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Chapter 1 General introduction

1.1 Context/background

The European agricultural sector faces sustainability related challenges. Especially detrimental
environmental effects of agricultural production are more and more present and discussed in
academic and professional spheres. In 2019, it is estimated that the European agricultural sector
is contributor of 11 % of total European greenhouse gases emissions (European Environment
Agency 2021). The use of chemical fertilisers and pesticides is often associated with
biodiversity losses in European agricultural areas (Montanarella and Panagos 2021). Moreover,
livestock production is often pointed out for inefficient transformation of vegetable proteins
and for animal welfare issues (Guyomard et al. 2021).

These challenges influence public discourse on agricultural production (Leduc et al. 2021).
Public authorities react to these facts by setting radical objectives and requirements. In the
European Union (EU), the European Commission (EC) presented the Green Deal policy targets
with the objective of being the first carbon neutral continent in the globe by 2050. In the
agricultural sector, this initiative is reflected in the “Farm to Fork” and the “Biodiversity
Strategies 2030” (European Commission 2020a). Overall reduction in pesticide and
antimicrobial use by 50 %, reduction in chemical fertilisers by 20 % and having at least 25 %
of the EU agricultural area in organic production, can be cited as the main objectives of these

strategies by 2030 (European Commission 2020b).

These ambitious targets of the EC are not limited to improving the environmental sustainability
of EU farms. It is also clearly stated that all these environmental objectives should be
accompanied with farms’ economic viability (European Commission, 2020a). This issue, which
is vital for farmers to adopt sustainable practices, is not straightforward. The structural changes
needed in order to reach these targets can disturb the EU agricultural sector in terms of reduction
of overall production, decrease in competitiveness in international markets and increase in final

prices which may deteriorate consumer welfare (Beckman et al. 2021).



Assessment of farm sustainability

Being widely used and defined in a multitude way, the notion of environmental sustainability
may be interpreted differently (Rega et al. 2018). The original concept defines sustainability as
“economically viable, environmentally sound and socially acceptable development that meets
the needs of the present without compromising the ability of future generations to meet their
own needs” (WCED 1987). In practice, it is still debated how to operationalise sustainability,
in particular environmental sustainability, and how to measure it (Diazabakana et al. 2014;
Repar et al. 2017). Nevertheless, public policies such as the EU Common Agricultural Policy
(CAP) provide incentives to farmers to adopt sustainable practices, e.g. through the agri-
environmental schemes (AES) or green direct payments. The EC measures the effectiveness of
the CAP in reaching its environmental targets with the common monitoring and evaluation

framework (CMEF) and agri-environmental indicators (AEISs).

Farm sustainability is not limited to the environmental dimensions. Economic sustainability
related issues should not be undermined. More importantly, the perceptions and motivations of
farmers towards new practices are often constructed by economic motives. It is clear that the
development of a more environmentally-friendly agri-food production necessitates an
adaptation strategy that can be economically viable on farm and industry level. This economic
viability condition should be reflected as monetary returns to farmers. The expected rise in
adoption of environmentally-friendly ways of production should be economically interesting to
farmers in order to increase their incentives to change their way of production (Pannell and
Claassen 2020; Was et al. 2021). In other words, the financial attractiveness may have a crucial
role for boosting farmers willingness to change their practices and improve their environmental

performance.

Supply chain organisation

The supply of agricultural goods that are produced in a more environmentally-friendly way is
expected to increase to respond to rising consumers’ sensibilities and governments’ initiatives.
However, improvements of environmental quality in agri-food industry face supply side-related
economic obstacles. These supply-side issues contribute to the explanation of the persistence
of conventional practices even if there is growing demand for environmentally-friendly
practices (Cecere et al. 2014; Barbieri et al. 2016; Magrini et al. 2016). In order to overcome

these obstacles, actors in agri-food supply chains have crucial roles. Actors in supply chains
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may enhance the adoption of these practices by developing access to food labels that can create
a product differentiation, by providing technical assistance and information campaigns or by

clearly defining minimum quality standards through contracting.

There are various ways that farmers may sell their farm level product. Farmers can use
cooperatives or producer organisations (PO) or they can choose to engage with processors,
wholesaler and retailers in agri-food supply chains. Farmers’ selling strategy is not limited to
these options. They can also deliver part or the totality of their product directly to consumers
(Pascucci et al. 2012; Agbo et al. 2015). The choices of marketing channel for farm production
may have direct relations with quality related objectives and requirements (Goodhue 2011;
Bouamra-Mechemache et al. 2015). In this respect, these channel choices may impact also

farmers’ behaviour toward sustainable practices.

1.2 Scope of the PhD and research questions

As sustainable practices are becoming more and more important in the agricultural sector,
researchers in agricultural economics are increasingly interested in analysing the patterns,
providing scientific evidence and offering public policy tools (Fresco et al. 2021). One of the
most important objectives of researchers is to capture behavioural tendencies of farmers
towards these practices (Hansson et al. 2019). Researchers use empirical and theoretical tools
for identifying drivers/obstacles, which influence farmers’ decision-making. Empirical works
may consist of experimental frameworks or of ex-post analysis of observational data. In this
respect, farm specific characteristics (age, education, experience, specialisation, farm labour,
economic performance) and public policy interventions (taxes, subsidies, input bans) are often
subjected to analysis to investigate farmers’ perceptions and decisions towards sustainable
practices (Dessart et al. 2019). The empirical literature on farms’ adoption of environmentally-
friendly practices is rich, in particular as regards organic farming practices (Padel 2001;
Latruffe and Nauges 2014; Casagrande et al. 2016; Jouzi et al. 2017). This literature examines
the drivers and obstacles behind the adoption decisions from an empirical point of view, by
using econometric analyses where several explanatory variables (generally chosen in an ad hoc
way) explain the decision to adopt or the extent of adoption (e.g. number of hectares under
specific practices). In light of the various studies, it can be summarised that farmers adopt

environmentally-friendly practices for several reasons. Firstly, socio-demographic



characteristics have significant impacts on farmers’ decisions. These characteristics include
age, education level, political or ideological opinions and beliefs of farmers, and household
composition (Dessart et al. 2019). For instance, older farmers may have lower incentives to
switch their production methods. Secondly, farms’ economic characteristics — such as
organisational structure, size, indebtedness, or main production — play a crucial role. Thirdly,
external factors such as market prices and government interventions, via policies and
regulations, have direct effects on the adoption decision. Perceived economic opportunities are
also one of the main drivers that influence farmers decision-making toward more
environmentally-friendly practices (Hansson et al. 2019). However, there is a scarcity of
academic studies that analyse the role of supply chain organisation on the adoption of farmers’
sustainable practices. It is also not clear-cut from the literature whether sustainability pillars, in
particular environmental and economic pillars, can be reconciled at the farm level. Trade-offs
between the short-term components of farm-level sustainability, namely farm environmental
performance and economic performance, are receiving increasing attention from researchers

but the scope of their studies is generally limited to a small case study or/and a short period.

In this context, the PhD aims at contributing to the issue of farm sustainability and the
involvement of economic actors in the agri-food value chain, through two main research
questions and three original works, one comprehensive literature review and two empirical

studies.

First, the PhD aims at investigating the crucial relation between environmental performance
and economic performance. This question has a fundamental importance in the development of
more environmentally-friendly and economically viable way of production, and sustainability
of farming in general (Sulewski et al. 2018). In the literature, although there are various attempts
to identify performance, research on the subject is generally limited to one pillar of the farm
sustainability and investigates synergy/trade-off relations among sustainability components
(Latruffe et al. 2016; Lynch et al. 2019). A shortcoming of the existing literature is that the
evolution of performance over time is not taken into account. By contrast, one of the objectives
of the PhD is to focus on the possible interaction between environmental performance and
economic performance considering the time dimension. In other words, this crucial relation
between economic and environmental performances is analysed by taking into account the

evolution of farm performance indicators over a 9-year period.



Research Question 1: Are there trade-offs between farm environmental performance and

economic performance over time?

The second research question of the PhD is related to the supply chain organisation on the farm
sustainability. Supply chain organisation may have crucial importance on the development of
sustainable practices (Gonzalez 2018; Meemken et al. 2021). The relation between the
evolution of environmentally-friendly production and market channel choices may be
investigated differently. We can analyse marketing channel choices in a specific
environmentally-friendly production system (Corsi et al. 2009). On the other hand, we can
analyse the impact of a supply chain organisation choice on the adoption of environmentally-
friendly ways of production (Duvaleix et al. 2020; Westerholz and Hohler 2021). This is the
approach followed in this PhD.

