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Abstract

Our main objective is to analyze the effects ofiggoinstruments that could provide agricultural

producers economic incentives to the adoption nbwative cropping practices which allow a

reduction of pesticide use. To do so, we combimmemic data, reflecting the intensive cropping
practices currently used in France, and experinhagi@nomic data, on a low input technology,

to conduct econometric estimations. The estimatesh@mic models are then used to conduct
policy simulations. Our results show that withoublic incentives producers would not adopt the
new technology and that a tax on pesticides geserirger effects when these low input
practices are available.
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Introduction

Traditional intensive cropping systems involve ahe use of pesticides, plant growth
regulators and chemical fertilizers in order to m@xe crop yields. Yet, this intensive use of
chemical inputs, notably pesticides, is associaedumerous health and environmental risks.
More and more attention is being paid to this issuel governments in developed countries are
setting objectives to control the use of pesticidéss is the case in the European Union, globally
(European Commission, 2006) and at country levelErance for instance one of the objectives
of the 2008'Grenelle de I'environnementis a 50% reduction of pesticides use by 2018. &her
is thus a need for new policy instruments to rethase goals. In this respect, the taxation of
pesticides has often been advocated in the econderature (Lichtenberg, 2004, Sexton et al.,
2007). This policy instrument actually exhibits eeal advantages: it is flexible enough, can be
progressively implemented letting time to farmersatjust their production decisions, does not
impose any particular practice and involves lessagament costs than other instruments like
contracts (Aubertot et al., 2005). However, as meed by Skevas et al (2013) in their literature
review on the design of an optimal European polilbg, pesticides demand elasticity is very low
(estimates found in the literature range between abd -0.02); there is thus a risk to get very
few impacts on farmers’ pesticides consumptiohéf tiax rate is too low. This raises the question
of their political acceptance (Falconer and Hod2@00). Yet, this assertion holds under the
assumption of a constant production technology doeks not account for a potential change in
cropping practices induced by the taxationdeed, another way to lower the use of pesticides
would be to provide incentives to agricultural puodrs to adopt new production technologies
involving less use of pesticides. Actually, oves thst few years, several agronomic studies have
focused on low-input crop management systems wédiokv a significant reduction of fungicide
and excess fertilizer use (Bouchard et al., 20@8ixFet al. 2002, 2003; Loyce et al., 2012;
Meynard et al., 2009; Rollanet al,. 2003 and 2006). To avoid the risk of disease linteethe
fungicide reduction, these cropping systems arecet®d to specific cultivars, more resistant to
diseases. The yields obtained with the combinatibmesistant cultivars and low input crop
management are slightly lower than the yields oleii with traditional cropping systems.
However, the reduction in input expenditures indulog the adoption of such innovative systems
can compensate the yield losses and lead to grasgima comparable to those of intensive
cropping systems, depending on the output pricdlgRa et al, 2003, Bouchard et al., 2008,
Loyce et al., 2008; Meynard et al., 2009, Loycealgt2012). Despite this apparent attractiveness,
low-input farming systems are still rarely usedsarope. A number of reasons can explain this
low adoption rate: Vanloqueren and Baret (2008u$oon factors related to policy regulations,
farmers’ information or the influence of seed comipa. Our view point is that it could in fact be
attributed to a lack of economic incentive in therent context of high crop prices. This raises
the question of the need for a public interventioincent farmers to adopt these practices. Yet
several studies have focused on innovative teclgyobdoption but few have attempted to
analyze the impacts of public interventions on ddeption of low-input farming systems from



econometric models deriving from the optimizatiolgem faced by agricultural producers

when they take their production decisions. Theltesif the above mentioned agronomic studies
rely on gross margins computation based on expetmhelata: there is no representation of
farmers’ economic decisions. Some economic pafikesJacquet et al. (2011) or Falconer and
Hodges (2000), study the issue of economic inceatte the adoption of new crop management
technigues. However their studies rely on MatherahtiProgramming (MP) models which are

calibrated at one point and not estimated on ag@fglata: contrary to an econometric approach
this does not allow any statistical inference foe tnodel validation. The lack of econometric

studies dealing with the adoption of innovativepping technologies can be explained by the
fact that the economic models usually used to mddehers’ behavior are based on dual
approaches using reduced form profit functions wliee production technology is not explicitly

represented. Yet, since low input farming systemss rarely applied, no economic data are
available to estimate this kind of economic mod€le only information available to economists

is based on experimental agronomic data reflediiveg characteristics of the new production
technology. There is thus a need to rely on prifoains of economic models to be able to

account for this information.

