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Abstract: The quantitative analysis and assessment of agricultural, rural development and related policies (e.g. trade, energy, environment, and climate change) is an important contribution to the policy-making process in these areas. 

To guarantee timely, confidential, tailor-made and scientifically sound support to policy makers, a modelling platform has been built up at the Commission’s Joint Research Centre premises that includes selected partial equilibrium models (AGLINK, CAPRI, ESIM) and general equilibrium models (GLOBE, MAGNET).

iMap not only allows the most appropriate selection to be made from these models for a specific policy question, but also facilitates the comparisons of results between models in order to substantiate the findings. Analysing model performance in policy relevant applications provides the necessary feedback to decide about the future development needs of the models.

This paper describes the iMAP approach and gives some insights into current applications in the field of model integration for agricultural policy analysis.

1.  Introduction

This paper discusses the creation and application of an integrated Modelling Platform for Agro-economic Commodity and Policy Analysis (iMAP). The authors think that the case of iMAP can be an inspiration for efficient collaboration among researchers and research institutions. The paper also invites discussion on the iMAP approach at a time of rapidly changing policies and, as a consequence, agro-economic modelling tools that are pushed to their limits.

The starting point in (2005) was the observation of an increasing need for scientifically based quantitative policy decision support in agriculture. The EU’s Joint Research Centre (JRC) responded to that need by increasing its support to the European Commission (EC) in the fields of statistics, economic modelling, sensitivity analysis and integrated assessment.
At that time, DG Research & Innovation had already financed the development of economic modelling tools for policy assessment in the area of agriculture and trade, and was continuing to do so in several framework program (FP) projects. In addition, DG Agriculture and Rural Development (DG AGRI) occasionally financed the further development and update of agro-economic modelling tools for policy analysis. But these efforts were rarely co-ordinated so that promising tools never became fully operational, were abandoned or became outdated.
The JRC and in particular the Institute for Prospective Technological Studies (IPTS) with its economic policy orientation, realized the potential benefits of providing a more stable platform for agro-economic models, with the ultimate goal being to deliver sound policy support to the policy-making process in the EC. Such a platform was also deemed fitting to its role as the Commission's in-house scientific service. , 
Setting up iMAP meant confronting many different questions and challenges from a scientific, policy support and institutional perspective. What are the most suitable models to deliver robust and timely support? What kind of model portfolio is needed to cover the main policy topics? How can it be maintained as efficiently as possible? How to reconcile/combine policy support and research? Which setting would allow a truly pan-European approach that benefits from and shares know-how with the Member States and the scientific community? 

This paper is based to a large extent on a JRC report [M’Barek 2012] and is structured as follows. Section 2 identifies and discusses the framework for an economic modelling platform to support agricultural policy making in the European Commission and presents the main features of iMAP. Section 3 briefly describes the tools - partial and general equilibrium models – in iMAP, the use of databases and finally, provides some general guidelines for choosing the right model. Section 4 gives examples of different applications of iMAP for policy support. Section 5 concludes and provides some reflections.

2.  Developing an agro-economic modelling platform
2.1  Need for policy support 

Quantitative analysis of agricultural and rural development policies, as well as those concerning related topics such as trade, energy, environment, and climate change, makes an important contribution to the policy-making process in these areas, as is acknowledged in the EU’s Impact Assessment guidelines of the EU
. 
Economic simulation models depict the interrelationships between selected economic variables and, as such, provide a simplified but clearly structured and quantified representation of economic reality that can be used to analyse future impacts of policy changes. Such models are widely applied in the analysis of the agricultural sector as a provider of food, feed, fibre and now, increasingly, energy, but also of its role in the rural economy and of the environmental effects linked to agricultural production. Ex post analysis of policies typically demands an evidence-based assessment, and therefore stylised simulation models like those described in this document are less commonly used. 