The literature on the impacts of supply chain organisation is mainly focused on the impacts of
cooperatives on farmers’ economic performance (Grashuis and Su 2019). The
underdevelopment of studies on environmental sustainability and supply chain organisation
may be related to unavailability of data concerning sustainability related information, as well
as concerning supply chain organisation. The originality of this PhD is that it uses farm-level
data that include farm accountancy information and supply chain information for several EU

countries, collected in the frame of the LIFT project funded under the EU H2020 programme.

Research Question 2: Does supply chain organisation has a role on the adoption of

sustainable practices at farm level?



1.3 Outline and summary of the manuscript

The PhD manuscript consists in five chapters, including a general introduction and a general
conclusion. Chapter 2 provides an empirical analysis on the relation between environmental
performance and economic performance for livestock farms in a region of France over a 9-year
period. Chapter 3 is a literature review, investigating the economic literature on the agricultural
cooperatives to assess the possible influence of cooperative membership on farm sustainability.
This literature review critically examines major contributions on both theoretical and empirical
literature in the subject. Chapter 4 offers an empirical analysis on the role played by farmers’
decision on their marketing channel for a sample of EU farmers in 2018, specifically on their
decision to adopt organic practices. In this chapter, a special attention is given to the impact of
marketing through an agricultural cooperative. Finally, Chapter 5 provides a general conclusion

to the PhD manuscript.

In Chapter 2, we assess the relationship between economic performance and environmental
performance for the specific case of livestock farms, with an application in North-Eastern
France region of Meuse for the period 2008-2016. We use clustering analysis to create a
typology based on farm-level accountancy data. The contribution of our study is that we
consider the evolution of performance over several years to create the clusters. This is important
for sustainability since the latter is related to long-term performance. Our results suggest that
farms who are less environmentally-friendly are better performing in economic terms when the
average picture over the full period is considered. However, when the evolution of
environmental performance over time is accounted for, no significant difference exist in terms
of economic performance between less and more environmentally-friendly farms. This suggests

that the time dimension should be more included in farm performance analyses.



Chapter 3’s objective is to examine the role of agricultural cooperatives in agri-food supply
chains in the adoption of farm level sustainable practices. This study provides a literature review
on agricultural cooperatives by examining both theoretical and empirical literature from
different contextual angles and backgrounds. The study shows that the theoretical literature
offers analytical analysis concentrated on market power, heterogeneity among farmers, decision
making process in the cooperative, adoption cost and dynamics related to information
asymmetries in the cooperative. The empirical literature, on the other side, employs
econometric tools in order to investigate the effects of cooperative membership.

This literature review shows that there are diverging historical and contextual understandings
of cooperatives in the world. These differences can be originated from countries trajectories or
by sectorial differences. The empirical literature is mainly based on developing countries. As a
result, the results of empirical works show that, for newly founded and rural development
oriented cooperatives in these countries, there is generally positive evidence about quality in
cooperatives. Cooperatives generally offer many advantages to farmers by coping with market
uncertainties and information asymmetries. Especially for farmers in developing countries,
cooperatives can ease the access to international food labels (mainly organic and fair trade)
which represent export-oriented high quality products. In this case, cooperative membership
may increase the positive evolution of product quality and farm sustainability. In developped
countries, this issue becomes more ambiguous. In these countries, cooperatives are historically
strong and in some sectors they dominate the markets. As we observe in cereal, sugar and pig
meat markets in the EU, cooperatives may choose cost-reducing strategy by concentrating on
conventional production. The theoretical literature is mainly focused on the performance
comparison between investor-owned firms and cooperatives. In general, the trade-off is made
by comparing the cooperatives’ advantages, such as democratic decision making and coping
with double marginalisation in supply chains, and disadvantages, mainly originated by farmers’

heterogeneity in terms of performance and economic objectives.

Overall, the literature review shows that the conception of cooperatives may have diverging
legal and organisational definitions. In the case of adoption of sustainable practices,
cooperatives may increase incentives by decreasing adoption costs, providing technical

assistance and easing access to markets. On the other hand, cooperatives are also characterised



by problems related to farmer heterogeneity that can create inefficiencies in decision making

process and can slow down the adoption process.

Chapter 4 aims at capturing how farmers’ choice of marketing channels for their output can
influence farmers’ decision on their participation in organic certification. Using data from an
original farmers’ survey for the year 2018 in the EU, we observe a diversity of marketing
channels used by farmers. The sample used includes 680 farms from 7 EU countries (Germany,
France, Greece, Ireland, Poland, Romania and Sweden). The database provides information
about the shares of output sold through 6 marketing channels. Most farms choose a dominant
marketing channel (cooperative/PO, processor, wholesaler, retailer, consumer, and other type
of dominant marketing channel), where dominant is identified when at least 50 % of the output

is sold through this channel.

The organic farms represent 26 % (176 farms) out of 680 farms in the sample. We analyse the
impacts of marketing channel choices on the adoption of organic farming certification. In order
to asses this relation, we employ a binomial logistic regression model. The results show that
only cooperative marketing channel has a significant effect on the probability of being certified

organic farming and this effect is negative.
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2.1 Introduction

Farming activities have strong impacts on the environment, whether negative impacts (e.g. on
water quality due to intensive pesticide and fertiliser use) or positive impacts (e.g. on
biodiversity or landscape through ecological focus areas (EFA) and livestock grazing in
marginal areas). As Repar et al. (2017) stress, the “monitoring, assessment and enhancement of
farm environmental performance is therefore an issue of the utmost importance for improving
the environmental sustainability of the entire food chain”. While public concerns are rising
about the environmental impacts of agriculture, public authorities try to mitigate negative and
enhance positive environmental effects of agricultural activity in an economically sustainable
way. The European Commission underlines the importance of the economic feasibility of
environmentally-friendly ambitions in the “Farm to Fork Strategy Plan” of the Green Deal
(European Commission 2020). In this respect, interrelations, namely trade-offs or synergies,
between economic performance and environmental performance for farms should be analysed

carefully.

Several studies have investigated both economic and environmental performances of farms but
their scope remains limited. They generally cover a small sample of farms, a short period and/or
few environmental dimensions. The main issue is the lack of data. While economic performance
can be assessed easily from classic accountancy data, information needed to assess
environmental performance is missing from such databases. Measuring environmental impacts
of specific farming practices is complex as there are a multitude of themes (e.g. biodiversity,
greenhouse gases...), impacts may be global and not only local, and direct measurement is often
not possible or too costly (Bockstaller and Girardin 2003; Diazabakana et al. 2014; Repar et al.
2017). In this study, we contribute to the literature with an assessment of farm economic and
environmental performances over a long period, using farm-level data in a French region on 9

years.

Studies investigating farm economic performance and environmental performance generally
compute several indicators, and map them on spider diagrams (e.g. Galioto et al. 2017), or
aggregate them in overall scores on which they rank farms (e.g. Dolman et al. 2012; Jan et al.
2012), or carry out a correlation analysis (Lambotte et al. 2021), or perform a clustering analysis
(Latruffe et al. 2016). The latter approach has the advantage of summarising all indicators,
similar to aggregating in overall scores, but does not need assumptions on weights to apply to
each indicator since, with clustering, farms are grouped based on statistical analysis. This is the
approach that we will follow here. However, contrary to Latruffe et al. (2016) who cluster farms
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based on the economic indicators and compare clusters in terms of environmental performance,
here we cluster farms based on the environmental indicators and compare clusters in terms of
economic performance. This is because we assume that environmental performance is the first
objective in the society’s eye, and it has to be assessed whether high environmental performance

is traded against economic performance or go hand-in-hand.

The article is structured as follow. Firstly, we describe the data, and secondly, we explain the

methodology. Finally, we explain the results and then we conclude.

2.2 Data

In this study, we use a balanced panel data set that has 1,521 observations from 169 farms for
the period of 2008-2016. The farms are located in Meuse region, a NUTS3! region in North-
Eastern France. The database contains accountancy data, which provide farm-level information.
More precisely, we have information on farm-level characteristics such as legal status, labour,
utilised agricultural area (UAA); economic characteristics such as output, expenses and subsidy
values in Euros?; and environmental characteristics such as fertiliser and pesticide use in Euros

and nitrogen (N) value per hectare.

As farming practices and constraints differ depending on the farms production specialisation,
we consider here only one type of farm, livestock farms. More precisely, we keep only farms
whose revenues from livestock production are higher than or equal to 50 % of the farms’ total
revenues excluding subsidies. Furthermore, we exclude 4 farms which have missing values for
key variables such as N value, livestock units and pasture area. In the end, the final sample

contains 864 observations from 96 farms for the 9-year period between 2008-2016.

In Table 2.1, we provide summary statistics for the key variables used in the empirical analysis.
The average farm size in terms of UAA is 196 hectares (ha). Labour (paid and family labour)

on the farm is on average 2.32 annual working units (AWU) that is to say full time equivalents.

