros., The value

of land is not included in the capital input as it was measured as
a4 separate input (in hectares).

FFrom Stock to Flow Variables

Inputs and output arc usually specified in teems of flows during
a production period, o this case, the agricultural vear of July
I, 1969 to Junc 30, 1970. ALl duta refer to this annual length of
time.  However, not all input variables can be measured in flow
terms directly.  Some input data are available only 'n terms of
their stock vilue at the time of the interview. specifically these
arc the so-called working assets, which have productive life spans
of a number of production periods.  Therefore, the question of
transforming <tock values into flows must be considered.

Measuring the anaual contribution of working assets to the pro-
duction process always present problems for the rescarcher.  Some
fuctors of production Jdepreciate, while othersuppreciate in real
value. Also, some supply a fairly constant flow of services
during their life span, while others present a flow of services
which varies with age. Accurate input measurement requires detailed

analysis of cach input's contribution individually on a fairly
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disaggregated hnsis.4

Only gross approximations were used here to transform stock
into flow variables, since data were not available to permit &
more elaborate analyvsis. Charges at rental rates were made
against the stock value ot the input, by using conversion ratios
"chosen to reflect the opportunity costs of capital in off-farm
investment of similar nature' (Drummond, 1972, p. 167). Drummond's
conversion ratios, developed for Bruzilian farmers somewhat
similar te the ones in this study was used here.  Actual values
of the ratios were: G percent for livestoch, d percent for per-
manent structures, 12 percent for machinery and equipment, uand
100 percent for operating expenses in general,

Qutpu?, VuTJJhJE

Total gross output is defined as the sum of crop and livestock
sales, family priviieges, hired laber privileges, chuanges in the
value of the livestoch inventory, value of abnormal ltivestock losses,
value of rent payment made in kind, minus the value of livestock
purchascs.

Most items included in this working definition are self-
explanatory. iowever, two of them deserve special attention:  (a)

the value of livestock purchases and (b) the value of abnormal

A detailed treatment of the theory of input measurcments and
the transformation trom stock into flows can be found in Yotopoulos
(1967).
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losses. The value of livestock purchases positively affects livestock
output, and had to be subtracted from output since it was not the
result of the farmer's production. Abnormal livestock losses was

defined as the cifference between observed livestock losses and a

5

statistically determined level of normal livestock losses. When the
level of losses is significantly ltarge fi.e. when abnormal losses occur)
the observed changes in livestock inventory and total gross output are
biased downward. Therefore, the value of abnormual losscs was added

to the other production items as a corrective factor.

Estimation

On the buasis of the theoretical justification discussed earlier
single equation models were set up.  Scveral models were initially
specified, starting from very disaggregated models to more aggregated
ones.  The OL- statistical technique was used to fit the lincarized

tform of the model to the sample data.®

More disaggregated models did
not fit the data well. This may have resulted from lack of good
measures of some items such as family labor, expenses on non-mechanized
equipment, and/er from specificaticn errors. Two models were selected.
Model T includes land, labor, working assets and operating expenses

as Independent variables.  1In Model 11 the two capital variables are

combined. The results of these two models are presented in the next

section.

For a detailed evplanation of how abnormal losses was computed
sce Relchert, (1972), Appendix B.

603U—Economic Regression P'rogram, by Dr. John Cunnyngham, and
computer facilities were utilized for this purpcse.
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Empirical Results and Analysis

The Three Types of Farms - A Comparison

Beef cattle farms, mechanized wheat farms and "mixed" farms,
as defined in this study, are considerably different when com-
pared on the basis of the arithmetic mean values of sclected
variables.

In terms of size (measured in hectares) cattle farms are
the largest farms with an average of 539.20 ha of opcerated land,
The next largest farms are mechanized wheat farms with 189,37 ha,
and the smallest farms are the mixed farms with an average of 145,04
ha (Table 1.).

With respect to land use, the data show that cattle farmers
cultivate only 2 percent of their operated land, B89 percent is used
as natural pasture, and 9 percent is Yother land'. Considering
that cultivated land includes improved pasture and that these
farmers usually devote some land to crop production, it must he
inferred that these cattle farmers have an insignificant proportion
of their land in improved pasture.

