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1. Introduction
Facing structural change, European rural areas still fulfil multiple social, 
economic and ecological functions. Because of scale interplays and sustai-
nability trade-offs, their future dynamics are yet particularly difficult to as-
certain. The research project prima, backed by the European Commission’s 
Seventh framework programme, aimed to develop methods for scaling down 
the assessment of policy impacts on multifunctional land-use and economic 
activities. The analysis covered the cohesion policies (ERDF, ESF, CF), the 
enlargement process (IPA) and the rural development policy (EAFRD), with 
a focus on agriculture, forestry, tourism, and ecosystem services. Special 
attention has been paid to the structural effects of the policies and on their 
impact on the environmental quality in the regions.

1.1 Objectives of the guidelines

This report, based on materials provides a short synthesis of the methodo-
logical outputs of prima that are most relevant for the downscaling of popu-
lation parameters and indicators for the analysis of local policy impacts in 
any ex ante Impact Assessment Tool. The aimed added value is to enhance 
major existing Impact Assessment procedures (EIA, SEA, SIA) by models 
that consider individual stakeholders-and interactions between them and 
the environment-in addition to already used aggregate model approaches at 
coarser scale. In this way, more environmentally impact assessment proce-
dures will be enhanced by social and economic considerations.

1.2 Practical results

Rural sustainable development, viewed through the lenses of multifunctio-
nality, diversity of activities, and ecosystem services, is a major challenge for 
the cohesion policy. Taking an European perspective, prima helps demons-
trate how sustainable development can be triggered by problem-solving 
oriented research. By prioritizing local scales, prima has developed innova-
tive integrated assessment tools for rural development, taking into account 
site-specific potentials and perspectives of local stakeholders. 
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Source: Happe & al. (2009)

1.3 Summary of the method 

The approach was structured in five steps:

- A review of structural policies, drawing on six regional case studies (United 
Kingdom, France, Germany, Czech Republic, Croatia and Bulgaria), identi-
fied driving forces, local constraints and baselines for the design of national 
and regional scenarios for multifunctional land use and economic activities.

- The involvement of local stakeholders (e.g. farmers, forest industries, local 
consumers, tourism actors) was implemented during the whole exercise, 
through the design of scenarios, the formulation of agent decision rules, the 
assessment of models’ design and outputs.

- The design and development of micro-simulation and agent-based models 
was grounded on local dynamics and simulated the impact of EU policies on 
multifunctional land uses and ecosystems at the municipality level.

- A mapping between available municipal-level data and prototypical, 
contrasted model outputs, allowed scaling up the results to the regional 
scale, for comparison with integrated models.

- The potential of the approach was investigated to enhance screening and 
scoping steps of existing impact assessment methods.

2. Definitions, concepts and methods
2.1 Rural areas, rural municipalities

The most common description of rural areas is given by the OECD (1994), 
that identifies areas as rural on the sole basis of population density (150 
inh./km²) (dg agri 2008). Jonard et al. (2007) added two additional aspects 
to the OECD indicator: “peripherality” (by using distances and accessibility, 
with travel time thresholds of 30 to 60 minutes to large city centres) and 
“naturality” (when the land cover is at least 90 % of the lau2 is covered by 
forest, agricultural and natural areas, as measured on the basis of Corine 
Land Cover 2000). For the analysis and the measurement of the popula-
tion density, different databases can be used, e.g. the population census per 
commune 2001 (sire database; without Bulgaria) at lau2 level, eurostat or 
espon datasets for the nuts2 and nuts3 level.

Municipalities in rural areas are the smallest units of local self-government, 
comprising actors from different sectors (farming, forestry, tourism, local 
governments and administration, local economy, consumers). Municipali-
ties are a vital factor in regional development (Cor 2007). According to the 
European Charter of Local Self-Government drafted in 1985, local authori-
ties should be able, “…within the limits of the law, to regulate and manage 
a substantial share of public affairs under their own responsibility in the 
interests of the local population.” A fine-grained level of analysis such as the 
municipality may not yield for each case a high diversity of rural uses. But 
they remain relevant, insofar as this is a level where most actors interact and 
many policies and government measures start. EU policies are increasingly 
tailored to the public’s real interests, giving greater consideration to local 
authorities (CoR 2007).
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2.2 Structural fundings and European policies

The EU Cohesion Policy aims to reduce the gap in the different regions’ le-
vels of development, in order to strengthen economic and social cohesion.
It has three objectives:
 
- Convergence. This objective “shall be aimed at speeding up the convergence 
of the least-developed Member States and regions by improving conditions 
for growth and employment through the increasing and improvement of the 
quality of investment in physical and human capital, the development of in-
novation and of the knowledge society, adaptability to economic and social 
changes, the protection and improvement of the environment, and admi-
nistrative efficiency.” (EC 2006) This objective is financed by the ERDF, the 
ESF and the Cohesion Fund.
 
- Regional Competitiveness and Employment. This objective “shall, outside 
the least-developed regions, be aimed at strengthening regions’ competiti-
veness and attractiveness as well as employment by anticipating economic 
and social changes, including those linked to the opening of trade, through 
the increasing and improvement of the quality of investment in human 
capital, innovation and the promotion of the knowledge society, entrepre-
neurship, the protection and improvement of the environment, and the im-
provement of accessibility, adaptability of workers and businesses as well as 
the development of inclusive job markets.” (EC 2006) It is financed by the 
ERDF and the ESF.

- European territorial cooperation objective “shall be aimed at strengthe-
ning cross-border cooperation through joint local and regional initiatives, 
strengthening transnational cooperation by means of actions conducive to 
integrated territorial development linked to the Community priorities, and 
strengthening interregional cooperation and exchange of experience at the 
appropriate territorial level.” (EC 2006) This objective is financed by the 
ERDF.

