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ABSTRACT

This paper uses stochastic production frontiers (SPF) and stochastic distance frontiers (SDF) to measure technical efficiency for a
sample of dairy farmsin Abasto Sur, Argentina. The datais a highly unbalanced panel including 46 farmers from 1997/98 to 2001/02
with atotal of 82 observations. Four alternative models based on the Battese and Coelli framework are evaluated. Average technical
efficiency across the four models ranges from 67.2% to 88.4% while the correlation coefficient for technical efficiency scores ranges
from 0.632 to 0.976. Thereissignificant technological regress, with an annual average of 16.8% and 17.7% for the two “best” models.
The results indicate that alternative specifications can have a significant impact on the results, specifically on mean efficiency figures.
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INTRODUCTION

The current critical situation facing the Argentine dairy sector
isin sharp contrast with the favorable conditions enjoyed during
most of the 1990s. A magjor restructuring of the dairy farm sector
inthe early 1990sled to significant gainsin milk output accompanied
by a 6% average productivity growth rate between 1992 and 1999.

However, as 1998 unfolded prices received by farmers started to
drop and reached an annualized rate of decline equal to 16.6 % by
the end of 2000. In addition, due to the recent economic problems
in Argentina, crop production has become substantially more
profitable than dairying. This has caused many Argentine dairy
farmersto reduce grain and silage feeding, and return to a pasture-
based system, which has had adverse effects on milk production
and returns (Dobson, 2003). The deterioration and instability in
farm returns has brought agreat deal of uncertainty among producers
making it very difficult for them to make business decisions.

The province of Buenos Aires plays an important role in the
national production of milk representing approximately 27.8% of
total output. Within this province, the Abasto Sur Region accounts
for over 15% of the dairy farms and over 21% of total milk output
in the province. Thisregion is particularly sensitive to adverse
market conditions because the prevailing production systems are
intensive and highly specialized, compared to other dairy regions,
thus making shifts to a different output mix more difficult. Also,
this region tends to have higher average cost of production than
other milk producing areas. Under these circumstances, attaining
high levels of efficiency are of critical importance if farms are to
remain in the dairy business and prosper (Arzubi and Berbel, 2002).

Technicd efficiency measuresfor dairy farms have been reported
for many countriesin awide range of studies. However, efficiency
analyses for Argentina are rare and thus one purpose of this paper
isto contribute to this limited literature. In addition, most of the
studies that estimate technical efficiency at the farm level consider
a single output frontier model. However, dairy farms, even in
intensive systems, have several outputs (e.g., milk, meat, grains).
Thisis evident from the extensive meta-analysis of the dairy farm
efficiency literature in Moreira L épez (2006).

Fortunately, recent advances make it possible to accommodate
multi-output multi-input technologiesin aprimal framework through
the use of distance frontiers.

The purpose of this paper isto estimate technical efficiency for
amulti-output technology using stochastic distance frontiers (SDF).
Furthermore, we compare the results obtained from the SDF
specification with those obtained from stochastic production frontiers
(SPF) where output isequal to the sum of the grossreturns generated
from both milk and meat revenues. For this purpose, an unbalanced
panel datafor asample of dairy farmsin Abasto Sur, Argentinais
used.
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The paper is structured asfollows: the second section discusses
the SPF and the SDF models for unbalanced panel data; the third
section presents the data and empirical models followed by a
discussion of the results; and the last section contains some
concluding remarks.

METHODOLOGY

Sochastic Production Frontier (SPF). Several papers using
panel data for dairy farms focusing on technical efficiency
measurement have been published. Studies using deterministic
frontier models include the work by Bravo-Ureta (1986), Arias
and Alvarez (1993), Turk (1995), Hallam and Machado (1996),
Piesse, Thirtle and Turk (1996), Alvarez and Gonzéez (1999),
and Maietta (2000). Applications of stochastic production frontiers
to farms using panel datainclude the papers by Battese and Coelli
(1988), Bailey et al. (1989), Heshmati and Kumbhakar (1994),
Kumbhakar and Heshmati (1995), Ahmad and Bravo-Ureta (1995
and 1996), Reinhard, Knox and Thijssen (1999), Cuesta (2000),
and MoreiraLépez et a. (2006).

