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Abstract

In the face of growing demand for local products, farmers are developing direct sales. Our research examines the
impact of this strategy on farms’ sustainability. Focusing on the market gardening sector, we compare metropolitan
France and its overseas departments: Martinique, Guadeloupe and Reunion. These insular economies must meet
national and European requirements for healthy and local production while complying with specific organizational
and geographic conditions. If direct selling is considered an innovation, we first identify the factors, such as
characteristics of farmers and their farm, determining its adoption. While establishing the link between such an
innovation and performance, we study the impact of direct sales on farms’ sustainability, inspired by the IDEA
method. We use representative farm data from 2010 and 2016 and perform a propensity score matching coupled
with a difference-in-difference analysis. While the impact of direct sales on sustainability is effective in
metropolitan France, more nuanced results are observed in insular economies. Whatever the location, direct sales
provide a response to consumers’ expectations in terms of product diversification. While direct sales are initially
associated with product processing and tourism, these activities are gradually abandoned, in particular because of
the skills necessary to their realization. In metropolitan France, direct selling modifies the relationship with
certifications by developing organic production to the detriment of other types of certification. It is also
accompanied by output and employment growth. Our results question the role that the environment in which
farmers evolve plays in the sustainability dynamics of farms in island economies.

Keywords direct sales; IDEA method; island economies; innovation; propensity score matching; difference-in-
differences
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1. Introduction

In 2010, 18% of farmers in metropolitan France sold all or part of their production in short food supply chains
(Agreste, 2011a). Short food supply chains create either a direct link between producers and consumers without
intermediary, or an indirect link through an intermediary (Berthelot, 2003). This marketing method is favored in
the overseas departments, as it concerns 71% of the farmers in Martinique, 60% in Reunion and 57% in
Guadeloupe (Agreste, 2011b, 2011c, 2011d). This alternative makes it possible to respond in part to the constantly
changing expectations of consumers for healthy and local production, thanks in particular to a physical place of
sale and meeting point between the consumer and the producer and a greater transparency and sense of community
(Jarzebowski et al., 2020).

Initially considered as a norm rooted in the history of agriculture (Chiffoleau & Prévost, 2013; Vaillant et al.,
2017), direct sales — which systematically linked producers and consumers — gave way to longer marketing
channels after the Second World War. This change was accompanied, among other things, by the development of
the agri-food industry and large-scale distribution, the modernization of agriculture, and a greater organization of
the supply chains (Le Clanche & Pluvinage, 2011).

The resurgence of short food supply chains, and more particularly of direct sales, since the beginning of the 2000s
is partly linked to health crises and food safety crisis (mad cow crisis, horse meat lasagna scandal, etc.) which have
led consumers to express their need for transparency, trust and proximity with producers (Chiffoleau & Prévost,
2013). At the same time, growing environmental awareness and greater concern for public health are driving the
emergence of new marketing methods (Capt & Wavresky, 2014). Public actors also contribute to the development
of short food supply chains (Aubert, 2016). For example, the implementation of the Barnier plan in 2009 by the
Ministry of Agriculture “encourages the development of short food supply chains by underlining the territorial,
economic and consumption-related stakes associated with this marketing method” (Laillet, 2013). More recently,

the Ministry of Agriculture, in partnership with the Chambers of Agriculture, launched the “Fresh and local”3
platform in January 2021, enabling consumers to find producers and direct sales outlets throughout France.

As one of the main actors in the chain, producers are of particular interest. Meeting the dual challenge of local and
healthy production represents an economic and agronomic opportunity: economic in that it allows the producer to
capture a larger share of the added value, and agronomic insofar as it meets the objective of reducing the use of
phytosanitary products. However, while marketing via short food supply chains appears to be an opportunity for
producers, the impact on their farms must be quantified.

Marketing via short food supply chains can be seen as an innovation, as it represents an alternative to the dominant
agro-industrial supply chains and renews the producer-consumer relationship (Aubry & Chiffoleau, 2009;
Chiffoleau & Prévost, 2013; Vaillant et al., 2017). It is interesting to study its effect on farm performances, which
can be measured in terms of sustainability (Elkington, 1998; Jarzebowski et al., 2020). Using the conceptual
framework of the method of sustainability indicators for farms (IDEA method?#), the objective of our study is to
analyze the impact of direct sales on the economic, socio-territorial and agro-ecological sustainability of farms in
metropolitan France and in the overseas departments. More precisely, our study focuses on market gardening
crops, including vegetables and root crops, which are characterized by their seasonality, high perishability and
sensitivity to pests and diseases. These crops are particularly interesting to study as they represent one of the main
types of production marketed in short food supply chains in France (Aubert & Enjolras, 2016). One of the
particularities of island economies is their small geographical scope and their strong propensity to favor short
supply chains. As the involvement of more than one intermediary in the marketing chain is rarer than in
metropolitan France in the market gardening sector (Agreste, 2022), we dissociate direct sales with no intermediary
(on-farm sales, farmers’ markets) from the intermediated sales with at least one intermediary (sales to catering,
sales to wholesalers) in order to assess the impact of direct sales on farms’ sustainability.

While the literature underlines the existence of a link between adopting an innovation and performance (Debbahi
& Kerzabi, 2015; Davies & Buisine, 2017), it also highlights the active role of the entrepreneur in the decision-
making process (Schumpeter, 1939). The individual characteristics of the entrepreneur and their firm condition
not only the propensity to adopt but also the observed trajectory. We consider the importance of these factors to
control for any interpretation bias and thus to measure the impact of adopting an innovation on farm performance.
Insofar as the geographical location is a key factor in adopting an innovation (Feder et al., 1985; Ormrod, 1990),

3 https://www.fraisetlocal.fr/
4 https://methode-idea.org/2



we distinguish between farms located in metropolitan France and those located in Martinique, Guadeloupe and
Reunion.

