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Analyse de l'efficacité colt et des réductions plesticides

pour les exploitations francaises de grande culture
Résumeé général

Suite au Grenelle de I'environnement proposant rguiction de 50% des pesticides dans
'agriculture francaise, l'objet central de cetteese est d’estimer les potentiels progres de
productivité et de diminution de ces inputs pow deandes cultures. Dans cette perspective, le
recours aux modeles d’analyse d’activités et lesmasions de fonction de colt par des
approches non paramétriques comme Data EnvelopAralysis (DEA) et/ou Free Disposal
Hull (FDH) sont mobilisés afin d’évaluer les rédoos potentielles de colt global et des
dépenses en pesticide pour ce type de culturepp®yant d’'une part sur un panel reprenant
environ 600 exploitations situées dans le dépanteme la Meuse au cours de la période 1992-
2003 et d’autre part sur un échantillon de 700 @tgtions de I'Eure & Loir observées en 2008,
notre recherche vise a établir une relation de dande codt entre les technologies utilisant plus
ou moins de pesticide a I'hectare. En conséqueaag tbnctions de colt caractérisées par des
niveaux de dépenses de pesticides a I'hectareretitie (haut et faible) sont comparées. La
fonction de co(t non paramétrique est estimée dearerobuste pour réduire la sensibilité des
résultats a I'éventuelle présence d'outliers. Lé&sultats indiquent que des réductions
substantielles de co(t sont envisageables si leguligurs géraient leurs inputs plus
efficacement. De plus, les pratiques culturaledisatit moins de pesticide a I'hectare
apparaissent plus compétitives en matiere de &gtte conclusion indique que I'adoption de
ces nouvelles pratiques économes en intrants et plos favorables a I'environnement serait

bénéfique a la fois pour les agriculteurs et pndemble de la société.

Mots-clés: pesticide, efficacité colt, exploitations agheso francaises, libre disposition des

ressources, enveloppement des données, frontigustm
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Cost efficiency Analysis of Pesticide use reduction

crop Activities on French Farms

General Abstract

In the context of the agreement of about 50% reduch pesticide uses according to the accords
du “Grenelle de I'environnement” (the EnvironmerduRd Table) in France, the central part of
this study is to use some efficiency analysis tdinege the substantial productivity
improvements and cost reductions on French farm&rBploying Activity Analysis Models and
estimating cost frontiers with non-parametric apgites such as Data Envelopment Analysis
(DEA) and Free Disposal Hull (FDH)], total cost #&d pesticide expense reductions are
evaluated on crop farms. Based on this, a samp@@@fand 700 farms in the Meuse and Eure &
Loir departments were respectively observed ové® ayear period (1992-2003) and in year
2008. A non parametric cost function is essentigigployed to assess the cost efficiency
dominance between technologies using either moréessy pesticide and a robust approach
frontier is introduced in order to reduce the s&visy of the cost frontier to the influence of
potential outliers, thus improving the accuracytioé result. With respect to this, two cost
functions characterized by a relatively lower aghar pesticide level per ha are compared. The
estimated efficiency scores indicated that substhefficiency improvements are possible on
French crop farms with a strong potential for aestreases if farmers could manage inputs more
efficiently. Therefore, agricultural practices ugiless pesticide per ha are more cost competitive
which does not only benefit the farmers but alsogbciety, thereby promoting new agricultural

practices that are more environmentally friendly.

Keywords:Pesticide use, Cost efficiency, French farms, Bsposal Hull, Data Envelopment
Analysis, Robust frontier
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Analyse de I'efficacité co(t et des réductions plesticides

pour les exploitations francaises de grande culture

Résumé substantiel

Suite au Grenelle de I'environnement proposant rguiction de 50% des pesticides dans
I'agriculture francaise, I'objet central de cettes$e est d’estimer les progres de productivita et |
diminution de ces inputs pour les grandes cultuRens cette perspective, le recours aux
modéles d’analyse d’activités (AAM) et les estioati de fonction de colt par des approches
non parametriques comme Data Envelopment Anal{3#A] et/ou Free Disposal Hull (FDH)

sont mobilisés afin d’évaluer les réductions poetles de colt global et des dépenses en

pesticide pour ce type de cultures.

S’appuyant d’'une part sur un panel reprenant enviB00 exploitations situées dans le
département de la Meuse au cours de la période-20@2, un premier essai vise a établir une
relation de « dominance codt » entre les technetogelativement plus ou moins intensives en

termes de dépenses de pesticide a I'hectare déxatifes exploitations évaluées.

D’un point de vue méthodologique, l'originalité dette approche réside dans les définitions
respectives des technologies sous-jacentes aukdogaale colt estimées. Celles-ci ne sont pas
distinguées a partir d’'un niveau arbitraire de déps de pesticide a I'hectare mais en utilisant
un ratio spécifigue a chaque exploitation étudiPls précisément, reprenant I'approche
initialement développée par Ruggiero (1998), leshielogies plus ou moins intensives en
pesticide sont définies en retenant ou excluant desx sous-ensembles de références, les

exploitations qui dépensent plus ou moins de gdssca I'hectare que la firme évaluée.

© 2013 Tous droits réservés. http://doc.univ-lille1 fr



Thése de Oluwaseun Ojo, Lille 1, 2013

Les résultats montrent que pour 80% des fermeséésidla technologie moins intensive en
pesticide domine la plus intensive. En conséqueuenerapport a leurs situations observées, ces
exploitations pourraient réduire de 25% leur colgbgl et diminuer de 29% leur niveau de
pesticide a I'hectare. Ces résultats sont en tmalergence avec ceux établis par Jacquet et al.
(2011) pour les mémes types de cultures mais ave@pproche méthodologique tres différente
basée sur des modeéles d’optimisation linéairesldgpés au niveau France entiere. Finalement,
quant a la question essentielle de savoir si Iba@bule la Société d’'une agriculture respectant
mieux I'environnement grace a la réduction desigidss est en convergence avec l'intérét

économique individuel de I'agriculteur ? Cette dasmn est donc clairement oui.

Reprenant le méme panel, le deuxieme essai an&@ysatail des dépenses de pesticides parmi
les seuls agriculteurs « colts-efficaces ». Cettdeédéveloppe une approche en deux étapes. En
premier lieu, elle sélectionne les agriculteuraséstsur la frontiere de codt total. En deuxieme
lieu, sur ces seules exploitations dites « colcates », elle mesure les possibilités de réduction
des pesticides a niveau de rendements inchangéslgstrois cultures retenus (blé, orge et

colza).

D’'un point méthodologique, cet essai se distingee I'dnalyse précédente d'une part en

relachant I'hypothése de convexité de la technelggus-jacente et d’autre part en développant
une estimation robuste de la fonction de codt. fat,d’hypothése de convexité autorisant des
combinaisons linéaires comme référents possiblesegploitations évaluée est souvent décriée
dans les activités agricoles qui peuvent étre t@niaées par certaines indivisibilités. Des lors,
par rapport au modele standard DEA, I'approche Rizdée sur de I'optimisation en mixte

entier peut apparaitre plus pertinente pour cometias frontiéres de production et/ou de codt
qui sont désormais construites seulement a paitinitds réellement observés. Cependant
comme toute méthode d’estimation non paramétridii@ est tres sensible a la présence
éventuelle de données extrémes. Dans cette pdrspecbus avons mobilisé le concept de

« frontiere robuste » introduit par Cazals, Florearsd Simar (2002) qui, par de nombreuses
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itérations ré-échantillonnant I'ensemble de réféeeinitial, permet de diminuer fortement

I'influence des outliers sur les scores d’efficacit

Les résultats montrent que parmi les exploitations(t efficaces », les possibilités de réduction
de pesticides a I'hectare pourraient encore attei@d% en moyenne ce qui représente une
valeur de 2600€ par exploitation soit environ 7 d%codt global. De plus, une régression within
en données de panel, montre clairement que cegitds de réduction de pesticide diminuent
en fonction des niveaux de production a I'hect@exi indique que les agriculteurs ont moins de
flexibilité dans les utilisations de pesticidesfauet a mesure que les rendements techniques des

cultures s’accroissent.

Le troisieme essai se focalise sur un échantillférént situé en Eure & Loir regroupant plus de
700 exploitations spécialisées en grande cultuggoet 'année 2008. Il explore la relation de
dominance co(t entre les technologies utilisans giu moins de pesticide a I'hectare a la fois

dans les dimensions de I'échelle de productioreethabix de mix d’outputs.

Ce dernier essai s’appuie sur le méme type d’esbmaon parameétrique de fonction de codlt
utilisé précédemment. Il se distingue, néanmoiress deux précédents sur plusieurs points
méthodologiques. Premierement, s'appuyant sur dwair développé par Lichtenberg et
Zilberman (1986) qui considére que les pesticidesant pas des inputs influencant directement
la production mais plutdét des facteurs de contdide dommages causés par les attagues de
pestes (insectes, mauvaises herbes, champignong& fanction de colt retenue n’inclut que les
dépenses en inputs directs comme la terre, lebsants, le travail, les équipements ou I'énergie.
Cette exclusion des pesticides de la fonction dét clirect permet de distinguer les deux
technologies fortement ou faiblement utilisatrice et intrant a partir du critere désormais
complétement exogene « dépenses de pesticidesciallb ». Deuxiemement, il ne s’agit plus ici
d’évaluer des plans de production observés comms léa premiéres analyses mais de simuler
pour un mix donné d’activités, différentes tailléddun plan de production. Ensuite, sur

'ensemble de l'intervalle de taille de ce plangteduction, des comparaisons des codts directs

11
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optimaux sont faites entre les deux technologistéou faible niveau de pesticides a I'hectare.
Troisiemement, les données comptables utiliségeenmaettent pas de repérer pour chacune des
25 cultures recensées, les quantités produiteslessesont mentionnées leurs surfaces et un
output global agrégé (la somme des productionsaézur). Ainsi pour garantir une homogeénéité
d’'activités et donc de comparaison de colt entseelatités retenus dans les ensembles de
référence, des contraintes de répartition de temé® les cultures et de surface agricole utilisée
totale ont été explicitement introduites dans leggrammes d’optimisation des colts des plans
de production simulés. Enfin, les fonctions de cestimées reprennent I'approche robuste du
précédent essai mais développée maintenant dacedie d’'une technologie convexe tel que
DEA. Ces trois originalités méthodologiques perh@gancer que les résultats obtenus sont des
estimations hautes des colts de production. Eer® §s ne risquent pas d’aboutir a des sous-
évaluations des fonctions de colt et donc a degéeatons des potentiels de réduction

d’intrants.

Sur le plan empirique, les résultats indiquent wrdominance codt direct » de la technologie
faiblement utilisatrice de pesticide sur l'autreve& des écarts respectifs de 10% et de 14% en
colt direct et colt total a I'hectare, cette domaease traduit par une différence de 28% en
termes de dépenses de pesticides a I'hectare.gdliiné de colt en faveur de la technologie peu
utilisatrice de pesticides est une conclusion rtétent sur la dimension échelle de production
gue sur la dimension mix d’outputs. De plus, etbftme totalement les résultats précédents

établis dans cette these mais sur une périodesdbualisation géographique différentes.

En conclusion, il apparait que I'objectif du Grdeetfle I'environnement de réduire de 50%

l'utilisation des pesticides dans un horizon de dnnées peut déja étre en partie atteint via
I'adoption de pratiques culturales existantes. &magt plus efficacement 'ensemble des intrants
directs et notamment les pesticides, les agriadtent la possibilité de réduire substantiellement
leurs colts de production et donc d’aligner leatgréts économiques individuels avec le souci

sociéetal de bénéficier d’une agriculture plus verte

12
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1. General Introduction

1.1. Background to pesticide use: The global perspective

Around 1.5 billion hectares (ha) of arable land agailable globally. Agriculture faces
competition for suitable land resources from fae@00 million ha), nature reserves (200
million protected ha) and urbanization (60 milliba). The potential to increase food and fibre
production by expanding the area farmed is redigethis competition. It is estimated that by
2050 the amount of arable land will expand by teas 5%. Consequently, 90% of the growth in
crop production will need to come from higher yeelder hectare and increased cropping
intensity (from 84% in 2000 to 92% in 2050) (Bruims, 2009; Fischer, 2009). The lack of
suitable land for agricultural expansion is an img@oat argument for agricultural intensification.
However, it largely negates the argument that afjtical intensification is sparing land for
nature (Balmford et al., 2005). Past intensificatltas been characterized by more production
with the use of more inputs, thus affirming thetfétat intensification was based on more
fertilizer, more pesticides, more irrigation, mdrgensive cropping, and mechanization. The
imperative for ecologically based land managemeisiesa from concerns about the negative
consequences of agricultural intensification (WBC3D00). The ‘ecological’ imperative places
further demands on agriculture to reduce its depeog on nonrenewable resources, to maintain
soil fertility and biodiversity, to minimize off#& consequences such as soil erosion, pollution of
groundwater and eutrophication of rivers and ledes to reduce GHG emissions. This therefore
ensures the production of more food per unit resowrhile minimizing the impact of food

production on the environment.

Over 1990s, the global pesticide sale remainedivelg constant, between 270 to 300 billion
dollars, of which 47% were herbicides, 79% weredatisides,19% were fungicides/bactericides,
and 5% the others. Over the period 2007 to 2008jidides ranked the first in three major
categories of pesticides (insecticides, fungicioestericides, herbicides) while
fungicides/bactericides increased rapidly and rdrdecond. Europe is now the largest pesticide
consumer in the world, seconded by Asia. As forntoes, China, the United States, France,
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Brazil and Japan are the largest pesticide producensumers or traders in the world. Most of
the pesticides worldwide are used for growing framd vegetable crops. In the developed
countries pesticides, mainly herbicides are massgd to grow maize. Since the 1980s hundreds
of thousands of pesticides have been developelding various bio pesticides. In view of the
world’s limited croplands and growing populationh@hg et al., 2006; Zhang, 2008), it is
necessary to take all measures to increase craugiion in order to ensure food safety (2008c;
Zhang, 2009).

It is however very important to note that advanoesplant protection have contributed
considerably to increasing yields and ensuring legguroduction. Easy to obtain and apply, and
rather inexpensive, chemical control products harewed to be extremely efficient and reliable
in a very large number of cases, on large surfaeasa More than in many other countries,
French farming has developed production systemadbas using these products; it is currently
highly dependent on pesticides and France now rahikd in worldwide global pesticide
consumption. However, today, the systematic ugeesficides is being called into question, with
the increasing awareness of their negative impdlts,demonstration of undesirable adverse
effects on ecosystems, on non-targeted useful oredtic species and on human health. The
European Union, including France, has therefore apgaged in a process of reducing pesticide
use in agriculture. Pesticides are chemicals grgire particular attention because most of them

have inherent properties that make them dangeohisrhan health and the environment.

The European Thematic Strategy on the sustaina@l@pesticides (currently being developed)
identifies a set of policy objectives that will leato be reached in the coming years to achieve a
higher level of sustainability in chemical-basedi@gtural production. Minimizing the hazards
and risks to health and the environment from theeafspesticides is a key point in this strategy
that will need to be supported by several polictoms. Amongst other things, the EU strategy
includes: encouraging the use of low input or pedt-free crop farming, particularly by raising
users' awareness; promoting the use of codes af g@ztice; and consideration of the possible

application of financial instruments. The strateggumes: i) the imposition of penalties on users
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by reducing or cancelling benefits provided by sarpgchemes; ii) the introduction of special
levies on pesticides to raise awareness of thénital effects of over-intensive pesticide use
and further reduce reliance on chemical inputs od@mn agriculture (Travisi and Nijkamp,
2008).

1.2. Pesticide use intensity in France: is there a m@ecdoncern?

From the above context, an interministerial planréoluce pesticide risk in France was
established in June 2006 and the Grenelle of theré@ment has confirmed the guidelines of
this plan by taking a number of precautionary messurhis involves the reduction in the use of
synthetic pesticides by half if possible over 1@rge(Ecophyto plan, 2018). In 2008, several
measures were taken which include the prohibitioBOoproducts that are considered most toxic,
introduction of a tax on pesticides based on tlesel of toxicity and granting of tax credits for

organic farming. In the 2018 Ecophyto plan, vari@esions are aimed at improving farmers'
information (creation of an epidemiological surlaice network), to disseminate good
agricultural practices (establishment of networksederence farms), to develop training and

improved use of equipment needed for agriculturatipctivity (Champeaux, 2006).

As mentioned earlier, France ranks third in the ldvdor pesticide consumption and is the
leading user in Europe, with a total volume of D®,2onnes of active substances sold in 2004.
Fungicides account for 50% of this volume, herlasidor 34%, insecticides for 3% and other
products for 13%. Before 1993, when Directive 9MCE was first implemented, 800 active
ingredients (Al) of plant, mineral or syntheticgini could be used as pesticides in Europe. The
review of Al and the obligation to register them apositive European list has since led to the
gradual withdrawal of many products. In 2005, 480 Belonging to around 150 different
chemical families, continue to be available. Thay be broken down according to use into 165
fungicides, 139 herbicides, 95 insecticides, 11 atemdes and 79 other products. These Al are
formulated and marketed in the form of commerciapgarations or products: approximately
6000 are registered, but only around 2500 are tygtsad.
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An analysis of consumption data, estimated on #@msbof sales figures from the major crop
protection product companies, provides an initradlerstanding of how pesticides are used, and

how practices are changing.

Tonnage de substances actives
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Figure 1: Sales of plant protection products imEeafrom 1990 to 2010
(Source: UIPP, "Les chiffres clés" 2010)

Note: “Produits de synthése” means synthetic sabstg while “Cuivre et souffre” means
copper and sulphur, lastly “tonnages totaux” mdata tonnage.
In view of the above context, the significant irages which could be made in augmenting the
output of French Agriculture with the fewest pos$sibesources are needed to be put into
maximum consideration. Hence, a concern should laee@ on the unresolved relationships
between technology, productivity, and quality ¢€.liwe can and should be concerned because
agriculture continues to be plagued with excesaa@apto produce, low prices, and, for many,
inadequate incomes. Fertilizer use has become suap@ possible source of nitrates in streams
and underground water supplies. Intensive cultvahas been criticized for its contribution to
sedimentation problems as well as the alteratiorlanotiscape through removal of natural

vegetation. Finally, chemical pesticide use haslssgiously attacked for the discharge of toxic
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chemicals into the environment, allegedly damagmitglife, fish, domestic animals, and
humans. So, while providing an adequate supplyofl fand maintaining the income of farmers
have been challenging, there is now the additiohallenge of finding and maintaining the right
relationship between agriculture and the naturairenment, this explains the fact that a balance
must be struck between greater environmental pgrotefrom reduced pesticide applications and

the continued contribution of agriculture to protioic.

Based on a favorable price regime and opportuniiesanteed by the initial orientations of the
Common Agricultural Policy, the French agricultunas, until recently, widely favored a
productivity-bias based on intensive use of inpEtance, consuming more than 85 500 tonnes
of active ingredients (estimated three-year [200Q3?) represents over 10% of consumption in
the OECD (OECD, 2008). Although it must report thse to a large acreage of 19.5 million
hectares of cultivated land, it nevertheless aptmabe in the 6th place in the European Union
for pesticide consumption with 4.4 kg of pesticjger hectare of arable and permanent crops
(thus excluding grassland) for that period. In recgears (2007, 2008), the tonnage of active
ingredients increased but decreased by 10% betpeeods [1990-1992] and [2001-2003] in
France which is beyond the OECD average (5%) aed ewre so in European countries (4%
for the EU-15), but well below Denmark (37%).

At European level, the framework directive on padés (DCP, 2009/128/EC), enacted October
21, 2009 for implementation in 2011 by member stadstablishes a framework for Community
action to achieve sustainable use of pesticidesonlly, the Grenelle Environment Forum has
set itself a target of reducing use of pesticidg$0% in less than 10 years. Corresponding to
this objective, the Action Plan Ecophyto 2018 walsrsitted to the government (Paillotin, 2008).
A major objective of this plan is to develop effint cropping systems with the use of pesticides.
Among the major means envisaged include i) thensib@ of crop rotation practice among
cereals, oilseeds, legumes, other crops and gnalssig the elimination of inefficiencies in
conventional agriculture; iii) improving scientifand technical knowledge in agronomy.
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Table 1: Table showing the consumption of differesttegories of pesticide in France from 2000
to 2009 (tons)

Category 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009

Insecticides| 3250 | 3103| 2488 2308 2224 2460 2506 2140 2101 130Q00 1
Herbicides | 40430 3084532122| 28779| 24508| 26102| 29209| 23068| 26808 27200, 22600
Fungicides| 61345 | 52834 54130| 43351| 39317| 37175| 35921| 35957| 36919| 39200 32500
&Bacterici

des

Source: FAO (2011)

In 2006, field crops represented 80% of the totdtivated land and accounted for 68% of the
pesticides used in agriculture. Most of the Frepobduction of field crops is grown using
intensive conventional techniques. Although sontenéas use less intensive techniques, it is
difficult to know exactly what proportion of thetéb field crop area is concerned (Butault et al.,
2010). The above table shows that Fungicides & @Bantles are the most used pesticides in
France. In total 36,919 tons of fungicides, 2,10hst of insecticides and 26,808 tons of
herbicides were consumed during 2007 (Lan and BO9R Overall, the proportion of pesticide
consumption declined in the last decades as retlebelow in the graphical representation of
pesticide consumption in France.
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Figure 2: Pesticide consumption (in tons) in Frainoe 1999 to 2009

Figure 2 (drawn from table 1) illustrates that agngtion of plant protection products in France
drop since 1999. The phenomenon behind the deglinemd of pesticide consumption should be
interpreted with caution, this may be as a resuthe increased awareness of the harmful side
effects of intensed use of pesticide. It could &sexplained by the development of new active
substances over the last few years. These substaree@sually more toxic, hence more effective
in low doses. This trend therefore helps to asitertehether sustainable agriculture will
guarantee long term productivity since it is coneer with the ability of agro ecosystems to

remain productive in the long term.

Many authors distinguish ecological (or environnadnteconomic and social sustainability.

Ecological sustainability is defined as the maiatese of the global ecosystem or of “natural
capital” (the stock of environmentally deliveredsets which provide a flow of useful goods or

services) both as a “source” of inputs and as ak"sfor waste. The ecological dimension of

sustainability is fundamental to overall sustaifighias it is a prerequisite for the economic and
social dimensions. As reflected in figure 3, farmadjust their production practices (e.qg. tillage
operations, sowing, fertilization) in order to opélly combine inputs based on natural capital
(soil, solar energy, rain, fossil energy) and ispfitom human-made capital (fertilisers, seeds,
pesticides) yielding desired outputs (products) andesired emissions to the environment. The
level of production of agroecosystems largely deigeon inputs from natural and human-made

capital. Herdt and Steiner (1995) point out thatigt hard to know whether current
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agroecosystems are sustainable in the sense ofniamgroductive in the long run, as the
continuous increase in human-made inputs applieddst agroecosystems has increased yields
but may offset reductions in the quality of theumal capital (e.g. land degradation) and thus of

the underlying productive capacity. (Hayo et al020

Climate factors :
¢ Sunlight,
i Rainfall,

Temperature, Products
Lessssennnns psssssanns - R .
: Grain. straw. milk.

Farming system

i Production practices } Soil (humidity, N- Emissions W
: Tillage, femhs.fi“""’ H content, surface state, CO,, CHs, N>O, NH; Watil:r quzill}ty
1 sowing, pesticide ~ 2"""""""2 2, » Na2U, , .
P “fm[(’m ced NOs. PO, pesticides, Soil quality,
. applic ) Crop (soil cover,

Biodiversity,

mineral content,

Figure 3: Environmental effect resulting from diffat production practices

From a more elaborate perspective, Figure 4 expltie evolution of pesticide, intermediate
inputs and output quantity indexes in logarithmeenms (in constant prices) over a 50 year
period. Distinguishably, two periods can be notjdéd first one is the period from 1959 to 1989
and the second one is the period from 1990 to 2@Mill be discovered that output volume

increases in the first period with a sharp increateesticide consumption while there is

deceleration of output growth implying a stabilinatof pesticide use in the second period. This
could be due to the fact that the intervention @ivrAls which are more effective in low doses
resulted to this stagnation, thus new attentionpaid to promote agricultural practices that tries
to stabilize or diminish chemical input utilizatiomhis shows that the use of (more or less)
pesticide by farmers does have an indirect effecbotput volume unlike intermediate inputs
(land, labor, and capital) which has a direct éff&uffice to note here that damage control
agents such as pesticide is one of the most imutoctasses of factors of production that do not

increase (in fact, they may decrease) potentigdwdul heir distinctive contribution therefore lies
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on their ability to increase the share of potentiatput that producers realize by reducing

damage from both natural and human causes. (Libhtgrand Zilberman, 1986)
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Figure 4: Evolution of pesticide and intermediatputs as compared to output quantity indexes

in logarithmic terms (100=1959)

Recent studies (Abbott et al. (2008), Baier e{2009)) point out that the increase in worldwide
biofuel production induced an increase in biofwsdstock prices between 2006 and 2008. This

therefore prompts the possibility of asking whethrethe case of the principle biodiesel crop

(rapeseed), high prices induce an increase in $leeof pesticides in France. The 2007-2008

period of worldwide cereal production corresporaa ttontext of high crop prices for rapeseed,

wheat, and corn. In this context of high crop pjcermers could be tempted to increase the

amount of pesticide they use in order to increase tgricultural productivity and coping with

risks associated with crop production. (Nelson Robtertson 2008, p. 518).

1.3. Problem Statement

The harm initiated by pesticides to human health the environment is a major concern which

involves some striking issues such as drinking watatamination, the health of users and the

harmful effects on wildlife and biodiversity. Theramon concern of reducing pesticide use has
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begun in the environmental policy debates in Fraaru several other European countries, and
therefore in 2009 the European Union (EU) adopteccommon framework (directive
2009/128/EC) that requires each member state tmisab2012 action plan to reduce pesticide
use in agriculture. The EU directive gives the ppliaunched in France a broader perspective.
However the objectives set in 2008 are still undescussion: is the 50% reduction target
realistic? What are the economic incentives neédexhcourage such a reduction? What would
be the consequences of such a level of reductiofrrench agricultural production and on

farmers' income?

In any discussions of agricultural productivityjstimportant to clarify what is being produced,
for how long, for whose benefit and at whose coger what area and measured by what criteria.
Answering these questions on sustainable agri@lltproductivity is difficult, as it means
assessing and trading off values and beliefs. Eh&mply because most transitions involve
trade-offs. A gain in one area is accompanied loga elsewhere. A farm that eschews the use of
pesticide benefits biodiversity but may produces lesod. This thus explains the fact that the
reliability of production is economically importatd any producer. It is no good having an
adequate harvest for three years if there are lagges in the fourth year. By reducing the risk
of catastrophic loss to pests and diseases, isgticre a tool to help deliver food security and
dependable livelihoods from farming. Converselygeasdier noted, it is important to note here
that intensive use of these chemical inputs couteito water and soil quality in one situation
and in others, it generates soil erosion, pollubbsoil and water as well as unpleasant smells.
Some pollution problems are directly related to ldneel of agricultural production and would

therefore be alleviated if agricultural productierdiminished.

On the other hand, some positive externalitiesdlapendent on the maintenance of some level of
agricultural production on specific lands or in ®ragions. Externalities are those consequences
of a production process, imposed on society oetheronment, which are not taken into account
in the product price. They are produced whenewvedysstion processes, or consumers' utility, are

affected by variables not controlled by themseles,by other economic agents. These effects
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may be positive (external benefits) or negativetdmal costs). The fact that these costs and
benefits are not included in the price, and thos taken into account by the market, produces a
market failure, as the price is the market assigrimteol. This failure produces in turn an
inefficient assignment of resources and the gerreital is that positive externalities are often
under produced while the negative ones are ofteerpogduced which is referred to as
unsustainable resource use pattern by PigovianeXiséence of externalities goes a long way to
determine the extent to which the environment cdiddsustainable in terms of effectiveness in
the resource use pattern by the burgeoning popualaWith this, if the resources are not well
managed, then the long-term sustainability of adpical production will be endangered, thus
implying a non recognition of the essential tradetketween short-term productivity and long-

term sustainability.