Community financial instruments for achieving these objectives are Euro-
pean Regional Development Fund (ERDF), European Social Fund (ESF), 
Cohesion Fund (CF). As illustrated by figure 1, the cohesion policy has been 
allocated a budget of €347bn for the period 2007–13, which is more than a 
third of the whole of the European budget. 
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Source: Kopeva & al. (2010)
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On 20 February 2006, the Agriculture Council 
adopted EU strategic guidelines for rural deve-
lopment, five months after the adoption of the 
Council Regulation on support for rural deve-
lopment by the new European Agricultural 
Fund for Rural Development (EAFRD). These 
guidelines set out a strategic approach and a 
range of options which Member States could 
use in their national strategy plans and Rural 
Development programmes. Since the reform of 
the Common Agricultural Policy, Rural Deve-
lopment is playing an increasingly important 
role in helping rural areas to meet the economic, social and environmental 
challenges of the 21st century. Rural areas make up 90 % of the territory 
of the enlarged EU and the new legal framework points more clearly to the 
direction of boosting growth and creating jobs in rural areas – in line with 
the Lisbon Strategy – and improving sustainability - in line with the Göte-
borg sustainability goals.

The Rural Development policy 2007-2013 focuses on three areas in line 
with the three thematic axes laid down in the new rural development regu-
lation: improving competitiveness for farming and forestry; environment 
and countryside; improving quality of life and diversification of the rural 
economy. The fourth axis, called leader, introduces possibilities for locally 
based bottom-up approaches to rural development. This programming pe-
riod provided a unique opportunity to refocus support from the new rural 
development fund on growth, jobs and sustainability. 

The European legal framework being established, Member States can now 
elaborate their national strategy plans and rural development programmes 
before submitting them to the European Commission. For each set of prio-
rities, the EU strategic guidelines are suggesting key actions. Member States 
shall prepare their national rural development strategies on the basis of six 
community strategic guidelines, which will help to identify the areas where 
the use of EU support for rural development creates the most value added 
at EU level; make the link with the main EU priorities (Lisbon, Göteborg); 
ensure consistency with other EU policies, in particular cohesion and envi-
ronment; accompany the implementation of the new market orientated CAP 
- and the necessary restructuring it will entail in the old and new Member 
States. The six strategic guidelines are:

- Improving the competitiveness of the agricultural and forestry sectors 
- Improving the environment and the countryside
 - Improving the quality of life in rural areas and encouraging diversification 
- Building local capacity for employment and diversification 
- Translating priorities into programmes 
- Complementarity between community instruments 

Pre-accession assistance helps the countries that are candidates for mem-
bership of the European Union to satisfy the accession conditions (the 
Copenhagen criteria). Considerable investment is required if the candidate 
countries are to adapt their institutions and standards in order to comply 
with the Community acquis and to be able to meet their obligations as Mem-
ber States. Pre-accession assistance to the candidate countries is a key factor 
in the Union’s pre-accession strategy and is determined by the accession 
partnerships. For the period 2007-2013, the Instrument for Pre-accession 
Assistance (IPA) is the sole funding vehicle, replacing the other pre-acces-
sion instruments. Once they join the Union, the new Member States, which 
are no longer entitled to pre-accession assistance, receive temporary finan-
cial assistance, the Transitional Facility, provided for by the treaty of acces-
sion.
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2.3 Multifunctionality

The concept of multifunctionality has been discussed for the last two decades 
among academic circles, international organizations and institutions. The 
literature review reveals different viewpoints and evolution of the concept. 
Currently two broad acceptions of multifunctionality can be identified:

- As an analytical or activity-oriented concept: it describes the characteris-
tics of farm production, the outcomes from land uses and the joint-produc-
tion, focusing on these relationships.

- As a normative or policy-oriented concept: it is considered as a policy ins-
trument of rural development.

The broader definition considers and emphasizes the generation of noncom-
modity outputs that relate multifunctionality not only with the environment 
(narrow definition) but with the safety of food production, rural viability and 
quality of life in rural areas. The holistic or ‘joined-up’ approach analyses all 
market and non-market production relationships by examining the input 
and output ends of the production and household livelihood processes, as 
well as the positive and negative non-market outputs and inputs involved.
An operational definition of multifunctionality, such as the one retained in 
prima, can be the following: assessed at the scale of land cells or landscape, 
multifunctionality is the ability of this piece of land/landscape to provide 
multiple benefits both to human and non-human systems. At the land cell 
level, analysis and modeling can focus on the multifunctional land use by 
farms, firms in forestry and tourism. At the landscape level, modeling will 
be on municipality and regional level.

2.4 Impact Assessment, procedures and tools

Environmental assessment is a procedure that ensures that the environ-
mental implications of decisions are taken into account before the decisions 
are made. The process involves an analysis of the likely effects on the envi-
ronment, recording those effects in a report, undertaking a public consulta-
tion exercise on the report, taking into account the comments and the report 
when making the final decision and informing the public about that decision 
afterwards.

In principle, environmental assessment can be undertaken for individual 
projects such as a dam, motorway, airport or factory (Environmental Im-
pact Assessment or EIA) or for plans, programmes and policies (Strategic 
Environmental Assessment or SEA). 

The purpose of a SEA is to ensure that environmental consequences of cer-
tain plans and programmes are identified and assessed during their prepa-
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Source: Kopeva & al. (2010)

Source: Meyer & al. (2012)
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ration and before their adoption. The public and environmental authorities 
can give their opinion and all results are integrated and taken into account 
in the course of the planning procedure. After the adoption of the plan or 
programme, the public is informed about the decision and the way in which 
it was made.

