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Introduction and previous syudies
Considerable economic deregulation and other reforms in energy market have occurred, especially since the early 1980s in USA and European countries. Japanese government also started regulation reforms around mid-1990s.  The motivation behind these regulatory changes comes from the consensus that productivity advancement in energy industry is an important contributing factor to economic growth. In real, many previous studies find the deregulation effects for advancement of productivity. Of cource, there are some previous studies to focus on gas industry deregulation and regulation reforms. For example, Price and Weyman-Jones(1996) calculate Malmquist productivity in UK gas firms using by DEA (Data Envelopment Analysis). They compare the trend of productivity between pre privatization and after privatization. They find privatization program of UK gas industry contribute to increase the productivity. Carrington et al.(2002) calculate  the efficiency of  US’s and Australian gas distributer using by DEA and SFA (Stochastic Frontier Analysis). In recent article, Farrsi et al.(2007)  apply SFA to estimate the inefficiency of the Swiss gas distribution sector.
But, almost previous studies use the limited number of sample.  Some of the productivity measurement technique, such as DEA and SFA, need a large sample to obtain robust estimates of the production frontier. However a few large companies occupied energy market by natural monopoly in almost countries. Thus many studies calculate productivity using small sample. In addition, almost regulated market do not occur the dynamic change, for example corporate merger and business assignation, in short time. On the other hand, Japanese urban gas industry has interesting characteristics. Japanese urban gas industry is organized several scale firm include private and non-private firms. In addition, cooperate merger and privatization occurs together with deregulation. As a result, analysis of Japanese gas industry has a potencial to contribute the argument about deregulation and other important market reform attentions. 
In this study, we apply directional distance function (DDF) to measure firm’s productivity of Japanese urban gas industry. In addition, we try to analysis what factor influence each firms productivity using by dynamic GMM. From these result, we can discuss the effect of deregulation and other possible to increase productivity of urban gas industry. 
Methods
In the first step, this study applies the Luenberger productivity indicator consisting of a proportional distance function, which is a special case of the shortage function. Our problem can be formulated as follows.
Let
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be the vectors of inputs and output , respectively. The technology set, which is defined by (1), consists of all feasible input vectors, xt and output vectors, xt , at time t and satisfies certain axioms, which are sufficient to define meaningful proportional distance functions:
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The proportional distance function is defined as follows:
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Where δis the maximal proportional amount that  yt can be expanded and xt can be reduced simultaneously given the technology T(t).  The Luenberger productivity index (productivity change) is defined as (3).
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In the second stage, we try to analysis what factor influence in each firms using by regression model. In this study we use the Panel data analysis (Random effect model and fixed effect model). In this model, we use Luenberger productivity index is calculated by first step as dependent variable. 
Data

In this first step, productivity change is estimated using data from 1993 to 2004. A sample of 205 firms is used to calculate the efficiency in each year. Therefore all observations are 4725. To estimate productivity, three input and one output are used. The output is selling gas amount (kcal). Inputs are the number of employees working in each firms (head-count), gas generating equipments (kcal per day), and length of circulate pipe (km).  Selling gas amount data is obtained from Gas business report published by the Japan gas association. The number of employ, gas generating equipments and length of circulate pipe is obtained from Gas business year book published by the Japan gas association. The econometric analysis in second step is conducted using the productivity index. Independent variables are customer density, percentage of purchasing gas amount from other firms. Amount of purchasing gas is the index how much each firms use the whole sell market. The gas whole sell market expanded in period subject to analysis. In particularly, accessible whole market availability influence middle and small urban gas firms business running. In addition we add the dummy variables to consider the effect of some affair (regulation change, cooperate merger, heat quantity change of gas generating equipments for using natural gas). 
Results and Conclusion
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 Figure1shows the trend of productivity change based on scale group. We classify urban gas firms into three groups based on scale. “Large” group include top four scale firms in urban gas industry. Total of their selling gas cover 80% of all selling urban gas in Japan. “Middle” group is composed firms which has upper ten billion Japanese Yen and 300 employers. Other small firms are classified “Small” group. First deregulation of gas industry started in 1995 in Japan. Additionally, liberalization in retail market is more expanded in 2000. Figure 1 show “Large” and “Middle” scale firms achieve to increase productivity after deregulation. In particularly,  Figure 1 show the high productivity grows after second deregulation. But small gas firms do not show the advancement of productivity. Generally, Scale efficiency is one of the reasons of this result. Thus we decompose the productivity change to scale efficiency change, pure technological change and technological efficiency change. Decomposition results show the large scale efficiency change only occurs between 1999 and 2000. Scale efficiency is a little factor increasing productivity in other period. From this result, deregulation has a possible to increase the productivity of large and middle scale firms. Next we estimate what factor influence the Productivity using by the dynamic GMM. As a result, the heat quantity change of gas generating and percentage of buying gas amount of middle scale firms show the positive relationship with productivity. Important finding of our study is two things. First, deregulation of urban gas industry increase the productivity of large and middle scale size firms. Second, purchasing the gas from other firms increase the productivity. In short, whole sall market is important for increasing productivity of middle scale firms. 
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Figure1 Productivity change of each firm scale group
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