! “The Nomenclature of territorial units for statistics, abbreviated NUTS (from the French version Nomenclature
des Unités territoriales statistiques) is a geographical nomenclature subdividing the economic territory of the
European Union (EU) into regions at three different levels (NUTS 1, 2 and 3 respectively, moving from larger to
smaller territorial units)’ (https://ec.europa.eu/eurostat/statistics-

explained/index.php?title=Glossary:Nomenclature_of territorial_units_for_statistics_(NUTS))

2 All values in Euros are deflated by taking 2016 as the base year (source of price indices: INSEE).

16



To study potential differences in farm behaviour depending on the legal status of farms, we
introduce a dummy variable which takes the value 1 for individual farms and 0 otherwise®. Only

10 % of the farms in the sample have the individual legal status.

In order to capture economic performance of farms, we created a variable which computes the
overall farm revenue in Euros excluding public subsidies, with an average of 336.6 thousand
Euros per farm. Further, we calculate the value of output per hectare aiming to illustrate farm-
level economic performance. The farms in the sample produce (subsidies excluded) 1,754
Euros per hectare on average. Another important indicator of farm size for livestock farming is
the number of livestock units (LU)*. The farms in the sample have 150.4 LU and the livestock
density is 0.81 LU per ha of UAA on average. Taking into account that farms in our sample are
not fully specialised in livestock farming, since the sample contains mixed crop and livestock
farms, we show in Table 2.1 the percentage of output from livestock production with respect to
total output. On average, farms in the sample earn 71.1 % of their revenue from livestock
production. Public subsidies constitute an important driver of farms’ performance (Minviel and
Sipildinen 2018; Boussemart et al. 2019). We compute the total of operational subsidies
received per ha by farms, where subsidies include both coupled and decoupled subsidies from
the Common Agricultural Policy (CAP). Over the period farms in the sample receive 371.3
Euros per ha of CAP operational subsidies on average.

In order to measure farm level environmental performance, we create four variables. Two
variables reflect the extent of pesticide use and fertiliser use respectively, namely the expenses
in pesticides (84.8 Euros/ha on average for the sample) and the expenses in fertilisers (154.8
Euros/ha on average) related to the UAA. The third variable to proxy farm performance is the
N value on the farms, which is on average 23.24 thousand units per ha of UAA. The fourth
variable shows the magnitude of the pasture area in the total farm area. Farms in the sample

have 40.4 % pasture area in overall UAA.

To allow the performance comparison of farms with respect to the main livestock production,
we create three main types. A farm is classified within a specific livestock specialisation, when

3 In France, there are several forms of farm governance structure that are not individual farms (i.e. EARL
(Exploitations Agricoles a Responsabilité Limitée), GAEC (Groupement Agricole d’Exploitation en Commun),
SCEA (Sociétés Civiles d’Exploitation Agricole)).

4 «A reference unit which facilitates the aggregation of livestock from various species and age as per convention,
via the use of specific coefficients established initially on the basis of the nutritional or feed requirement of each

type of animal” (https://ec.europa.eu/eurostat/statistics-
explained/index.php?title=Glossary:Livestock_unit_(LSU))
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at least two third of its revenue excluding subsidies comes from this livestock activity. We

define 3 types of farms: 33 beef cattle farms, 25 dairy farms, 38 mixed (crop and livestock)

farms. In Table 2.2, we provide mean values for key variables by livestock specialisation. Farm

size of mixed farms is significantly greater than beef cattle and dairy farms’ size. This reflects

the co-existence of crop and livestock production on the mixed farms. However, mixed farms

earn less per ha compared to beef cattle and dairy farms.

Table 2.1: Summary statistics of livestock farms over 2008-2016 (N=96)

General

UAA (ha)

Labour (AWU)

Livestock units (LU)

Dummy for legal

form (1=individual;0=otherwise)
Economic

Output (1,000€)

Output/UAA (€/ha)

Output/LU (€/LU)

Stocking rate (LU/ha of UAA)
Share of livestock output in total
output (%)

Operational subsidies (€/ha)
Environmental

Pesticide expenses (€/ha)
Fertiliser expenses (€/ha)

N value/ha (1,000 units)

Percentage of pasture area in UAA (%)

Mean

196.4
2.32
150.4
0.1

336.6
1,754.0
2,361.5

0.81
71.1

371.3

84.8
154.8
23.2
40.4

sd

99.5
0.97
67.7

0.3

177.0
445.3
882.6
0.25
11.7

50.5

33.8
38.6
15.0
16.3

Min

73.6
1
65.1

83.0
757.8
943.3

0.31

511

269.5

22.7
67.4

6.1
10.2

Q1

133.1
1.82
96.2

0

223.1
1,430.8
1,615
0.63
61.7

335.1

58.6
126.8
13.3
27.2

Median

177.7
2
1335
0

295.0
1,745.9
2,287.1

0.78
69.7

371.5

83.9
156.4
17.6
39.7

Q3

229.6
2.98
191.6

421.7
2,056.7
2,986.3

0.96
81.0

395.6

112.8
180.3
28.9
514

Max

680.2
6.56
380.7

1,098.0
2,878.5
5,082.7
1.59
98.8

580.7

156.0

234.9

92.2
82.1
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Table 2.2: Mean values over 2008-2016 per livestock specialisation

Beef cattle Dairy farms Mixed crop

farms and livestock
farms

Number of farms 33 25 38
General
UAA (ha) 1935 129.5 242.9
Labour (AWU) 2.33 2.06 2.49
Livestock units (LU) 182.2 111.9 148.3
Dummy for legal form (1=individual; O=otherwise) 0.09 0.12 0.10
Economic
Output (1,000€) 342.7 245.4 391.4
Output/UAA (€/ha) 18214 1,909.7 1,593.1
Output/LU (€/LU) 1,981.9 2,2755 2,747.7
Stocking rate (LU per ha of UAA) 0.97 0.89 0.63
Share of livestock output in total output (%) 76.9 80.9 59.6
Operational subsidies (€/ha) 374.8 369.3 369.6
Environmental
Pesticide expenses (€/ha) 74.5 63.9 107.4
Fertiliser expenses (€/ha) 151.1 139.3 168.4
N value/ha (1,000 units) 215 12.9 31.6
Percentage of pasture area in UAA (%) 47.5 44.7 31.4

2.3 Methodology

2.3.1 Environmental indicators

Several indicators are needed to assess environmental performance since there are numerous
environmental dimensions. In general, as mentioned above, accountancy data are limited in
terms of environmental information. However, compared to classic accountancy databases, we
have the N value in quantitative terms in the database used here. Therefore, environmental

performance is assessed here with four indicators, reflecting four different environmental
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dimensions: (1) expenses in pesticides per hectare in Euros, (2) expenses in fertilisers per
hectare in Euros, (3) N quantity per hectare, and (4) percentage of pasture area in UAA.

The first two indicators reflect the intensity of use in pesticides and fertilisers, controlling for
the size of the farm. The latter is proxied here with UAA since pesticides and fertilisers are
spread on land. The limit in these two indicators is that high expenses may not reflect high
quantities used but high price of the inputs. But here we can reasonably assume that in the
region Meuse all grazing livestock farms face the same prices. In addition, the third indicator
provides complementary information on fertiliser quantity. Finally, the fourth indicator gives
information on the farm’s potential for own feed and outdoor grazing. Higher indicators indicate
lower environmental performance, except for the percentage of pasture whose increase
indicates higher environmental performance. These four indicators may not reflect precisely
the environmental impacts of farming practices but are computable from accountancy data and
can be related to some indicators used by the European Commission to monitor the CAP
effectiveness through the common monitoring and evaluation framework (CMEF) and agri-

environmental indicators (AEISs).®

2.3.2 Clustering

We apply hierarchical clustering on the basis of the four environmental indicators. Hierarchical
clustering is a statistical method that classifies farms into groups based on their distance to each
other. We will therefore obtain clusters with farms that are similar to each other in terms of

environmental performance.

In order to assess whether the evolution over time has an importance, we carry out three
strategies for clustering. In the first strategy, clustering is based on the farms’ mean values of
these four environmental indicators over the whole period 2008-2016. In the second strategy,
clustering is based on the rate of change of each environmental indicator between 2008 and
2016 (value in 2016 minus value in 2008, related to value in 2008). Finally, in third strategy,
clustering is based on both means and rates of change.

Ward’s model of hierarchical clustering is used to create farm typologies in the three strategies
(Ward 1963). This methodology is used in the literature of agricultural economics (Latruffe et
al. 2016; Micha et al. 2017). In hierarchical clustering, we start with n clusters for n individuals,

and then create clusters with similar individuals until we have one big cluster. We use the R

5 https://ec.europa.eu/info/food-farming-fisheries/sustainability/environmental-sustainability/cap-and-environment_en
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software package NbClust (Charrad et al. 2014). There are numerous (28) different indices that
can be used to determine the optimal number of clusters, but the decision must also be made on
practical reasons such as ease of analysis and visibility. As an example, in the case of our second
clustering strategy, 13 indices out of 28 suggest to determine the number of clusters to two
clusters (see Table 2.6 in Appendix). Indeed, when the number of clusters is increased to 3, the
third cluster is made of one single farm only. For the sake of comparison, we keep the number

of two clusters for all three clustering strategies.