Pesticide application as a means of pest contrbletming an increasingly more important
issue most especially in French Agriculture andg thiattracting more attention of economists.
Its production system seems to be very dependettieonse of these products. It is pertinent to
understand that there are good reasons to belateFrench farmers overuse pesticides as a
means of insurance against pest damages on togirsarfaces. In the face of some unforeseen
circumstances, their practice could be the rigtatsgy for the individual producer but as pest
damage predictions are improved, it becomes imperéd suggest the best technology (from a
wide range of production practices) for the farmerderms of their cost of production thus
allowing for better management or maybe a goodogpchl improvement not only for their
benefits (farmers’ benefit) but also for the benefithe increasing population (society’s benefit).
This involves identifying the effect of a reductiam pesticide use on farmers’ total cost of
production and on the society. The cost borne byfdihmer includes price of pesticide and other
inputs while those imposed on society entail risksuman health and diminished environmental
quality from pollution externalities. For the tirbeing, only few applied economic studies focus
on this topic. Agricultural economics literature pasticide use is concentrated especially on
yield losses caused by pest damages and econovaicgons of banning pesticides as revealed
by Sexton, Lei and Zilberman (2007).
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1.4. Literature Review

An official recognition of the necessary tradediésween short-term productivity and long-term
sustainability will not result to the threateninig@ang-term agricultural production. Therefore, in
French Agriculture, increasing attention shouldpagd to alternative production systems that
strive for both high production and environmentalality. From an ecological economic
perspective, environmental and economic developnare complementary rather than
conflicting goals. Ecological agriculture seekdtdance the long-term costs of farm production
against the short-term profits of goods sold atkaiarin view of this reality, a consensus or
commitment that ultimately leads to environmentalgund and economically acceptable
agricultural practices should be forged (Robert@od Swinton, 2005). It is therefore imperative
to note that farmers can view the relationship leetwagriculture and environment as conflicting
(win-lose) or as synergistic (win-win). A win-losé@uation is occurring when productivity gains
coming from pesticide use are leading to envirortaledegradation or when environmental
protection induces additional production costs. yaesgistic approach, on the other hand,
assumes that sustainable environmental managemednpraductivity gains or cost reductions
can be achieved simultaneously. As a more sustairaiculture seeks to make the best use of

nature’s goods and services, so technologies auiges must be locally adapted.

Indeed, when analyzing the academic literature, agproaches emerge. On one hand, a view,
known as the “Porter hypothesis” (Porter, 1991;této& van der Linde, 1995) affirm that
stringent environmental standards can spur innomnatiwhich enrich competitiveness and
contribute to making firms more profitable. Thistubus mechanism is said to lead to the so-
called “win-win” situation in which both a betterneronment and a higher financial
performance are achieved. This view has benefited the past decades from a growing interest
among politicians and practitioners. On the otlard) conventional economic thinking suggests
that introducing more rigid environmental regulasalways implies some private costs, since it
displaces firms from their first-best and forcesmnthinto a more compromised position. Porter
challenged this view, claiming that just the opp®snight be true. His main argument was that

environmental regulations can open up new investmgportunities, encourage decision makers
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to innovate and generate long-term gains that eatiypor more than fully offset the costs of
complying with them. This claim is nhow commonly kno as the Porter Hypothesis. Porter’s
view has received a skeptical response from ecastemiorking within the bounds of standard
economic theory. They are of the opinion that sifioms are always willing to implement
changes that they see as beneficial, if produawy@nmentally friendly products were really as
profit-enhancing as Porter claims it to be, thezyttvould have moved in that direction on their
own accord without governmental interference. k& fdlce of such skepticism, other economists
have recently portrayed a number of scenarios fochvthe Porter result may hold (Francisco et
al., 2009).

In French farming systems, measures for increasiegompetitiveness of the agricultural sector
dominate (Latruffe, 2010). In the economy, compeatditess is seen as a balance between the use
of resources, operations management and humanrcesmanagement, which are expected to
strengthen farmers to compete more effectively. t@bnover resources (Barney, 1991),
management skills, organisational process andmesitinformation and knowledge (Barney et
al., 2001) are keys for gaining competitive advgaeteEfforts to analyze this competitiveness
among French crop producers have already been f&adet-Ges and Bergouignan (2009),
Jacquet et al. (2011)]. These studies emphasiteltinamg the next ten years, the goal of a 50%
reduction in the use of pesticide by farmers caadigevable if they can embrace the challenge
of developing a more productive and yet environ@éntattractive production practices.
Essentially, this entails an improvement in thécefhcy with which pesticides (and otheputs)
should be used in a sustainable manner (Gregorylragrdm,2000) thus ensuring a potential
cost reduction for farmers and of course invokingoaind effect on the environment. This

therefore contributes to a positive effect on thalth of the farmers and the society at large.
In 2007, the Environment Round Table, i.e. "Grendi 'Environnement”, proposed more than
250 environmental commitments. The French goveramsade an important commitment to

reduce the use of pesticides by 50% during the teexyears. Nevertheless, the use of pesticides

is often the only means for farmers to maintainrtiieelds by a better control of pest damages.
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In this context, the evaluation of the effect ofredluction in pesticide use on agricultural
production raises the question of how to take actofithe possible changes in the production
techniques used by farmers. Most of the recent varkanalyzing the effects on European
agriculture of a reduction in pesticide use basadeoonomic simulation models does not
consider this aspect. Because of this they leathéoconclusion that reinforcement of the
regulation of pesticides would have dramatic consages on the supply of agricultural products
and farmers' income (Nomisma, 2008; Adenauer antzRe&/i 2008). However in Europe,

particularly Denmark, there have been successdspulicies for reducing pesticides allowing

significant reduction without harm to production tr farmers' income (Neumeister, 2007,
Nielsen, 2005). Taking account of farmers' chanigpractices in the analysis of the effects of
medium and long-term policies is the main diffiguldf approaches based on econometric
estimations (Carpentier, 2010).

From this point of view, mathematical programmiras the advantage of allowing an analysis of
modifications in the production decisions of fargjeéndependently of what has already been
observed in the past. A detailed representatioth@fproduction technologies can be embodied
in the economic models. It thus makes it possiblestudy the environmental impacts of
agricultural production considering the joint protdan of agricultural outputs and
environmental externalities. This explains why tligproach has been adopted by many
economists analyzing the impacts of changes incalure practices on the environment
(Falconer and Hodge, 2001, Havlik et al., 2005, &3eyet al., 2007, Peerlings and Polman, 2008,
Van Calker et al., 2008, Mosnier et al., 2009). ldwer it is difficult to obtain the data needed
for such analysis at an aggregated level. Consélguéme economic studies addressing the issue
of pesticide use reduction are generally basedata flom observations on a few farms, or data
from agronomic experiments (Falconer and Hodge128@rselaers et al., 2007, Van Calker et
al., 2008).

In the specific context of one of the départemamtsler study (Meuse département), the

percentage of cost savings gotten as well as pagerof pesticide reductions totally converge
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with the conclusions drawn by Saint-Ges and Bemgman (2009) at the farm level and Jacquet
et al. (2011) at the national level for crop ad¢tes. Despite the dissimilarity between these
approaches with respect to the regions, periodgruoconsideration, types of farming systems
and the cost definitions, they corroborate the fifiaist possible to reduce the amount of pesticide
use per hectare without incurring additional prdunccost. Hence with a more competitive cost
arising from the adoption of low input strategywan-win strategy can be achieved due to its
great environmental impacts. Jacquet et al. (20&%gribed low-Input alternative techniques by
combining statistical data and expert knowledgeeiidata are used in a mathematical
programming model to simulate the effects on lasd, production and farmers’ income of

achieving different levels of pesticide reductidrheir result supports low pesticide use by
farmers with the possibility of not having a negateffect on income. In addition, they noted

that on the average, high use of pesticide appedr® be as efficient as techniques supporting

low pesticide usage.

This thesis distinguishably adds to the numerousn@mic literatures by comparing the
practicing farms of both intensive and extensivaht®logies and it reveals that farms under an
extensive technology scenario dominates the intermme in terms of cost. With respect to this,
the implementation of more environmentally frienghactices can be adopted by farmers and it
becomes a more interesting preference becausertgtice tends to be more efficient in terms
of costs. Although it is not easy to take a broadew of these results in coherence with all
European agriculture, the results established eméfr agriculture are also in conformity with the
case of Dutch sugar beet growers (De Koeijer et28l02) where a positive correlation was
found between managerial and environmental eff@e= and thus highlighting substantial
potentialities to improve the sustainability of laeafarming by better management. In a research
by Pretty et al 2003, they examined the extentheclwfarmers have improved food production
in recent years with low cost, locally availabledaenvironmentally sensitive practices and
technologies. It is therefore very interesting tenthat they found improvements in food
production occurring through several key practieed technologies, one of which is pest control

using biodiversity services with minimal or zercspeide use. Their research exposes
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encouraging advances in the acceptance of praciwdsechnologies that are likely to be more

sustainable with substantial benefits.

Suffice to note that sustainable farming systemstnabtain high yields while minimizing
environmental influence through the implementatiba etrategy that settles for a low pesticide
use per hectare of farm land surface thus enswifiggency in terms of production cost. To
affirm this, Gregory et al. (2002) stressed thatirmmmental advantage of low external inputs
systems may not occur if their outcomes are exptepgr unit of product rather than per unit
area. Therefore, new practices seek to limit emvitental impacts and thereby increase the
efficiency of external input costs in crop actiegi since fertilizers, manures and pesticides
remain considerable challenges. Hence, the redleodlge is to develop more productive
agricultural practices that focus on the importaotdeveloping technologies and practices that
are environmental friendly, are accessible to andt effective for farmers, and lead to
improvements in food productivity. Notably, this ams improving the efficiency with which
pesticides (and other inputs) should be used urstamable manner (Gregory and Ingram, 2000)
thereby ensuring the potential of cost reductionfasmers which constitutes the heart of this

thesis.

1.5. Aim

Since pesticide application is a means of pestrabrit is crucial to suggest the best technology
for the farmers in terms of cost competitivenessstallowing for both better management and
good ecological improvement. It is therefore dismed that low pesticide use technology is
more competitive in terms of cost than high useedticide. Productivity and cost-efficiency

are often cited as indicators or measures of catiyeetess, and the European Commission
considers it as the most reliable indicator for petitiveness over the long term (European
Commission, 2008). However, in empirical studieprfductivity and efficiency in general, no

explicit reference to competitiveness is made. Aegal definition of productivity is the ability

of production factors to produce the output. It b@nsimply measured as a partial productivity
indicator, relating output to one input (e.g. ygelr partial productivity of labour), but this does
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not account for the possibility of either factoibstitution or output substitution. By contrast,
the more comprehensive measure of total factorymtodty (TFP) (sometimes called the multi-
factor productivity, MFP) is a ratio that relatée taggregation of all outputs to the aggregation
of all inputs. Potential productivity improvemerst évaluated when firms are compared to a
benchmark. In cross-section data, firms are contparth each other in the same period which
means that a firm can increase its productivitgamparison with other firms by improving its
efficiency and/or by reaching an optimal scale pémtion. This is shown in Figure 5 and it
depicts a simple single output-single input casee Pproduction function relating the output
produced, y, with the input used, x, indicatesrttaximum output produced for a given level of

inputs (the production possibilities).
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Figure 5: Productivity improvement for a firm

The components of productivity improvement entfficeency increase and economies of scale

which are explored below.
v’ Efficiency increase
In comparison with other firms, productivity impmwent can result from more efficient use of

the existing technology. In Figure 5, firAy for example, would be able to produce more output
with the same input use, that is to say it could iis input in a more efficient way. This is
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depicted by a movement froAatowards the frontief, parallel to the y-axis (movement 1). The
movement could also be parallel to thaxis and would correspond to a decrease in inpet u
while the same output is produced. Clearly, thesala firm operates to the frontier, the more
efficient it is. Efficiency is therefore a measuwfethe distance from a given observation to the
frontier. Firms operating on the frontier are stde fully efficient in their use of inputs, e.g.
firms B and C, and those operating beneath it are inefficierd, &rm A. This notion of
efficiency refers to the neoclassical efficienbalition of resources and the Pareto optimality
criterion. Considering a firm that uses severaltspand produces several outputs, it is efficient
in the way it allocates its resources if a reductioany input requires an increase in at least one

other input or a reduction in at least one outpowéll, 1993).

v Exploiting economies of scale
Economies of scale are reductions in average @astsincreasing the scale of production, i.e.,
scale economies are preserntity) < 1C(y), whereC(y) = the cost functiony = output, and =
a scalar- 1 (Panzar and Willig, 1977). This definition corresps to the decreasing part of the
familiar U-shaped cost function from economic thyeorAs inferred from figure 5, a second
productivity improvement for a firm when comparedthwvother firms can be achieved by
exploiting economies of scale. Potential econonuéscale can be identified by the scale
elasticity, calculated as the ratio of the promovéite increase in output to the proportionate
increase in all inputs. At poi@ the elasticity of scale is one and therefore f@rhas an optimal
scale. FirmB by contrast has an elasticity of scale less thaa and therefore exhibits
diseconomies of scale, while a firm situated onléfieof C would have scale elasticity greater
than one and hence exhibit economies of scale.olixg economies or diseconomies of scale is
therefore a productivity improvement, characteribgda movement on the frontie{movement

2 for example).

The above components of an improvement in prodiigtisre used in assessing the cost
competitiveness of farmers thus the effect of aiced pesticide use on their cost of production

which is the subject of this thesis is known. Witis, cost functions are estimated thanks to a
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non-parametric activity analysis model (AAM) whibklps to describe the performance of the
efficiency situation of the farmers. Cost efficigrfor a given farm is the ratio of the costs of a
farm operating on the cost frontier (having the samtput quantities and input prices) to the
given farm’s actual costs. Thus, the productionepofpirical evidence on farm efficiency is
important for farmers’ possibility to decrease thessts, or increase or maintain their output.
Knowledge on the personal and environmental charnatts that influence farm performance
can also be informative for policy and decision prakalike to create measures that can be
designed to meet policy objectives. In the Freraining system, increasing efficiency through
the reduction of pesticide use by farmers is ambedighly prioritized objectives of the French

government.

Efficiency studies are a common way of analyzing prerformance of agricultural production
where highly efficient farms are considered to haigher probability of survival. Efficiency
studies have been used to examine the importancmpoft utilization in gaining higher
competitiveness and to identify factors that infilce farm performance. Farm and farmer
characteristics are the most important explandtmtors for attaining higher efficiency (Alvarez
and Arias, 2004; Bojnec and Latruffe, 2009; Gortomd Davidova, 2004; Hansson, 2007c;
Hansson, 2008a; Olson and Vu, 2009; Wilson et241Q1; Bravo-Ureta and Evenson, 1994,
Carvahlo et al., 2008). In other studies (Brimnret bBoy, 2000; Rezitis et al., 2003; Kleinhanf3
et al., 2007; Zhu et al., 2008), the implicatiomsfarm performance of different policy measures
to strengthen the competitiveness of the agricailltsector have been analyzed, and suggestions
for possible policy improvements have been offef2aking the past decade, farm performance
has been of great interest. Empirical evidence hen gerformance of farms and the factors
influencing their performance has been seen impbfiar efficiency in production. Existing
studies are mainly focused on providing empiricatlence on: i) farm efficiency level; ii) the
effect of outliers on efficiency scores (Bojnec dratruffe, 2007); ii) how farm efficiency is
influenced by types of crops produced (Latruffeakbt 2005); iii) the influence of farm size
(Bojnec and Latruffe, 2007) and farmers’ personadracteristics (Munroe, 2001) on farm

efficiency.
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This thesis contributes to the existing studieshwitie following objectives: (1) To provide
empirical evidence as regards the cost efficiereayjopmance of French crop producers and 2) to
evaluate the potential impact of a reduced pegticske on farmers’ cost efficiency. Due to the
fact that there is conflict of interest betweeniwdlal farmers and society, an initial study
(Paper 1) attempts to find out if extensificatiah (or not) a more economically competitive
practice than intensification in French agricultyusing Meuse Département as a case study)
observed on a sample of 600 farms over a 12 yeadoi addition, paper | also seeks to know
if there is coherence between the economic interete farmer in terms of cost decrease and
the global benefit of society in terms of pesticrgduction per hectare. Furthermore, paper Il
entails the evaluation of the differences in p&dtiqractices among cost efficient farmers in
order to select the best practice in pesticide tlags contributing to the fact that it is very
possible for farmers to be cost efficient with eithmore or less pesticide use based on the
substitution possibilities between land and chemicguts (pesticides, fertilizers). More
precisely, paper Il discovers the direct-cost cetitiye advantage attached to low pesticide
consumption in preference to high consumption dftipigle in French agriculture. This is
different from paper | in the sense that it made as707 farms located in the Eure & Loir
Département for only year 2008 and it follows tkast estimations are done empirically to
assess the comparisons between two technologieactiiazed by different levels of pesticide
per hectare. In addition, paper Il laid more engihan the fact that pesticide cost should not be
endogenously incorporated like other conventionplts since they do not enhance productivity

directly as compared to other standard inputs whashdirect effect on productivity.

1.6. Thesis outline

This thesis is therefore based on four chapterspasmg chapter one which entails the
assessment of pesticide use in French crop farmystems through Non Parametric Cost
Function Estimations and covers seven sectionserBdgll comprises the subsequent chapters.
Following this introduction, methodological aspetiiat contain efficiency analysis approach
involving the presentation of basic models are itkgtan Section 2 while section 3 gives an

extension of the basic models discussed in se@ioResults and analysis are presented in
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Section 4 with some conclusions drawn in Sectiomtg overall contributions of the thesis are

described in Section 6 while topics for furthere@sh are proposed in Section 7.
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2. Efficiency Analysis Approach: Presenting the basidodels

Decision criteria play an important part in poliagd planning process. One criterion that has
tended to dominate contemporary policy developnazamt evaluation is economic efficiency.
The measurement of this economic efficiency has beemately linked to the use of frontier
functions. The modern literatures in both fieldgibewith the same seminal paper, namely
Farrell (1957).

2.1. Different definitions of efficiency concepts

The recent literature has generated a wide vaoktevelopments in non-parametric estimation
of production and cost frontiers. Many of theseoeff have concentrated on the statistical
properties of the efficiency estimators, which wefeen naively depicted as deterministic in
nature. A variety of different approaches to theasugement of technical efficiency coexist in
the literature. Methodologically, they are categed according to at least two criteria. First, one
distinguishes between stochastic and determiniegthods. While the former make explicit
assumptions with respect to the stochastic nat@irthe data, the latter do not. A second
classification differentiates between parametrid ann-parametric methods. In the parametric
approach it is assumed that the boundary of theéyaten possibility set can be represented by a
particular functional form with constant parametefhe non-parametric approach on the
contrary concentrates on the regularity assumptminshe production possibility set itself.
Imposing some plausible restrictions on the praduacprocess, the latter methods directly
construct a piecewise linear reference technologybest practice frontier on the basis of

observed input-output combinations.

Michael J. Farrell, greatly influenced by Koopmafi®51)'s formal definition and Debreu
(1951)’s coefficient of resources utilization irdreced a method to decompose overall efficiency
of a production unit into its technical and allaeat components. Farrell characterized the
different ways in which a productive unit can beffitient either by obtaining less than the
maximum output available from a determined grounptits (technically inefficient) or by not

purchasing the best package of inputs given th@ep and marginal productivities (allocatively
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inefficient). Technical efficiency for a given firm thus defined as the ratio of the input usage of
a fully efficient firm producing the same outputct@ to the input usage of the firm under
consideration. Productive efficiency can be decoegointo Technical efficiency (TE), i.e.,
efficiency relative to a variable returns to sc@RS) frontier, and scale efficiency (SE), the

distance between the VRS frontier and the Con®etirns to Scale (CRS) frontier.

The concept of technical efficiency is connectea toarticular interpretation of the production
function. Coupled with the technically possible nitier of the assessed unit, this function
specifies the minimal level of inputs necessaryetach the observed level of outputs. Based on
the best practices of the considered group, thischneark defines a concept of relative
efficiency which is not an absolute standard (Béadc et.al. 2006). Figure 6 reveals that
efficiency is given by the distance from the obseéryposition of the entity, or more commonly,

of the decision making unfPMU), to its production frontier.
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Figure 6: Production frontier and technical effrag
According to this figure (6), if DMU adopted the best practices of the group deternbydte
production frontier under variable return to sadsumption (), it could reduce its inputs, to

X maintaining its production quantitg. Its level of relative inefficiencyl-f,) measures the

percentage of achievable economies on its totamipure with:
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To determine the maximum level of productivity[@MU a, a production frontier with constant

return to scaléF.) tangent to the previous production funct{&qs) must be added.

In figure 7 below, it can be noted that in spitetlué efforts of good input managementain
DMU a suffers from too big a size to obtain the maximiewel of productivity observed with
DMU b which is its optimal size. To reach such a levgbr@ductivity, it is necessary to reduce
the inputs tox,= and to project DMUa to a** onF.s The total efficiency given by the ratip

= (Xa=/ Xa), (1-ga) measures the percentage of feasible economielseowhole of its inputs to
reach the maximum level of productivity. FollowirBanker et al. (1984), this productive
technical inefficiency breaks down into two compaise the technical inefficiency measured as
previously by(1-f;) and the scale inefficiend{t-h,) such that:

X X :f’&:&:h

— a*
_ga’X a X f a

a a ax a
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Frev
a** a*
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Technical efficiency

>
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Figure 7: Return to scale and decomposition of &fteciency
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Therefore, it seems so natural to think that afficient firm will prefer to visit the efficient fim

that is most similar to it, rather than an effi¢cidmut very different firm. The most similar the
efficient firms, the easier it will be for the ifiefent firm to detect its own mistakes and
therefore to correct them, hence un¥¥&Sfrontier, aDMU can only be benchmarked against
DMUs of a similar size (Coelli et al., 2005). Most engal studies of Technical Efficiendy E)

use radial measures to quantify efficiency. Thuspay be argued that the most similar firm is
the radial projection of the inefficient firm onehsoquant. Radiality seems to be a reasonable
proxy for similarity, because all firms on the samag share the same combination of inputs.
Furthermore, it has been noticed that radial messumpose a direction for improvement that
does not take into account the information on inpuibstitution possibilities that is available

through empirically constructed isoquant (Boge#witl Hougaard, 1999).

Another concept of efficiency is called cost e#iocy or economic efficiency and it can be
achieved when farms find a combination of inputst thnables them to produce their desired
outputs at minimum cost. Hence cost efficiencyhis product or mixture of the technical and
allocative efficiencies which depends on outputtee¢y) and price of inputs (w), the cost
function is thus expressed &%:= C(y,w) Farms therefore achieve cost efficiency by adhgpti
the best practice technology (becoming technicatficient) and choosing the optimal mix of
inputs (becoming allocatively efficient (AE)) (Baatk and Maindiratta, 1988). CRS cost
efficiency is the product of technical, scale, albcative efficiency:CEcrs = TE*AE*SE
Revenue efficiency is defined as the ratio of teeenues of a given firm to the revenues of a
fully efficient firm with the same input vector araltput prices. Finally, profit efficiency is
defined in terms of the firm’s actual profits angtimal profits, i.e., the profits that could be
obtained if the firm were fully efficient.

In addition, cost and profit efficiency definitiorrrespond, respectively, to two important
economic objectives: cost minimization and profigpamization. Cost efficiency is the ratio

between the minimum cost at which it is possiblattain a given volume of production and the

cost actually incurred. Thus, an efficiency valdeEs implies that it would be possible to
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produce the same vector of production, sayiigEc).100%of the costs. Efficiency ranges over
the (0,1)nterval, and equals one for the best-practice $ammthe sample. Profit efficiency is a
broader concept than cost efficiency since it takés account the effects of the choice of a
certain vector of production both on costs andememnues. It is therefore a useful metric because
profit maximization is the ultimate goal of thenfirand because profit efficiency shows the net
effects of cost and revenue efficiency. Howevers ialso very important to estimate cost and
revenue efficiency in order to trace the sourcemefficiency and test separately for cost and

revenue economies of scope (Cummins et al., 2010).
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Figure 8: Economic efficiency in tin@ut-oriented context

This figure (8) illustrates the economic efficiency two-input oriented scenario wheys’

represents the production frontier that capturesmimimum combination of inputs needed to
produce a unit of output. Xand X are the two inputs used to obtain one output wixieXx is

the isocost line whose slope is the ratio of inpates (-px1/px2). Units that are technically
efficient will be located at the frontier while @ below the frontier are not technically efficient
since they obtain less output than technically ipbssThe technical efficiency measure can be
estimated as the relationship between the obtanguut and what would be attained if the unit

were located at the frontier. Point ‘A’ is the oh&sl farm that uses two input quantities to
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obtain the output. The isoquayy’ represent the various combinations of the twoofacthat a
perfectly efficient farm might use to produce tl@me output. So, the farm ‘B’ represents an
efficient farm that produces the same output asbé using a fraction OB/OA of each factor.
This is the technical efficiency (TE) of the farm Winformation on market price is known and
cost minimization is assumed in such a way thairtpat price ratio is reflected by the slope of
the isocost line, allocative efficiency can be ded from the unit isoquant. D is the optimal
method of production and, as B, this point repre4€0% of technical efficiency. However, the
cost of production at B will be only a fraction, (@B of those at D. This is the measure of
allocative efficiency (AE). The full economic efigncy (EE) is achieved for the farm operating
at the tangency point between the isoquant angdribe line (farm D). Farm economic efficiency
score for A is given by the ratio OC/OA, which isrived by the product for technical and
allocative efficiency, EE = TE*AE = OB/OA*OC/OB =@QOA

2.2. Activity Analysis Model (AAM) defining the Produath technology and Cost
functions
In order to estimate efficient production, costd gmofit frontiers by providing measures of
technical, cost, and profit efficiency for eachnfiathe application of an Activity Analysis Model
(AAM) is utilized. Estimating farm efficiency is we useful for cost frontier comparisons, thanks
to an AAM which aids in evaluating each firm in ardustry to a “best practice” efficient
frontier formed by the most efficient farms in themple. A farm is fully efficient (efficiency of
1.0) if it is on the frontier otherwise it is ingflent (efficiency < 1) if it is not on the frontieThe
principal alternative to AAM is stochastic frontianalysis (SFA). AAM has several advantages
over SFA as follows: (1) It avoids the choice ofuactional form for the technical, cost, or
revenue function and requires no distributionaluagstions. Such assumptions can create
specification errors. (2) It also works on multiguat/multi-inputs technology on the primal
guantity side i.e. no price needed (3) AAM does mppose economic assumptions for the
estimation of the technology such as technicatieificy and allocative efficiency (contrary to a
traditional production function or a cost functiqd) AAM is individual-farm based, making it

easy to decompose efficiency by farm, which isipaldrly convenient for studying scope
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economies and (5) It provides a convenient wayecoothpose cost or revenue efficiency into

their pure technical, scale, and allocative comptse

From a sample of K DMUs and technology producingetor y of R outputs D{l, 2,...R} from

a vector of | inputs {1, 2,...]}, the basic assumptions of AAM as described by @¥met al.
(1978) are under listed:

()  Convexity: If (xy)OT and (X,y OT thend (xy} @A )x)ypT fanyaO0[0}

(i) Monotonicity or strong free disposability of inputsd outputs:

(xy)OT and x= x then (x )T
(x,y)dT and y< ythen (x,yQIT

(i) Inclusion of observations: Each observed DRy, )UT, OkOK
(iv) No output can be produced without some inpuy. 30 and y 0 then (0, )T

(v) Constant returns to scale:
If (x,y) T then A xA yJT foranyl = |

(vi) Minimum extrapolation:

T is the intersection of all sets satisfying (i)-(v

A technologyT(x,y), satisfying the assumptions, can be constructech fitee observed input-

output correspondencesraDMUs as follows:
A (x,y):{(x,y)|2/lj y; 2y forallr A x < x foralli,} = 0for zhlj} (1)
=1 j=1

Suffice to say that this AAM approach also hasaative statistical properties. First, as shown in
Banker (1993), it is a maximum likelihood estimat8econd, its estimators are consistent and
converge faster than estimators from other frontregthods (Grosskopf, 1996). Third, the
estimators 0AAM are also unbiased if an assumption is made teat ls no underlying model
or reference technology. If one believes in an dgaey model, then the problem of biasAdM

estimates arises, but this bias decreases withleasige (Kittelsen, 1999). Fourth, Banker and
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Natarajan (2008) show that aAAM is a non-parametric stochastic frontier estimation
methodology that performs better than parametrexguures in the estimation of individual
decision making unit productivity. This therefor@nootes that this frontier efficiency
methodology measures the efficiency of each farnthan sample relative to “best practice”
frontiers consisting of the dominant (most effitcjefarms in the sample. Assuming that farms
“abcd” are more cost efficient than farfefgh”, the implication is thatabcd” can produce
their outputs at lower costs than if these outpudse to be produced befgh” farms (and vice
versa if farms'efgh” are more cost efficient). Likewise, ‘libcd” are more revenue efficient,
the implication would be that they can generate en@venues, conditional on inputs, than
“efgh” farms. Profit efficiency represents the net impzEctost and revenue efficiency and this
shows the net importance of the cost and revenigetef However, as earlier noted and as
inferred by Cummins et al., 2010, it is very impoit to estimate cost and revenue efficiency

separately in order to trace the sources of inefiiy.