From an empirical point of view, we use data from the exhaustive 2010 agricultural census and from the 2016
structural survey, which is representative of French farms. These data provide information on the structural
characteristics of the farms, the individual characteristics of the farmers and also facilitate an assessment on the
three pillars of sustainability. In addition, the data allow to capture the farm trajectories over the period 2010-2016.
From a methodological point of view, we combine propensity score matching and difference-in-differences
methods. The latter make it possible to measure the impact of a treatment (here direct sales) by controlling for the
individual and structural parameters of the farmers and their farms.

In the first part of this article, we describe the context of the study and more particularly the particularities of island
economies compared to metropolitan France. We develop the theoretical framework of our analysis in the second
part before presenting the methodology adopted in the third part. The fourth part presents the results obtained and
the last part concludes.

2. Context

The islands of Martinique, Guadeloupe and Reunion are all overseas French departments and outermost regions
from the point of view of the European Union. They are subject to the same laws as metropolitan France, but
benefit from special provisions. Adaptations to the laws and regulations are possible, as provided for in Article 73
of the Constitution. Thanks to their status of outermost regions, they benefit — in addition to national aid — from
the European Union’s program of options specifically relating to remoteness and insularity (POSEI), the main
objective of which is to improve the economic and technical competitiveness of the agricultural sectors through
aid to local agricultural production and to input importation (Toute I’europe, 2019).

However, the particularities of island departments and the challenges they may face are not sufficiently considered.
These economies are considered fragile because of a higher rate of unemployment and precariousness than in
metropolitan France. They are dependent on financial transfers from the European Union; transfers that structure
the economic sectors benefiting from them, including the so-called “export” crops (mainly bananas and sugarcane)
(Berthelot, 2003). Alongside these export crops, fruit and vegetable production represents more than a quarter of
the agricultural production of these three islands (Francois et al., 2013; DAAF Réunion, 2019). However,
vegetable and root crops are significantly declining with a 15% decrease in the area under vegetables and roots
between 2000 and 2010 in the overseas (Agreste, 2011b) and a strong disappearance of small farmers with for
instance more than 50% of vegetable farms disappearing in Martinique on the same period (Agreste, 2011c). The
situation is similar in metropolitan France, with a decline of around 20% in the number of farms specialized in
vegetable crops between 2000 and 2010 (Agreste, 2011a).

The vegetable and root crops production suffer from the lack of organization of the sectors and of suitable regional,
national and European aid (Berthelot, 2003; Delcombel, 2005). Several producer organizations are present in these
territories but do not manage to structure the whole sector or to stimulate a collective dynamic. Indeed, several
obstacles to collective action such as producers’ “individualism” or management difficulties from organizations
make this structuring difficult (Delcombel, 2005). Similarly, the interprofessional groupings composed of farmers'
organizations, processing industries and retailers from the sector are not able to structure the entire production. At
the same time, direct sales on fair markets or at the roadside as well as informal sales are highly developed. This
reflects the lack of formal organization of the sectors and reveals the numerous constraints faced by farmers when
it comes to marketing through the demanding and competitive long supply chains (Delcombel, 2005; Francgois et
al., 2013).

However, it remains difficult for producers to promote their production through direct sales. First and foremost,
producers mention low attendance at farmers' markets due to a lack of communication on local product marketing
initiatives. They also highlight the fierce competition on these markets. By offering a greater variety of products
to customers, retailers are important competitors for farmers even though the traceability of products is often not
clearly established. However, this traceability is necessary to provide consumers with a guarantee of quality,
underlining the need for communication and identification for direct-selling producers (ODEADOM, 2014).

Insofar as the overseas departments are territories with a surface area smaller than most of metropolitan
departments, the involvement of more than one intermediary in the marketing chain is rarer than in metropolitan
France in the market gardening sector (Agreste, 2022). It is therefore appropriate to question the real distinction
between indirect short supply chains and long supply chains. The presence of one or more intermediaries



necessarily implies a contractualization of exchanges, whether with producers' organizations or resellers (Freguin
et al., 2020). It is therefore necessary to dissociate direct sales from contractual sales. Consequently, we
differentiate direct sales from indirect sales implying one or more intermediaries in our study.

Beyond the organizational forms observed within these economies, we note not only a constantly evolving pest
pressure but also the frequent occurrence of natural disasters (floods, hurricanes, volcanic activity, etc.) (Ludovic
et al., 2008; Blazy et al., 2011). These factors make these three territories vulnerable and do not facilitate the
organization and regularity of supply for producers, who remain dependent on climatic and agronomic conditions.
This dependence makes it more difficult to adopt environmentally-friendly practices, particularly the conversion
to organic farming.

In this context, it is appropriate to question both the determinants of direct sales marketing and the impact of direct
sales on farms’ sustainability in metropolitan France and its overseas departments.

3. Theoretical framework

In the literature, short food supply chains are seen as innovative practices contributing to sustainable development
(Aubry & Chiffoleau, 2009; Chiffoleau & Prévost, 2013; Vaillant et al., 2017). The adoption of these innovative
practices is based on the farmers’ individual characteristics and the structural characteristics of their farms (Aubert,
2017). To identify these characteristics, we rely on the literature related to the determinants of adoption of
agricultural practices (Feder et al., 1985; Serebrennikov et al., 2020; Sapbamrer & Thammachai, 2021) and more
particularly of direct selling (Capt & Wavresky, 2014; Aubert, 2016). This allows to obtain a fine measurement of
the impact of the innovation on farms’ sustainability insofar as we control for all the factors conditioning the
adoption of this innovation (Aubert & Enjolras, 2014; Malak-Rawlikowska et al., 2019; Jarz¢bowski et al., 2020).
In order to justify the choice of sustainability indicators, we rely on the conceptual framework of the IDEA method,
which integrates an agro-ecological, socio-territorial and economic scale to assess the strengths and weaknesses
of the production system (Zahm et al., 2019). Figure 1 illustrates the complementarity of the approaches used in
this study.