Sustainability Impact Assessment (SIA) is a process undertaken before 
and during a trade negotiation which seeks to identify economic, social 
and environmental impacts of a trade agreement. The purpose of a SIA 
is to integrate sustainability into trade policy by informing negotiators of 
the possible social, environmental and economic consequences of a trade 
agreement. A SIA should also provide guidelines for the design of possible 
accompanying policy measures. Such measures may go beyond the field of 
trade as such, and may have implications for internal policy, capacity buil-
ding or international regulation. Accompanying measures are intended to 
maximise the positive impacts of the trade negotiations in question, and to 
reduce any negative impacts. In 2002, the approach was extended to the 
other DGs, resulting in a new form of IA often called ‘Commission-wide IA’ 
(ruddy et al. 2008) .

Specific tools (the SIATs, for Sustainability Impact assessment tools) have 
been designed to fill this dual purpose, by delivering analyses that should 
be both thorough (with a need for balance and insight) and easily tractable 
to political decision-making. Adapted at first from the realms of economics 
and “decision support”, adhoc tools have been recently developed, often 
based on a sophisticated chain of models. The EU demand on SIATs has 
shifted  since then from an overt optimism (as the tools were expected to 
build a virtuous circle between top-down data-driven assessments and va-
lue-driven regional feedbacks) to stances that are more reflexive and criti-
cal (where IA tools, with their limitations, are expected to help not only to 
answer focussed questions but to frame issues).

Box 1 | Modelling approaches

Micro-simulation
Micro-simulation describes economic and social events by modelling the behaviour of individual agents (e.g. persons, 
households, firms). It is also possible to create spatial micro-simulation models by adding geographical information to 
micro-level data, allowing for a small-area approach to policy analysis. 

Cellular automata
Cellular automata are dynamic spatial systems in which the state of each cell, at a determinate time, is determined from 
the previous states of the cells within a neighbourhood according to a set of transition rules. They are very efficient 
computationally and this fact allows analyses at a very high resolution level. Moreover these models are particularly easy 
to interface with data exported from maps and from other geographic description tools. On the other side, they are not 
well suited to incorporate complex social factors and human decisions.

Agent Based Models
Agent-based modelling and simulation is a tool that offers a perspective on simulating human behaviour in complex 
environments. It has been proven a suitable tool to experiment with the management of complex environmental 
resources. Agent-based simulation allows for experimenting with the complexities at individual, social, and environmental 
levels by formalizing populations of artificial humans, called “agents” in an artificial world. Agent-based simulation allows 
for the modelling of interactions between individuals assuming that social interaction causes information and norms to 
spread, the accumulation of these interactions can be studied on a population scale. Agent-based simulation allows for 
experimenting with policy measures without harming people and the environment. Via simulations, the mid-term and 
long-term effects of policy measures can be studied in scenarios.

General Equilibrium Models
Computable general equilibrium models such as GTAP are among the most widely used models in SIA tools and can 
typically cover the whole economy, including factor market. The standard model is characterized by an input-output 
structure (based on input-output tables of nations and groups of nations) that explicitly links industries in a value added 
chain from primary goods, over continuously higher stages of intermediate processing, to the final assembling of goods 
and services for consumption. An important stake for such models, regardless of their scope, is how to interact in a 
relevant manner with regional outputs and processes.

Sources: Happe et al. 2009, Woltjer et al. 2011
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Economic domain
Diversity of products 
Contribution to income from agriculture 
Quality of products 
Development of non agricultural activities 
Processing of dairy or meat products 
Services 
Contribution to income from forestry 
Utilization of timber and non-timber forest resources 
Contribution to the income generation from tourism 
Farm size 
Land use 
Modernisation of farms 

Box 2 | Potential impacts considered in PRIMA 

2.5 Downscaling and upscaling

There is a strong need for accurate and spatially referenced information re-
garding policy making that has been expressed by land users, and policy and 
decision makers in the context of Impact Assessments, but this need are no 
longer done at a single level of analysis. Following ewert et al. (2011), Inte-
grated Assessment and Modelling (IAM) can be considered as an attempt 
to capture complex multi-scale problems, which is achieved by applying 
models at different scales and linking these in addressing the same issue. 
Different methods have been employed in natural sciences to estimate sys-
tem responses across scales or levels. Cantelaube et al. (2012) consider that 
changing the spatial distribution of data provided by a model from one geo-
graphical scale to another is faster than building a new model working at 
this new spatial unit. This approach is faster because it does not need to cali-
brate and to validate new models; it is also more effective, regarding amount 
and quality of data called for a new model based on new spatial units and 
scale. Considering the scope of a project such as prima, tools available to 
assess the effects of structural policies on the multifunctional character of 
the rural areas essentially present as limits to be either: (i) approaches co-
vering a large range of spatial scales but mono-sectoral, or (ii) approaches 
covering one spatial scale, the region, but mono-sectoral, or finally (iii) inte-
grated approaches, pluri-sectoral but informing as well as possible of the 
consequences of the policies only on one regional level.

2.6 Stakeholders

A vast litterature has been developed around the concept of stakeholder. In 
the frame of prima, stakeholders were equated with actors within rural areas, 
as well as policymakers at different levels. 

Actors are those whose (hypothetical) actions are the target of the policies 
chosen for investigation and it is their behaviour which can be the focus 
of an ex-ante agent based modelling. In some contexts, policymakers will 
be seen as actors since they represent the interests of civil society and (in 
theory at least) will develop policies in pursuit of society’s best interests. 

