
Chapter 8
Inefficiency in Animal Production:
A Parametric Approach

Emiliana Silva and Fátima Venâncio

Abstract A stochastic frontier approach (SFA) was estimated for three types of
farms using Frontier Software. The groups of farms were created using cluster
analysis and SPSS Statistical package for the Social Sciences. The Frontier Program
allowed the estimation of efficiency (model I) and inefficiency models (model II).
The efficiency in Faial (Azores) island farms was higher than 82%, and the most
important inefficiency variables were subsidies, equipment amortization and small
dimension.
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8.1 Introduction

The objectives of this chapter are (1) to estimate the technical efficiency (by
stochastic frontier production) of the animal production farms of Faial (Azores,
Portugal) and (2) to find the variables that influence the technical inefficiency.

In a first stage similar farms were obtained (clusters) since it was suspected that
heterogeneity could affect the efficiency; in the next stage, a stochastic frontier
production (efficiency and inefficiency models) was estimated for each cluster.

The output of the efficiency model was the income and the inputs were the
area, the main variables and the fixed expenses. The variables considered as
causing inefficiency were as follows: animal number (AN), subvention, beef sales,
amortization, farm ownership type, economic dimension units (EDU) and the
experience of the farmer (number of working years in the farm).
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The Frontier version 4.1, developed by Coelli (1996), was selected to estimate the
models. The stochastic frontier approach (SFA) is a parametric approach which was
originally and independently proposed by Aigner et al. (1977) and Meeusen and van
den Broeck (1977) as referred by Battese and Coelli (1988). The SFA considers that
an error term has two components: one to account for random effects and another to
account for the technical inefficiency effects (Coelli 1995).

The efficiency model (model I) was proposed by Battese and Coelli (1992), and
the uit is the technical inefficiency variable which is defined by

ui t D fexp Œ�� .t � T /�g ui ; with i D 1; : : : ; N; and t D 1; : : : ; T; (8.1)

where � is an unknown parameter to be estimated and �i with i D 1, 2, : : : , N,
are independent and identically distributed non-negative random variables, which
are assumed to account for technical inefficiency in production and obtained by
truncations (at zero) of the normal distribution with unknown mean and unknown
variance, �2.

This model specifies that the technical inefficiency effects for the sample in
the earlier periods of the panel are a deterministic exponential function of the
inefficiency effects for the corresponding firms in the last years of the panel (i.e.,
uit D ui, given the data for the ith firm is available in the period, T).

Given Eq. (8.1), the expectation of the mean technical efficiency is

TE D exp .�ui / (8.2)

and it is estimated considering the technical inefficiency effects (ui).
Model I only permits to determine the technical efficiency in order to learn

more about inefficiency. Battese and Coelli (1995) presented model II (inefficiency
model) which permits to incorporate in model I the variable that could cause
inefficiency in the firms. In this model the technical inefficiency effects are
defined by

ui t D zi t ı C wi t ; and i D 1; : : : ; N; and t D 1; : : : ; T; (8.3)

where zit is (1 � M) vector of explanatory variables associated with technical
inefficiency effects,

ı is (M � 1) vector of unknown parameters to be estimated and wit are the
unobservable random errors which are assumed to be independently distributed and
obtained by truncation of normal distribution with unknown mean and variance, �2,
such that uit is non-negative .wi t � �zi t ı/.

Some examples of surveys using these models are Tauer and Mishra (2006),
Hasnah Fleming and Coelli (2004), Lawson et al. (2004), Pascoe et al. (2001),
Torres et al. (2002), Munzir and Heidhues (2002), Reinhard et al. (1999, 2000),
Alvarez and Gonzalez (1999), Webster et al. (1998), Franco (2001) and Daryanto
et al. (2002). In agriculture survey, we have Lawson et al. (2004), Venâncio and Silva
(2004), Battese and Coelli (1988), Battese and Sumiter (1997), Brummer (2001) and
Hallam and Machado (1996).