Inevitably, the topics for integrated economic assessment of agricultural and food-related policies, as well as the economic, social and environmental settings, are not static but evolve over time. They reflect changes in policy priorities such as those underlying the new financial framework of the European Commission and the future CAP. Moreover, the financial and economic crisis and the increasing importance of emerging countries, as well as global challenges such as climate change, have reshaped analytical needs. In the past, a large part of EU-level agricultural policy involved intervention in agricultural markets. Current issues on the table include:
· Assessment of alternative policy options up to 2020 and beyond within a CAP that is increasingly 'green’ and more targeted at farm level;

· Evaluation of the international competitiveness of the European agro-food sector in an uncertain and volatile economic environment with ongoing multi- and bilateral trade liberalisation;

· Short-, medium- and long-term assessment of food security, mainly supply/demand balances and price volatility;

· Economic impact analysis of agriculture's contribution to green growth, investigating alternative policy options for adaptation and/or mitigation of climate change, to make water use more efficient and in particular to estimate indirect land use changes due to new policies;

· Impacts of farm structural change, new technologies, evolving consumer behaviour, shifting demographics and other trends in the sector and rural regions.

These new directions translate into new requirements for economic models in their spatial and temporal resolution, and in their scope with respect to the sectors and actors covered as well their ability to deal with new types of scenarios. New requirements include, inter alia, the ability to analyse changing production and consumption patterns in the context of highly integrated volatile global markets. Models need to deal with structural breaks in policies or drastic changes in markets such as rapidly increasing energy prices. In parallel, policies are becoming increasingly complex, both regarding their mix of instruments and their multiple targets.

2.2  Design of a modelling platform
A modelling platform serving the decision-making process for policy has to meet several requirements.

First of all, it has to provide results and recommendations in a timely manner, with high scientific quality and transparency. Close links with the current policy agenda have to be maintained.

Secondly, harmonised and public databases should be used whenever possible (e.g. EUROSTAT or FAOSTAT data), since traceability of data is one of the main obstacles in this discipline. In ex ante analysis, a future baseline, harmonised between models and accepted by clients, should provide the benchmark for counterfactual analysis,

Thirdly, the models hosted within iMAP should be backed up by a record of policy-relevant, and if possible peer-reviewed, applications, be well documented, be supported by a team of experienced analysts, allow for combined application and integration of data, etc. 

Finally, the functioning of a modelling platform also depends on a stable and long-term institutional framework. 
2.3  iMAP 

The integrated Modelling Platform for Agro-economic Commodity and Policy Analysis (iMAP) was created at JRC-IPTS in 2005 to facilitate the use of selected Partial Equilibrium (PE) and Computable General Equilibrium (CGE) models, either in stand-alone mode or in combination [Pérez Domínguez 2008]. The models were chosen in order to address a broad range of relevant topics linked to the economic assessment of the CAP and thereby to provide a scientific basis for policy decision making. Its creation was also motivated by the fact that tools with the potential to support policy making were being abandoned, not updated or not maintained by their developers or original owners, rendering it impossible to activate them quickly to perform relevant policy analysis.

All individual models hosted by iMAP are well-established economic models with a long record of applications in research and policy support. 

The core PE models of iMAP are AGLINK, CAPRI and ESIM, although other PE models or modelling approaches are used to complement or address questions that cannot be treated with these models. The main CGE models used are the GTAP based models GLOBE and MAGNET, to be complemented in the future by CGEs regionalised at the sub-national level (EUReg27). 

Maintaining a suite of models allows iMAP to select the model(s) most suitable for a particular request for policy analysis. Full access and knowledge about the tools in iMAP and the underlying modelling approaches enables iMAP staff to provide tailor-made, scientifically sound and timely analysis, specifically to DG AGRI. 

In addition, iMAP facilitates and supports the analysis of a given policy question with different tools, leading to the comparison of results in order to substantiate the findings and to assess the range of uncertainties. Furthermore, different tools can complement each other by providing outputs not available from the application of a single tool. This process provides additional feedback regarding the future development of models. 

