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Agricultural Credit Programs and Production
Efficiency: An Analysis of Traditional Farming
in Southeastern Minas Gerais, Brazil

~ INTRODUCTION

Over the past two decades, one of the primary policy actions
directed toward impr;ving the productivit& and incomes of traditional
farmers in developing countries has been the provision of agricultural
credit at subsidized rates of interest:. The rationale behind such
programs focuses on the belief that the main barrier preventing the
transformation of traditional agricultural production technologies to
more modern and productive technologies is the inability of farmers to
purchase the necéssary technology. In principle then, if funds are made
avéilable to —facilitate the purchase of such modernized production
inputs, the productivity, and hence incomes, of‘traditional farmers will
impro;e and the journey toward more developed agricultural production

processes will have begun.

There is a rather noticeable lack of consensus regarding the desir-

ability and effectiveness of such credit programs (Adams, 1971). Per-

haps the best known criticism of the effectiveness of providing credit
to traditional farmers is. attributed to Shultz (1964). The "poor but
efficient”‘hypothesis states that the provision of agricultural credit
will be ineffective in imprﬁving broductivity and incomes since invest-
ment opportunities are limited. Traditional farmers are hypothesized to
be efficient but faced with technological barriers that cannot be over-—
comc by the mere influx of capital provided by credit programs alone.
Considerable research has been directed towards analyzing the

effects of credit programs on capital formation, productivity and effi-




ciency of traditional agriculture. Much of this uresearch "has been
centered in Brazil, where extensive credit programs have been formulated
and implemented (Araujo and Meyer, 1978). The results of this research
have provided a diversity of conclusions as to the effect that credit

policies have on the productivity and efficiency of traditional farming.

Rao (1970) analyzed the economics of credit in Brazil and concluded

there was an underutilization of capital on small farms and that credit
would relieve capital shqrtages and improve output. Nelson (1971) in
analyzing farm level production in Ribeirao Preto, however, found that
technological barriers were present which woﬁld prevent credit programs
from having a significant impact on capital formation and incomes.

Considerably more agreement is found in analyses of the allocative
efficiency of traditional farmers in Brazil. Garcia (1971) concluded
that small farms in the state of Minas Gerais were allocatively ineffi-
clent demonstrating eicessive labor usage. Similar conclusions regard-
ing allocative efficiency were obtained by Graber (1976) and Teixeira
(1976) in their farm level studies. In addition, Drummond (1972) found
that small traditional farms and larger mechanized farms exhibited no
substantial differences in the efficiency of resource utilization in'
Minas Gerais State.

These studies do not represent a compfehensive list of the research
conducted on traditional agriculture and credit in ﬁrazil. fhey do,
however, exemplify the disparity of ‘research results as to the effec-
tiveness of ;gricultural credit policies. Also, they seem to provide
evidence contrary. to the belief that traditional farmers have little to

gain from a reallocation of resources.




Steitieh (1971, p. 96) in studying traditional agriculture in ‘
Souﬁhern Brazil concluded, ". . . that increased investment in inputs
(capital formation), such as ‘mechanized equipment and fertilizer alone
is pot the answer to increasing crop pfoduction. Better management,
information and utilization of resources are as important and should be
equally emphasized if any. benefit is to be expected from increasing
expenditure on these inputs.” The implication here, of course, is that .
while credit,availability méy afford traditional farmers the opportunity
to invest in modefnized inputs, there is no guarantee that these inputs
will be used in such manner as to realize the full extent of output
gains possible. Thus the notion of technical efficiency in production
arises.

This paper provides an analysis of the effects of the PRODEMATA
prograﬁ on the technical and allocative efficiencies of farms in the
Zona da Mata region of Brazil. In contrast to previous studies analyz-—

ing allocative efficiency by means of fitted "average" production func-—

tions, this analysis is conducted in terms of frontier production func-—
1

tions and Farrell efficiency measures.

The PRODEMATA program was initiated in 1976 in cooperation with the
WOrla Bank with the broad objectives of inducing agricultural develop-—
ment in the Zona da Mata. The ﬁajor instruments to achieve this objec-
tive include: 1) provision of agricultural credit and technicél ser— .
vices, including,exfension activities and the construction of research
and demonstration facilities and 2) investments in health, sanitation
and education.

