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Introduction 

The negotiation of the Multiannual Financial Framework 
(MFF) 2028–2034 and the upcoming reform of the Com-
mon Agricultural Policy (CAP) have put the spotlight on the 
competition for financial resources between policy domains 
(Tools4CAP, 2025). At the same time, the agricultural 
policy agenda is getting broader than ever, with concepts 
like ‘sustainability’ now becoming multi-dimensional: eco-
nomic, environmental and social. This is not a new reality 
since the CAP 2023-2027 already included 3 general objec-
tives, 9 specific objectives and one cross-cutting objective 
(European Commission, 2021). Agricultural policy needs 
to address an increasing number of objectives (Matthews, 
2021), which essentially requires an increasing number of 
instruments. According to the ‘Tinbergen Rule’ (Tinbergen, 
1952), policymakers need at least as many independent 
policy instruments as the number of policy targets that they 
are aiming to achieve.1 All these come together with a need 
to understand in a better way the trade-offs that are involved 

1	 Schader et al. (2014) explore the ‘Tinbergen Rule’ in the context of agri-environ-
mental policy, concluding that the use of multi-target policy instruments and the Tin-
bergen Rule are ‘compatible’ in those cases in which multi-target policy instruments 
are part of a policy-mix with a sufficient number of targeted instruments. According to 
these authors, the relation between cost-effectiveness of the policy instruments, related 
to all objectives, is the main determinant of a robust choice of instruments. 

in terms of their impact on multiple objectives. A ‘classic’ 
example of these trade-offs is presented by Haniotis (2023) 
who concludes that economic analysis ‘is still necessary 
and essential to jointly address the twin challenges of food 
security and climate change’.2 Therefore, there is a need for 
single interventions as well as packages of instruments that 
could potentially have impacts on various objectives simul-
taneously. Looking at the design process of the CAP Strate-
gic Plans, the use of ‘policy analysis tools for ex-ante and 
ex-post evidence-based decisions’, i.e. models, was rather 
limited. This conflicts with the definition of ‘modern public 
policy’, claiming for policies that are evidence-based and 
strategically planned (Fischer et al. 2007; Erjavec and Rac, 
2023, Haniotis, 2025). 

Quantitative models relying on data come as one of the 
most prominent tools to generate evidence-based insights. 
Models have a ‘didactic’ value in the sense that they allow 
the communication of a ‘planning expert’ with policymakers 
and citizens (Tinbergen, 1969). This contribution on eco-
nomic policy can be also extended to the exchange among 
experts from various disciplines, and eventually with poli-
cymakers. Although models are ‘a simplified description of 
reality’ (Rodrik, 2015), they should still mirror reality in a 
2	 See, also, Water, Energy & Food Security Resource Platform (2023) for further 
discussion in the context of the Water-Energy-Food Nexus.
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Scientific Article ‘proper and sufficient’ manner, i.e. a good modelling tool 
should capture the trade-offs observed in the real world. 
However, Tinbergen (1969) also points to the risk of making 
models too complicated and even unmanageable. This con-
cern is even more relevant when we are dealing with broad 
and cross-cutting questions.3 Therefore, a change in policy 
modelling is required, or at least, the use of large-scale and 
complex CGE models as the ‘default’ and ‘best’ solution 
should be questioned.4 

What about combining different models within the same 
assessment instead of adding additional variables into a sin-
gle existing model? The former approach seems to be the 
more promising option, allowing researchers to select, for 
example, the ‘best’ (or most appropriate) model in agricul-
tural economics and the ‘best’ (or most suitable) biophysi-
cal model, subsequently combining the insights delivered 
by both tools. This type of synergy between models, i.e. 
exchange of information between tools to provide a joint 
response, is also very useful to enrich the insights on which 
policymakers need to base their decisions. Once we have 
agreed on the basics of this approach, it is time to ‘label’ 
it. What about ‘multi-model analysis for policy’ (MMA4P)? 

The term ‘multi-model analysis’ (MMA) – sometimes 
also referred as multi-model ensemble (Raisanen and Palmer, 
2001) – has been already used for at least two decades in 
climate science (Raisanen and Palmer, 2001; Tebaldi and 
Knutti, 2007). However, this contribution revisits the term 
and adds to it a different connotation which goes beyond 
conducting a study in which the same question is asked 
to several models, i.e. the so-called ‘model comparison’ 
(Lotze-Campen et al., 2013). MMA4P refers to any analy-
sis in which the outcomes of several models are brought 
together to deliver a consolidated set of findings. Models can 
be ‘linked’ in a direct (or quantitative) way, i.e. by connect-
ing stand-alone modelling tools and allowing the transfer of 
information between them in order to develop an integrated 
modelling system. Alternatively, models can be combined 
in an indirect (or qualitative) manner, by confronting the 
output of several models to validate their outcomes and/
or identify uncertainties in the results. Some authors could 
claim that our proposal for MMA4P is already captured by 
the existing literature although under some different labels, 
e.g. ‘model collaboration’ (Wicke et al., 2015), ‘multi-layer 
modelling’ (Lombardi et al., 2019), ‘integrated modelling’ 
(IPCC, 2014), or ‘model linkages’ (Perez-Dominguez et al., 
2008). This also highlights the need for a standard, generic 
terminology that facilitates understanding among research-
ers from different disciplines, which represents the value 
added of this paper from a communication perspective.