In view of the afore mentioned, it is expedientstate that a focus is kept on cost frontier
estimations and based on the assumption of beprga taker for the output prices, then a farm
that is efficient in terms of profit will also bdfieient in terms of cost. Cost efficiency analyss
therefore conducted in this thesis for papersdnd Il and most specifically, it is conductedain
two-step process in paper Il as devised by Caftsens and Simar 2002. The efficiency
coefficients were calculated which thus selectsctist efficient farms in a first step. In a second
step, the units that minimize the pesticide usehpetare while maintaining constant yields were
revealed from the cost efficient farms selectedtepl. Different cost efficient practices among
farmers were evaluated in terms of pesticide peariththe minimum uses were selected. This
explains the fact that in terms of pesticide use hge all the diverse cost efficient practices
among farmers were evaluated with the best onestsel and a regression analysis is used as a
sub-staged step to describe the potential pestredections by a common set of explanatory
variables. This will help the farmers which congtt the targeted stakeholders to make a
decision on whether or not to reduce their usageheimical inputs. In French Agriculture,

improved farm efficiency in terms of better inputlisation and achieving higher output at a
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reduced cost is expected to be achieved throughinipdementation of a technology that
enhances a reduced use of pesticide inputs by fari@est efficiency was estimated and the cost

frontier comparison was implemented with the agien of:

1) An AAM or a non parametric frontier analysis (notabBA) through the development of
an analytical framework to estimate cost functiengirically as initiated by Koopmans
(1951) and Baumol (1958). (For Paper I)

2) A traditional Linear PrograniLP) is solved to computEDH efficiency scores sinceP
is much more efficient in solving optimization pleim than Mixed Integer Problem
(MIP) as noted by Agrell and Tind (2001) and Leleu (200@or Paper II)

3) A non-parametric activity analysis modéAAM) to estimate the cost functions as
originated by Koopmans 1951; Baumol 1958 and asbhpproach frontier is introduced
to limit the sensitivity of the cost frontier toethinfluence of potential outliers as inspired
by Simar and Wilson (2008). (For Paper IlI)

A number of studies have already set out to andigse the &iciency of agricultural firms has
evolved in recent years. Results are mixed, asetlstadies measure fflirent types of
efficiencies, using @ierent techniques (parametric/non-parametricjfeint measures and
definitions of inputs and outputs. Yet it seemst timefficiencies persist, and have quite a
dynamic nature, since changes continue to takeeplBoth parametric and non-parametric
technigues have been widely used, and the consenthest neither technique is better than the
other. Specifically, parametric techniques havedtheantage that they allow for random error
but the drawback that they impose a particulartional form that presupposes the shape of the
frontier. On the other hand, non-parametric techesqtend to envelope data more closely, but
they do not allow for random error. Data EnveloptmEmalysis(DEA) is one of the most widely
used among the latter. This inability to allow fandom error has induced many authors to label
it as deterministic.
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2.3. Production and Cost frontier estimations using parametric (DEA) model
Estimation of production frontier is usually bassther on the nonparametric data envelopment
analysis DEA: Farrell, 1957; Charnes et al. 1978) or on theamatric stochastic frontier
analysis $FA Aigner et al., 1977; Meeusen and van den Bro&8K;7). While traditional SFA
builds on the parametric regression technigD& is based on linear programming formulation
that does not assume parametric functional formfri@ntier, but relies on general regularity
properties such as monotonicity and convexity. @dtph bothDEA and SFA have their own
weaknesses, it is generally accepted that the agpeal ofSFAIs its stochastic, probabilistic
treatment of inefficiency and noise, whereas thénnadvantage oDEA lies in its absence of

functional form for the frontier.

In recent years, many new semi and nonparamewithastic frontier techniques have been
developed both to relax some of the restrictiveusgtions used in fully parametric frontier
models and to narrow the gap betw&AandDEA It is indeed noteworthy that most of the
literature related to the measurement of this esoo@fficiency has based its analysis either on
parametric or on non-parametric frontier methodee Thoice of estimation method has been an
issue of debate, with some researchers preferhagarametric and others the non-parametric
approach (Luis R and Murillo-Zamorano, 2004). Toaswee the relative efficiency of farming
systems, different parametric and non parametcbrigues which have proven useful in a
number of sectors and applications can be appheglied empirical work on efficiency and
productivity measurement of individual firms is alyg confronted with the sensitivity of the
results to the different approaches and assumptidrerefore, to present the most robust image,

diverse nonparametric model specifications areiegpl

Data Envelopment Analys(®EA) is a theoretically sound framework for performaacalysis

that offers many advantages over traditional mettmcth as performance ratios and regression
analysis. Largely the result of multidisciplinargsearch during the last two decades in
economics, engineering and managemB#A is best described as an effective new way of

visualizing and analyzing performance data. Tedilyicit represents the set of nonparametric,
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linear programming techniques used to constructieapproduction frontiers and evaluate the
relative efficiency of production unitdDEA is particularly effective in handling complex
processes, where these units, customarily calledsida Making Units(DMUs), use multiple
inputs to produce multiple outputs. The startingpof the analysis is a production model. In its
simplest form, it is constructed from the set devant inputs and desirable outputs of the
process, together with some basic, standard asgmapbn the nature of the production
possibilities.

Thus, by analyzing the input/output data groupgrofjrammersDEA identifies: 1) The efficient
frontier, or envelopment surface, consisting of ltest practice units 2) Efficiency measures for
eachDMU that reflect its distance to the frontier 3) Arfi@ént reference set, or peer group (a
small subset of efficient units "closest" to thétwmder evaluation), for each inefficieDMU 4)
Efficient targets for each inefficiemMU (projections onto the frontier). Other importaesults
that can be obtained from advancB&A analyses include: returns to scale, technical and
allocative inefficiencies (this requires the inaomgtion of specific managerial, perhaps
subjective, goals into the analysis), manageredidoffs (marginal rates of substitution, etc.),
productivity growth over time (time series analysend investigation of achievable targets for
inefficient DMUs. Statistical tests are also customarily used sessthe effect of environmental
variables or technological differences on efficignas well as the impact of efficiency on other

factors important to managers, such as profitgbijuality, etc.

In the originating study of Charnes, Cooper, andd#s (1978), they describd2EA as a
‘mathematical programming model applied to obséowal data [that] provides a new way of
obtaining empirical estimates of relations - sushtl@de production functions and/or efficient
production possibility surfaces — that are cormerss of modern economics’. FormalEA is

a methodology directed to frontiers rather thantregértendencies. Instead of trying to fit a
regression plane through the centre of the datan atatistical regression, for example, one
‘floats’ a piecewise linear surface to rest on tdphe observations. Because of this perspective,

DEA proves particularly adept at uncovering relatigpshthat remain hidden from other
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methodologies. For instance, consider what one svémt mean by “efficiency”, or more
generally, what one wants to mean by saying thaDMU is more efficient than anoth&xMU.
This is accomplished in a straightforward manner DA without requiring explicitly
formulated assumptions and variations with varitygses of models such as in linear and

nonlinear regression models.

As pointed out in Cooper, Seiford and Tone (20@BA has also been used to supply new
insights into activities (and entities) that havevpously been evaluated by other methods. For
instance, studies of benchmarking practices MdBA have identified numerous sources of
inefficiency in some of the most profitable firmsfirms that had served as benchmarks by
reference to this (profitability) criterion — anklig has provided a vehicle for identifying better
benchmarks in many applied studies. The main adgast of DEA are: (i) it allows the
simultaneous analysis of multiple outputs and mldtinputs, (ii) it does not require an explicit a
priori determination of a production function, Yiefficiency is measured relative to the highest
observed performance rather than against some gevemaideal and (iv) it does not require

information on prices.

In many recent papersffieiency techniques are used and applied ffemdint fields. HEiciency
has been applied not just to measuificiency itself but also for other purposes like cdiya
utilization (Vestergaard et al., 2002; Pascoe .e2801a,b), risk analysis (Herrero, 2004a,b), etc.
This efficiency technique has both advantages asatldantages relative to parametrfficient
frontier techniques such as the stochastic frordigproach. As indicated earlier, the main
advantage is thaDEA allows technical and scaldfigiency estimations without specifying a
functional form, while being able to handle a npl#iinput- multiple output production process
in a primal context without requiring any infornation input/output prices. On the other hand,
it is important to state that the disadvantagehefDEA technique is that it does not allow for
deviations from theféicient frontier to be a function of random error. Agh,DEA can produce
results that are sensitive to outliers, model dpation, and data errors, meaning that the major
disadvantage dDEA s that they are susceptible to the influenceutfiers.
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In DEA, there are two measures of efficiency wiitfiedent characteristics; radial and non radial.
Historically, the radial models, represented by @@R model (Charnes et al., 1978), was the
first DEA model, while the non-radial models are thare asymmetric measure (1975), Fare-
Lovell measure (1978), Zieschang (1984) and the SBddel (slacks-based measure by Tone,
2001). In the input-oriented case, the CCR dealslshavith proportionate reduction of input
resources. For example, ifRMU has two inputs, this model aims at obtaining theximum
rate of reduction with the same proportion, i.eadial contraction in the two inputs that can
produce the current outputs. In contrast, the m@oiat models put aside the assumption of
proportionate contraction in inputs and aim at g the maximum rate of reduction in inputs

that may discard varying proportions of the originaut resources.

However, recent literature has silenced “this dineefrain”, as Lovell (2000) defines it. In
particular, Simar and Wilson (1998, 1999a, 2000)neea statistical model which allows for the
determination of the statistical properties of tloam-parametric estimators in the multi-input and
multi-output case. The important practical implicatof their findings is that statistical inference
is possible. Hence, non-parametric methods to mmeadticiency would still have all their
advantages, but would somehow allow for randomrerfhis possibility is opened up by
bootstrap (Efron, 1979) a computer-intensive tegiiessentially based on the basic idea of
approximating the unknown statistic’'s sampling rhsttion of interest by extensively
resampling from an original sample, and then usimgysimulated sampling distribution to make
population inferences. It is worth mentioning tistdchasticDEA models (Land et al., 1993;
Olesen and Petersen, 1995) also allow random Hestaes to be incorporated in the input and

output data as a measure of its productive effayen

The term ‘productive efficiency’ is commonly usea describe the level of performance of a
production unit in terms of its utilization of inpuesources in generating outputs. Koopmans
(1951) defined technical efficiency as a feasiblgut/output vector where it is technologically

impossible to increase any output without simultarsty reducing another output i.e. Pareto

Improvement. This analogy holds for a reductioramy input or both a reduction in any input
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and an increase in any output. Farrell (1957) destnated that a production unit ‘overall
efficiency’ is composed of two separate efficiemogasures called ‘technical efficiency’ and
‘allocative efficiency’. Farrell measured technicatefficiency as the maximum equi-
proportional reduction in all inputs consistenthwitquivalent production of observed output. A
Farrell efficient unit however, may not be Koopmafigcient since even after Farrell efficiency
is achieved, there may exist additional slack uhviidual inputs. Allocative efficiency is based
on cost considerations namely input prices. The tfpefficiency measured depends on the data
availability and appropriate behavioural assumgiovhen only quantities are available,
technical efficiency can be calculated but whenhbquantities and prices are available,
economic efficiency can be calculated and decontbos#o technical and allocative

components.

The DEA Techniques

DEA has proven to be a popular technique for perfoomaanalysis in general and in the
agricultural sector in particular. In this regarthe agricultural sector has a series of
characteristics that make it particularly suitafde study throughDEA: its multiple-input and
multiple-output nature, the irregularity of its wipoutput relationships, and the non-physical
nature of some resources and products. Broadlykspgathe DEA technique defines an
efficiency measure of a production unit by its piosi relative to the frontier of the best
performance established mathematically by the rativeighted sum of outputs to weighted
sum of inputs. The estimated frontier of the bemtfiggmance is also referred to as efficient
frontier or envelopment surface. The frontier af thest performance characterizes the efficiency
of production units and identifies inefficiencieasked on known levels of attainment. Thus, a
production unit attains 100% efficiency only whensi not found to be inefficient in using the

inputs to generate the output when compared witaraelevant production units.

» Basic DEA Models- the primal approach
DEA begins with a relatively simple fractional prograimg formulation. Assume that there are

J DMUs to be evaluated. Each consumes different amoudntsnputs and produceR different
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outputs, i.eDMU; consumes;; amounts of input to produceg gmounts of output. It is assumed
that these inputsg; and outputsy;;, are non-negative, and eabMU has at least one positive
input and output value and that each input and ututp used by at least oi@MU. The
productivity of aDMU can be written as:

R
DU

h =t — 2)

] |
Dvix,
i=1

Whereh refers to the efficiency,is theDMU under studyy; the amounts of input consumed by
DMU; to producey; amounts of output. In this formulation,andv are the weights (shadow
prices in economic terms) assigned to each inpuwt eatput. By using mathematical
programming techniques, DEA optimally assigns theigims subject to respectively two
constraints, namely:

1- The weights for eacBDMU are assigned subject to the constraint that ner@MU has
efficiency greater than 1 if it uses the same wisigimplying that efficienDMUs will have a
ratio value of 1.

2- The derived weightsi andv are not negative.

The CCR model oDMUy is given by:

R
Zur yrk

maxh, =5

T Yy
i=1

St

R

DU _

= <10j0J ®3)

2,

i=1

u, =0,0r0R

v, 20,001

This is a simple presentation of baBIEA model. According to Denizer, et. al. (2000), Clean

Cooper and Rhodes (1978) employed the optimizatiethod of mathematical programming to
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generalize the Farrel (1957) single-output/inputhiecal-efficiency measure to multiple-
output/multiple-input case. The characteristic leé Charnes, Cooper and Rhod€ER) ratio
model is the reduction of the multiple-output/mplé-input situation for eacBMU to a single
virtual output and a single virtual input ratio.i¥matio provides a measure of efficiency for a
given DMU, which is a function of multipliers. The objective to find the largest sum of
weighted outputs oDMUy, while keeping the sum of its weighted inputs e unit value,
thereby forcing the ratio of the weighted outputhe weighted input for anpMU to be less
than one.

R
maxh, :Zu, Vi
Ur oM r=1

S.t.

R |
duy, =>yx <0,0j0J
r=1 i=1

|
D vix =1
i=1
u >0,0r0R
v, 20,0i01

(4)

The CCRmodel is also known as the constant return tceseeddel, and it identifies inefficient
units regardless of their scale size. In @@R models, both technical and scale inefficiency are
present. Banker, Charnes and Cooper (1984) takeaotount the effect of returns to scale
within the group ofDMUs to be analysed. The purpose here is to point leinost efficient
scale size for eacBMU and at the same time to identify its technicaicefhcy. To do so, the

Banker, Charnes and Cood®&CC) model introduces another restriction (i.e. retumscale) to

the envelopment requirements and with this the tcains i/lj =1 is adjoined to the CCR models

j=1
thus making it to be a BCC one. This model requihas the reference point on the production
function for DMUy will be a convex combination of the observed &fi¢t DMUs. The BCC
model, known as variable returns to scale modekggthe technical efficiency @MUs under

investigation without any scale effect.
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In addition, it is possible to use models that mevnput-oriented or output-oriented projections
for both CCR (constant returns to scale) aB&C (variable returns to scale) envelopment. An
input-oriented model attempts to maximize the propoal decrease in input variables while
remaining within the envelopment space. On the rothend, an output-oriented model
maximizes the proportional increase in the outpatiables, while remaining within the
envelopment space. In order to simplify expositioput space would be focussed on, however,
the concepts described for the input space traesf&ty to the output space. The linear program
for calculating the technicalfféciency in the input requirement space is illusttaire Model 5
below. A Shephard’s input-distance function considey how much the input vector may be
proportionally contracted with the output vectotdhixed. The input distance function may be
defined on the input seL(y), as:Di(x, y) = max {p : (X/ p O L(y) } wherep is the scalar
“distance” by which the input vector can be deftiatend the input set L(y) represents the set of

all input vectorsx O R, which can produce the output vectof,\R", That is,L(y) = {x OR. :

x can produce}. The Farrell efficiency measure is the inversehef Ehephard input distance
function @ -1/ p. The Farrell efficiency measure f&MUy is computed by the following linear
program:

Min 8,
@A)

J
> Ay, 2y, 0OrdR
j=L

J
DA% <gx .00l (5)
j=1

J

ZAj =1

j=1

A =0,00J

Here, bk is the efficiency levelThe linear program is solved once for each obsenvat=1,...,J

to compute theféiciency for that observation.
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» Basic DEA Models- the dual approach
One important characteristics of DEA is its dualsias represented by the dual program of the
original linear program. This links the efficieneyaluation with the economic interpretation.
Whenever Linear ProgrammirfP) problem is solved, then two problems are implcsiblved:
the primal resource allocation problem, and thd desource valuation problem. The study of
duality is very important iLP. Knowledge of duality allows one to develop inaea insight
into LP solution interpretation. Also, when solving theatlaof any problem, one simultaneously
solves the primal (Mc Carl and Spreen, 2002). Thuslity is an alternative way of solvirgd®
problems. For example, the dual of model (4) isespnted below:

R
maxh =) uy, +y
r=1

UYLy

R |
Duy > yx+y<00j0J
r=1

i=1

Y, =1 ©

u >0,0r0R

v.20,0i01
The dual in (6) is specified for\@RStechnology, and the variablesandy; in this dual model
represent the weights thBXtMUy “assigns” to each one of its inputs and outputsthed its
efficiency will be maximized. If the primal probleitmasJ+1 variables and+R+1 resource
constraints, the dual problem will hameR+1 variables and+1 constraints. Dual variables can
be interpreted as the marginal value of each cain$s resources. These dual variables are
usually called shadow prices and seek to find @& method of the shadow prices needed to
maximize the shadow profits of the farm under tbhastraint that no other farm could get a

positive profit with these vector prices.
2.4. Basics of FDH
The Data Envelopment Analysis (DEA) approach isstasn a linear combination of input and

outputs in order to specify the efficiency frontig€€onvexity of the set of input-output

combinations is assumed since this method constraot envelope around the observed
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combinations. Among the different non-parametricthrods the Free Disposal Hul[FDH)
technique imposes the fewest restrictions and $ avenodel which was originally designed as an
alternative tdEA models.

Free Disposable Hull (FDH) is a well-known empitiGpproximation of the production
possibility set, which is based on minimal assuorgiconcerning the properties of the true but
unobservable production set. In contrast to theufgspDEA model, FDH is not restricted to
convex technology but only compares evaluated DMUsthers by rejecting both additivity and
divisibility assumptions of the production possiilset. This is particularly convenient since it
is frequently difficult to find a good theoreticat empirical justification for convexity(see e.g.
Cherchye et al, 2000). Since production technokgi® not always known, inefficiencies must
be measured relative to some cost or productiantier’ which is estimated from the data.
Thus, measurements of inefficiency are really messaf the deviations of costs or input usage
away from some minimal levels found in the datdeatthan from any true technologically-
based minima. The differences among techniquedfauthe efficiency literature largely reflect

differing maintained assumptions used in estimatir@gfrontiers.

The major assumptions of FDH technology can beesspted as follows. First: for each
observed DMU Kk, the output-input space can be tparéd into four quadrants as it is drawn in
figure 9. The more efficient region pools all thespible situations which produce more than
DMU k with less inputs together. Alternatively, thess efficient region groups together all the
circumstances where the outputs are lower withdrighputs. The two last indeterminate zones
contain all the states where no dominated relatipnsan be concluded for DMU. second: all

the observed firms are considered to be feasibte assumed to belong to the production
possibility set. Therefore some DMUs can be inrttoge or less efficient regions of other DMUs

(see figure 10). Here, we see that ‘a’, ‘c’, andrépresents the efficient DMUs in the sense that

no other DMU dominate them while ‘b’ and ‘d’ repees$ the inefficient ones as they are

! The convexity assumption has often been questitreeduse the divisibility of inputs and outputs aat always possible
especially in agriculture.
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dominated by some of the efficient ones. For examjl and ‘c’ belong to the more efficient

region of b.
Output 1 E //
y i /
L ?
More efficient region 1 -~ /
] kc ------------------------
// | Less efficient region
// i
Xk Inpul >

X

Figure 9: Dominance regions for an evaluated DMU

Third: for the illustrative case of one output amke input (see figure 11), FDH production set
adds to (figure 10) the free disposability assuarmptf outputs and inputs which states that an
increase in inputs never result in a decrease ipubsl (input wastes are feasible), and that any
reduction in outputs remains producible with thensaamount of inputs (anyone with the
possibility of producing more will have the capépilof producing less). The FDH production
set is then defined as the union of the less efitciegion of each observed DMU while the FDH
frontier is the boundary of this set. Observatidais ‘c’, and ‘e’ are efficient because they
belong to the FDH frontier while observations ‘bida‘d’ are inefficient and belong to the

interior of the production set. A typical FDH fréetis given by the staircase-shaped line “ace”.
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Figure 10: Efficiency comparisons among observed.I3M

Therefore, the efficient frontier represents thestnmnovative firms (role models) which
produce a given level of output with a minimum amoof inputs (alternatively we can see
DMUs onto the frontier as producing a maximum lesEbutput given an input basket). Thus
affirming that the best observed practices makes RBH technology. Any firm below the
frontier is allocated to inefficiency (the resowsdeere are wasted because the firm is inefficient)
and it has to reach the frontier in order to bentbefficient hence it belongs to a zone called the
feasible region.
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Figure 11: The production frontier of a stronglgmbsable FDH model

As introduced by Deprins et al. (1984), their maontribution was to relax the convexity
assumption of DEA models. As such, tRBH model was initially presented as a variable
returns to scaléVRS) DEAmodel in which activity variables were binary (&e] 2006). It
follows a stepwise approach to construct the efficy frontier. Comparing the two approaches
the DEA method tends to assign fewer efficiency thanRbél method does.

Deprins, Simar and Tulkens (1984) suggested thee Besposal Hull(FDH) as a new
deterministic and non-parametric reference techgofor the evaluation of technical efficiency.
Compared to other existing methods, the FDH requmaimal assumptions with respect to the
production technology. For example, it does noum&gconvexity as opposed to the popular
Data Envelopment Analysi®EA) models. Convexity is assumed in most economic tsaufe
production, but there is some debate in the liteeahs regards the validity of this assumption. In
fact, assuming convexity implies that some retorsdale characteristics of a production set
cannot be modelled. For example, convexity of RRS excludes the possibility of modelling

globally IRS or alternate behaviours of increasing and deargasturns at different volumes
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(Bogetoft et al.2000). In situations where commeditare not continuously visible, the
assumption of convexity also does not apply. Thenmeasons for assuming the convexity of a
technologyT are, on the one hand, the neoclassical assumpitidiminishing marginal rates of
substitution and on the other hand, the fact tl@ivexity is a necessary assumption for
establishing the duality between input-output satsl cost-revenue functions (Kuosmanen,
2003). In order to model situations where the caityeof the PPSis not deemed appropriate,

some nonconvex production possibilities have besmldped.

A production unit is technically efficient if it pduces the maximum output which is technically
feasible for given inputs, or uses minimal inputsthe production of a given level of output. In

other words, technical or productive efficiencyaoproduction unit is defined in terms of the

ability of the unit to produce on the boundary ¢ production set. Consequently, any
methodology for evaluating technical efficiency uggs the complete specification of the

production possibility set as well as some cono¢plistance to relate the observed input-output
combinations to the boundary of the specified ke best known nonconvex technological set
that only satisfies free disposability of inputglautputs is free disposal hgfEDH), which was

first introduced by Deprins et al. (1984). TRESof this technology is defined as:
J J J
TFOH (x,y):{(x,y)|z/11yw > yforallry Ax =xforalliy) ] =14 O{ O} foall j} (7)
j=1 j=1 j=1

The particularity of a technology defined B{P" is that it rests only on the assumption of free
disposability of inputs and outputs. The nonconmeture of T'°" is expressed in the binary
constraints associated with thevalues. An interesting characteristicTof" is the fact that the
efficient subset of the production frontier is ctitoased by observed®MUs only, namely, the
nondominatedDMUs. This makesFDH a useful method to be applied for benchmarking
purposes. As pointed out by Bogetoft et al. (200@), “fictitious production possibilities,
generated as convex combinations of those actualigerved, are less convincing as
benchmarks, or reference DMUs, than actually oleskeproduction possibilities.” This is shown

in the Mixed Integer Program below:
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Min
(am,»)ek

J

DAY, =2y, OrdR

j=1

J -

> A% <4 x%.0i01 (8)
i=L

J
2A =1
j=1
A 0{0,3 Gi0OJ
Here,0y is the efficiency level and the Mixed Integer mang can be solved to compute the FDH

efficiency scores.
2.5. Cost efficiency frontier measures

Following all that have been hinted as regards odlogies employed in efficiency analysis, it
is important to answer the following questions. Wisacost efficiency and in what ways can it
be explained? Of what importance is it as regaslproduction system? It is crucial to state that
getting the most output from the least inputs ateduced cost of production (Cook and
Hunsaker, 2001, p. 23), is one of the simplestnitedns of cost efficiency. This therefore helps
a great deal in assessing the gap between théonsers. Efficiency has been represented as a
degree of success that producers achieve by atlgctite available inputs and the outputs they
produce, in order to achieve their desired goalsnfghakar and Lovell, 2000, p 15). In this
thesis, the analysis of cost efficiency was basedhe activity analysis model developed by
Koopmans (1951) who noted that a producer is saidet technically inefficient when it can
produce the same amount of output with less cfatlone input, or can use the same package of
inputs to produce more of at least one output. Teignition establishes a twofold orientation
(output augmenting and input reducing) of the té&incomponent of economic efficiency
which explains efficiency through an input and aitperspective, by considering it (efficiency)

in technical, allocative and economic terms.
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Interestingly, there exists no such distinctionNmen definitions (as described in subsection 2.1)
and measures of economic efficiency. Describingrardsuring economic efficiency require the
specification of an economic objective and inforimraton relevant prices. If the objective of a
production unit (or the objective assigned to itthg analyst) is cost minimization as retained in
this thesis, then the measure of cost efficiencgrvided by the gap between the minimum
feasible cost and the actual cost. This measurenispon input prices. It attains a maximum
value of unity if the producer is cost efficienhdaa value less than unity shows the degree of
cost inefficiency. A measure of input-allocativdi@éncy is obtained residually as the ratio of

the measure of cost efficiency to the input-oridnteeasure of technical efficiency. Suppose that

producers face input prices=(w,...,w )0 R, and seek to minimize cost. Then a minimum cost
frontier is defined asc(y,vxb:minx[V\Tx: D(y >)2]}. If the input setsL(y) are closed and

convex, and if inputs are freely disposable, th& émntier is dual to the input distance function

in the sense of the minimum cost frontier describbdve. A measure of cost efficienCE is
therefore provided by the ratio of minimum costactual cost:CE(x yy W=y W/ W . A
measure of input-allocative efficiendykE is obtained as\E(x yW=CE xy W TH y). It

should be noted tha€CE(x y, w and its two components are bounded above by uaity,

CE(x y, W=TE (y, Xx AE( x Y W.
oy W = MinY” wX

XA

J

> Ay, 2y, 0rOR

j=1

J -

Z/W <x,0i01  (9)
j=1

J

YA =1

j=1

A, 20,00J

In view of the above program, cost efficiency igiraated due to the fact that this input

perspective is suitable for cost minimization goathsl production, where output is assumed a
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fixed category with the possibility of having vamgiinputs. Therefore from the input-orientated
perspective, cost frontier measures showed thatyabil French crop producers to produce a
given output with the smallest quantity of inputaogt especially a minimized quantity of

pesticide input) possible given the production tetbgy with a minimized cost.
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Figure 12: Cost frontier of a strongly disposabEADmodel and the FDH

Figure 12 reflects some intuitions for the graphiepresentation of both DEA and FDH models
for the case of one output. Observations 1, J, Kknd M are FDH efficient. Observatidhis
inefficient. A typical cost frontier is given by éhstaircase-shaped line IJKLM. In contrast, a
typical DEA cost frontier is depicted using the liad line IJKM. The implication of the
convexity assumption is thus revealed with obseaat which is efficient relative to the FDH
cost frontier and found to be inefficient relatiteethe convex combination of K and M on the
DEA model. Using the cost-efficiency measure, iicefht observations are projected onto an
orthant spanned by a single efficient producer wh& weakly dominating in both cost and
outputs. For example in Figure 12, the inefficiebhservatiorP is dominated by K and L as well
as byQ, which is itself inefficient. ObservatioR is projected onto poinP' situated on the
orthant spanned by K, which is one of the domimptibservations. This single producer can

therefore be interpreted to function as a role rhmtethe inefficient unit. In DEA, typically no
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such unique role model is available. Inefficiense@lvations are projected onto a fictitious linear
combination of efficient observations. For exampleservatiorP is projected to poir®", which
is a linear combination of observations J and K1 view of this, the number of efficient

observations on FDH is typically larger than on DEA
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3. Extension of the Basic models applied

Indeed, in order to assess and compare the productist frontiers, both the non-parametric
frontier [originally developed by Koopmans (195I)daBaumol (1958)] and the Stochastic
frontier approaches needs to be adopted. Theselsraplgly a frontier approach, where the cost
frontier obtained represents the best practicen@olgy among French crop producers in the
sample, against which the cost efficiency of thkeotcrop producers within the sample is
measured.