Our objectives in this article are first to analythe effects of the adoption of a low input
technology on the farmers’ production decisiong\inuses, acreage choices ...); and then to
study the impacts of pesticide taxation on thewich to adopt the innovative practice, and on
their use of pesticides given that the innovativecpice is available. We focus on the case of
multi-resistant winter wheat cultivars on which @agomic experiments have been conducted in
France since 1999. To conduct our study we usentigel originally proposed by Carpentier and
Letort (2012 and 2013) which was applied by Kanskinet al. (2013) in a study on the
adaptation of agricultural technology to climateicge. Therefore we use a primal form multi-
crop econometric model. This model includes yietghut demand and land use equations. Its
main originality lays in the specification of theelg functions. The functional form chosen is a
re-parameterization of the standard quadratic prbolu function. The yields only depend on
variable inputs and thus mostly represent the biol crop production process. The main
benefit of this framework is that the yield funct® are similar to the ones considered by
agricultural scientists. The acreage model reliesthee specification of a cost function which
defines the motive for crop diversification. It cée interpreted as the effects of binding
constraints on acreage choices, that is to saytreoms associated to limiting quantities of quasi-
fixed inputs such as labor and machinery. The cetepiodel is estimated on economic data
from a French territorial divisiona Meuse where traditional intensive cropping is prevalénta
second step we use the agronomic data on botHidraali cropping practices, associated to a
standard wheat variety, and low input cropping ficas, associated to a resistant wheat cultivar,
in order to estimate the changes in the yield foncparameters induced by the adoption of the
new cultivar. This allows us to define a new ecoitomodel, corresponding to the low input
technology, and to run our simulations on the tyaes of cropping practices.

We first simulate the impact of change in technglog agricultural producers’ decisions
and wheat production outcomes. Our results show thathe current context of high wheat



prices, the low input technology is less profitatddarmers than the standard intensive practice.
An economic incentive is thus needed to encourbhgentto adopt the new technology. In a
second step, we simulate the effects of a tax stigide and find that the impacts of this type of
policy on input uses are larger when agriculturadpicers can change their practices and use the
low input technology. This result derives from avéo price elasticity of input demand with the
new technology which generates higher effects etaxation.

The first part of the paper is devoted to the preden of the economic model and the
results of the econometric estimations conductediata representing the behaviors of farmers
using traditional intensive cropping. In a secoradtpwe present the agronomic data and the
results of the estimations, based on these dattheothange in yield functions implied by a
switch from intensive to low input cropping praetic This allows us to build a new economic
model. The third part is devoted to the presematd the simulations results. Finally we
conclude.

1. Economic model

1.1Description of the model

We use the model developed by Carpentier and L&0dt2), which is particularly adapted
to our study since its parameters are easily inéggiple in agronomic terms. Its main features are
as follow.

The yieldy, of each crop is assumed to be a quadratic fundiamriable inputs quantities

Xk -

Vi = 0 — % B —x) N "B —x) (1)

The a;, parameter can be interpreted as the highest jpatechievable yield of crog and
the B parameters as the quantity of inputs necessamaith this yieldl}, is a symmetric matrix
of parameters determining the curvature of thedyfehction. These parameters thus characterize
the production technology and will be impacted Iy $witch to the new cropping systems.

The agricultural producer seeks to maximize hiseetgd profitll, which is equal to the
weighted sum of the expected gross margins of eagp 7, minus the acreage management
costs, subject to the production technology coimdtra

max I1(s, p, W) = Xk sk Tk (D, w) = C(s)  (2)
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Where the expected gross margig are defined ast, = p,y, — w'x,, with p, the
expected selling price of crdp (we assume here naive expectations: the expedtadip equal
to the past year price) amdthe vector of input prices.