The primary focus of this paper is on the first instrument of

implementing the PRODEMATA program. Emphasis is especially directed




towards the effectiveness of technical services and extension activities
in improving the technieal and allocative efficiencies of participating
farms. It is found that while the program appears to have had little
impact on the allocative efficiencies of farmers in the Zona da Mata,
there appeers to have been a rather substantial impact on technical
efficiency. In addition, the .improvements in technical efficiency
~appear quite uniform across differing farm sizes.

The plan of the paper is as follows. The first section discusses

the measurement of technical and allocative efficiency using frontier

specifications. The model is developed in the second section and the

data utilized in estimation are discussed. Empirical results are pre-
sented in the third section. The final section presents a brief summary

and conclusions.
MEASURING TECHNICAL AND ALLOCATIVE EFFICIENCY

Technical inefficiency results from the failure of the firm to
produce the maximum output rate from a given set of inputs. The produc—
tion frontier defines an upper bound on the output from any given set of
inputs. Thus, measures of technical efficiency depend in some fashion
on the relationship between observed output and the corresponding output
obtained on the frontier.

Allocative inefficiency results from the failure of firm to equate
marginal rates of substitution with input price ratios. Factors of
production are utilized in inefficient proportions when exogenously
given factor prices are considered. Measures of allocative inefficiency
are independent of technical efficiency in the sense that a firm may

simultaneously be technically inefficient and allocatively efficient




Since the seminal paper by Farrell (1957) a great deal of effort
- has been directed toward estimating frontier models of a production
technology and obtaining efficiency measures. The types of models that
have resulted have included non-parametric deterministic models (Far-
rell, 1957; Farréll and Fieldhouse, 1965), deterministic full frontier
models (Aigner and Chu, 1968), stochaétic full frontier models (Greene,
1980) and stochastic frontier models (Aigner et al 1977; Meeuéen and Van
Den Broeck, 1977; Lee and Tyler, 1978). ,

From these frontier models two basic types of technical efficiency

measures have evolved.l

Not surprisingly, the validity of each measure
depends on certain technological and. stochastic assumptions Af the
underlying frontier model.

The stochastic frontier formulations of Aigner et al., (1977) and
others parameterizes the measure of technical efficiency in the stochas—
tic specification of the model. - The disturbance component of these
frontiers is composed of a symmetric féndom variable which captures the

effects of weahher, luck and other factors outside the control of the

economic agent and a one sided disturbance which measures technical

efficiency. The mean of the one sided distribution (sometimes called

éhe efficiency distribution) provides a measuré of the aQerage technical
efficiency for firms in the sample.

The stochastic specification of fheée models is attractive in that
it is closely tied to some of the conbepts involving the stochastic
specification of production functions developed by Marchak and Andrews
(1944) and Zellner et al. (1966). However, it is not generally possible
to decompose the estimated residuals into their individual compounent

effects. Thus, measures of technical efficiency cannot be obtained for




each observation in the sample. Rather, a single measure for the sample
taken as a whole can be obtained. A

In contrast to stochastic frontier specifications, full frontier
specifications posit only a one sided disturbance. This specification
carries with it thé impliéation that all de&iations from the frontier
are attributable to technical inefficiency. While it may be question-
able to attribute all sources of variation to technical inefficiency,
there is é considerable payoff to be found in this assumption. Specifi-
cally, the use of Farrell efficiency measures is justified, permitting
efficiency measures to be obtaiﬁed at each sample point.

Farrell efficiency measures are defined by comparing input bundles
along a given ray through the origin. Although these radial measures
were originaliy considered only for the unit isoquant of a linear homo-
geneous technology they have recently been generalized to be applicable
to very general technologies (Xopp, 1981).2 Furthermore, these genera-
lized Farrell measures may be equivalently computed from a dual cost
function (Kopp and Diewert, 1982).