2.4 Clustering results

2.4.1 First clustering strategy

In the first clustering strategy, the clustering is based on the abovementioned four
environmental indicators as averages over the full period 2008-2016. In Table 2.3, we provide
mean values of the 2 clusters identified. The four environmental indicators indicate that Cluster
A is less environmentally-friendly than Cluster B on average. More precisely, farms in Cluster
A spend 117.1 €/ha for pesticides on average, while this value is 61.6 €/ha for Cluster B.
Similarly, Cluster A has an average of 181.5 €/ha for fertiliser expenses while the figure for
Cluster B is 135.8 €/ha. The same is observed for N value. Namely, farms in Cluster A have an
N value of 32.6 (1,000 units/ha) on average, while Cluster B has an N value of 16.6 (1,000
units/ha). Finally, the percentage of pasture area in UAA is higher for Cluster B with an average
value 50.5 %, while in Cluster A the percentage is 26.2 %.

The evolution of environmental indicators between 2008 and 2016 by clusters is presented in
Figures 2.1, 2.2, 2.3 and 2.4 in Appendix. We see that expenses in pesticides (Figure 2.1) stay
more stable over the period compared to expenses in fertilisers (Figure 2.2). More precisely,
for the fertilisers we observe a significant decrease in expenses between 2009 and 2010,
whereas the expenses in pesticides stay relatively stable for this period. This suggests that
farmers demand for pesticides is less elastic than their demand for fertilisers. The evolution of
N value is stable for both clusters on the whole period 2008-2016 (Figure 2.3). Similarly, the
percentage of pasture area has a stable evolution for both clusters with a slight decrease in
Cluster B (Figure 2.4).
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Table 2.3: Mean values over 2008-2016 per cluster for the first clustering strategy

Number of farms

All farms

Beef cattle farms

Dairy farms

Mixed farms

Variables used in clustering

Pesticide expenses (€/ha)

Fertiliser expenses (€/ha)

N value/ha (1,000 units)

Percentage of pasture area in UAA (ha)
Variables not-used in clustering

UAA (ha)

Labour (AWU)

Dummy for legal form (1=individual; O=otherwise)
Output (1,000€)

Output/UAA (€/ha)

Output/Livestock units (€/LU)

Livestock units (LU)

Stocking rate (LU per ha of UAA)

Share of livestock output in total output (%)
Operational subsidies (€/ha)

Rate of change in pesticide expenses (2008-2016) (%)
Rate of change in fertiliser expenses (2008-2016) (%)
Rate of change in N value (2008-2016) (%)
Rate of change in pasture area (2008-2016) (%)
Rate of change in UAA (2008-2016) (%)

Rate of change in total labour (2008-2016) (%)
Rate of change in output (2008-2016) (%)

Rate of change in output/UAA (2008-2016) (%)
Rate of change in output/LU (2008-2016) (%)
Rate of change in LU (2008-2016) (%)

Rate of change in stocking rate (2008-2016) (%)

Cluster
A

40

27

117.1
181.5
32.6
26.2

235.0
2.57
0.07

431.8

1,890.1
3077.9

146.9
0.65
63.2

376.5
0.22
0.14
0.17

-0.11
0.05

-0.11
-0.1

-0.15

-0.13

0.1
0.05

Cluster
B

56
25
20
11

61.6
135.8
16.6
50.5

168.8
2.14
0.12

268.6

1,656.9
1849.8

153.0
0.93
76.7

367.6
0.17
0.11
0.16

-0.09
0.04

-0.06

-0.06

-0.08

-0.14
0.16
0.14

p-value for

difference

<0.01
<0.01
<0.01
<0.01

<0.01
0.03
0.43
<0.01
0.01
<0.01
0.67
<0.01
<0.01
0.4
0.59
0.78
0.88
0.59
0.72
0.42
0.3
0.11
0.81
0.47
0.28
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Rate of change in subsidies per ha of UAA (2008-2016) (%) -0.18 -0.07 0.01
Rate of change in share of livestock in total output (2008- 0.1 0.14 0.38
2016) (%)

The p-values are obtained with the t-test for the difference between clusters’ means.

Cluster A has 40 farms, including 8 beef cattle farms, 5 dairy farms and 27 mixed farms, while
Cluster B is made of 25 beef cattle farms, 20 dairy farms and 11 mixed farms. The farms in the
less environmentally-friendly cluster A have larger UAA (235 ha in average) and higher output
per hectare (1890.1 Euros/ha) than farms in the more environmentally-friendly Cluster B. The
majority of the sample’s mixed farms belong to Cluster A (71 %). It is worth noting that these
mixed farms that are in Cluster A have significantly higher output per hectare than the sample
mean (Table 2.2). These mixed farms, sharing characteristics of both crop and livestock farms,
have fewer livestock units on average than farms in Cluster B. For Cluster A, 63.2 % of the
total output (excluding subsidies) come from livestock production, while this percentage is 76.7
% for the farms in the Cluster B. Similarly, in Cluster A the stocking rate (LU per ha of UAA)
is 0.65 LU/ha compared to 0.93 LU/ha in Cluster B.

The bottom part of Table 2.3 shows the change in the environmental indicators and other
variables over the period for both clusters. The figures show that farms with a lower average
environmental performance over the period (Cluster A) also have a worse evolution of this
performance over the period, although the difference for the rates of change with Cluster B is
not significant. Farms in Cluster A record a stronger increase rate in pesticide and fertiliser
expenses, and a stronger decrease in the share of permanent pasture.

In summary, when basing the clustering on the whole period’s average indicators, we find that
the farms identified as less environmentally-friendly over the period (Cluster A) perform better
from an economic point of view (output per ha and subsidies per ha) on average (Figure 2.5).
However, in terms of evolution, the farms have become even less environmentally-friendly over
the period and decreased more their performance than the more environmentally-friendly farms.
This reveals that considering only the average values over the period could lead to misleading
conclusion. In Figure 2.6, we observe that the difference between both clusters in terms of
economic performance decreases through time. Hence, on a static point of view, while we could
be tempted to conclude that low environmental performance goes with high economic
performance, from a dynamic point of view the conclusion is reverse: a decrease in

environmental performance goes with a decrease in economic performance.
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2.4.2 Second clustering strategy
In the second clustering strategy, clustering is based on the rate of change in the four indicators
between 2008 and 2016. In Table 2.4, we display mean values of these rates of change as well
as additional variables for both clusters. Cluster B shows a significant increase in pesticide and
fertiliser use between 2008 and 2016. Namely, the expenses per hectare for pesticides and
fertilisers are increased on average by 47 % and 42 %, respectively. Similarly, there is an
average increase in the per ha N value by 44 %, while the percentage of the pasture area in
UAA is diminished by 33 % on average. The farms in Cluster A have a more stable evolution
between 2008 and 2016. Their expenses on pesticides have increased by 6 % only, while there
Is a decrease in the expenses on fertilisers by 2 % on average. The N value stays more stable in
Cluster A than in Cluster B, with an average increase of 3 %. And the percentage of the pasture
area for Cluster A is decreased only by 1 % on average between 2008 and 2016. Cluster B has
thus a worse environmental performance when the latter is defined as rates of changes over the

period.

