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TECHNICAL, ECONOMIC, AND ALLOCATIVE EFFICIENCY
IN PEASANT FARMING: EVIDENCE FROM
THE DOMINICAN REPUBLIC

Boris E. BRAVO-URETA
ANTONIO E. PINHEIRO

I. INTRODUCTION

HE agricultural sector has always been an important component of the
Dominican Republic’s economy. During the 1980s, agriculture accounted
for as much as 20 per cent of the gross domestic product (GDP), 45 per

cent of overall employment, and over 50 per cent of total foreign exchange earn-
ings. By contrast, during this period the manufacturing sector employed 20 per cent
of the labor force while contributing 15 per cent of GDP (U.S. Department of Ag-
riculture 1987; World Bank 1990).

A significant feature of Dominican Republic agriculture is the dual structure of
theland tenure system. Thisdual structure consists of largelatifundiosthat produce
traditional export crops (i.e., sugarcane and tobacco), and small peasant farms that
typically produce for subsistence and for local markets (i.e., beans, yucca, manioc,
corn, and rice). Data from the 1981 agricultural census reveals that 82 per cent of
the farms had less than five hectares, while the largest 1 per cent had more than two
hundred hectares and occupied 36 per cent of the total arable land (Greene and Roe
1990). Most of the remaining land was owned by the Dominican Agrarian Institute,
which is the government agency charged with land redistribution. This sharp con-
centration in landownership still remains, despite the implementation of an agrar-
ian reform process that began around 1962 and since 1976 has given the right to
farm to approximately 17 per cent of atotal of 400,000 landless families (Kaiser
1988).

A more recent feature of agricultural development in the Dominican Republic
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has been the expansion of nontraditional crops.* Income from these cropsincreased
by 87 per cent over the period 1976-84, and over the last decade, this type of farm
output has become an increasingly important component of agricultural exports
(Battese 1992; CEDOPEX 1985). The private agribusiness support of peasant
farms and recent policy efforts suggest that small operations can indeed benefit
from participating in nontraditional crop production and marketing. Williams and
Karen (1985) concluded that the introduction of nontraditional cropsin some areas
of the Dominican Republic resulted in a 38 per cent increase in employment, and
that the per capitaincome among small-scale farmersin these areaswasthreetimes
higher than the national average in 1983.

Itisimportant to emphasize that despite the potential benefits stemming from the
expansion of the nontraditional crop sector, the overall productivity of Dominican
agriculture remains low and the presence of the latifundio sector continues to be
significant. The poor performance of agricultureismost clearly evidenced by much
lower standards of living in rural areas compared to urban areas; thus, the largest
concentration of absolute poverty, illiteracy, and infant mortality is found in the
countryside (Quezada 1981).

There is considerable agreement with the notion that an effective economic de-
velopment strategy depends critically on promoting productivity and output
growth in the agricultural sector, particularly among small-scale producers.? Em-
pirical evidence suggests that small farms are desirable not only because they pro-
vide a source of reducing unemployment, but also because they provide a more
equitable distribution of income as well as an effective demand structure for other
sectors of the economy (Bravo-Ureta and Evenson 1994; Dorner 1975). Conse-
quently, many researchers and policymakers have focused their attention on the
impact that the adoption of new technologies can have on increasing farm produc-
tivity and income (Hayami and Ruttan 1985; Kuznets 1966; Schultz 1964; Seligson
1982). However, during the last decade, major technological gains stemming from
the green revolution seem to have been largely exhausted across the developing
world. This suggests that attention to productivity gains arising from a more effi-
cient use of existing technology is justified (Bravo-Ureta and Pinheiro 1993;
Squires and Tabor 1991).

The presence of shortfallsin efficiency meansthat output can be increased with-
out requiring additional conventional inputs and without the need for new technol -
ogy. If thisisthe case, then empirical measures of efficiency are necessary in order
to determine the magnitude of the gains that could be obtained by improving per-

1 Nontraditional crops consist primarily of export crops, excluding sugar, coffee, and tobacco, as
well as other cash crops used in the domestic markets, such asrice, corn, pigeon beans, tomatoes,
citrus, yucca, and Chinese vegetables (Oberg et a. 1985).

2 For an earlier analysis of therole of agriculturein economic devel opment, see Johnston and Mellor
(1961). For amore recent discussion, see Hayami and Ruttan (1985).
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formance in agricultural production with a given technology. An important policy
implication stemming from significant levels of inefficiency is that it might be
more cost effective to achieve short-run increases in farm output, and thusincome,
by concentrating on improving efficiency rather than on the introduction of new
technol ogies (Belbase and Grabowski 1985; Shapiro and Mller 1977).