This article presents a general framework to illustrate the 
potential of multi-model analysis in the field of agricultural 
policy. Firstly, it encourages researchers to use multi-model 
analysis in order to enrich their findings and guide them 
through the process of developing modelling systems or 
toolboxes. Secondly, it raises awareness among policymak-
3	 Valadkhani (2005) provides an overview of the observed trends (and challenges) 
in macroeconometric modelling over the past 50 years, confirming that in developing 
countries macroeconometric models have become smaller in size over time. 
4	 Glocker and Kaniovski (2020) provides an illustration of this issue in the context 
of forecasting GDP. See, also, Buera et al. (2023) for further discussion.

ers regarding the potential of MMA4P to meet their need for 
comprehensive information during the policy cycle.

After this introduction, Section 2 elaborates on the ration-
ale for applying MMA4P in the context of agricultural poli-
cymaking. Section 3 discusses the methodological approach. 
Section 4 focuses on the outcomes of the literature review. 
Section 5 presents a framework for conducting MMA4P and 
provides an illustration. Some conclusions are presented in 
Section 6. 

Rationale for the ‘joint’ use of models 

The degree of sophistication of the tools available for 
economists keeps increasing. However, increasing complex-
ity and sophistication do not automatically translate into 
‘better’ insights for policymaking. A key aspect is that mod-
els should remain ‘fit-for-purpose’ (Hamilton et al., 2022). 
More specifically, ‘fit-for-purpose environmental modelling’ 
(Hamilton et al., 2022), is based on the intersection of three 
concepts: usability, reliability and feasibility. According to 
these authors, models should address the needs of the end 
users (usability) and ensure a proper level of certainty or 
trust (reliability) while being able to deliver outcomes within 
the practical constraints of the project (feasibility). The lat-
ter sets an important boundary for the increasing complexity 
of modelling tools. In a fast-moving world, in which poli-
cymakers require answers to be delivered at a short notice, 
complicated tools which are very-time consuming and costly 
to run might not qualify to assist the policy cycle. Silva and 
Giller (2020) also emphasised the importance of interdisci-
plinary efforts and the involvement of the private sector as 
well as policymakers to ensure the modelling outcomes are 
fit for purpose and have sufficient quality. 

From a methodological perspective, firstly, there is a need 
for a strong integration of multiple branches of science, e.g. 
economics, sociology, ethics, biophysics, hydrology, etc., 
which often represent different ‘sides’ of a particular issue. 
Hence, connecting models or approaches which capture vari-
ous dimensions, as seen from the ‘lenses’ of different disci-
plines, could help policymakers to assess elements in their 
‘togetherness’ instead of having to explore issues by means 
of a set of disciplinary studies with a more limited focus and 
not being well-aligned to each other. Secondly, the request 
for integration of models also relates to the various ‘scales’ 
that are present in reality, e.g. from the global to local econ-
omy, from market level to individual farms, companies or 
consumers, etc.5 Thirdly, the emphasis falls on behavioural 
aspects. Human behaviour has been traditionally captured by 
economic models, while it is excluded or not explicitly taken 
into account in other disciplines. Overall, MMA4P bring 
coherence and completeness to policy analysis by enabling 
us to apply a 360-degree vision with respect to behaviour 
which is not possible with a single tool.

What does this integrated approach mean from a practical 
point of view? For a collaboration of models to be successful 
it is important to design it with a long-term perspective. In 
5	  See, also, Baldos et al. (2020) for the presentation of a global-to-local-to-global 
modelling framework.
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other words, the cooperation between disciplines should be 
seen as a long-term investment, with associated ‘sunk costs’ 
in the short run, e.g. resources devoted to create a shared 
vision of the problem at hand, means allocated to have a basic 
understanding of the various tools that will be integrated into 
a modelling system, resources spent on developing linkages 
between tools, etc., and a return in the long run, i.e. the pos-
sibility of being ready to conduct a more realistic, meaningful 
and informative assessment of the potential consequences of 
policy interventions and shocks to the food system. 

Method

An integrative literature review is the appropriate meth-
odology when dealing with broad research questions which 
ultimately should find an answer in a concrete framework 
(Synder, 2019). Conducting integrative literature reviews, in 
which the relevant search strategy is not systematic, directs 
the researcher to go beyond the evaluation of research 
papers. Therefore, book chapters and grey literature can be 
included as well. Table 1 provides an overview of the used 
search terms. 

