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Productivity Growth Within and Between Six European Union Countries: An Analysis of Dairy Farms Using Stochastic Input Distance Functions and Meta-frontiers

The general objective of this study is to examine Total Factor Productivity Growth (TFPG) in dairy intensive farms for countries that are members of the European Union (EU). In particular, we are interested in comparing productivity growth between and within countries. To this end we examine whether countries share the same technology or not. We then address the following question: are subsides imbedded in the Common Agricultural Policy (CAP) of the EU productivity friendly or not?

This topic has gained interest in the literature recently as subsidies are prevalent in agriculture, particularly in high income countries. Funding associated with the CAP amounts to almost half of the EU budget. However, the generosity of governments towards farmers has raised concerns related to the financial burden on the public sector, environmental problems and World Trade Organization (WTO) agreements. Another question is whether such subsidies contribute to agricultural productivity. Existing theoretical work is limited and yields ambiguous results on the relationship between subsidies and technical efficiency, depending on whether farmers' effort is affected [START_REF] Martin | The Impact of Subsidies on X-efficiency in LDC Industry: Theory and an Empirical Test[END_REF] and whether farmers are risk averse or not [START_REF] Serra | Farms' technical inefficiencies in the presence of government programs[END_REF]. However, the literature on the relationship between subsidies and productivity is still scarce and this remains an open question.

The application of frontier models in agriculture has received considerable attention by researchers around the world who have focused on a wide range of farm types using a broad array of methodologies [START_REF] Battese | Frontier Functions and Technical Efficiency: a Survey of Empirical Applications in Agricultural Economics[END_REF][START_REF] Bravo-Ureta | Efficiency analysis of developing country agriculture: a review of the frontier function literature[END_REF][START_REF] Bravo-Ureta | Technical Efficiency in Farming: A Meta-regression Analysis[END_REF][START_REF] Moreira | A study of dairy farm technical efficiency using meta-Regression: An International Perspective[END_REF]. More recent developments have made it possible to examine multi-input multi-output technologies using distance functions. An advantage of distance functions over dual cost and profit frontiers is the fact that no behavioral hypotheses are invoked and that no price data are required for estimation, data which is often not available or lacks sufficient variability for econometric estimation at the farm model [START_REF] Coelli | An Introduction to Efficiency and Productivity Analysis[END_REF][START_REF] Kumbhakar | Impacts of Norwegian milk quotas on output growth: A modified distance function approach[END_REF].

Studies that have applied deterministic or stochastic distance function models to examine different aspects of productivity in European agriculture include the work by [START_REF] Zhu | Impact of CAP Subsidies on Technical Efficiency of Crop Farms in Germany, the Netherlands and Sweden[END_REF], [START_REF] Rasmussen | Scale efficiency in Danish agriculture: an input distance-function approach[END_REF], [START_REF] Sauer | Deregulation and dairy production systems: a Bayesian distance function approach[END_REF], [START_REF] Latruffe | Farm Performance and Support in Central and Western Europe: A Comparison of Hungary and France[END_REF], [START_REF] Kumbhakar | Impacts of Norwegian milk quotas on output growth: A modified distance function approach[END_REF], [START_REF] Balcombe | The use of bootstrapped Malmquist indices to reassess productivity change findings: An application to a sample of Polish farms[END_REF], [START_REF] Sipiläinen | Sources of productivity growth on Finnish dairy farms -Application of input distance function[END_REF], [START_REF] Newman | Evaluating the productivity performance of agricultural enterprises in Ireland using a multiple output distance function approach[END_REF][START_REF] Newman | The productivity performance of Irish dairy farms 1984-2000: a multiple output distance function approach[END_REF][START_REF] Brümmer | Decomposition of Productivity Growth Using Distance Functions: the Case of Dairy Farms in Three European Countries[END_REF]. Several of these authors have focused on comparing productivity across countries (e.g., [START_REF] Latruffe | Farm Performance and Support in Central and Western Europe: A Comparison of Hungary and France[END_REF][START_REF] Zhu | Impact of CAP Subsidies on Technical Efficiency of Crop Farms in Germany, the Netherlands and Sweden[END_REF][START_REF] Brümmer | Decomposition of Productivity Growth Using Distance Functions: the Case of Dairy Farms in Three European Countries[END_REF], but none of them have made use of the meta-frontier framework introduced by [START_REF] Battese | Technology Gap, Efficiency, and a Stochastic Metafrontier Function[END_REF], refined by [START_REF] Battese | A Metafrontier Production Function for Estimation of Technical Efficiencies and Technology Gaps for Firms Operating under Different Technologies[END_REF] and then by [START_REF] O'donnell | Metafrontier Frameworks for the Study of Firm-Level Efficiencies and Technology Ratios[END_REF].

