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Introduction 

To meet the major challenges facing agriculture which involve an increase in agricultural 
production while preserving natural resources and adapting to new climatic conditions, in-
depth rethinking of agricultural systems is urgently required (Wezel et al., 2014). This rethinking 
hinges in particular on the redesign of crop rotations (i.e., the sequence of crops grown in a 
more or less regular or long cycle) which need to be more diversified and composed of crops 
adapted locally in view of climate change. The TRANSFORM project aims at accelerating the 
innovation of co-designed arable and mixed farming crop rotations, as nature-based solutions 
to deliver multiple economic, societal and ecosystem service benefits. To support this co-
design process, an assessment framework is needed and must include indicators of 
ecosystem services and environmental impacts induced by a change in crop rotation. The 
framework must be adaptable for use in different regions to meet local constraints and 
objectives, and by different stakeholders (e.g., farmers, researchers, public authorities). To our 
knowledge, there is no already-existing method that meet all these criteria (Lairez et al., 2015). 
The aim of this work was to propose a list of indicators that is structured to facilitate a judicious 
selection of indicators to be used for the multicriteria assessment of innovative crop-rotations, 
integrating ecosystem services and tailored to case-specific constraints and objectives. 

Methods 

To support the selection of indicators when performing multicriteria assessment of agricultural 
systems, (Bockstaller et al., 2023b) built the INDIC database framework. This database offers 
an initial structuring according to themes and sub-themes for each dimension of sustainability. 
We paired this database with a new cause-effect conceptual framework (Bockstaller et al., 
2023a) which is resumed in six entities relating either to causes, system status and functioning 
and effects. This framework is based on an integration of previous conceptual works (e.g., 
Payraudeau and Van Der Werf, 2005) and has the benefit of being more precise and less 
linear.Our research group was tasked with proposing a first list of indicators to assess crop 
rotation sustainability. The relevance of the proposed indicators was considered according to 
its position in the so-created cross-analysis indicator framework (Figure 1) with respect to the 
main purpose of our study (i.e., to focus on environmental impacts and services induced by a 
change in crop rotation). A revised list of indicators was established and was supplemented, 
when necessary, with additional indicators to better describe a theme or sub-theme deemed 
under-represented. The resulted indicator list was divided in two categories: 1) key-
performance indicators, related to system functioning, properties and impacts that are best 
able to describe the services and impacts of crop rotations ; and 2) complementary indicators, 
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related to causes that are less precise but easier to calculate and more suitable for 
communication. 

Figure 1. Cross-analysis indicator framework combining INDIC database framework and the cause-
effect chain. 

Results 

The final list consisted of 74 indicators, of which 53 (respectively, 13 and 8) were related to the 
environmental (resp., economic and social) dimension. We identified 51 indicators as key-
performance indicators. Table 1 provides an extract from the final list for the environmental 
dimension. 

Discussion 

Multi-criteria sustainability assessments are indispensable tools for redesigning farming 
systems according to the agroecological transition. These redesigns require restructuring on 
several scales and the involvement of a variety of stakeholders. To accelerate this transition, 
tools that can be adapted to different contexts and users are needed. Here we proposed an 
innovative method based on a cross-indicator analysis framework to help select the most 
relevant (in view of the study objective) sustainability criteria and related indicators to be 
included in multicriteria assessments. This framework has the major benefit to include 
indicators assessing ecosystem services and environmental impacts, which is rarely 
considered in today's assessment methods. As a proof of concept, we have applied our 
method to a specific object of study: assessing the sustainability of crop rotations co-designed 
for the future, as part of a European project involving several case studies. In the final list of 
indicators, a large part is related to the environmental dimension of sustainability and concerns 
the cropping-system functioning and impacts. This is in line with the core aim of the project 
(focusing on crop-rotation benefits) to reduce environmental impacts and increase resilience 
through increasing ecosystem services) but the economic and social criteria of sustainability 
might be under-represented. This will be further reviewed and it could also be adjusted at the 
evaluation step, when weights are assigned to the final criteria. 

Perspective 

This bi-dimensional framework will be enriched with an indicator readability tool to add a third 
categorization layer according to the optimal use and possibilities for interpretation of each 
indicator. From the resulted structured indicator list, we will select relevant sets of indicators 
based on the stakeholders' feedback on their specific needs and requirements. We will 
propose a set of assessment methods, from indicator dashboard to aggregative methods, 
designed to be operational for the stakeholders to be implemented. 
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Table 1. An extract from the key-performance-indicators list. For each indicator, a few examples of the 
factors involved are given. 
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