On mixed farms 01 perceat of the operated land is in pasture,
31 percent is cultivated land and 8 percent is other land. On
wheat farms 55 percent of the operated land is cultivated, 40
percent is uscd for pasture, and 5 percent is other land. This

large proportion of the wheat farms land in natural pasture is a



TABLE 1. --~Input Use and Cutput Level by Farm Type - Sample Arithmetic

Neans and Joefficient of Variation

1

Cattle Farmms Mixed Farms YWheat Farms
: Percent [ U tinit Percent C. V. Linit Percent C.V,
LAN Ha Hay (Has
Cultivated 12.35 2 226 44,60 31 190 104.70 55 162
Natural Pasture 476, 69 o) 150 54, U5 61 126 74.73 10 231
Other Land 50, 22 9 219 11,39 8 149 9,94 5 352
Operated 539,26 100 151 145,064 100 96 189,37 100 172
LABOR: (m, c. ) (m, e.) (m.e.)
Family Labor 1.3 56 66 1.57 26 84 1.65 32 61
H:red Labor 1.11 H“ 140 4.43 74 152 3.56 68 108
Utilized 2.54 100 59 6. 00 100 114 5.21 100 73
CAPITAL: (Crd) (Crs; (Crs;
Buildings 33,274.78 24 178 39,415.00 21 167 31,498, 57 15 140
Mach., © Equipment 9,153,053 7 142 £6,951, 03 46 146 125,809.12 60 67
Livestoch vs5,501. 49 69 121 6., 391, 20 33 229 51,066.12 25 163
120 100 100
W, Assets 135,229, 36 (96) 123 185,757,235 152 1435 208,373,561 77) 74
Crop Expenses 412,87 S 319 16, 899, 80 40 149 32,713.05 54 92
Mach, bxpenses 1,297.51 26 183 20,576.72 49 147 25,037.24 41 100
livestock Fxpenses 1,655, 07 33 157 1.545,.47 4 230 1.353. 67 2 172
Ceneral Expenses 1,634, 10 33 186 2,756, 88 7 154 1,707, 48 _ 3 139
100 100 100
C. Expenses 5,004, 55 (4 161 41,778, 87 (18% 139 60, 511. 44 (23, 85
Total Capital 143,233.91 100 (123) 230,536, 10 (100} 138 269,185, 25 (100, 70
OUTPUT 23,429, 42 114 122,753, 67 156 162,76<.12 78

INO'C:

C. V. =

s, d,
X

where s.d. is the standard deviation and x the arithmetic mean of each variable,

_L'[..
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bit surprising. It seems to indicate that wheat farmers have con-
siderable flcxibility in use of the land input for wheat production.

Differences are also noticcable among farm tvpes with respect
to labor usc. The mean amount (in man-cquivalents) of labor used
on cattle farms i1s 2.54 m.e., while mixed farms and wheat farms use
6.00 m.v. and 5.21 m.e., respectively., Cattle farmers rely mostly
on family labor (56 percent of the total amount usced), whereas
mixed farmers and wheuat farms rely on family labor for only 26
and 32 percent of their totul labor,

The most importunt differences among these farm types is in
their capital structure, particularly between cattle and wheat
farms. The average value of investments, oxcluding the value of
land, on wheat farms 1s almost twice as luarge as on cattle farms.

The form of the capital investment also varied considerably;
cattle farms have o percent of their capital in worxing assets
(mostly in the form of livestock and buildings), mixed farms have
82 percent in working assets, and wheat farms have only 77 percent
of the tetal capital as working asscts.

These figures indicate that wheat farmers concentrate heavily
on mechanized cquipment in both absolute and relative terms with
respect to the other tfarm tyvpes. Machinery and equipment account
for o0 percent of the wheat tfarms.' working asscts. Moreover, Y5
percent of the operating expense is accounted for by machinery

(41 percent) and crops (54 percent) expenses.
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Table 1 also contains the coefficient of variation (C.V.) of
each variable considered. The coefficient of variation is larger
than 100 percent for most of the varichles. Family labor is the
only variable with a C.V. consistently below 100 percent for all
three types of farms. Hired labor's C.V. is also less than 100
percent tor mixed and wheat farms. This characteristic (low
variability) of the labor input scems to indicate that farming
is primarily a family business in this rcegion, even on the mech-
anized wheat farms.