The role of stakeholder can also be to provide expert knowledge, as was the 
case in prima. Thus a definition modified from (Freeman 1984) can be used, 
where stakeholders are “any group or individual who can affect or is affec-
ted by the achievement of the objectives of a given policy programme”.
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Source: Raley & Bousset (2009)
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Economic domain
Diversity of products 
Contribution to income from agriculture 
Quality of products 
Development of non agricultural activities 
Processing of dairy or meat products 
Services 
Contribution to income from forestry 
Utilization of timber and non-timber forest resources 
Contribution to the income generation from tourism 
Farm size 
Land use 
Modernisation of farms 

Social domain
Contribution to employment 
Contribution to rural viability 
Animal welfare cultural heritage 
Provision of recreational areas 
Decreased/stopped migration outflow 
Migration inflow to rural areas 
Job opportunities 
Contribution to income 
Improved age structure 

Environmental domain
Provision of recreational areas 
Water conservation 
Soil conservation 
Improvement of Agricultural Landscapes 
Contribution to air quality 
Use of renewable resources
Supply of renewable energies 
Energy use reduction in horticulture, manure processing 
Reduction of ammonia emission in intensive livestock production 
Biodiversity 
Diversification of activities towards ecological production

Box 2 | Potential impacts considered in PRIMA 

Source: Kopeva & al. (2010a)

3 From policies objectives to scenarios
3.1 The use of impact matrices 

In support for the elaboration of scenarios, the following method can be 
used for an analysis on the potential effects of the policies on the multifunc-
tional character of the activities. The applied approach for analysis is based 
on the idea that multifunctionality, as a policy concept, fulfils three speci-
fic functions: economic, environment and social, and is a prerequisite and 
precondition for sustainable rural development. Therefore, the proposed 
matrix consists of policy measures and domains of impact. 

Step 1. Identification of areas of potential impact in each domain/area. 
Three domains of impact are defined – economic, social and environment. 
These impact areas correspond to the functions that multifunctionality 
exercises. Actually, potential impact in economic functions is expected in 
production of commodities; provision of monetary income and access to 
consumer markets; food safety (quality and maintaining productive poten-
tial); diversification or rural activities (through development of new activi-
ties related to farming). Potential impact in social functions is expected in 
establishment and maintenance of social ties; keeping young generations in 
rural areas; decreasing the migration to urban areas; improving age struc-
ture of farmers; preserving and maintaining cultural capital; preservation of 
rural communities and the status of each individual within those communi-
ties. Potential impact in environmental function is expected in environmen-
tal protection; organic farming; afforestation of rural areas; preservation of 
biodiversity; preservation of natural resources.

Step 2. Assessment of potential impact of EU policies on multifunctionality. 
Assessment is based on evaluation lead by experts, bearing on the different 
available competences. Three possible values are determined: positive, ne-
gative, neutral. The evaluation must be based on existing policy and stra-
tegic documents on national and regional level. The expert’s assessment is 
qualitative. 

Step 3. Calculation the potential impact and ranking the policy measures/
submeasures by ABC method 
The ABC method categorizes policy measures in terms of their importance, 
placing more emphasis on higher impact measures (A) than on lesser impact 
measures (B and C). The procedure is as follows: (1) Separate measures and 
submeasures into types; (2) Calculate the potential impact for each mea-
sure/submeasure on the basis of experts evaluations – scoring, without any 
weight (3) Rank each measure from highest to lowest, based on total score. 
(4) Classify the measures as A-the top 20% (of the total score); B-the next 
30%; and C-the last 50%. 
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Prioritization of submeasures of the Instrument for Pre-Accession (IPA)
Fund is given below. 50% of measures are estimated by experts to have 
notable (ie. with scores over 80%) positive impacts on economic domain 
of multifunctionality. The outputs of their implementation will contribute 
to multifunctional land use and multifunctional landscape. Other 37% have 
positive impact (between 59 and 80%. Thus the IPA measures, despite their 
diversity and focus, are expected to have positive impact on multifunctio-
nality.

The highest impact IPA measures have on the contribution to rural viability 
(83%), followed by contribution to income and job opportunities (70%). 
Critical analysis and assessment of EU policy on multifunctional land use 
activities on national and regional level. Interesting are the facts that em-
ployment is unlikely to affect multifunctional land use, while migration into 
rural areas is denoted in a neutral position .
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Fig. 2 | Potential impact of different mea-
sures of IPA on the economic domain of 
multifunctionality

Fig. 3 | Ranking of IPA submeasures accor-
ding to their positive potential impact on the 
economic domain of multifunctionality
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3.2 Towards scenario planning

On the basis of the analysis of current EU policies and forces driving future 
change (trends), alternative scenarios can be developed. They have to focus 
on policy changes and possible results/outputs of EU policy implementa-
tion on regional and local (lau) level, with the idea that they can be modelled 
in terms of impacts by micro simulation and aggregated approaches.

Two groups of driving forces are defined with impact on the sustainability–
external and internal. Internal driving forces can be grouped in five groups: 

Political – EU literacy, regional policies focused on multifunctionality 
Economic – investments, business climate/environment, economy of scale 
(of individual beneficiaries - companies, firms, farms, etc.), prices, gross 
value added
Technological – innovations and IT 
Social – migration, dependency ratio, age structure, implementation of par-
ticipatory approach 
Environment – status quo of air, water, soil & biodiversity quality

External driving forces can be grouped in four groups: 

Political – EU policy, national policy (priorities) in agriculture, forestry, 
tourism and environment, governance 
Economic - possibilities for non-farm economic activities, macroeconomic 
stability, infrastructure, bank system network 
Social - urban/rural population ratio, programs for business start-up for 
unemployed 
Environment - shift to alternative energy sources, climate change 

Box 3 | Scenario planning steps 
The process of scenario planning goes through the following steps: 

1. Gather background information 

2. Determine key driving forces 
o High level of uncertainty 
o High level of influence 

3. Identify a small number of scenarios 
o Inductive – emblematic events and the official future 
o Deductive – building a scenario matrix 

4. Develop scenarios (beyond the two most important driving forces) 
o Include other driving forces 
o Systems thinking 
o Narrative development 
o Characters, catchy names, etc.