The stochastic production frontier model used in this study
follows the Battese and Coelli framework (1992 and 1995), which
has gained considerable popularity in recent years. According
to Battese and Coelli (1992), the stochastic frontier production
function can be written as:

Yit =exp (Xjt + Vig-Upp),

where Y;j; denotes the output for the i-th farm in the t-th time
period; x;; denotes a (1xK) vector of inputs and other explanatory
variables for the i-th farm in the t-th time period: f is a (Kx1)
vector of unknown parameters to be estimated; vj; is a random
error assumed to follow a normal distribution with mean zero
and constant variance (v; ~ iid N(0, cr;) and u;; is a non-
negative unobservable ranaom error associated with technical
inefficiency of thei-th farm.

Following Battese and Coelli (1992), u;; can be defined as:
uy = {exp[-n(t—T)}u,,

where h is an unknown scalar to be estimated. Technical
efficiency increases, remains cpnstant or decreases over time,
when the value of /7 >0, /7-00r /1< Qrespectively.

The uj; term can have different specifications. Two frequently
used specifications are the non-negative truncation of anormal
distribution with mean M and constant variance (1 ~ iid
IN(u, ¢2)/) and the half normal distribution

(1; ~ iid /N(0, c})/).
Codlli et al. (2005) suggest that the choice of a more general

distribution, such as the truncated-normal distribution, is usually
preferable. However, thisis ultimately an empirical issue and,
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therefore, in this paper the truncated-normal distribution istested
against the half-normal.

Kumbhakar, Ghosh and McGuckin (1991) and Reifschneider
and Stevenson (1991) proposed stochastic frontier models in
which the inefficiency effects (uj) are expressed as an explicit
function of avector of firm-specific variables and arandom error.

Battese and Codlli (1995) introduced a model that is equivalent
to the Kumbhakar, Ghosh and McGuckin (1991) specification,
but relaxes some conditions concerning profit maximization and
accommaodates panel data.

Sochastic Distance Frontiers (SDF). Although the SPF has
been widely used in the literature, a major limitation is that it
only allows a single output. To overcome this issue, recent
literature has introduced the SDF approach, which can
accommodate multi-input multi-output technologies (e.g., Codlli
and Perelman, 1996, 1999 and 2000).

The output-oriented distance frontier measures how output
can be proportionally expanded holding inputs constant while
remaining on the feasible production region. By contrast, the
input-oriented distance frontier measures by how much the input
vector can be proportionally contracted holding the output vector
constant while operating on the feasible production region (Coelli,
Rao and Battese,1998; Coelli and Perelman, 1999) . This paper
will only focus on the output-oriented distance frontier.

Following Coelli and Perelman (1996) and Coelli, Rao and
Battese (1998), if producers use a vector of n inputs to produce
m outputs, then the output-oriented distance frontier is defined
asfollows:

D (x,y)=min{f : (/6) € P(x)},

where P(x) is the set containing all output vectorsy that are
producible using x.

From an applied perspective, to computethe SDF it is necessary
to specify an algebraic form to represent the rel ationship between
inputs and outputs. Consistent with the Coelli and Perelman
(1996) approach, a Cobb-Douglas output-oriented distance frontier
(DO) can be expressed as:

M1 K
InD (x, y.0)—Iny,, = £, + Zﬁm Inz 4 Zﬁk Inx,, .
me=l k=1

)14

where ymisthe production level of output mand X is the quantity
of the k-th input used by firmi in time period t.

Lovell et al. (1995) indicate that in order to qualify as an
output-oriented distance frontier equation (4) must fulfill the
following regularity conditions. symmetry, monotonicity, positive
linear homogeneity, non decreasing and convex in outputs (y),
and decreasing ininputs (X). The convexity condition isimportant
to ensure that the distance frontier displays diminishing marginal
rates of technical substitution.
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The homogeneity restriction can be empirically imposed by
normalizing all outputsin the function by an arbitrary output (e.g.,
y1), which yields the following (Lovell et al. 1994):

M-1
lnl)ﬁo(x’y’ t) - ﬁo o Zﬁm lnymif.
m=l

X
+> B Inx,., .
Vi Mt ; z

Equation (5) can be rewritten as:

M-1 K
lnl:)x'? eyt —lny, =G4, + Zﬁm lnym + Zﬁk Inx,, .
wel 1 =l
The level of inefficiency in the SDF can now be estimated by
introducing the notion of a stochastic frontier (SF) into equation
(6). Inthis manner, the distance from each observation to the SDF
can be defined as inefficiency, which can be expressed as
—InDﬁ = U, (Coelli and Perelman, 1996) After appending a
symmetric error term (Vi) to equation (6), the normalized TL output-
oriented distance frontier can be rewritten as:

M K
V..
- lnylx'z =0+ Zﬁm T4 Z/Bk lnxhz TV, T U,
=l k=1

iz

The maximum likelihood estimation of equation (7) will produce
unbiased parameters and efficiency estimates for the stochastic
output distance frontier.