Anather important characteristic which differentiates the
farm tvpes is land tenure. Cattle farmers are mostly owner-
operators (lable 2). Rather than rent land from others,
they often rent part of their land to others. Wheat farmers
usual ly rent in at least part of their land. Approximately 33
percent of them rent all the land they operate, and only 6
percent own all the land they operate.  Again, mixed farms constitute
an intermediate stayge between cattle and wheat farms. Differences
in land tenure partially explain the observed differences in capital
structure and land usc.

There are important aifferences among these farm types, as
shown by this preliminary analysis. These differences should be
borne in mind as they help explain some of the empirical results

discussed in the following sections.
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TABLE 2. --Frequency Distribution of the Farms in the Sample According

to Land Tenure and Farm Type

Frequency

Tenure
Class Cattle Mixed Wheat
No. Percent No. Percent No, Percent

A 15 23 7 12 2 5

B 3 5 7 12 17 40

c 41 61 21 35 2 5

D 0 0 17 28 14 33

E ] 11 8 13 7 17
Sample 67 100 60 100 42 100

A = Does not rent land to vr from others

B = Operates own land and rents [rom others (may rent more than
50 pereenty, but dves not rent to others

C = Operates part of his land and rents the rest to vthers

D
E

1

Other systems

Rents all the area operated
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Empirical Estimates

Several different models were fitted to the data. Two were
selected for the comparative analysis. Criteria used in sclecting
these two models were (a) statistical best fit indicators and (b)
uscfulness for economic analysis.

Some of the statistical cstimates are similar for all farm
types and models.  For example, all three functions present an
adjusted coetficient of multiple determination (R: -adj.) varying
from 0.80 to .86, and a high level of significance of the regression
estimate according to the Analysis of Variance test. Other sim-
ilarities mmong the estimates are related to returns to scale and
multicollincarity.

Returns to sScale

The sum of the Cobb-bouglas production elasticity cstimates
is usually taken as a measure of returns to scale. In this sense
the results presented in Table 3 indicate constant returns to
scale in Southern Brazil. The sum of the production clasticities
(for cach iarm type) is not significantly different from unity,
at the 1 percent probuability level.’ Similar results have been
found for scveral other countries (Heady and Dillion, 1961;

Yotopoulos, 19067).

’Ihese results must be interpreted cuautiously, because man-
agement was not specified.  Attempts made to avoid specification
bias by specifying management in other research work have not
been successful due to a lack of measurement of the cffect of
management on production (Serenson, 1908).
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TABLE 3.--Characteristics of the Empirical Production Functions, by
Farm Typc

Model and Farm Type
‘haracte ristic
Characteristic Cattle Mixed Wheat
Moudel I:
R (adj) 0.8183 0.8593 0. 8585
F - ratio® 75.3010 91.0864 63.3334
5° : 56 5
5% x 0.0434 0.2856 0.1457
d.f. 62 55 37
Return to Scale? 1.0600 1.0318 1.0826
(S.D.) (0.0970) (0.1048) (0.0903)
Model I1:
‘)
R” (adj) 0.7987 0.8641 0.8570
F - ratio® 85.1348 126.05%0 32,6344
l')
s* 0.0495 0.2507 0.1466
y.X
d.f. 63 56 38
Return to Scnleb 1.0126 1.0316 1,0951
(S.D.) (0.1012) (0.1021) (0.0755)

a - -
All I - values are statistically significant at the 1 percent level,

1 .. . .
)N() return to scale is significantly diffevent from unity, at the 1
percent probability level,



Specification Bias

Since management was not specified the estimated production
elasticities (and hence, the returns to scale) are subject to
specification bias. The direction of the bias depends on the
association between the specified inputs and management. ''There
arc a priori theoretical rcasons to believe that constant returns
to scale must prevail it all inputs are included. Indeed, the
exclusion of the management factor would lead to an underestimation
of the returns to scale, if we assume that the omitted factor
varies less than proportionately with changes in the included
factors over the range of the sample observations' (Yotopoulos,
1967; p. 182).