A particular role of iMAP is hence the combined use of several models – including pairings with those currently outside iMAP - and interdisciplinary analyses. Moreover, the increasing complexity of the aims, instruments and politically-relevant impacts of the CAP and other policies relating to agriculture has required a more integrated application of quantitative tools, not only economic ones. The on-going work at JRC-IPTS on databases and a common baseline is an important milestone in this respect.

Finally, iMAP seeks a structure in which different quantitative tools can be combined for use in joint exercises, after going through certain validation filters, and can be maintained and updated through collaboration with the core model developers.

As part of the iMAP strategy, a technical Reference Group was formed, composed of well-known and experienced external experts in agricultural sector modelling, some of them the original developers of iMAP models. This Reference Group provides independent advice and assessment concerning the maintenance, development and use of the main modelling tools currently available in iMAP. With iMAP staff and in close co-operation with DG AGRI, it also regularly reviews agricultural market and policy developments from a quantitative policy impact perspective to ensure an appropriate future strategy of iMAP.

The regular dialogue among JRC-IPTS modellers, the Reference Group and DG AGRI has built a relationship of trust between the parties involved and has increased mutual understanding of needs and interests as well as the institutional settings involved. This dialogue facilitates i) delivery of economic impact assessments of high quality matching clients' needs, ii) development of synergies between policy-relevant work (typically of limited scientific innovation) but also a high scientific profile (visible from peer-reviewed publications), iii) stronger ties between JRC-IPTS and a number of universities and research institutions and iv) deeper understanding among external modellers of requirements in policy-relevant applications, such as establishing an appropriate, consolidated ex ante baseline, employing common assumptions on the development of macro-economic variables and other drivers, a shared view on how policy instruments affect agriculture etc. Not least, it gives DG AGRI the opportunity to highlight upcoming analytical needs, which allows the model developers to prepare their tools accordingly.

