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1 Introduction 
 
This deliverable focuses on the assessment of efficiency and resilience at the farm level through a 
‘top-down approach’, i.e. through analysing Farm Accountancy Data Network (FADN) data. The 
analysis includes 25 countries, a 13-year period (2004-2017) and 11 environmental zones, in total 
leading to more than 800,000 observations. (The ‘top-down approach’ contrasts with the so-called 
‘bottom-up approach’ of MIXED in which farm and regional specific contextual issues are explored 
in 10 case studies, i.e. the MIXED networks.) 
 
Open access paper 
The top-down farm-level assessment has been submitted as a paper to a refereed open-access journal. 
Due to strict publication rules, this deliverable therefore presents an extended abstract (Section 2), 
instead of the full text and analysis. As soon as the paper has been published, the link to the full paper 
and supplementary materials will be made available. 
 
Cross-validation of top-down and bottom-up results as part of regional-level analyses 
Results from top-down analyses can be enriched through insights obtained from the MIXED bottom-
up analyses. Due to aggregation of FADN to NUTS2 level, results from top-down analyses are to be 
interpreted for farms in their regional context. We therefore include the cross-validation of bottom-
up and top-down analyses in the regional-level analyses (D6.3).   
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2 Extended abstract of submitted paper 
 
The relationship between efficiency and resilience in European agriculture: a comparison 
between mixed and specialised farming practices in the FADN 
 
Background 
Efficiency and resilience are critical goals for the agricultural sector. However, efficiency and 
resilience are often perceived as conflicting objectives. This conflict comes from a resource allocation 
problem, where farmers are exposed to the quest of either concentrating efforts towards efficient 
production or building resilience via spare capacity, reserve stocks, and redundancy (Korhonen and 
Seager, 2008; Stanley, 2020). However, there might be synergies between efficiency and resilience, 
for instance, through improving soil health (Stevens, 2018) and adjusting crop rotations (Bowles et 
al., 2020).  
 
Literature gap 
The relationship between efficiency and resilience is an empirical question that has not been 
investigated so far. Efficiency defines the best possible ways of transforming inputs into outputs 
(Coelli et al., 2005); resilience informs whether a system can maintain the provision of products, 
services, and functions, whilst coping with stresses and challenges of different nature (Meuwissen et 
al., 2019). In agriculture, yields and economic indicators often support measures of resilience. These 
measures are intrinsically connected with production processes. However, few studies have explored 
resilience from a production theory perspective. 
 
Research aim 
Our research aim is to quantitatively explore the relationship between efficiency and resilience 
performances through a production theory framework. We explore the hypothesis (H1) that an 
“inverted-U” relationship between efficiency and resilience exists, where there is a positive 
correlation up to a point that this correlation becomes negative. Based on previous research indicating 
that specialisation can be an important source of trade-offs between aspects of efficiency and 
resilience (Abson, 2019; Klasen et al., 2016), we also discuss the hypothesis (H2) that mixed farms 
are more able to benefit from potential synergies between efficiency and resilience than the 
specialised counterparts. 
 
Approach 
Benchmarking and production theory are the two guiding concepts for measuring efficiency and 
resilience. While efficiency is often assessed using production theory, this has thus far not been done 
for resilience. Going beyond partial productivity and economic output analyses, we fully exploit the 
FADN dataset by defining production technologies for different environmental zones and agricultural 
outputs. Exploiting the properties of production functions, we calculate farm resilience as a composite 
indicator of robustness, adaptability, and transformability (Meuwissen et al., 2019). The 
benchmarking component involves comparing our observations to the best performers in both 
production efficiency and production resilience capacities. To test the hypothesis of an “inverted-U” 
relationship between efficiency and resilience, we estimate a quadratic equation using ordinary least 
squares. 
 
Data 
We extract farm-level inputs and outputs from the Farm Accountancy Data Network (FADN). We 
measure efficiency and resilience from a sample that contains of over 800,000 observations from 25 
countries across 11 environmental zones, from 2004 to 2017. The production contexts are given by 
the environmental zones as proposed by Metzger et al. (2005). We classified the dominant 
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environmental zone considering the agricultural related land uses as extracted from the CORINE land 
cover (CLC) maps of 2018 version v.2020_20u1 (EEA, 2020). The zones are presented at the NUTS 
2 level, which is the finest scale in the FADN data set. Additionally, we consider the FAO’s 
agriculture stress index (ASI) (FAO, 2022) as proxy for other weather-related aspects that relate to 
agricultural productivity (Magrini et al., 2018). 
 