Direct
sales
Linking innovation and Understanding the determinants of
performance agricultural practices adoption
{Schumpates, 1935 ; Devies and Buising {Fadar at al, 1985 : Sarshrennioy at &l
2017 ; |ssor, 2017) 2020, Sapbamrer & Thammacha, 20215
Sustainabllity Socio-teritorial
measurement
Agro-ecological

Source: Own fepresenlabian

Fig. 1 Articulation of the theoretical approaches used

3.1. Linking innovation and performance

The work of Schumpeter (1939), a pioneer in the field of innovation, highlights the different forms of innovation
in order to illustrate their variety. Among the forms of innovation identified, we find new consumer objects, new
methods of production and transport, new markets and new types of industrial organization. The OECD (2010)
completes this definition and speaks of “implementation of a product, whether a good or a service, of a new or
significantly improved process, of a new marketing method or of a new organizational method in the practices of
the company, the organization of the workplace or external relations”.

It is through the implementation of new methods modifying the marketing of products that farmers innovate and
try to break away from the classic farming systems and the productivist agricultural model (Le Clanche &
Pluvinage, 2011; Davies & Buisine, 2017). This agricultural model certainly has its limits and seems out of step
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with the ambition of agro-ecological transition and the multiple objectives defined by governments (Pouch, 2020).
Although direct marketing channels are not new and were pioneers in the history of agriculture, new distribution
channels are nevertheless emerging while others are renewing themselves and innovating by considering the stakes
of sustainable development. This is notably the case with basket sales and consumer deliveries, which introduce a
new form of relationship while maintaining a certain proximity between consumers and producers. Short food
supply chains and, more precisely, direct sales initiatives are therefore new methods of marketing, representing a
form of organizational and social innovation (Chiffoleau & Prévost, 2013; Vaillant et al., 2017).

Schumpeter (1939) was one of the first to place innovation at the heart of economic growth. Likewise, Porter
(1980) emphasizes the fundamental role of innovation for companies, as it conditions their ability to maintain
sustainable competitive advantages in evolving markets. The literature also agrees that innovation is a key factor
in the competitiveness and performance of companies (Debbahi & Kerzabi, 2015; Davies & Buisine, 2017; Issor,
2017).The notion of performance is nevertheless difficult to define because it has a multidimensional character
that is not limited solely to the financial dimension (Issor, 2017). Baret (2006) speaks of global performance as an
“aggregation of economic, social and environmental performance”. This refers to the notion of sustainability and
underlines the need to consider the behavior of the company. Elkington (1998) introduces the notion of triple
bottom line, which applies the notion of sustainable development to the company and to the evaluation of its
performance by focusing on the three economic, social and environmental pillars. More recently, many
sustainability assessment approaches were developed in order to account for the multifunctionality in agriculture.
This is notably the case for the IDEA method which aims to evaluate the farm systems thanks to a set of indicators,
either quantitative or qualitative (Briquel et al., 2001).

3.2. Understanding the determinants of agricultural practices adoption

To identify the set of characteristics intrinsic to the farmer and their farm that may influence the decision to adopt
a new agricultural practice, we call on the literature related to technology adoption. More particularly, we focus
on the agricultural sector in order to understand why an innovation, and more specifically a new marketing method,
is adopted. Numerous literature reviews highlight the plurality of individual and structural factors influencing the
adoption of an agricultural innovation (Feder et al., 1985; Serebrennikov et al., 2020; Sapbamrer & Thammachai,
2021). The combination of farmers’ and farms’ characteristics and their proper articulation would allow a farmer
to diversify and change their practices, especially in terms of marketing methods (Capt & Wavresky, 2014; Aubert,
2016).

3.2.1. Farmers’ characteristics:

The characteristics of the farmers and the assets present on the farm are universally considered in the literature as
decisive in implementing an agricultural innovation (Aubert, 2017). Among the characteristics cited in the
literature, the level of education would appear to be one of the key factors. A higher level of education translates
into a greater ability to assess benefits and risks, to obtain information, and thus to innovate (Deressa et al., 2009;
Capt & Wavresky, 2014; Azam & Banumathi, 2015). The best-educated farmers tend to be the first to adopt
modern innovations.

In addition to the farmer’s level of education, the time they devote to the farm is essential in their decision to adopt.
Direct sales are associated with an additional workload that falls, either totally or partially, on the farm manager
who must take care of all the stages not only of the production process but also of the marketing (Kirsch, 2021).
The fact that the producer does not devote all their time to their farm can therefore be an obstacle to the adoption
of new practices.

3.2.2. Farms’ characteristics:

Farm-specific characteristics also play an important role in the decision to adopt an innovation. The main resource
available on a farm is its utilized agricultural area (UAA). A larger farm can allow for diversification and
innovation (Fernandez-Cornejo et al., 1994; McNally, 2001). In particular, larger farms tend to have more capital
available and greater wealth (Feder et al., 1985; Ilbery, 1991) in comparison to smaller farms which may face
credit constraints (Caswell et al., 2001). Farm size is thus highlighted in the literature as playing a key role in the
adoption of an innovation.



3.2.3. Consideration of the geographical location

Beyond the individual and structural characteristics available on a farm, greater attention must be paid to the role
of the geographical location in which farmers operate, as it conditions the trajectories of their farm (Feder et al.,
1985). Indeed, the geographical location, the insular character, the climatic conditions, the pest pressure, etc. are
all factors that should not be neglected when studying and comparing the impact of direct sales on farms’
sustainability in different regions (Feder et al., 1985; Fernandez-Cornejo et al., 1994; Mwiathi, 2008).

In the literature, different measures are used to study the influence of the geographical location: the proximity of
urban areas (Koesling et al., 2008), a soil aridity index (Genius et al., 2006) and the location of the farm in an
irrigated area (Rodriguez-Entrena & Arriaza, 2013). Within the framework of our study, we consider the region in
which the farm is located in metropolitan France (Mala & Maly, 2013; Métouolé Méda et al., 2018) and we also
differentiate between Martinique, Guadeloupe and Reunion in order to capture the heterogeneity of these three
islands.