3.1. The Robust Approach

The main disadvantage of the non parametric appesacs that they have the possibility of
producing results that are sensitive to outliersdeh specification, and data errors, meaning that
their major disadvantage is that they are susdepitibthe influence of outliers which can easily
bias the results, this however echoes a messaggutibusness. To this regard, this thesis limits
the influence of these outliers with the use obbustDEA andFDH methodologies based on
robust optimization approach to overcome the dateedainty thus improving the results’
quality. The implementation of the robust appropobposed by Bertsimas and Sim (2004) for
DEA methods is a new linear programming problem witichld be solved very easily. On the
other hand, the implementation of a robust apprdach-DH methods as devised by Cazals,

Florens and Simar (2002) is utilized in this thesis

The original Non parametric frontier AnalygISEA or FDH) assumes the input—output vectors
that are measured with full accuracy while, prailyc almost always there are some
perturbations in the input/output data. In a surstyy on some benchmark problems, Ben-Tal
and Nemirovski (2000) showed that a small pertuobain the data could lead to infeasible
solutions for some benchmark optimization problefiserefore, the results of the efficiency
estimation and ranking could be unreliable in maages especially when the efficiency of a
particular firm is close to that of another. Th@muld motivate using a robust model to achieve
more reliable results. Robust optimization devetbfrem studies by Ben-Tal and Nemirovski
(2000), Bertsimas and Sim (2006) and Bertsimash&aanova, and Sim (2004). To measure
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the relative efficiency of the French farms, a remapnetric technique that has proven useful in a
number of other sectors and applicatiohspplied. Applied empirical work on efficiencydan
productivity measurement of individual firms is alyg confronted with the sensitivity of the
results to the different approaches and assumptidresefore, to present the most robust image,
different nonparametric model specifications areedus This employs a nonparametric
envelopment method that involves the use of lingagramming methods to construct a
nonparametric piecewise linear surface or frordier the data and measures the efficiency for a
given unit relative to the boundary of the conveX bf the input output vectors.

Monte-Carlo simulation to alleviate the effects different sample sizes (sample sizes or
technology employed; more or less pesticide use)

Monte Carlo-type approach limits the size of largamples to the size of smaller samples in
order to derive average sample efficiencies thatcamparable across samples. Their approach
is used in comparing efficiency scores derived gosups of crops, where the samples differ
substantially in size and types of crop producezhd®m sub-samples (without replacement) are
drawn from the larger data set of the farms undeeovation. By using a sufficiently large
number of replications and averaging over the testlie expected efficiency for larger samples
is obtained. In this way, the sample size effentsnfefficiency differences across groups are
separated. Thus, to deal with the fact that differeodels are estimated using different numbers
of parameters, it is always possible to adjust miuenber of observations in the samples

accordingly.

3.2. Controlling for heterogeneous production in costctions through Hamming
Distance

In farming systems, it is well known that outputxes influence the technological process and

consequently the cost. Therefore, it is esserdighke into account the production heterogeneity

among DMUs to compare similar farming systems.hi@ previous model (9), the first set of

constraints relative to the R productions ensuat the minimal cost is computed for a given

output partition. Unfortunately, empirical estintats based on farm account data cannot be
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driven by output quantity data about each detatlexp and are generally based on a global
aggregated output value (at worst) or with soméeht output values for a few types of main
crops (for the best). Nevertheless, it is easi@oltect statistical information concerning utilidze

surfaces for each specific crop which are highlyelated to the output mixes and the total cost.

Hence, farm crop-mixes can be appropriately desdrthrough their own crop surface partition.

To deal with that conclusion, a relevant way ofingkcare of the detailed crop mixes is
borrowed from fuzzy set theory. The Hamming diseati¢aufmann 1975) is able to measure the
closeness between two farms a and b belongingetdetthnology based on their specific crop
surface structure. This Hamming distance HD isudated by the sum of absolute deviations
between two vectors defined on crop surface pamtitFor example, the HD between DMUs p
and g gives:

HD(p. )= >[5, — §

reR

Wheres is the share of crop surface r in total surface.

If p and g are characterized by totally differendpc surface structures, HD gets a value of 2
otherwise when all crop surface shares are eduatains the minimal value of 0. Between this
interval of variation, HD has a straightforward eomic interpretation: for instance, a HD value

of 0.2 means that in comparing q to p, 10% of itdaces occur in different crops. Thus, by

introducing the total crop incomle= Zerr instead of the R output constraints and introducing

rerR

linear constraints as regards crop surface partdizd the HD value, the previous cost model (9)
can therefore be adapted in order to control foerdegeneous production of the production plans

included in the technology as shown below.
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min C =Y \C,
nS .S / ]
jed

SN =1,

jed

ZZ)‘i L ZZer

reR jed reR

j;)‘jl-r,jzl'rk +S+—$,V re F (10)
YIS +$)<HD | |

reR reR

doa=1

jed

A >0,%j €d

S,$>0vreR

It is also important to note th&t, andS, are positive slack variables that measure therdifice in
the output profiles between the evaluated DMU k #redoptimal DMU for each of the R land

categories. Therefore the quant@ S +9S )/Z |, represents the value (X: S, — %‘ in

reR reR reR

the HD definition.

3.3. Cost function estimation and reference set defingi

Traditionally, the technology defined in (1) is dde evaluate cost efficiency of all DMUs in an
Activity Analysis Framework. Following Ruggiero’pproach (1998), we depart from this usual

framework by redefining the technology given a ledfepesticide per h®U as:

T(PU)={(x,y)| xcan producey giveRU} (11)

wherePU denotes the degree of intensification which isadtuthe ratio of pesticide per ha.
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Two technologies are defined based on more orilgsasive use of pesticide. By denoting the
T"PY (PU) for more or equally pesticide use theb) and T “"Y (PU) the technology using

less or equally pesticide use tHald, they are respectively defined by:

TY(PU) :{(x,y):Z/L Y, 2Y, ORI A % < x00 1A =14 2003 J, andPy < PL}(lZ)
i

i j0d
THY(PU) :{(X,y);Z/]I y, 2y, OMRYA % < x0D0 1D =14 2001 J, andPy 2 PL} (13)
jm 03 o3

The definitions of “more or equally agriculturaltersive” and “more or equally agricultural
intensive” are now cleafT """ (PU) contains observed DMUs in the reference set usiog
pesticide per ha than a given level of pesticide per haPU while T *"Y (PU) contains only
the observed DMUs that has an equal or higher cdtpeesticides per ha th&u.

The cost model

Formally, the production costs are equal C=w x' where the superscript T denotes a

transposed vector. Thanks to the previous defmsti@l2) and (13), two minimum costs can
therefore be defined, respectivey,, and C,,,,. For a DMU k with a production levi(y"),

the minimum costs involve solving the two followingpdels:

rI]CIL?u Ciru [\]??I::U Ciry
YAV =¥ VrER DAY =Y VreR
jed jed
> NG <Gy > MG <Gy
j€d (14) 19 (15)
> A =0if 3PU; > PU, > A =0if PU, <PU,
jed jed
Z)‘i =1 Z)‘J =1
jed jed
A >0 ed A >0¥j€d
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The gap between the two minimal co§ls,, andC,,, based on their respective programs (14)

and (15) is evaluated and can as$é3d technology as a more cost-competitive practicen¢dy
thanHPU for any evaluated farm k. The novelty of this noetblogy which aims to compare
two different technologies consists to define vasisubsets of DMUs used in the reference

subsets with respect to the evaluated producer& t# pesticide use.

Here it's worth to note that these models allowif@fficiencies in production (for any producer,
observed cost could be higher than optimal costhef benchmarkd.PU or HPU). These

inefficiencies could depend on many specific reasas pedo-climatic conditions or farmers’
risk attitudes. Nevertheless, these individual fioighcy scores are not considered in this
research but rather kept more focus on the gapdestwhe two cost frontiers which are not

affected by any of these potential inefficiencygmeters since two minimal costs are compared.

Most innovations introduced in the farming sectorthe past few decades have included the
introduction of special class of factors of prodictsuch as the damage control inputs. Profound
examples of this kind of inputs in the farming sedhclude pesticides, weedicides, windbreaks,
sprinklers for frost protection, immunization andibiotics in feedlots etc. Unlike conventional
factors of production (i.e., land, labor, capitahese special class of inputs do not increase
farm’s potential output directly since their digfiive feature lies in their ability to reduce the
negative effect of the damage agents caused dithrarnatural or human causes. In this line, a
considerable amount of empirical work has been @elvan recent years on the quantitative
analysis of the distinct role of conventional arainéige control inputs on farm production. The
first who have dealt explicitly with the appropgagpecification of damage control inputs in farm
production models and the subsequent measuremetheaf marginal productivities were
Headley (1968) and Campbell (1976). Using a sinmpé¢hodological approach they concluded
that pesticides have been under applied in a deas¢heir marginal product exceeded marginal

factor cost.

72

© 2013 Tous droits réservés. http://doc.univ-lille1 fr



Thése de Oluwaseun Ojo, Lille 1, 2013

However, as noted several years later by Lichtepbad Zilberman (1986), (HereaftéZ) the
marginal productivities produced by Headley (1988) Campbell (1976) model specification,
were biased as they did not account for the intirete of damage control inputs in the
production process. Unlike with Headley (1968) abdmpbell (1976),LZ suggested that
conventional and damage control inputs should éated asymmetrically. They put forward the
fact that the contribution of damage control inpiat$arm production may be better appreciated
by conceiving realized output as a combinatiorwaf tomponents: first, the maximum quantity
of farm produce that is attainable from any chosemventional input combination and, second
the losses in farm production due to the actiordamaging agents that are present in the
environment like insects, weeds, bacteria etc.ddressing this issue, they introduced into the
traditional production function model an output t@maent or kill function capturing the
abatement effort by damage control agents. Subsdguthey measured marginal productivity
of damage control inputs according to their abitiyreduce crop damage and not to increase

directly farm output.

In view of the afore mentioned and starting from ttamage control model initially proposed by
LZ and more recently developed in a more generajpaoametric context by Kuosmanen, Pemsl|
and Wesseler (2006)he production technology that differentiates corimmnal inputs (land,
fertilizer, seeds, etc) from damage control inppésticides) can be defined by linking the
maximal potential outputs obtainable from direqiuts takes into consideration potential losses

from pesticide use as follows:

f(y, x°,g(x"))=0withg(x*)J[ 0,}
andf (y*xX°,1)= 0
with x° vector of direct inputs as feriikr, seeds, labor,
xP damage control input such as pesticide

y* is the maximal potential outputs obtainable frdirect inputs when no pest attack happens or

when pesticide uses eradicate infestatiog$éx’) represents the damage control function

73

© 2013 Tous droits réservés. http://doc.univ-lille1 fr



Thése de Oluwaseun Ojo, Lille 1, 2013

modeled as a proportion of the pest populationrdgstl by the application of pesticide. It
measures pesticide effectiveness and possesseprdperties of a cumulative probability

distribution. A complete eradication of pest dansageassociated withg =1 while g=0

denotes zero elimination. Therefore, the abatemeefficients 0 can be introduced as:

0 :(yi LR J with 2 < 10r OR
R i

Based on the fact, that the farmer plans his piaeptoduction with the notion of using his
conventional inputs while not predicting the evehtfuture effects of pest attacks. It can
therefore be assumed that he minimizes his direst without taking pesticide uses and

abatement coefficients into consideration.

Focussing on the direct input technologwy, x°,g(x"))=0, a framework which characterizes
the technology of all feasible direct input andpaaitvectors can now be utilized:

TP :{(xD,y* ) OO0 *R:(xP) can producey }* (16)
Under a real circumstance, it is pretty difficudt dbtain the information pertaining to the true
cost model on a large sample sourced from farmuatadata since as it requires the knowledge
of y* and the observed damage abatement coeffidiite question is: is it possible to replace
y* in the models (14) and (15) by the observed ex-magput y without altering the

conclusions on the gaps between the two &% andLPU?

As it is argued in paper 3, the omission of pedéiaises in the estimation of the cost function is
always in favor of theHPU technology since pesticide applications incredse gbatement
coefficients without any additional direct cost. Mo, if theHPU best practices are less cost
efficient than thed.PU ones, a real cost dominance of ttfeU technology can be established.
This cost dominance actually originates from fastof direct cost inefficiency and does not
seem to be attributable to other causes such aarpestations and treatment cost. As a final

point, it is clear that the addition of this lasput to the direct cost will result to an amplifica
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in the gap between the two technologies sinB&JiHechnology consumes more pesticide per ha
than the IPU.
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4. Results and Analysis

In all the papers, database from two major Fremgadments were used and the methodological
approach which involve different levels of pesteidse were assessed to see the dominance
effect of one over the other. For each paper, nietlogical specifics were defined by model
selection, input orientation (global cost) and a&hle selection. The results and the analysis are
presented below in three separate sections statibgef presentation of the papers with an
emphasis on the results obtained thus providingwate information for the farmers and policy

makers alike.
4.1. Summary of Paper |

Could Society’s willingness to reduce pesticidehesaligned with Farmers’ economic self-
interest?

The cost frontier comparisons that favour a reduaest of pesticide constitute an
uncompromising interest, this is due to the faet farmers can be motivated to adopt practices
that are friendlier to the environment and which aimultaneously most efficient in terms of
cost. This constitutes the major content of Papehith entails the assessment of intensification
versus extensification of pesticide use in cropvdies. To this regard, a sample of 600 farms
were observed in the Meuse department over a 12pgrand, hence cost efficiency dominance
between technologies using non parametric costtium involving different pesticide levels
were assessed with the aid of a damage controt imadel. This paper checks to see if the
minimized cost of production (individual interedtthe farmer) is in coherence with pesticide
reduction per hectare (global benefit of the sggidiereby trying to know if a reduced use of
pesticide is a cost-competitive practice or nosuis show that in 80% of cases, more extensive
technology cost dominates the more intensive anadtition, the results expose the fact that the
interest of farmers and the policy makers couldveoge by attaining a win-win strategy.
Certainly, the benefit for the individual producer reduce his cost by approximately 25%

through the adoption of less intensive practicesldeto a reduction of pesticide per ha of about
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29% which is parallel to the ecological wishes ofisty. This totally agrees with conclusions
drawn by Jacquet et al. (2011) at the nationall lrecrop activities. They confirm that reducing
pesticide use by 30% could be possible withoutrga negative influence on farmers’ income
and that on average the intensive techniques afpdae less efficient than techniques using
smaller level of chemical inputs. On a final natdas therefore expedient to state that the cost
frontier comparisons with respect to practicingnfar of both intensive and extensive

technologies shows that the latter dominates thradoin terms of cost.

4.2. Summary of Paper I

The spread of pesticide practices among cost effidarmers

Paper Il analyses the spread of pesticide pracivithsrespect to crop production (wheat, barley
and rapeseed) in French agriculture. In view dof,thidouble step analysis was conducted with
the use of a non-parametric robust technology fitssenabling the selection of cost efficient
farms from a panel data of 650 farms over a 12 peaod located in the French department of
Meuse and second, a RFDH frontier analysis wasoniy on the selected cost efficient farms
from the first step thus revealing the units whitinimize the pesticide use per ha while
maintaining constant yields. As a sub-staged stepegression analysis was used in order to
describe the link between pesticide reductionsheetare and the time variations of yields. In
comparison to a traditional FDH methodology, thamésthis robust approach (the RFDH
framework) which ensures the reduction of the pidéreffect of outliers on the frontier
estimations. In the case of the robust FDH approache than 64% of observations are declared
cost efficient instead of only 55% for a FDH framtiin the first step. Thus, the comparisons
between the two benchmarks gives around 4% diféereri pesticide per ha reductions in the
second step. All the different total cost efficigmtactices among farmers were therefore
evaluated in terms of pesticide per ha and thermim uses were selected. The main results
conclude that the spread of pesticide use amongcoagpetitive farmers is still large since the
pesticide reductions per hectare could reach 24% eraverage, thus leading to a global value
of nearly 2,600€ which represents 7.4% of the dlobsat. In addition, with improved yield level,
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the within regression analysis clearly shows thateptial pesticide reductions decrease which
means that pesticide practices converge to theidéroover time. This therefore shows to a
greater extent that farmers have less flexibilityheir pesticide management as their yield level

increases.

4.3. Summary of Paper llI

Exploring cost dominance in direct inputs betweeghtand low pesticide use in French crop
farming systems by varying scale and output mix

Paper 1l deals with the framework which asses$eddost dominance between technologies
exogenously distinguished that favour less or npexsticide levels per ha. With the use of a non-
parametric activity Analysis model from a sample 7 crop farms in the Eure & Loir
Département observed in year 2008, direct costtimme excluding pesticide are estimated and
with the introduction of a robust approach frontire sensitivity to the influence of potential
outliers by the cost frontier is reduced. In viewtlis, two direct cost functions which are
characterized by a relatively lower or higher lewélpesticide per ha are compared. From a
methodological point of view, the novelty of thisidy dwells on several elements. First, based
on the fact that the selected criteria used irediffitiating the two technologies is the level of
pesticide per ha, then pesticide input was nottece@ndogenously. With respect to this, the
definition of the technology is therefore mainlyncentrated on the inputs which affect outputs
directly. Therefore, the direct cost includes expemes on land, fertilizer, labor, capital and
other intermediate inputs but excludes pesticids. ®econd, farms with big surfaces specialized
in cash crops are focused on instead of commondrfixening systems (crops and livestock)
with relatively small crop surfaces. Third, compeé&iness of technologies in terms of cost is
established for different crop-mixes at severakelgewf size as an alternative to evaluating
observed farms. This enhances the possibility giaeing the whole cost functions in their
respective scale and scope dimensions. Fourthdhasehe fact the level of pesticide use are
influenced significantly by crop mixes, so in ordercompare similar farming systems, it is

crucial to take into account surface partition amdmese crops. Surface partition gathers 25
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different crops in this case study. Hence, the ephmf Hamming Distance is explicitly

introduced in order to control the similarity obprmixes when including farms in the AAM and
lastly which is the fifth specificity, while non-pemetric cost function is estimated with the
intervention of an AAM which imposes very few as@fions on the production set, its main
weakness lies in the sensitivity of the measurpdiential presence of outliers. To attack this

problem, the cost model is therefore reformed &tobust frontier approach.

Empirically, the results show a total cost diffeserof 10% in support of (direct input) cost
competitive and environmental friendly practicesl an gap of 28% of pesticide use per ha
between the two technologies in favor of LPU. Fritv@ average observed use in pesticide leads
to 15.6% reduction. This cost dominance is a rolplnomenon and economically inspires
more environmentally friendly practices in terms ofop activities. Irrespective of the
differences , it is interesting to note that thisdings are consistent with the conclusions drawn
by Saint-Ges and Bergouignan (2009); BoussemarlguLand Ojo (2011), they hinted that in
order to improve the cost of production, it is pbkesto reduce the amount of pesticide use per
hectare without incurring any other significant gidtial costs. In view of the above simulations,
the result clearly affirms that agricultural praes using more pesticide per ha induces other
input substitution costs and are therefore not mowst competitive than practices that
encourages less pesticide use. Thus settling focudigiral practices that uses less pesticide
consequently results to a win-win strategy souifteth sound environmental friendliness at a
more competitive cost. This stands as a motivdatpr for policy makers and land users who

are willing to promote environmentally improved giees in developed countries.
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5. Conclusions

This thesis analysed the different performancerehé&h crop farmers irost efficiency terms,
and evaluated the potential impact of a reduced afsgesticide in strengthening their
competitiveness. The results obtained in the twgores (Eure&Loir and Meuse) indicated that
substantial cost efficiencymprovements are possible on the farms analyseddbas the
condition that the farmers can opt for a technoltiiggt motivates environmental friendliness
rather than opting for the one that creates enwmental burden. These two samples which
utilized different years as well as different crojp systems are used in testing the results
robustness and paper | shows that French crop pecslthave the potential for an approx. 25%
decrease in cost if farmers can improve their inpahagement thus leading to an approx. 29%
decrease in pesticide per ha which correlates tiéh ecological wishes of the society. In
addition, paper Il considers the spread of pesticise among cost efficient farmers only and the
result shows that the pesticide reduction per hecatauld attain 24% on the average which
connote that the spread of pesticide usage amaosigcompetitive farmers is still large. This
percentage results to a global value of approX0@E6wvhich represents 7.4% of the global cost
and may be particular to various types of costceffit farmers. Moreover, it is also indicated
from the result that potential pesticide reductiaieerease with improved level of yields as
revealed by the within regression analysis. Theaidy shows that as yields are being increased,
farmers tend to have less flexibility in their uskpesticides. Lastly in paper lll, instead of
evaluating observed farms, competitiveness of telcigies in terms of cost is simulated for
different crop-mixes and several levels of sizeisTdllows the exploration of the whole cost
functions in their respective scale and scope daioes. This study reveals a total cost
difference of 10% in support of (direct input) casimpetitive and environmental friendly
practices and a gap of 28% of pesticide use pé&ehaeen the two technologies in favorLéfU

while on the average, observed use in pesticid¥sleal5.6% reduction.

In view of the above, a distinction between someupgs of farmers who are practicing an

extensive use of pesticide as opposed to the intepse is made in this thesis, thus suggesting
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that the extensive one which entails a reducedgidstuse and which is at the same time more
cost competitive should be promoted. The findinige &y to see how the conflict between the
individual interest of the farmers and the ecolagiwishes of the society can be resolved. In
response to this conflict, this finding is therefaery noteworthy since the results clearly reveal
that the interest of farmers and the policy makeoald converge by achieving a win-win
strategy. The purpose of this thesis which concewveluating the differences in pesticide
practices in order to assess the potential redudfgesticide use is achieved by aligning and
selecting the farmers with their respective bestiices. Thanks to a Non Parametric frontier
model which is used to assess the cost frontierpanisons between extensive and intensive
technology. Hence, the methodological originalifytids thesis is the cost dominance analysis
between less pesticide uses versus more pestisiglavhich is done by defining the dynamic
reference sets relative to the evaluated farm. Tdreytherefore totally in convergence with
previous researches using different methodologisals and other data in various European
regions, thus seems to be a relatively generaloowtc To this regard, this will update ongoing
efforts to stimulate upstream policy interventidosreduce hazardous pesticide exposures for

vulnerable farmers, thereby motivating sustainghifi crop production.

Policy support for improving the managerial capaaind knowledge capacity of farmers
through gradual implementation of a technology #habscribes to the school of thought of a
reduced use of pesticide should be encouragedelthesupporting the competence and
capability of farmers to produce under a healthg sound environmental condition. This is so
because it is pertinent to note that the problenfaofers’ health should be of interest to
policymakers when considering the economic andcieficy of pesticides in agricultural

production. The results gotten in this thesis argved from the present technology of farms
under study which ensures its likelihood by embrgd¢he observed practices with low pesticide
uses. This will enable the farmers and the soaéke to opt for a win-win strategy. Therefore,
the aim of 50% rate of reduction may be realizainleten years time only with some

technological advancement.
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6. Contribution of the thesis

A cost efficiency analysis that offers the potentmapact of a reduced pesticide use on the
improvement of the French crop production sectould/de beneficial in both an empirical and
theoretical context for policy-makers, the actongaged in crop production and the national
level of the French Economy. This thesis represantisst attempt to evaluate the spread of
pesticide practices among cost efficient farmeis this helps in order to reveal the units which
minimize the pesticide use per ha while maintaintogstant yield. This thus helps to know
whether cost efficiency studies can be used as exkiibt for goal achievement in crop
production and can initiate corrective actions wheritical points and opportunities for policy
actions are identified most especially in respéeguicultural sustainability. In economic terms,
cost efficiency is analyzed here in combinationhvdtnon parametric robust technology used in
reducing the significant influence of outliers tetbarest minimum. This combination is rare in

important literature that concerns farm efficiemtygrop production.

The damage control input introduced in the costet®tbr more or less intensive pesticide use
in both Papers | and Ill has rarely been used pusly to explain cost efficiency. Infact, the
different crop mixes and scale orientation distisgad with the concept of Hamming Distance
added more spices to paper Il in the sense tlatstres the comparison of different groups of
farms and thus helping to characterize their pegtiase as it affects their direct cost of
production. Paper Il makes a practical contributignconducting a double step analysis based
on RFDH technology which considers the potential presericautliers and uses a Monte Carlo
simulation to prevent the possibility of comparadarm to an outlier. As such, this result builds
up the managerial behavior of farmers on a suffityedetailed level and can be of use when
discussing ways to strengthen their managerialagpahll three papers relate to specific farm
practices, thus making practical contributionsgoticy-makers and decision makers, for whom
crop productivity is of great importance. Farmersl Wwenefit by obtaining information on
whether or not they are required to minimize thsie of pesticide input which thus leaves them

more convinced rather than being confused on tiheenous advantages attached to settling for a
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reduced use of pesticide input. Last but not tlastleanother important improvement that is
made in the assessment of cost efficiency analysiee damage abatement factor (pesticide) and
thus distinguishing between inputs which affectpotitdirectly and inputs which reduce the
possibility of damages in crop production. In pap&rthe successful exclusion of this factor
from the direct cost function is used in distindping differences in pesticide usage in diverse

scale and scope dimensions.
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7. Fields for further research

This thesis attempts to explain the different pcast of French farmers in terms of their

pesticide usage with the aid of some non parameapproaches (such as FDH and DEA) and a
robust technology but it does not make use of Brmyping in its cost efficiency analysis.

However, policy design and implementation could B#sed on more extensive economic
research that examines the appropriateness of mesasising other economic analysis
approaches.

Generally, detailed data are still lacking on tlestgnfestation and also on impact of pesticides
on human health and the environment as hinted imgiftiel, 2009a. In view of this, this thesis is
silent as regards incorporating environmental dem in the model due to the fact that this
information is not provided in the dataset and leefusther research on the effects of related

measures on crop production is necessary shoudetetiata be provided in the future.

A focus in this thesis is kept on crop productiotydrom the input perspective. To make French
farming more industry-orientated as regards tramsitrom the farm to the national level then
analysis of the sector from the output orientatfoalso necessary so that the entire chain of crop
production is appraised. Lastly, the results goitethis thesis are derived from the farm level

and should be extended to national level for futes=arch.
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CHAPTER I
Could Society’s willingness to reduce pesticide use aligned
with Farmers’ economic self-interest?

(Paper I)

This paper is already published under this refeeenc

Boussemart, J.P., Leleu, H., Ojo, O., 2011. CouldoSiety’s willingness to reduce pesticide
use be aligned with Farmers’ economic self-intere®tEcological Economics, 70(10): 1797-
1804.

A previous version was edited in:
-Could Society’s willingness to reduce pesticide ade aligned with Farmers’ economic self-
interest? IESEG/LEM working paper n°2010-ECO-03

And was presented at these following conferences:

-Could Society’s willingness to reduce pesticide ade aligned with Farmers’ economic self-
interest? Communication aux 4émes journées INRA-SHE-CIRAD de recherches en
sciences sociales, Site AgroCampus Ouest, RenneK)%décembre 2010

-Could Society’s willingness to reduce pesticide ade aligned with Farmers’ economic self-
interest? The Xllith Congress of the European Assaation of Agricultural Economists,
Zurich, 30 August-2 September 2011
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Could Society’s willingness to reduce pesticide use aligned

with Farmers’ economic self-interest?

Abstract

In the context of approximately 50% reduction istpede treatment according to the agreement
of the “Grenelle de I'environnement” in France, th®in part of this study involves the

assessment of intensification or extensificatiorpesticide use in crop activities. This is done
with reference to its use per ha thereby helpingrtdfer a solution to the persistent questions of
farmers with regards to the use of inputs in aansified manner or otherwise. With respect to
this, a sample of 600 farms in the Meuse departmeast observed over a 12-year period. The
analysis is essentially to assess cost efficienoyidance between technologies using non
parametric cost-functions which involves differéexels of pesticide use per ha. Our empirical
application shows that less intensive processdgrmns of pesticide level per ha are a better
option not only for the society but also for thegucers who could significantly reduce their

costs in 80% of cases.

Keywords: agricultural intensification, agricultural extensdtion, pesticide reduction,

environmental performance, non parametric costifans

1. Introduction

Use of chemical inputs (such as pesticides) by éasndramatically increased in developed
countries from the beginning of the 1950s to thd &®80s. This increase was due to the cost
effective manner in which pesticides have enabled ymad to introduce new production

technologies, enhance productivity, improve prodgatlity, and reduce the use of more

expensive inputs. This allowed pesticide use tadmmpanied by numerous benefits. While on-
farm economics have justified the extent to whicktipeles have become part of agriculture in
industrialized countries, there are external cestsociated with their intensive use. However,

negative externalities from such use which inclddenage to agricultural land, fisheries, fauna
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and flora have increased too. Thus, the main prgatans embrace food safety, acute and
chronic toxicity to humans, changing pest dominaaoel environmental contamination from the
disruption of natural water, air and soil functiof@ethour and Weersink, 2003). In addition,
another major externality is the unintentional degton of beneficial predators of pests thus

increasing the virulence of many species of agical pests.