The radial nature of Farrell efficiency measures may be demonstrat—

ed by using Figure 1. Let 10 denote the frontier isoquant corresponding

to output Yo, and'Xa denote the inefficient input bundle that yields
this level of output. Along the ray OXa, the input bundle Xb represents
a technically efficient input bundle as it is located on the frontier

isoquant. The Farrell measure of technical efficiency (TE) is then
given by TE = T}EE}}.
Xa

The Farrell measure of allocative efficiency is also a radial
measure. Given a set of input prices which define the isocost line PP,

the Point X, corresponds to the technically and allocatively efficient




input bundle. The pointAXc, although not technically feasible to pro-—
duce YO, yields a cost (given factor prices implicit in PP) equal to the
technically feasible point Xe; Thus, along the raﬁlOXa, the measure of
X

allocative efficiency (AE) is defined by AE = TTi;TT.

The cost aspect of the technically infeasible point Xc and its use
in measuring allocative efficiency provides some impetus towards obtain-—
ing measures of TE and AE in terms of cost. Specifically, Kopp and

Diewert (1982) have recently developed dual efficiency measures obtain-

able from the cost function. Let P denote the vector of input prices

defining the isocost line PP. The cost incurred to produce Y0 with the

technically inefficient input X, is given by P*X,. Similarly, the cost

of producing Y0 with the technically efficient set of inputs is P°X

PeX
Technical efficiency is then measured by TE = ?7293 The total cost at
a

b.

point X, is P°X, which is equal to the cost incurred using the techni-

cally and allocatively efficient input bundle Xe. Allocative efficieﬁcy
PeX .
is then defined by AE = =2,
P°Xb
The dual nature of the various efficiency measures is found in the
[l 2oy I Pexg

b b
fact that = and = . Th ne btai
ac 4 leall P°Xa llxb,[’ P.Xb us, o can obtain

equivalent measures pf technical-and allocative efficiency using either
the frontier production function and aséociated first order conditions
or the dual frontier cést function. This is convenient from both a
theoretical and computational standpoint. Theoretically, one cén spec—
ify a quite general cost functioq-and obtain efficiency measures corres-—
ponding to the implied underlying technology. From a computational
point of view, it is easier to obtain efficiency measures from the cost
function. Thus, even if direct estimation of the frontier production
function is undertaken, efficiency measures may be obtained from an

analytically constructed cost function.?




The choice between full frontier and stochastic frontier models
results in a tradeoff situation. While stochastic frontiers offer a
perhaps more realistic disturbance‘specification, it comes at the>cost
of being able to estimate oniy a single measure of average technical

efficiency over the csample. In contrast, full frontier specifications

allow technical efficiency to be estimated for each data point and admit

a direct dual measure of technical efficiency from the cost function.
However, to obtain these measures, one must assume that all departures
from the frbntier captured by the disturbance are directly attributable
to technical inefficiency.

As poiﬁted out by Kopp and Diewert (1982, p. 501), in the final
analysis, the choice of which specification to use rests with the ana-
lyst. In the ensuing analysis, the stochastic full frontiér specifica-
tion developed by Greene (1980) is utilized. Thus, Farrell efficiency
measures of technical and allocative efficienéy at each data point are

obtainable.

THE MODEL AND DATA

In order to obtain estimates of technical- énd allocative effi-
ciency,v direct estimation of full frontier production functions was
undertaken. The data utilized were drawn from a sample of 435 farm
firms in the Zona da Mata region of Brazil for the 1981-82 crop season.
These data on production inputs and outputs were collected as part of
the PRODEMATA program by the Agricultural Economics Department offthe
Federal University of Vicosa.

Thg'data were partitioned on the basis of participation in the

PRODEMATA program. The nonparticipant group was composed of 253 farms




that had never participated in the Prodemata program. The participant
group was composed of observations on 182‘farms that had participated in
the PRODEMATA supervised credit program in at least one year.