3.3. Measurement of sustainability

To assess farms’ sustainability following a change in the marketing method, we rely on the conceptual framework
of the IDEA method. This method was developed for an education aim and seeks to help farmers to progress and
reach sustainability goals. It permits to assess the farm systems through various quantitative and qualitative
indicators (Briquel et al., 2001). Hence, this method allows us to consider the particularities of production and to
justify our choice of indicators selected to measure sustainability. From a theoretical point of view, the choice of
indicators is firstly based on the five properties of a sustainable agricultural system identified in the literature:
productive and reproductive capacity of goods and services, territorial anchorage, autonomy, robustness and global
responsibility. This choice is also based on 12 objectives of a sustainable farm that consider the multifunctionality
of agriculture, i.e. the diversity of its economic, social and environmental utilities (Laurent, 2001). This method
gathers 53 indicators divided into 13 components that serve to evaluate sustainability according to the three pillars
of sustainable development: economic, socio-territorial and agro-ecological. As we cannot compute the 53
indicators with the data available, we use the theoretical framework of the IDEA method as a benchmark to create
our own indicators. We develop a list of indicators that allows us to evaluate the sustainability of farms at a more
aggregated level, with each pillar represented by at least 2 indicators.

The IDEA indicators concerning the economic sustainability are built on 4 domains: the viability, efficiency,
independence and transferability of the farm. To consider these 4 domains, the IDEA method relies on several
indicators such as the available income per worker, the economic specialization rate, the financial autonomy or
the amount of operating expenses. As these indicators are not directly available in our data, we approximate them
with other indicators that reflect these same domains.

First, the literature agrees that direct sales allow producers to be remunerated more fairly because of the absence
of intermediaries (Aubert & Enjolras, 2014; Malak-Rawlikowska et al., 2019). We assume that this marketing

mode results in higher output, which we measure by standard gross production® (H1).
H1: Direct sales marketing is associated with a higher output

Moreover, the UAA is considered as one of the main resources of the farm. It refers to different aspects such as
the presence of capital, access to credit, economies of scale and managerial capacities (Feder et al., 1985;
Fernandez-Cornejo et al., 1994; Mwiathi, 2008) which are all aspects related to the viability, efficiency and
independence of the farm. As direct sales lie on diversification of the distribution channels (llbery, 1991; Malak-
Rawlikowska et al., 2019), we test the hypothesis that they lead to bigger farms as the farmer tends to increase his
output and diversifies even more his activity (Alonso Ugaglia et al., 2020) (H2).

H2: Direct sales marketing is associated with a bigger farm size

This marketing method also encourages a dynamic of innovation and diversification on the farms as well as more
autonomy in setting prices (Alonso Ugaglia et al., 2020). This is particularly the case with the establishment of
processing activities for agricultural products following the change in the marketing method, which allows farmers
to integrate within their farms the processing of their production (H3).

5> Standard gross production describes a farm's production potential and allows us to classify farms according to
their economic size.



H3: Direct sales marketing is associated with more processing activities

Finally, it is also interesting to consider the share of para-agricultural diversification activities like contract work,
crafts or forestry in the total turnover of the farm (H4). These activities support the farm’s profitability and are
linked to less economic uncertainties (Jarzgbowski et al., 2020). Such indicator allows to measure the contribution
of income not linked to the main activity to the independence of the farm.

H4: Direct sales marketing is associated with a greater share of para-agricultural diversification activities

To assess socio-territorial sustainability through the IDEA method, 4 domains are highlighted: ethics and human
development, local development and circular economy, employment and quality at work, food sufficiency and the
quality of the products and land. We first include a range of indicators related to employment. Following a change
in the marketing mode, the farmer has new tasks, not linked to the agricultural activity, and farm management
becomes more complex (Alonso Ugaglia et al., 2020; Jarzebowski et al., 2020). We therefore assume that this
marketing mode is often associated with a larger workforce (H5).

H5: Direct sales marketing is associated with a greater workforce

This additional workforce being mainly local, it participates to the local social development (Alonso Ugaglia et
al., 2020). In terms of intensity and quality of work, it is interesting to study the proportion of permanent employees
(H6) and of external employees (company personnel or groups of employers for example) (H7) in order to measure
the stability of employment and the mutualization of agricultural work.

H6: Direct sales marketing is associated with a greater proportion of permanent employees
H7: Direct sales marketing is associated with a lower proportion of external employees

Direct sales are also associated with more pluriactivity and/or diversification (Alonso Ugaglia et al., 2020). This
helps reinforce social links, in particular through the establishment of para-agricultural activities linked to tourism
(leisure, catering, accommodation) (H8).

H8: Direct sales marketing is associated with the implementation of touristic activities

Direct sales would thus contribute to a territorialized social cohesion through the employment and the relations of
proximity that it generates (Jarzebowski et al., 2020). As the IDEA method considers new societal issues, in
particular relating to food, we consider the certification of food production through commitment to an official
quality sign (H9) or organic agriculture certification (H10).

H9: Direct sales marketing is associated with a greater certification with official quality signs
H10: Direct sales marketing is associated with a greater certification in organic agriculture

In the IDEA method, the agro-ecological dimension is captured by 20 indicators reflected in 5 domains: functional
diversity, sobriety in the use of resources, reduction of impacts on human health and ecosystems, ensuring
favorable conditions for production, looping of material and energy flows. As some of these domains are already
covered by the previous indicators related to certification, we mainly focus on the domain related to functional
diversity. Insofar as direct sales are often associated with greater crop diversification with the aim of offering
consumers a greater variety of products (ODEADOM, 2014), we consider the diversity of cultivated species,
whether this is intra-crop diversification (market gardening crops) (H11) or inter-crop diversification (livestock,
fruits, etc.) (H12). This diversification is presented as a lever for action to promote a more sustainable agriculture
(Meynard et al., 2013).

H11: Direct sales marketing is associated with greater intra-crop diversification
H12: Direct sales marketing is associated with greater inter-crop diversification

In Table 1, we present all the selected sustainability indicators and determinants of innovation adoption.