The general objective of this paper is to assess the possibilities for productivity
gains by improving the efficiency of small-scale agriculture in the Dajabon region
of the Dominican Republic. Thisobjectiveis pursued first by estimating a stochas-
tic production frontier which provides the basis for measuring farm-level technical
(TE), economic (EE), and allocative (AE) efficiency. Then, a second step analysis
(Bravo-Ureta and Pinheiro 1993; Lingard, Castillo, and Jayasuriya 1983) is per-
formed where separate two-limit tobit equations for TE, EE, and AE are estimated
as afunction of various attributes of the farms/farmers in the sample. This study
has policy implications because it not only provides empirical measures of differ-
ent efficiency indices, but also identifies some key variablesthat are correlated with
these indices. In this fashion, we go beyond much of the published literature con-
cerning efficiency because most research in this area of productivity analysis fo-
cuses exclusively on the measurement of technical efficiency (Bravo-Ureta and
Pinheiro 1993).

Thefollowing isorganized into four sections. In Section I, we discuss the meth-
odological framework used in the analysis. Section |11 presents a brief description
of the data and of the empirical frontier production model used as the basis for
measuring farm-level efficiency. In Section 1V, we present the empirical measures
of efficiency along with the results of the two-limit tobit equations. The paper ends
with a section containing some concluding remarks.

. METHODOLOGICAL FRAMEWORK

Almost forty years ago, Michael Farrell (1957) introduced a methodol ogy to mea-
sure economic, technical, and alocative efficiency. In this methodology, EE is
egual to the product of TE and AE. According to Farrell, TE is associated with the
ability to produce on the frontier isoquant, while AE refersto the ability to produce
at a given level of output using the cost-minimizing input ratios (see Figure 1).
Alternatively, technical inefficiency is related to deviations from the frontier
isoquant, and allocative inefficiency reflects deviations from the minimum cost
input ratios. Thus, EE is defined as the capacity of a firm to produce a predeter-
mined quantity of output at minimum cost for a given level of technology (Farrell
1957; Kopp and Diewert 1982).

Over the last three decades, Farrell’s methodology has been applied widely,
while undergoing many refinements and improvements. The model used in this
paper is based on an extension advanced by Kopp and Diewert (1982) and further
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Fig. 1. Graphica Representation of Observed, Technicaly,
and Economically Efficient Cost Measures

Xz
<«—YTE
YTE=technically efficient isoquant
CTE=technically efficient cost
CEE=economically efficient cost
s NN COB=o0bserved cost
Xz 4 N — A
47 B
D <« COB
*_ © « CTE
<«—CEE
(6] X X1

Notes: 1. According to equation (2) kz, (i=2) in this figure, is equal to OX;*/OXz*.

2. According to equations (5), (6), and (7) TE, EE, and AE are equal

to: TE=OB/OA=CTE/COB, AE=OD/OB=CEE/CTE, and EE=TE - AE=
OD/OA=CEE/COB.

modified by Bravo-Ureta and Rieger (1990). To begin with, assume that a deter-
ministic production frontier is given by the equation

Y =9(%i; B), )

whereY] is the output of the jth farm, X;; istheith input used by farm j, and Bisa
vector of unknown parameters. To simplify the exposition, the subscript j is
dropped in what follows. From equation (1), it is possible to derive the technically
efficient input quantities (X)) for any given level of output Y, by solving simulta-
neously the following equations:

Y=9(X; P, 2
X/ X =k,

where k; istheratio of the observed level of inputs X; and X; (i > 1) at output Y.
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Next, assume that the production frontier in equation (1) is self-dual (e.g., Cobb-
Douglas) and that the corresponding cost frontier can be expressed as

C=h(P,Y; a), 3

where C isthe minimum cost to produce output Y, P isavector of input prices, and
a isavector of parameters. Applying Shephard’ s lemma, the system of minimum
cost input demand equations can be obtained by differentiating the cost frontier
with respect to each input price. This demand equation for the ith input (Xq4) is
equal to

0CIoP, = X4 =f(P, Y; ¢), 4

where @isavector of parameters. From the input demand equations we can obtain
the economically efficient input quantities, X, by substituting the firm’s input
prices P and output quantity Y into equation (4).

Thusfar we have solved for theinput bundles X, Xi;, and X. It isnow possibleto
calculate the cost of the actual or observed (COB) input bundle as > ; X(P;, while
the cost of the technically (CTE) and economically efficient (CEE) input combina-
tions associated with the firm’ s observed output are given by Y XioP; and Y Xi&IP;,
respectively. These cost measures are the basis for calculating TE and EE as fol-
lows:

TE= SX{P,/ $.X0P, = CTE/ COB, ©
and
EE = 3Xé1Pi / 3:X1P; = CEE / COB. ©

As aready mentioned, in the Farrell (1957) methodology, EE is equal to the prod-
uct of TE and AE; hence, equations (5) and (6) are used to calculate AE as:

