
PRODUCTIVITY GROWTH IN EECTRIC ENERGY COMMERCIALIZATION IN COLOMBIA. A BOOTSTRAP APPROACH
Rodrigo Taborda, Universidad del Rosario, Phone +571 2970200, e-mail: rodrigo.taborda@urosario.edu.co
Julieth Santamaria, Universidad del Rosario, Phone +571 2970200, e-mail: juliethsantamaria@gmail.com
Overview
Colombia's 1994 electric energy regulatory reform split a vertically integrated and state owned electricity industry into four activities: generation, transmission, distribution and commercialization. While nation wide transmission and local distribution function as natural monopolies, generation and commercialization are meant to engage into competitive behavior in order to increase welfare and quality of service to intermediate and final users. This paper offers a productivity growth estimate for electric energy commercialization (or retailing) firms in Colombia, using a non-parametric Malmquist bootstrap methodology.
The estimation and methodology serve two purposes. First, Colombia's commercialization firms are subject to a price-cap regulation scheme. Therefore the paper's result offers an estimate of the productivity offset or the X-factor to be used by the regulator. The productivity estimate as well as the discussion of energy commercialization objectives, inputs and outputs, can be used for further estimations in other countries or other industries.
Second, part of the success of price-cap regulation lies on an appropriately estimated productivity component. The estimation should capture the long term trend of the industry, must be resilient to the estimation method and to exogenous shocks. Besides, when information is poor (in length of time, number of units under evaluation or quality of data) such estimation can be inaccurate and error-prone. The non-parametric Malmquist bootstrap methodology allows an assessment of the productivity estimate in contrast to a single estimation via non-parametric Malmquist or other non-parametric or parametric method. This assessment opens an opportunity for the regulator to adopt a narrower and more precise productivity estimation or override an implausible result and use the productivity factor as a tool to foster the development of the industry in its early stages.

Methods

Input oriented, Data Envelopment Analysis (DEA) and bootstrapped Malmquist indices.
Results
The initial finding for the Malmquist productivity index is volatility through time. No firm shows a steady productivity growth, and two firms show a decreasing productivity trend. When confidence intervals include a value of one, no productivity change can be attributed to the firm. This result is observed 10 out of 72 (4 years x 18 firms) productivity measures. 35 out of 72 measures of productivity suggest a significant increase in productivity, and 27 out of 72 a significant reductions of productivity.

Looking at the decomposition of the Malmquist index into efficiency and technical change, four firms  show absolute no change in efficiency, leaving all productivity effect to technical change. Confidence intervals are a lot wider here than in the Malmquist estimates. In 8 out of 18 retail firms, although non-bootstrapped estimation suggest efficiency change (growth or reduction), confidence intervals are wide enough to include unity, making any statement about efficiency unreliable for all period of study. There are only a few cases of efficiency change that can be assessed as significantly different from one. Confidence interval for technology changes include unity in 15 out of 18 firms (for all the time period studied), although the point Malmquist estimates suggests growth or reduction. This result is in line with the finding of high non-significant change in efficiency.
Concluding, the results on productivity, efficiency and technical change figures, along with the confidence intervals, suggest that the volatility and uncertainty should refrain the regulator to use a single DEA - Malmquist estimation for regulatory purposes upon single firms. Once a single estimation of productivity is used in a price-cap formula or remuneration formula for single production units, the chances of obtaining a different estimate of productivity growth are high.

All the aggregate estimations suggest growth in the Malmquist productivity index, ranging from 2.48% in 2006 to 10% in 2007 for the point estimation results (2.58% to 11.38% in the bootstrapped estimation). Average efficiency growth is high for the bootstrapped estimation (31%) offset by the technology reduction of 14%. However the volatility of results summarized in box plot hardly allows to accept that changes in productivity are different from 1.
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Conclusions
The empirical results confirm that firm specific Malmquist productivity indices are not significant in 10 out of 72 estimations. Efficiency and technical change show a lower performance, most of the estimations bounded by the 95% confidence intervals include unity. Therefore any assessment of catch-up effect or technology growth can be disregarded. Albeit the disparate results at firm level, the aggregate productivity figures wander around values of 1 with great variance and high probability of being statistically not different from unity.

From the empirical analysis of Colombia's retail firms, two main messages can be drawn. First, productivity figures from the DEA-Malmquist methodology are downgraded by the firms under scrutiny when results are not favorable, claiming its deterministic approach and the inability to be tested on statistical grounds. Under such criticism bootstrapping surges as a plausible alternative. As in this case study, results are not only framed into a statistics framework but can show no productivity, efficiency or technological change at all. 

On the other hand, when regulators require a productivity measure for the offset factor the message is to be ready to find nil productivity changes and to use his discretionary power to determine an “X” factor in order to promote growth and deeper competitive-like environment to increase welfare and profit in the industry.
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