4, Data

For our study, we use data from the 2010 agricultural census and the 2016 farm structure survey. The 2010 census
concerns 518,925 farms and was carried out in metropolitan France and in the overseas departments (Reunion,
Guadeloupe, Martinique, French Guiana). The main purpose of this census was to determine the structure of farms
and measure their evolution in terms of production and agricultural population. The 2016 structure survey allows
to update the exhaustive data of 2010 with a representative sample of 62,377 farms surveyed in metropolitan and
overseas France.

The farms surveyed within the framework of the agricultural census and the structure survey are uniquely
identified. This allows for a dynamic analysis over the entire period. All farms with at least one hectare of UAA
or at least 0.2 hectares for specialized crops or certain types of animal are accounted for. This definition thus
includes both farmers who are primary farmers and farmers whose agricultural activity is secondary. Since French
Guiana is a continental territory, we concentrate our analysis only on Martinique, Guadeloupe and Reunion, which
are comparable due to their status of island departments.

Our study focuses on market gardening production, which is one of the main types of production marketed in short
food supply chains (Aubert & Enjolras, 2016). This sector is of particular interest as it concerns high-value crops,
which are highly diverse, perishable and labor and knowledge intensive (FAO, 2021). We therefore consider farms
specialized in market gardening in 2010, i.e. those where market gardening (including vegetables and root crops)
accounts for more than 2/3 of the agricultural income. We assume that they maintain at least one market gardening
activity throughout the period. We notice that in our sample a larger share of farms is specialized in market
gardening in the overseas with respectively 37%, 56% and 50% of market gardening specialization in Martinique,
Guadeloupe and Reunion against 7% of specialization in metropolitan France. To conduct a medium-term analysis,
we keep the farms identified over the two years. Among these farms, we select those marketing in long supply
chains or indirect sales in 2010. This selection allows us to construct the control group composed of farms
marketing in long supply chains or indirect sales in 2010 and 2016 and the treatment group composed of farms
which changed their marketing strategy in 2016 (Figure 2). The identification of our final sample is shown in
Figure 3.

2010 2016

L Control group”
N = 4048

‘ L Treatment group™

N =515
Treatment : Change in the
marketing method

—
* Metropolitan France and overseas

Source: Own representation

Fig. 2 Construction of control and treatment groups

LIRS

France Reunion

Number of farms marketng in 3440 - 122 - 307 - 884

Control group Treatment group

3120 - 96 - 21 . & 2 -2 -9 -7

Fig. 3 Sampling method



Table 1 Description of variables

Variable Description Unit
Marketing mode
Direct sale Marketing in direct sale (no intermediary), all or part of 1 if yes, 0 otherwise
the production
Indirect sale Marketing in indirect sale (one intermediary) or in long 1 if yes, 0 otherwise
supply chain (more than one intermediary), all or part of
the production
Farmers’ and farms’ characteristics
Education Agricultural, general or technical education (initial or 1: No diploma
continuous) of the farmer 2: Secondary
education
3: Higher education
Main activity The farmer spends more than 3/4 of his time on the farm 1 if yes, 0 otherwise
UAA Utilized agricultural area (UAA) in hectares Ha
Geographical location
Region Location of the farm in metropolitan France or in the 1: Metropolitan

overseas

France
2: Guadeloupe

3: Martinique
4: Reunion

Metropolitan region Region of the farm in metropolitan France Region code

Sustainability indicators
Economic sustainability
H1: SGP Standard gross production (SGP): value of potential €
production per hectare
H2: UAA Utilized agricultural area (UAA) in hectares Ha

H3: Processing

H4: Turnover from
diversification

Socio-territorial sustainability
H5: Employment

H6: Permanent employment

H7: External employment

H8: Tourism

H9: Products’ quality

H10: Organic certification

Agro-ecological sustainability
H11: Intra crop diversification
H12: Inter crop diversification

Diversification of the activity by processing milk, olive
oil or other agricultural products

Share of para-agricultural diversification activities in the
total turnover of the farm > 10% (contract work, crafts,
aquaculture, forestry, renewable energy production,
tourism, etc.)

Amount of work done on the farm in annual work units

Share of permanent employees in the total number of
employees

Quantity of work provided on the farm in annual work
units by company personnel (ETA, CUMA) or employed
by a group of employers or other service providers
Diversification into accommodation, catering and/or
leisure activities

Products under quality sign: Protected Geographical
Indication, other indications of source (AOC/AOP),
Label Rouge etc.

Production of crops certified or in the process of
conversion to organic agriculture

Number of market gardening productions
Number of other productions (cereals, livestock, etc.)

1 if yes, 0 otherwise

1 if yes, 0 otherwise

Annual work unit
%

Annual work unit

1 if yes, 0 otherwise

1 if yes, 0 otherwise

1 if yes, 0 otherwise

Counter
Counter

Source: The authors.



5. Methodology

Once we identified the key factors in the adoption of an innovation, we can correct any bias related to this
prerequisite. We thus relax the hypothesis that farmers marketing through direct sales (the treatment group: TG)
have similar characteristics to those who do not (the control group: CG). Unlike randomized experiments, natural
experiments do not allow a direct comparison of both groups because observations exposed to a treatment are
generally different from unexposed observations (Rosenbaum & Rubin, 1983).

The propensity score matching method is often used to solve this problem of sample selection bias. It allows not
only the comparison of the TG and the CG but also to obtain a result close to that of a randomized study. To
provide consistent estimates of the treatment effect, Rosenbaum and Rubin (1983) propose the propensity score
matching (PSM) solution, which corresponds to the probability of being treated, conditional on the covariates.

There are several assumptions to be made when applying this method:
- Conditional independence: after conditioning on a set of covariates, the assignment to the TG is
independent of the potential outcomes.
- Common support: for any value of the covariates, we can find observations with treatment and without
treatment.
- Propensity score balancing of covariates: similar propensity scores are based on similar observed
covariates.