Recent studies that make use of the meta-frontier methodology in agriculture are the works by [START_REF] Boshrabadi | Technical Efficiency and Environmental-Technological Gaps in Wheat Production in Kerman Province of Iran[END_REF] for wheat farming in Iran, by [START_REF] Binam | Technical Efficiency and Productivity Potential of Cocoa Farmers in West African Countries: A Meta Frontier Approach[END_REF] for cocoa farmers in West Africa, by [START_REF] Chen | Efficiency and Technology Gap in China's Agriculture: A Regional Meta-Frontier Analysis[END_REF] for regional data for China, and by Moreira and Bravo-Ureta ( 2010) who used dairy farm data for Argentina, Chile and Uruguay. The rationale for the meta-frontier methodology is that productivity comparisons across different groups of farmers should be done with respect to a common frontier. If such frontier is not adequately reflected by parameters estimated by pooling the data from the different groups, then the benchmark frontier is constructed as an envelope of the separate frontiers for each group, which gives rise to the meta-frontier. This paper uses data from the European Farm Accountancy Data Network (FADN) for farms located in six EU countries for the 18 year period going from 1990 to 2007. The countries included are old member-states of the EU: Denmark; France; Ireland; Spain; the Netherlands; and the United Kingdom (UK). The FADN database consists of yearly accounting information for commercial farms, rotating over several years, typically five; therefore, the data sets are unbalanced panels. All individual country data sets contain farms where at least 66% of the gross margin comes from milk production. In addition to our focus on dairy farming, the rationale for selecting farms according to their production specialization is based on two major reasons: 1) technology differs across specializations (e.g. field crops vs. dairy), and thus separate efficiency frontiers might be needed; and 2) CAP modalities, in particular the types and amount of subsidies and the policy reforms overtime, are different depending on specialization. The choice of dairy farms is motivated by the fact that this sector is one of the most widespread sectors in the EU, in particular in the old member-states, and has faced several CAP reforms during the period studied. During 1990 to 2007 the CAP has undergone three reforms, in 1992 (MacSharry reform), 2000 (Agenda 2000), 2003 (Luxemburg reform), with an increase in decoupling overtime.

The data shows considerable variability across countries both for inputs and outputs although, by design, milk represents at least two thirds of total output. Here we want to highlight the variability in average farm size which ranges from a high of 87.8 ha in the UK to a low of 17.9 ha in Spain. Also of particular interest is the relatively heavy reliance on family labor in Denmark and the UK while the opposite is the case in Spain and France. In addition, the highest level of average subsidies relative to the value of output is for France (12.8%) and Ireland (12.6%) while the lowest is for the Netherlands (3.5%) followed by Spain (4.5%).

We choose a stochastic input distance frontier (ISDF) contending that farmers have relatively more control of inputs than outputs as recently articulated by [START_REF] Kumbhakar | Impacts of Norwegian milk quotas on output growth: A modified distance function approach[END_REF]. However, it can be argued that in the EU restrictions are relevant for both inputs, particularly land, and outputs, primarily milk production quotas which are of major relevance to the present study.

As indicated, the model incorporates two outputs and four inputs. The outputs are milk produced, both fresh and processed (y 1 ), and the revenues from all other products (y 2 ). The four inputs included are the following: x 1 is the value of intermediate inputs (in Euros); x 2 is Utilized Agricultural Area (UAA) in hectares; x 3 is total labor used in full-time equivalents (Annual Working Units); and x 4 is the value of fixed assets (in Euros). All monetary values are deflated according to price indexes for agricultural inputs and outputs from EUROSTAT with 2007 as the base year.

The EU has experienced three main CAP reforms; thus, we create a set of dummies to capture these effects denoted by C. These reforms have been (fully) implemented in different years across the six countries that are of interest in this paper. Thus, we identify four periods for each country. For the UK, Denmark and Ireland Period 1 covers 1990[START_REF] Battese | Frontier Functions and Technical Efficiency: a Survey of Empirical Applications in Agricultural Economics[END_REF]Period 2 1993Period 2 -1999;;Period 3 2000Period 3 -2004;;and Period 4 The first step in the estimation process is to obtain individual country ISDFs and then the data for all countries are pooled and a common ISDF is estimated. This pooled model makes it possible to test formally differences between the group frontiers using a generalized likelihoodratio test. The individual and pooled models are estimated using the [START_REF] Battese | A Model for Technical Inefficiency Effects in a Stochastic Frontier Production Function for Panel Data[END_REF] specification. If the hypothesis that all countries or groups share the same technology is rejected, then a meta-frontier, which envelopes the individual country frontiers, is estimated using linear programming [START_REF] O'donnell | Metafrontier Frameworks for the Study of Firm-Level Efficiencies and Technology Ratios[END_REF]. In this latter case, the specification is the same as for the individual and pooled models except that the inefficiency effects component is dropped.

The inefficiency effects part of the model includes five z variables to explain the variability of technical efficiency (TE): z 1 is the size of the farm expressed as the economic size in European size units (ESU), calculated as total standard gross margin in Euros divided by 1,200; z 2 is the percentage of milk sold over the total value of output, which represents de degree of specialization of the farm; z 3 is operational subsidies per livestock unit and thus represents the level of dependency on subsidies; z 4 is investment subsidies per livestock unit; and z 5 is the share of hired labor in total labor. The results show very high levels of average TE for all countries based on the individual country frontiers (over 92.7%). As it would be expected, we reject a pooled model for all countries and thus argue that productivity comparisons need to be made based on a common base which is the meta-frontier. Average TE across countries based on the meta-frontier drops significantly (over 20% points) across all countries. This suggests important efficiency gaps with respect to the meta-frontier and no country dominates.

A broad range of TFPG rates is observed across countries based on the individual frontiers. The analysis shows that the progressive decoupling of agricultural subsidies associated with various reforms of the CAP has had a positive effect on output reflected in upward shifts of the individual country frontiers (the C dummy variables). However, the results show that operational subsidies have a consistent negative effect on TE, consistent with previous empirical literature. By contrast, the results regarding investment subsidies are mixed. In four countries we observe no significant effect while in the remaining two, France and Spain, we again observe a negative and significant effect on TE. Finally, all countries exhibit increasing returns to scale ranging from 1.221 for the UK to a high of 1.450 for Spain (at the mean of the data).

  goes from 2005 to 2007. For the Netherlands, France and Spain Periods 1 and 2 are the same as in the other four countries, Period 3 goes from 2000 to 2005 and Period 4 covers 2006 and 2007.
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