The implication of excluding management in a Cobb-Douglas
production function analysis is that the inferences must be based
on the average firm. It is implicitly assumed thercby that the
estimation of the function is based on the average level of
management in the sample (Mundlak, 1961).

Multicollinearity

Whenever explanatory variables are correlated with each other
in regression analysis multicollincarity is present. "Of particular
interest are cases of high degree of multicellinecarity, which arise
whenever one explanatory variable is highly correlated with another
explanatory variable or with a lincar combination of other explan-

atory variables" (Kmenta, 1971; p. 380). 'he author points out
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that the problem 'is a question of degrec and not of kind."

The most serious consequence of a high degree of multi-
collinearity is the large valuc of the standard deviacions of
the regression coefficients. This implies that the probability
of making a type II crror is increcased considerably  Or aiter-
natively, the t-test of the individual reeression coefficients
fails to reject the null hypothesis (when it shouid) more fre-
quently than would be the case if no serious multicollinearity
problem existed.

The simple correlation coefticients between pairs of explan-
atory variablies are usually considered indicators of melticollin-
earity. 1In this study, high levels of correlation between working
assets and operating expenses result in a multicollinearity pro-
blem in Model 1 (Table 4). Model 1I, in which these two variables
are aggregated into total capital, aims at reducing the degrece
multicollinearity. But total capital and labor are also highly
correlated in both the mixed farms and wheat farms samples in Model

IT.

The empirical results reveal that the multicollinearity
problem did not affect the test of the production ¢lasticities
very much, but variances ot the marginal value products of the
inputs werc seriously affected. Conscquently, the confidence
intervals initially placed on the MVP were seriously over-

estimated.
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TABLE 4.--Matrix of the Correlation Cocfficients by Farm Type in the Sample

Variable and Variable
Farm Type ,
X 5 Xg X7 Ko Rqy
oy F Output
Cattle 1.00
Mixed 1.00
Wheat 1.00
X,.) = Land
Cattle .55 1.00
Mixed .10 1.00
Wheat .60 1.00
X9 = Labor
Cattle .52 W31 1.00
Mixed .80 LT 1.00
Wheat .70 14 1.00
Xoqg = Working Asscts
Cattle .90 .57 .48  1.00
Mixed .89 .25 79 1.00
Wheat .87 59 77 1.00
Xuo = Operating Expenses
Cattle .79 .48 .49 ., 87 1,00
Mixed .90 .06 .76 .87 1.00
Wheat .87 .10 .64 .79 1.00
{ = Total Capits
}\41 Total Capital
Cattle .89 .00 .49 .98 .94 1.00
Mixed .93 W13 W80 .95 .98 1.00

Wheat 91 .47 .70 .88 .98 1.00
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Beef Cattle Production Function

The traditional factors of production, tand, labor, and capital
explain about 82 percent of the suriation in beet cattle production
(Table 5). The eclasticity of proeduction of working assets s 0.1

which denotes a very high response in production to changes in this
input. The elasticity of production of operating vxpenses, on the
other hand, is not significantly different from zero, cven at the
25 percent level of probubility. In addition, this elasticity
carries a negative rather than the expected positive sign.

The elasticity of production of land and labor are significantly
different from zero at the 25 and 5 percent probability levels,
respectively.  But they indicate that production response is much
smaller to changes in these inputs thun to changes In working asscts.

Working assets cxplain most of the output variation in both
models. Little is explained by the other inputs. Rao and Miller
(1971; p. 40) point out that this type of ¢stimation problem fre-
quently occurs in cmpirical rescarch when the dependent variable
is somehow functionaily related to an independent variable in
relatively fixed proportion. They also point out that '"Whether a
variable is truly superfluous' (as operating expenses scem Lo be
in this casc) "or is a conscquence of the presence of a dominant
variable'" cannot be determined on a priori grounds. In the present

case, two factors seem to explain the dominant effect of working






assets on output: (a) the low level of tcchnology and (b) the
extensive use of land in cattle production. Urnder traditional
methods of production, it is logical to expect production to

depend mostly on the animal stock. As observed previously,

96 percent of the capital investment on these farms (other than
that invested in land) is in working asscts, and livestock accounts
for 09 percent ot this capital 1tem.