A binary logit or probit model is usually used to estimate the following propensity score:
P(X)) = P(DS; = 11X;) = E(DS; |X)) = XiB + ¢ ey

where P(X;) is the probability of receiving the treatment, X is the covariate matrix (the observable characteristics
of the farmers and their farms presented in Table 1), 8 is the vector of coefficients to be estimated, DS is a
dichotomous variable equal to 1 if the farmer is a direct seller for the year under consideration and O otherwise,
i =1, ...,n denotes the observations at the farm level and ¢; is the error term.

This value of the propensity score is then used to estimate the average treatment effect (ATE) using matching
methods where each farmer treated is associated with one or more nearby farmers in the CG.

Once individuals are matched, the impact of direct selling on the sustainability of a farm is measured by the average
treatment effect on the individual treated (ATT) defined by the following formula:

ATT = E[Y;(1) - Y;(0) |DS; = 1] (2)

where Y is the dependent variable (sustainability), Y;(1) corresponds to the dependent variable for the TG and
Y;(0) corresponds to the dependent variable for the CG farmer i.

Another method also used in the literature is the difference-in-differences (DID) method. This method consists of
calculating the treatment effect by comparing the average change in the dependent variable over time for the TG
and for the CG (Bryson et al., 2002). The ATE can be expressed as follows:

ATE = ATT = E[Y;(1) — Y;(0)]
= {E[Y|X,DS =1,T = 1] — E[Y |X,DS = 0,T = 1]} (3)
—{E[Y |X,DS =1,T = 0] — E[Y |X,DS = 0,T = 0]}

where Y is the dependent variable, DS = 1 if the farmer is a direct seller and 0 otherwise, and T = 1 in 2016 and
T = 0in 2010.

This method has the advantage of being time-inclusive and allows for unobservable but fixed characteristics over
time (Weldegebriel, 2016). However, the validity of the estimates depends on the strong assumption that the TG
and CG follow the same time trend in the absence of treatment (Smith & Todd, 2005; Weldegebriel, 2016). This
assumption may be difficult to test if two groups have widely divergent characteristics. The results may therefore
be biased if changes over time depend on the initial characteristics of the individuals.

This problem can be solved by applying PSM to the DID method. This approach (PSM-DID) consists in matching
treated individuals with similar untreated individuals with regard to observable characteristics by using a kernel
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method, and then applying DID to the matched individuals (Heckman et al., 1997; Villa, 2012; Weldegebriel,
2016). The kernel matching consists in comparing the propensity score of each treated individual to a weighted
average of the propensity scores of all untreated individuals, with the highest weight given to individuals with
propensity scores closest to those of the treated individuals. These two methods are complementary since they
allow to correct for any selection bias due to observable or unobservable characteristics that are expected to
influence treatment effect, and thus to accurately measure the treatment effect by comparing the TG to the CG
(Heinrich et al., 2010). The PSM-DID model is shown in Equation (4).

Yie = Bo+ BiDSie X Tie + BoXie + € 4)
Where Y;, is the sustainability of farm i at time ¢, DS;; = 1 are treated farms and DS;, = 0 are the untreated farms,
T, = 1in 2016 and T;; = 0 in 2010. X;, represents the observable characteristics of the farmers and their farms
used for matching. €;; is the error term.
6. Results

6.1. Descriptive statistics

We notice an overall increase in direct sales between 2010 and 2016 in France, especially in metropolitan France
and Guadeloupe. Except for Reunion, the overseas territories seem to rely more on direct sales than metropolitan

France (Table 2).

Table 2 Marketing channels adopted by farms

2010
Metropolitan Martinique Guadeloupe Reunion Total
France
(N =4433) (N =234) (N =505) (N = 886) (N = 6058)

Intermediated sale only 3447 122 309 695 4573
(%) (77.76) (52.14) (61.19) (78.44) (75.49)
Long supply chains only 3231 81 231 665 4208
(%) (72.89) (34.62) (45.74) (75.06) (69.46)

Indirect sale only 216 41 78 30 365
(%) (4.87) (19,52) (15.45) (3.38) (6.03)
Direct sale* 986 112 196 191 1485
(%) (22.24) (47.86) (38.81) (21.56) (24.51)

2016
Metropolitan Martinique Guadeloupe Reunion Total
France
(N =4433) (N =234) (N =505) (N =886) (N =6058)

Intermediated sale only 3349 160 292 735 4536
(%) (75.55) (68.38) (57.82) (82.96) (74.88)
Long supply chains only 3086 98 192 592 3968
(%) (69.61) (41.88) (38.02) (66.82) (65.50)

Indirect sale only 263 62 100 143 568
(%) (5.94) (26.5) (19.8) (16.14) (9.38)
Direct sale* 1084 74 213 151 1522
(%) (24.45) (31.62) (42.18) (17.04) (25.12)

* Farmers selling without intermediaries may also combine their marketing channels and sell to intermediaries

Source: The authors.

We provide descriptive statistics of quantitative variables along with t-tests for difference in means in Table 3a

and descriptive statistics of qualitative variables along with Khi2 independence tests in Table 3b. The descriptive
statistics highlight the differences in evolution observed over the period 2010-2016, between the TG and the CG.
These evolutions refer not only to the sustainability indicators but also to the farmers’ individual characteristics
and the structural characteristics of their farm.
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Regarding the farmers’ individual characteristics, we notice that the farmers from Martinique in the TG are better
educated in 2010. In general, a larger proportion of producers in the TG have no education at all, regardless of the
area considered. In addition, relatively more of these producers spend more than three-quarters of their time on
their farms. Therefore, farms using direct marketing chains usually have farming as their main activity. Regarding
the structural characteristics of the farms, the metropolitan farmers from the TG have a significantly smaller UAA
in 2010 and 2016. For the overseas farmers, these differences are smaller but highlight a smaller area of farms in
the TG in Guadeloupe and Reunion.