Determinants of Inefficiency. The literature indicates that technical
efficiency measures can be sensitive to the treatment given to the
inefficiency term in stochastic frontier models (Wadud and White,
2000). Accordingly, the SPF and SDF models are estimated in this
study with and without inefficiency effects, following the Battese
and Coelli (1995) approach. The Battese and Coelli (1995)
specification may be expressed in the same way asin equation (1),
but now the u;; are non-negative random variables which are
assumed to account for technical inefficiency in production and to
be independently distributed as truncations at zero of the
N(m S 2) distribution, and mt is: mi'[: Zitd1

where zt is a (px1) vector of variables which may influence the
efficiency of afirm (e.g., age and level of education of the farmer,
farm size, and location, among others), and d is an (1xp) vector
of parametersto be estimated.

The estimation of the technical efficiency is slightly different
between the SPF and SDF approaches. In the former case, technica
efficiency for the i-th farm is given by TE=exp(-ui), where u; is
specified in equations (1) and (2) (Battese and Coelli, 1995). In
the second case, the predicted value of the output distance for the
i-th firm is given by DO = exp(-ui), where uj is specified in equation
(7) (Codlli and Perelman, 1996). In both cases, uj cannot be
measured directly because it only appears as part of the composed
error term. Battese and Coelli (1988) and Jondrow et al. (1982)
proposed a solution to this problem by modifying the conditional
expectations of exp(-u;) given the composed error term of the
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stochastic model (Battese and Coelli, 1995; Coelli and Perelman,
1996). All calculations can be done using the FRONTIER 4.1
software, which yields maximum-likelihood estimates for
theparameters of the stochastic frontier model (Coelli, 1996).

Considering the above specifications, it is of interest to test if
technical inefficiency is present in the model. Thisisequivalent
to the null hypothesis that y=0. The parameter y, which must lie
between 0 and 1, is equal to theratio of the variance of the one
sided error term to the total variance or g=S2/(S2+5s?)
(Battesse and Corra, 1977). The null hypotheses that the technical
inefficiency effectsare timeinvariant (H; h=0) and that they
have a half-normal distribution (H,; m=0) , are also tested.

Finaly, in this paper, we attempt to account for the impact of the
specification of the efficiency effects.

DATA AND EMPIRICAL MODEL

Table 1 shows the descriptive statistics for the dairy farms
under study. Average milk production per farm per year is 1,028,372
liters (L) and ranges from 153,000 to 2,514,850 L. The average
meat revenue per farm per year is US$ 30,984 with aminimum of
US$ 901 and a maximum of US$ 167,199.(2) The range and
standard deviation of average milk production and meat revenue
indicate that there is considerable variation among farms. The
average herd size for the sample is 212 cows, ranging from 54 to
514 cows. The average land areais 471 hectares, with aminimum
of 109 and a maximum size of 1,403 hectares. The average use
of other inputs per farm, i.e. LB (labor) and CF (concentrate feed),
is5.1 worker-equivalent and 359 metric tons per farm, respectively.
This data was collected by surveying a sample of farmers over
three agricultural years: 1997/98, 1999/2000 and 2001/02. The
resulting data set is a highly unbalanced pandl including 46 farmers
with atotal of 82 observations, 35 for 1997/98, 21 for 1999/2000
and 26 for 2001/02.