Although grey literature was initially considered, the 
search of published material that was relevant for our purpose, 
and was therefore reviewed in detail, was mainly scientific 
papers published in academic journals. This is understand-
able given the nature of the topic which is quite technical and 
might not be very accessible for non-modellers. 

In total, a selection of 37 contributions has been selected 
and reviewed in detailed. This is a sufficient number of con-
tributions due to the somehow emerging nature of the topic. 
In this case, the emphasis should be placed on the relevance 
of each source from the content point of view, while the 
number of documents becomes an element of secondary 
importance. Nevertheless, the diversity and representative-
ness of the contributions allow us to conclude that theoretical 
saturation was reached (Torraco, 2005). 

The qualitative information gathered has been used 
to populate a matrix in which information regarding key 
aspects was recorded: (i) reference; (ii) relevant field, includ-
ing: hydrology, climate, agriculture, energy, marine, bioec-
onomy; (iii) employed modelling tools, providing an inven-
tory of the tools; and (iv) MMA approach applied, e.g. model 
comparison, model harmonisation, integrated modelling use 
and multi-model ensemble.6 As highlighted by Russell (2005), 
the use of a concise tool for data collection, i.e. a matrix in this 
specific case, ensures that the information is assessed/gathered 
in a consistent manner. In terms of the search engine, Google 
Scholar was used to select the contributions. 

Results

Key findings

Modelling exercises in which several tools are involved 
is a common practice in climate science and energy model-
ling while not so much in the agricultural field.7 Focusing on 
the type of ‘relations’ between models, Wicke et al. (2015) 
distinguishes three types of approaches for model collabora-
tion: (i) alignment and harmonisation of models; (ii) com-
parison of models; and (iii) integrations of models. 

In 19 cases out of 37, model comparison was the chosen 
approach for the models to collaborate (Lotze‐Campen et 
al., 2013; Capros et al., 2014; Eom et al., 2015). Moreover,  
9 contributions present examples of integrated modelling 
use, showing different types of linkages. In 5 cases, the rel-
evant modelling teams generated model ensembles based on 
the output of several modelling tools (McCollum et al., 2014; 
Zittis et al., 2019). Bogonos et al. (2020) is also included as 
an example of model harmonisation.8  

The literature review highlights the value of using mod-
els in a combined manner to better understand the potential 
uncertainties that surround a given topic, as well as the need 
for further harmonisation of model inputs in order to make 
model outcomes more comparable (Wicke et al., 2012).9 Pre-
viously, Gates (1992) also identified the need for alignment of 
the initial conditions and diagnostic measures for all models 
involved in an intercomparison exercise. For a comparison 
of alternative modelling approaches in the agricultural field, 
the reader is referred to van Tongeren et al. (2001) which 
cover a total of 16 partial equilibrium and general equilib-
rium models, looking at theoretical modelling foundations, 
datasets employed and institutional aspects among others. 
This contribution can provide relevant background informa-
tion to guide and start the process of model harmonisation 
(as well as integrated modelling use) of the selected tools. 

6	 The framework for MMA4P that is elaborated in Section 5 also builds on this 
typology.
7	  The comparative overview of the selected contributions is not included due to 
word limits. The full list of references is available from the authors upon request. 
8	  The review also includes M’barek and Delincé (2015), focusing on the integrated 
Modelling Platform for Agro-economic Commodity and Policy Analysis (iMAP). 
9	  Understanding issues related to farmers’ attitudes towards risks and their potential 
sources is not a new topic in the specialised literature. Gohin and Zheng (2020) assess 
price and income support to risk management in the EU by means of a stochastic com-
putable general equilibrium model. 

Table 1: Key search terms.

Broad topic/term Specific search terms

Multi-model analysis

Multi-model analysis, integrated model-
ling use, model collaboration, model 
linkages, model toolbox, model chain, 
multi-model ensemble, multi-layer 
modelling.

Quantitative modelling  

Agricultural modelling, environmental 
modelling, climate modelling, hydrologi-
cal modelling, energy modelling, land use 
modelling, crop modelling, bioeconomy 
modelling.

Modelling practices

Model harmonisation, model cross-
validation, model comparison, model 
hard linkage, model soft linkage, model 
information linkage.

Modelling applications Impact assessment, policy simulation.

Others Collaborative modelling, participatory 
modelling, modular approaches.

Source: Own compilation
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When thinking of conducting an exercise involving 
several tools a key query is which criteria drive the selec-
tion. Melsen (2022) delves into this question and identifies 
the ‘social’ aspects surrounding the decision of selecting a 
modelling tool, as well as its configuration. Elements such 
as previous experience with the tool, the model vision or 
the existence of time and labour constraints all influence 
the decision. Broadly speaking, models involve ‘capital’ 
and are (valuable) assets that need to be maintained. Fre-
quently, modelling teams need to invest in their tools in 
order to keep them up to date. This also generates some 
constraints and may drive choices/strategies of institutions 
hosting the models.