Cluster A is made of 65 farms namely 25 beef cattle farms, 20 dairy farms and 20 mixed farms.
In Cluster B, we have 31 farms including 8 beef cattle farms, 5 dairy farms and 18 mixed farms.
The farms in the less environmentally-friendly Cluster B have larger UAA compared to farms
in Cluster A (208 vs. 190.9 ha). The labour force (in AWU) has similar values for both clusters
(2.33 for Cluster A and 2.31 for Cluster B on average). In terms of legal form, individual farms
represent 11 % in Cluster A, while they represent 10 % in Cluster B. Farms in the more
environmentally-friendly Cluster A have higher output per hectare with 1,789.4 €/ha compared
to Cluster B which has 1,680 €/ha on average. The same pattern is observed for the herd size.
The farms in Cluster A have fewer LU compared to Cluster B (149.0 LU vs. 153.5 LU),
respectively. When we look at the stocking rate (LU per ha of UAA), Cluster A has higher value
compared to Cluster B on average (0.83 LU/ha and 0.79 LU/ha, respectively). The farms in
Cluster A are more livestock oriented. In Cluster A 72.3 % of the farm output comes from
livestock production, while this share is 68.5 % for Cluster B. The subsidies received per ha by
Cluster A farms are slightly lower than Cluster B on average (368.8 € and 376.6 €, respectively).
In general however, both clusters show limited differences in the farms’ average structural and
economic characteristics, as none are significantly different between both clusters. However,
the rates of change of economic variables are significantly different, with the more
environmentally-friendly Cluster A showing a lower decrease in output per ha but a higher

decrease in subsidies per ha, than the less environmentally-friendly Cluster B.
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Table 2.4: Mean values over 2008-2016 per cluster for the second clustering strategy

Number of farms

Total

Beef cattle farms

Dairy farms

Mixed farms

Variables used in clustering

Rate of change in pesticide expense (2008-2016) (%)
Rate of change in fertiliser expense (2008-2016) (%)
Rate of change in N value (2008-2016) (%)

Rate of change in pasture area (2008-2016) (%)
Variables not-used in clustering

UAA (ha)

Labour (Annual Working Units-AWU)

Dummy for legal form (1=individual; O=otherwise)
Output (1,000€)

Output/UAA (€/ha)

Output/Livestock units (€/LU)

Livestock units (LU)

Stocking rate (LU per ha of UAA)

Share of livestock output in total output (%)
Operational subsidies (€/ha)

Output/LU (€/LU)

Pesticide expenses (€/ha)

Fertiliser expenses (€/ha)

N value/ha (1,000 units)

Percentage of pasture area in UAA (%)

Rate of change in UAA (2008-2016) (%)

Rate of change in total labour (2008-2016) (%)
Rate of change in output (2008-2016) (%)

Rate of change in output/ha of UAA (2008-2016) (%)
Rate of change in output/LU (2008-2016) (%)

Rate of change in LU (2008-2016) (%)

Cluster
A

65
25
20
20

0.06
-0.02
0.03
0.01

190.9
2.33
0.11

333.6

1,789.4
2356.2

149.0
0.83
72.3

368.8

2,356.2
82.9

153.8
22.3
40.9
0.02

-0.08

-0.07

-0.08

-0.17
0.18

Cluster
B

31

18

0.47
0.42
0.44
-0.33

208.0
231
0.10

343.0

1,680.0
2372.7

153.5
0.79
68.5

376.6

2,372.7
88.7

157.1
25.1
39.2
0.10

-0.08

-0.09

-0.17

-0.07
0.03

p-value for

difference

<0.01
<0.01
<0.01
<0.01

0.43
0.95
0.87
0.81
0.26
0.93
0.76
0.43
0.14
0.48
0.93
0.44
0.69

0.4
0.64
0.02
0.94
0.61
0.05
0.03

0.1
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Rate of change in stocking rate (2008-2016) (%) 0.17 -0.05 0.01

Rate of change in subsidies/fUAA (2008-2016) (%) -0.13 -0.1 0.5
Rate of change in share of livestock in total output (2008-2016) 0.19 -0.01 <0.01
(%)

The p-values are obtained by the t-test for the difference between sample means of clusters.

It is also interested to study the average values for the four environmental indicators over the
whole period. While Cluster A is clearly identified as the more environmentally-friendly cluster
on the basis of rates of change of environmental performance, Cluster A is not significantly
different from Cluster B in terms of average values of environmental performance over the
period. The average values are close and their difference is not significant. Notably, the
expenses on pesticides and fertilisers per ha are 82.9 €/ha (88.7 €/ha) and 153.8 €/ha (157.1
€/ha) for Cluster A (Cluster B respectively). The average value for N (1,000 units/ha) is equal
to 22.3 for Cluster A, while it is equal to 25.1 for Cluster B. Finally, the percentage of the
pasture area in UAA has similar values too. The farms in Cluster A have 40.9 % pasture area
and this share is 39.2 for Cluster B.

In summary, when basing the clustering on the rate of change of environmental performance,
the environmentally-friendly cluster, which shows more favourable changes in environmental
performance over the period, also shows the better performance in terms of rate of change of
output per ha, but the worse performance in terms of rate of change of output per LU and
subsidies per ha. And when only averages over the period are considered, both clusters are not
significantly different in terms of both environmental performance and economic performance.

This again highlights the importance of considering the evolution rather than a period average.

2.4.3 Third clustering strategy

In the third clustering strategy, we combine the two approaches already used for the first and
the second clustering strategies. In other words, we base the clustering on 8 decision variables:
average values over the period, and rates of change of the four indicators between 2008 and
2016 per farms. In Table 2.5, we provide mean values of these 8 decision variables and other
variables. On average terms, the farms in Cluster A have larger average pesticide and fertiliser
expenses and N value, but no significantly different rates of change. However, they have a
lower average percentage of pasture area and a significant greater decrease in pasture area, than
Cluster B. This reveals that Cluster A can be considered as the less environmentally-friendly

cluster. More precisely, Cluster A has an average value of 125.6 €/ha and 191.2 €/ha for
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expenses in pesticides and fertilisers respectively. For Cluster B these values are 70.4 €/ha and

142.0 €/ha, respectively. The N value is also higher for Cluster A compared to Cluster B with

values of 40.5 and 17.2 (1,000 units/ha) respectively. The farms in Cluster A have a lower

average share of pasture area in UAA of 24.9 % compared to Cluster B whose figure is 45.8 %.

The rates of changes for the four environmental indicators between 2008-2016 show that the

pesticides expenses have risen by 19 % for both clusters. Similarly, the expenses in fertilisers
increased by 10 % for Cluster A and by 13 % for Cluster B during the period of 2008-2016.

The rate of pasture area in UAA has decreased for both clusters. The decrease is higher for

Cluster A with 17 %, while this decrease is equal to 7 % on average in Cluster B.

Table 2.5: Mean values over 2008-2016 per cluster for the third clustering strategy

Number of farms

All farms

Beef cattle farms

Dairy farms

Mixed farms

Variables used in clustering

Pesticide expenses (€/ha)

Fertiliser expenses (€/ha)

N value/ha (1000 units)

Percentage of pasture area in UAA (%)

Rate of change in pesticide expense (2008-2016) (%)
Rate of change in fertiliser expense (2008-2016) (%)
Rate of change in N value (2008-2016) (%)

Rate of change in pasture area (2008-2016) (%)
Variables not-used in clustering

UAA (ha)

Labour (Annual Working Units-AWU)

Dummy for legal form (1=individual; O=otherwise)
Output (1,000€)

Output/UAA (€/ha)

Output/Livestock units (€/LU)

Livestock units (LU)

Cluster
A

25

19

125.6
191.2
40.5
24.9
0.19
0.10
0.15
-0.17

282.2
3.04

0

520.0
1,888.7
3205.1
173.3

Cluster
B

71
28
24
19

70.4
142.0
17.2
45.8
0.19
0.13
0.17
-0.07

166.2
2.07
0.14

272.0

1,706.6
2064.5
142.4

p-value for
difference

<0.01
<0.01
<0.01
<0.01
0.98
0.84
0.83
0.08

<0.01
<0.01
0.05
<0.01
0.08
<0.01
0.05
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Stocking rate (LU per ha of UAA) 0.63 0.88 <0.01

Share of livestock output in total output (%) 61.6 74.4 <0.01
Operational subsidies (€/ha) 381.1 367.9 0.26
Rate of change in UAA (2008-2016) (%) 0.08 0.04 0.29
Rate of change in total labour (2008-2016) (%) -0.1 -0.07 0.71
Rate of change in output (2008-2016) (%) -0.1 -0.07 0.63
Rate of change in output/UAA (2008-2016) (%) -0.16 -0.09 0.15
Rate of change in output/LU (2008-2016) (%) -0.16 -0.13 0.56
Rate of change in LU (2008-2016) (%) 0.12 0.14 0.81
Rate of change in stocking rate (2008-2016) (%) 0.04 0.12 0.43
Rate of change in subsidies/fUAA (2008-2016) (%) -0.18 -0.1 0.06
Rate of change in share of livestock in total output (2008- 0.13 0.13 0.98
2016) (%)

The p-values are obtained by the t-test for the difference between sample means of clusters.