8 Inefficiency in Animal Production: A Parametric Approach 109

8.2 Materials and Methods

The FADN (Farm Agriculture Data Network) was used for Azores database (47
units) from 1996 to 1999. The data was analysed using current prices. The variables
used in the cluster analysis were (1) income (subventions, milk and beef sales), (2)
dimension and (3) variable expenses (rent equipments, conservation and reparations
of equipment; fuel and oil; concentrate food and other specific expenses; fertilizers
and general expenses).

The main characteristic of the farm cluster was as follows: (1) cluster A (smaller
dimension, smaller number of animals, smaller incomes, subvention and beef
sales’ enormous importance), (2) cluster B (medium and larger dimension, smaller
number of animals, mainly dairy production, medium income, smaller importance
of earning subvention and beef sales, larger expenses of concentrate animals,
higher investment) and (3) cluster C (medium and larger dimension, mainly dairy
production, larger animal number, larger expenses in concentrate and fertilizers,
larger incomes).

The efficiency and inefficiency models were applied to each cluster. In the
efficiency model, it was necessary to group some expense variable to adequate
the variable and observation number and to estimate SFA in translogarithmic and
Cobb-Douglas functional forms. The inputs of production function are represented
by four variables: (1) dimension (SAU), hectares; (2) expenses with animals per
hectare (AN/HA); (3) expenses with equipment per hectare (EQ/HA); and (4) other
expenses per hectare (OC/HA).

The variables’ selection for the inefficiency models was based on previous works
of Hallam and Machado (1996) and Puig-Junoy and Argilés (2000). These eight
variables were as follows: (1) TIME Trend, (2) ANHA (animals per hectare),
(3) SUBS (percent of subvention in income), (4) AS (percent of beef sales in
income), (5) AM (amortization), (6) OW (ownership farm type Dummy) (OW D 1,
rent, or OW D 0, not rent), (7) UDE (economic dimension unit) and (8) AG
(experience age).

The next Figs. 8.1 and 8.2 present the steps followed in the methodology and the
sequence of estimating the efficiency and inefficiency models.

The main procedures were (1) to define the specifications of each model using
a statistic LR test, likelihood ratio tests; (2) to present the efficiency measures per
cluster; (3) to define the final equations for both models (I and II) per cluster; and
(4) to analyse the variables that caused inefficiency (Fig. 8.1).

Figure 8.2 shows the Frontier Software (Coelli 1996) step’s procedure: (1)
ordinary least squares (OLS) estimated the obtained function; all ˇ estimators
except the intercept were unbiased; (2) a two-phase grid search of � was conducted,
with the ˇ parameters (except ˇ0) set to the OLS values and the ˇ0 and �2

parameters adjusted according to the corrected ordinary least squares formula
presented in Coelli (1995). All other parameters (�, ˛ and ı’s) were set to zero in
this grid search; and (3) the values selected in the grid search were used as starting
values in an iterative procedure to obtain the final maximum-likelihood estimates.
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Fig. 8.1 The steps in the model applications

Fig. 8.2 LR tests and models I and II
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The grid search value results were used in an interactive procedure to obtain LR
test estimates. Critical chi-squared values were obtained by Kodde and Palm (1986)
and used to test if the estimated � and the variables explaining inefficiency jointly
equalled 0.

The statistical tests were made according to the following: (a) the functional form
that best adjust to the data, (b) the choice of the time-variant or time-invariant model,
(c) the distribution of error model, (d) the adequate model to stochastic production
according to the used data, (e) to adequate the inefficiency model to the data and (f)
to adequate the inefficiency variable.

8.3 Results and Discussion

The following Tables 8.1, 8.2 and 8.3 and Figs. 8.3 and 8.4 show the main results
for models (I and II) per cluster and by total panel.

Table 8.1 summarizes the results. In the efficiency model, the functional form is
the translog, in cluster A and B, and Cobb-Douglas in cluster C and total panel. The
time variation is variant only for the total panel. The error distribution is normal
truncated to the total panel and semi-normal for all clusters. For all cases, there is a
stochastic frontier. In the efficiency model, all cases have an adequate model, but in
cluster A, the variables of inefficiency are not adequate.