AE = EE / TE = 3:X&P, / Y0P, = CEE / CTE. ©)

A graphical illustration of the various cost and efficiency measuresis presented
in Figure 1. For simplicity, output Y is expressed in terms of two inputs, X; and X..
L et point A be the combination of observed levels of inputs X; and X; (i.e., X;* and
Xz*) yielding observed output Y, for a given firm, and isoquant YTE be the techni-
cally efficient or frontier i soquant associated with output Y,. Theisocost lines COB,
CTE, and CEE reflect observed, technicaly efficient, and economically efficient
cost levels while points B and C are, respectively, the TE and EE combinations of
inputs X; and X, associated with output Y,. Theratio k from equation (2) isequal to
OX*/OX.*. This ratio insures that the technically efficient input quantities are on
the same ray out of the origin as the observed quantities, which is consistent with
Farrell’ s definition of TE.

The Kopp and Diewert (1982) approach is based on a deterministic frontier
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which imposes a limiting assumption that the entire deviation from the frontier is
due to inefficiency. Schmidt (1985-86), among others, has argued that efficiency
measures obtained from deterministic models are affected by statistical noise. For
thisreason, Bravo-Uretaand Rieger (1991) used a stochastic production frontier in
order to remove the random element from the efficiency component before deriv-
ing the various efficiency indices.

The stochastic production frontier can be written as

Y=1(X; B) + &, ©)

whereY, X, and 3 are as defined earlier. The essential idea behind the stochastic
frontier model isthat € isa“composed” error term (Aigner, Lovell, and Schmidt
1977; Meeusen and Van den Broeck 1977). Thisterm can be written as

g=v-u, 9

where v is atwo-sided (—o <v < o) normally distributed random error (vl N[O,
0.4) that captures the stochastic effects outside the farmer’ s control (e.g., weather,
natural disasters, and luck), measurement errors, and other statistical noise. The
term uisaone-sided (u = 0) efficiency component that captures the technical inef-
ficiency of the farmer. In other words, u measures the shortfall in output Y from its
maximum value given by the stochastic frontier f(X;; 8) + v. This one-sided term
can follow such distributions as half-normal, exponential, and gamma (Aigner,
Lovell, and Schmidt 1977; Greene 1980; Meeusen and Van den Broeck 1977). In
this paper, it is assumed that u follows a half-normal distribution (uCl N[O, 0,2]) as
typically done in the applied stochastic frontier literature. The two components v
and u are also assumed to be independent of each other.

The maximum likelihood estimation of equation (8) yields consistent estimators
for B, A, and o2, where 3 is avector of unknown parameters, A = 0./ 0., and 02 =
o2+ g2 Jondrow et a. (1982) have shown that inferences about the technical
inefficiency of individual farmers can be made by considering the conditional dis-
tribution of u given the fitted values of € and the respective parameters. In other
words, given the distribution assumed for v and u, and assuming that these two
components are independent from each other, the conditional mean of u given €is
defined by

f*(gAlo) _ gA
1-F*(gAlo) o

where 0,2 = 6,202/ @?, f* is the standard normal density function, and F* is the
distribution function, both functions being evaluated at A¢/o.

Consequently, by replacing €, o., and A by their estimates in equations (8) and
(20), we derive the estimates for v and u. Subtracting v from both sides of equation
(8) yields the stochastic production frontier

E(ulg) = o , (10)
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Y =f(X; B)—u=Y-v, (11)

where Y* is defined as the farm’ s observed output adjusted for the statistical noise
contained in v (Bravo-Uretaand Rieger 1991). Equation (11) isused to compute X
aswell asto derive the cost frontier. As described at the beginning of this section,
the cost frontier is then used to obtain the minimum cost factor demand equations,
which, in turn, become the basis for calculating the economically efficient input
levels Xie.

[1l. THE DATA AND THE EMPIRICAL PRODUCTION
FRONTIER MODEL

The data used in the econometric analysis reported in this paper comes from a
sample of small farmslocated in the Dgjabon region. The Dajabon region, situated
in the northwest corner of the Dominican Republic, was chosen for this study be-
causeit is one of the country’s poorest areas, where agriculture plays akey rolein
the local economy. Nontraditional agriculture has become increasingly prominent
in this area, since it supplies local markets, as well as markets across the Haitian
border and overseas. M ost importantly, nontraditional cropsare the primary source
of cash income for most of the small farmers in the region. Dagjabon is further
characterized by increasing population pressure on the land, low levels of invest-
ment in agriculture, and low average per capita income. During the last decade,
however, the Dominican Agrarian Institute has focused on increasing the output of
nontraditional crops in this region, due to the growing importance of markets for
these products (Pinheiro 1992).