Cluster A is made of 25 farms namely 5 beef cattle farms, 1 dairy farm and 19 mixed farms.
Cluster B has 71 farms including 28 beef cattle farms, 24 dairy farms and 19 mixed farms.
Contrary to the second clustering strategy, in this third clustering the values describing farm
characteristics that are not used in the clustering process, show significantly different
tendencies. Firstly, on average the farms in Cluster A have a larger UAA (282.2 vs 166.2 ha in
Cluster B) and uses more labour (3.04 AWU vs 2.07 AWU in Cluster B). The legal forms of
farms in both clusters are significantly different. None of the farms in Cluster A has an
individual status, while the share of individual farms is 14 % in Cluster B. Cluster A shows
significantly higher per ha output compared to Cluster B. The average output per ha is 1,888.7
Euros per ha, while the figure is 1,706.6 € for Cluster B. This finding is quite interesting,
considering the high presence of mixed farms in Cluster A. In the whole sample mixed farms
have a lower output per ha compared to other specialisations with 1,593.1 Euros/ha (see Table
2.2). Therefore, this result implies that there are heterogeneities between mixed farms in terms
of output per ha. The mixed farms which use pesticide and fertiliser inputs more intensively,
also produce more output compared to other mixed farms. However, this relation between input
use and output per ha may be misleading. More precisely, some mixed farms are more oriented
to crop (livestock, respectively) farming and therefore, may have higher (lower, respectively)

values for pesticides expenses per ha.
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The farms in Cluster A have a larger herd size, namely 173.3 LU compared to 142.4 LU in
Cluster B. However, when we look at the stocking rate (LU per ha of UAA), Cluster A has a
smaller average value compared to Cluster B (0.63 and 0.88 LU/ha, respectively). The
magnitude of livestock production in total farm output is lower in Cluster A compared to Cluster
B (61.6 % and 74.4 %, respectively). Finally, farms in Cluster A receive higher subsidies per
ha than farms in Cluster B with respective figures of 381.1 Euros/ha and 367.9 Euros/ha.

In summary, when basing the clustering on both whole period’s average values and rates of
changes of indicators, only average values are significantly different between both clusters as
well as the rate of change for pasture area. The less environmentally-friendly cluster (Cluster
A) displays higher output per ha on average over the period but a stronger decrease in subsidies

per ha, compared to the more environmentally-friendly cluster (Cluster B).

2.5 Conclusion

In this study, we investigated the trade-offs between environmental and economic performance
between 2008 and 2016 for a sample of livestock farms in the French North-Eastern region
Meuse. Contrary to other studies which investigate farms’ performance in a specific year, we
considered here the evolution of performance in the long term, taking into account not only the

period’s averages but also the rates of changes between 2008 and 2016.

To assess whether different clustering strategies can give varying results, we carried out three
types of clustering. In the first clustering strategy, clustering was based only on farms’ average
values of indicators over the whole period. This clustering reveals that the farms who are less
environmentally-friendly (they use more pesticide and fertiliser inputs and have a lower share
of pasture area) are more economically performing in terms of average output per ha of UAA.
In the second clustering strategy, clustering was based on the rate of changes between 2008 and
2016 period for the four environmental indicators. The reason was to account for the possible
evolution during this time period. Results of this clustering strategy show that the less
environmentally-friendly farms are those that have a worse deterioration of environmental
performance indicators between 2008 and 2016, than farms in the other cluster. Both clusters
however do not distinguish significantly in terms of average environmental indicators over the

period. In terms of economic performance, the average output per ha of UAA is not significantly
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different between both clusters, but the rate of change between 2008 and 2016 is significantly
worse for the less environmentally-friendly farms. Lastly, in a third clustering strategy, we
combined the first two clustering strategies to see whether this can capture better environmental
performance. However, both clusters distinguish significantly only in terms of period’s average
environmental indicators, similarly to the first clustering strategy, and not in terms of rates of
change. In terms of economic performance, in line also with the first clustering strategy, the

less environmentally-friendly farms have a significantly higher average output per ha of UAA.

To sum up, this analysis provides some insightful results to understand the relation between
environmental and economic characteristics. Results imply that there is a negative correlation
between environmental performance and economic performance when averages over the 9-year
period are considered. However, when we take into account the evolution over time, this
correlation becomes non-significant. Our findings therefore highlight that the trade-off between
environmental and economic sustainability is rather ambiguous, and depends whether we take
an average picture or the evolution over time. The negative correlation between environmental
performance and economic performance on average would suggest that improving
environmental performance may not be profitable for farms. However, this is not true when the
evolution over time is considered. This suggests that it is important to consider a long period
when comparing farms in terms of environmental and economic performances. This is
important for sustainability since the latter is related to long term performance. What matters is

the sustainability target, and not only the yearly performance situation.

The contribution of this study is that we show that a trade-off between economic and
environmental performances may exist if we do not include the time dimension in the analysis.
More precisely, we show that the inclusion of the time dimension weakens the trade-off
relationships between these two pillars of farm sustainability. Considering this, we recommend
that the complex nature of farm sustainability can be better understood if we analyse farmers’
decisions’ and farming practices’ evolution in time. In this sense, time-oriented targeting

policies may have more efficient results on the development of farm sustainability.
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2.7 Appendix
2.7.1 Tables

Table 2.6: Different indices to choose the optimal number of clusters in the second clustering strategy

Number
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Ball

KL

CH
Hartigan
Rubin
Tau
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0.1513
0.8109
0.6747
44.8459
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0.7368
0.3228
17.8751
0.0039
1

0
1.0732
4.1866
84.8874
90.2694
7.1039
0.2322
0.3632
12.3898
10.7459
57.3349
18.4001
-0.3697
709.1664
1654.7875
4.6742
0.4367
0.1275
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2.7.2 Figures
Cluster graphs based on first clustering strategy
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Figure 2.1: Per hectare pesticide expenses per year for each cluster
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Figure 2.2: Per hectare fertiliser expenses per year for each cluster
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Figure 2.4: Percentage of pasture area per year for each cluster
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Figure 2.5: Per hectare output and UAA per cluster in 2016 (96 farms)
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Figure 2.6: Per hectare output per year for each cluster for first strategy
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3.1 Introduction

The supply of agricultural goods that are more sustainable is expected to increase in response
to increasing consumer sensibilities and governments’ initiatives in the future (Saitone and
Sexton, 2017). In this context, farmers are expected to produce in a sustainable way, reconciling
all dimensions of sustainability; namely, economic, environmental and social. Assessments of
farm sustainability, as well as of the underlying factors, are numerous in the empirical literature
(Dessart et al., 2019). These factors relate to farmers’ socio-demographic characteristics (e.g.
age, education), farm’s characteristics (e.g. organisational structure, size, indebtedness, main
production), and external factors such as the type of supply chain, market prices and
government interventions (Rasmussen et al., 2017; Hansson et al., 2019; Malak-Rawlikowska
etal., 2019). However, the role of supply chain organisation has been under-investigated so far,
in particular as regards environmental and social sustainability. We contribute to the literature

by considering agricultural cooperatives, key actors in food supply chains.

Agricultural cooperatives have substantial market shares in agri-food supply chains in western
countries (40% in agri-food sectors in the European Union (EU) in 2010). Within the EU, the
cooperatives’ market share for the whole agricultural sector exceeds 50% in Austria, Denmark,
Finland, France, Ireland, The Netherlands and Sweden (Bijman and Iliopoulos, 2014).
Moreover, in the case of highly perishable products, farmers may be even more likely to engage
in vertical integration via cooperatives (57% and 42% in the dairy and fruit and vegetable
sectors, respectively, in the EU) (Bijman et al., 2012). In the United States (US), dairy
cooperatives marketed more than 75% of the milk produced in the country in 2017 (Wadsworth,
2019). Moreover, the market shares of cooperatives differ considerably with respect to sectors
and countries. In 2010, in the olive oil sector, the Spanish cooperatives’ market share was 70%,
while in Italy it was 5%. In Denmark and France, the market shares of pig meat cooperatives
reached 86% and 94%, respectively, while in the other EU countries, the figures were much
lower (Bijman et al., 2012).

Thus, cooperatives cover a large part of the agricultural sectors, and could therefore play a role
in the improvement of farm sustainability. Through their close relationships with farmers,
agricultural cooperatives may be key actors in supply chains to help farmers change their
agricultural practices and to favour the adoption of more sustainable practices. Cooperative
values such as democratic decision-making, equality and solidarity give cooperatives a unique

identity, which differentiates them from other types of enterprise and implies that they have a
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distinct organisational characteristic (ICA, 2020). Solidarity within the cooperative enables
farmers to cope with market risks and favours investment by sharing fixed costs. As
cooperatives’ members are the owners, investors and users of the cooperative, agricultural
cooperatives have thus a large spectrum of action. They can design incentives to encourage
farmers to change their practices through the services provided, a stronger market position and
the pooling of investments resulting in cost sharing among members. Cooperatives may also
promote the adoption of these practices by decreasing farmers’ perceived risks and by making
investment more feasible. However, some deficiencies exist in cooperatives’ governance,
especially in monitoring and management that can impede the changes. The unique governance
structure of cooperatives may then have mixed effects since the majority of members might not

favour the changes needed. Membership heterogeneity may even diminish farmers’ incentives.