Focusing on the EU’s ambitions for energy and climate, 
Nikas et al. (2021) discuss the role that the existing energy 
and climate-economy models can provide evidence that sup-
port the process. They emphasise the importance of transpar-
ency of modelling capabilities and processes, the need for 
harmonisation of model parameters, as well as the disclosure 
of input and output datasets. Nikas et al. (2021) advocate for 
the development of interlinkages among models of differ-
ent geographic granularity. The authors also encourage the 
use of models that goes beyond the ‘popular’ tools that are 
well-known for having been used in the existing model inter-
comparisons. 

An interesting concept related to integrated modelling is 
the notion of ‘modular approaches’. As defined by Voinov 
and Fishwick (2019), ‘in the modular approach we do not 
intend to design a unique general model. Instead, the goal is to 
offer a framework that can be easily extended and is flexible 
to be modified’. Keeping in mind this notion is crucial when 
designing model toolboxes, consisting of several stand-alone 
models that can be ‘switched on’ or ‘switched off’ depending 
on the question. Modular approaches can also contribute to 
create modelling systems that remain ‘fit-for-purpose’, espe-
cially when looking for a tool that deliver useful insights 
and is feasible to run given the constraints.10Another posi-
tive aspect of modular approaches is that they improve the 
efficiency of the models. Depending on the question at hand 
only the necessary modules will be executed, reducing the 
overall running time and delivering only the relevant subset 
of indicators. 

A final remark on the ‘acceptance’ of modelling out-
comes is due.11 Here we refer to ‘participatory modelling’ or 
‘collaborative modelling’ approaches, which advocated for 
creating ownership of the modelling outcomes by engaging 
‘the implicit and explicit knowledge of stakeholders to create 
formalised and shared representation(s) of reality’ (Partici-
patory Modelling, 2018). Examples are provided as follows. 
Basco-Carrera et al. (2017) establish the distinction between 
participatory and collaborative modelling by using levels of 
participation and cooperation as conditioning dimensions. 
Then, their framework is used to carried out a groundwater 

10	 The MAGNET model follows a modular approach, resulting from restructuring 
and updating the LEITAP model. Modular approaches have been also introduced in 
AGMEMOD, with its farm-income module and the BioMAT module to study the EU 
bioeconomy.
11	 Kiryluk-Dryjska and Baer-Nawrocka (2019) focus on the expected outcomes and 
social acceptance of the CAP by relying on the CAPRI model which is linked to an 
application of the Theory of Moves. 

study for the Netherlands. Gonzalez-Martinez et al. (2022) 
use a participatory approach to define the scenario narratives 
and validate the scenario outcomes generated by means of 
the modelling system which combines an agricultural model 
(AGMEMOD) with a biophysical one (MITERRA) to assess 
the potential consequences of reducing meat consumption 
within the EU. Focusing on the activities carried out by the 
European Commission, the yearly preparation of a medium-
term outlook for agricultural markets is also another exam-
ple of participatory modelling. Focusing on AGMEMOD, 
the construction of its baseline goes through several rounds 
of validation in which the modellers are in close interaction 
with market experts at Member State level. 

Developing a general typology 
for model linkages 

Following the definition provided by EPA (2008) on inte-
grated modelling, the next issue to be discussed regards the 
typology of linkages between tools. An overview of existing 
typologies is provided in Table 2. 

In order to develop a general framework, we firstly 
propose a typology which distinguishes three categories:  
(i) hard linkages – the components of the different models are 
related in a structured manner, e.g. there are feedback loops; 
(ii) soft linkages – information is used as input for one model 
more or less as it comes from the model that delivers it; and 
(iii) information linkages – one model could help to update a 
parameter of another model, while the latter is then used for 
simulations. While the first two types of linkages involves an 
‘actual’ exchange of model outputs between tools, the latter 
could have in some cases a more qualitative nature. 

Table 2: Overview of typologies of model linkages

Reference Typology

Perez-Dominguez et al. (2008)

•	 Models are linked by means of 
econometrically estimated response 
functions

•	 The output of a partial-equilibrium 
model is modified in such a way 
that it fits the combined output of 
other models

van Vuuren et al. (2012)

•	 Off-line information exchange, 
one-way

•	 Improved Integrated Assessment 
Models (IAMs)

•	 Improved Earth System Models 
(ESMs)

•	 Full coupling

Wicke et al. (2015) •	 Soft linkage
•	 Hard linkage

Verkerk et al. (2021) 

•	 Off-line information exchange 
(one-way)

•	 Improved socio-economic models
•	 Improved natural systems models
•	 Full coupling (two-way)

Jongeneel et al. (2020); 
Gonzalez-Martinez et al. (2021)

•	 Direct soft linkage
•	 Indirect soft linkage
•	 Direct hard linkage
•	 Indirect hard linkage

Source: Own compilation
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A framework for Multi-Model 
Analysis for Policy

The MMA4P process starts with clearly defining the 
research/policy question (Figure 1). Next, a conceptual 
framework should be developed to draw the corresponding 
testable hypothesis or/and illustrate the key relations/interac-
tions among variables that the assessment should look at. 