In terms of resource allocation, the MVPs (Table 5) indicate
that land and operating expenses are being used to (or near) the
point of zero marginal value product. Unless the opportunity
costs of land is zero, cconomic netficiency is evident. Decreasing
the amount of land can be expected to increase total profit, ceteris
paribus.

The estimate of WP of labor is Cr $1,24! per man-cquivalent,
The average regpional wage rate was Cr $1,725 per m.e. at the survey
time, according to the research team. This result alse suggests
too much labor is being used by cattle farmers for cxisting size
of beef herd, in spite of the small absolute amount of labor

, - 8
emploved (2.12 m.e. on the average) per farm,

.
bUnfortunutc]y a statistical test of the equality between the

MVP and the market price ot cach input was precluded by the fact

that input prices were not collected directly from those interviewed.

Average regionul input prices from scecondary sources were used by

the researchers whenver necessary.  An alternative method was tried
here to perform this test.  Contidence antervals were placed on the
MVPs so that thev could be compired to the average input price.  As

1

it turned out, however, these Coi. feven at the 90 percent level tor

the coefficient of confidence) were not reliable.  High multicollincarit;
affecting the variance of the MVPs scems to have been the cause of the
serious overestimation of the vontidence intervils.
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The estimate of the MVP of working assets is 2.35 cruzeiros
worth of output per additional cruzeiro used in the production
process (Model I). If total capital is considered (Model I1),
the general conclusions still hold with respect to the overall
inefficient use of resources, but the return per additional
cruzeirn invested on capital items is reduced to 1.41. This result
still indicates that there is a gross margin of 41 percent on cap-
ital investment,

Aggregation of the capital input variables slightly affects
the elasticity of production of land. It increases from 0.04 to
.08 and bhecomes sipgnificant!y Jdifterent from zero at the 10 per-
cent probability level. No major change occurs on the MVP of

land.

Mixed Farms Production Function

Land, labor and capital changes cxplain about 8o percent of
the variation in output in this case. The production elasticities
of all inputs but lund are significantly ditfferent from zero at
the 5 percent probability level (Table o). Land's production
elasticity, besides being non-signitficint, carries a negative
sign. A plausible explanation for the negative sign may be in
the composition of the mixed farms group. Since this group includes
farms with intensive land use as well as those with very extensive

land use, the net composite etffect of changes in land operated may
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well be neutral and carry the negative sign. Increases in operated
land by some farmers in the sample may have occurred by renting land
from other farmers in the same group thercby neutralicing the average
effect of changes in the land input. This result is more likely

to occur in heterogeneous groups of farms (such as the mixed farms),
but does not have to be true for all groups of diversified farms.
Positive and significant land production elasticitics have been

found for production functions ct diversified farming arcas (brummond,
19725 p. 72).

The MVPs again indicate the presence of cconomic inefficiences
in resource allocation. Land is being used in much larger propor-
tion than would be most profitable (Table ). Labor's MVP (Cr
$2,477.45) is fairly high as compared to the regional average wage
rate, indicating rcom for higher levels of employment in mixed
farming. The MVP of capital variables also indicate underutilization
of capitul on these farms. A gross margin of return on investment
of about 34 percent on operating cxpenses and 147 percent on working
assets investment was found (Model 1). As an aggregate (Model 11)
the capital input offers a return of 62 percent at the margin,

In short, resources are not being allocated in the most effi-
cient way considering the norms of neoclassical marginal pro-
ductivity theorv. The results suggest that this group of farmers
can increase protits by releasing tand for rent, hiring more labor,

and increasing the usce of capital.
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Wheat Farms Production function