3.  Modelling tools

This section briefly describes the tools - partial and general equilibrium models – in iMAP, the use of databases and finally, provides some general guidelines for choosing the right model.  
3.1  Partial equilibrium models
Partial equilibrium (PE) models depict the behavioural interactions in one or more economic sectors, treating the rest of the economy as exogenous. They are used to investigate the impact of changes on those sectors most immediately relevant to a problem, neglecting impacts on and interactions with other sectors. The PE models in iMAP focus on the agricultural sector. Increasingly, they also comprise other selected sectors  with strong ties to primary agriculture (vegetable oil processing, dairies, biofuel processing, feed concentrate industry) or to the wider economy (e.g. competition for land). The core PE models of iMAP are AGLINK-COSIMO, CAPRI and ESIM, although other models or tools are used to complement or address questions that cannot be treated with these models.
AGLINK-COSIMO is a recursive-dynamic, partial equilibrium, supply demand model of world agriculture, built by merging OECD’s AGLINK and FAO’s COSIMO models. Within iMAP and under the lead of DG AGRI, the model is mainly used to provide the EU agricultural outlook published in the last quarter of each year. In addition, it is fed into the OECD-FAO outlook. The JRC-IPTS team is in charge of the analysis of the uncertainties underlying the baseline projections, running for example partial stochastic simulations [Oecd 2006].
CAPRI (Common Agricultural Regionalised Impact Analysis) is a comparative static partial equilibrium model, designed to analyse CAP measures and trade policies for agricultural products, combining a global spatial multi-commodity model with aggregate programming models for Europe based on a fully consistent data set over different regional scales (global, EU, Member State, NUTS2 regions, farm types). CAPRI can analyse a wide range of policies and topics related to the agricultural sector, including agri-environmental interactions [Britz 2008].
ESIM (European Simulation Model) is a comparative static, partial equilibrium, net-trade multi-country model of the agricultural sector. It covers supply and demand for agricultural products, with a detailed specification of cross-commodity relationships, and some first-stage processing activities [Banse 2010]. 
AGMEMOD (AGricultural MEmber states MODelling) is a dynamic, multi-country, multi-market, partial equilibrium modelling system. It can provide significant detail on the main agricultural sectors in each EU Member State and EU candidate countries, because of the econometrically estimated, country-specific, economic models of agricultural commodity markets [Chantreuil 2012]. 
3.2  Computable general equilibrium (CGE) models
Computable general equilibrium (CGE) models build on systems of nonlinear simultaneous equations representing optimising behaviour of all agents within the economy, characterised in their roles as producers, consumers, factor suppliers, exporters, importers, taxpayers, savers, investors, or government. They thereby depict the production, consumption, intra-sectoral input and trade of all sectors for one country, a region or even all countries worldwide. The main CGE models used are the GTAP-based models GLOBE, MAGNET and to be complemented by a CGEs with a sub-national resolution (RegEU27). 
GTAP (Global Trade Analysis Project) is a global network of researchers and policy makers conducting quantitative analysis of international policy issues. GTAP has developed a CGE model known as the GTAP model together with a database that is also used by a number of other CGE models. The standard GTAP Model is a static multi-region, multi-sector, CGE model, with perfect competition and constant returns to scale. It constitutes the basis of several CGE models [GTAP 2012]. 
GLOBE is a Social Accounting Matrix (SAM)-based global CGE model that is calibrated with data from the GTAP database. The GLOBE model, written in the GAMS programming language, permits a great flexibility of general and specific closure rules; this allows for the definition of many possible policy scenarios [McDonald 2007].
MAGNET (Modular Applied GeNeral Equilibrium Tool) is a global CGE model, adopting a modular approach, whereby the standard GTAP-based core can be augmented with modules such as land supply, land allocation or biofuel modules - depending on the purpose of the study. For iMAP the specific orientation of MAGNET towards agricultural policy is very important. 
REgEU27 is a horizontal array of national CGEs models, each regionalized to NUTS2 regions, developed in the FP7 CAPRI-RD project with a focus on CAP Pillar 2 and Rural Development indicators. It currently covers 270 NUTS2 regions for all EU Member States and 12 sectors. The model can be used in stand-alone mode or transparently integrated into CAPRI based on sequential iteration [Törmä 2011; Britz 2012], thereby adding a very spatially-disaggregated layer of the CAPRI model.
3.3  Databases and data management

Science-based policy support requires high-quality and reliable data. iMAP is engaged in long-term activities to consolidate agro-economic data so as to ensure that they are comparable, using harmonized methodology.

IPTS started to develop concepts for data harmonisation and management together with an external partner (PROGNOZ software company). The resulting product, DataM, is a database management tool intended to simplify the daily data work of analysts and modellers in agriculture, either to feed economic models with data, to check data or to analyse results. 

The main strength of the tool are the linkages ("mappings") between the nomenclatures of the different databases, meaning that users can retrieve all the available data from different sources related to a particular item more quickly without specific knowledge of the nomenclature used by the different data providers [M’Barek 2012].
3.4  Choosing the ‘right’ model
The choice of the appropriate tool(s) to analyse policy questions is often crucial for the quality, depth, breadth and relevance of the decision-making support delivered, as well as its timing, although this choice is inevitably restricted to the range of tools available to an organisation. 

The nature of a given policy question determines which model characteristics are crucial for obtaining policy-relevant information. These dimensions include: the regional scope (global, EU-wide, national or regional) and scale, the treatment of time (dynamic or static), partial or general equilibrium, the commodity coverage, the detail in which farm management and farm characteristics are covered, which policies should be represented in detail and the ability to link results to other policy fields and to deliver outputs of specific interest.

The geographic dimension of the models requires a thorough review in relation to the needs of each policy question, since wider coverage and higher resolution can be resource-consuming. iMAP, focusing on a major player like the EU, clearly needs models covering international agricultural markets, and, given the importance of bilateral trade agreements, a careful evaluation of the choice and probable co-existence between spatial and non-spatial market models must be made. 