During the spring of 1988, a survey was conducted on arandom sample of small
farms located in Dgjabon. After discarding afew incomplete records, a sample of
sixty farms remained for analysis. Farm size in the sample ranges from 8 to 185
tareaswith amean of 43.13 tareas.® Of the sixty farms, forty are private farms and
the other twenty are farm units that were created in the 1970s as a result of the
agrarian reform process. Farmersthat are not beneficiaries of the Agrarian Reform
Program either rent or own their land. In contrast, the agrarian reform units are
managed by the individual farm families, but they do not own the land.

At the time of the study, 2,498 of the total 2,588 tareas making up the sixty
farmswere under cultivation. The production of corn and yuccatook up 42 per cent
of the cultivated land. Rice, manioc, gandules (pigeon beans), and red beans were
the main crops occupying the remainder of the arable land. The production of ba-
nanas, potatoes, Chinese eggplant, bitter melon, and pineapple, athough common,
were |less significant.

3 1lacre=6.15tareas; 1tarea = 0.162 acres; 1 tarea = 0.0648 hectares.
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TABLE |

ORDINARY LEAST SQUARES (OLS) AND MAXIMUM LikeLIHOOD (ML) PARAMETER ESTIMATES
BASeED ON A SAMPLE OF SIXTY SMALL FARMERS FROM DAJaBON

Variable Mean OLS Estimates ML Estimates
(Std. Dev.) (Std. Error) (Asymp. Std. Error)
Intercept — 4.867%** 5.148***
(0.516) (0.641)
Land (X1) 47.80 0.359*** 0.357***
(53.56) (0.119) (0.117)
Labor (Xy) 729.90 0.159** 0.156**
(801.70) (0.079) (0.079)
Fertilizer (Xs) 7.70 0.059%** 0.057%**
(19.90) (0.018) (0.017)
Tools (X4) 30.60 0.037*** 0.037***
(34.70) (0.013) (0.013)
Seeds and draft 887.50 0.164** 0.169**
power (Xs) (1,625.70) (0.071) (0.069)
Function coefficient — 0.778 0.777
F-statistic model — 29.38*** —
F-statistic CRTS? — 6.22** —
Adjusted R? — 0.71 —
A — — 0.975
o? — — 0.517**
(0.221)
Log likelihood — — 34.36

a CRTS= constant returnsto size.
***  Gignificant at the 0.01 level.
**  Significant at the 0.05 level.

The model chosen to perform the efficiency analysis can be expressed in general
form as

Y = £(Xq, Xz, Xa, Xa, Xs), (12)

where Y is output and the X' s are inputs. A more detailed definition of these vari-
ablesis given below, while descriptive statistics are presented in Table .

The output variable in equation (12), Y, isthe farm value of all crops produced.
The variable X; includes all cultivated land, X, includes family and hired labor
measured in worker-days, Xs represents fertilizer measured in 100 pound units
(cwt), X, correspondsto total expenditures on small farm toolsfor the year, and Xs
is the value of seed and draft power used in the production process. The explana
tory variablesincluded in this model have been commonly used in estimating agri-
cultural production frontiers for developing countries (Belbase and Grabowski
1985; Kalirgjan 1981, 1984; Kalirgjan and Flinn 1983; Kaliragjan and Shand 1985;
Phillips and Marble 1986; Rawlins 1985; Taylor and Shonkwiler 1986; Taylor,
Drummond, and Gomes 1986).
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The Cobb-Douglas functional form is used to specify the stochastic production
frontier, which is the basis for deriving the cost frontier and the related efficiency
measures.* Despite its well-known limitations, the Cobb-Douglas is chosen be-
cause the methodology employed requires that the production function be self-
dual. It isaso worth stating that this functional form has been widely used in farm
efficiency analyses for both developing and developed countries.® The specific
model estimated is given by

5
InY =1nA+ > BInX + ¢, (13)
i=1
where A and 3 are parameters to be estimated (i = 1, ..., 5), € is the composed

error term, and Y and the X, variables are as defined earlier.
IV. EMPIRICAL RESULTS

Based on the model discussed in the previous section, Table | presents ordinary
least square (OLS) and maximum likelihood (ML) estimates of the production
function parameters. The OLS function provides estimates of the “average” pro-
duction function, while the ML model yields estimates of the stochastic production
frontier. The similarities of the slope parameters across equations confirm that the
frontier function represents a neutral upward shift of the average production func-
tion. These results are consistent with the findings of Bravo-Ureta and Evenson
(1994) and Bravo-Ureta and Rieger (1990). Moreover, al parameter estimates are
statistically significant at the 1 per cent level for the two models with the exception
of the parameters for labor (Xz), and seeds and draft power (Xs), both of which are
significant at the 5 per cent level.

