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Abstract

Stochastic frontier analysis (SFA) is often used to estimate technical
A potential dependence between the two components of the erro,
estimation of the model is straightforward using the Corrected
methods, an open issue concerns the inference of the technical ef]
suitable for the dependence case. This allows us to estim,
the estimation of technical efficiencies of Moroccan muni
© 2013 IMACS. Published by Elsevier B.V. All rights reserv

ch as firms, countries or municipalities.
0 account by a copula function. While
LS) and Maximum Likelihood (ML)
se 9 parametric bootstrap algorithm which is
confidence intervals. We apply the model to
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1. Introduction

Efficiency analysis has gften
Analysis (DEA) or the i

d out using nonparametric frontier models such as the Data Envelopment
ull (FDH). An alternative approach is to use Stochastic Frontier Analysis
at deviations from the frontier can be purely random without necessarily
d both in a parametric or nonparametric framework, but the parametric SFA
literature and in applications. The basic idea of all approaches is the comparison

has certainly been
i MU, firms for example) in order to know how inputs are used to produce outputs

between the Ragi

the two types of error, namely, the symmetric stochastic error term and the divergence of observations from the efficient
frontier. This stochastic frontier approach in the efficiency analysis was simultaneously and independently introduced
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by [2,13]. Later, several extensions have been proposed by, for example [1,8,10,18,19]. A FRONTIER software was
developed by [6] in order to estimate the stochastic frontier production and the cost function in the case where the
two components of the error term are independent. This software is now also available in the statistical computation
environment R, see [16]. As a consequence of its increasing computational availability, stochastic frontier analysis has
been widely applied in several areas.

Recently, [19] has proposed an SFA model allowing for dependence between the two error components. The depend-
ence can be explicitly modelled using copula functions, while maintaining typical assumptions about the marginal
distribution of the error terms. Estimation of the model using the Corrected Ordinary Least Squares (COLS) and Max-
imum Likelihood (ML) methods is straightforward but can be computationally challenging. Fu more, inference
i3 an extension

of an algorithm proposed by [ 18] to the copula case. This allows to obtain not only point estj
intervals for the estimated technical efficiencies.

We apply the model to the estimation of technical efficiencies of Moroccan
receipts as input and financial autonomy as output. The model is estimated with

in the central regions of the country is close to the frontier.
The remainder of the paper is organized as follows. Section 2 gives a
Section 3 presents the model with dependent error terms and explains the ¢!

Section 4 presents the application of the proposed methodolo allyt clusions will summarize the analysis.

2. Parametric stochastic frontier models

Classical parametric stochastic frontier models as a production function f that converts X € R,
a vector of inputs of dimension p, into a scalar output . Supposing that one has n observations of (X;, Y;) the
model can be written for the ith DMU a

yi = fxi, B) + &, ey

br of par@eters of dimension /+ 1 to be estimated, and ¢; is a stochastic
eted as the production frontier.

ation about both the noise and the inefficiency. It can be decomposed into a
aich can be estimated. In particular, a typical specification is given by

where y; =log(Y;), x; =log(X
error term. The function fax;

)
where .gur. , (Vi~N(O, 0‘2,)), and u is a stochastic error term with non-negative support (u; > 0,

stic component v; that describes random noise affecting the production process is not directly
attributal ducer or the underlying technology. The noise may come from weather changes, economic
adversities, S@EB¥ other component, u;, measures technical inefficiency in the sense that it measures the shortfall of
output y; from W8 maximal possible value given by the stochastic frontier ( f(x;, ) + v;) and it is equal to zero for
a technically efficient decision unit. Then, the one-sided error term u; > 0 allows the distinction between DMU (e.g.
firms) that are on the frontier (1; =0) and others that are below the frontier (u; > 0).

The stochastic model then permits to estimate 8 and its standard errors and, consequently, to make statistical tests
of hypotheses. However, one of the criticisms of this model is that there is no a priori justification for the selection
of the distributional form for u;. Several choices have been made in the literature, see e.g. the overview of [12], for
example, the exponential, the half-normal, the truncated normal or the Gamma distribution. Furthermore, in order to
decompose the error term ¢ into its two components, one has to make assumptions on their dependence. Classical SFA
assumes that they are independent. Let us first recall this approach, see e.g. [11].
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