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22I. Introduction

23The use of chemical inputs in agriculture has never been as extensive and as severely
24criticized as in recent years. Used heavily over decades in the name of production-
25oriented agriculture, chemical inputs have provided the basis for ensuring and
26substantial agricultural production (Just and Pope, 2003). While pesticides represent
27a way of protecting plants, fertilizers are designed to stimulate growth (Horowitz and
28Lichtenberg, 1994; Mishra et al., 2005). The former play a major role in stabilizing
29farm income while the latter contribute to increasing this income. However, due to
30the intensive use of these chemical inputs in agriculture, various types of pollution
31have appeared over time and are at the heart of current environmental concerns.

32The increasing precision of scientific analyses means that the direct and indirect
33impacts of chemical inputs, both on the environment and on human health, can be
34assessed more clearly (Leach and Mumford, 2008). Three major issues can be
35identified with regard to sustainable development. First, in ecological terms, it has
36now been established that chemical inputs contribute significantly to ground
37pollution through a process of leaching (Craven and Hoy, 2005), and sustained use
38threatens the integrity of the water table (Anderson et al., 1985; Arias-Esévez et al.,
392008). Second, in social terms, pesticides represent a proven source of danger to
40consumers of products treated with these inputs (Pan et al., 2010) and to farmers
41who apply them to their crops (Antle and Capalbo, 1994; Antle et al., 1998). Third,
42in economic and financial terms, chemical inputs are an integral part of the
43production model of farms, which raises questions concerning the feasibility of
44reducing them in the agricultural sector (Shumway et al., 1988).

45Together, these issues have led to increased oversight in the use of chemical
46inputs. The European Union (EU) is especially prominent in this area, implement-
47ing a new legislative framework on September 1, 2008 (Regulation No. 396/2005 of
48the European Parliament and of the Council on “maximum residue levels of
49pesticides in or on food and feed of plant and animal origin”). The aim is to protect
50consumers from excessive levels of pesticides in food products determined by the
51European Environment Agency (EEA).1 Within the EU, the French government
52initiated the Grenelle Environnement in May 2007, which targeted preservation of
53biodiversity and natural resources while adopting more environmentally friendly
54production methods. The Grenelle Environnement was an open-debate conference
55that involved the government (both national and local authorities) as well as
56political parties, scientists, trade unions, employers’ associations and environmental
57protection associations. The resulting commitments were enshrined into the
58legislation.

1An official list of active substances, together with an indication of the maximum authorized residue
levels, is available at http://ec.europa.eu/sanco_pesticides/public/index.cfm?event=homepage/.
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59The French government is particularly concerned about this issue because France
60is the leading consumer of phytosanitary products in Europe and the third-largest
61user worldwide (Aubertot et al., 2005). French farms are characterized by a level of
62use of phytosanitary products similar to that of the other European countries, at an
63average of 4.4 kg per hectare (ha) (Baschet and Pingault, 2009). Nevertheless,
64different behavior patterns regarding chemical inputs exist according to different
65types of production. One-third of the usable agricultural area is intended for large-
66scale crops and accounts for 48% of spending on inputs, while winegrowing
67represents 4% of the usable surface area and 14% of spending on chemical inputs.
68Due to this fact, the legislation (Article 31 of law no. 2009-967 of August 3, 2009)
69was adopted with a target of reducing the use of phytosanitary products in
70agriculture by 50% by 2018. In light of the high dependence of wine production on
71inputs, a target reduction rate of 37% by 2012 may be more realistic for this specific
72sector (Butault et al., 2010).

73Given this context, we propose to study the determinants of winegrowers’ demand
74for chemical inputs. This analysis is designed to identify the motivations of French
75farmers using pesticides and fertilizers when confronted by risks affecting their
76harvests. The case of French winemakers is particularly interesting because the
77consumption of chemical inputs in the wine grape–growing industry has not, to the
78best of our knowledge, been the subject of any previous studies.

79Because agricultural practices will have to evolve in the coming years, one must
80also consider the perspective of input reduction. Such a change in farming practices
81represents a leap into the unknown, as pesticides offer protection against certain
82diseases. The disappearance of pesticides may increase yield volatility and, by the
83same token, increase the volatility of farmers’ income (Foster and Babcock, 1991),
84while a reduction in fertilizers may lead to a direct reduction in production.
85Reducing these inputs should, therefore, be accompanied by the development of
86alternative products to protect farmers against yield volatility and to secure their
87income. Given these contingencies, we must consider the different insurance
88strategies adopted by winegrowers (Babcock and Hennessy, 1996). The use of
89chemical inputs can be compared to a sort of self-insurance (Ehrlich and Becker,
901972), given that the winegrower also uses these products to limit exposure to
91diseases. Other forms of self-protection include the diversification of crops or
92activities outside the farm on the part of the winegrower (Coble and Knight, 2002;
93Feinerman et al., 1992).