The next requirement is to have a very detailed overview 
of the characteristics and the coverage of the tools under 
consideration, including their required inputs and expected 
outputs. It is important to know whether a model is static 
or dynamic, as well as its time horizon and geographical 
scope. Another relevant aspect is the nature of the model, 
e.g. partial equilibrium (PE), Computable General equilib-
rium (CGE), micro-simulation, etc. This provide additional 
knowledge on how the system is represented, e.g. only pri-
mary agriculture is considered versus the whole economy, 
net trade versus bilateral trade, behavioural responses are 
econometrically estimated versus calibrated equations, etc. 
Ultimately, this inventory should help modellers to identify 
synergies and overlaps between tools. 

Subsequently, by confronting the conceptual framework 
with the model inventory, researchers can identify which 
‘pieces’ of the conceptual framework are covered by each 
tool. This allows us to select the ‘components’ of the model-
ling system that will be assembled; while it could reveal gaps 

in terms of the coverage of the models. On a practical note, 
the use of a matrix which summarises the characteristics of 
multiple tools in a consistent manner or a simple decision-
tree relating tools and research questions brings structure to 
the process of selecting the most appropriate tools. In paral-
lel to the quantitative analysis, the use of qualitative infor-
mation is recommended to cope with the gaps identified in 
the previous assessment.

The second decision to be taken concerns the interaction 
of those models which contain the ‘components’ of the mod-
elling system to be developed. When all the variables and 
relations of interest are well captured by various modelling 
tools, a model comparison exercise (also referred as model 
intercomparison in the literature) is useful to cross-validate 
model outcomes and deal with the uncertainty of the simu-
lated scenarios. 

Focusing on those broad questions which require several 
models to interact in order to cover the ‘circuit’ presented in 
the conceptual framework, a question is whether the base-
lines (as well as the assumptions) of the different models are 
aligned. If not, some standardisation is needed before using 
the models in an integrated manner.12, 13 

In terms of model selection, model users might find this 
decision not straightforward on certain occasions. This is so 
since there is no model that can be considered as ‘the ulti-
mate tool’ to analyse a particular issue. Models should be 
seen as part of a ‘model library’, gathering all the available 
tools and offering several options from which model users 

12	 Baseline standardisation is also needed when carrying out model comparison. 
13	  Model outcomes are always contingent upon their assumptions; therefore, it is key 
that the assumptions are compared and aligned (if needed) for a meaningful analysis. 
In other words, this alignment should result in models reflecting reality in a similar 
manner. ‘Classic’ examples are this are models in which GDP and/or population are 
growing at the rates of growth. 

Decision #1

to define
Question

to develop Conceptual
framework

to prepare Inventory of
models

including scope, inputs, 
outputs, etc.

to confront

the user has

Components included 
in framework, 

represented in a model
vs

Gaps included 
in framework, 

not covered by models

to be covered qualitatively, 
e.g., expert opinion, 
literature review, etc.

Decision #2
Decision #3Is there a model with 

all components in?

Are the baselines
aligned?

Which type 
of linkage?

Yes

Yes
Only 

model X

Use it Select one or
carry out 

model comparison

Baseline
harmonisation

Model
X, Y, Z

No

NoHow?

Integrated 
modelling use

(use X linked to Y, Z, ...)

Information linkage

Soft linkage

Hard linkage

Figure 1: Conceptual framework for MMA4P.
Source: Own compilation
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make a selection that fits their research questions and other 
side conditions such as budget, expertise, availability, actu-
ality/state of the art status of the tool, etc.14 Nevertheless, 
when selecting (or linking models), users might find use-
ful to place behavioural models at the heart of the system. 
Hence, a practical recommendation is to use the output gen-
erated by a behavioural model to guide or steer the output 
generated by ‘technical’ models which downscale the out-
put of the first model without adding additional insights in 
terms of behaviour. An example is the case in which a partial 
equilibrium model representing primary agriculture is linked 
to an accounting-type tool translating the developments at 
sectoral level on implications regarding income for different 
farm classes. 

The third decision regards the type of linkage that will 
be established in order to ‘connect’ the selected models, i.e. 
integrated modelling use. In order to guide this decision, 
Table 3 provides a ‘check list’ with key questions to identify 
the appropriate type.  