For each of these groups a Cobb?Douglas production specification
was utilized. The specification is admittedly restrictive in terms of
the properties of the underlying production technclogy. However, as
interest centers on efficiency.measurement and not an analysis of the
general structure of the underlying production technology, this specifi-
cation provides an adequate representation of production in the Zona da
Mata. Further, the self dual nature of the Cobb-Douglas production
function and its cost function provides a»computational advantage in
obﬁaining estimates of tecﬁnical and allocative efficiency.4

The production function for each group (j = P,NP) was defined by

= ‘ + T - {=
InY, = 1nA + B 1o, + B,lnL, + B,lM - U, 1=1,... N, (1)

where Y; denotes output, T; is land in production, Li is a measure of

labor, M; denotes intermediate materials and U; is the disturbance
cémponent. Output was measured as the gross value of output deflated by
the index of priceé received for the Minas Gerais state (FGV, 1982).5
Land was measured in hectares of land. utilized in agricultural prdduc—
tion. Labor input was measuged in terms of man—day equivalents. Inter-—
mediate materials were defined as the déflated value of expenditures on
seed, fertilizers, pesticides, draft animal  services and mechanized
services. The deflator used was the index of prices paid for production
items in the Minas Gerais state (FGV, 1982).

The disturbances are assumed to be independent and identically

distributed as Gamma random variables with parameters ‘A and P. Given




appropriate assumptiéns. concerning the matrix of exogenous Qariables
(see Greene, 1980, p. 31) the production function specification in
equation (1) corresponds to a stochastic full frontier model. It should
be noted that with the restrictions A>0 and P>2, the model in equa-
tion (1) may be estimated via maximum liklihood as a regular case. This
specification differs ffom other full frontier specifications that may
be "estimated” by maximum 1liklihood in that the asymptotic sampling
properties of the parameter estimates are l_cnown.6

Given the parameter estimates for the production function in equa-

tion (1), the dual cost function may be easily constructed as

ap o r
C(Y,P) =k B, P P, (2)
b, _ 1!
17 T and the b, i=1,...,3

-1 A
=r = (Zibi) , k= [A m.b

where ai = rbi,

are the estimated values of the B; parameters from Equation (l). Fol-

i

lowing Kopp and Diewert (1982), the implied dual cost function may be
used to estimate technical and allocative efficiency.

Forrease of exposition, denote the set of fixed input prices the
firm faces as P° = (PT’_PL’ Pm) and define the observed output of the
firm by Yo. Finally, using Figure 1, define Xj = (Tj, Lj, Mj) j = A,B,C
as a vector of inputs. Thus, the observed set of inputs producing

output Yo with input prices P is denoted X,.

The measure of technical efficiency for the input bundle XA is

%] eex, .
given by TTX ATT—= P-XA' Thus, the input set Xcmust be determined.

o)
Since XC lies at the intersection of the ray OXA and the isocost line

7 Xcmay'be determined from the expression

{x|pex = Y, P)}
- (Y, P) <
C TPX, A




Thus, the technical efficiency measure for Xy is given by TE,
C(Yo, P)

PeX A

The estimate of allocative efficiency for X, 1is defined by

-

A
%] %
IENTIREEN
it is located at the intersection of the ray OXA and the efficient

The determination of XB is somewhat difficult since

isoquant (denoted Iy in Figure 1). Since XB is located on the ray 0X,,

we know that XB = 0 XA;' Also since XB is on the technically effi-

-~

cient isoquant, for some (unknown) set of input prices, say Pp, XB

will correspond " to the allocatively efficient vector of inputs

-~ -~

(i.e. XB = VP C(YO,PB). Thus, the determination of XB involves the
simultaneous solution of the equation system

3= 0%

A

XB VP C(Yo’ PB)
Note that, in the general case, this system of equations contains 2n
equations in 2n + 1 unknowns (XB, PB’ 8).