The choice between a dynamic or a static specification has important implications for analysing medium-term market developments. Dynamic models have the advantage of describing adjustment processes over time in response to changes in the market and policy environment, but are more complex in structure. 

The choice between a partial and a general equilibrium model depends very much on the importance of the sector being analysed relative to the general economy, and the degree of the inter-linkages between that sector and the rest of the economy. Although agriculture represents a small and shrinking part of the economy in the EU, it has strong links to other sectors, especially in rural regions, which necessitate the use of a general equilibrium model approach for specific policy questions.

There is also growing interest in developing linkages between agro-economic models, on the one hand, and bio-physical or other types of models, on the other, in order to capture the effects on the environment, land and water use, energy production and so on. 

4.   Applications of iMAP 

A selection of applications of iMAP tools carried out at JRC-IPTS or in cooperation with other model teams is provided according to different topics. 
4.1 A benchmark for ex ante impact assessment: regular provision of a medium term outlook for EU agriculture

The 'Prospects for Agricultural Markets and Income in the EU' is an annual key publication of DG AGRI, which contains medium-term baseline projections (European Commission 2011). The construction of the agricultural baseline projections involves joint efforts by DG AGRI and JRC-IPTS using mainly the AGLINK-COSIMO model. The outlook projections serve as a benchmark for ex ante policy simulations. They provide the context for analysing medium-term market and policy issues, rather than short-term forecasts for monitoring market developments and addressing short-term market issues. The CAPRI and ESIM models are calibrated to this baseline, in order to provide the same underlying vision and consistent set of assumptions in the subsequent policy simulations. 

Baseline projections depict rather smooth market developments, while in reality markets tend to move along a more volatile path as observed in the past and particularly over recent years. An uncertainty analysis is carried out to assess and quantify how alternative assumptions about the main drivers of demand and supply, the general macroeconomic setting, and prospects for biofuel markets could influence the projected agricultural market developments.

4.2 iMAP stand alone: Assessment of agricultural market and farm income impacts 

A main objective of iMAP is to support DG AGRI with model-based policy assessments. 

As an example of a comprehensive analysis of EU agriculture in the context of global and regional trade, the impact assessment of a potential EU-Mercosur Free Trade Agreement was carried out with the GLOBE and CAPRI models (Burrell 2011a). The AGLINK-COSIMO model was also applied to simulate a comprehensive free trade agreement between the EU and Ukraine, resulting in briefings and several articles.

The assessment of domestic policies deals mainly with the reform of the CAP. An assessment of the EU's milk quota reform and in particular the potential impact of the abolishment of the milk quota was a key topic during 2008 and 2009. In a series of studies in close cooperation with international modelling teams the PE models CAPRI, CAPSIM and AGMEMOD were used, focussing on different aspects of the milk reform. In the context of the impact assessment for the legal proposals for the CAP after 2013 different contributions were delivered, among those the analysis of the proposal to remove the sugar quota from 2015 with the ESIM model. The results are published in the annex of the impact assessment by DG AGRI.
The possible impacts of EU enlargement focus in particular on the Western Balkans and Turkey. Studies on Western Balkan countries accession scenarios with CAPSIM, a PE model which is not anymore used, were published in (Witzke 2009) and on Turkey using AGMEMOD (Van Leeuwen 2011).
4.3 iMAP as part of JRC-wide policy support: Integrated assessment

Spanning the different JRC priorities on agriculture, energy, environment, climate change and development and as a link between natural sciences (bio-physical modelling) and economic analysis, iMAP tools play a strong role in integrating several JRC activities. 