In short, information linkages will be established when 
the output of a model is used to update or refine the param-
eters of the modelling tool that will be used for conducting 
the actual scenario simulation. Soft and hard linkages will 
be developed when both models are needed for simulating 
the intended scenario with each of them focusing on a spe-
cific set of indicators. When the exchange of information 
takes place in a structured manner and there is a need for 
both modelling teams to have a basic understanding of each 
other models a hard linkage will be in place. A controversial 
element to distinguish between hard and soft linkages is the 
presence of ‘feedback’ loops, which for many authors is the 
key requirement for defining the model connection as ‘hard 
linkage’. Nevertheless, we propose to use a broad defini-
tion of ‘hard linkage’ in which the feedback loop element 
might not be present, e.g. let us think of a market model 
linked to a farm-level tool for an analysis of the impacts 
of alternative market prices on farm income. This could be 

14	 Rodrik (2015) suggests that models can be considered as ‘fables’ or ‘lab experi-
ments’, emphasising the idea that ‘good judgment is indispensable in selecting from 
the available menu of contending models’. 

the case when a feedback loop is not relevant given the 
purpose of the modelling system that is developed after 
establishing the linkage. Consequently, we recommend 
putting emphasis on the systematic exchange of data, the 
cooperation between researchers that it is maintained in the 
long run, the development of a ‘shared’ knowledge on both 
modelling tools, as well as the setup of a new tool/interface 
to facilitate the data transfer.

Feedback loops should be further discussed since they 
are important to reflect human (farmer) behaviour when con-
ducting MMA4P.15 Considering that the CAP has a stronger 
focus on sustainability, and acknowledging that new defini-
tions such as ‘viable farmers’ (Donnellan et al., 2026) are 
entering the policy dialogue, having a good representation of 
farmer behaviour linked to a larger supply chain/sector rep-
resentation is of increasing importance. Another important 
behavioural aspect that needs to be considered is structural 
change which often is not well taken into account in eco-
nomic assessments.16 In general terms, policies could have 
an impact on short-run behaviour (e.g. support to farmers 
to cope with incidental factors such as a flood) and also on 
behaviour in the long run leading to new investments/disin-
vestments (e.g. generational renewal, and buy-out schemes 
promoting the discontinuation of ‘outdated’ practices/
farms).17  

As an illustration of how MMA4P can be used for 
CAP assessment, we refer to an application carried out in 
the Netherlands in the context of Tools4CAP (Tools4CAP, 
2024). More specifically, the purpose of this exercise is to 
explore the potential uptake of the Dutch eco-scheme system 
by farmers under different (price) developments. This assess-
ment relies on a ‘joint model’ that integrates an eco-scheme 

15	 Jongeneel and Gonzalez-Martinez (2022) focuses on the EU dairy sector and iden-
tify an  ‘inverse’ supply curve. This provides an example in which sectoral supply 
model responses might not be always consistent, reinforcing the need for linking tools 
which have different scales. 
16	 An assessment of the CAP in which structural change is taken into account is 
Espinosa et al. (2016) who incorporate farm structural change by using the farm layer 
of the CAPRI model (CAPRI-FT, Common Agricultural Policy Regionalised Impact 
System-Farm Type).  This is an example of how modular approaches work in practice.  
17	 The EU project ‘MIND-STEP’ made some steps in linking farm level models with 
larger scale models.  

Table 3: Defining a model linkage.

Key question Information linkage Soft linkage Hard linkage

Are there any variables (with equivalent definitions) common to the two 
models that we would like to link? No Yes Yes

Is there an actual transferred of data between models? Indirectly Yes Yes
Is the information delivered by Model X used to update a parameter of 
Model Y? Subsequently the simulation is carried exclusively using Model Y Yes No No

Will the data delivered by Model X be used by Model Y as it comes from 
Model X? No Yes Yes

Will the exchange of data be organised in a systematic way? No Yes Yes
Is there a need to develop a new piece of software, interface or additional 
tool to exchange the data between the two models? No No Yes

Are the models going to be linked only once? Or will the modelling-system 
be ‘reused’ in the future? No No Yes

Is there a need for each modelling team to have some basic knowledge on 
the model of the others? No No Yes

Will the exchange of information be an iterative process  (i.e., including 
feedback loops)? No No Yes

Source: Own compilation
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simulator, a farm-level model (FARMDYN) and a sectoral 
model focusing on primary agriculture (AGMEMOD). The 
process of building this ‘joint model’ started with the inte-
gration of the eco-scheme simulator in FARMDYN to indi-
vidually represent the menu of activities that are available for 
Dutch farmers under the eco-scheme regime. Subsequently, 
AGMEMOD delivers price and activity information to the 
FARMDYN model, while FARMDYN reflects the interac-
tion of the eco-scheme with regular farming activities. The 
value added of this approach is that it supports farmers in 
selecting optimal eco-scheme combinations while enabling 
policymakers to better understand farmer uptake and accu-
rately calibrate financial allocations and score-based pay-
ment levels.18 

