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Abstract  

Although organic farming has expanded significantly in Europe in the last decade, a sectoral policy model is still missing that is able to analyse the impact of policy measures on organic farming. The use of programming models in the form of a sector-consistent farm group model seems to be a promising model approach, whereas applied general equilibrium models are regarded as less promising. An example is given for a policy impact model for organic farming. The bottom-up structure of this type of model makes it possible to analyse the impact of policy measures on farm incomes and volumes of production of organic and conventional farms at farm, regional and sectoral level. 

Introduction/Problem 

Organic farming experienced a considerable expansion in Europe in the last decade. From 1993 to 2001, average annual growth rate was 26% for the EU-15 (Hamm and Gronefeld, 2004). In the whole of Europe, in 2004, almost 6.3 million hectares were managed organically by approximately 170,000 farmers (Willer and Richter, 2005). The most important factors for the past growth were a growing demand for organic food and direct payments for organic management practices. While both factors remain important in the future, it is expected that the further development of organic farming is predominantly determined by the general policy environment of the farming sector in Europe (see Häring et al., 2004). The impact of policy measures on agriculture is commonly analysed by employing quantitative models. Until today, however, only a few models were developed that take organic farming explicitly into consideration (e.g. Häring, 2003; Offermann, 2003; Richter et al., 2001; Hartnagel et al., 2000) and the existing ones are, for various reasons, less suited to be used in practice as a policy assessment tool. Against this background, the aim of this paper is to discuss critically the applicability of applied general equilibrium models and programming models in this area and to present a concrete example for a policy impact model for organic farming. 

Applicability of two different quantitative modelling approaches

In the last three decades two different modelling approaches were mainly employed to analyse the effects of comprehensive medium-term policy changes on agriculture:  

· Applied general equilibrium models (AGE models) are fully based on micro-economic theory, where the level of supply and demand is a consequence of maximisation behaviour of economic agents and prices are a result of this pareto-optimum. The aim of an equilibrium model is the determination of equilibrium prices and quantities under different policy scenarios. 

· Mathematical programming models (MP models) are based on an objective function (generally but not necessarily profit maximisation) that is optimised under certain constraints. In other words, programming models simulate the rational economic behaviour of farmers by optimising factor allocation under pre-determined objectives and economic conditions. They are able to analyse in detail the effects of supply-based policy measures.

AGE models represent the agricultural sector in the form of product-specific supply and demand aggregates. Analysing organic farming in an AGE modelling framework requires a database that explicitly distinguishes between organic and conventional production structures as well as the distribution of organic and conventional products for intermediate and final use (Jacobsen, 2002). Due to the highly aggregated database, however, AGE models are not able to differentiate between regions or farm types. This is a disadvantage insofar as in some countries organic farming is located only in certain regions or comprises only certain farm types. In Switzerland, for example, 57% of all organic farms are located in the mountain area so that regionalised results would have more explanatory power in conveying the effects of policy changes on organic farming. The conversion behaviour can be simulated indirectly by changes in supply and demand. This means that no direct conclusion can be drawn with respect to the impact of policy measures on the number of organic farms or the land area under organic management. Critically, one must regard the necessity to use price elasticities of organic food which is required to model demand behaviour. Currently, only a little reliable information exists about price elasticities of organic food (see for example Enneking (2003), Wier and Smed (2000)). Due to the relative small size of the organic market, however, it is doubtful whether price elasticities of a base year can also be used for the ex-ante period with a different market situation. Furthermore, other research studies indicate (e.g. Hempfling, 2004) that, beside the level of price premiums, demand for organic products is also highly affected by the marketing policy of retailers so that price elasticities have generally only limited explanatory power. 

Mathematical programming models are already often used to model economic and production-orientated problems of organic farming (e.g. Offermann, 2003; Richter et al., 2001; Stolze, 1998; Braun, 1995; Dabbert, 1990). An advantage of this approach for policy analysis is that the agricultural sector can be represented through individual farm models, so that the various interrelationships of individual farm activities can be taken into account. Due to the bottom-up structure, programming models are able to analyse possible adjustments at farm level as well as changes at regional and sectoral level. The development of organic farming can be steered endogenously by additional behavioural constraints that determine whether the individual farm model is managed organically or not. The major shortcoming of using a programming model is connected to the necessity to postulate exogenously price and demand figures. This means that trade policies (e.g. tariffs, tariff quotas or export subsides) cannot be directly represented in the model. In order to avoid this disadvantage, Hanf and Noell (1989), for example, proposed to link a supply-model with a market model. However, as outlined above, building a market model for organic farming is still connected with considerable problems, so this approach does not seem to be a promising option. 