Source: Kopeva & al. (2010b)
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4. Stakeholders’ involvement
The questions to be tackled revolve here around the identification of rele-
vant stakeholders, as well as the nature of their engagement: before, during 
and after the development of models.

4.1 Five archetypical roles 

Role 1: scenario design
The objective for stakeholders here is to help design policy scenarios on 
which agent-based and micro-simulation models can be tested. Stakehol-
ders are selected from those who, with respect to the relevant policies and 
geographical area, have expertise in policy-making, implementation or ana-
lysis. Two types of scenario can be used for the modelling process: past sce-
narios, as events that happened in the past which caused a change in some 
of the model components (e.g. employment); future scenarios, as hypothe-
tical events which might happen in future.

Stakeholders can also engage in scenario design in a workshop with an de-
monstrator of the micro-simulation or agent-based models. After receiving 
an explanation of the model’s function, stakeholders can debate the policy 
interventions which it can capture, before starting to develop specific sce-
narios.
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Box 4 | Scenarios developed by PRIMA

‘Baseline’
The ‘baseline’ scenario is defined to analyse a base situation without additional 
intervention and different alternative options for intervention, i.e. the intro-
duction of new measures in agriculture, forestry, tourism, and environment. 
The baseline scenario is a ‘business as usual’ projection, including the existing 
framework in terms of agricultural and environmental policies, technological and 
market conditions, and the projection of technological trends and of decided 
policy changes to be implemented until the target year 2013. 

‘Environment’
This scenario is built on the assumption that measures for landscape, natural 
and cultural heritage preservation will be leading. Having in mind importance of 
environment issue in global aspect, it is assumed that environment policy will be 
more closely linked to rural development and more specifically to multifunctional 
land use activities. Thus, changes in the policy priorities on EU level are expected.
 
‘Rural development‘
Rural Development Policy will have a leading role in the next planning period 
(2014-2020). Sustainable rural development will be achieved through: increasing 
competitiveness of agriculture and forestry; improving land management; imple-
menting complex measures for environment protection and preservation, wider 
rural economy through new agricultural and non-agricultural activities; increasing 
the role of local initiative groups in regional and local decision making process.

‘Infrastructure & Competitiveness‘
This scenario assumes widened and enriched policy measures in Cohesion 
Policy. This scenario is developed on the assumption that Cohesion policy will 
have leading role on national and regional level. New objectives and measures 
will be elaborated aiming increasing of competitiveness of SMEs, development of 
favourable business conditions, improving quality of human resources, increasing 
capacity of local/regional branch organizations, construction of relevant new 
infrastructure and restoration of the existing. Fig. 5 | Combined impacts of selected 

driving forces for the four scenarios

Source: Raley XXXXXX
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Role 2: formulating agent decision rules
The objective here is to provide information to enable behaviour rules for 
the main actors in rural areas (at local level) to be drawn up. Inputs from 
stakeholders can be sought concerning their perceptions of the main beha-
vioural drivers and decision-making of actors, together with any significant 
between-actor influences in the case-study areas.

Stakeholders may be the actual agents, who will report on their own likely 
actions when confronted with a particular policy scenario. However others, 
such as lay actors and decentralised authorities might report on agent beha-
viour. Of particular value are likely to be the mediating agents, consisting 
of people whose specialist knowledge equips them to anticipate agent reac-
tions to a policy e.g. farm advisors, tourism project officers, and animators.

Although anticipated as pre-model engagement with stakeholders, for 
greater efficiency this activity can be conducted as soon as an initial model 
has been developed. Within the model’s structure, gaps in the knowledge 
of actors’ behaviour can be identified. In a workshop setting, information 
to develop decision rules can be elicited, for example, through role-playing 
games. Alternatively, a questionnaire survey of relevant actors can obtain 
useful behavioural information.

Role 3: Model development
To assist model development, inputs from policy stakeholders (who may be 
actors or policymakers) can be used to improve the prototype micro-simu-
lation and agent-based models. At a stakeholder workshop, information can 
be obtained to elicit whether the model accurately captures the dynamics 
underlying socio-economic activity of a municipality. This interaction will 
establish the legitimacy of the model to represent future scenarios. Possible 
future scenarios for implementation in the model can be discussed (mea-
sures and events) prior to further development after the workshop.

Role 4: Validation
Post-model engagement is required for policy makers to validate models 
and their outputs. The validation criteria is the pertinence, coherence and 
consistency of the model outputs and mappings with regards to the stake-
holders’ knowledge and expertise.

Ideally a further workshop will be conducted to allow detailed discussion of 
model outputs. However, alternatives such as an application of the delphi 
technique using a questionnaire survey might be considered, especially if 
resources are constrained or if stakeholders are unable to agree to an addi-
tional meeting.