The JRC-IPTS study of EU biofuel policy used the three key iMAP partial equilibrium agro-economic models, namely AGLINK-COSIMO, ESIM and CAPRI, according to their relative strengths. The report demonstrates how the use of several models provides a rich, composite picture that could not be achieved with just one model. The study was entirely carried out at JRC-IPTS, involving the iMAP teams of all three models mentioned. In the preparation phase of these simulations, a dialogue with the model developers took place, in order to acquire full knowledge about how the biofuel sector is specified in each model. The impacts identified include higher EU production of ethanol and biodiesel, and of the crops used to produce them, as well as more imports of both biofuels. AGLINK-COSIMO estimates an extra 5.2 million hectares used for cereals, oilseeds and sugar crops globally. The study was made a reference document for the public consultation; results were a main input for the ILUC land allocation and finally published as a JRC Reference Report (Blanco Fonseca 2010).

The objective of the JRC-wide project "Evaluation of the livestock sector's contribution to the EU greenhouse gas emissions" (Leip 2011) was to provide an estimate of the net emissions of GHGs and ammonia from the livestock sector in the EU-27 according to animal species, animal products and livestock systems. The CAPRI model was adapted in cooperation with other research institutions so as to account for product-based GHG emissions from EU livestock production using the life cycle assessment concept. With respect to mitigation policy scenarios, results show that the emission reduction effects per EU Member State in each scenario are quite different from the EU-27 average, depending on the production level and the composition of the agricultural activities. The analysis also reveals that a unilateral GHG emission reduction in the EU would provoke an emission increase in the rest of the world. 
5.   Conclusions

In this paper we described the rationale and performance of the integrated Modelling Platform for Agro-economic Commodity and Policy Analysis (iMAP), hosted by the European Commission's Joint Research Centre, Institute for Prospective Technological Studies in Seville. iMAP was created in order to provide a scientific basis for policy decision-making addressing a broad range of topics linked to the economic assessment of the Common Agricultural Policy and related topics such as trade, energy, environment, and climate change. The platform contains selected partial equilibrium and general equilibrium models, used in stand-alone mode or in combination.

iMAP has reached a certain maturity with a stable institutional setting and could serve as an example of a productive triangle between governments, publicly financed research institutions supporting policy processes and academia. Nonetheless, it faces several challenges which at the same time offer opportunities.
The rapid and continuous staff turnover constitutes a permanent risk, but is also source of innovation and new ideas. Furthermore, the demand for agro-economic modelling is determined by short-term ad hoc policy-support questions, which makes it difficult in some cases to formulate a long-term strategy on modelling issues. In this context, it should be mentioned that iMAP has neither the ambition nor the capacity to adapt its models in order to deal with all potential questions arising. Instead, iMAP will focus on improvements to address policy and research-oriented questions relating to agriculture, food, and natural resources with an economic dimension. Even so, just as methodologies, software, hardware etc. are further developed over the course of time, so are - or should be - the tools used and competences needed within iMAP. 

Therefore, further research and investment will be also made to i) optimise model structures and refine codes to reduce running time, as well as to extend sensitivity analyses; ii) focus on the most important policy developments according to the strengths of the individual models (reminder: no model can serve all purposes); and consequently iii) reinforce the connections between models when this can be beneficial for answering the policy or research question at stake. Moreover, different approaches for long-term outlooks (10 to 40 years and beyond), capturing changes in existing consumption patterns, specific advancements in technology, binding constraints for the use of natural resources, etc. have to be carefully evaluated.

Science-based policy support requires high quality, reliable and up-to-date data. Thus, iMAP will have to devote more effort to validating and checking the input (including parameters, coefficients etc.) and output of models. A database management tool, DataM, to simplify the daily data work of analysts and modellers, has been developed together with external partners.
In addition to its role in supporting policy, iMAP will contribute to making model results and harmonised data sources publicly available, thus increasing transparency and facilitating their scientific review. Keeping close links to the core development teams in academia remain very important, even if internal JRC capacity is growing. It should allow the maintenance and further development of the quantitative tools, while keeping the scientific benchmark high.

To further develop its added value as a truly European exercise delivering high quality research and policy support, iMAP has to take up the challenges of integration, collaboration and transparency.
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