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Agri-environmental schemes (AES) are a central component of the European environmental policy, but few of
these schemes have been carefully evaluated and doubts are often expressed about their effectiveness. We use
original data collected from winegrowers who participated in an AES targeting non-point source pollution from
herbicides in 2011 and 2012 in the South region of France. Using the variation in the implementation of the
scheme across time and space and a matching approach, we show that the quantity of herbicides used by
participants in the scheme in 2011 ranges from 38 to 53% below what they would have used without the scheme
and this percentage is between 42 and 50% in 2012. Further, our results suggest that least demanding AES
options are effective in avoiding pollution peaks when weed pressure is high, whereas more demanding AES
options guarantee an overall reduction in herbicide use, even during relatively easy farming years in which less
Q18 weed pressure is experienced.

1. Introduction

In the mid-1980s, increasing concern over the environmental im-
pact of agriculture led to the introduction of agri-environmental
schemes (AESs) in the European Union. AESs offer payments to farmers
who voluntarily accept to adopt pro-environmental practices, and
constitute a central component of the European Common Agricultural
Policy (CAP)." However, doubts are often expressed about the effec-
tiveness of these schemes. Indeed, because AESs are voluntary schemes
whose requirements and per-hectare payments are generally uniform
for all farmers, the potential for adverse selection is high (Fraser, 2009;
Chabé-Ferret and Subervie, 2013). In the extreme case in which an AES

only attracts farmers who would have behaved the same way in the
absence of payment, the additionality of the AES is nil.

Despite widespread interest and investment in AESs (Uthes and
Matzdorf, 2013; Udagawa et al., 2014), few schemes have been thor-
oughly evaluated. Chabé-Ferret and Subervie (2013) demonstrate the
additionality of French AESs that impose strong requirements, such as
the AES subsidizing conversion to organic farming, with large effects.
On the contrary, the authors find that for AESs with modest aims, such
as the AES only requiring farmers to add one crop to the rotation, these
additional effects are very limited. Pufahl and Weiss (2009) show that,
overall, benefiting from AESs may significantly decrease the use of
agrochemicals and increase grassland area in Germany. Arata and
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Sckokai (2016) consider as well the overall impact of European AESs on
a range of indicators, such as the per hectare expenditures on fertilizers
and crop protection, the share of grassland, and the number of crops
grown on the farm. They find that, overall, AESs affect more heavily the
production choices of participants whose farm income rely on agri-
environmental payments by > 5%. Despite the increasing literature on
the effectiveness of AESs, to the best of our knowledge there are no
studies that evaluate the effectiveness of AESs specifically targeting the
use of pesticides. This article aims at filling this gap.

Contamination by pesticides from agriculture is a source of water
quality degradation in several countries in the European Union ac-
cording to Eurostat.” This occurs when pesticides used in fields are
transported by runoff and deposited into lakes, rivers, wetlands, coastal
waters, and underground sources of drinking water. These pollutants
are of increasing concern because of their potential impacts on the
environment, wildlife, and human health. During the 2007-2014 CAP
programming period, AESs have been used in France to fulfill the ob-
jectives of the European Union water framework directive. Therefore,
AESs have been implemented to reduce contamination by pesticides in
catchment areas where water quality improvement has been identified
as a priority from 2007. Farmers participating in these AESs commit to
reduce their use of pesticides for five years in exchange for a predefined
annual payment. These schemes are routinely monitored and evaluated
on the basis of participation rates, spatial coverage and budget
spending. However, they have received little attention with respect to
their actual impact on agricultural practices. To answer this question,
we focus on one emblematic case study: herbicide use in South of
France vineyards.

Of all cropping systems in France, wine growing is the one that uses
the pesticides the most, with an average application of 16 phytosanitary
treatments per hectare in 2010 (Agreste, 2012). Among the pesticides
used by winegrowers, herbicides are the most commonly detected in
the ground and surface waters in South of France. Given the extent of
winegrowing and its reliance on herbicides,” incentivizing winegrowers
to reduce their use of herbicides is a major challenge. This challenge has
been addressed by the implementation of an AES called the “territor-
ialized AES” that includes several options for herbicide use reduction.
The objective of the present study is to estimate the additional effect of
these options on the quantity of herbicides used by winegrowers who
entered the scheme in the first four years of its implementation
(2010-2013) in Languedoc-Roussillon, a region in Southern France.