In this context, pesticides can be hazardous Jif #re not used appropriately. Hence, in order to
ensure that users receive the benefits and aregbedt from the risks associated with its
intensive use, pesticide should then be used iedaced manner. The main advantages of a
reduction in the use of pesticides include: (1) &&s for the farmer through (a) savings in
production cost, savings in energy (b) User-friemells, improvement in time and work
management, applicator safety. (2) Benefits for #mvironment through (a) improved
biodiversity, improved water quality, wildlife pmttion, protection of beneficial arthropods,
reduced packaging waste (b) facilitating the adwptof conservation agriculture practices,
representing an opportunity for more sustainabaifag methods. (3) Benefits for the consumer

through improved food quality, less mycotoxin (Waetcal, 2000).

The costs from the above cited externalities aigeland affect farmers’ returns on the long run
(land fertility, environment and health). Howevdgspite these high costs, farmers continue to
use pesticides in increasing quantities in a pkaswn as intensification (Wilson, 2000). This
could be partly due to the incentives given by ipel industries thereby encouraging the
farmers to use pesticide in an unsustainable maihigson, Tisdell, 2001; Vanloqueren, Baret,
2008). But more fundamentally, previous studieshsas Campbell (1976) and Carlson (1977),
found on average that the short run marginal rettonpesticide use were several times greater

than the marginal factor costs (Carrasco-Taub&0)l9

With such economical outcomes, the use of pesticiden unsustainable way would not fall in
line with the multiplication of initiatives for stanable development by businesses, farmers’
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union and public French authorities according te tecent “Grenelle de I'environnement”

agreements.

In view of this conflict of interests between indival farmers and society, this paper attempts to
find out if extensification is or is not a more aomically competitive practice than
intensification for crop activities in French agtittire. The reduction of pesticide use by farmers
is possible based on their individual interest dosd. In this paper we will also try to find out if
there is coherence between the economic interasedarmer in terms of cost decrease and the

global benefit of society in terms of pesticideuetion per hectare.

By developing an analytical framework based on nmarametric functions, some cost
estimations are therefore done empirically to assdése comparisons between different
technologies in terms of pesticide uses per haéoh evaluated farm. In the above mentioned
context, Agricultural IntensificationAl) or Agricultural Extensification AE) are respectively
defined as technical practices with higher levepesticide per ha and lower level of pesticide

per ha relative to each observed farm.

Pesticide use has been high on the political age@mdaany countries and many studies by
agronomists have been conducted to look into thesipiities and the consequences of a
reduction in its application. Most of these studme=re carried out with methods that are very
different from our approach. Indeed simulationseegperiments on agronomical data generally
assume constant returns to scale by retaining tbesgnargin per ha as the only economical
criteria which is solely considered at the fieldde As our approach is more from a managerial
perspective, we choose to use economical datassset the farm level. We analyse real and
observed crop activities and we select both théibemnsive and extensive practices in terms of
production costs. Then we determine which of thegebest practicesA| or AE) dominates the

other on the production cost criteria without angreri assumption about returns to scale. In
that perspective, the study made use of a panalldedted in a particular French department (la
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Meuse) which consists of 600 farms over a 12 yeaogd (1992-2003) producing wheat, barley

and rapeseed (including rapeseed for diester).

The rest of the paper therefore unfolds as folldvalowing this introduction, the next section
briefly provides some of the major effects of peddaeduction and discusses more precisely the
definitions of agricultural intensification or extgfication related to pesticide use. Section 3
presents the methodology to assess cost frontrepaosons betweeAE andAl while section 4

is devoted to empirical analysis, results and commaevhich identifies the variables and

provides the data information used in this studye Tinal section (5) concludes the paper.

2. Agricultural sustainability, pesticide use andadtst implications

The success of industrialised agriculture in recdatades has often masked significant
environmental and health externalities which hagenbwell documented (Wood et al., 2000),
but it is only recently that the scale of cost base to be appreciated through studies in China,
Germany, UK, the Philippines and the USA (Prettyalet 2000). With this in mind, intensive
forms of agriculture have been proven to causerseeavironmental damage, such as soll
erosion by water or wind (Deumlich et al., 20069]lygtion of ground and surface water by
pesticide as well as contributing to the deteriorabf natural habitats and losses in biodiversity
(Firbank, 2005). The central questions, thereféoeus on: (i) To what extent can farmers
increase food production by using low cost and ispu(ii) What impacts do such more
sustainable methods have on environmental goodssandces and the livelihoods of people

who rely on them?
Systems that are high in sustainability are makiregbest use of nature’s goods and services
whilst not damaging these assets (Li Wenhua, 20M@Neely and Scherr, 2001; Uphoff, 2002).

The aims are to: (i) integrate natural processed si$ nutrient cycling, nitrogen fixation, soil

regeneration and natural enemies of pests into fwoduction processes; (ii) minimize the use
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of non-renewable inputs that damage the environneenharm the health of farmers and

consumers.

In this context, maintenance of the agriculturabduction capacity of land resources is a
fundamental element in the discussion on the chofcagricultural strategy for land usage —
extensification, and/or intensification— (Bindrabanaé&, 2000). This choice is probably a
reflection of both biophysical (e.g., climate andevphand socio-economic (e.g., market pull and
access) factors (Erenstein et al., 2006).

Theoretically, it is important to give brief defilnins of extensification and intensification. More
significant use of agricultural land can take vasiolerms. A first dimension would be
extensification — increasing production by extendireggarea under cultivation while maintaining
or reducing aggregate input levels per unit aregeéond dimension would be intensification —
increasing production per unit area through motenisive production practices. It thereby
encompasses two distinct forms — land-use inteasific (i.e., increasing the frequency of
cropping per unit area) and technological intergiin (i.e., increasing capital and/or input use
per crop per unit area). Usually, practices wittv lamounts of external input uses per ha are
considered to cause less ecological damage (Gregaly 2002). Consequently in the context
of reducing pesticide uses, we refer our definitioih Agricultural Intensification Al) or
Agricultural ExtensificationAE) technologies as technical practices with a ned&ihigh or low

level of pesticide per ha.

It is important therefore to state that past insesain agricultural production have occurred as a
result of both extensification and intensificatiout there are more common problems associated
with crop intensification i.e. the excessive andppropriate use of fertilizers and pesticides. As

mentioned earlier, this problem contributes to die¢erioration of water quality, poses serious

negative effects on human health and the envirohraen it also leads to resistance of pests to
pesticides.
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Special attention is therefore paid to the phasingof these highly toxic pesticides and the
encouragement of using inputs in an efficientlytamsible manner. For several years in France,
public authorities and businesses have multipltegl ihitiatives for sustainable development.
This is due to the general belief that concerngrttensive use of pesticides and fertilizers which
has the possibility to disrupt or erode biodiversit natural habitats and ecosystem services that
surround agricultural areas especially when thepeits are used inappropriately. The most
spectacular measure is the inscription of thisasnable development in the Charter of the
environment since March 2005. This spurred the d¢frggjovernment into action and it therefore
recently established the National Council for Sustlale development (CNDD) and has invested
a lot in the “Grenelle de I'environnement”.

The purpose of the agreement is therefore to taite policy work that evaluates different
scenarios in order to reduce the dependency opargsystems to pesticides. This prompted the
government to set a target of reducing pestici@el us French Agriculture by 50% which should
be possible over the next ten years. Since 200&ralemeasures have already been taken by
including the prohibition of 30 products consideiibeing the most toxic, introducing a tax
depending on the toxicity of pesticides and subsidlor organic farming (Champeaux, 2006).

In fact, the existence of cost fificiencies €fer an opportunity to reduce input expenses without
reducing outputs. This concept is of particulareiast when related to possibilities of input
reductions or substitutions that may cause envieorial impacts, such as pesticide uses per
hectare of land. The farmers can be stimulatedioptaagricultural practices which are the most
efficient in terms of costs. These practices arenszessarily the most ecological technologies
that use less pesticide per ha, the choice willeddpon the relative input prices and the

possibilities of input substitutions.
With this in mind, this paper will therefore asséiss cost frontier comparisons with respect to
practicing farms in both intensive and extensivaht®logies. If the latter dominates the former

in terms of cost, theAE process has always attracted ecological interestalits environmental

arguments in reducing pollution; but because ofiitancial benefits, it is now an even more
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attractive option. Therefore, information on th@uh reducing capabilities of polluting inputs
such as pesticides is useful to elucidate the pitiisis of improving environmental performance

while maintaining output levels and decreasing potion cost (De Koeijer et al., 2002).

The paramount question now is: is pesticide redocteconomically feasible in French
agriculture? It is extremely obvious that an ineotr manner of pesticide application will
definitely have negative effects on both health #m environment. The costs from pesticide
pollution are high as a result of damage done tagural production from the proliferation of
pests and its impacts on other production procesisesnvironment and human health and that
is why the main objective of this research papeksdo assess if a less pesticide use per ha is a

cost competitive practice or not in crop activitigscomparing cost frontiers betweg&g andAl.

3. Cost efficiency assessment with the use of nonnpetréc cost functions

The firm’s performance has been estimated usingiraber of efficiency concepts including

production and cost. Cost efficiency is evaluateth weference to a cost function constructed
from the observations of all firms considered witlhe sample set. The cost function which
assumes the production cost of individual firmgependent on the price of inputs, the quantity
or value of outputs produced, and any other additioariables accounting for the environment
or particular circumstances. Cost efficiency estemahow far the production cost of an

individual firm differs from the production cost afbest practice firm operating under similar
conditions and producing the same output. It isvedras the distance an individual firm has

from the ‘optimal’ or ‘best practice’ firm existingn the cost frontier.
This hypothesized ‘best practice’ firm is definedthwnreference to all firms retained in the
sample set. Farrell (1957) originally introducedimple method of measuring firm’s specific

productive €iciency that employs the actual data of the evatlidiens to generate the

production frontier. Thus this method assumestth@performance of the modgfieient farmers
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can be used to define the benchmark. Transposiggntithe cost function context, if a farm lies
on the cost frontier, then it is perfectly coffi@ent but if it lies above the benchmark then it is
inefficient with the ratio of the actual to the potentrahimal cost that defines the level of cost
inefficiency of the individual firm. This approach yielselative measure as it assesses the cost
efficiency of a farm relative to all other farms in th@mple. Farrell argued that this is more
appropriate as it compares a farm’s performancé wie best performance actually achieved
rather than with some unattainable ideal.

Cost frontiers can be modelled, thanks to a NomrRatric Frontier Approach (NPFA) that can
be evaluated with an Activity Analysis FrameworkA®) originally developed by Koopmans
(1951) and Baumol (1958). AAF is a linear programgnibased technique for measuring relative
efficiency where the presence of multiple inputs artguis makes comparisondfittult. NPFA
has both advantages and disadvantages relativaremptric frontier techniques such as the
Stochastic Frontier Approach (SFA). The main adagetis that NPFA allows cosffieiency
estimations without specifying any functional fobmetween inputs and outputs. On the other
hand, it is important to state that the disadvantaighe NPFA technique is that it does not allow
for deviations from theféicient frontier to be a function of random error. #&ch, NPFA can
produce results that are sensitive to outliers, ehedecification and data errors. As a solution to
these drawbacks, an approach combining NPFA and B&&A recently been developed by
Kuosmanen and Kortelainen (2010). Their framewohictv is known as Stochastic Non smooth
Envelopment of Data (StoNED) encompasses semi-gr@nirontier model that mixes DEA
which satisfies monoticity and concavity with thEAShomoskedastic composite error term in a
two stage-method. While StoNED seems to be a vesgnigsing approach, up until today it has
been developed under the mono-output context. fraimework should prove useful in the

future since this approach would have also beesnebed to the multi-output setting.

The basic standpoint of relativéfieiency, as applied in NPFA, is to individually coanp a set
of Decision Making Units or DMUs (they representnfia in our context). NPFA constructs the

frontier and simultaneously calculates the distatoceéhat frontier for the (irféicient) farms
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above the cost-frontier. The frontier is piecewisear and is formed by tightly enveloping the
data points of the observed ‘best practice’ adgisiin the observations, that is the md§iceent
farms in the sample in terms of cost. NPFA usesdiB&ance to the frontier as a measure of
inefficiency. The measure provides a ratio-score for éach from 0% (best performance) to
x% meaning that the evaluated DMU would reducedts of x% to reach the cost frontier. For a

review of the NPFA techniques see Fare et al. (L6@ZFhanasoullis et al. (2008).

3.1.The input damage control technology
We follow the damage control model proposed by tanberg and Zilberman (1986) and by
Kuosmanen et al. (2006) to define the productiarhrielogy. In this approach, direct inputs
(land, fertilizer, seeds, etc.) and damage coitynlts such as pesticides are distinguished. In the
Lichtenberg and Zilberman specification, the cdmittion of pesticides to production differs
fundamentally from that of direct inputs. Pestisid#n not directly increase output yields but
they are used to limit potential losses caused d&ayafing agents such as insects, weeds or
bacteria. We therefore distinguish the maximal pud outputs obtainable from direct inputs

and the observed outputs, taking into account pialdasses which depend on pesticide use.

Let us consider thak DMUs or farms are observed and we denote the agsdcindex set by
ﬁ={1,...,K} . We also assume that DMUs face a production psoegth M outputs,N direct
inputs and one damage control input (pesticide).d&fine the respective index sets of outputs
and direct inputs a9t ={1....,M} and1={ 1.. N}. We denote byy =(y,....,, JOR" the

vector of observed output quantiticx® = (xlD , x,'i)D R' the vector of direct input quantities
and x" O R the damage control input (pesticide). Finw® = (wD V\/j)D R'and wwOR

AELLRE]

are respectively direct input and pesticide prices.

Lichtenberg and Zilberman (1986) characterize thedyction function (in a mono output

framework) as:
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y=F[x°,G(¥)] (1)
Where G(X") stands for the damage abatement function. It ideteal as a proportion of the pest

population killed by the application of pesticidk. measures pesticide effectiveness and
possesses the properties of a cumulative probadiktribution. A complete eradication of pest

damages is associated wih=1 while G =0 denoting O elimination. They also assume that

G(X) - 1lasxX - .

We keep the spirit of Lichtenberg and Zilberman8@) thus our model is developed in a multi-
output context. Therefore, we use the more gerfienadework of production set as developed by
Shephard (1953). The production possibility 829 of all feasible input and output vectors is
defined as follows:

PPS={(xD, X,y)d R (x®, X) can producq} 2
And the technology is supposed to obey the follgvarioms:
Al (0,x",000PPS(0, X,y)d PPS> y=0, that is, no free lunch;

A2 the se' A(x", X") :{(u, x",y)d PPSu< xD} of dominating observations is bounded

Ox° ORY, that is infinite outputs cannot be obtained fraiimite direct input vector;

A3: PPSis closed;

A4: for all(x®, x",y) OPPS, and all(u®, x”,v) O R¥™"™, we have

(x°,x7,=y) < (u®, x°,-v) = (U®, xX°,v) O PPS (free disposability of direct inputs and outputs):;

A5: PPSis convex.

3.2.Introducing AE and Al in the model
Traditionally, PPS in (2) is used to evaluate @tiency of all DMUs in an Activity Analysis
Framework. Following Ruggiero’s approach (1998), depart from this usual framework by

redefining the PPS given a level of pesticide @meas
PPY I)={(xD, X,y)0 R™M:(x®, X) can producy giver} (3)
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wherel denotes the degree of intensification which isaétputhe ratio of pesticide per ha.

We define two technologies based on more or leemsive use of pesticide. By denoting
PPS*( ) the PPS for more or equally agricultural extensind PPS" ( ) the PPS for more or

equally agricultural intensive, they are respedtyivdefined by:

PPSE( Dz{(xf’, Xy): DAYz yOrmom > A R*< K0 B0, > A*=14'2 00 K&, and f< }1 4)

kO]

PPS( D={(XD, Xy): D ANz O > A Rs R0 A0, A*=14*200 KR, and 2 }l (5)

kO]

The definitions of “more or equally agriculturaltersive” and “more or equally agricultural

intensive” are now clea PPS*( I) contains observed DMUs in the data set usingdesticide

per ha than a given level of intensificatibwhile PPS" () contains only the observed DMUs

that has an equal or higher ratio of pesticideshpahan.

3.3.The cost model
Formally, the production costs are equaC =w"(x")" + w” x”where the superscrifitdenotes

a transposed vector. Assuming identical pricesalbfarmers, observed costs can be directly
considered instead of the product of input pricd goantity vectors. This assumption implies
that farmers have the same market power which it guausible given their similar structure

and size within a homogenous geographical area.

Thanks to the previous definitions (4) and (5),ame now able to define the two minimum costs

including the direct input and pesticide costspeesively C,. and C,, . For a DMUo with a

production leve (y°) , the minimum costs involve solving the two follmgimodels:
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min C,e min C,

> Xy > Yo, Vmem SOAYE > yo Vme M
ker kegr

D ONC <Cye Y ONC<C,

ker (6) kegr (7)
SN =0ifA>1° YN =0ifA*<1®

kegf kef

doa=1 > X =1

ker kegr

N >0,vke & N >0,vke R

In line with Ruggiero (1998), model (6) explicittgstricts the comparison set to exclude DMUs
that face a higher level of pesticide per ha ti@nQMU o under analysis. A similar condition in

(7) excludes DMUs with a lower degree of intensifion.

The solutions to these models result in minimumtsc@,. and C,, for the evaluated DM

with an observed co€. Therefore[ —%

_Cu

and reflect the potential decreases in %

of C° when the evaluated DM reaches the minimum cost of the b&g& or Al practices,
respectively. For each* =0, DMU k forms a part of the optimal linear combioat which
minimizes cost of farne and can be considered as benchmark referentdinEae programs are

therefore solved once for each observation in ci@eompute its two minimal costs.

Comparing the two minimal costs,. andC,, based on their respective programs (6) and (7),

one can evaluate the gap between the two techmslagiorder to know iAE is a more cost-
competitive practice thaAl for the current evaluated farm o. The originabfyour approach is
to consider the various subsets of DMUs used irdéfaition of the production possibility sets
with respect to the evaluated producer’s levelnténsification. An exogenous choice of the

threshold of pesticide use practices could bedliffito justify and that is why we use a relative
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and endogenous degree of extensification (intexagi@in). With respect to their own degree of
intensification, the evaluated DMUs are comparenhtoe or less intensive DMUs. At this stage,
it is essential to highlight the fact that our mioakkows for inefficiencies in production (for any
DMU, observed cost could be higher than optimalt aisthe benchmark&E or Al). It is a
common knowledge that these inefficiencies coulpedd on many different factors and more
specifically farmers’ risk attitudes or climaticfefts. However, the gap between the two
technologies is not affected by any of these p@kimefficiency factors since we focus on the
comparison of two cost optimal benchmarks.

4. Empirical application: data, results and discussion

4.1.Data for Efficiency Analysis
A total of 600 farms were observed in the Meuseadepent between 1992 and 2003 forming an
unbalanced panel. We used a database of “Centreoddiie Rurale de La Meuse” which
assists farmers when auditing their accounts. Toueuts and four inputs were used to specify
the technology of the farms for a total of 7135eations. As the previous cropping plans are
not directly available, the technology opts for altimoutput cost function model in order to limit
the potential effects of crop rotations on pest ag@ment. Thus, the cost minimization models
allow potential substitution effects between cheahioputs and land but constrain the optimal
referents to produce the same (or more) quantitfigbe three retained outputs (wheat, barley
and rapeseed including rapeseed for diester) tharevaluated DMUs which are significantly
linked to the most frequent crop rotation obserw@tiin this geographical area. The outputs are

measured in quintals.
The production cost (evaluated in constant Eurashprises variable farm costs which are
linked to the physical process of crop growth sasHertilizer, seed and pesticide plus land cost

specifically dedicated to the three outputs. Landagse measured in hectares is the observed
surface weighted by a quality index of soil whidlieg a measure of effective hectares of land.
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This index is exogenously estimated thanks to awmil agronomical parameters available at the
micro-region level. The unit price of land was estted by the hired cost that the farmer paid to
the owner when the land was leased. As regardemed land, a fictitious price equal to the hire

cost of his leased land was used. The yearly aeelagd price over the sample was applied

uniformly to all the observations.

We omit the quasi fixed primary inputs (labour aagbital) for several reasons. Firstly, these two
inputs cannot be split among the different out@iégories (crops, milk, meat, other products) in
our data, they are only available at a global leVeerefore we cannot include them in our crop
production function without any clear and consehsallacation keys. Secondly, our main focus
is related to potential substitution effects betmvéad and most important inputs contributing to
environmental pollution caused by growing cash srepch as pesticides or fertilizers. Although
Piot-Lepetit et al. (1997) argue that manual anahaaical pest control can be considered as
substitutes to pesticides, we follow De Koeijerakt(2002) with a consideration that they are
secondary order effects. In fact mechanical weetiregnew practice and was not widely spread
among French farmers during the period (1992-20@8chanical costs are also linked to output
mixes and the farm size. As our cost minimizatioodeis constrain the optimal referents to
produce the same quantity of each output as thiaea DMUSs, this guarantees that the two
minimal costs are constantly evaluated for the santput quantities which are correlated to the

level of capital goods and surfaces.

Thirdly, two points can be mentioned regarding laboThere is no consensus among
agronomists as to the fact that pesticide reducdhoientally increases labour quantity in crop
supervision. Some low input strategies which cancbaracterized by a decrease in sowing
density or fertilizer application rate could hetplower yield loss resulting from the absence of
fungicide application. Thus, it seems that the préwve use of fungicides on high-yielding
wheat crops in the intensive cropping systems daheon Europe has obscured the fact that there

are other ways of controlling diseases (Loyce gt24108). Moreover, on French arable farms,
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family labour is generally not used to its full eaily and does not significantly affect the

operating cost given the farm’s cropping plan dreldultivated surface.

Finally, despite the fact that the increase ingoeer time is known, the sample does not contain
prices at the farm level for seed, fertilizer amdticides, but only costs per input category. If we
assume that all farms face identical input unit@sieach year (most inputs are procured within
the same regional markets where prices betweensfaliffer a little), we can use the two
previous minimum cost models (6) and (7) in thiplaation. The descriptive statistics showing

the different inputs and outputs of farms are preeskin table 1.

Table 1: Brief descriptive statistics of the dadar(od 1992-2003):

Mean CVv ROG (%)

Barley (quintals) 1096 0.988 3.71
Wheat (quintals) 2854 0.760 1.42
Rapeseed & diester

(quintals) 984 1.033 3.65
Surface (ha) 89 0.743 2.46
Cost (€) 43002 0.837 1.98
Pesticide per ha (€) 160 0.357 1.16

ROG: tendency rate of growth, CV: coefficient ofr\gion

Data reveals a rather low and stable spread fominats (the coefficients of variation are less
than one as well as the cost, surface and pestpedeha). In addition, barley and rapeseed
outputs increase at a higher level than wheat mtoatu It can be noticed that the growth rate of

cost is lower than the surface, hence the ratmoef per ha is decreasing.
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From figure 1, even though the standard deviatigmesticide per ha was relatively small during
the period, one can notice that the sampling distion can vary quite significantly depending
on the different years of the period. This revesime heterogeneity of pesticide uses among
farmers who can individually adopt some differerdgbices in order to respond to climatic or
other random effects. In such a context, it isqnadfle to estimate cost function year-by-year in
order to impose minimal assumptions with respedh&nature of annual technological shifts.
Therefore, thanks to the panel nature of the sanitpkepossible to define the previous different
possibility sets (4) and (5) separately for eachr yeetween 1992 to 2003.

Figure 1: Sampling distribution of pesticide cost p&
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a. Sampling distributions of pesticide cost per hadzeavn for the whole sample as well  for years 1992

and 1999 which present the annual lower and higtaerdard deviations respectively.

4.2. Results
Consequently the linear programming problems (@) @) given in the methodology section of
this paper are solved for each of the observatioregning that all farms observed at yeare
evaluated against two different annual technologiase is composed of less extensive DMUs
(AE) relative to the evaluated farm and the other mpmsed of more intensive DMUAI) also

relative to the current evaluated farm. Then farhegear, the two minimum costs are compared
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in order to select the best cost-practice for tr@uated farm. Annual cost analyses are presented

in table 2.
Table 2: Observed and minimum costs between AEA4nd

Year % of cases Observed Minimum Minimum Gap between

where AE  Cost (€) cost (€) for cost (€) for Al and AE

dominates AE Al (%)

Al

1992 80.48 30 982 25924 27 506 6.10
1993 73.01 26 761 21 089 23 244 10.22
1994 79.25 35 263 25983 30518 17.45
1995 85.81 49 683 34 490 42 363 22.82
1996 81.80 48 282 33835 42 273 24.94
1997 82.07 47 829 36 614 41 964 14.61
1998 88.14 51 220 38 624 46 055 19.24
1999 87.34 58 321 40 156 50 588 25.98
2000 79.90 54 803 36 708 46 119 25.64
2001 70.18 39 660 32 800 33 466 2.03
2002 73.21 37 282 30 846 33189 7.60
2003 77.53 33148 26 502 28 975 9.33
Total 80.03 43 002 32 065 37 385 16.59

AE = Agricultural Extensification ; Al = Agricultal Intensification

Table 2 clearly shows that extensification domisatgensification in terms of cost irrespective
of the annual context. Depending on the year, batw#% and 88% of farmers should operate
under a more relatively extensive technology thamee intensive one (cf. column 1). The mean
average of the total sample is around 80% of costilance in favour of thAE practices. The
minimized costs of production under the two techgms and their gaps are shown in the last
columns of table 2. Over the whole period, thera igositive gap between the two minimum

costs in favour oAE practices which varies from 2% to 26%, the meagrage of the gap is
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around 17%. Therefore from their actual practite, tost reductions would be 25.4% if the
farmers adopAE technology against 13.1% féd.

Where the results are presented in terms of codtgpénstead of global cost, tAd& dominance

is more spectacular. On average, the observedscd88 Euros per hectare while the costs of the
Al and AE frontiers are respectively 477 and 374 Euros petane. Hence, between the two
technologies, the difference is more than 104 E(@886). This confirms that the cost frontier

under an extensive scenario is below that of ansive scenario.

As shown in figure 2, the technology-gap variesdmms of Euros per ha between 49 Euros
(15%) and 161 Euros (40%) always in favourAdf according to the different years. Therefore,

in order to improve the cost of production, it ieferable to reduce the amount of pesticide use
per hectare.

Figure 2: Minimal cost per ha in € (sample mean)
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Now focusing our attention on pesticide uses peitl@n be noted that the potential reductions

of pesticide from the actual situations could red8bo (sample mean) if the farmers adopt the
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best extensive practices. This is reflected byrégB where the gaps between the observed
pesticide cost per ha and tAE minimal cost vary between 13% and 36% over thelevperiod,

thus resulting in a huge saving of pesticides.

Figure 3: Cost of pesticide per ha in € (samplenpea
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4.3.Discussion

The cost frontier comparisons with respect to peagy farms of both intensive and extensive
technologies shows that the latter dominates tihmdo in terms of cost. This is of particular
interest because farmers can be stimulated to asopé environmentally friendly practices
which are at the same time the most efficient inm&e of costs. However, the significant
technology-gap betweehE andAl lead us to wonder why intensive pesticide technigusill
chosen by some farmers. Risk aversion is ofterd @gan explanation. On the other hand, few
studies were able to precisely quantify this effatl no obvious conclusions can be stated
(Carpentier et al., 2005). Moreover in this apglma as mentioned earlier, the gap between the
two technologies is not affected by any of potdntiafficiency factors such as risk aversion
since we focus on the comparison of two optimalchemark costs. Other reasons may also be

mentioned such as the brakes that agri-supply tridasand farm consultants apply to the
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scattering of low pesticide or low input processEBis has been shown to be an important
barrier to the adoption of low pesticide technigiurethe case of French field crops (Barbier et
al., 2010). In the case of UK cereal farmers, Slaaemal. (2010) have examined pest control
strategies and they identified some other detemtsnaf technologies adopted to manage pests.
They found out that more recent farmers’ technaalgchoices may be path dependent on the
previous adopted technologies and linked to sooomemic constraints. More efficient practices
seem to be better adopted by young and full tiraeustfarmers as they require innovative skill
and greater managerial efforts.

Our results in the specific context of the Meuspaitament indicate cost savings of 25 % and a
29% reduction in pesticides which totally convergigh conclusions drawn by Jacquet et al.
(2011) at the national level for crop activitieorbining statistical data and expert knowledge
to describe low-input alternative techniques, tloaita are used in a mathematical programming
model to simulate the effects on land use, prodocind farmers’ income of achieving different
levels of pesticide reduction. They show that résy@esticide use by 30% could be possible
without reducing farmers’ income and that on avertig intensive techniques appear to be less

efficient than techniques using smaller level odrmiical inputs.