Conclusions

The design of the CAP for the programming period 2028–
2034 is likely to take place in the broader setting defined by 
the Single Fund. In this context, some competition between 
agricultural policy and other areas such as social or cohe-
sion policy is expected. This will affect both the definition 
of spending priorities and the intended targets (which might 
conflict with each other).  The need for better representing 
trade-offs and synergies between policy areas reinforces the 
necessity for MMA4P since the limitations of individual 
tools which are coming from a specific discipline, e.g. eco-
nomics, agronomy, biophysics, etc., will be more evident 
when analysing cross-cutting policy questions. Ignoring this 
approach will lead to policy decisions being taken based on 
insights that overlook the potential effects of policy interven-
tions outside their primary scope. For example, to properly 
assess an economic instrument such as a tax, an economic 
model might not be sufficient since taxes impact individual 
behaviour, which eventually translates into environmental 
consequences. 
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Appendix
Appendix 1: Comparative overview of selected contributions conducting MMA.

Reference Field Employed modelling tools MMA approach

Addor and Melsen  (2018) Hydrology HBV, VIC, mHM, TOPMODEL,  PRMS, GR4J, Sacramento 
soil moisture accounting model Model comparison

Aldy et al. (2016) Climate DNE21+, GCAM, MERGE,WITCH Model comparison
Bosetti et al. (2015) Climate GCAM, MARKAL_US and WITCH Model comparison
Bogonos et al. (2020) Agriculture AGMEMOD, CAPRI, IFM-CAP, MAGNET, GLOBIOM Model harmonisation 

Capros et al. (2014) Energy PRIMES, TIMES-PanEu, GEM-E3, NEMESIS, WorldScan, 
Green-X and GAINS Model comparison

Duan et al. (2019) Climate
The reader is referred to the actual contribution 
by Duan et al. since the paper relies on several 
contributions in which several models were involved

Model comparison

Edenhofer et al. (2010) Climate E3MG, MERGE, REMIND, POLES, TIMER Model comparison

Eom et al. (2015) Climate IMACLIM, DNE21+, REMIND, IMAGE, MERGE-ETL, 
MESSAGE, POLES, GCAM, WITCH Model comparison

Flessa et al. (2023) Energy IntE3-ISL, GEM-E3-ISL Integrated modelling use/ Soft-
linkage

Gonzalez-Martinez et al. (2021) Agriculture AGMEMOD, INITIATOR, policy-optimisation model, 
input-output analysis

Integrated modelling use/ Hard 
linkage and soft-linkage

Gonzalez-Martinez et al. (2023) Agriculture KOBALAMl (Kosten-Baten Landouw Model), INITIATOR Integrated modelling use (hard-
linkage)

IPCC (2014) Climate

ACCESS1.0, ACCESS1.3., BCC-CSM1.1, BNU-
ESM, CanCM4, CanESM2, CCSM4, CESM1(BGC), 
CESM1(CAM5), CESM1(CAM5.1.FV2), CESM1(WACCM), 
CESM1(FASTCHEM), CMCC-CESM,  CMCC-CM, 
CMCC-CMS, CNRM-CM51, CSIRO-Mk3.6.0, EC-EARTH, 
FGOALS-g2, FGOALS-s2,  FIO-ESM v1.0, ) GFDL-
CM2.1, GFDL-CM3, GFDL-ESM2G, GFDL-ESM2M, 
GFDL-HIRAM-C180, GFDL-HIRAM-C360, GISS-E2-H, 
GISS-E2-H-CC, GISS-E2-R, GISS-E2-R-CC, HadCM3, 
HadGEM2-AO, HadGEM2-CC, HadGEM2-ES,  INM-
CM4, IPSL-CM5A-LR, IPSL-CM5A-MR, IPSL-CM5B-LR, 
MIROC4h, MIROC5, MIROC-ESM, MIROC-ESM-CHEM, 
MPI-ESM-LR, MPI-ESM-MR, MPI-ESM-P, MRI-
AGCM3.2H, MRI-AGCM3.2S, MRI-CGCM3, MRI-ESM1, 
NCEP-CFSv2, NorESM1-M, NorESM1-ME

Model comparison
Multi-Model Ensembles

Jewell et al. (2016) Energy, Climate MESSAGE, IMAGE, TIAM-ECN, REMIND, WITCH Model comparison

Joos et al. (2013) Climate

HADGEM2-ES, MPI-ESM, NCAR, CSM1.4, Bern3D-LPJ, 
GENIE, LOVECLIM, MESMO, Uvic-2.9, Bern2.5D-LPJ, 
Climber2.4-LPJmL, DCESS, ACC2, Bern-SAR, MAGICC, 
TOTEM