The function coefficient, which measures the proportional change in output
when all inputsincluded in the model are changed in the same proportion, is given
in Table| for the two eguations. The function coefficient for both the OLS and ML
estimatesis approximately 0.78, which indicates that returnsto size are decreasing.
Restricted least squares regression was used to formally test the null hypothesis of
constant returnsto size. The computed F statistic is6.22, which exceedsthe critical
F value of 4.02 at the 5 per cent level of significance. Consequently, the null hy-
pothesis of constant returns to size was rejected.

4 The use of asingle equation model isjustified by assuming that farmers maximize expected profits
(Bravo-Ureta and Rieger 1990; Caves and Barton 1990; Kopp and Smith 1980; Zellner, Kmenta,
and Dreze 1966).

5 Support for this statement can be found in the reviews of the empirical literature recently com-
pleted by Battese (1992), and by Bravo-Ureta and Pinheiro (1993). Moreover, recent work sug-
geststhat the choice of functional form might not have asignificant impact on measured efficiency
levels (Ahmad and Bravo-Ureta 1996; Good et al. 1993).
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TABLE I
FREQUENCY DISTRIBUTION OF TECHNICAL, ALLOCATIVE, AND Economic EFriciENCY

Technical Allocative Economic

Efficiency Efficiency Efficiency Efficiency
0
) No.a %pb No.a %pb No.2 %b

>85 0 0 0 0 0 0
>80<85 9 15 3 5 0 0
>75<80 11 18 4 7 0 0
>70<75 11 19 4 7 0 0
>65<70 13 22 2 3 0 0
>60< 65 6 10 2 3 3 5
>55<60 4 6 3 5 2 3
>50<55 4 6 8 13 4 7
>45<50 1 2 4 7 3 5
>40<45 1 2 3 5 5 8
>35<40 0 0 6 10 8 13
>30<35 0 0 4 7 6 10
>25<30 0 0 6 10 5 8
>20<25 0 0 2 3 10 17
>15<20 0 0 4 6 4 7
>10<15 0 0 4 6 6 10
<10 0 0 1 2 4 7
Mean (%) 70.0 44.0 310
Minimum (%) 42.0 9.5 53
Maximum (%) 85.0 84.0 62.0

a The number of farms.
b The percentage (rounded) of total farms.

The ratio of the standard error of u (gy) to the standard error of v (o), known as
lambda (A), is 0.97. Based on A, we can derive gamma (y) which measures the
effect of technical inefficiency in the variation of observed output (y=A?/[1 + A7
= 0,2/ 0/%). The estimated value of yis 0.49, which means that 49 per cent of the
total variation in farm output is due to technical inefficiency.

The cost frontier dual to the production frontier shown in Tablel is

InC = 0.005 + 0.459InP; + 0.200InP; + 0.074InP; + 0.048InP,
+ 0.218InPs + 1.286InY*,

where C is the cost of crop production per farm measured in Dominican pesos
(RD$9); P is the average rent per tarea of land in the Dajabon region which was
determined to be RD$25.00; P, isthe average daily wage rate which is estimated at
RD$6.00; P; is the average price of a 100 pound unit of fertilizer estimated at
RD$20.00; P, isthe average price of farm tools set at RD$1.10 for each RD$1.00,
implying an operating capital cost of 10 per cent per annum; Ps represents the price
of seeds and draft power set at RD$1.05, reflecting the cost of capital for six

(14)



58 THE DEVELOPING ECONOMIES

TABLE Il
EmPIRICAL ESTIMATES OF EFFICIENCY FROM STOCHASTIC PRODUCTION FRONTIERS
Author Country Product -(I;E)) '(A(‘)E) (EOE)
This Study Dominican Crops 70 14 31
Republic
Bagi (1982) India Rice 93 — —
Bravo-Uretaand Paraguay Cotton 58 70 40
Evenson (1994) Cassava 59 88 52
Huang and Bagi (1984) India Whole 89 — —
farm
Hussain (1989) Pakistan Crops 69 43 29
Kalirgjan (1981) India Rice 67 — —
Kalirgjan (1984) Philippines Rice 63 — —
Kalirgjan and Flinn (1983) Philippines Rice 80 — —
Kalirgan and Flinn (1983) Philippines Rice 50 — —
Kalirgjan and Shand (1986) Malaysia Rice 67 — —
Phillips and Marble (1986) Guatemala Maize 75 — —
Rawlins (1985) Jamaica Crops 73 — —
Taylor and Brazil Whole 71 — —
Shonkwiler (1986) farm

months; and Y* isthetotal farm output measured in Dominican pesos and adjusted
for any statistical noise as previously specified in equation (11).