Although it is not easy to generalize them in comfidy with all European agriculture, all these
results established in French agriculture are astine with the case of Dutch sugar beet
growers (De Koeijer et al., 2002) where a positwgelation was found between managerial and
environmental efficiencies and thus highlightingbstantial potentialities to improve the
sustainability of arable farming by better managetmeéDespite the fact that numerous
influencing factors (site conditions, regional petioiatic factors, etc.) considerably impact the
environmental performance of farming (Pacini et 2003), the implementation of management
practices directly modifiable by the farmer (farmiagstem, crop rotation, tillage intensity,
chemical application, etc.) has a significant infeesion the efficient use of limited resources
and, accordingly, on the potential of environmeetadangerments.
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This means that existing management techniquescoacur with the principles of Good

Agricultural Practices (GAP). A GAP protocol camseas a reference tool for deciding at each
step in the production process (e.g. seed choaik peeparation, weed control), on practices
and/or outcomes that are environmentally sustagnairld socially acceptable, in order to
produce safe and high quality crops in an econdiyisastainable manner. The implementation
of GAP can help in opting for less hazardous atjucal technologies. Thus, sustainable
farming systems must obtain high yields while miizing environmental influence by using less
chemicals per ha such as pesticides, thereby egscost efficiency. To support this Gregory et
al. (2002) highlighted that environmental advantajidow external inputs systems may not
occur if their outcomes are expressed per unitroflgct rather than per unit area. Therefore,
new practices seek to minimize environmental impactd thereby increase the efficiency of
external input costs in crop activities since femrs, manures and pesticides remain
considerable challenges. Hence, the real challengeerefore to develop more productive, yet
more environmentally friendly production methodssséntially this means improving the

efficiency with which pesticides (and other inpusélould be used in a sustainable manner
(Gregory and Ingram, 2000) ensuring the potenfialomst reduction for farmers as stated in our

application.

5 Conclusion

This paper checks if the minimized cost of produttivhich is the individual interest of the
farmer is in convergence with pesticide reductier pectare thereby helping to know if
extensification is a cost-competitive practice ot.This was achieved by developing an activity
analysis framework to assess the cost frontier eoisns between extensive and intensive
technologies. It is therefore important to notet the methodological originality of this paper is
the cost dominance analysis betweinand AE which is done by a definition of dynamic

reference sets relative to the evaluated farm. Mareit is important to state that the results
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gotten in this paper are derived from the currethhology of farms, thereby ensuring its
feasibility.

Our results show that in 80% of cases, more extentchnology cost dominates the more
intensive one. In addition, the results clearlyeadvthat the interest of farmers and the policy
makers could converge by achieving a win-win sgatdéndeed, the benefit for the individual

producer to reduce his cost by approximately 25%udjh the adoption of less intensive
practices, leads to a reduction of pesticide peofr@bout 29% which is in coherence with the

ecological wishes of society.

Finally, in response to the question “Can societyilingness to reduce pesticide use be aligned
with farmers’ economic self-interest?” our answsecliearly “yes”. Obviously we can only draw
this conclusion based on the crop activity in theuSe department. However it appears to be
coherent to previous studies that pertain to oiiench and Dutch regions and thus seems to be

a relatively general outcome.
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CHAPTER Il

The spread of pesticide practices among cost efferit farmers
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The spread of pesticide practices among cost effecit farmers

Abstract

The purpose of this paper is to analyse the spoégzbsticide practices with respect to crop
production (wheat, barley and rapeseed) in Frergicuture. In line with the principles
associated with Good Agricultural Practices (GA&semphasized in the current EU legislation
on the sustainable use of chemical inputs, we at&lthe potential pesticide reductions for cost
efficient farmers. This is made possible by conishgcia double step analysis based on non-
parametric robust technology. First, from a parahaf 650 farms over a 12 year period located
in the French department of Meuse, we selecteddkeefficient farms thanks to a Robust Free
Disposal Hull (RFDH) technology. A second RFDH ftien analysis was run only on the
selected cost efficient farms thus enabling ugteal the units which minimize the pesticide use
per hectare while maintaining constant yields. &fae, all the different total cost efficient
practices among farmers were evaluated in ternpesticide per hectare and the minimum uses
were selected. Our main conclusion is that theigdst reductions per hectare for the cost
efficient farms could reach 24%.

Keywords: pesticide, cost-efficiency, agriculture, environtanperformance, Robust Free
Disposal Hull.

Word count: 7103
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1. Introduction

As a major provider of environmental services, @gture plays important roles in carbon
sequestration, flood control, groundwater rechasg#,conservation, biodiversity preservation,
open space, scenic vistas, isolation from congesand purifying water, soil and air. These
cover almost all ecological services provided byurse ecosystems, including provisioning
services, regulating services, supporting servares cultural services (Millennium Ecosystem
Assessment, 2003). Unfortunately, most are notgmized and are unremunerated. On the other
hand, unlike natural ecosystems that produce pesgcological services only, agro-ecosystems
also contribute to negative environmental extetieati greenhouse gas (GHG) emissions, soil
erosion, reduction in biodiversity, wildlife halitdestruction, less attractive rural landscapes
from specialized crop cultivation, nutrient andtpede runoff (World Bank, 2008; FAO, 2001).

From the economic point of view, the use of pedésiis based on three-legged supports of
efficiency in production: the increase in productidrerops, the increase in quality of production
and the reduction in agricultural labour and enexggenses (Newman, 1978). It is important to
note that over the last 60 years, farmers and goha&ve changed the way they produce food in
order to meet the expectations of consumers, gowvemis and more recently, food processors
and retailers. In doing so, they have made manygdsmto the way they farm, including the
intensive use of pesticides. This has been donecipsally in order to prevent or reduce
agricultural losses to pests, resulting in improyeeld and greater availability of food at a
reasonable price, all year round (Cooper and Dali2@®7). This belief is still widely shared by
farmers, although society, environmentalists, coreng and public health professionals
increasingly debate its serious social, environalesgid health impacts (Cole et al, 2000). It is
simply due to the fact that excess pesticide usedoa typical case of negative externality,
where one or more producers are the sources, andranore individuals are the receivers of the
externalities (Jeong and Forster, 2003; Travisi afigkamp, 2008). Irrespective of the
disadvantages attached to lots of pesticide udagmers continue to use it in an unsustainable

manner since their main individual target is howeduce their production cost without putting
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into consideration the interest of the society Wwhéntails the minimization of pesticide per

hectare.

Therefore in taking a decision as to the quantitg product to apply, normally a farmer makes
the evaluation in relation to the marginal produtfiand the private marginal cost of using it.
However, this may not be the best result from thespective of social and even individual well-
being in the long term, since the individual maagicost or marginal benefit may ignore effects
to human health and that of the ecosystems, asasdlie impacts of these on the health system
and on society as a whole. Hence, the marginal @oste use of pesticides by farmer, which
comprises items such as the price of raw matec@dt of labour of the person applying the
pesticide and the material used in the applicadimes not frequently include the damage done to
fauna and flora, to water and soil quality and marportantly to human health (Tietemberg,
2000).

Thus, in order to satisfy continued growth in fodelmand without further degrading the soil
fertility, it is advisable for farmers to pursuedaal objective: first to be cost competitive by
minimizing the production cost followed by enviroemal efficiency through a minimization in
the use of pesticide per hectare. The latter requan adequate use of capital to maintain soll
fertility and conserve the land while meeting praiiltty goals. This directly agrees with the
context of the agreement of about 50% reductiopesticide uses according to the accords du
“Grenelle de I'environnement” in France. More pssty, the objective of this research is to
evaluate the differences in pesticide practicesranfarmers in order to select the best practice
of pesticide use. This brings to mind that it isyvpossible for farmers to be totally cost effidien
with either more or less pesticide use, dependerthe substitution possibilities between land
and chemical inputs (pesticides, fertilizers).dtworthy of note to mention here that the less
intensive way in the use of pesticides is ofteatenal strategy when fficient land is available
but in contrast, its more intensive use is likelgen productive land is absolutely or relatively
scarce (Bassett, 2001). This corroborates thetiattalthough European farmers are constrained
by the European legislation, there are still sonaysmo reduce pesticide use thanks to Good

Agricultural Practices (GAPs) adoption.
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It is therefore now admitted that severe and l@rgit pressure exerted by government
regulations such as the current EU legislation lv& Directive 2009/128/EC as regards the
sustainable use of pesticide and the new regulgidh 1107/2009) represent a significant
incentive to reduce pollution. The European Comiois¢EC) is promoting low pesticide-input
farming in Member States and individual governmenmits be expected to create the necessary
conditions for farmers to implement Integrated P®kinagement (IPM). IPM relies on
minimizing pesticide use through the complemengtatgption of alternative methods to control
pests, diseases and weeds. Community-wide stanfieird®M are being developed and this will
become mandatory across the EU from 2014. The &ttrecEuropean Parliament in the short to
medium term is that the use of pesticides in fagnshmould follow a declining trend. The
percentage of land cultivated with reduced or |l@stgide-input cropping systems, sometimes
called integrated production, is therefore expedtteshcrease very significantly as noted by the
‘Thematic Strategy on the Sustainable Use of Rdsst (EC, 2010).

Much research has therefore been done on the enwinatal external costs of pesticide use in

Germany, the Netherlands, the Philippines, ItalgnEe, Denmark, the UK, the US and China

(Pretty, 2002). As there are no standard framewark$ methods for assessment, the results
cannot easily be compared. To analyse technolegiédscost efficiencies, a variety of alternative

methods have also been developed in the literamraddition to deterministic and stochastic

parametric frontiers, several non-parametric refeee technologies have been suggested,
including Data Envelopment Analysis (DEA) (see, étample, Charnes et al, 1978) and the
non-convex Free Disposal Hull (FDH) reference tetbgy introduced by Deprins et al (1984).

Not surprisingly, several recent studies have tisese methodologies to analyse the efficiencies
of different organizations (Daraio and Simar, 20@907a, b; Balaguer-Coll et al, 2007).
However, most of these researches have been basetther stochastic frontier approaches or
non-parametric methods such as DEA or FDH. Basedhenimportance of the underlying
reference technology, the purpose of this papér esdd to the evolving literature on pesticide
practices evaluation by studying the cost efficieatFrench farmers that produce wheat, barley

and rapeseed on 650 farms. This entails the uspapnél data from la Meuse (a French
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department) over a 12 year period (1992-2003). Bethporal and spatial dimensions of the
sample allow us to test the robustness of the érapiresults. In contrast to DEA framework,
our study gives priority to the Robust Free Dispd$all (RFDH) approach which presents the
advantage to compare an evaluated farmer to aobsalrved practice by relaxing the convexity
assumption of the production frontier.

In view of this, we conduct a double step analipsised on RFDH technology devised by Cazals,
Florens and Simar (2002). It is well known thatedgtinistic approaches like FDH or DEA are
very sensitive to outliers that may be selectededsrents for estimating efficiency. RFDH
considers the potential presence of outliers thaokslonte Carlo simulations which allow a
multiple comparison of a farm to a large numberamidomized referent sub-samples instead of a
single comparison to the whole sample as in thealuslDH approach. This prevents the
possibility of comparing a farm to an outlier. Tfieal efficiency score is estimated by the
average of the sub samples’ scores. In the fiegi, she cost efficient farms are selected using
this RFDH technology. In the second step, anotHeDIR frontier analysis is run but only on the
cost efficient farms that were selected from thst fstep, thus revealing the units that minimize
the pesticide use per hectare while maintainingstzor yields. Therefore, in terms of pesticide
use per hectare, all the different total cost &ffit practices among farmers are evaluated with
the best ones selected.

The remaining part of this paper is therefore oigahas follows. In the next section, we give
the methodology for RFDH and stating its relevatwehis paper while Section 3 details the
computation of cost efficiency measures for our ieicgd applications. Lastly, section 4

summarizes our conclusions.
2. The Robust Free Disposal Hull model

The methodology used in this paper is introducesl after the other. First we develop the FDH
cost frontier which aims at selecting the costogfit farms. Second the technical frontier which

selects the best practice of pesticide uses pdafgeamong cost efficient farms is revealed.
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Lastly, we state the RFDH framework which circumgetine sensitivity problem of the frontier
to outliers which is the main drawback of the ttiadial FDH.

2.1. The cost Free Disposable Hull (FDH) frontieraims at selecting the cost efficient

farms

Free Disposable Hull (FDH) is a well-known empitiGpproximation of the production
possibility set, which is based on minimal assuorgiconcerning the properties of the true but
unobservable production set. In contrast to theufgspDEA model, FDH is not restricted to
convex technology but only compares evaluated DNIDiscision Making Units) to others by
rejecting both additivity and divisibility assumptis of the production possibility set. This is
particularly convenient since it is frequently difflt to find a good theoretical or empirical

justification for convexity (see e.g. Cherchye et al, 2000).

Since production technologies are not always knamefficiencies must be measured relative to
some cost ‘frontier’ which is estimated from theadarhus, measurements of inefficiency are
really measures of the deviations of costs or iysatge away from some minimal levels found
in the data rather than from any true technolofyidadsed minima. The differences among
techniques found in the efficiency literature ldygeeflect differing maintained assumptions

used in estimating the frontiers.

Let us consider thak DMUs are observed and we denote the associatek isde by

&={1... K}. We also assume that DMUs face a production psovéth M outputs and\
inputs and we define the respective index sets aftputs and inputs as
M={1...,M} andd={ 1. N}wherey=(y,,...,y, )0 R' x=(x....,x, )0 R and

w=(wl,... : %)D R' are respectively the vector of output quantitieput quantities and input

prices. The production cost is equal C = wx where the superscript denotes a transposed

vector.

2 The convexity assumption has often been questitreeduse the divisibility of inputs and outputs ac¢ always possible
especially in agriculture.
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We begin by introducing the assumptions on the yocthdn possibility setRPS of all feasible
output vectors with a co&t and which is defined as follows:

PPS:{( C yO RY: ycan be produced at co#(l)

Now, we suppose that the technology obeys theviatig axioms of the FDH:

Al (0,0)0PPS, (0, y)d PPS> ¥ ( thatis, no free lunch or no production of oufput

without input(s);

A2 the se' A(C) ={(u, YO PPS & €& of dominating observations is bounded ICOR,

that is infinite outputs cannot be obtained frofinde cost level;

A3: PPSis closed;

A4: for all(C, y) O PPS, and al(u,v) O R™, we have(C,-y) < (u,-V) = (u YO PP<(free
disposability of input-cost and outputs). In worii$ costsC to producey then it is feasible to
produce less thayat the same level of coStor to produce an equal output amoyiat a higher
cost tharC. Intuitively, wastes are always feasible and smpcers can freely dispose of their
productions.

We now introduce the distance function to compheedfficiency scores as the distance to any
DMU in the PPS to the FDH frontier. We select gouitacost-oriented radial efficiency measure
defined by:

Doy (CY) = Min{60R: (5Cy)O PPE  (2)

The optimization program in (2) can be solved usalgrnative approaches. Traditionally,
following Deprins et al (1984), a Mixed-Integer Bram (MIP) is solved to compute FDH
efficiency scores. However we prefer to follow Agrand Tind (2001) and Leleu (2006) to
derive Linear Programs that will be used in solvi#y Indeed LP is much more efficient than

MIP to solve the optimization program in (2). Whi®H models are generally considered as
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non-convex models they could however be solved waditional LP solvers which also give a
dual economic interpretation to the FDH technologterms of shadow prices. Following Leleu

(2006), the input cost inefficiency for a DMUwith a production ple(C;, y;) is computed via

the following LP program:

T,'QJZ%W
st z[ Y- y]2z0 OnOMm, OKA
zG=hC OKIR
2 %=1
kOR
z.20 OkOR
h >0 OkOR

(3)

The optimal valued is smaller than unity for inefficient observatioasd equals one for

efficient ones. In the optimal activity vectdar only one DMU has a value of one, indicating the

cost efficient DMU or the best practice from whitte evaluated farm is compared. Therefore,

all evaluated DMUs with &  score of one are qualified to be cost efficierd are selected for

the second step used in evaluating the best peaafipesticide uses.

2.2. The technical FDH frontier: aims at selectinghe best practice of pesticide uses

among cost efficient farms

In the above first step we select the efficientfawhich minimize the cost of production for
their activity levels. Now we turn to the efficignm terms of pesticide utilization. Therefore we
consider an alternative technology which links otityields per hectare to the intensity level of

pesticide use per hectare.

In this second step, let us consider #ecost efficientDMUs for which we obtained an
efficiency score of one by solving program (3). Wav denote &' :{1,... ,K} as the index set

of cost efficient DMUs. In addition, we define tkechnology as a production process wth
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crop yields per hectare as outputs and one inpubesatio of pesticide per ha. We take up

1 M
M ={1...,M} again as the index set of output yielt(l—yjz((l—yj [l—yj JDRE" and

(I—p) OR, are respectively the vectors of output yields pmstére and the ratio of pesticide cost

per hectare. We adapt the above program (3) inrdaleselect the best practice frontier in

pesticide use for only the cost efficient farmsisthive have:

ming=>" h

Ao % KO/’

Z, (Ejk <h (l—p] OkO&' 4

2. %=1

kOg'

z,20 OkOR
h 20 OkOR&

The LP program (4) aims at minimizing the pesticite®® per hectare while maintaining or
increasing yields of outputs per hectare. Therefloeeefficient use of pesticides per hectare can

be evaluated by comparing all the spread of pégtigractices of only the cost competitive
farms. The optimal valu@ is equal to one for pesticide minimizers and islten than unity

for farms that could reduce their pesticide userisity. Again in the optimal activity vectoz,
only one DMU has a value of one, indicating thetipgte efficient DMU from which the

evaluated cost efficient farm is compared.
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2.3. Robust Free Disposal Hull Frontiers: aims at preveting the influence of
outliers

As stated above, with the usual input-oriented FdHevaluated production plan is compared to
all DMUs with higher outputs or the production plasing the lowest inputs. Therefore if an
outlier defines the reference technology, the catedl efficiency score can be biased and some
efficient farms could be probably not included tbe second step analysis. To prevent this
drawback, a selection of a large number of sub-gssrfpom the reference set which allows the
resampling and computation of the final score waseddt is estimated as the average of the
FDH scores computed over all the previous sub-sesnWith such an approach, the reference
set changes over the different samples and theiaeal DMU is not constantly benchmarked
against potential outliers which can be sometinrasod in the reference set. The final score can
be interpreted as the inefficiency measured conmipahato the expected level of cost needed to
reach the observed output level.

Following Dervaux et al (2009), we now describecitsnputational algorithm. First, for a given

evaluated production pléﬁj, yj), a random sample of size m with replacement ig/drBiom

the reference set which is defined by:
NCy)={(G. y): y < v, KO8} (5)
Afterwards, the FDH score relative to this sampléhen computed:
3.(C.,y,) =Min{3:(8C, y)OA(G, y)} (6)

The optimal valued,, is smaller than unity for inefficient observatioasd is equal or greater

than one for efficient ones since the evaluated DMtan be included or not in the random
sample. More explicitly, if an evaluated DMU isieint but is not a member of the sample, its

score is greater than one and can be consider'sder-efficient”.

Lastly, where B is the number of Monte-Carlo regiions, we repeat this for b = 1B,.

therefore our final score is computed as:
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SC)=2 XaCy) O

Thus, all evaluated DMUs witd(C,, y;) 21 are qualified to be cost efficient and are seficte

for the second step used in evaluating the bestipesof pesticide uses.

Referring again to the efficiency in terms of pese utilization, we reconsider the previous
alternative technology which links output yields pectare to the intensity level of pesticide use
per hectare and described in subsection 2.3. Qrtebhnology we repeat the RFDH approach
described earlier.

First, for a given cost efficient production pléﬁtj, yj)characterized by its vector of output
1 M
yields (l—yj = {(%’) (I—yj JD RY and its ratio of pesticide per hect{l—pj OR,arandom
i j j i

sample size m with replacement is drawn from tifierece set which is defined by:

o(2) () APLE, () wosf o

Afterwards, the FDH Score relative to this sampléhen computed

o((B) () el ) el )}

As before, we repeat this for b = B, therefore our final score is computed as

0 )s2(B @) e

@ is equal or greater than one for pesticide mininsiznd is smaller than unity for farms that

could reduce their pesticide use intensit' (1- ¢)%
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Under such a RFDH approach, two parameters ‘B’ (memof replications) and ‘m’ (size of the
sub-samples) are introduced to measure the eféigiatores. As it will be shown in our
application, the parameter ‘B’ does not seem tg plarucial role and its value has to be chosen
according to an acceptable time of computation. S¢wnd parameter ‘m’ plays a more decisive
function. One can note that if ‘m’ is tending tdimity, usual FDH scores are recovered since all
DMUs have a very high probability to be includedeach sub-sample and consequently each
firm is evaluated against all production plansha initial reference set. For any applied analysis,
a value of m has to be chosen. In fact, in mosliegippns the sub-sample size of potential
referents for each evaluated firm varies a lotn{frb to 624 in our data). With respect to our
application, we follow the approach inspired by erx et al (2009) opting for a relative value
as a percentage of the size of the dominant sulpleaimstead of a specified absolute value of
the parameter ‘m’. It guarantees the same propodfmbservations in each sub-sample used in

the ‘B’ replications independently of the size loé sub-sample.

Figure 1 illustrates the RFDH framework compareth®usual FDH model in the case of a cost
function with only one output. The broken line icaties the FDH frontier which is built with two
observations (a, b) and two outliers (c, d) iniyigiresent in the total reference set. Therefdie, a
other DMUs will be declared as cost inefficient aard excluded from the second step. Thanks
to the RFDH approach, DMU ‘z’ for instance, will bealuated as cost efficient. First, all the 12
production plans producing more or equal to farfmaiz considered as potential dominants.
Among them, B random sub-samples of relative sizarendrawn (for instance, if B = 100 and
m=0.75, 100 random subsamples of 9 observationstdegned). Then one hundred FDH scores
are calculated (one by sub-sample) and the fifalieicy measure is estimated as the mean of
all the scores. Typically, this average measutess influenced by the outlier ‘c’ than the usual
FDH score. Indeed, DMU c will not always be theereht of ‘z’ which therefore can obtain a
final average score greater or equal to one argldkalared as cost-efficient. Here it is important
to state that with a traditional FDH frontier, theesence of outliers tends to reduce the number
of cost efficient farms on which the pesticide refthn analysis has to be established in the
second step. In the same vein, the RFDH model gomison of step 2 aims at estimating the

cost reduction in terms of pesticide per hectarth i given level of yield. For any evaluated
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farm, this is robustly estimated compared to thédFaore which is largely influenced by the

presence of outliers.

Figure 1: Comparison of cost frontier estimatiobnwsen Robust Free Disposable Hull (RFDH)
and Free Disposable Hull (FDH) approaches:
an illustrative case with one output

FDH Frontier

Output 4

RFDH Frontier

Cost

Having this in mind, we conducted a two-step a@pion with the use of this RFDH approach in
order to characterize the farms with the best mactirstly, RFDH was run on all the data to
select the cost efficient farms in order to evautie spread of cost competitive pesticide
practices. As it was said before, it is possibleb# cost efficient with either more or less
pesticide use, depending on the flexibilities betvéand and chemical inputs. In a second step,
this framework was run again on only these cogtiefft farms. The gaps to the technical
frontier, which links best practices in pesticideeper hectare to the observed yields of output
per hectare, were then evaluated for each of threstaThese gaps consequently availed us the
opportunity to evaluate the potential reduction iodividual pesticide uses per hectare in

percentages and Euros.
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3. Computing cost efficiency measures for the empiridaapplications

3.1. Brief discussion about the data used

An unbalanced panel was formed from an observatibmround 650 farms in the Meuse
department from year 1992 to 2003. The technoloigyhe farm was specified using three
outputs and four inputs for a total of 7813 obstoves’. The outputs which are measured in
quintals include: Wheat, Barley and Rapeseed wihite inputs which comprises Fertilizer,
Seeds, and Pesticides are measured in constans Baw Surface pond (land) which is the

weighted surface by the land quality is measurduertares.

The descriptive statistics showing the differer@rarios of inputs and output vectors used in the
efficiency analysis are presented in table 1. Tlaérarop is wheat, it is more than twice higher
for barley output and more than three times foes@ed production. Nevertheless these last two
outputs increase faster. With respect to the ¢osgn be noted that it grows at the same rate
observed for land uses, therefore global expeneesigctare do not increase significantly. On
the other hand, the pesticide expenditure whichessmts 33% of the cost is increasing much

faster than the surface area hence resulting tmtansification in pesticide uses per hectare.

% Contrary to a balanced panel data where eachifofserved every year over the whole period, dralamced
panel is characterized by farms which can disappeappear during specific years. As a resulttobel number of
observations may vary according to the differemtryes it is shown in table 3.
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Table 1: Descriptive statistics of the sample dp&iod 1992-2003)

Mean CW ROG?

(%)
Wheat (quintals) 2891 0.783 1.4
Barley (quintals) 1114  1.014 3.6
Rapeseed (quintals) 854 1.078 2.3
Surface for the three outputs (hectares) 85.2 0.726 2.1
Cost (€£) 34742 0.826 2.3
Pesticide (€) 11523 0.905 3.7
Pesticide per hectare (€) 128 0.277 1.6

Wev = coefficient of variation is calculated by thivision of standard error and the mean of the
considered variable

@ROG = tendency rate of growth is estimated by adinregression between the considered variable
expressed in logarithm terms and the time

3.2.Results and discussion

3.2.1. First step analysis: RFDH technology used in sabgcthe cost efficient farms

Following the computational algorithm describedsirbsection 2.4, the first LP problem (3) is
solved for each of the observations to select ds efficient farms. The RFDH cost frontier is

defined year by year in order to take eventual atimor other contextual effects into account.

Table 2 presents the sensitivity of the resultsnfitie Monte-Carlo replications for different
values of ‘B’ and ‘m’ for only year 1992. It appsahat the number of replications ‘B’ does not
influence the results significantly and even witeraall number of replications, the selection of
cost efficient farms is a robust procedure. Thessfour application will limit B = 100. The
relative size of the sub-sample ‘m’ plays a monetra role. Including only 5% or 10 % of the

farms in the replicated sub-samples, the percentdgeost efficient farms is near 100%
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indicating that for each evaluated DMU the numbecamparisons is too small to find more
efficient farms with lower costs. By contrast, tR®OH specification (h=o00) reveals the
significant impact of outliers that decrease thehar of costs efficient farms to 55%. Although
there is no regular rate of m, 0.75 seems to beod trade-off between reducing the influence of
outliers (as in the FDH approach) and includingiigent number of production plans in the
sub-samples to guarantee a reasonable set of [gossibparisons among farms.

Table 2: Monte-Carlo replication results showing
the percentage of cost efficient farms for year2199

m= 0.05 01 025 05 075 1
(FDH)

B = 1000 986  96.7 859 717 645 591 54.8

500 986 968 855 719 645 595 54.8

100 984 965 855 712 C_6DL 585 54.8

50 987 965 854 719 639  59.6 54.8

In the first step, the selection of the cost edfitifarms is therefore conducted for B=100 and
m=0.75 over the whole period (1992-2003). The tesate presented in table 3. It shows a
selection of 4605 cost efficient farms out of aataif 7813 observations (approximately 59%).

This percentage does not vary too much over alptved with a minimum of 55% observed in

2001 and a maximum of 64% in 1992.
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Table 3: Selection of cost efficient farms from th&al observations for the first step analysis

with B= 100 replications and a relative size of teferent subsample m=75%

Year Total number of Number of Percentage of
observations  cost efficient efficient farms

farms
1992 629 403 64.1
1993 651 400 61.4
1994 661 389 58.9
1995 687 413 60.1
1996 664 407 61.3
1997 676 404 59.8
1998 672 378 56.3
1999 665 389 58.5
2000 655 371 56.6
2001 634 351 55.4
2002 620 353 56.9
2003 599 347 57.9
Total 7813 4605 58.9

For these cost efficient farms, the spread of pietiper hectare practices is illustrated by a
yearly box plot in figure 2. Over the period, thedran fluctuates between 102 and 136 euros
depending on yearly climatic conditions. The baetsh from the lower hinge (defined as the
25th percentile) to the upper hinge (the 75th paried is around 40 euros which is more than
33% of the mean of pesticide cost. The gap betweetower and upper adjacent values is quite
large (around 150 euros each year), thus reflettovg large the spread of cost efficient farmers
are in pesticide practices. This therefore revesthere exist some pesticide use flexibilities i
crop productions depending on the substitution ipdges between inputs, managerial skills of
producers, crop rotations and heterogeneous agpedo pesticide applications in response to

pest attacks.
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Figure 2: Spread of farmers’ pesticide cost petdrec
for the cost efficient farms selected in step 1
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3.2.2. Second step analysis: Pesticide minimization ferdbst efficient farms

The second LP problem (program (4)) is now solveddach of the previous selected cost
efficient farms in order to reveal the best pedécpractices. The technical frontier which links
the yields and pesticide cost per hectare is ad$oed year by year. In table 4 the RFDH results
are compared to the FDH ones. One can note thairdsence of outliers in the FDH approach
overestimates the potential of pesticide per heateduction between 2.7% and 7% depending

on the years.