Firgt, these data are used to estimate a Cobb-Douglas production
frontier model where the dependent variable isthe natural logarithm
of annual gross revenues per farm (), which is equal to the sum
of the revenues from milk and meat, measured in US dollars. The
production frontier model can be written as: (1.-)
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where the subscriptsi and t refer to thei-th farm in the t-th time
period. All the explanatory variables are annual figures expressed
in natural logarithm and can be defined as follows: CO is the
average number of dairy cows; LD istotal land in hectares; LB
istotal labor measured in worker-equivalent; CF is concentrate
feed in Tons; OM is total expenditures in the operation and
maintenance of the milking equipment; VE is total expenditures
in veterinary and medicine; DTt is a set of dummy variables
wheret = 1, 2 and 3 (1=1997/98; 2=1999/2000; 3=2001/2002)
and 0 otherwise; vijt and ujt are random variables as already
defined; and s are unknown parameters to be estimated.

Equation (9) is aBattese and Coelli (1992) specification, which
is formulated and estimated as Model 1. In this model, the
inefficiency term has a half-normal distribution, istime invariant
and does not incorporate explanatory variables in the one sided
component. The Battese and Coelli (1995) specification is used
to define Model 2, which incorporates a specification concerning
the technical inefficiency term. Thus, Model 2 is the same as
Model 1, but the technical inefficiency term is defined as:

(2-)

where MC is the ratio between cows in milk and total cows, HL
isthe ratio between hired and total labor, RL isadummy variable
equal to Oif al land isowned and 1 if some (or all) land is rented,
Tl is a dummy variable defined as the summation of several
factors that assume avalue of O for no useand 1 otherwise. These
factors are: milk cold equipment, milk production record keeping,
artificial insemination, artificia caf rearing, use of farm supervisor
and use of technical advisor. If the sum of all 6 variablesisless
than or equal to 3, then Tl is equal to zero, otherwise it is equal
to 1. witisarandom variable, and thecg are unknown parameters
to be estimated.

Models 3 and 4 incorporate the same variables as Models 1
and 2 except that output is now disaggregated into two, revenues
from milk and revenues from meat, and a stochastic distance
frontier isused. Likein the SPF models, the SDF uses a Cobb-
Douglas framework, where the outputs are the natural logarithm
of annual revenues per farm from milk (YMK) and from meat
(YMT), both measured in US dollars. The SDF can be written

as.
(3-)

()7 =By + BeoCOy + BrplDy + BrglBy + BopCFy + Bopy OMy + BygVE +Zﬁar DI +vy — Uy,

(27) Uy = & + 8 oMCy, + Sy HL, + > 85 RL + > 60,11, +w,,

Y i
B-) - YMKr'I == ﬁu e ﬁMT M 4 ﬁCOCOiI Ez ﬁLD‘L‘DiI 2 ﬁLB‘LBiI

MER

+Bor CFy + Bopg OM y + PygVEy + 3, Bor DTy +vyy +ity

(2) All monetary terms are expressed in real terms, the base year is July 2004-June 2005.
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where the subscriptsi and t refer to the i-th farm in the t-th time production frontier part of the model with the exception of bve

period.

RESULTS

(veterinary expenses) in Model 1 (SPF without TE effects) and
Model 3 (SDF without TE effects); and HmT (meat sales over milk
sales) in Model 4 (SDF with TE effects). On the inefficiency part
of the model, specified in Models 2 (SPF) and 4 (SDF), again most
parameter estimates are statistically significant with the exception

Table 3 shows the parameter estimates for the four models  of (RL (rented land) for model 4 and (T! (technological index) for
(Model 1 through Model 4) discussed in the previous section. both models.
All models exhibit highly significant parameter estimatesin the

Table 1. Descriptive Statistics for Argentinean Dairy Farms from Abasto-Sur.

Variable Mean Standard Deviation Minimun Value Maximum Value
Milk

Litersyear L 1,028,372 523,977 153,000 2,514,850

Gross revenue ($ year'l)a 266,602 158,722 30,695 793,129
Meat

Gross revenue ($ year'l)a 30,984 32,332 901 167,199
Cows (Number) 212 89 54 514
Land (Ha) 471 270 109 1,403
Labor (worker-equivalent) 51 21 16 13
Concentrate feed (Ton year'l) 359 202 16 1,000
0 & M milking equipment ($year D) | 5721 3,720 0 18,769
Milk cows/total cows ratio 0.75 0.09 0.44 1.00
Hired labor/total 1abor ratio 0.91 0.10 0.54 1.00
Veterinary expenses ($ year'l)a 12,963 8,198 0 43,252
Dummy variables
Time

DT1 (1997/98) 0.427

DT2 (1999/00) 0.256

DT3 (2001/02) 0.317
Rented Land

No rent land 0.598

Rent land 0.402
Technological index

L ow technology 0.085

High technology 0.915

aReal US$. Thereference year is July 2004-June 2005 or 2004/05.
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Table 2. Summary for the parameters in models 1 through 4.