The results derived from the econometric estimation of equation (13) indicate
that technical efficiency (TE) indices range from 42 to 85 per cent for the farmsin
the sampl e, with an average of 70 per cent (Tablell). Thismeansthat if the average
farmer in the sample was to achieve the TE level of its most efficient counterpart,
then the average farmer could realize an 18 per cent cost savings (i.e., 1 — [70/85]).
A similar calculation for the most technically inefficient farmer reveals cost sav-
ings of 50 per cent (i.e., 1 — [42/85]). The mean allocative efficiency of the sample
iS44 per cent, with alow of 9.5 and ahigh of 84. The combined effect of technical
and allocative factors shows that the average economic efficiency level for this
sample is only 31 per cent, with alow of 5.3 per cent and a high of 62 per cent.
Thesefiguresindicatethat if the average farmer in the sample wereto reach the EE
level of its most efficient counterpart, then the average farmer could experience a
cost savings of 50 per cent (i.e., 1 — [31/62]). The same computation for the most
economically inefficient farmer suggests a gain in economic efficiency of 92 per
cent (i.e,, 1 — [5.3/62]). In sum, it is evident from these results that EE could be
improved substantially, and that alocative inefficiency constitutes a more serious
problem than technical inefficiency.

To provide a basis of comparison for the efficiency measures just discussed,
Table 111 presents average efficiency indices reported in other studies that have
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estimated stochastic production frontiers using farm data from developing coun-
tries. Asthe data shows, the 70 per cent mean TE found in this study isin line with
the findings reported by others. Table Il also shows the few estimates of AE and
EE that have been reported in the literature. The 44 per cent average AE found in
this paper is very close to the 43 per cent figure reported by Hussain (1989) for a
sample of wheat and maize farmers in Pakistan. By contrast, Bravo-Ureta and
Evenson (1994), in their analysis of Paraguayan peasant farms, reported higher
estimates of AE (70 and 88 per cent). In addition, the average EE level of 29 per
cent reported by Hussain (1989) is very close to the 31 per cent average EE found
inthispaper. Again, the EE estimates reported by Bravo-Uretaand Evenson (1994)
are higher than those found here.

As aready established, EE is composed of AE and TE. Therefore, economic
inefficiency arises from a combination of the technical and allocative components.
For policy purposes, it is useful to identify the sources of these inefficiencies,
which can be done by investigating the relationship between farm/farmer charac-
teristics and the computed TE and AE indices separately. The association between
EE and these same characteristics can also be ascertained directly. To delve deegper
into this matter, and following what is known in the literature as “second step”
estimation (Bravo-Ureta and Pinheiro 1993), the following models are estimated:

EFFIC = f(CONT, REF, SIZE, SCHOOL, AGE, PEOP), (15)

where EFFIC is, aternatively, the natural logarithm of farm-level TE, AE, or EE.
All variables in equation (15), with the exception of PEOP, are dummy variables
and are defined as follows: CONT is equal to one for those farmers producing any
crop under contract with an agribusiness firm and zero otherwise; REF is equal to
oneif theindividual producer isan agrarian reform beneficiary and zero otherwise;
SZE isequa to one for medium-size farms, which are those that have between 50
and 100 tareas, and zero otherwise; SCHOOL is equal to one if the producer has
four or more years of schooling and zero otherwise; and AGE is equal to one for
younger farmers, who are those | ess than twenty-five years of age, and zero other-
wise. The last explanatory variable, PEOP, is the natural logarithm of the number
of peoplein the household including the household head. The variablesincludedin
equation (15) are those usually incorporated in analyses of this type (Belbase and
Grabowski 1985; Bravo-Ureta and Evenson 1994; Huang and Bagi 1984; Hussain
1989; Kalirgjan and Flinn 1983; Squires and Tabor 1991).

The models for TE, AE, and EE in equation (15) are estimated separately using
the two-limit tobit procedure, given that the efficiency indices are bounded be-
tween 0 and 100 (Greene 1991; Hossain 1988). The models were also estimated
using the seemingly unrelated regression (SUR) procedure. However, to obtain
statistical efficiency gainsusing the SUR procedureit is necessary to have different
regressors in the various equations (Judge et a. 1988). Unfortunately, there is no
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TABLE IV

Two-LimiT TosiT EQuaTions FOr TecHNICAL (TE), ALLocAaTiVE (AE), AnD Economic (EE)

EFFICIENCY FOR A SAMPLE OF SIXTY SMALL FARMERS FROM DAJABON

_ Mean TE AE EE
Variable (Std. Dev.) Parameter Parameter Parameter
’ : (Std. Error) (Std. Error) (Std. Error)
Intercept — 4.145%** 3.288** 2.828***
(0.042) (0.131) (0.137)
CONT 0.566 0.047 0.566*** 0.613***
(0.50) (0.033) (0.103) (0.108)
REF 0.333 0.040 0.230*** 0.270**
(0.48) (0.036) (0.112) (0.117)
SZE 0.200 0.024 0.516*** 0.541***
(0.40) (0.042) (0.1312) (0.137)
SCHOOL 0.700 0.072** -0.114 -0.043
(0.46) (0.036) (0.114) (0.111)
AGE 0.017 0.206* 0.695* 0.901**
(0.13) (0.128) (0.405) (0.422)
PEOP 1.184 0.007 —-0.043* -0.036
(2.23) (0.008) (0.024) (0.025)
Log-likelihood — 40.2 -28.7 -31.2