Table 8.2 shows that the �2 parameter (variance of inefficiency term, u, and the
residual term, �) is significant for all the analysed groups. The defined � has a value
between 0 and 1: if there is inefficiency; if it is different from 0, then the error term
expresses the traditional random variation that is uncontrolled by the farmer. There
is variance between all different parameters of the model efficiency. The parameter
� (ratio of total model variance and the variance relative to the inefficiency firms)
has lower values than cluster B but statistically significant. As a complementary
analysis of this hypothesis test, the value � was estimated to observe the existence
or not of the stochastic frontier.

The � values for clusters A, B and C were 0.766, 0.479 and 0.892, accordingly
(Table 8.2). This value for cluster B though were relatively low (between 0 and 1)
shows technical inefficiency in production processes and statistically significant at 5
and 1%, accordingly. Although this results revealed that only 47.9% of inefficiency
of these farms were due to factors inherent of farms and the remaining were due to
random and external factors of farms and not directly controlled, this result must be
carefully considered because � is relatively low.

The higher values of � for clusters A and C confirm the results obtained by LR
test, about the adequacy of model I to our survey data. As a consequence, the average
production function (OLS) is less adequate to the frontier production

The � and � values resulted from the specifications of statistic tests, and when
they have zero values, the model adopted is time-invariant with semi-normal
distribution; when they have a value different from zero, the model adopted is time-
variant with error tem distribution truncated.
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Table 8.1 Tests of hypotheses for coefficients of the technical efficiency variables in the
stochastic frontier production function by cluster and total panel

� Critical value (5%) Decision

C Model I
l H0: ˇij D 0, i � j D 1, 2, : : : , 10 71:38 18:31 Rejected H0

u H0: � D 0 3:32 3:84 Accepted H0

s H0: � D 0 0 3:84 Accepted H0

t H0: � D 0 13:82 7:05 Rejected H0

e Model II
r H0: � D ı0 D ıi D 0, i D 1, : : : , 8 2; 271:58 16:27 Rejected H0

A H0: ı1 D � � � D ı8 D 0 13:76 15:51 Accepted H0

C Model I
l H0: ˇij D 0, i � j D 1, 2, : : : , 10 60:14 18:31 Rejected H0

u H0: � D 0 �1:78 3:84 Accepted H0

s H0: � D 0 �0:58 3:84 Accepted H0

t H0: � D 0 22:16 7:05 Rejected H0

e Model II
r H0: � D ı0 D ıi D 0, i D 1, : : : , 8 2; 039:80 16:27 Rejected H0

B H0: ı1 D � � � D ı8 D 0 24:1 15:51 Rejected H0

C Model I
l H0: ˇi D 0, i D 1, 2, 3, 4 16:66 18:31 Accepted H0

u H0: � D 0 0:24 3:84 Accepted H0

s H0: � D 0 2:24 3:84 Accepted H0

t H0: � D 0 44:88 7:05 Rejected H0

e Model II
r H0: � D ı0 D ıi D 0, i D 1, : : : , 8 996:82 16:27 Rejected H0

C H0: ı1 D � � � D ı8 D 0 15:72 15:51 Rejected H0

T Model I
o H0: ˇi D 0, i D 1, 2, 3, 4 1:4 18:31 Accepted H0

t H0: � D 0 5:08 3:84 Rejected H0

a H0: � D 0 7:96 3:84 Rejected H0

l H0: � D 0 15:72 7:05 Rejected H0

Model II
H0: � D ı0 D ıi D 0, i D 1, : : : , 8 6; 100:46 16:27 Rejected H0

H0: ı1 D � � � D ı8 D 0 35:94 15:51 Rejected H0

Table 8.2 Estimative of some parameters of SFA – model I

Parameter Cluster A Cluster B Cluster C Total panel

�2 D �2
� C �2

� 0.091*** 0.016*** 0.043* 0.066***
� D �2

�=�2 0.766*** 0.479** 0.892*** 0.391***
� 0 0 0 0.321***
� 0 0 0 0.076***

***(P < 0.01)*; ** (P < 0.05);* P(P < 0.10)*
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Table 8.3 Maximum-likelihood estimates for parameters of the stochastic frontiers for the
clusters and total panel