For the problem at hand, this system of equations can be solved by

1. Denoting the normalized prices of Pp
PT ~ L

using the normalization P =
- P
and P by P = —S—and P = E—-,the following equation system is ob-

T PM L M

tained:

La
TA




=) C(YO, PT,PL, 1)

PL

= Qg C(Yo, Prs Brs 1) (5.5)

Solving these equations for the normalized prices, PL and PM yields

k la

%9%s3

Substitution of the estimated normalized prices into equations (5.3) -

(5.5) yield the estimated values of XB = (TB, LB’ MB). The estimated

Pe X,

allocative efficiency of the input set XA is then given by AEA = Py
EMPIRICAL RESULTS

Estimation of the production frontiers for both the participant and
nonparticipant groups was accomplished by maximum likelihood.8 The
likelihood function was maximized using a slightly modified scoring

algorithm (see Greene, 1980). - The convergence criteria of

, ¢i+l - ¢i ’ <10 ff where ¢ i denotes the parameter estimates for the

ith interation, was utilized. In addition to maximum likelihood, the
frontiers were also estimated by a corrected ordinary least squares
(COLS) estimator proposed by Greene (1980). The COLS parameter esti-

>

mates are consistent and were used as starting values for the scoring

algorithm.

The parameter estimates for both the COLS and maximum likelihood

(ML) estimators are presented in Table 1. For both the participant and




nonparticipant groups, each estimator yielded parameter estimates of the
appropriate sién. Further, all parameter estimates with the exception
of the output elasticity of 1and for the participant group are signifi-
cantly greater than zero.

For the participant group, the output elasticity o£ labor was
considerably larger than the corresponding elasticities of the other
inputs. This appears reasonable givén the labor intensive nature of
farming in the Zona da Mata. Similar results were observed for the
nongarticipanf group. Both groups had very virtually identical output
elasticities for intermediate materials.

A comparison of the parameter estimates for COLS and ML yields a
siﬁilar pattern of parameter changeé for both the participant and non-
participant groups. In general, the ML estimator yielded a higher
estimate for the output elasticity of labor and a lower estimate.for the
output elasticity of land as compared to the COLS estimator. The para-
meter estimates for intermediate materials showed little change.

These parameter changes are especially interesting given the

implied relationship each frontier estimator has with the fitted average

function. The COLS estimator yields a fréntie; that is a'heutrally
scaled version of the average fqnction.' While these estimates are
consistent, they are.not necessarily efficient. In contrast, the ML
frontier estimator by virtue'oflthe disturbance specifiéation allows for
the possibility that the frontier‘function may not be a neutrally scaled
version of the fitted average function.

The relationship between the frontier function and the estimated
average (OLS) function as well as the estimation efficiency gains

obtained from ML estimation are to a large extent determined by the




degree of skewness exhibited by the disturbance distribution. If the
disturbance distribution is highly skewed, the "slope" parameters of the
estimated frontier will ‘differ considerably from the fitted avefage
function and the efficiency gains from ML estimation will tend to be
large. On the other hand, if the disturbance distribution is fairly
symmetric the estimated frontier will bear close fesemblence to the
neutrally scaled average function and efficiency gains will be minimal.

For the G(A,P) distribution, as P + o, the distribution becomes
fairly symmetric, while as P + 2, the distribution is highly skewed.
Table 2 presents some summary measures for the estimated disturbance
distribution. For the participant group. The estimated value of P was
16.33. The disfribution is moderately skewed with the gain in asympto-
tic efficiency over the COLS estimator of rToughly 14 percent. For the
nonparticipant group, the estimated value of P was 35.27. The distri-
bution appears t6 be relatively symmetric with the gain in asymptotic
efficiency of ML over COLS being only 6 percent.

The estimated technical and allocative efficiencies for participant:
and nonparticipant gfcups by farm size.are presented in Table 3.9 The
average technical efficiency for all participant farms was estimated to
be approximately 19 percent while the estimated technical efficiency for

nonparticipants was 6 percent. Thus, those farms which participated in

the PRODEMATA program have estimated technical efficiencies that were on

‘ average at least three times as great as nonparticipant farms.

The estimated average allocative efficiency for all participant
farms was 7% nercent while for nonparticipant farms the average was 86
percent. The higher average allocative efficiency of the nonparticipant

group may appear surprising at first. However, in light of Schultz'




hypothesis which implies that traditional farmers Aare allocatively
efficient, these results may be a manifestation‘of participant farmers
: )

adapting to implicit marginal decisioné for new types 6f inputs. Thus,
as participant farmers learn to allocate new resources these allocative
efficiency measures may be somewhat lower than their nonparticipant
counterparts.