Variables Model 1 Model 2 Model 3 Model 4
Constant Bo (0 (0 (0
Meat sales/Milk sales (MT (MT
Cows (Co (co (CO (CO
Land (LD (LD (LD (LD
Labor (LB (LB (LB (LB
Concentrate feed (CF (CF (CF (CF
O & M milking equipment (OM (oM (OM (OM
Veterinary expenses (VE (VE (VE (VE
DT; (1999/00)8 (DT2 (DT2 ( DT2 ( DT2
DT, (2001/02) (DT3 (DT3 (DT3 (DT3
Constant (0 (0
Milk cows/total cows (MC (MC
Hired labor/total (HL (HL
labor (RL (RL
Rented Landb (TI (TI
Technological Indexc

a The dummy for period 1, 1997/98, is excluded.

b The dummy for Rented Land, RL1 or no rent,

is excluded.

° The dummy for Technological Index 1, T/, or low level, is excluded.

Table 4 presents performance statistics for the alternative
specifications evaluated using the generalized likelihood ratio test,
which comparesthelikelihood function under the null and dternative
hypothesis.(3) Thefirst test focuses on the statistical significance
of they parameter (Hy:y=0) , which compares the stochastic frontier
model versus the average production function. The closer yisto
1, the more significant the presence of technical inefficiency is
(Battesse and Codlli, 1992; Coelli, 1996; Codlli et al. 2005). Hence,
avalue of 1.00 for revealsthat 100% of the variation in observed
output from the frontier is due to inefficiency.The y parameters
shown in Table 3 range from 0.43 for Model 3 to 1.00 for Model
4, and the statistical test shows that this parameter is significantly
different from zero for Models 1, 2 and 4 but not for Model 3.

The second step is to test the null hypothesis that the one-sided
distribution is half-normal (Hy: 1M=0) and this hypothesisis valid
only for Models 1 and 3. The resultsindicate that the half-normal
distribution is more compatible than the truncated-normal for the
data under analysis. Thisresult is consistent with several studies
including Battese and Coelli (1992), Kumbhakar and Heshmati
(1995), Ahmad and Bravo-Ureta (1996), Rezitis, Tsiboukas and
Tsoukalas (2002), Cullinae and Song (2003), and Moreira et al.
(2006), among others.

The third step is to test the null hypothesis that technical
efficiency istimeinvariant (H,:h=0), which isrelevant for Models
1 and 3. The null is accepted at the 5% level of significance
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indicating that technical efficiency istimeinvariant. Table 4 also
shows a set of pair-wise log likelihood ratio tests to compare
Models 1 and 2, and Models 3 and 4. The results show that
Model 2 dominates Model 1, and Model 4 dominates Model 3.
However, there is no way to contrast the performance of Models
2 and 4. In sum, the two dominant specifications are Model 2,
which is a SPF approach with TE effects, and Model 4, whichis
a SDF also with TE effects.

To further compare the four models, descriptive statistics and
correlation coefficients for technical efficiency are reported in
Table 5. The average estimated technical efficiency between
1997/98 and 2001/02, ranges from 32.9% (Model 4) to 98.8%
(Modd 2). The minimum and the maximum technical efficiency
for the two selected models (2 and 4) are: SPF approach (Model
2) 46.2% and 98.8%, and SDF approach (Model 4) 32.9% and
94.2%, respectively. Ingeneral, all models have ahigh correlation
coefficient, ranging from alow of 0.632 for Models 2 and 4 to
ahigh of 0.976 for Models 1 and 3. Thisresult implies that all
modelsrank farms closely with respect to their technical efficiency.
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Table 3. Maximum Likelihood Parameter Estimates for Production Frontier Models
(Models 1 and 2), and Stochastic Distance Frontier Output-Oriented Models
(Models 3 and 4) (Standard errorsin italic).