Variations in the specified inputs cxplain 86 percent of the
output produced by mechanized wheat farms.  The production elas-
ticity of labor in this farm type is not significantly different
from zero at the 5 percent probability level, even though 1t carries
the cxpected positive sign (Table 7). When working asscets and
operating expenscs are aggregated into totel capital (Model I1),
labor's production clasticity increases from 0.05 tou 0.10 and
becomes significantly different from zero at the 25 percent pro-
bability level. Hence, the aggregation of these twe capltal
variables (which arc highly corrcluted! improves the cstimuate
and the significance level of labor's production clasticity. Better
measurement of the flow of services trom the cupital variables would
likely improve the estimates of all clasticity coefficients. Further
improvement could be obtained by accounting for land and labor quality,
if measures of quality were available.

Land and capital inputs present highly signiticant clasticities
of production, reflecting an intensive use of both land and capital.
Product ion elasticity of operating expenses is particularly high
(0.55). lligh response to changes in operating expenses associated
with intensive use of tand is consistent with the fact thut most
wheat farmers rent part or all of the land they operate (Table 7).

The MVP of labor as measured by Model I does not inspire much
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confidence that labor's productiun elasticity is not significantly

different from zero, cven at the 25 percent level of probability.

However, in Model 11 it becomes significant at that level, thus

sceming to :ndicate that there is some response in wheat pro-

duction to additional labor. The MVP is below the regional averrge

wage rate as estimated by Model ©oand above that average when

estimated by Model 1L, It seems reasonable to argue, however,

that wheat production requires hocher quality lubor given the

relatively high level of mechanization. Hencee, actual wage

rates may be larger or at leust near the VP estimated by Model II.

Therefore, wheat farmers are hiring about the right quantity of

labor to maximize cconomically efticlent use ot this input.
Underinvestment in land is cvidenced by comparing the MP

of land to its opportunity cost. The opportunity cost of land,

as measured by the interest on capital invested, is (T $12.48

per hectare in Rio Grande do sul (Noshosky, 19715 p. 89). As

the MVP of luand is r $§193.00 (Model 1), considerable increase

in profits would be obtained by renting additional land, if the

opportunity cost guoted actually reflects the land rental market,
Capital is also being used at less than the optimum levels

in wheat production. Working asscts and operating cxpenses

yield returns of 2.83 and 1.44 cruzeiros worth ot output, respec-

tively, per additional cruzeiro used in wheat production (Model I).
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TABLE 8.--Comparison of the Production Functions Between Farm Types
(The Chow Test)

Model ] Model T1
Farm Types
F-estimate d.f. F-cstimate d. f.
Cattle vs. Wheat 9,354 (5:99) 5,440 (1:101)
Cattle vs. Mixed 3,140 (5;122) 0.71 (13174)
Wheat vs. Mixed 1.37 (5;92) 1.62 (1;94)
All three types 1,358 (8;101) 2.070 (63163)

Note: a,b and ¢ indicate statistical significance at the 1, 5,
and 10 percent probability levels, respecitvely.,
individual farm types leads to better quality cstimates than pooling
different farm types together for the purpose of estimating production
functions in the region.

The sample results indicate that the hypothesized equality between
cattle and wheat farm production functions must bu reiccted at the 5
percent probability level (Models | oand 11V, Model I yields this same
result when cattle and mixed farm production functions are compared.
However, the sample data do not provide evidence for rejecting the same
hypothesis regarding cattle and mixed farms when Model IT is fitted.

Neither Model [ nor Model 1@ lead to the rejection of null hypoth-

esis (at the same level of significance) when wheat and mixed farm pro-
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duction functions are compared for cquality.

In order to perform a more detailed analvsis of the differences
between farm types, the Chow test was also used to compare individual
production elasticitics of diftferent production functions. Only Model

I was used for this purpose and the results are prescnted in Table 9.