Our main objective is to review and discuss the literature on the role played by agricultural
cooperatives in farm sustainability. Our contribution to a better understanding of agricultural
cooperatives is twofold. First, we gather a diversified set of theoretical models to examine how
the economic behaviour of agricultural cooperatives differ from other organisations. As no
unified modelling of the economic behaviour of cooperatives exists, we discuss the different
features of the cooperatives’ behaviour and we explain their main theoretical weaknesses.
Second, we provide insights about how agricultural cooperatives may influence farm
sustainability. The empirical literature is rich, however unbalanced between developing and
developed countries. We specifically investigate the three dimensions of sustainability and we
highlight the topics that are scarcely covered.

The article is structured as follows. The next section gives background on the economic
behaviour of agricultural cooperatives and on criticisms faced by them. The third section
reviews the empirical studies that examine how cooperatives may favour sustainable practices.

The last section concludes.

3.2 Economic behaviour of agricultural cooperatives

The theoretical literature about the economic behaviour of cooperatives has been built through
several waves since the seminal work of Nourse in 1922 and followed by the work of Philipps
(1953) and Helmberger and Hoos (1962) which present two contrasting strands: the cooperative

as an extension of individual farms and the cooperative as a firm. Since then, three waves of
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literature have enriched the understanding of cooperatives’ economic behaviour: the first one
in the eighties (Levay, 1983; Staatz, 1983; Vitaliano, 1983; Sexton, 1986), the second one at
the end of the nineties (Cook, 1995; Fulton, 1995; Hart and Moore, 1996; Albak and Schultz,
1998; Zago, 1999; Fulton and Giannakas, 2001), the last one in the 2010’s (Rey and Tirole,
2007; Bontems and Fulton, 2009; Hovelaque et al., 2009; Saitone and Sexton, 2009;
Pennerstorfer and Weiss, 2013; Agbo et al, 2015; Fulton and Pohler, 2015; Hueth and Marcoul,
2015; Meérel et al., 2015; Liang and Hendrikse, 2016; Peng et al., 2018). This section presents
the theoretical background on the behaviour of cooperatives from the most recent ones, the
second and third waves, followed by an explanation of their main theoretical weaknesses as
found in the agricultural economics literature. First, the well-known weaknesses are described,

then we focus on the specific issue of farmer heterogeneity.

3.2.1 Theoretical background

In the economics literature, there are various attempts to define a cooperative as a different form
of economic organisation (Cook et al., 2004; Soboh et al., 2009). There is no agreement
amongst scholars about the economic definition of agricultural cooperatives (Tortia et al.,
2013). Depending on theoretical reasoning, economists develop different models to assess
cooperatives’ economic behaviour. The difference between cooperatives and investor-owned
firms is usually tied to the governance structure (Hendrikse and Bijman, 2002; Bontems and
Fulton, 2009; Hueth and Marcoul, 2015; Peng et al., 2018); that is to say, to the decision-making
process. Table 3.1 in the appendix presents a synthesis of the different economic objectives.
Cooperative members may independently decide on the quantity and quality they choose to
deliver to the cooperative. In this case, the decision-making process is “decentralised”, meaning
that the cooperative does not have any restrictive power on the quantity supplied by individual
farmers (Albek and Schultz, 1998). Alternatively, decision-making can be taken as
“centralised” in which cooperatives maximise their profit under additional constraints as
compared with investor-owned firms. Marketing cooperatives can be regarded as a constrained
supply chain; that is to say that the cooperative must buy all raw material delivered by its
members (Hovelaque et al., 2009).

Some scholars investigate in more detail the governance structure in cooperatives by

introducing a board of directors and/or managers into theoretical frameworks using principal-
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agent models (Fulton and Pohler, 2015; Hueth and Marcoul, 2015). They define cooperatives
as a form of coalition among farmers with similar objectives (Hueth and Marcoul, 2006; Hueth
and Marcoul, 2015). In this coalition approach, the cooperative is regarded as a nexus of
contracts in which farmers engage in a collective effort. This approach offers insightful results
especially as regards members’ involvement in the cooperative’s investment choices. As Hueth
and Marcoul (2015) point out, cooperative members face a trade-off between direct
involvement in monitoring activity and working with a professional manager. The investment
activity in the cooperative depends then on the farmers’ monitoring choice, which depends on
the cost structure of agent monitoring. Farmers’ involvement in the monitoring activity may

give the cooperative an advantage that is linked to incentive complementarity.

Theoretical works to assess the economic characteristics of cooperatives’ decision-making
focus on the farmers’ specific role in cooperatives. As member-owned and democratically ruled
enterprises, cooperatives are expected to prioritise their members’ economic gains. Indeed, in
contrast to investor-owned firms, the cooperative’s objectives are generally not limited to profit
maximisation. In the pioneering work of (Helmberger and Hoos, 1962), the cooperative
maximises the price paid to farmers while the cooperative profit is equal to zero. Hence, the
specificity of cooperatives refers mainly to the pricing strategy for the raw product delivered
by their members. Cooperatives do not consider the price paid to farmers as a simple cost
variable. Members are expected to receive higher prices from cooperatives than investor-owned
firms (Sexton, 1990; Fulton and Giannakas, 2013). Accordingly, cooperatives behave like non-
profit organisations that aim to improve members’ welfare. Cooperatives maximise members’
benefits under the constraint of ensuring their viability. In the literature, this viability condition
is written as the break-even constraint. That is to say, the cooperative operates with zero profit,
which ensures the compensation of the cooperative’s production and operational costs. At the
same time, the higher prices paid to farmers by cooperatives may force other firms to raise the
prices of farmers’ products, a mechanism called the competitive yardstick effect (Liang and
Hendrikse, 2016; Carletti et al., 2018). Intuitively, the yardstick effect may be beneficial in
coping with the monopsonistic power of firms by improving farm level prices. In this case,
investor-owned firms are forced to increase the prices paid to farmers in order to compete with

the cooperatives.

In an imperfect competition setting, cooperative members supply more raw product than other
farmers who supply through investor-owned firms (Helmberger and Hoos, 1962, Albaek and
Schultz, 1998; Pennerstorfer and Weiss, 2013). Albak and Schultz (1998) claim that this
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particularity of cooperatives may give them market power in the case of oligopolistic
competition, and the cooperative might dominate the market in the long-run. Bontems and
Fulton (2009) investigate input procurement in two separate cases: a cooperative that
maximises member welfare; and an investor-owned firm that maximises profit. Farmers’
heterogeneity is characterised by the cost structure. The authors show that, when the
cooperative and its members’ objectives are aligned, the cooperative is more efficient than the
investor-owned firm. Agbo et al. (2015) construct a theoretical model in which cooperative
members have the opportunity to sell their product directly in a local market. They show that
the coexistence of both options of selling directly through the local market and selling via a
cooperative improves farmers’ welfare. The originality of this study is that the local market
scenario is taken to be an imperfect competition situation in which the quantity produced
impacts market prices, while the cooperative is a price-taker in a completely competitive

market.

Finally, agricultural cooperatives may also be defined as vertically integrated organisations
which aim at maximising members’ welfare (Soboh et al., 2012). Agricultural cooperatives,
however, should be distinguished from traditional vertical integration since farmers can behave
differently in these two organisational schemes. Farmers who become vertically integrated with
investor-owned firms become employees and thus have fewer incentives to improve product
quality (Reimer, 2006). Incentives might be even lower with asymmetric information because
of the principle-agent problem. In the case of vertical integration via cooperatives, however,
farmers’ economic incentives for innovations that improve quality can be preserved. More
precisely, farmers who wish to improve product quality may be more numerous in the case of
production via cooperatives. Hence, the creation of an agricultural cooperative provides a more
efficient way of vertical coordination in terms of adoption of new farm-level practices. The
theoretical literature on agricultural cooperatives explores quality choices (Hoffman, 2005;
Saitone and Sexton, 2009; Pennerstorfer and Weiss, 2013; Mérel et al. 2015). Product
differentiation often consists of two products with different quality levels. Hoffmann (2005)
analyses the endogenous quality choice in an oligopolistic market, with a model of duopolistic
competition (investor-owned firm versus cooperative) with differentiated products. In the case
of convex variable cost with respect to product quality, the cooperative produces higher quality
than an investor-owned firm. Pennerstorfer and Weiss (2013), who investigate quality choice
in cooperatives, show that if the marginal return in quality improvement is increasing with total

quantity supplied, the issue of overproduction of agricultural cooperatives may give them an
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advantage in quality improvement. The relationship between quantity-quality decisions can
thus create a positive feedback effect. Giannakas and Fulton (2005); Drivas and Giannakas
(2010) investigate the innovation decision in duopolistic competition between an investor-
owned firm and a cooperative. The authors examine theoretically market mechanisms with the
introduction of an innovation. They show that the presence of profit maximising investor-
owned firms and member-welfare maximising cooperatives can increase the innovation activity
in the market. Thus, the presence of a cooperative may be welfare enhancing and socially
desirable. More precisely, the involvement of the agricultural cooperative in innovation

increases with producers’ heterogeneity and with the level of fixed costs.