Retaining the RFDH results, if all the cost effitidarms align with the best practices to the

frontier, one could reduce pesticide cost per mectath 24% at the sample mean and between
17% and 28% according to the different years. Alected in table 5, these percentages lead to
an average pesticide expense of 29€ per hectarehwheans a global value of pesticide

reduction of more than 2600€ per farmer. Thus, éhi®unt represents 7.4% of his production
cost.
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Table 4: Pesticide per hectare for the cost efficiarms: comparison between Free Disposable
Hull (FDH) and Robust Free Disposable Hull (RFDIg¥cfrontiers

Pesticide per hectarePesticide per hectare

Year reduction (%) reduction (%) % Difference
FDH RFDH FDH-FRDH
1992 34.8 27.7 7.1
1993 26.5 22.3 4.2
1994 27.9 23.5 4.4
1995 27.8 24.2 3.6
1996 28.4 24.2 4.2
1997 27.4 23.7 3.7
1998 26.2 22.1 4.1
1999 28.7 23.8 4.9
2000 20.3 17.5 2.8
2001 28.8 23.8 5.0
2002 26.9 23.0 3.9
2003 32.4 28.0 4.4
Total 28.0 23.6 4.2

'RFDH estimated with m=0.75 and B=100
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Table 5: Cost reductions in pesticides with the lgbl-ree Disposable Hull (RFDH) cost

estimation
Year Pesticide Value of % pesticide
reduction/hectare  pesticide reduction share
(€) reduction in total cost
(€)
1992 334 2922 9.2
1993 229 1489 5.7
1994 23.6 1708 6.0
1995 27.6 2 302 7.1
1996 29.5 2612 7.2
1997 29.6 2 865 7.1
1998 29.9 3233 7.4
1999 30.6 2830 7.2
2000 22.9 2 375 6.1
2001 32.2 3195 8.5
2002 30.1 3084 8.3
2003 324 3031 9.4
Total 28.7 2622 7.4

Table 6 gives us a more detailed analysis and skimatsiearly 18% of the total sample has good

pesticide practices in the sense that they aredowtinated by other DMUs, 39% of the total

sample could reduce pesticides between the ran@eantl 25 while 43% have the possibility to

reduce pesticide by more than 25%. The table bedawepresentative of the frequencies of the

different pesticide practices per hectare redustion

© 2013 Tous droits réservés.
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Table 6: Frequencies of farms for different clasdgsesticide per hectare reductions (%)

Year Class 1 Class 2 Class 3
no reduction from 0% to25%  Greater than  Total number

(0%) of reduction  25% of reduction  of farms
1992 10.4 35.7 53.8 403
1993 19.8 42.0 38.3 400
1994 20.8 33.9 45.2 389
1995 21.5 35.1 43.3 413
1996 16.2 40.0 43.7 407
1997 17.3 38.4 44.3 404
1998 15.3 46.3 38.4 378
1999 15.9 42.9 41.1 389
2000 22.1 52.0 25.9 371
2001 14.0 43.3 42.7 351
2002 23.2 35.1 41.6 353
2003 18.2 29.7 52.2 347
Total 17.9 39.5 42.6 4605

These frequencies are directly linked to the chiaremation of the above pesticide reductions
into classes as reflected in table 7, thus shoutsyg@ventual relationship with some structural
variables such as age, land size, labour quangityhpctare, degree of crop specialisation, and
ratio of subsidies on total turnover. Results digpt in this table do not show any clear
statistical differences among the three classgmtaEntial pesticide reductions and the variables.
To go beyond these one way statistical tests, wdsgt panel regression was run on pesticide
reductions and the above exogenous variables. rAthéoprevious statistical tests, no significant
relationships were found. These results seem taoied the pesticide reductions could concern

quite different types of farms and are not focusedpecific groups.
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Table 7: Characterization of pesticide reductiod @& link with some structural variables

Class 3

Variables Class 1 Class 2 Greater than  Average

no reduction from 0% t025% 25% of reduction total

(0%) of reduction

Age 43 43 44 44
Total Land Surface (hectare) 188 186 176 182
Total labour per hectate 0.013 0.013 0.013 0.013
Subsidies on total turnover (%) 20.8 21.5 21.1 21.2
Crop specialisation(%) 46.0 48.6 45.5 46.8
Wheat share on crop turnover 52.0 51.6 56.3 53.7
(%)
Barley share on crop turnover 20.6 20.7 194 20.1
(%)
Rapeseed share on crop 27.4 27.8 24.3 26.2

turnover (%)

In equivalent full time person per year and pertéiec

%Crops on total turnover

This average reduction of 24% in pesticide usdbenspecific context of the Meuse department
is in line with conclusions drawn by Jacquet ef{2011) at the national level for crop activities.
Mixing statistical data with expert knowledge tosdebe low-input alternative techniques, they
used a mathematical programming model to evallseetfects on land use, production and
farmers’ revenue of attaining different levels bemical reduction. They revealed the possibility
of diminishing pesticide by 30% while maintainifgetfarmers’ revenue thanks to a low yield
decrease. Beyond the fact that numerous conditfsitss, local pedo-climatic effects, etc.)
influence the environmental performance of farmiRgcini et al., 2003), management practices
directly adjustable by the farmer (farming systesmp rotation, tillage intensity, chemical
application, etc.) significantly impact the useliofited resources and, therefore the potential of
environmental threatening. This means that existiagt efficient management techniques in

conformity with the present national and/or Europégislations can concur more or less with
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the principles of Good Agricultural Practices (GA®pmoted by the European directives. Thus
among the different types of cost efficient agtictdl practices, sustainable farming systems
with low chemical inputs compared to more intengivactices are able to obtain comparable

yields while minimizing environmental influence bsing less pesticides per hectare.

However, this significant pesticide gap between dhferent agricultural practices leads us to
wonder why intensive pesticide technique is prefdisy some farmers. Infestation level is often
mentioned as an explanation. At this junction important to note two elements. First all farms
in the sample data are located in a homogenous-gedatic area and as such they receive the
same recommendations for pesticide treatments éyoital monitoring authorities. Second all
our results are evaluated only for the cost efficiarmers which are simultaneously technically
and allocatively efficient. If some producers avedlly infested, they would be excluded from
the final analysis thanks to the first selectioepsas they would probably appear technically
inefficient. Risk aversion is also mentioned astheo explanation. On one hand, few studies
were able to precisely quantify this effect andahwious conclusions can be stated (Carpentier
et al., 2005).

On the other hand in this application, as mentiosadier, the pesticide reduction possibilities
are estimated only for the cost efficient group &metefore risk averse farmers who would use
more pesticides (all things being equal) may alsadnsidered technically and/or allocatively
cost inefficient and would be excluded from theafiresults. Finally we have to mention that our
application infers that a lower cost of pesticislearrelated to a less toxic compound of pesticide
treatment. This is not always the case as new dangomponents considered more
environmentally friendly could be more expensivafdtunately, data concerning quantity and
toxicity of the different molecular components &exy rarely available at the farm accounting

data level.
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4. Conclusion

The purpose of this paper was to evaluate therdiffees in pesticide practices in order to assess
the potential reduction of pesticide use by aligniime farmers with their respective best
practices selected, thanks to a two-step RFDH i#orgpproach. The first step is a RFDH
analysis used as a filter to select all the cotieft farms. Then a second step runs a RFDH
technology on this reference subset to measurgdpebetween the observed cost of pesticide
per hectare and its optimal level while maintainigput yields.

Compared to a traditional FDH methodology, our RFD&mework allows us to reduce the
effect of potential outliers on the frontier esttioas. Thanks to this robust approach, more than
64% of observations are declared cost efficientear$ of only 55% for a FDH frontier in the
first step. In addition, the comparison between the benchmarks gives a difference of
pesticide per hectare reductions around 4% in ¢icersd step. Our main report concludes that
the spread of pesticide use among cost-competiimers of the French Department of la
Meuse is still large since the pesticide reductipas hectare could reach 24% on the average.
Although it is not easy to generalize it in confagmwith all European agriculture, this
conclusion established for our sample totally coges with results drawn by Jacquet et al.
(2011) at the National level for crop activitieshig pesticide reduction of 24% leads to a
reduction of nearly 2,600€ per farmer which repnése’.4% of his production cost and may
concern various types of cost efficient producdrhis department. Results show that in French
agriculture where pesticide expenses per hectdnigls there are still lots of improvements to be

achieved in terms of pesticide practices.
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This appendix comes from an earlier version ofgper and presents an econometric analysis of
the relationship between pesticide reductions aripdu yields over time.

APPENDIX
Relationship between pesticide reductions and outpields over time

We now focus on time variations of the three outyatds (vheatY, barleyY, rapesegdand
their respective effects on potential pesticideiotidns over the period. Therefore we emphasize
the results related to the following within proceslwr Least Square with Dummy Variable
Model (11). To control for size, crop specialisatiand climatic effects, we introduce the land
surface(SAU) the crop value share on total turnog@ropSpe)and annual dummy variablés,

the usual fixed individual effect is denoted ly) @nd allows the specificities of the farmer (such
as, structure of production whether specializedady his financial situation, amongst others) to
be put into consideration. The regression resuivsn in the table below.

pestred ha=/f, wheaf¥ 4 barley¥ = Brapeseed)y SA®  QepSy +9 t+ |1 (11)

With respect to table 8, it is clearly obvious thietld increases over time for wheat, barley and
rapeseed negatively affect potential pesticide cediis due to their respectively high level of
significance. The effects of a yield variation agsficide per ha reduction appears more ample
for rapeseed and wheat than for barley. Thesetsathdrefore conclude that as the farmers try to
improve their level of productivity or technical firmance, pesticide practices approach the
frontier of technical possibilities meaning thaeyhhave less flexibility in the management of
pesticide.
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Table showing the within model Regression Anal{&esults

Variable Coefficient Erreur Std P-value
wheatY -0.0038 0.0003 0.0000
barleyY -0.0019 0.0001 0.0000
rapeseed? -0.0054 0.0003 0.0000
SAU 0.0001 0.0001 0.1670
CropSpe 0.0886 0.0391 0.0240
dl -0.0005 0.0118 0.9670
d2 -0.0011 0.0112 0.9220
d3 -0.0383 0.0109 0.0000
d4 0.0157 0.0108 0.1440
d5 0.0648 0.0118 0.0000
dé 0.0255 0.0109 0.0190
d7 0.0391 0.0115 0.0010
ds 0.0622 0.0111 0.0000
d9 -0.0202 0.0111 0.0700
d10 -0.0264 0.0108 0.0150
dl1 -0.0064 0.0111 0.5640
_cons 0.6508 0.0303 0.0000

+ or - : sign of estimated coefficient
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CHAPTER IV
Exploring cost dominance in direct inputs between
high and low pesticide use in French crop farmingystems

by varying scale and output mix

(paper IlI)

Submitted to European Review of Agricultural Econonics. A first version is published as a
IESEG/LEM working paper n°2012-ECO 11 and was preseted at “6émes Journées de Recherches en
Sciences Sociales INRA-SFER-CIRAD” at Toulouse (1B4th December 2012).
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Exploring cost dominance in direct inputs between igh and low
pesticide use in French crop farming systems

by varying scale and output mix

Abstract

Policy makers as well as land users in developadhtces are willing to promote new
agricultural practices that are more environmeytéliendly. This can be possible notably
among several others by reducing chemical utiliratFor instance in France, the agreement of
the “Grenelle de I'environnement” encourages fasrier decrease pesticide use per ha about
50% over a period of ten years. In this paper wesicter pesticide as an indirect input which
does not impact output directly but they act asamabe abatement input controlling pest
infestations. We therefore asses the cost dominand&ect inputs between technologies using
less or more pesticide levels per ha. Direct amsttions excluding pesticide input are estimated
thanks to a non-parametric activity analysis maohel a robust approach frontier is introduced in
order to lessen the sensitivity of the cost frante the influence of potential outliers. With
respect to this, two cost functions differentialbgch relatively lower or higher pesticide level per
ha are compared. Based on a sample of 707 Fremghfarms observed in year 2008, our
simulations clearly show that agricultural practiagsing less pesticide per ha are more cost
competitive in direct inputs than practices usingrenpesticide without inducing other input
substitution costs. In addition, results are défeérated by farm size and types of crop to identify
possible scale and output mix effects. They reuweak this cost dominance is a robust
phenomenon across size and scope dimensions andneically support more green practices in

terms of crop activities.

Keywords:Pesticide Use (PU), Cash crops farming systemsyifctAnalysis Model (AAM),
Non Parametric Robust Cost Function (NPRCF), Hargriirstance (HD).
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Introduction

French agriculture ranks third in the world for fogde consumption and is the leading user in
Europe. With a total volume of 76,100 tons of aetsubstances sold in 2004. Fungicides
account for 50% of this volume, herbicides for 34fsecticides for 3% and other products for
14%. Nevertheless, in the last fifty years there been two periods characterized by different
growth rates of pesticide consumption by Frenchméas. The first one (1959-1989) corresponds
to the French agriculture expansion with a 7% ahgrawth rate of pesticide consumption while
there is a deceleration of output growth implyingtabilization of pesticide use during the last
period (1990-2011). This reveals that in recentetithere has been a close attention paid to
promote new agricultural practices that tries tb#ize or diminish chemical input utilizations

thus becoming more eco-friendly.

It is therefore imperative to note that farmers gew the relationship between agriculture and
environment as conflicting (win-lose) or as synstigi (win-win). A win-lose situation is
occurring when productivity gains coming from peiste use are leading to environmental
degradation or when environmental protection indwadditional production costs. A synergistic
approach, on the other hand, assumes that sudwiratvironmental management and
productivity gains or cost reductions can be adtgesimultaneously. Thus, when sustainability
for development is an ultimate goal, it requires thalancing of environmental, social and
economic systems. With this, the long-term sustality of agricultural production will not be
threatened, thus implying an official recognitiohtlee necessary tradeoffs between short-term
productivity and long-term sustainability. Therefprincreasing attention should be paid to
alternative production systems that strive for blith production and environmental quality.
From an ecological economic perspective, enviroriaieand economic developments are
complementary rather than conflicting goals. Ecmalgagriculture seeks to balance the long-
term costs of farm production against the shortitprofits of goods sold at market. In view of
this reality, a consensus or commitment that ulilyaleads to environmentally sound and

economically acceptable agricultural practices &hbe forged (Robertson and Swinton 2005).
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In this respect, agricultural sustainability ergamhaking the best use of nature’s goods and
services with the consideration of not damagingehadispensable assets (McNeely and Scherr
2001; Uphoff 2002). The aims are to: (i) integratgural processes such as nutrient cycling,
nitrogen fixation, soil regeneration and naturaérares of pests into food production processes;
(i) minimize the use of non-renewable inputs tthamage the environment or harm the health of
farmers and consumers; (iii) make productive uséhefknowledge and skills of farmers, so
improving their self-reliance and substituting humeapital for costly inputs; (iv) make
productive use of people’s capacities to work thgeto solve common agricultural and natural
resource problems, such as pest, watershed, iomgaforest and credit management.
Agricultural systems emphasizing these principles also multi-functional within landscapes
and economies. They jointly produce food and otjeads for farm families and markets, but
also contribute to a range of valued public goosisch as clean water, wildlife, carbon
sequestration in soils, flood protection, groundwatcharge, and landscape amenity value. In
addition, they are most likely to emerge from newf@urations of social capital, comprising
relations of trust embodied in new social orgamet, and new horizontal and vertical
partnerships between institutions, and human daptamprising leadership, ingenuity,
management skills, and capacity to innovate. Adfucal systems with high levels of social and
human assets are more able to innovate in thediagacertainty (Pretty and Ward 2001). As a
more sustainable agriculture seeks to make the upsstof nature’s goods and services, so
technologies and practices must be locally adapgtedddition, if it can be proved that these
more sustainable agricultural practices are in eogence with higher productivity levels and
cost competitiveness, farmers will naturally adibygtm by achieving a win—win strategy with the

societal preferences.

Irrespective of the fact that many elements (siieddtions, regional pedo-climatic factors, etc.)
affect the eco-efficiency of farm activities, trearhers’ technical choices (farming system, crop
rotation, tillage intensity, chemical applicatiogic.) significantly impact the efficient use of
limited resources and, accordingly, on the potérmfaenvironmental endangerments. In this
regard, previous studies have already shown aip®gi¢lationship between managerial and
environmental efficiencies (De Koeijer et al. 20@2)s highlighting substantial potentialities to

improve the sustainability of arable farming witloaver production cost. Of course it is not easy
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to generalize these results in conformity with lattal and regional agriculture, more applied
researches therefore need to be conducted in todse if green practices are in line with the

producers’ economical benefit.

In view of this, this paper attempts to find outiafv pesticide use farming is (not) more cost
competitive in inputs influencing output directlguCch as land, fertilizer, labor, energy or
equipment) than systems with higher pesticide cmpsion in French agriculture. Using data
from 707 farms located in the Eure & Loir Départaithén year 2008, cost estimations including
all direct inputs but excluding pesticide are dengpirically to assess the comparisons between
two technologies characterized by different levalgpesticide per ha. Allowing for eventual
presence of technical and allocative inefficiendmesthe data, a cost frontier framework is
therefore preferred to a traditional cost functamproach. Following Boussemart, Leleu and Ojo
(2011) and in order to avoid any bias linked to ¢heice of the frontier specification, we start
with an Activity Analysis Model (AAM) (Koopmans195Baumol 1958) and estimate direct
cost frontiers for the High Pesticide Use and Lastieide Use technologies (respectivieiyU

and LPU). In comparison to Boussemart, Leleu and Ojo (20flie originality of this paper
dwells on five specificities. First, as our choseiteria to distinguish the two technologies is the
level of pesticide per ha, pesticide input hasd@®kogenously treated. In that way, the definition
of the technology is solely focused on the inpultscv directly influence outputs. Therefore, the
direct cost regroups expenses concerning landlifert labor, capital and other intermediate
inputs but excludes pesticide cost. Second, instdatbcusing on common mixed farming
systems (crops and livestock) with relatively sneatlp surfaces, we made use of farms with big
surfaces specialized in cash crops located in dogrgphical area which appears to be the main
region in France for planting cereals and otheh @eps. Third instead of evaluating observed
farms, competitiveness of technologies in termgaxst is established for different crop-mixes
and several levels of size. This allows us to engotbe whole cost functions in their respective
scale and scope dimensions. Fourth, as the crogsmixfluence significantly the level of
pesticide use, it is crucial to take into accoung surface partition among the crops in order to
compare similar farming systems. In our case stadsface partition gathers 25 different crops.
With respect to this, we explicitly introduce thencept of Hamming Distance which serves to

* Eure & Loir Département is an administrative ageagraphically located in the center of France.
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control the similarity of crop mixes when includifyms in the AAM. Technically, we ensure
that the optimal solution in the AAM initiates argliar crop surface partition than the evaluated
production plan. Fifth, while non-parametric castdtion is estimated thanks to an AAM which
imposes very few assumptions on the productionitsetpain drawback lies in the sensitivity of
the measure to potential presence of outliers. k¢eefore adapt our cost model to a robust

frontier approach.

This paper is therefore divided into four sectiofise subsequent sections are detailed thus: first
we unveil the methodology used in assessing thé dominance effect between the two
specified technologies respectivéPU and LPU. Then we address the common concerns of
pesticide use among crop producers in (Eure & Lowmy empirical analysis, results and

discussion. A final note concludes the paper.

Methodology detailing high or low pesticide practies and their cost effects

Cost frontiers can be modeled, thanks to an AAMjipally developed by (Koopmans 1951;
Baumol 1958). AAM is a linear programming basedhitegue for modeling a production
technology with the presence of multiple inputs andltiple outputs. Subsequently, this
literature has exponentially grown under the Datavdlopment Analysis (DEA) label for
measuring technical efficiency. It is a relevartemdative to econometrical models based on a
more engineered approach rather than a pure stakigpproach. At this junction, it is expedient
to state that the main advantage of AAM is to allmgt function estimations without specifying
any functional form between inputs and outputs. B\ay, it is important also to note that the
disadvantage of the AAM is that it does not allaw deviations from thefécient frontier to be

a function of random error. As such, AAM can progluesults that are susceptible to the
influence of outliers which can easily bias thetdasction estimation. This however sounds a
note of caution and to this regard, our paper kstéais problem with the use of a robust frontier
approach to overcome the uncertainty on the dats shencing the possible effect of outliers in
our resultsThe implementations of the robust approach propbase8imar and Wilson (2008)

for FDH and DEA methods are new programming problarich could be solved easily.
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The production technology

Starting from the damage control model initiallpposed by Lichtenberg and Zilberman (1986)
and recently developed in a more general non pdraneontext by Kuosmanen, Pemsl| and
Wesseler (2006)we define the production technology by differemtigtdirect inputs (land,
fertilizer, seeds, etc.) and damage abatement snjpasticides). In such an approach, pesticide
uses differ fundamentally from direct inputs asytbe not directly increase output yields. Their
role is essentially to control potential lossessesliby damage agents such as insects, weeds or

bacteria.

Let us consider that K farms or more genericallpé&cision Making Units (DMUs) are observed
and we denote the associated index s R ={1,...,K} . These DMUs face a production process
with M outputs, N direct inputs. The respective @rdsets of outputs and direct inputs are
defined a?={1...,M} andJ={ 1.. N}. we denote b}y=(yl,...,yM)DDﬁ" the vector of

D

observed output quantitie:x® =(xl ,...,X,E’,)DDTthe vector of direct input quantities and

D

x"OR the damage control input (pesticide). Finw® :(Wl ,...,vvﬁ)DDt‘ and w® 00O, are

respectively direct input and pesticide prices. §lbe production technology links the outputs y
obtainable from direct inputs, taking into accopatential losses which depend on pesticide use
as follows:
f(y.x,g(x")) =0 with g(x*)J[ 0,3
andf (y*x°,1)= 0
y* can be interpreted as the maximal potential otgbtainable from direct inputs when no

pest attack happens or when pesticide uses eraditastations.

Therefore, the abatement coefficieitsan be introduced as:
0 :(ﬁy—“ﬂ j with 2 < 10mOm
y:L yM ym

As we can consider that the farmer plans his piateptoduction through the direct inputs but
ignoring the eventual future pest infestationsait be reasonably assumed that he minimizes his

direct cost without taking into consideration tHet@ment coefficients and the pesticide uses.

Thus, focusing on the direct input technolgty f(x°,1), and using the general framework as
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developed by Shephard (1953), the production pitisgibet (denoted a3) of all feasible input
and output vectors can be defined as follows:

T :{(xD,y*) OOM™: x® can producey }* (1)

T also referred to as production technology is sapgddo obey the following axioms:

AL (0,0)0T, that is inactivity is feasible ar (0, y*) OT = y* =0 that is, no free lunch;
A2 the set A(xP) :{(u,y*) OT:u SXD} of dominating observations is bouniOx® ORY, that

is infinite outputs cannot be obtained from a @ndirect input vector;
A3 T is closed,

A4: for all(x°,y*) 0T, and al(u®,v) DO™, we have
(x®,=y*) <(u®,~) =(u®,V) OT (free disposability of direct inputs and outputs);

A5 T is convex.

Definition of technologies for low pesticide us®(l) and high pesticide use (HPU)
To compare the direct cost functions accordinght level of pesticide per ha thanks to this

previous AAM, we redefine the production possigiBet as:

T(PU) :{(xD,y*) OON™: x® can produce * giverﬁ’U} (2)
PU denotes a given ratio of pesticide use per hasTwe define two different technologies
based on a level of pesticide uB¢J. By denotingT ™" (PU) as the technology using more or
equal pesticide thaRU per ha ancT""" (PU) as the technology utilizing less or equal pesticid
per ha. For estimation purpoT"" (PU) will include the observed DMUs in the data senhgsi

less pesticide per ha than a given levePtf while T™Y (PU) comprises only the observed

DMUs that has an equal or higher ratio of pestgider ha thaU. From an observed sample

of K farms and the axioms A1-A5 applied dn(PU) defined in (2), they are respectively
defined by:

TLPU(PU):{(XD,y*) DAY 2 Y, OnIM Y A X < R 0 A0 Y A*=14"200 K&, and PUs P%(3)
kO] kg KIR

T (PU) :{(XD,y*) DAYy, O Y AR < X0 M0 Y A“=1,1*200 KIR, and PU2 P%(4)
kO] kg KR
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The basic true cost model

Formally, the direct cost is equal C=wP"(x")'where the superscripitdenotes a transposed

vector. Assuming identical prices for all farmeofiserved costs can be directly considered
instead of the product of input price and quantiégtors. Thanks to the previous definitions (3)

and (4), we are now able to define the two costtions including the direct input costs,

respectivelyC , andC,. They are therefore defined as:
Gy 0y =min{W?0€) 10,y DT PY} - (5)
Geu 0y =min{wP0E)': () OT(PY}  (6)
Then for the above two technologies, the estimabioa direct cost function entails solving the

following basic linear programs to retrieve theraated minimal costE, ,, andC,,, for every

production plan with a production le'(y®).

min Cp, => A C min Cypy = A“C
A kesf A ke
SNy > Yo vme SNy > Yo vme
kesf ke
YN =0ifPU>PU°  (7) Y N =0ifPU <PU° (g)
kes ke
>N =1 SN =1
kegs ke
M >0,vke R N >0,vke R

The solutions to these models result in estimat@dnmm costsC,,, and C,,, for every

production plaro. For each* = 0, DMU k forms a part of the optimal linear combinatwhich

minimizes cost of plaro and can be considered as a benchmark referentirdgfthe cost

function. By varying size and scope (y*°), the linear programs are therefore solved anavallo
us to explore the entire cost function over its leldomain. By making the comparison between
C.», andC,,, we measure the gap between the two minimal cthats,the cost dominance in

relation to pesticide use for farming systems canabsessed. At this stage, it is essential to

> That farmers are assumed to have the same marketr pehich seems rather acceptable based on thwrilasi
specificities in terms of size and output mixeshirithe same local area (Eure & Loir Département).
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highlight that potential situation of inefficiensiedepending on many different factors and more
specifically climatic effects, do not affect thepgaetween the two technologies since we focus
on the comparison of two optimal cost functionshimitthe same region with homogenous pedo-
climatic characteristics.

Unfortunately, the maximal potential outpiy* obtainable from direct inputs are unobserved in
our sample since we do not have piece of informagioout pest infestations and their effects on
outputs. Therefore we cannot directly estimate nso® and (8). In the following, we describe

the strategy used to circumvent this difficulty.

The estimated cost model

The true cost model defined above requires the lediye of y* (as the expected output level or
ex-post observed output) and the observed damagembnt coefficients. However in real
world, these pieces of information are very difficio obtain on a large sample sourced from
farm account data, as it is the case in this papann obvious question is: can we repl y*:in
the model by the observed ex-post outyutvithout altering the conclusions on the directtcos
dominance between the two technologies HPU and LPU?

We argue that it is effectively possible by distirgling two situations. First, in event of no pest
attack, it is clear they* =y and models (7) and (8) estimate the true diredt &econd, if there
are pest infestations, then damage becomes a kay.féf pesticide uses fully eradicate pest
infestations without output damages, obvioy*=y. Otherwise, in a context of damage

occurring and if the use of pesticide is assumeth wi consideration of the fact that its

HPU > yLPU

application protects crop thy* =y . In this last situation, effective cost dominaces

be stated in favor of the LPU technology when optisolutions of models (7) and (8) show that

HPU > yLPU

C.o, <C,yeven thougy . In the other case wheC,,, =2C,,, No conclusion can be

drawn.

At this stage, it is worth to note that wty* 2y™ >y*™" | replacingy* by y in models (7) and

(8) will lead to estimating an upper bound of thestdirect cost.
Indeed, the omission of pesticide uses in the egitom of the cost function is always in favor of

HPU technology since pesticide applications inceetiee abatement coefficients without any
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additional direct cost. Consequently, if the HPé&stbpractices are less cost efficient than the
LPU ones, a real cost dominance of the latter telcigy can be established. Actually, this cost
dominance comes from factors of direct cost ingfficy and does not seem to be attributable to
other causes such as pest infestations and treatosin Finally, because HPU technology uses
more pesticide per ha than the LPU, it is cleat tiva addition of this last input to the direct tos

will lead to an amplification in the gap betwees tivo technologies.