The acreage management co6(s), that correspond to the costs associated to labor,
machinery and other quasi fixed factors, are intoedl in the model through a quadratic
function:

) =;0=sMr=s) ()

This cost function can be interpreted as a distabetveen the actual acreagévector of
acreage shares,) and an acreage for which the management costsenienal: r (vector of
acreage shares,). The distance is measured by a metvicwhich depends on the farm
characteristics, notably machinery and labor endemtm

Solving for this optimization program leads to thowing econometric model:

Vi = Q — zﬁlkz wiTw + up, (4)
Xk = P —i[‘kw+u,’§ )
T = Prax — W' B + Zﬁlkz w Tw (6)
Sk =9k + SX1 6k (W — g) +up, fork=1,..,K—1 (7)
Sk =S — Xk=15k (8)

K is a crop chosen as “reference crop” in order dooant for the land use constraint:
YrSk =S. HereS denotes the total quantity of available land. Bheand §,; parameters are
respectively functions the elementsraindM and thus depend on the cost structure of the farm
(on the flexibility of acreage adjustments).

u,{,u,’(‘ andu; are random terms accounting both for the hetemigeamong farmers and
for stochastic events that impact the productioneothe decisions are taken. This economic
model allows a full representation of farmers’ protion decisions based on market conditions,
which is not the case in agronomic studieg(Loyce et al., 2012). We can notably notice from
Equations (4)-(7) that the yields, input demandd acreage all depend on input/output prices
ratios.

1.2 Estimation results

! see Carpentier and Letort, 2012, for a detailestiiigtion of the cost function



Estimations are conducted on a sample of 2509 fayoaded in a French territorial division,
la Meusefor which we have acreages, yields, output pricesiaput expenditures from 1996 to
2008. We consider two inputs: fertilizers and prdés. The three crops mainly grown in the
region are considered: standard wheat, barley apeseed. Rapeseed is chosen as the reference
crop.
The estimated parameters are reported in TabléoWbe
Almost all parameters of the production and coetfiwns are significant at 1% level and lie in
their expected ranges (in regards of the empidtstfibutions of yields and input uses).

Whea Barley Rapesee

a 618.1: o 553.8% ok 637.8( o
Brertitizer 170.1: el 148.49 bl 235.8( o
PBpesticide 157.3¢ o 125.6¢ ok 178.1: o
Yrertilize.ferlizer 38.6¢ i 28.3:¢ b 58.71 il
Vpesticide.pesticide 27.6] o 22.6¢ e 7.0C
Ypesticide.ferlizer -32.9¢ o -30.9¢ R -24.9¢ Fhk
Sk 0.01¢ 0.017 -

St 0.01¢ 0.01 -

Ik 43.2( ok 33.8i i -

Significance levels: *** 1%; ** 5%; *10%

Table 1: Parameter estimates of the economic modelthe standard cropping case

2. Re parameterization of the economic model based on agronomic data

2.1Description of the data

In this section, we use agronomic data on resistdrgat cultivars to estimate a yield
function similar to Equation (1). These data haeerbcollected by a French trial network from
1999 to 2005. This network has compared four crggpgystems, from the more intensive to the
more extensive system involving an important reidacof input uses. These cropping systems
are combined with productive wheat cultivarsd with less productive but more resistant wheat
cultivars. The intensive system combined to the productiveawteltivars corresponds to the
practice the most widely used in France in geramndlinLa Meusan particular. A database was
built based on these wheat cultivar trials. To exp#he possibilities of cropping systems, an
agronomic model was used to simulate, from the mxatal data, a larger number of
observations. This model is the Betha system bwyiltoyce et al. (2002a and 2002b) initially to
generate feasible crop management plans from amagyic model.

The yields and input uses corresponding to thengie cropping system associated to the
standard wheat cultivars on the one hand, andetdoth input cropping system associated to the



resistant wheat cultivars on the other hand, arteaeted from this database to conduct our
estimations. Table 2 below summarizes the mainacheristics of these two practices.