Variables Parameter Model 1 Model 2 Model 3° Model 4
Constant Lo 6.666 “H*x 7.160 *** 6.546 *** 7.247 xx*
0.376 0.303 0.426 0.336
Milk sales (Yyx) (MK -0.957 ' -0.965
Meat sales (Yyy) (MT -0.043 * -0.035
0.033 0.032
Cows (CO) (co 0.516 *** 0.445 *** 0.550 *** 0.536 ***
0.126 0.111 0.128 0.101
Land (LD) (LD 0.212 *** 0.207 *** 0.178 *** 0.162 ***
0.062 0.051 0.068 0.038
Labor (LB) (LB 0.146 ** 0.186 *** 0.136 ** 0.145 **
0.075 0.067 0.078 0.070
Concentrate feed (CF) (CF 0.217 #*x* 0.176 *** 0.206 *** 0.137 **
0.074 0.066 0.075 0.065
O & M milking equipment 0.071 *** 0.075 *** 0.074 *** 0.081 ***
(OM) (oM 0.022 0.017 0.022 0.016
0.017 0.022 * 0.016 0.028 *x
Veterinary expenses (VE) (VE 0.021 0.016 0.022 0.015
DT, (1999/00) By -0.440 *** -0.402 *** -0.450 *** -0.43] #**
0.050 0.053 0.051 0.055
DT; (2001/02) B -0.691 *** -0.673 **x* -0.722 #x -0.708 s
0.058 0.054 0.062 0.053
Constant & 3.075 *** 2.131 ***
0.447 0.315
Milk cows/total cows (MC) e -0.027 *** -0.017 #*x
0.005 0.003
Hired labor/total labor (HL) 1 -0.011 === -0.004 *
0.004 0.002
Rented Land" (RL) Okl -0.335 **# -0.066
0.116 0.045
Technological level® (TI) S 0’023, -0.068
0.145 0.122
Log Likelihood Function 19.947 41.692 18.932 47.367
& 0.052 #**x* 0.031 *** 0.052 #*** 0.021 ***
0.014 0.011 0.014 0.005
y 0.454 #*x* 0.504 ** 0.428 ** 1.000 ***
0.187 ).233 0.202 0.007

a * 10% level of significance, ** 5% level of significance, ***1% level of significance. A one-sided t-test was used in
the production function, s2 and gparameters. A two-sided t-test was applied in all other parameters.

b The dummy for period 1, DT, = 1997/98, is excluded.

¢ The dummy for Rented Land, RL, or no rent, is excluded.

d The dummy for Technological Index, Tl or low level, is excluded.

e All output SDF (Models 3 and 4) parameters have been multiplied by -1 to be comparable with the SPF results
(Models 1 and 2).

f Underlined parameters are calculated by homogeneity conditions.

(3) The generalized likelihood ratio statisticisgivenby A =2 [ In{L(H1)} —In{L(HQ)}], where L(H1) and L(HQ) are the values of the likelihood
function under the alternative and null hypotheses. The value of A has a chi-square distribution with a number of degrees of freedom equal to the
number of restrictions imposed.
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Table 4. Specifications Test for all Models.

Null Hypotheses Ho c? statigtic c? 0.95 value Decision
g=02
Model 1 3.22 2.71(1df) Reject Hp
Model 2 46.71 1191 (6 d.f) Reject HQ
Model 3 2.45 271(1df) Accept HO
Model 4 59.32 1191 (6d.f) Reject HO

Model 1 vs. Model 2b

| :dO:dMC:dHL:dRL:dTIZO 43.49 12.59 (6 df) REJect HO

Model 3 vs. Model 4b

| =dg=dyj =0y =dgy =07;=0 56.87 12,59 (6 d.f.) Reject Hg

8 This statistic has a mixed c? distribution.

b Read as Restricted model versus Unrestricted model.

Severa dairy farm studies that use a stochastic frontier model
report average technical efficiencies close to the results of this
paper (e.g., Battese and Coelli (1988) 71%; Bailey et al. (1989)
78%; Kumbhakar, Biswas and Bailey (1989) 79%; Bravo-Ureta
and Rieger (1990) 84%; Bravo-Ureta and Rieger (1991) 83%;
Dawson and Woodford (1991) 86%; Heshmati and Kumbhakar
(1994) 82%; Kumbhakar and Heshmati (1995) 85%; Ahmad and
Bravo-Ureta (1996) 81%; Reinhard, Knox and Thijssen (1999)
89%:; Cuesta (2000) 78%; and Alvarez and Arias (2004) 70%).