Model comparison

Jongeneel et al. (2020) Agriculture AGMEMOD, MITERRA, CAPRI
Integrated modelling use (hard-
linkage)
Model comparison 

https://doi.org/10.1088/1748-9326/7/2/024012
https://doi.org/10.1016/B978-0-12-409548-9.11142-X
https://www.water-energy-food.org/about-us
https://www.water-energy-food.org/about-us
https://doi.org/10.4155/bfs.11.154
https://doi.org/10.1111/gcbb.12176
https://doi.org/10.1007/s10113-019-01565-w
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Reference Field Employed modelling tools MMA approach

Kriegler et al. (2014) Climate

GCAM, FARM, MERGE, Phoenix, EC-IAM, IMAGE, 
TIAM-WORLD, MACLIM, MESSAGE, POLES, REMIND, 
DNE21+, AIM-End use, GCAM-IIM, BET, WITCH, GRAPE, 
ENV-Linkages, GCAM-IIM

Model comparison

Lombardi et al. (2019) Energy Stochastic bottom-up load curves estimation model, 
Calliope, Exiobase v.3

Integrated modelling use (soft-
linkage)

Lotze-Campen et al. (2013) Agriculture MAGNET, IMAGE, GCAM, GLOBIOM, MAgPIE Model comparison

McCollum et al. (2014) Energy
BET, GCAM, POLES, MERGE, REMIND, WITCH, 
TIAMWORLD, MESSAGE, IMAGE, IMACLIM, GRAPE, 
EC-IAM

Multi-model ensemble

M’barek and Delincé (2015) Agriculture
AGLINK-COSIMO, CAPRI (including CAPRI–FARM), 
MAGNET, ESIM, AGMEMOD, GLOBE/STAGE, IFM-CAP, 
RegCgeEU+

Integrated modelling use

Murphy et al. (2006) Climate HadAM3 Multi-model ensemble

Perez-Dominguez et al. (2008) Agriculture AGLINK, ESIM, CAPSIM, AGMEMOD, CAPRI, GLOBE, 
GTAP

Integrated modelling use 
(conceptual discussion)

Raisanen and Palmer (2001) Climate CMIP2 modelling groups Multi-model ensemble

Rozante et al. (2014) Weather
T062ACO, T126 Global, T126MED, T213 Global, T299 
Global, Eta40 Regional, Eta40ZHAO Regional, Eta15 
Regional, BRAMS20

Multi-model ensemble

Shelia et al. (2019) Agriculture, Climate DSSAT, APSIM, and SARRA-H, CPT (Climate 
Predictability Tool) Integrated modelling use

Sognnaes et al. (2021) Climate E3ME, Forty Two, GCAM, GEMINI, ICES, MUSE, TIAM Model comparison

Steinacher et al. (2010) Climate, Marine IPSL, MPIM, CSM1.4 and CCSM3 Model comparison

Sturm et al. (2023) Agriculture, 
Bioeconomy AGMEMOD, BioMAT Integrated modelling use (Hard-

linkage)

Torresan et al. (2019) Climate SINTEX-G, CMCC-MED, EBU-POM, COSMO-CLM, 
SWAM, ROMS, SHYFEM Integrated modelling use

Van der Wijst et al. (2023) Climate MIMOSA, WITCH, REMIND Model comparison
Van der Zwaan et al. (2013) Energy IMAGE, MESSAGE, GCAM, TIAMECN, WITCH Model comparison

Van Tongeren et al. (2001) Agriculture ESIM, AGLINK, FAO World Model, FAORI, GAPsi, MISS, 
SWOPSIM, WATSIM

Model comparison (focus is on the 
model characteristics)

Von Lampe et al. (2014) Agriculture AIM, ENVISAGE, EPPA, FARM, GTEM, MAGNET, GCAM, 
GLOBIOM, IMPACT, MAgPIE, Model comparison

Vrontisi et al.(2018) Climate AIM/CGE, GEM-E3-ICCS, IMACLIM, IMAGE, MESSAGE-
GLOBIOM, POLES, REMIND, WITCH-GLOBIOM

Model comparison, Integrated 
modelling use (i.e. GLOBIOM 
is linked to the WITCH and the 
MESSAGE models)

Warszawski et al. (2013) Climate JeDi, SGVM, VISIT, JULES, Hybrid4, LPJmL, ORCHIDEE Model comparison
Wilkerson et al. (2015) Energy EPPA, GCAM,MERGE Model comparison
Zittis et al. (2019) Climate CORDEX and CMIP5 modeling groups Multi-model ensemble

Note: Model intercomparison exercises are labelled as ‘model comparison’ in this table.   In order to preserve the length of the table manageable, the acronyms of the mod-
els are not provided in the table. Therefore, the reader is directed to the  publications cited in this table for additional information on the models, including the relevant 
acronyms

Source: Own compilation