Intensive cropping practic | Low input cropping practic
Wheat cultiva Standar Resistar
Seeling rate (seeds/m’ 26( 15€
Use of plant gross regula | Yes No
Average fertilizer us (€/he) | 372 25¢

Table 2: Main characteristics of the two cropping systems

2.2 Estimation of the production function on agronomic data

Since the combination of low input cropping andgstast cultivar we consider in this study has
been developed so as to minimize the number ofvetgions, we consider that the structure of
the acreage management costs does not changéeidldoption of the new cropping system: the
parameters of this cost functiod, (g) will not be impacted. Thereby, we focus on th@atts of
the change in cropping practice on the paramegmnesenting the production technology £,

): the production function (Equation 1) is firstiesated on the experimental data corresponding
to the standard practice and then on the datasmoneling to the low input cropping practice.
The estimation results are presented in Table @vnbel

Intensive practic Low inputpractice | %age variatio
a 108.7¢ ok 93.0( -15%
Brertitizer 696.0: 537.1¢ -23%
.Bpesticide 221.6: o 193.0° Frx -13%
Yfertilize.ferlizer 2589.0¢ ek 1938.1(  *** -25%
Ypesticide.pesticide 1089.7: o 2538.57 * +133Y
Ypesticide.ferlizer 300.4. * 195.27 -35%

Significance levels: *** 1%; ** 5%; *10%
Table 4. Parameter estimates of the production furtton using agronomic data

We can first notice that here again almost alléeBmated parameters are significant. The
differences in order of magnitude between thesamaters and the estimates reported in Table 1
are due to unit differences (in price indexes niglabetween the economic and agronomic
databases. The relevant information here laysiicgo¢age differences in parameters between the
two cropping practices. As could be expected, thtergial wheat yieldd) decreases by about
15% and the quantities of inputs needed to achi@geyield (3) decreases by about respectively
23% and 13% for fertilizers and pesticides and wthernow input practice is used in place of the
intensive practice.



These changes in parameters are then applied taotiicient of the economic model
previously estimated on the “standard intensivectire’ data (Table 1) to obtain a new
economic model corresponding to the low input chogpractice.

The next section presents the results of simulatmructed with these two models.

Simulations results

2.3 Impacts of the adoption of the resistant cultivar

Table 6 reports the changes in wheat productionded by a switch from standard to low
input cropping practices for a wheat price of 18€Avhich corresponds to the lower bound of
wheat prices observed in 2013.

The vyield decreases by 16% and the input use by, 30€®oth fertilizers and pesticides.
This is in accordance with the conclusion of agrmostudies: the use of the resistant variety
allows a reduction of input use for a moderatedya#crease. The decrease in input expenditures
is not sufficient to compensate for the loss ofome generated by the yield drop: the gross
margin decreases by 7.8%. A lack of economic ineertan thus solely explain the non adoption
of the new cropping practice, independently of oflaetors related to the information available
to farmers or the behaviors of seed companies.dElgecase in wheat production is higher than
the yield decrease (-19%) because part of the dvdted to wheat in the standard practice in
reallocated to other cropping activities (3.2%).



Standarcintensivepractice | Low input practic | %age chang
Yield (€/ha) 1111.¢ 931.¢ -16%
Fertilier expediture €/ha’ 143.t 97.¢ -30%
Pesticide expediture €/ha) 1555 107.¢ -30%
Gross margin€/ha) 1108.t 1021." -7.8%
Production tons) 317.( 256.5 -19%
Acreage (he 513 496 -3.2%

Table 6: Impacts of a change from standard to lowniput practice in the wheat sector (wheat price:
180€/ton)

The own price elasticity of pesticides increaseabnolute term from -0.10 for the standard
intensive practice to -0.32 for the low input preet This reflects the fact that farmers using the
low input technology are less dependent on theafisaput, notably pesticides, and can just
adjust more easily their input consumption to clsnm input prices. This increase of price
elasticity also implies larger potential effectsaofax on pesticides. This will be discussed in the
next section.

We have seen that a change in cropping practiceartbthe use of a low input technology
would not be profitable to agricultural produceos & 180€/ton wheat price. However, since a
few years wheat prices have been, and will cestdirlin the future, highly volatile. To study the
implications of price changes on farmers’ econoimientives to adopt the low input technology,
we have reported on Figure 1 the evolution of wigeass margins, with respect to price, for the
two cropping practices: the standard practice ainpline and the low input practice in dashed
line.