Cost functions with heterogeneous production

In farming systems, it is well known that outputxes influence significantly the production cost
and the pesticide use level. Consequently, it igial to take into account the production
heterogeneity among DMUs to be sure of comparinglai farming systems. In models (7) and
(8), the first set of constraints relative to theohtputs ensure theoretically that the minimal cost
is effectively computed for a given crop partitiddut usually, empirical researches based on
farm account data cannot deal with output quantitgrmation about each detailed crop and
satisfy themselves with one global aggregated duplue (at worst) or with some different
output values for a few types of main crops (fa best). On the other hand, it is usually easier
to get statistical material from Farm Accountingt®aletwork concerning utilized surfaces for
each detailed crop. These are indeed highly cael® the output mixes and directly linked to
the pesticide treatments. Thus it is possible toectly characterize farm output-mixes thanks to

their respective crop surface partition even wittmamplete figures about output levels.

To manage this problem, we introduce a relevant efapking care of the detailed crop mixes.

We borrow from fuzzy set theory the concept of Hamgndistance (Kaufmann 1975) to

evaluate the proximity between two production plansnd b belonging to TV (PU) or

T™Y(PU) according to their respective structure of crofaes. More precisely, the Hamming

distance HD is measured by the sum of absoluteatiens between two vectors defined on crop

surface partition. Formally, for DMUsandb we have:

HD(a,b)= Y |§' - §]

meM

Wheres"is the share of crop surface m in total used land.
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The maximum value of Hamming distance is 2 waamdb are characterized by entirely different

crop surface profiles and the minimum value is @mvhll crop surface shares are eqﬁ%ﬁgj‘—’b)

has a straightforward economic interpretation: ifstance, a HD value of 0.2 means that in

comparingd to a, 10% of its surfaces occur in different crops.

Introducing the total crop revenue ag&= Z R, Y, instead of the M output constraints and
met

adapting cost models (7) and (8), we therefore Havéollowing linear models (9) and (10):

min Ciry =) A C min cHPU pPpye

kes ke

Y ANR>R

2 2 N =) L,

meI kef neMm

SN = L8+ S, —S, ¥ mem

kes

Y S +S)< HD b

Y A“=0if 3PU* > PU°

kes

-

kes

\>0,vke R

©9)

Y ANR>R

keg

";;Ak ZLO

SN =L+ S, S, ¥ meam

kes

Y (S,+S)< HDY B

Y A =0if IPU* < PU°

kes

> oN=1

kes

\>0,vke R

(10)

© 2013 Tous droits réservés.

Programs (9) and (10) are not the most intuitive simplest way to introduce Hamming distance
constraints in (7) and (8). However they resultrfralgebraic manipulations in order to keep the
linearity of programs. As a result (9) and (10) dan solved with standard LP solvers. This
approach avails the privilege to add a constrainthe@ maximum tolerated Hamming Distance to
the standard cost frontier models as seen in pregy(d) and (8) above in a bid to limit the degree
of heterogeneity between observations in terms rop csurface profile. Moreover in our
application, the models considered only one siaglgregated output but include 25 specific crop
surface constraints plus one global land surfaostcaint. They are solved using linear programs
(9) and (10)S', andS, are respectively positive and negative slack béegassociated with time
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constraints on the land categories. The exogenamnsnting Distance parameter HD indicates the
closest degree of proximity possible in the sam{fl&lD=0, then the cost function is defined
only by a DMU which has exactly the same land partithan the evaluated production plan. If

a tolerance of HDe is accepted, the cost function relies on refei@htUs which have a

maximum of%% difference in crop surface shares. The highes, the less DMUs defining the

technology are comparable in terms of crop surfacees. Finally, let us underline HD=2, all
observed DMUs will be included in the technologiE$” (PU) and T™™(PU) irrespective of

their crop surface mixes compared to the evalupteduction plan. In that case (9) and (10)

return to (7) and (8) respectively.

The Robust Cost function

Compared to econometric techniques, the non-paremeture of the AAM approach avoids
the possibility of confounding the misspecificati@ffects due to an arbitrary choice of
functional forms of the technology and the ine#fiety components. It is therefore a strong
advantage. Nevertheless, as mathematical progragntechniques are inherently enveloping
techniques, the main practical inconveniency of gihevious cost models is the difficulty to
include a statistical error component as usual iheoeconometrical approach. For instance, the
input—output vectors are assumed to be measurdédfwitaccuracy while, practically, almost
always there are some perturbations in the inptldudata. In a survey study on some
benchmark problems, Ben-Tal and Nemirovski (200@wsed that a small change in the sample
could lead to big variations in solutions for sobechmark optimization problems. Therefore
the results are considered to be very sensitiveotoe extreme observations of the reference

production set which can be considered as potemtidibrs.

To avoid this main drawback, Cazals, Florens amaa®i(2002); Daraio and Simar (2007) have
recently developed robust alternatives to the tiathl non parametric approach. These
alternatives lie on the concept of partial fronfrecontrast to the usual full frontier. In thatdi,

this subsection is devoted to the estimation olusblrost frontier from a sample of observed
DMUs. Notice that throughout the presentation efttieoretical model we have always assumed

a well-defined technology frontier. However in tmpirical work, in order to take into account
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heterogeneity and exogenous factors in firms’ petidn, we allow for the presence of outliers
(located below the cost frontier). We thereforeche®e compute the expected minimal cost in a

robust way.

In view of this, a selection of a large number ab-samples from the reference s&t5" (PU)

and T™(PU) which allows the resampling and computation ofrtfirimal cost has to be done.

Finally the minimal cost is estimated as the averafthe successive minimal costs computed
over all the previous sub-samples. With such amaggh, the sub-reference sets change over the
different samples and the evaluated production panot constantly benchmarked against
potential outliers which may sometimes be preseninft) in the sub-reference set. The final

average cost can be interpreted as the expectaethathilevel of cost.

The computational algorithm is now described apiregl by Dervaux et al (2009). First in the

*PY(PU), for a given evaluated production plan o charaerby its

case of the technology
total output valu&R® and its crop surface partitics® = (s, s, ...,§ ), @ sample b of size G with
replacement is drawn from the reference set addfiaed by:

AP (PU)={(C" R, ¢, PU): PU< PU KIS/} (1)
Afterwards, the minimal cost is now defined on siub-sampleA;’;’ (PU) and then computed

thanks to program (9). Lastly, where B is the nurmddeMonte-Carlo replications, we repeat this

for b = 1...B, therefore our final minimal cost isneputed as:
GLeu :l ZB: ALPU (12)
B = ©

HPU

The same procedure is duplicated for the alteraagehnology (PU)in order to compare

the two minimal expected cos&"™ and C"™

Under such a robust cost frontier approach, twarmaters ‘B’ (number of replications) and ‘G’
(size of the sub-samples) are introduced to measweeminimal costs. As it is shown by
Dervaux et al (2009), the parameter ‘B’ does netns¢o play a crucial role and its value has to

be chosen according to an acceptable time of catipnt The second parameter ‘G’ plays a
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more decisive function. One can note that if ‘Gtaading to infinity, usual non-robust minimal
costs are recovered since all DMUs have a very pigibability to be included in each sub-
sample and consequently cost functions are evaluateall production plans of the initial
reference sets. For any applied analysis, a valu&'ohas to be chosen. In fact, in most
applications the sub-sample size of potential esfex varies a lot depending on the current
evaluated production plan. With respect to our igppibn, we follow the approach inspired by
Dervaux et al (2009) opting for a relative valueagsercentage of the sub-sample size instead of
a specified absolute value of the parameter ‘G’.gltarantees the same proportion of
observations in each sub-sample used in the ‘Bicagons independently of the size of the sub-

sample.

Comparing cost functions between lower and higheelels of pesticide uses

In developed countries, policy makers and landsuakke are enthusiastic about promoting new
agricultural practices that are more environmewntdtiendly. Among several others, this
enthusiasm can be actualized by reducing chemszlkor instance in France, the agreement of
the “Grenelle de I'environnement” encourages fasrier decrease pesticide use per ha about
50% over a period of ten years. Based on the feadtgesticide application is a means of pest
control, it becomes crucial to suggest the bestntelogy for the farmers in terms of cost
competitiveness thus allowing for both better mamagnt and good ecological improvement. In
the following, common concern as regards pestiggein Eure & Loir Département in France is

addressed through our empirical application, resard comments.

Brief discussion about the data used

With respect to the sample of 707 crop farms ineE&r Loir observed in year 2008, the
technology of farms are specified using one glafeaslenue aggregating twenty-five output
values and four inputs. The outputs for which galiéd surfaces are available include: crops
cultivated on fallow land, forage crops, dehydraa#dlfa, corn, irrigated corn, oat, other cereals,
flaxseed, sunflower, other industrial crops, flagring barley, winter barley, sugar beet, wheat,
durum, hard wheat, proteaginous peas, beans, greas, other vegetables, winter rapeseed,
horticulture, potato consumption, and fruits. Thieect cost evaluated in euros comprises

operational costs which are linked to the physpraicess of crop growth such as fertilizer or
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seeds plus other intermediate inputs like fuelctelgty, water, land and quasi fixed primary
input costs (labor and capital). The total codirially assessed as direct cost plus pesticides as
the damage control input. The unit price of lane&ssmated by the hired cost that the farmer
paid to the owner when the land was leased. Asdsedhe owned land, a fictitious price equal to
the hired cost of his leased land is used. A simnilée is applied for the family labor. The wage
including social taxes per full time equivalentasglis multiplied by the family labor units and
then aggregated to the hired labor cost. Lastlyddyeital expenditures are evaluated by the

amortization related to equipment and building.

The descriptive statistics showing total outpuueahnd different cost components are presented
in table 1. Data reveals a rather low spread feséhvariable inputs since their respective
coefficients of variation are less than one. It bamoticed that even for the ratios of direct cost

total cost and pesticide per ha, the samplingilligions are well focused around the mean.

Table 1. Brief Descriptive Statistics of Cost Compaents and Output Value

Mean Input Shares  Coefficient of

in€ in % Variation in %
Total Output Value 178 670 46.2
Seed + Fertilizer 35088 21.4 44.7
Other Intermediate Inputs 25165 154 55.7
Land Cost 23912 14.6 39.4
Labor cost 28 052 17.1 49.1
Amortization 26 982 16.5 62.2
Direct cost 139 199 85.1 38.4
Pesticide 24 422 14.9 44.9
Total cost 163 621 100.0 38.2
Direct cost per ha 1137 23.2
Pesticide per Ha 196 24.8
Total Cost per Ha 1333 21.2
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Table 2 presents the crop surfaces and their iparti©Only 7 crops out of 25 aggregate 91% of

total land. Nevertheless, although most farms peeialized in these main cash crops, one can

underline that some of them develop specific antigisuch as horticulture, fruit or vegetables

which may differ significantly in terms of direabst and/or pesticide uses.

Table 2. Crop Surface Partition

Mean Coefficient of Minimum  Maximum Surface
Crops in ha Variation in% in Ha in Ha Share in%
Wheat 48.0 59.6 0.0 187.1 38.2
Winter rapeseed 19.7 82.3 0.0 86.5 15.6
Winter barley 15.6 95.7 0.0 84.9 12.4
Set aside lands 11.3 70.4 0.0 99.2 9.0
Durum 6.8 163.7 0.0 63.8 5.4
Spring barley 6.7 177.4 0.0 73.4 5.3
Irrigated corn 5.9 192.5 0.0 125.2 4.7
Proteaginous peas 1.9 243.9 0.0 37.4 1.5
Sugar beet 1.7 330.7 0.0 48.5 1.4
Hard wheat 15 383.2 0.0 63.8 1.2
Corn 1.3 340.7 0.0 36.7 1.0
Potato consumption 1.2 288.2 0.0 26.0 1.0
Other cereals 1.0 428.2 0.0 55.9 0.8
Other legumes 0.6 471.4 0.0 31.7 0.5
Total forage crops 0.5 455.9 0.0 25.9 0.4
Sunflower 0.4 583.4 0.0 25.2 0.3
Other industrial crops 0.4 490.7 0.0 19.0 0.3
Beans 0.4 519.7 0.0 20.0 0.3
Green peas 0.4 555.2 0.0 23.0 0.3
Oat 0.3 838.1 0.0 46.4 0.2
Flax 0.3 617.6 0.0 23.6 0.3
Flax seed 0.0 2657.1 0.0 3.3 0.0
Dehydrated alfalfa 0.0 2657.1 0.0 17.8 0.0
Fruits 0.0 1547.5 0.0 10.2 0.0
Horticulture 0.0 1065.2 0.0 3.1 0.0
Total surface 125.8 39.4 27.1 297.5 100.0

Simulation procedure

In our empirical workLPU and HPU direct cost functions are estimated by varying sz

dimension in an interval between 60ha and 250hgdsing more than 92% of observed farms

© 2013 Tous droits réservés.

168

http://doc.univ-lille1.fr



Thése de Oluwaseun Ojo, Lille 1, 2013

and excluding extreme points. Focusing only onsttade effect at this step of analysis the output
mix is constant and defined at the sample mean. tWoerobust cost functions are therefore
estimated for B=100 replications of each simulgieatuction plan with a ‘G’ parameter equal
to 75% of the initial sample size. As explainedtle previous section a HD value of 0.2 is
chosen. With this tolerance, the direct cost fumdirely on DMUs which have a maximum of

H—2D:10% difference in crop surface shares. Finally, th® @werage cost per ha curves are

compared in order to assess which technology ecmatiijndominates the other.

Results

Figure 1 clearly reveals that LPU is a more coshpetitive technology than HPU for each
simulated point between 60ha and 250ha of sizenRhe robust approach taking into account
the presence of outliers, the gap between the tsbaurves is conspicuous and surpasses 10%
on average and can reach 14% for a surface arotBfthlwhile it is reduced around 8% for the
small farm sizes. In conformity with the usual laphd average cost curve, the HPU technology
presents an optimal size around 100 ha for whiehawerage direct cost is the lowest (790€)
while the optimal size for LPU technology is vanyibetween 100ha and 170 ha at a minimum
average cost of 730€. At this stage it is essetttisdcall that for each point of the two direcsto
functions, the level of output is the same for blofU and HPU, therefore cost differences infer

higher margins per ha for LPU.
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Figure 1. Average direct cost per ha for Low Pestide Uses (LPU) and High Pesticide Uses
(HPU) Technologies
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The direct cost of production used in the aboveukations as initially mentioned encapsulates
the operational costs which are linked to the pialgprocess of crop growth such as fertilizer,
seeds, plus other intermediate inputs like fuecteicity, water, land, quasi fixed primary input
costs (labor and capital) and excluding pesticitlEsetheless, since pesticide input is known to
be a great environmental burden and which is afggnt constituent of the total cost, similar
comparisons on these specific input expendituresdane between the two technologies. The
pesticide cost per hectare as shown in figure 2gmts a quasi-flat line. It is clear that this type
of operational cost is more or less proportionath® land surface. The gap between the two
technologies on the pesticide cost is more siggifi¢han for the direct cost and exceeds 28%. If
we consider the observed pesticide cost of 196€&@eby adopting the LPU technology farmers
would be able to reduce this specific expense abbii% on average. Obviously, the gap of the
total cost including pesticides between the twhtetogies is amplified to 14% on average with
a maximum of 17% and a minimum of 11%.
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Figure 2. Average Pesticide Cost per Ha for Low Péside Uses (LPU) and High Pesticide
Uses (HPU) Technologies
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Considering the other specific inputs, one canceathat cost difference between LPU and HPU
also takes its origin from savings around 20% dreobperational inputs (fertilizer and seeds),
32.2% on capital amortization and 12.1% of labdre§e inputs appear to be complementary
with pesticide and indicate that a less intensaafhology in the main elements of the direct cost
induces lower pesticide treatments. Otherwise A kechnology seems to use a bit more other
intermediate consumptions than HPU (+7.4%) ascttein table 3.
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Table 3. Cost per Hectare by Specific Inputs (€)

Fertilizer Land Intermediate Capital
+Seeds Consumptions Amortization Labor Pesticide
LPU 189 190 164 104 124 164
HPU 237 190 153 153 141 230
differences (%) 20.1 0 -7.4 32.2 12.1 28.8

Therefore as displayed in table 4, the structufethe two direct cost functions differ but not

very significantly meaning that the adoption of LRi$ not need to realize substantial
substitution effects or shift among input intensifyhis result allows us to assess that the
adoption of LPU appears a relative achievable madty all the farmers. It essentially depends

on how the inputs are effectively managed withagnificant reallocation among inputs.

Table 4. Direct Cost Shares by Specific Inputs (if6 of direct cost)

Fertilizer Land Intermediate Labor Capital Total

+ Seeds Consumptions Amortization
LPU 24.5 24.7 21.3 16.1 135 100.00
HPU 27.1 21.8 17.5 16.1 17.5 100.00
differences -2.6 2.9 3.8 0.0 -4.1

In order to extend the previous conclusion estabtisin the scale dimension but with respect to
the scope dimension, it is necessary to run newlatmns within different crop mixes and

related input practices.

These are defined on our observed sample by aeclastalysis based on the individual crop
surface partitions. We finally concluded with figeoups clearly differentiated in their output
mixes. Mix 1 is characterized by legumes, durum &ngdated corn which occupy 14%, 13%
and 10% of total surface respectively. Mix 2 is pmsed by farms which mainly cultivate
wheat, winter barley and rapeseed (43%, 18% and).2Ri4 3 is made up of wheat, rapeseed

and proteaginous peas (respectively 48%, 13% and W& 4 comprises sugar beet, spring
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barley and hard wheat (14%, 11% and 19%). Finaliy, 5 is characterized by durum, irrigated
corn and potatoes (18%, 15% and 5%).

As it is observed in table 5, the crop mixes hawesignificant differences in terms of total land
size but three of them are characterized by a highgin level per ha thanks to some specific
remunerative crops as legumes, sugar beet, hardtvdnepotatoes (mixes “legumes-durum-
corn”, “sugar beet-spring barley-hard wheat” andrtdn-corn-potatoes”). The two last mixes
“wheat-winter barley-rapeseed” and “wheat-rapeggeteaginous peas” have an outcome of a
very low margin per ha with only common cash crdfis. these orientations, one can notice that

the share of pesticide use in total cost is higimesbmparison to the others.

Table 5. Characterization of Crop Mixes

Legumes-  Wheat-Winter Wheat- Sugar beet-
Durum- Barley- Rapeseed- Spring Barley- Durum-
Corn Rapeseed Proteaginous Hard Wheat Corn-Potatoes
Peas

Number of farms 40 309 192 48 118
Total surface (ha) 128 130 127 121 115
Direct cost per ha (€) 1384 1031 1 045 122 1288
Total cost per ha (€) 1 664 1255 1250 1457 1508
Revenue/ha 1957 1290 1274 1760 1742
Margin per ha (€) 293 35 24 303 234
Pesticide cost per ha (€) 231 200 185 189 192
Pesticide cost share (%) 13.9 16.0 14.8 13.0 12.8

This follows that for each crop mix, the initialgeedure is duplicated by varying the size
dimension in a same scale interval between 60ha2&0dha. Table 6 and figure 3 show that
LPU technology dominates HPU technology for allpaitmixes. The gap between the two
technologies appears to be highest for mix “leguthesim-corn” and lowest for mix “wheat-

rapeseed-proteaginous peas” respectively 17% ai8d 6n average. In addition, one can notice
that for all mixes, the LPU technology presents wteq large interval of optimal size

(approximately around 120-165 ha) characterizecdnystant returns to scale which does not
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seem so big for their respective HPU technolodi€gl{123 ha). In terms of pesticide use per ha,
the LPU direct cost dominance permits to save batw25.6% and 31% of pesticide inputs

according to the different crop mixes. All thesgufiesreveal to a greater extent that direct cost
dominance in favor of LPU technology is a strongaosion since its average cost curve per ha
is lower than the other for each size of the saatlerval. Consequently, as HPU uses more
pesticides the total cost dominance of LPU is gfifeened.

Table 6. Cost Dominance Characteristics by Crop Mix
Wheat-

Legumes-Durum- Wheat-Winter Rapeseed- Sugar beet-Spring Durum-

Corn Barley- Proteaginous Barley- Corn-Potatoes
Rapeseed Peas Hard Wheat
LPU cost per ha (€) 1046 742 783 991 966
HPU cost per ha (€) 1246 870 835 1064 1075
Direct cost difference (%) 19.1 17.1 6.7 7.4 11.2
LPU pesticide per ha (€) 185 161 156 164 162
HPU pesticide per ha (€) 261 237 216 219 224
Pesticide difference (%) 40.7 44.2 39.0 33.3 37.6
LPU optimal size (ha) 110-150 125-150 140-170 100-2 103-155
HPU optimal size (ha) 96-115 103-117 115-121 119-13 92-121
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Figure 3.Average Cost per Ha folLPU and HPU among different output mixes
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Discussion

Our results in the specific context of the Eure &irLDépartement in 2008 therefore signifies a
difference of 10% for direct input cost and a ga@&% of pesticide use per ha between the two
technologies in favor of LPU. But from the averageserved use in pesticide, this leads to
15.6% reduction based on the condition that thenéas adopt this cost competitive and

ecological practice. These findings are consistgtit the conclusions drawn by Saint-Ges and
Bergouignan (2009); Boussemart, Leleu and Ojo (ROD&spite the differences between these
approaches as regards the regions, periods undsidegation, types of farming systems and the
cost definitions, they arrived at a conclusion thttes that in order to improve the cost of
production, it is possible to reduce the amoumesticide use per hectare without incurring any
other significant additional costs. Consequentlwimwin strategy can be achieved which leads
to environmental friendliness at a more competitest. Although it is not easy to generalize

this current results in conformity with all Europeagriculture, all these outcomes established in
French agriculture are also in line with the caE&wiss Arable crop farming (Nemecek et al.

2011) where a reduction in chemical inputs showgtdr impacts in environmental efficiencies

and thus emphasizinthat a considerable environmental potential exigtsSwiss farming

systems to improve the sustainability of their &&dlarming through better management.

A common, though erroneous, assumption about dgrralisustainability is that it implies a net
reduction in input use correlated to a yield reauctthus making such systems essentially
extensive (they require more land to produce thmesamount of food) which are generally
considered as less profitable by farmers. Thisystlbws that alternative more efficient (and
thus more cost competitive) practices can leadh¢osame level of output per ha of surface. By
diminishing their pesticide use and also other ezpe as fertilizer or capital consumption
without significant higher level of labor utilizati, farmers are able to adopt more sustainable
practices characterized by a higher profitabilitg. this regard, recent empirical evidence shows
that successful agricultural sustainability inittas and projects arise from shifts in the factdrs
agricultural production (e.g. from use of fertiligeo nitrogen-fixing legumes; from pesticides to
emphasis on natural enemies; from ploughing to-titage). A better concept than extensive is

one that centres on intensification of resourcexing better use of existing resources (e.g. land,
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water, biodiversity) and technologies (Buttel 200Begtmeier and Duffy 2004). Thus
intensification using natural, social and humaniteamssets, combined with the use of best
available technologies and inputs that minimizeloninate harm to the environment remains a
better option. Pretty, Morison and Hine (2003) eiwd the extent to which farmers have
improved food production with low cost, locally @dadle and environmentally sensitive
practices and technologies and they found improwsnie food production occurring through
several key practices and technologies, one of lwisigpest control using biodiversity services
with minimal or zero-pesticide use. Their reseambeals promising advances in the adoption of
practices and technologies that are likely to beensoistainable with substantial benefits thereby
encouraging farmers to settle for practices thatimize the use of chemical inputs that can

cause harm to the environment or to the healthefarmers and consumers alike.

However, the substantial cost difference betweeb) ldRd LPU lead us to wonder why relative

high pesticide using practices are still chosensbgne farmers. Risk aversion is frequently
mentioned as a justification but few researcheswable to surely gauge this effect and no clear
conclusions have been established (Carpentier 0@b). A relevant literature debating on the
right specification of technologies incorporatingspicide as a damage-control input in a
parametric or non-parametric context (see Lichtegland Zilberman 1986 and Kuosmanen,
Pemsl and Wesseler 2006 among others) highligatsttie usual specification of pesticide as a
direct input leads to overestimate its productiatyd underestimate the productivity of other
inputs. Therefore agricultural policies based oesth available econometric results would
promote intensive use of pesticides. Following Chars and Lichtenberg (1994) and the initial

contribution of Lichtenberg-Zilberman, Chambers, régannis and Tzouvelekas (2010)

conclude that the traditional damage measure leslitthe profit losses caused by pest
infestations. They highlight that when farmers &aeed with pest attacks, they will take a

supply-response adjustment which boosts their irctosses. This last effect is usually ignored
by the traditional pest-damage measure. Therefestigides seem to be less economically

effective as opposed to what other studies estadulis

Unfortunately, factors such as strong influence pefticide distributors and quick results
obtained in the short term after pesticide applcest could also presumably encourage farmers
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to rely more on pesticide use. This high dependemcgesticides could be an indication that

farmers are less concerned about agricultural ipexcthat are effective, inexpensive and yet
more favorable to the environment. This has beegraserious hindrance to the adoption of low

pesticide input techniques in the case of Freneld trop farms (Barbier et al. 2010). However,

in the case of Belgian cereal crop farmers, Vardog and Baret (2008) also noted that despite
the existence of alternative technologies, the afspesticide is still on the increase and thus

chemical inputs gradually became the main pestrcobsitrategy. They added that modern wheat
cropping practices are ‘locked-in’ to a fungicidepeéndency situation which requires new

conditions (such as tougher pesticide regulatichanges in cereal prices, changing consumer
preferences, programs of pesticide reduction tdvevoound greater managerial efforts and

innovative skills, etc.) to pull apart the lock-ifio this effect, they suggested that specifications
must be undertaken to get out of this static Sinat

This research therefore encourages agriculturaitipes that focus on the necessity to develop
technologies and practices that are environmenéaddly, are accessible to and cost effective for

farmers, and lead to improvements in food proditgtiv

Conclusion

A competitiveness of technologies in terms of direput cost excluding pesticide is established
for different surface sizes, crop-mixes and ped#iaises by exploring the direct cost function
over its whole domain of definition. Thus, it dealgh a framework which aims at assessing the
cost dominance between technologies exogenoudinglisshed by high or low pesticide levels

per ha. The authenticity of our result indicatetttav pesticide use per ha which creates
environmental friendliness is more competitive enmis of direct cost in comparison to a high
pesticide use which stimulates environmental burd@onsequently, by including pesticide

expenses to obtain the total cost , the above gsiotl is reinforced. While the results gotten
here depend on the Eure & Loir sample and thusatreasy to generalize in conformity with all

European’s agriculture, they are totally in conesige with previous researches using different

methodological tools and other data in various geam regions.
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From a methodological point of view, the origingldf this study resides on several elements.
First instead of developing the usual economefpar@ach, direct cost frontier estimations are
done empirically thanks to an AAM which imposes fagsumptions on the production set and
does not require any a priori specific functior@in for the cost benchmark. This AAM allows

the assessment of the competiveness between twoolegies characterized by different levels
of pesticide per ha. These comparisons of techiedom terms of cost are established for
different crop-mixes at several levels of size. ddelcthe concept of Hamming Distance is
endogenously introduced in the linear programs kwhastimate the HPU and LPU minimal

costs. This guarantees that the optimal solutiore l@asimilar profile than the current evaluated
farming system in terms of crop surface structliterd, in order to get round the possibility of

comparing the sensitivity of our result to the pi@ presence of outliers, we assume a well-
defined technology frontier by computing the expdciinimal cost in a robust way, thereby

reducing the sensitivity of the cost frontier te ihfluence of potential outliers.

It is worth to recall that our work differentiatése maximal potential outputs obtainable from
direct inputs from the ex-post observed output llex@nditioned by the low or high level
pesticide uses. Therefore, the omission of pegtiogks in the estimation of the cost function is
always in favour oHPU technology and will lead to estimating an uppeurzbof the true direct
cost. Since our results strongly show that Low iPielet Use(LPU) dominates High Pesticide
Use HPU) in terms of direct and total costs, we can camelunambiguously thatPU is more
cost effective thailPU. This can provide a direction for policy-makerdammers as regards the
reduction of pesticide use in French Agriculturestimotivating environmental friendliness. It is
somehow very striking to note that practices thatates less burden to the environment and
which are simultaneously the most efficient in teraf costs are not embraced by farmers who
prefers the more intensive pesticide use techriigulee less intensive one despite the significant

expense-gap between these two technologit] andLPU respectively.

Indeed, health and environmental problems cannasdiated from economic concerns due to
the fact that inappropriate pesticide use resutts merely in yield loss but also in health
problems and possible air, soil and water pollutibime problem of farmers’ health should be an

important concern for policymakers when lookinghet economic and efficiency of pesticides in
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agricultural production. The conclusion from thtady will inform ongoing efforts to promote
upstream policy interventions to reduce hazardassiggde exposures for vulnerable farmers. It
is important to state that the results gotten ia plaper are derived from the current technology
of farms which ensures its possibility by adoptihg observed practices with low pesticide uses.
Thus, in ten year time, the aim of 50% rate of otidm may be achievable only with some
improvements in technology which will enable thenfars and the Society to opt for a win-win

strategy.
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