TABLE O.--Estimates of the r-5tatistic Used to Test the Difference
Between Elasticities of Production of Individual Inputs - Model 1

Input Cattl> vs. Mixed Mixed vs. wheat Cattle vs. Wheat
Intercept 0.71 2.35 0.62
Land 2,48 16,194 1.94
Labor 0.14 4,860 1.87
PR . ~nb - a
Working Asscts 5.30 1.10 13.66
Op. Expenses 13.034 5.()1b 37.13%
d.f. (1;122 (1;92) (1;99)

Note: a,b and ¢ indicate stutistical significance at the 1, 5, an
10 percent probability levels, respectively,

Statistically signiticant differences are revealed by the Chow tes
between the elasticities of production of capital when cattle and mixed
(as well as cattle and wheat) farms are compared. When mixed and wheat
farms are compared, the null hypothesis of cqual production elasticitie
for labor, land and operating cxpenses must be rejected at the 5 percen

level of probability. Only working assets presents a non-significant

d

t

5

t
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statistical difference in this case.

With respect to the intercept, when any two farm tvpes are com-
pared the sample data do not lead to the rejection of equality hypoth-
esis at the 5 percent probability level between the intercepts of the
functions.

The overall results of this comparative analysis show that a
general state of resource misallocation prevails in the region. Economic
efficiency in the region could be substantially increased by simply
reallocating the existing resources. The excess of labor and land
currently being used by cattle farmers would increase efficiency if
shifted to mixed and wheat farms. Mixed farms could also rent additional
land to wheat farmers thereby contributing to an increasce in economic
efficicency. However, the results suggest that capital is a limiting
resource. There are high returns to capital investment in the region,
principally in working assets.” This result throws suspicion of the
efficiency of the capital market in responding to a high demand for

capital. 10

Rao (1970, p. 128) found that "farm types representing
small scale agriculture, appear to be facing credit rationing' whereas
large mechanized crop farmers "appear to be relatively free from cap-
ital constraints.'" Capital rationing may well be the case here even

though none of the three farm types can be considered small agriculture

in absolute terms.

(' . . . . .

Mhis high level of productivity of capital is evidence of favorable
conditions for capital formation at the farm level regardless of farm type.
107+ miay also be a case of self-rationing caused by risks and uncer-

tainties.



-30-

Reallocation of resources can also be attained through economic
policy. If the price subsidy for wheat were eliminated, considerable
changes would tukc place in the region. Heavy mechanized cquipment
and fertilizer currently used in wheat production would likely be
shifted to mixed farms and cattle production.ll Consequently, higher
productivity lcvels would be attained by these two farm types, im-
proving their competitive position. However, as long as the subsidy
policy is maintained, it is likely that resources will shift from
cattle production to mixed and wheat farms which offer higher returns. 12

Wheat and sovbeans (which are complementary products), and beef
arc under increasing world demand. Hence, the relative prices of
these products may not change significantly in the short run. Therefore,
the competitive position of the beef cattle business in Southern Brazil
will continuc to depend on major changes in the technology of beef

cattle production.

Hsome of the machinery and cquipment used in wheat production
cannot be adapted to the production of other crops (and livestock)
in the short run. Others cannot be adapted (and hence transferred)
at all. Therefore, such shif. to mixed and livestock would be a
slow process.

lenglor (1971) shows that the cattle farmers best economic
alternative in this region is to move beef cattle production to a
combination of wheat and soyvbean, unless beef prices and production
technology increase substantially,
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SUMMARY AND CONCLUSIONS

Summurx

This is a study of the cconomics of resource allocation in Southern
Brazii. The specific objectives pursucd are:

(1) To determine possible differences hetween production
functions of three diffcrent types of farms in the region:
beef cattle, mecahnize wheat farms and "mixed" farms.

(2) To determine ditferences in productivity levels, as measured
by the production function estimates, as a means to appraise
resource allocative etficiency.

(3) To determmine possible coffects of the current price policy on
the pattern of resource use in the region and the potential
for capital formation at the farm level.

It is also hoped that the current dynamic move away from beef
cattle and toward wheat production in this region can be at least
partially evaluated by this anulvsis.

The procedure involved estimation of Cobb-Douglas production
function using cross-sectional duta, A modified form of the ~¢llner
et al. (1966) stochastic model wis usced. This medel's basic assumpt ion
is that the entreprencur's objcctive is to maximize his profit function.