The two curves intersect at a price of 98€/ton:euntthis price the adoption of the new
technology is profitable to farmers, above it ig.rctually, at 98€/ton 35% of the producers in
our sample switch from standard to multi-resistauitivars. This price, way below the recent
observed wheat prices, must be considered witharauhdeed the current version of our model
does consider energy in the inputs. Yet, as poiotgdy Loyce et al. (2012), oil prices, which
are highly volatile, can have a large impact onghee equalizing the gross margins of standard
and multi resistant wheat: their results show a 4liérence in “equilibrium price” between the
low (29%/barrel) and high (144$ /barrel) oil prisituations. The low input technology actually
also allows a lower dependency on fossil energyeiktbeless, even if this price was 50% higher,
it would still not be profitable for agriculturatgducers to adopt the low input technology in the
current wheat market context. Apart from anythingega lack of economic incentives thus
seems explain the low adoption rate of low inpwpping practices, which advocates for the
implementation of policy instruments to provide iegitural producers these economic
incentives. In the next part we focus on one paldicinstrument: the taxation of pesticides and
study its impacts on the adoption of the low infamining practices and on the use of inputs.
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Figure 1: Evolution of the wheat gross margin withtrespect to the price of wheat

2.4 Policy simulations

We first focus on the adoption of the low inputpgpong technology and run simulation to
find the tax rate that would provide farmers enoagbnomic incentive to change their practices.
The tax is implemented on the part of the aggreiggiat price index corresponding to pesticides.

Here again the results depend on the price of wirea a price of 180€/ton, a 130% tax is
needed to equalize the standard and low inputipescgross margins. In this case, the adoption
of the low input technology by 23% of the farmerduces a 36% decrease of total pesticide use.
The same tax implemented in the case of standagppirg practices would generate a decrease
of pesticide use of 19% only. To achieve a 50% etes® of input use, which is close to the goal
of the French“Grenelle de I'environnement”a 200% tax is necessary, in that case all the
farmers of the sample adopt the new technology. é¥&w in a situation where the low input
technology would not be available to farmers, thenteeded to reach the same level of reduction
would be 25% higher. These figures illustrate aergsting outcome of the new technology
adoption: the agricultural producers adopting the input practices become more responsive to
a taxation of pesticides. This is due to the inseeaf the price elasticity of pesticide demand
induced by the adoption: the demand of inputs &sljiaster to changes in input price and thus to
input tax. Pesticide taxation would thus be mofecient if alternative cropping practices are
available. Figure 2 illustrates this point: it refsothe decrease of pesticide use, with respect to



the taxation rate, for the standard (associatestdandard wheat) and low input (associated to
resistant wheat) cropping practices.
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Figure 2: Decrease of pesticide use induced by agbieide taxation.

We can notice here that the decrease in pestigdeisialways higher for the low input
cropping practice.

Conclusion

In this paper we use an original approach to sthdyeconomic incentive to the adoption of
a low input cropping practice associated to a nrelistant wheat cultivar. Indeed, we rely on a
primal form econometric model of acreage and cropdiction decisions which allows to
integrate the agronomic characteristics of a nesdyction technology. To our knowledge this is
the first attempt to estimate a yield function gsaxperimental agronomic data.

In first set of simulations, this approach allows to study the impacts of a switch from
intensive to low input cropping practices on farsienarket based production decisions and on
the outcomes of these production decisions. We dihatvthe decrease in input consumption
following the adoption of the resistant wheat vigriwill not compensate the income loss due to
the yield decrease, unless wheat prices are ustieally low, implying a decrease of farmers’
gross margin. A lack of economic incentives carstaxplain the current low rate of adoption of
this type of technology. In a second set of simotet we focus on the effects of pesticide
taxation on the adoption of low input cropping piees and on the use of inputs. We find that,
on the one hand, this policy can lead agricultpralducers to change their cropping practices;



and that, on the other hand, the pesticide taxdtasnlarger effects on input use when alternative
technologies are available to farmers. Indeed)dheprice elasticity of input demand increases

with the technological change and the same obggtivinput reduction can be reached with a
lower tax. This can improve the political accep&@wot this policy instrument. Other results, not

reported here, show that the pesticide taxatiodsleggricultural producers to reallocate part of
their land from the highest input consuming cra@apeseed, to wheat; this is all the more true
when low input cropping are used for wheat.

The results presented here are based on economstintations conducted with two inputs:
pesticides and fertilizers. In the next versiortted paper the costs of oil will be introduced. So
that we will account for the fact that the new @i system allows a reduction in the costs of
energy which increases its profitability comparedhe standard system.
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