Results and policy recommendations 
Contrary to our hypothesis (H1), we find a non-inverted U-shaped relationship between efficiency 
and resilience, where synergies appear at higher levels of efficiency. When taking a long-term 
perspective, the farmers’ ability to maintain high levels of efficiency is directly related to their 
resilience. Our results highlight the potential for strategies that can enhance both efficiency and 
resilience simultaneously. When examining efficiency and resilience separately (H2), specialized 
practices are more efficient than mixed practices, while mixed practices are more resilient than 
specialized practices. Based on these results, policy efforts may focus on improving efficiency of 
mixed practices and resilience of specialized practices. However, we observe some variation across 
environmental zones in this regard. Thus, policy makers may need to tailor interventions to specific 
farming practices based on different environmental zones. 
 
References 
Abson, D. J. (2019). The Economic Drivers and Consequences of Agricultural Specialization. In 

Agroecosystem Diversity. Elsevier , 301–315. 
Bowles, T. M., Mooshammer, M., Socolar, Y., Calderón, F., Cavigelli, M. A., Culman, S. W., Deen, W., 

Drury, C. F., Garcia Y Garcia, A., Gaudin, A. C. M., Harkcom, W. S., Lehman, R. M., Osborne, S. L., 
Robertson, G. P., Salerno, J., Schmer, M. R., Strock, J., and Grandy, A. S. (2020). Long-Term 
Evidence Shows that Crop-Rotation Diversification Increases Agricultural Resilience to Adverse 
Growing Conditions in North America. One Earth 2: 284–293. 

Coelli, T. J., Prasada Rao, D. S., O’Donnell, C. J., and Battese, G. E. (2005). An Introduction to Efficiency 
and Productivity Analysis , 2nd ed. New York: Springer-Verlag. 

EEA. (2020). Corine Land Cove (CLC) 2018 version v.2020_20u1 — Copernicus Land Monitoring Service. 
European Environment Agency. https://land.copernicus.eu/pan-european/corine-land-cover/clc2018 , 
last accessed 9 August 2022. 

FAO. (2022). Agriculture Stress Index System (ASIS) [Food and Agriculture Organization of the United 
Nations]. ASIS: Agricultural Stress Index (ASI) - Annual Summary (Global - Annual - 1 Km). 
https://data.apps.fao.org/map/catalog/srv/eng/catalog.search#/metadata/2afba815-0402-400a-bcf8-
cf0959f19421 , last accessed 9 August 2022. 

Klasen, S., Meyer, K. M., Dislich, C., Euler, M., Faust, H., Gatto, M., Hettig, E., Melati, D. N., Jaya, I. N. S., 
Otten, F., Pérez-Cruzado, C., Steinebach, S., Tarigan, S., and Wiegand, K. (2016). Economic and 
ecological trade-offs of agricultural specialization at different spatial scales. Ecological Economics 
122: 111–120. 

Korhonen, J., and Seager, T. P. (2008). Beyond eco-efficiency: a resilience perspective. Business Strategy 
and the Environment 17: 411–419. 

Magrini, E., Balié, J., and Morales‐Opazo, C. (2018). Price Signals and Supply Responses for Staple Food 
Crops in Sub‐Saharan Africa. Applied Economic Perspectives and Policy 40: 276–296. 

Metzger, M. J., Bunce, R. G. H., Jongman, R. H. G., Mücher, C. A., and Watkins, J. W. (2005). A climatic 
stratification of the environment of Europe: A climatic stratification of the European environment. 
Global Ecology and Biogeography 14: 549–563. 

Meuwissen, M. P. M., Feindt, P. H., Spiegel, A., Termeer, C. J. A. M., Mathijs, E., de Mey, Y., Finger, R., 
Balmann, A., Wauters, E., Urquhart, J., Vigani, M., Zawalińska, K., Herrera, H., Nicholas-Davies, P., 
Hansson, H., Paas, W., Slijper, T., Coopmans, I., Vroege, W., … Reidsma, P. (2019). A framework to 
assess the resilience of farming systems. Agricultural Systems 176: 102656. 

Stanley, C. (2020). Living to Spend Another Day: Exploring Resilience as a New Fourth Goal of Ecological 
Economics. Ecological Economics 178: 106805. 

Stevens, A. W. (2018). Review: The economics of soil health. Food Policy 80: 1–9. 


	1 Introduction
	2 Extended abstract of submitted paper