Role 5: Awareness-raising
Policymakers as potential end-users, and post-model engagement is antici-
pated to allow an increased awareness of the potential gains of model-based 
approaches to be gained by them. In addition, the presentation of models 
in stakeholder workshops and the discussion of their capabilities will also 
raise awareness.
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4.2 A general procedure for the identification of stakehol-
ders

- Define the specific issue(s) for interactions with the stakeholders
- Identify the specific policymakers, and develop a policymaker’s map in 
relation to the selected policy area.
- Prepare a chart of the specific stakeholders who are the policy targets or 
who affect or are affected by the policy programme.
- Identify the strength of the stake of stakeholders for the issues to be ad-
dressed by the policy
- Prepare a degree of influence (power) versus degree of stake grid

4.3 A few lessons on stakeholders’ engagement

Issues of scale and granularity may commonly arise, as the interactions with 
stakeholders dynamics usually begs for a higher model precision. An effi-
cient way would thus be to start with a realistic simulation, in order to be 
able to identify gaps with reality but also to expect better fit with stakehol-
ders’ perceptions on local nuances. 

The gaps with model’s dynamics should be assessed by defining contrasted 
situations and by trying to explore the validity and generality of stakeholders’ 
perceptions, bearing in mind that singular events could be overweighted.

Such a process requires that the model brokers should be even clearer on 
what could be expected from model and requirements from the modelling 
activity. An ‘interpretation buffer stage’ is thus needed, as well as a clarifica-
tion of the various roles of the modelling setting: modellers, brokers, model 
users, field scientists, model administrators. 

Attention should be paid in particular to the composition of stakeholder 
groups, as a high diversity of users can entail a high diversity of views -and 
power relations- that may be uneasily tractable. Accordingly, the interaction 
process bears its own contingency, requiring the modelling team to inter-
pret throughly the outcomes, but also to use windows of opportunity in the 
best way. 
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Source: Barreteau et al. (2011)
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Box 5 | Components of the microsimulation model 

5. The PRIMA micro-simulation model of 
municipality networks
To model the evolution of rural municipalities in terms of population struc-
ture, employment, housing and services under different policies, prima pro-
poses a microsimulation approach that considers individuals, each inte-
racting with the others and with her environment. The model implements 
virtual individuals, members of households located in municipalities and 
their state transitions corresponding to demographic and changing activity 
events: birth, finding a partner, moving, changing job, quitting their par-
tner, retiring, dying… The virtual municipalities offer jobs and dwellings 
which constrain the possible state transitions.

The purpose of the model is to study how the population of rural municipa-
lities evolves. This evolution is assumed to depend, on one hand on the spa-
tial interactions between municipalities through commuting flows and ser-
vice, and on the other hand on the number of jobs in various activity sectors 
(supposed exogenously defined by scenarios) and on the jobs in proximity 
services (supposed dependent on the size of the local population).

The model represents a network of municipalities and their population. The 
distances between municipalities are used to determine the flows of com-
muting individuals (for job or services). Each municipality comprises a list 
of households, each one defined as a list of individuals. The municipalities 
also include the offers of jobs, of residences and their spatial coordinates. 
See box 5 for the exhaustive list of the main model entities with their main 
attributes and dynamics.

As a first step, a scenario object has to be defined contains all the exogenous 
changes to apply to the objects of the model at a given date. They can be 
a change in job offer for a municipality or a change of a parameter value 
defined at the municipality-Set level, such as the average fertility level for 
example.

Being strongly data-driven, this type of model is generally dedicated to a 
particular case study. The prima project had the initial objective to model 
six different European rural regions. They differ a lot in their culture, their 
regulations and the available data. Thus, as a modelling approach, prima 
adopts a compromise between abstract modelling and totally data-driven 
modelling, demonstrating the interest of adding dynamic microsimulation 
with demographic transitions, coupling agent-based and microsimulation 
approaches and using stochastic behavioural models. 

IA
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O

Source: Baqueiro, Deffuant, Jager (2011)

Fig. 6 | Flowchart for the generation of an 
artificial population

source: Gargiulo et al. (2010)
doi:10.1371/journal.pone.0008828.g008

source: Baqueiro et al. (2011) source: Baqueiro et al. (2011)

Main components and structure of the model (example of a UK region) List of modelled individual dynamics
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prima developed a graphical user interface for defining the parameter va-
lues and visualising the evolution of chosen indicators. The user can choose 
these indicators through an XML interface. It is possible to ask for a large 
number of indicators at the same time.

6. Two examples of model adaptations
6.1 ‘United Kingdom’ case study: an agent-based model 
for inter-ward migrations

An agent-based model simulation applied to Derbyshire & Nottinghamshire 
in the UK was developed to study migration dynamics. The model is capable 
of simulating a population with agents that make a decision to migrate or 
not. Economic, social and environmental satisfaction are the key drivers of 
migration. Jobs deliver economic satisfaction, the number of friends living 
close determines social satisfaction, and the quality of the environment de-
termines environmental satisfaction. Agents are connected in a similarity 
based network, and can share information.

The experiments demonstrate that social needs in particular may have a 
strong impact on population dynamics. In the context of a declining popula-
tion, the presence of a social need causes the population to initially decrease 
at a slower rate because of their social satisfaction (stabilizing effect). Howe-
ver, if a critical population size is reached, the social satisfaction decreases, 
and causes more people to move, resulting in a self-amplifying dynamical 
process. 

The question thus is how to anticipate such a sudden population decline and 
how to prevent it, if possible and desired. The empirically parameterized 
model developed in prima allows having a deeper look at the attributes of the 
agents that are moving away. This makes it possible to make more fine-grai-
ned projections of what type of people are more likely to move away, and for 
what reasons. The model allows for exploring how creating jobs in different 
socio professional categories and sectors of activity may match with the qua-
lification of the agents that are prone to move. It would also be possible 
to explore if the qualifications of workers would match with an increased 
demand for services of the retirees that move to the ward. 