Concerning the sustainability indicators, we cannot analyze the differences in terms of non-agricultural
diversification (product processing or tourism activities) and in terms of label use (organic farming or quality
signs) in the overseas farms because these initiatives are poorly developed there, regardless of the marketing
method considered. In metropolitan France, farmers in the TG more frequently have organic agriculture
certification or implement other quality signs. They are also more involved in processing and tourism activities.
However, regardless of geographic location, there is no difference in terms of standard gross production or
employment. In terms of agricultural diversification, all farmers selling directly offer a greater variety of market
gardening products in 2010 and 2016.

Comparing the sustainability of farms in the TG and the CG is only possible if we control for the individual and
structural characteristics that conditioned the adoption of the direct sales marketing strategy. We find important
differences between the TG and CG, particularly in terms of area, education and time spent on the farm. These
elements confirm the importance of farmers’ and farms’ characteristics in adopting an innovation and form the
basis of the propensity score matching method to define a common baseline for comparison between the TG and
the CG.

6.2. Econometric models

We first provide our results of the probit estimations in Table 4. Our results confirm the influence of education,
UAA and being a full-time farmer on the probability to adopt direct sales marketing. More precisely, the lower the
UAA, the higher the probability to turn to direct sales for metropolitan farmers. The education level also seems to
have a positive impact on direct sales adoption but only in Martinique. The fact that the farmer works full time on
the farm has a positive impact on direct sales adoption in Metropolitan France and Guadeloupe but a negative
impact in Reunion. All metropolitan regions were accounted for in the first estimation model. The rates of correct
classification reveal a good fit of the models with rates ranging from 65 % to 91 %.

Table 4 Probit estimations of the PSM model

Metropolitan

Erance Overseas Martiniqgue  Guadeloupe Reunion
(N=3422) (N=1123) (N=122) (N=307) (N=694)
. No Reference
diploma
Education  Secondary 0.04 0.12 0.66** 0.16 -0.11
Higher 0.17 0.27 1.54%** 0.28 0.0003
Main activity 0.43*** -0.18* 0.47 0.64*** -0.31**
UAA -0.002*** -0.001 -0.001 -0.02 -0.01
cons -1.16%** -0.90%** -1.60*** -0.73*** -0.91***
Classification rate 90.79 % 82.64 % 79.51 % 65.15 % 89.48 %

*, ** and *** respectively denote significance at the 10%, 5% and 1% levels.
Source: The authors.

The PSM-DID modeling in Table 5 allows us to measure the impact of direct sales on farms’ sustainability,
independent of any individual characteristics of the farm manager or any structural characteristics of their farm.
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Table 5 Results from PSM-DID model

Metropolitan Overseas Martinique  Guadeloupe Reunion
France
(N = 6852) (N = 2240) (N = 214) (N = 610) (N = 1388)
Economic
sustainability
o 62000 2613.55 195.34 9789.57* -27000
SGP a+s  210000%** 5692.13 -6900 13000%** -32000
5 140000%** 3078.58 -7100 3204.32 -557.60
o -7.87 -0.60 -2.15 0.27 -0.27
UAA oa+d -8.41 0.71 8.69 0.003 -0.43
5 -0.54 1.30 10.84 -0.26 -0.16
a 0.02%** 0.01%** 0.04** -0.004 0.02%**
Processing a+d 0.003 0.00 0.00 0.00 0.00
5 -0.02%** -0.01** -0.04 0.004 -0.02%*
- o 0.01* 0.01 0.003 -0.00 0.01
dive‘:srﬂ?(‘:’aetgon o+s 0.01** 0.01%* 0.11%* 0.02%* -0.01
5 0.002 0.01 0.11 0.02 0.02
Socio-
territorial
sustainability
o 0.68* 0.20 0.54 0.10 0.02
Employment a+d 1.35%** 0.01 1.70 0.28 -0.44
5 0.68 -0.19 1.16 0.18 -0.46
o -2.00 0.81 -1.90 0.76 0.91
Permanent < 5 gprex -0.43 6.24 052 0.39
employment " 7.81%%% -1.25 4.32 -1.28 -0.53
o -0.03 -0.00 0.05 -0.03* -0.01
External o+d -0.22%%* -0.04* -0.01 -0.01 -0.004
employment 5 -0.19% -0.04 -0.06 0.01 0.001
a 0.02%** 0.01 0.04%* - 0.02%**
Tourism a+d 0.03*** -0.00 0.00 - -0.01
5 0.01 -0.02%* -0.04 - -0.01%**
a 0.05%** 0.00 0.02 -0.00 -0.01
Quality signs ~ a+8 -0.047** -0.01 -0.05 -0.01 -0.02%**
5 -0.09%** -0.01 -0.07 -0.01 -0.02%*
oraant a 0.13%** 0.01* - 0.00 0.03%**
Cert;ﬁig;icon oa+s 0.16%** 0.02%** - 0.01* 0.03%**
5 0.03* 0.01 - 0.01 0.01
Agro-
ecological
sustainability
o -0.11%* 0.11%* -0.07 -0.14 0.19%**
Inter-crop o+s 0.04 0.26%** 0.21 0.05 0.16%**
diversification ™. 0.16* 0.15%* 0.27 0.19 -0.03
nt o 0.17%%* 0.19%** -0.16 0.32%** 0.01
divgr;?];icg;’t?on o+s 0.10%** 0.29%** 0.27* 0.44%** 0.02
5 -0.06** 0.10%* 0.43** 0.12 0.01

*, ** and *** respectively denote significance at the 10%, 5% and 1% levels.
8 : Average treatment effect

o : difference between TG and CG in 2010.

o+ : difference between TG and CG in 2016.

Source: The authors.