The effect of time (DTs) on output issignificant for al periods
(bDT2 and bDT3) and for both selected models (2 and 4). For
Model 2, the year-to-year rate of technological changeis-20.1%
(1999/00 over 1997/98) and -13.5% (2001/02 over 1999/00). The
simple average annual rate of technological change over the
1997/2002 period is-16.8%. Model 4 has a similar technological
change pattern than Model 2, with a year-to-year rate of -21.6%

(1999/00 over 1997/98) and -13.8% (2001/02 over 1999/00),
with asimple average annual rate over the 1997/2002 period of
-17.7%.

Ideally, one would have rates of technological change from other
studies of the Argentine dairy sector in order to have abenchmark
for comparison. However, no such data are available.
Nevertheless, the literature typically reportstechnological progress
rather than regress as found in this study. However, Battese and
Tessema (1993) also report technological regress (38% per year)
for apanel of farms from three Indian villages.

CONCLUDING REMARKS
This paper uses stochastic production frontier models (SPF)

and output-oriented stochastic distance frontier models (SDF) to
measure technical efficiency for asample of dairy farmsin Abasto

Table 5. Correlation coefficient and Descriptive Statistics for Technical Efficiency from Four Alternatives Models.

A. Correlation Coefficient

Model/Model 1
1 1.000
2 0.733
3 0.976
4 0.710

B. Descriptive Statistics

Model 1
1997/98 0.885
1999/00 0.878
2001/02 0.886
Average 0.883

Low 0.717
High 0.953

2 3 4
1.000
0.741  1.000
0632 0.722 1.000
2 3 4
0.897 0.885 0.678
0.859 0879 0.672
0.888 0.886 0.664
0.884 0.884 0.672
0.462 0.730 0.329
0.988 0.952 0.942
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Sur, Argentina. The datais a highly unbalanced panel including
46 farmers from 1997/98 to 2001/02. Four alternative
specifications of the Battese and Codlli (1992 and 1995) framework
are evaluated. Thetwo preferred modelsincorporate inefficiency
effectsasin Battese and Coelli (1995). Average technical efficiency
across the four models evaluated ranges from 67.2% to 88.4%,
while the correlation coefficient for technical efficiency scores
ranges from 0.632 to 0.976. The analysis reveals a significant
rate of technological regress (an annual average of 16.8% and
17.7% for the selected SPF and SDF models, respectively).

Theresultsindicate that alternative specifications of the Battese
and Coelli (1995) framework can have a significant impact on
the results, specifically on mean efficiency values. However, a
key conclusion of this paper isthat SPF and SDF models exhibit
similar patterns with respect to the estimated production function
parameters. Thus, if the interest is on ranking farms according
to their level of technical efficiency then the evidence here
indicates that the ssmpler single (aggregate) output technology
does quite well. However, the technical efficiency measures are
relatively lower for the SDF than SPF models (67.2% and 88.4%,

respectively).

RESUMEN

V. H. Moreira LOpez, B. E. Bravo-Ureta, A. Arzubi, y E.
Schilder. EficienciaTécnicaen PrediosL echerosdeArgentina
con Multiples Productos Usando Fronteras Estocasticas de
Produccién y Distancia en Panel de Datos Desbalanceado.

Este trabajo usa fronteras estocasticas de produccion (FEP)
y fronteras estocasticas de distancia (FED) paramedir lagficiencia
técnica de una muestra de predios lecheros de Abasto Sur,
Argentina. Se dispone de un panel de datos altamente
deshal anceado, incluyendo 46 agricultores entre 1997/98 a 2001/02
con un total de 82 observaciones. Se evallan cuatro
especificaciones aternativas del modelo propuesto por Battese
y Coelli (1995). El rango del promedio de eficiencia técnica
entre los cuatro model os eval uados es 67,2% a 88,4%, mientras
€ coeficiente de correlacion paralos indices de eficiencia técnica
va desde 0,632 a 0,976. Existe un significativo retroceso
tecnol égico, con un promedio anual de 16,8% y 17,7% paralos
“mejores’ modelos. Los resultados indican que la especificacion
econométrica puede tener un impacto significativo en los
resultados, especificamente en los promedios de eficienciatécnica

LT'_L| Palabr as claves: Argenting, datos de pand, eficienciatécnica,
fronteras estocasticas de produccion y de distancia, predios
lecheros.
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