Obviously the precise strategies cannot be derived from the simulation 
model, but this downscaling of population dynamics using an agent-based 
model illustrates the possibilities of identifying the possible developments 
in the system at a detailed level, which in turn is helping to focus the policy 
making effort at potential effective policies at the specific ward level. 

This level also fits well with the scale of EU community funding policies 
aimed at supporting the viability of mainly depopulating agricultural areas 
in Europe. Having a simulation tool that is capable of exploring the popula-
tion dynamics at the same level as the policies that are implemented opens 
a perspective on developing more effective policies, and possibly on testing 
policies using the same simulation tool.

In further developments the model could test how the creation of particu-
lar types of jobs, or the development of environmental quality and possibly 
associated tourist business might have an impact on the viability of a com-
munity. Moreover it would be possible to get insights on how such policies 
were implemented in a wider geographical area. This allows testing different 
scenarios of for example using the same policies in all the communities in 
an area, or focusing on different developments in different communities. 
The simulation model might give indications if a homogeneous or heteroge-
neous development is preferred for a region as a whole.

Fig. 7 | Agent-based model: flowchart of an 
individual’s decision making process

Source: Zhang & Jager (2011)
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6.2 German case study: deriving dynamics from the La-
bour Force Survey

Because each of the transitions are driven by probabilistic decisions, adap-
ting the model to a particular region requires the specification of each pro-
bability value (either a distribution or a single value) relevant to the adapted 
region. 

Adapting the prima model to a particular region involved three main steps: 
first, the specification of input parameters defining the initial state of the 
simulations; second, defining the probability distributions that drive the 
dynamics during the simulation; lastly, including any additional perturba-
tion that would be considered during the simulation time excluded from the 
model dynamics. In addition to the transitions in economic status (fig. 8), 
supplementary probability distributions must be specified for a complete 
definition of the model dynamics. The majority of these distributions were 
derived from the EU Labour Force Survey. As illustrated by fig. 9, a transi-
tion from unemployment can for example be inferred for Germany by socio-
professional categories, age, year, and urban/rural context.

To evaluate the validity of the model, preliminary simulations were run after 
calibration. Preliminary simulations results show an adequate model fit to 
statistical data obtained from regional offices. Nevertheless, some of the 
selected indicators shed light to assumptions that need to be changed or 
improved for the different regions. With the help of expert regional stake-
holders, a set of plausible explanations for the simulations’ disparities were 
elucidated. As a result, a list of refinements was proposed to improve the 
model adaptations to better represent each region. Additional insight was 
gained when comparing the simulation results with real data for the post 
2007-crisis years. It was shown that even though the simulation was able 
to correctly replicate past trends before the crisis, it was impossible to re-
produce postcrisis trends given that the dynamics were strongly affected by 
external factors not considered in the model. Such an impact should serve 
as a reminder of the limitation of these types of models.

Box 6 | The consequences of using microdata: the Eurostat LFS

The EU LFS is a large household sample survey which provides quarterly and yearly results on labour participation of people aged 15 and 
over as well as on persons outside the labour force. As a data source, the LFS offers a homogenized dataset that can be used to derive 
properties of the changes in the population features between a range of dates. Although the depth of the LFS covers several aspects rele-
vant for the PRIMA models, the data available for scientific use (provided as aononymised datasets) contains a subset of the whole LFS. 

The anonymised dataset lacks some variables (such as income related variables), some countries are unavailable for scientific use (such as 
data related to Croatia), and some years are also not included in the data (e.g. Germany datasets before 2002). These limitations were 
handled by the use of other data source available on each country, or using alternative variables as proxies for the required data. For the 
reliability of data, Eurostat ensures a process is followed by each of the LFS participating countries.

A part of the result of this process is a set of guidelines to ensure the reliability of statistics derived from the LFS data. These guidelines 
define the limit of records needed to ensure the reliability of statistical analysis. It is thus assumed that by following those guidelines, the 
obtained data observes a high level of reliability.

Fig. 8 | Individual transitions among 
economic status

source: Huet & Deffuant (2011)

source: Baqueiro et al. (2011), based on Eurostat  LFS

Fig. 9| Proportion of unemployed people 
finding a job by Socio-Professional

Categories (SPC) in Germany, from 2002 to 
2009, Age 15-34

Source: Baqueiro et al. (2011)
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7. Downscaling the integrated modelling: 
from national to regional workable models 
For a meaningful interaction with microsimulation and agent-based mo-
dels, important methodological gaps of existing integrated models have to 
be addressed. prima provides a tool where policies and scenarios on a world, 
European and country level modelled by the general equilibrium model ma-
gnet (formerly leitap) can be downscaled towards nuts2 level for European 
countries. The system is integrated with the magnet modelling system, imp-
lying that downscaling can be accomplished as long as the data in the base 
year on a regional level are available, and can handle various levels of sector 
aggregation at regional scale. The model first assumes that regional percen-
tage growth equals national percentage growth and adds regarding explana-
tory variables, making population age specific and dynamic, and including 
migration, labour and land markets to the model. A land supply module is 
added to the system, and the simulation tool is managed through a graphical 
user interface able to display various visualizations of model outputs. 

The output of magnet that may be downscaled to the regional level consist 
of population, GDP (i.e. value added per sector), production per sector, land 
use per sector, as far as land use is relevant (i.e. for agriculture, forestry), 
land cover for all categories of land, income per worker, employment per 
sector.