***  Ggnificant at the 0.01 level.
**  Significant at the 0.05 level.
*  Significant at the 0.10 level.

theoretical basis for deciding which variables should be included in the different
efficiency eguations. Nevertheless, arbitrary choices were made in this regard and
several experiments were performed to generate SUR estimates. This preliminary
analysis revealed that the estimates obtained from the two-limit tobit models were
similar to those obtained from the SUR experiments. Hence, the discussion that
follows focuses on the results obtained from the two-limit tobit models.
According to the results of the second step regressions, presented in Table 1V,
CONT has a positive and highly significant impact on both EE and AE, while the
effect on TE is aso positive but not significant. This finding is consistent with
Glover’s argument (1984) that contract farming can be very valuable for small-
scale operations, because it facilitates access to markets and increases income and
employment for growers. In addition contract production with an agribusiness firm
provides farmers with a secure market for their crops as well as some technical
assistance (Oberg et al. 1985). Furthermore, contract farming may improve
allocative or price efficiency, and thereby economic efficiency, by reducing risk.
REF was found to have a positive and statistically significant connection with
both EE and AE. The association with TE is also positive, but nonsignificant. A
positive coefficient for the REF variable suggeststhat the reform processisdirectly
related to productivity, probably because beneficiaries have better accessto exten-
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sion personnel, nonformal education, and technical information. These results are
also in line with the notion that local organizations that typically emerge in an
agrarian reform process can lead to improvements in resource allocation (Dewalt
1979; Meyer 1989; Seligson 1982).

The positive and statistically robust relationship between SZE and EE and AE
supports the notion that medium-size farms (50 to 100 tareas) have an efficiency
advantage over the other farms in the sample (less than 50 or more than 100
tareas). The link between efficiency and farm size has been the subject of much
discussion in the literature (Berry and Cline 1979). However, only a few studies
using frontier function methodology have investigated this issue in developing
country agriculture, but most have found no statistically significant correlation be-
tween size and technical efficiency (Bravo-Ureta and Evenson 1994; Huang and
Bagi 1984; Kalirgjan 1991; Ray 1985; Squires and Tabor 1991). By contrast, in a
non-frontier analysis, Kaiser (1988) found that large farms in the Dominican Re-
public had higher EE than small farms.

Formal education, commonly measured in years of schooling, is the farmer at-
tribute that seems to have received most of the attention in the frontier function
efficiency literature. Theresults of these studies, which have focused almost exclu-
sively on TE, reveal that the association between schooling and individual farm TE
is quite mixed. Various studies have found a positive connection (Belbase and
Grabowski 1985; Kalirgjan and Shand 1986; Phillips and Marble 1986), while sev-
eral others have reported no statistically significant relationship between these two
variables (Bravo-Ureta and Evenson 1994; Kalirgan 1984, 1991; Kalirgjan and
Shand 1985; Phillipsand Marble 1986).° Theresults presented in Table 1V reveal a
positive and statistically significant correlation between SCHOOL and TE, while
the coefficient for this regressor in the EE and AE equations are negative and non-
significant. Therefore, these resultsindicate that farmerswith four or more years of
schooling exhibited higher levels of TE, but, surprisingly, this association does not
carry to the EE eguation.

The results concerning AGE suggest that farmers under twenty-five years of age
have higher levels of TE, EE, and AE. Of all the variables considered in the second
step analysis, AGE is the only one that has uniformly the same sign and is statisti-
caly significant in all three efficiency equations. These results are consistent with
the findings of Kalirgjan and Flinn (1983), Kalirgjan and Shand (1985), Belbase
and Grabowski (1985), and Bravo-Ureta and Evenson (1994). According to
Hussain (1989), older farmers are lesslikely to have contacts with extension agents
and are less willing to adopt new practices and modern inputs. Furthermore,
younger farmers are likely to have some formal education, and therefore might be

6 For additional evidence see Bravo-Uretaand Pinheiro (1993), Kalaitzandonakes and Dunn (1995),
and Kalirgjan and Shand (1985).



62 THE DEVELOPING ECONOMIES

more successful in gathering information and understanding new practices, which
in turn will improve their economic efficiency through higher levels of TE and/or
AE.

The last variable included in the tobit equations is the number of people in the
household, PEOP, which was found to have a negative and significant correlation
with AE. This result suggests that larger households might utilize family labor be-
yond the point where the marginal value product of labor is equal to the wage rate.
By comparison, the coefficients for PEOP in the TE and the EE equations are posi-
tive and negative, respectively, but statistically nonsignificant in both cases.