The data utilized for empirical estimation were collected by
directly interviewing a sample of 109 farmers In Sao Borja, Rio Grande
do Sul, in 1969-70. Tor this research the original sample was sub-
divided into threc groups of farms based on the relative importance

of veef cattle and wheat production in the farm business. There are
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67 cattle farms, 42 wheat farms und 60 mixed farms in the sample.

Conclusions

Significant differcences were found hetween the three farm types.
These differences are reflected by the shape of the production functions
and by differences among the elasticities of production of individual
inputs. The main factors explaining such differences in the production
process are the capital structure of cach farm type, technological
level and market incentives.

Economic inefficiency, as measured by disequality between the
MVP and the opportunity cost of the inputs, was observed in all farm
types. Cattle farms have relatively low average and marginal pro-
ductivities as compared to the mixed and wheat tarms. Wheat farms
have the highest productivity levels. That the mixed farms group
has an intermediate level of average and marginal productivity supports
the hypothesis that mixed farming is a transitional stage between the
other two farm tvpes--a stage in the process of changing from traditional
cattle production into wheat production.

Cattle farmers are using Jand, labor and operating expenscs very
extensivelv. ‘The MVPs of land and operating expenses are practically
zerc, and the MVP of labor is very low. These farmers are usuually owner-
operators and rely mostly on family labor. They can increasc profits
by incrcasing the proportion of working assets particularly in the form

of cattle, to other inputs. The production elasticity of working assets



-

(and high MVP of this input) are evidence of such potential gains.

Mixed farms, on the other hand, use too little capital and labor,
while land 1s being used bevond the most profitable point.  This farm
group is very heterogencous, as it includes both intensive as well
as extensive users of land and cther inputs. Results indicate that
these farms are potential users of additional labor. They are the
only ones in the region with underinvestment in labor.

Wheat farmers have attained the highest productivity levels in
the region. There is evidence of adequate use of labor by these
farmers with underinvestment in land and capital.  This farm type pre-
sents a rarc casc of high productivity of land. The explanation for
high land productivity appears to be the use of modern inputs
(including mechanized equipment) and possibly a better quality of
land. Intensive use of land is also explained by the fact that
wheat farmers usually rent most of their land from others.

Looking at individual inputs, the most productive onc is capital.
Working assets represent the only input which has consistently very
high MVP as well as AVP across all farm types. This result is strong
evidence of generally favorable conditions for capital formation at
the farm level irrespective of farm types. Increases in capital for-
mation would certainly increase the MVP of other inputs as well.

This general high return to capital investment in the region
throws suspision on the cfficicncy ot the capital market in responding
to a high demand for capital. Evidence of imperfections in the capital
market have been pointed out by Rao (1970, p. 128) who stated that
large mechanized crop farmers "appear to be relatively free from cap-

ital constraints while all other types representing small agriculture



appear to be facing credit rationing.” In any event, 2 shortage
of capital seems cvident in face of current demand.

Agricultural production in this region is very responsive to
use of capital, under the current "state of the arts.” A well
formulated credit policy would result in substantial increases in
agricultural production.

A comparat ive analysis shows that cattle farmers are in a
disadvantageous position, becausc of the current wheat price sub-
sidy policy and the level of technology. Productivity differences
indicate that cconomiv efficiency will be increased if resources
are attracted out of less productive activities into more productive
ones. Therefore, it is logical to expect resources to be transferred
from beef cattle production inte mixed famming and wheat production,
respectively, under tne present <ituation. If thue wheat price subsidy
is eliminated (an unlikely occurance in the short run), 1t 1is con-
ceivable that the MVP of resources used in wheat production will
decrcase making this transfer less attractive. 1t may cven result in
reverting the process, transferring modern inputs currently used in
wheat production to mixed tfarming and cattle production hence in-
creasing their productivity levels,

Given that beef, wheat and sovbeans are similarly under increasing
demand in the world market, it i: very unlikely that their relative
prices will change signiticantly in the near future. Therefore, the
competitive position of the beet cattle business in Southern Brazil

will continue to depend on substantial changes in production technology.
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