The main concern when evaluating the impact of an AES arises from
the fact that participants in the AES self-select into the scheme given its
voluntary nature. To deal with this issue, we use the variation in the
administrative eligibility of farmers to the scheme across time and
space, an identification strategy commonly used in the microeconomic
impact analysis literature (see for example Bruhn, 2013; Aker, 2010;
Jensen, 2007; Galiani et al., 2005). In practice, we compare the use of
herbicides of participants in the AES to that of non-participants dis-
playing identical observable characteristics and who became partici-
pants once administratively eligible. We use a matching approach to
estimate the average treatment effect on the treated (ATT), i.e. the
impact of participating into the AES in 2011 and 2012. Specifically, we
estimate the ATT for a given year through a comparison of the average
use of herbicides of participants located on already-approved catch-
ment areas with the average use of herbicides of, otherwise similar,
future-participants located on catchments where the AES was not yet
implemented. For this, we use data on herbicide use collected by local
catchment operators from 153 winegrowers, who represent approxi-
mately 76% of the total area under contract in the region in 2013. Our
matching procedure is based on a large set of pre-treatment individual-

2 Figures are available on the site Eurostat provided by the European Commission.
3 Growing wine grapes indeed requires controlling competitive weeds in order to en-
sure adequate levels of production.
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specific characteristics provided by the French Agricultural Census.

We first evaluate the overall impact of all AES options targeting
herbicide use in the region. We find that the quantity of herbicides used
by participants in the scheme in 2011 ranges from 38 to 53% below
what they would have used without the scheme, and from 42 to 50% in
2012. All our results are robust to various matching estimators. We
moreover perform a sensitivity test that provides support to our find-
ings. Our results are also robust to the exclusion of participants in the
most stringent measure (the organic farming option) which could have
been suspected of driving the overall results. Our findings also hold
when focusing on a sub-region of the study area, therefore accounting
for spatial heterogeneity. We moreover evaluate the impact associated
with the least stringent measure, which is also the most popular (the
“zero herbicide between the rows” option). Our results show that the
impact of this option alone was statistically significant in 2011 but not
in 2012. This suggests that least demanding AES options are effective in
avoiding pollution peaks when weed pressure is high (as in 2011),
whereas more demanding AES options guarantee an overall reduction
in herbicide use even during relatively easy farming years in which less
weed pressure is experienced (as in 2012). The remainder of this article
is organized as follows. We first present the scheme under study and the
institutional rules governing the timing of its implementation in
Section 2. We present the data used in Section 3, then the identification
strategy in Section 4. Thereafter we present and discuss the results of
the overall scheme evaluation and of one specific option - the so-called
“zero herbicides between the vine rows” in Section 5. This section also
provides a sensitivity analysis and various robustness checks. Section 6
concludes.

2. AES Targeting Herbicide Use

Languedoc-Roussillon contains more vineyards than any other re-
gion in France, covering some 236,500 ha and constituting 30% of the
nation's vineyards. Two out of every three farms in the region grow
wine grapes (Agreste, 2011). The AES options offered to winegrowers in
this region between 2010 and 2013 focused exclusively on the reduc-
tion of herbicides use. These measures target the most environmentally-
sensitive catchments and are implemented by local operators in 29
catchments in the Languedoc-Roussillon region, most of which exhibit
levels of herbicide residues exceeding the regulatory limit. Fig. 1 shows
the areas in the Languedoc-Roussillon region where water quality im-
provement has been identified as a priority by public authorities and
therefore where farmers were offered to participate in the AES.

This AES relies on 5-year contracts, to which farmers apply vo-
luntarily. The payments offered to participants are the same for all
participants and are calculated with the view to compensate any in-
come forgone and additional costs associated with the contracted
farming practices. In practice, the income foregone calculation is based
on a national price scale and accounts for an estimate of the increased
workforce and equipment hire for alternative practices to chemical
weeding, taking into account reduced spending on herbicides. The
payments also cover the costs of annual on-farm follow-up visits by a
certified technician. Farmers are able to choose one or more of four
possible AES options: convert to organic wine growing for 350 € per
hectare, eliminate all herbicide use for 243 € per hectare, reduce her-
bicides use by 40% of the regional standard for 141 € per hectare, and
eliminate herbicide use between vine rows only for 165 € per hectare.

It is worth mentioning that AES implementation by local operators
in priority areas required many administrative procedures that ended
up delaying the availability of the scheme to farmers in some cases. As a
first requirement, a hydro-geological diagnostic had to be established
for each priority catchment in order to assess its vulnerability and ac-
curately define the limits of the area targeted by the AES. An official
decree then had to approve this delimitation. Next, a local operator was
nominated to design an agri-environmental project based on a second
diagnostic. This second diagnostic aimed to identify the current farming
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