An interesting implication emerging from the second step analysis is that im-
provementsin allocative efficiency offer ahigher potential, compared to technical
efficiency, for enhancing economic efficiency. From a policy perspective, contract
production, farm size, and agrarian reform status are the variables found to be most
promising for improvements in economic efficiency, primarily through gains in
allocative efficiency.

With regard to agrarian reform, in this age of market-oriented policies, it is
somewhat difficult to recommend the enactment of land redistribution schemesto
foster gains in economic efficiency. However, it is reasonable to argue that the
greater AE reached by agrarian reform beneficiaries, relative to those peasant farm-
ersin the samplethat were not beneficiaries, might be dueto technical and manage-
rial assistance, as well as to better access to information, which sometimes are
components of agrarian reform processes. If so, thisresult would be consistent with
several other studiesthat have found a positive connection between farm-level ef-
ficiency and the availability of extension services and access to information
(Bravo-Uretaand Evenson 1994; Kalirgjan 1981, 1984, 1991; Kalirgjan and Flinn
1983; Kalirgjan and Shand 1986; Ray 1985; Shapiro and Mller 1977). In fact, the
positive associ ation between extension and efficiency appearsto be the most robust
finding in the farm efficiency literature focusing on devel oping country agriculture
(Bravo-Uretaand Pinheiro 1993). Consequently, the analysisis consistent with the
notion that public investment geared to improving the provision of managerial sup-
port and the dissemination of information to peasant farmers via extension pro-
grams or other forms of nonformal education are likely to lead to higher levels of
efficiency.’

V. CONCLUDING REMARKS

This paper has presented measures of technical, alocative, and economic effi-
ciency for asample of sixty peasant farmersin the Dajabon region of the Domini-

7 A rationae for the public funding of extension services can be found in Birkhaguser, Evenson, and
Feder (1991).
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can Republic. Maximum likelihood techniques were used to estimate a Cobb-Dou-
glas production frontier, which was then used to derive its corresponding dual cost
frontier. These two frontiers are the basis for deriving farm-level efficiency mea-
sures.

The analysis reveals average levels of technical, allocative, and economic effi-
ciency equal to 70 per cent, 44 per cent, and 31 per cent, respectively. Theseresults
suggest that substantial gains in output and/or decreases in cost can be attained
given existing technology. The results also point to the importance of examining
not only TE, but also AE and EE when measuring productivity. We would like to
point out that despite the role that higher efficiency levels can have on output,
productivity gains stemming from technological innovations remain of critical im-
portance in agriculture. Hence, research efforts directed toward the generation of
new technology should not be neglected.

In a second step analysis, relationships between TE, AE, and EE, and various
attributes of the farm and farmer were examined. The second step analysis relied
ontwo-limit tobit regression techniquesto estimate three separate equations, where
TE, AE, and EE were expressed as functions of six farm/farmer characteristics:
contract farming, agrarian reform status, farm size, schooling, producer’s age, and
household size. The results show that younger, more educated farmers exhibited
higher levels of TE. In addition, it was found that contract farming, medium-size
farms, and being an agrarian reform beneficiary have a statistically positive asso-
ciation with EE and AE. By contrast, the number of people in the household has a
negative association with AE. Y ounger farmers are found to have uniformly higher
levels of TE, AE, and EE than their older counterparts.

An important conclusion stemming from the analysis of our sample of Domini-
can Republic peasant farmersisthat AE appearsto be more significant than TE asa
source of gainsin EE. From apolicy point of view, contract production, farm size,
and agrarian reform status are the variables found to be most promising for action.
Theanalysis suggeststhat policymakers should foster the devel opment of medium-
size farms, while promoting contract arrangements between peasant farmers and
agribusinesses. Concerning agrarian reform, we argue that the statistically signifi-
cant positive relationship between AE and being an agrarian reform beneficiary is
likely aresult of better access to managerial assistance and to information. If thisis
the situation, then our analysis supports the argument for public sector involvement
in the provision of information to peasant farmers asameansto improve efficiency
levels, and thus household incomes.

Asisthe case with any empirical study, the findings reported in this paper should
be interpreted with caution. The model used in the analysis does not incorporate
several factors that might influence efficiency such as risk, market imperfections,
cash constraints, and social status. Finaly, it isworth emphasizing that thisstudy is
one of the few that has measured and attempted to explain the variationin TE, AE,
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and EE. Most studies concentrate on the measurement of TE and a few have gone
onto explainitsvariation. One notable exception is the recent work by Ferrantino,
Ferrier, and Linvill (1995). It seems clear from their work, and from the analysis
presented in this paper, that additional methodological and empirical efforts are
needed to improve our understanding of the determinants of the various efficiency
indicators.
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