In terms of economic sustainability, we note that farmers in the TG have seen their production potential increase
in metropolitan France and in Guadeloupe in 2016 (as shown by the coefficients a+38). In particular, the average
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SGP increased more between 2010 and 2016 in the TG than in the CG in metropolitan France (as shown by the
coefficient 8). The evolution observed in Martinique and Reunion remains comparable between the TG and the
CG (H1 partially validated). This dynamic is independent from any evolution of farm size, which remains
comparable between the two groups over this period (H2 not validated). Moreover, direct sales appear to be linked
to a lower processing activity (H3 not validated). While farms in the TG are more likely to develop their processing
activity in 2010, in 2016 they are more likely to stop this activity than farms in the CG. Finally, the probability of
achieving a turnover from diversification activities of more than 10% is higher for farms in the TG in 2016
regardless of location, with the exception of Reunion. However, the average change over time between groups is
not significantly different (H4 partially validated).

Regarding the socio-territorial sustainability, we have assumed that direct sales activities rely on skills different
from the ones needed for the agricultural activity and require a larger workforce. Developing a processing activity
in parallel also calls on specific skills and the farmers do not necessarily have all these skills or a sufficient
workforce to develop all these activities. While in the overseas departments, the evolution of the level of
employment is comparable for both groups (H5 not validated), farms in the TG located in metropolitan France
employ more permanent labor (H6 partially validated), to the detriment of external labor (H7 partially validated).
Farmers seem to be refocusing on their farms and taking on all the tasks related to their production internally by
relying less on company personnel (ETA, CUMA), groups of employers and other service providers. By
concentrating their activity internally, these farms reduce their dependence on external labor. Furthermore, there
is no difference in metropolitan France between the TG and CG over time concerning tourism activities, but a
more limited development of these activities in Reunion (H8 not validated). The development of other activities
such as product processing or tourism is therefore not automatically associated with direct sales for treated farms.
Finally, it can be seen that metropolitan farms in the TG focus on organic agriculture certification when selling
their products directly to consumers, to the detriment of other quality signs such as PGl or “Label rouge” (H9 not
validated and H10 partially validated). In the overseas, while farms in the TG rely more on organic certification
in 2016, there is not significant difference over time between the two groups to validate the positive effect of direct
sales on certification. The multiplication of quality signs only seems relevant for the farms in the CG that do not
address consumers directly but through intermediaries. For direct sales, organic certification seems to be the only
one necessary to meet consumers’ requirements. Hence, each certification, even if its vocation is to meet
environmental requirements, is aimed at a specific actor. While PGl and “Label rouge ” meet the requirements of
the supply chain, organic certification is aimed at consumers.

In terms of agro-ecological sustainability, strengthening production under the organic label translates into the
implementation of a sustainable agricultural management system, notably through improved soil quality, natural
resource management and the development of biodiversity. This adequacy between consumers' expectations and
environmental issues is also observed through the development of a more diversified intra- and inter-farm
production, observed in most of the locations considered (H11 and H12 validated). By offering consumers a wide
range of products, treated farms meet consumers’ as well as environmental requirements. Crop diversification is
indeed associated with a lower use of inputs and thus a reduction of environmental impacts (Meynard et al., 2013).

7. Conclusion and discussion

Since the early 2000s, initiatives aimed at reducing the number of intermediaries and promoting sustainable forms
of agriculture have multiplied, particularly through the resurgence of direct sales. The development of this
marketing method, seen as an innovation (Chiffoleau & Prévost, 2013; Vaillant et al., 2017) raises questions about
its capacity to respond to the challenges of farms’ economic, socio-territorial and agro-ecological sustainability.

The objective of this research is to analyze the impact of the development of a marketing strategy, more precisely
direct sales, on the three pillars of sustainability for farms specializing in market gardening in metropolitan France
and in three overseas departments: Martinique, Guadeloupe and Reunion. The comparison of these territories is
all the more relevant as they all have to meet national and European requirements for the reduction of plant
protection products and the strengthening of quality agriculture, but each one evolves in specific organizational,
agronomic and climatic conditions.

We conducted a dynamic analysis of farms using data from the 2010 agricultural census as well as from the farm
structure survey conducted in 2016. These data allow us to consider the structural characteristics of the farms, the
characteristics of the farmers as well as their geographical location. Since farmers turning to direct sales have
different characteristics from other farmers, we perform a propensity score matching coupled with a difference-
in-differences analysis. This approach allows us to measure the impact of direct sales on farms’ sustainability
independent of any propensity to adopt this marketing method.
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Our results show a lesser effect of direct sales on farms’ sustainability for island economies compared to
metropolitan France. Whatever the location, direct sales result in a greater diversification of production:
diversification in market gardening production on the one hand and of other forms of production on the other. This
double diversification meets the requirements of consumers, who want to benefit from a variety of products at a
point of sale. While direct sales result in greater diversification, they are not synonymous with labeled production
in island economies, where the products marketed are not more certified than in other marketing channels. In
metropolitan France, we note that farmers marketing via direct sales prefer organic certification to the detriment
of other certifications, which are adopted more frequently by other farmers marketing through intermediaries. Only
organic certification seems to meet consumers’ requirements for product quality. Regardless of the location, it can
be seen that farmers marketing via direct sales are abandoning some diversification activities, particularly
processing and tourism. This shows that, in the absence of favorable conditions for combining direct sales and
diversification activities, farmers refocus on their productive activity and its marketing. Finally, the results show
that only farmers marketing via direct sales and located in metropolitan France see an increase in their potential
output and in the proportion of permanent employees.

In island economies, marketing via short food supply chains is often coupled with marketing via long food supply
chains (Maréchal & Spanu, 2010; Malak-Rawlikowska et al., 2019; Alonso Ugaglia et al., 2020). Direct sales
therefore appear as an additional marketing channel to those involving at least one intermediary. In this context,
and in contrast to metropolitan France, the productive strategy is not more economically valued. No production
differentiation strategy in terms of certification is developed there, whereas in metropolitan France, direct sales
appear to be a marketing method which valorizes the productive efforts economically, translating into the
development of more environmentally-friendly production.

Even though metropolitan France and the island economies benefit from the same institutional rules, the impact
of direct sales on farms’ sustainability is weaker in these territories. In order to take account of and measure the
importance of the environment in which farmers operate, a more detailed analysis of the interdependencies of the
farmers with the other actors of the sector is essential.
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