Variable Parameter Cluster A Cluster B Cluster C Total panel

Constant ı0 �0.179 1.454 1.606** 1.271
Time Trend ı1 �0.031 �0.017 0.018 �0.055***
ln (AN/HA) ı2 �0.185 0.003 0.166 �0.241**
ln (SUBS) ı3 0.001 0.145*** 0.204 0.045***
ln (AS) ı4 �0.109 �0.029 �0.147* �0.058***
ln (AM) ı5 0.083 �0.051 0.205** 0.105***
OW Dummy ı6 �0.453*** �0.025 �0.082 �0.117**
ln (UDE) ı7 �0.009 �0.146 �0.688* �0.201***
ln (AG) ı8 0.193 �0.106 �0.012 �0.196

�2 D �2
� C �2

� 0.032*** 0.008*** 0.014*** 0.048***
� D �2

�=�2 0.216 0.999*** 0.999*** 0.038

***(P < 0.01)*; ** (P < 0.05);* P(P < 0.10)*

Fig. 8.3 Result models using the efficiency and inefficiency models

The three clusters for model I have similar values of efficiency intervals. They
have more farms in the interval of 0.80–0.89 and superior to 0.90. Cluster A showed
the efficiency lower values and that there are more farms in the groups inferior to
0.80. The difference between clusters B and C is at a lower level of efficiency for
cluster C, which restrained the difference of the final values of both clusters.
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Fig. 8.4 Distribution of the technical efficiency clusters by using the efficiency interval

The average efficiencies for clusters A, B and C are 82.0, 93.2 and 85.1%,
accordingly, and the most relevant efficiency intervals are superior to 80% (Fig. 8.4).

The results of inefficiency model – Model II – are shown in Table 8.3.
The statistical variables are subvention, beef sales, amortization, ownership and
economic dimension unit. Cluster A only has a significant inefficient variable (OW)
with a negative signal, which contributes to decrease the inefficiency. The � value
shown for these eight variables, all together, explains only 21.6% of inefficiency.
These results confirm the previous statistics tests about the adequate models to the
selected variables (H0: ı1 D � � � D ı8 D 0). Cluster B only has a significant variable,
SUBS. The parameter’s positive signal shows its importance as an inefficiency
factor. The � value shows that 99.9% of the inefficiency is explained by inefficiency
and the model is well adequate to the considered variables. Cluster C has AS and
UDE, which were significant at a 10% significance level. Their parameter values
have a negative signal and they contribute to decrease the inefficiency. The AM is
significant at 5% level and contributes to the inefficiency level of this cluster. The �

value shows that 99.9% of the inefficiency is explained by these variables and the
most adequate model.

The variables AN/HA and AG are not significant in this survey, and SUBS, AS,
AM, OW and UDE are statistically significant y (Table 8.3). The Trend time has no
significance (short period of time, 4 years).

8.4 Conclusions

The SFA model was more adequate than the traditional models of average produc-
tion (OLS). This fact was demonstrated by the great adequacy of the models using
the translog production function or Cobb-Douglas function.

To get a frontier in both models, with a different production function (translog
and Cobb-Douglas) for each group of analysis, the input and output were the same
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for the three farm types; we verified that the stochastic frontier is sensible to the used
data. When the variables are grouped in different ways, they result in a different
frontier production and level of efficiency.

The levels of efficiency are constant and similar throughout time, and their values
are 82, 93.2 and 85.1% accordingly for the clusters A, B and C.

The variables that cause inefficiency are subvention and equipment amortization.
The variables with a major level of connection to efficient farms are lower rent fields,
dimension and beef sales. The biggest farms seem more efficient, such as observed
in Hallam and Machado (1996).
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Venâncio F, Silva E (2004) A Eficiência de Explorações Agro-pecuárias dos Açores: uma
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