3.2.2 Major challenges faced by cooperatives

Recognised economic weaknesses

Despite their above-mentioned economic advantages, cooperatives have long been criticised in
the economic literature (Cook and Chaddad, 2004). They have particularly been criticised in
terms of their poor economic performance (Porter and Scully, 1987; Fulton, 1995; Notta and
Vlachvei, 2007; Hirsch et al., 2020). This is linked to the fact that agricultural cooperatives
have limited powers to restrict the quantity supplied by farmers. In the case of imperfect
competition, the cooperative has a tendency to oversupply since individual farmers do not bear
the full marginal profit loss when they increase their production level (instead, they share it at

the cooperative level).

A crucial weakness is that overproduction may arise when the cooperative is a price maker in
the final market (Albak and Schultz, 1998). Open membership in agricultural cooperatives is
thus viewed as a deficiency, which reduces the competitive power of cooperatives because of
the adverse selection problem. More precisely, the output-pooling mechanism in cooperatives
may increase the number of low quality producers who benefit from average quality level
(Saitone and Sexton, 2009). However, this negative effect of open memberships is mitigated by
the competitive yardstick effect. Mérel et al. (2015) investigate the trade-off between these two
effects. They compare situations of open membership and closed membership in a differentiated
product setup. They show that in the open membership case, the farmers benefit from the risk-

reducing advantage of the cooperative and from higher product prices.

Finally, the horizon problem in cooperatives implies that they may suffer from underinvestment

issues related to intergenerational conflicts (Rey and Tirole, 2007; Giannakas et al., 2016). In
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the case of an investment that becomes profitable in the long run, older farmers tend to disagree
with younger members about the implementation of such investment, because the former are
close to exiting farming activities, meaning that they would not benefit from the realised
investment. Therefore, in the context of innovative investment, the horizon problem may limit
the cooperative’s performance. This problem is directly linked to non-transferability issues in
the cooperatives, in the sense that the members of cooperatives cannot easily liquidate their

previous investment if they withdraw from the cooperative.

Member heterogeneity: a key underpinning issue

Farmers’ heterogeneity, giving rise to governance isSUes in cooperatives, is a key underpinning
issue of the above-mentioned weaknesses. Farms and farmers indeed have different
characteristics, creating information asymmetry and discrepancies among members. Farmer
heterogeneity in agricultural cooperatives is characterised differently in the literature (Hohler
and Kuhl, 2018). This heterogeneity may come from various factors such as farm size and cost
structure (Plakias and Goodhue, 2015), type of product (Mérel et al., 2015) or members’
personal characteristics such as age, risk aversion, preferences (Elliott et al., 2018).
Membership heterogeneity also leads to governance issues (Hansmann 1988; Hart and Moore,
1996; Zago, 1999; Deng and Hendrikse, 2015). In an early work, Hart and Moore (1996)
construct a model which examines farmer heterogeneity in a cooperative. In this approach, the
dominant farmer group takes the decision about the final quality by maximising the profit of
their group. Zago (1999) develops a theoretical framework to examine the quality of the final
cooperative product. The heterogeneity of farmers delivering higher quality product may
influence the decision-making of the cooperative. In a setup with the “one member-one vote”
principle, the member group which is in the majority dominates the cooperative’s choice of the
quality level. In this respect, farmers with similar objectives may positively influence the
cooperative’s economic performance (Bontems and Fulton, 2009). Farmers may have different
preferences, objectives, and goals but the most cited types of member differences that can be
observed or measured are when members differ in farm level characteristics (e.g., size, leverage,
and efficiency), geography, and personal characteristics (e.g., socioeconomic status, age and

risk aversion).

Theoretical literature about the quality decisions in cooperatives provides useful insights into

the advantages and drawbacks of cooperatives in terms of quality improvement. In these
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studies, special attention is given to farmer heterogeneity (Hart and Moore, 1996; Zago, 1999;
Saitone and Sexton, 2009). The general finding regarding this issue is that cooperatives’
decisions with respect to product quality are dependent on the dominant farmers’ group. The
“median voter” makes the quality decision in the cooperative level. If farmers who have a higher
incentive to invest in high quality product are in the majority, then the cooperative produces at
a quality level which is even superior to the first best option. Another theoretical approach is
based on quality decisions in a mixed duopoly case (cooperative versus investor-owned firm)
(Giannakas and Fulton, 2005; Hoffmann, 2005; Drivas and Giannakas, 2010). The difference
between the two types of organisation is often shown in the form of different objective
functions. In these models, the cooperative may provide a higher quality level in the case of
high innovation costs, depending on cost structure. Moreover, when the quality of products
supplied by members to the cooperative is not observable, the free riding problem may emerge.
Several factors can explain heterogeneity in quality at the farm level. For instance, external
shocks (such as bad weather conditions) affecting agricultural production may limit some
farmers’ capacity to produce high-quality product (Saitone and Sexton, 2009). Moreover, farm
exogenous characteristics (such as soil fertility) may create productivity disparities among
farmers. Hence, farmers may have different propensities to free ride. Bonroy et al. (2019)
analyse the free riding behaviour of cooperative members on product quality in an experimental
setup. In this model, farmers’ individual quality decisions affect the collective rent from the
final product. Taking into account that the production cost increases as product quality increases
at the farm level, free riding is characterised as a dominant strategy. However, as the authors
explain, punishment may limit free riding. In their model, punishment is in the form of
exclusion. In this case, the farmer has a trade-off between, on the one hand, free riding and
having a non-zero probability of being excluded from the cooperative and, on the other hand,
revealing the true quality information. The authors conclude that in games with few players,
farmers tend to cooperate, but an increasing number of farmers increases the cases where free-
riding behaviour dominates the game. As the authors suggest, one solution to this problem is to
create sub-divisions within the cooperative. Indeed, reducing group size increases the incentives
to cooperate. In addition, creating groups with similar characteristics (implicitly similar

economic objectives) may enhance the cooperation.

As shown in this second section, the theoretical literature offers a variety of frameworks for
agricultural cooperatives. The main aim of this section was to shed light on the cooperatives’

distinct characteristics and their economic performance. Agricultural cooperatives, by
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eliminating double marginalisation (that is to say, eliminating supply chain intermediaries and
thus pricing over marginal cost at each stage in the supply chain) and by aiming to improve
member welfare, may be beneficial for farmers. Nevertheless, the cooperatives’ specific
organisational features, combined with the issue of members’ heterogeneity, can create some
deficiencies linked to investment decisions (the horizon problem), to asymmetric information

(free riding on quality) and to overproduction.

3.3 Empirical studies: can cooperatives influence farm sustainability?

Our objective is to assess whether cooperatives influence farm sustainability. For this, we
provide a comprehensive review of the existing empirical literature linking cooperative
membership and farm sustainability, in terms of economic, environmental or social dimensions.
We explain the literature findings in light of the theoretical aspects of cooperatives explained
in the previous section. More precisely, we examine the empirical studies that draw conclusions
on at least one of the three pillars of sustainability; namely, economic, environmental or social.
The results of those empirical studies are summarised in Table 3.3 in the appendix. Most
empirical studies show a positive effect of agricultural cooperatives on farm sustainability.
However, in this section, we also highlight some negative effects underlined in the empirical

literature.

In terms of methodology, we performed a search in the EconLit and Google Scholar databases
using the keywords ‘agricultural cooperatives’, ‘cooperative membership’, ‘farm practices’,
‘innovation’, ‘environmentally-friendly’ and ‘farm sustainability’ over the period 2010-2020.
This search allowed us to identify potentially relevant studies. We also screened the most recent
literature applied in developing countries, but only selected studies which were published in the
agricultural economics literature and which deal with environmental or social issues. We also
include in our review some articles that were quoted in the literature selected from the
databases, as well as empirical studies that specifically examine quality issues in cooperatives,
for two reasons. First, this literature illustrates well the cooperative governance issues when
member heterogeneity is wide. Second, consumers may value differently some
environmentally-friendly or fair trade practices and are thus willing to pay for a product with

an environmental or a social attribute. Thus, we can get some insights from the literature into
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how cooperatives may enhance quality. Finally, we included studies that were recommended

by the reviewers of the present article.

3.3.1 Cooperatives’ economic role

Cooperatives may influence the economic performance of their members. This has mostly been
discussed for developing countries. A large number of empirical studies in such countries have
been devoted to the impact of farmers’ membership of a cooperative on the farms’ productivity
(Wossen et al., 2017; Ma et al., 2018a; Ortega et al., 2019; Manda et al., 2020; Zhang et al.,
2020) or on farmers’ incomes (Ma and A