One of the criticisms of previous credit programs has been that the

. farms which needed the least assistance received the most. Generally

large farms receive more assistance than smaller farms. One of the

primary goals of the PRODEMATA program was the explicit orientation of

credit provisions and technical and extension assistance to smaller
farms. The success of the PRODEMATA program in accomplishing this may
be analyzed by viewing estimated efficiency measures by farm size.

For participant owned farms, the average technical efficiency
estimates were very similar in all farm size categories. A comparisoﬁ
with the estimated technical efficiencies of the corresponding cate-
gories for nonparticipant farms reveals that increases in technical
efficiency were relatively uniform across all farm sizes. It thus
- appears that not only was the PRODEMATA program been successful in
increasing the technical efficiency of participant farms, but also, that
these increases are fairly uniform for small farms as well as large.
| Examination of estiﬁated alloéative. efficiencies by farm size
indicates that participant farms have marginally lower allocative effi-
ciencies than nonpartiéipant farms for all farm owﬁed size categories.
Gencrally, the difference iq allocative effiéiency measures is about 10
percent. As mentioned previously, the lower allocative efficiency

measures are probably a manifestation-of participant farmers adapting to




new production practices and inputs. It is interesting to note however
that this occurance is fairly uniform in magnitude across various farm

sizes.

The estimated average technical efficiency of sharecroppers was

substantially higher than other owned farm categories in the participant

group and marginally higher in the non-participant group. This may be
attributable to the rather small numbers of participant sharecroppers.
However, an alternative explanatioh is plausible. For the most part
sharecroppers are part-—time farmers. Thus in contrast to owned farms
where labor 1is abundant, 1labor for sharecroppers is somewhat scarce.
There may therefore be a tendency to utilize labor as well as other
inputs more efficiently due to time constraints. Complementing this is
the fact that sharecroppers tend to face explicit market prices for
inputs whereas landowners face somewhat more implicit market prices for
some inputs (notably land and labor). The incentives to be technically

and allocétively efficient may therefore be somewhat greater for share-

croppers.

1

Summary and Conclusions

The use 6f agricultural credit programs as a policy tool for
improving ‘agricultural productivity and incomes of traditional farmers
has a long history. The effectiveness of such programs have been exten—
sively debated with no clear cdnsensus emerging. In 1976, the PRODEMATA
program was instituted in the Zona da Mata region of Brazil with the -
broad objective of inducing agricultural development.

The PRODEMATA program is somewhat unique in that credit provisions

were tied closely with technical services and extension activities. Not




only were the financial resources necessary to purchase modernized farm

inputs supplied, but also the technical expertise to utilize them pro-—

perly and efficiently was provided as well.

Estimates of technical efficiency for farms which participated in
the PRODEMATA program‘compared to those of nonparticibating farms indi-
cate that the program was successful as measured by technical efficiency .
gains. Generally, participant farms were three to. four times more
technically efficient than nonparticipant farms. Furthermore, the gains
in technical efficiency were fairly uniform for various farm sizes. The
PRODEMATA program appears to have been sﬁccessfgl in providing benefits
to small as well as large farms.

In general, participént farmers had estimated allocative efficien-
cies marginally lowgr than nonparticipant farmers. For both groups
however, the relatively high allocative efficiencies appear consistent
with Shultz' hypothesis that traditional farmers are allocatively effi-
cient.

The lower allocative efficiency estimates of participant farms is
likely to be a manifestation of learning to make marginal decisions with
respect to new.input sets. As familiarity with~new production practices
and inputs increases, allocative efficiency measures for participant
farms should increase.

A potential limitation to the' results of, this analysis is the
possibility that PRODEMATA was not really effective in improving techni-
cal efficiency. Rather, the results obtained were a manifestation of
the fact that better farmers tended to participate in PRODEMATA. On the
assumption that "better" farmers can be identified on the basis of

socio-economic factors, a discriminant analysis was conducted to evalu-




ate this chicken and egg dilemma.10 The apalysis indicated that indeed
the PRODEMATA was effective in increasing technical efficiency.

