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Overview

During the past decades, many methods have been developed to study efficiency and productivity development. These methods are often classified as parametric and non-parametric methods. Parametric methods such as stochastic frontier analysis (SFA) estimate a cost or production function, whose functional form should be specified. In contrast, it is not necessary to estimate the cost and production function when using non-parametric methods. DEA is a non-parametric method that is capable of handling multiple inputs and multiple outputs. However, DEA, which does not consider the uncertainty in observations, only measures the inefficiency. Thus the estimated efficiency will not reflect the true performance of the units in question if there is any uncertainty in the dataset. In order to modify the measurement limitations in the DEA and SFA approach, Kuosmanen and Johnson (2010) and Kuosmanen and Kortelainen (2012) proposed stochastic non-parametric envelopment of data (StoNED), combining the virtues of both DEA and SFA, and the approach was extended to account for environmental factors by Johnson and Kuosmanen (2011). This approach has been applied to the Finnish electricity distribution regulation (Kuosmanen, 2012). Unlike SFA, StoNED has the advantage that the functional form of the production function or cost function does not need to be specified, except for some general assumptions about monotonicity, homogeneity and concavity. Compared to DEA, StoNED is also non-parametric in nature, and captures not only noise but also inefficiency. 

In parametric stochastic frontier models, as well as in StoNED, the residual is specified as the sum of a two-sided noise component and a one-sided inefficiency component. A common assumption is that noise is normally distributed, while the inefficiency distribution is usually half-normal, exponential or truncated normal (Aigner et al., 1977; Meeusen and van den Broeck, 1977; Stevenson, 1980). In the widely used normal and half-normal model, the half-normal distribution on inefficiency implies that the residual distribution is skewed in one direction. However, in practice, the estimated residuals may display skewness in the wrong direction in finite samples (Waldman, 1982). This is often termed the “wrong skewness issue”. When the wrong skewness issue occurs, possible solutions are to increase the size of the sample or to respecify the model (Carree, 2002; Almanidis et al., 2011, Feng et al., 2012). 

The main contribution of our paper is to apply the StoNED approach to estimate Malmquist productivity (Grifell-Tatje and Lovell., 1995 and 1999b; Pastor and Lovell., 2005), and to investigate the consequences of distributional assumptions, in the second stage of the StoNED procedure, on the productivity indices. We illustrate our discussion with results based on data for Norwegian electricity distribution companies in the period 2004-2013.
Methods

Stochastic Nonparametric Envelopment of Data (StoNED)

Malmquist Productivity Analysis

Results
We show that overall productivity change and scale efficiency change are not affected by the distributional assumptions in the StoNED method. This means that estimates of productivity change and scale efficiency change can be based on the average-practice  StoNED frontier, for which the distributional assumptions play no role.
The decomposition into efficiency change and technical change is affected by the distributional assumptions, and we provide explicit formulas for these effects.  

The analysis of Norwegian distribution companies for the period 2004-2013 shows that productivity has declined, and that there has been technological regress. A priori, we would expect to see improvement in productivity following the new regulation regime from 2007, but our analysis do not support this.
Conclusions

The StoNED method can be combined with Malmquist analysis to investigate productivity change over time, with the usual decompositions of the overall productivity indices into efficiency change, technical change, and scale efficiency change. The distributional assumptions in the second StoNED stage influence some, but not all, of the results. Our results imply that it does not matter whether we use the average-practice frontier or the best-practice frontier to analyze overall productivity change or scale efficiency change. Our results are due to the multiplicative form of the second stage adjustment in StoNED, and they will therefore also be valid when other frontier estimation methods with a similar structure, such as COLS or MOLS, are used as part of a Malmquist analysis. 
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