The first downscaling step assumes that the regional percentage change 
in variables like value added, employment, land use are the same as the 
national ones. An additional constraint is introduced to ensure consistency 
between employment and population, namely that population grows with 
employment. This implies that population grows with the same percentage 
as employment corrected for the national tendency in the employment/po-
pulation ratio. Implicitly it is assumed that migration adjusts to the labour 
market, and that other migration (elderly people, children) follow also the 
employees with whom they are related. The second step concerns the adding 
of a region specific component which guarantee that the sum of all regional 
value added changes equal the national value added change. 

Population dynamic can be considered by using a cohort approach, creating 
an endogenous population dynamics. Migration, more complex but essen-
tial to include a functioning labour market, could be determined in the same 
way as proposed with value added. First, assume simply that each age class 
in each region as a fixed net immigration probability. Net migration as frac-
tion of population in age class a in region is a fixed regional component 
(perhaps determined by average net migration in the past), and some com-
ponents that are determined by the development of wages and unemploy-
ment rate. The shift component will make the sum of all regional migrations 
equal to the national net migration rate.

The labour force is determined by the regional population in working age. 
Unemployment can be determined easily by including calculating difference 
between labour force and employment in all sectors together. In this way, 
we not only added population dynamics, but also implemented a labour 
market, where unemployment in regions is generated and wages and unem-
ployment cause changes in migration and therefore labour supply, as well as 
changes in output prices and therefore labour demand.

Source: Woltjer et al. (2011)
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The whole land supply curve in the national model was replaced by a land 
cover approach. The fundamental idea in this approach is the theory of land 
rent, i.e. that the price of normal quality agricultural land is determined by 
the productivity of the least productive land. The ease in which different 
land types can be transferred into agricultural land depends on the type 
of land cover. For this reason, for each non-agricultural land cover type, a 
reaction curve is built depending on the price of land, and agricultural land 
cover is defined as the difference. In this way the available land for agricul-
ture depends on the price of agricultural land, where this price influences 
agricultural output and therefore demand for agricultural land through the 
output price. The land price may also influence land use intensities, but this 
requires that also other inputs are changed depending on land price.

The comparison of such model outputs with microsimulation and agent-
based models should be undertaken with caution, as their purpose and scope 
remain arguably distinct. It seems relevant to relate the two approaches in 
different ways. For example, downscaled results can be used as a scenario 
environment for local modelling and stakeholder analyses. On the other 
hand, detailed local studies can be useful to analyse how policies really work 
out in practice. An abstraction of this information can be used as input for 
modelling the effects of different policies on regional or national levels. 

Fig. 9 | An example of graphical output: 
expected percentage change of GVA 

between 2010 and 2015 for the regions in 
the Netherlands, accross the three sectors

Box 7 | Data availability, sector aggregations 

A specific issue concerns the adjustment of the procedures to data availability. Normally, regional sector and commodity aggregations are 
not the same as those used in the national model. For this reason, a mapping between the two aggregations is made, where the national 
development at the regional sector aggregation is a weighted average of the developments in the national sectors in the case the regional 
aggregation is more aggregated. This procedure can be applied to generate national developments at the regional sector aggregation 
for all variables that should be downscaled. It creates also a flexibility. For example, the available downscaling module uses value added 
towards a 3, 6 and 12 sector aggregation at a regional scale, and downscale production value in agriculture with a one-to-one mapping 
from the regional to the national sector aggregation.

The different levels of aggregation where regional total developments are determined by development of the sectors of which the 
regional economy consists poses a consistency problem. In general if regional development of total value added is seen as the sum of 3 
aggregate sectors the result will be different than when a 6-sector aggregation is used. For this reason, we have also developed formulas 
that aggregate one sector aggregation to another. In this way it is possible to compare a 6-sector aggregation with a 3-sector or a 12-sec-
tor aggregation, and see what the consequences of these different decompositions are on regional developments. This enables research 
in the importance of shift share analysis in explaining regional growth.
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7. From modelled outputs to impact as-
sessment practice
The transformation of any SIA to regional and local level requires the wide-
ning of the current approaches of the assessment of policies (Figure 10). 
The missing links with SIA, and the stakes of a downscaling to the local and 
regional scale level can be seen in the clarification of the policies’ impacts 
from a general change to the formulation of programmes or plans of invest-
ments on the regional level. The application should be carried out by the 
competent authorities responsible for the projects funding or related spe-
cialised consulting companies. The application should include stakeholders 
and should also include the local key actors. 

Source: Meyer et al. (2011), Meyer (2010)
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Fig. 10 | Workflow and methodological 
steps for the translation of model outputs 
to SIA 

Fig. 11 | Generalised spidergram for the 
demonstration and assessment of changes 
induced by policy impacts for the selected 
PRIMA indicators
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As an example of an implementation approach, the method developed in 
the course of prima entails: (i) a comparison of model outputs with avai-
lable indicators (as part of the Common Monitoring and Evaluation Fra-
mework, Cf. fig. 11) through the use of transition matrices ; (ii) the defi-
nition of thresholds application if available; (iii) a reliance on assessment 
methods and tools by using additional spatial information if available. 

The research achieved in prima has demonstrated further enhancements 
of screening, scoping and assessment methodology, by exploring the mul-
tifunctionality of rural areas and ecosystem functionalities, the economic 
activities of agriculture, forestry and tourism.

When the SIA shall be applied 
during the policy formulation pro-
cess, a wide set of potential regio-
nal plans and programmes will be 
focused as scenario by including 
a set of potential projects with 
impacts on the economic, social 
and environmental dimension of 
sustainability and with land use 
impacts. A feedback loop is essen-
tial by scaling up and summarising 
the impacts to the policy formula-
tion level.  
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