Having discussed the applicability of AGE models and programming models as a policy impact model with special emphasis on organic farming, one may conclude that a programming approach appears currently to be the more suitable one. In the following section, the design of a policy impact model for organic farming is described to give an example of how a quantitative model that is employed to analyse the effects of policy measures on organic farming may look.

Design of a policy impact model for organic farming

For the development of a Swiss policy impact model for organic farming, the modelling framework of the German model FARMIS has been used. Originally developed for the German agricultural sector, FARMIS has recently been extended to cover other EU member states (Offermann et al., 2005). For Switzerland, FARMIS was adapted to the specific Swiss policy environment and advanced by a farming-system differentiated representation of the agricultural sector.

The model is a comparative-static process-analytical non-linear programming model that represents the Swiss agricultural sector. Following other sector programming models, CH-FARMIS is divided into four modular units. The data unit comprises all data that are needed to construct the model. The data processing unit includes all steps to derive complete input-output tables for each farm model to determine the forward projection of ex-ante variables and to generate the weighting factors for the aggregation procedure. The optimisation unit comprises all individual farm models that are used to optimise the factor allocation and the production programme of farms and farm groups, respectively for a baseline and various alternative scenarios. Finally, the output unit comprises the presentation and analysis of the optimisation procedure.

In total, CH-FARMIS consist of 2075 individual farm models that were built on the basis of real farms of the FADN. The technical coefficients of the farm models are either directly taken from book-keeping records or adapted by using ordinary least square regression estimates. Furthermore, the farm data also provide information about the obtained prices and direct payments as well as production costs. By using farm model specific weighting factors, individual farm data can be aggregated to sectoral accounts. The individual farm models are grouped into 30 farm groups according to the farming system, farm type and geographic characteristics. This means that for each organic farm group a conventional counterpart exists that is defined according to similar criteria. An advantage of using FADN data is that a representative farm sample can be used as a basis for the model. However, because Swiss organic farms are mainly specialised dairy farms, not all farm types are included in the model. Currently, approximately 80% of all Swiss farms and 85% of all organic farms are represented. 

The agricultural production is represented through 26 crop activities and 14 livestock activities. Factor allocation and production programme of each farm is optimised by maximising the sector income under certain policy and management restrictions. In order to avoid the problem of overspecialisation and jumpy simulation response, the base year model was calibrated using a positive mathematical programming approach (PMP). To generate the unknown marginal cost parameter, prior information about supply elasticities was used, as proposed by Helming et al. (2001). Using PMP is advantageous because it allows a perfect reproduction of the observed activity levels in the base year. By including the dual values of each activity, PMP models are able to generate more realistic results for the ex-ante period in comparison to classical NLP or LP models. On the other hand, the disadvantage of using PMP is that the dual values of only those activities that are also present in the base year period are known. For this reason, it is currently not possible to consider structural changes in the scenario application or to modify the dual values if farms convert to organic farming in the scenario run. However, this problem might be less severe in the case of Switzerland, since the majority of Swiss farmers do not change significantly the farm structure during the conversion process.

The new investment theory is used as a theoretical framework to describe the conversion behaviour of farmers. Assuming profit maximisation behaviour, the management system of an individual farm model is changed from conventional to organic farming if farm profits with organic management exceed profits with conventional management plus the costs caused by the conversion and costs caused by a risk-adverse behaviour. This approach also allows representing a re-conversion of farms. To identify the critical trigger for a change, Odening et al. (2004), for example, proposed to employ an econometric model. Since economic time-series data of organic farms are connected with a lot of uncertainties (due to the temporal heterogeneity of the sample) it is questionable whether this approach is able to generate reliable data. Therefore, the thresholds are not economically derived but simply assumed based on a farm survey where farmers were asked about the critical income disparity that would give sufficient incentive to convert a farm. 

Programming models are unable to determine price changes endogenously, as discussed earlier, so commodity prices are generated through expert valuation. This procedure is also used to gain information about the future design of direct-payment schemes. The outcome of this qualitative approach provides input for the scenario run. The policy analysis is done in two steps. First, a simulation is done assuming that the policy environment will not change. Second, single policy measures are modified and the results of the two scenarios are compared. 

Conclusions 

The farm-group model CH-FARMIS is suitable for assessing the effects of supply-based policy measures and can be used to analyse the future development of organic farming. By using a bottom-up approach it is possible to analyse changes at farm as well as regional and sectoral level, considering the fact that conversion rates vary between different farm types and regions. Because of the relatively small size of the organic market, it is problematic to use price elasticities of the base year for the ex-ante period. For this reason, and because the marketing policy of retailers still has a considerable impact on the demand of organic food, the use of or combination with a market model (such as an AGE model) does not seem to be a promising approach. In future, it is necessary to extend the database to include farm types currently not represented. Furthermore, future research is necessary to improve the representation of structural changes and the conversion behaviour in the model. 
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