The results of this paper indicate that PRODEMATA program was
generally successful in increasing the technical efficiency of tradi-
tional farmers in the Zona da Mata region of Brazil. The extent to
which these increases were the result of credit provisions alone, or

technical and extension services alone is difficult to gauge. It seemsl

clear, however, that when these two functions are effectively combined,:

beneficial results can be obtained.




Footnotes

1Other less frequently used measures of technical efficiency have
been developed by Timmer (1971) and Fare and Lovell (1978).

ZIn‘ addition to the stochastic requirements above, .generalized
Farrell measures also require that the production function be strictly
monotone increasing, continuous and quasi-concave.

3For many common production function specifications, the reduced
forms of the implied cost function are known.

4Direct estimation of a frontier cost function for a fairly general
production technology was not possible due to inadequate price data.
Price data for the input measures were often not recorded in sufficient
detail or lacked sufficient variation within the sample.

A complete discussion of the data used in estimation is presented
in Gomez (1983).

6As shown by Schmidt (1976) many of the programming methods used to
obtain full frontier production functions are equivalent to maximum
likelihood estimators.  However, because the range of the disturbance
distribution is not independent of the parameters being estimated, the
regularity condition necessary to obtain statistically valid asymptotic
standard errors is violated.

7

Note that given the price vector P and output Yo’ c(y P)

’ a, a, o
- 1 2 3 ,r
= K PT PL PM YO

'81n ~order to validate direct single equation estimation of the

production frontiers, the behavioral assumption of expected profit
maximization is maintained.

o)

corresponds to the minimum cost of producing Y,

9Efficiency estimates were calculated from cost functions
constructed from the ML parameter estimates in Table 1. The input
prices used for land, labor and capital were CR$2780, CR$429.30 and
- CR$227.02 respectively. (see Gomez, 1984 for a morc detailed
discussion). All firms were assumed to face identical input prices.
Given the small size of the Zona da Mata, this assumption appears
reasonable.

IQA detailed discussion of the discriminant analy31s may be found

in Gomez (1983).
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Figure 1. Farrell Efficiency Measures




Table 1. Estimated frontier production function parameters for COLS and
maximum likelihood estimators

Variables

Estimator Intercept Land Labor Materials

COLS .
3.0897 0.0855 0.7099 0.2439

Participant (0.3433)2  (0.0512) (0.0945) (0.0525)

. cicinant 4.7873 0.1227  0.5822 0.2822
onparticipan (0.2221) (0.0381) (0.0617) (0.0357)

Maximum likelihood
3.3496) 0.0481 0.7948 0.2535

Participant (b) (0.0448) (0.0587) (0.0512) -

Nomparticioant 4.9950 0.09571  0.65965 0.2523
onparticipan (b) (0.0301) (0.0342) (0.0338)

8Asymptotic standard errors in parentheses.

bless than 107/.




Table 2. Summary measures for the estimated disturbance distributions

Group

Summary measure Participant Nonparticipant

8.3475 11.6493

A (0.8843) (1.0422)

- 16.3315 35.2710
' (1.7146) (3.1376)

Asymptotic efficiency ratio? 1.1396 1.0601

P

Skewness® 0.4949 0.3368
Degree of excess® 0.3674 0.1701

8Computed by

bComputed by

CComputed by




Table 3. Estimated average allocative and technical efficienqy by farm size and participation in
’ " the Prodemata Program®

Sharecroppers Farm Size (Hectare) All farms

Efficieny Index 0-10 10.01-50 50.01-100 >100

Technical efficiency
Partt cloant 0.394 . . . 0.202 0.185
articipan (.066)3 .012) . (. ©(.021)  (.006)

N s o t . 00071 fo . . 0.056 0.059
onparticipan | (.005) . . . (.007) (.003)

Allocative efficiency :
Participant 0.901 . . . 0.609 0.743
arscTpan (.047) . . G (.022)  (.008)

5 i cioant 0.880 . ] . 0.703 0.857
onparticipa (.020) . . ) (.0535)  (.016)

3Based on ML parameter estimates in Table 1.

bAsymptotic standard errors in parentheses.