94Some insurance products are specifically dedicated to covering crops or their
95yields. The development of these policies progressed considerably in France during
96the first decade of the twenty-first century with the introduction of private insurance
97aimed at covering crop yield (Enjolras and Sentis, 2011). French crop insurance
98policies provide compensation if a farmer’s yield falls below a defined threshold.
99Consequently, they do not hedge against price variations. The question remains
100whether insurance strategies are substitutable or complementary to the application
101of inputs (Smith and Goodwin, 1996; Wu, 1999). Both pesticides and crop insurance
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102share the same goal: to protect farmers against losses due to natural disasters and
103therefore to stabilize their income. For this reason, the literature generally considers
104them substitutable. The relationship between fertilizers and crop insurance is less
105clear because the aim of crop insurance is not to enhance farmers’ income.

106Our analysis applies information from the French Farm Accountancy Data
107Network (FADN) databases between 2002 and 2007, which offer an overview
108representative of professional French vineyards, in terms of productive orientation.
109They are, in fact, the most complete and appropriate information sources when
110incorporating both the structural and financial aspects of vineyards. Using this data,
111we consider a number of characteristics of vineyards by focusing on their structure
112(size, quality of vineyards, etc.) and their financial situation (profitability, yield
113volatility, indebtedness, etc.). We also introduce several variables, primarily to
114control for climatic conditions, which are crucial factors in the spread of crop
115disease and, thus, in the use of inputs (Caswell and Shoemaker, 1993). To ensure the
116highest level of precision, meteorological readings are taken for each village. Using a
117combination of these data for the very first time, the analysis offers insight into both
118the determinants and the dynamics of chemical input use.

119The article is organized as follows: in section I, we describe the empirical
120framework of our research. In section II, we explain the methodology and the
121variables adopted in our analysis. In section III, we present the results obtained
122using static and dynamic analyses. Finally, we conclude with a summary of the
123determinants of the use of chemical inputs by winegrowers and examine the
124perspectives offered in this study.

125II. Empirical Framework Explaining the Use of Chemical Inputs in the
126Wine Grape–Growing Industry

127In this section, we begin by developing a model explaining the farmer’s level of
128chemical input use. We then present the main variables and the associated testable
129hypotheses.

130A. A Model of Farm-level Input Use

131Farmers apply inputs in order to increase or preserve their profits. As in Rahman
132(2003), the maximization function of the farm’s profit (Πit) can be written as:

Πit =
∑m

k=1

siktYikt − αFit − βPit − γWit (1)

133with:

Yikt = f (Fikt,Pikt,Wikt,Aikt,Eit) (2)
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134and:

∑m

k=1

Aikt 4 Ait (3)

135where:

∑m

k=1

Fikt = Fit (4)
136

∑m

k=1

Pikt = Pit (5)
137

∑m

k=1

Wikt = Wit (6)

138Equation (1) is the individual production function for each farm i in year t. Yikt

139corresponds to the yield of each crop k, depending on fertilizer use Fikt, pesticide use
140Pikt, workforce use Wikt, the relative area allocated to each crop Aikt and a set of
141exogenous factors Eit. s, α, β, and γ represent the market prices of crops, fertilizers,
142pesticides, and labor, respectively.

143The first-order condition determines the function of demand for all kinds of
144inputs Iit (fertilizers, pesticides, or workforce):

Iit = Iit(α, β, γ, s1t, . . . , smt,A1t, . . . ,Amt,Eit) (7)

145Equation (7) states that we can estimate individual functions of demand for
146each type of input. It also indicates which variables may affect the demand for
147chemical inputs.

148B. Factors Explaining Input Demand

149The use of chemical inputs is determined by several factors relating to the
150characteristics of the vineyards, mainly the structure of the farm, its financial
151situation, the subscription of crop insurance policies, and the climate. To ensure
152maximum precision, we use several measurements of the demand for inputs: the
153consumption of fertilizers, the consumption of pesticides, and the total consumption
154of inputs. Considerable differences may indeed exist between the use of pesticides
155and fertilizers considered separately (Mishra el al., 2005).

156(1) Chronology of the wine grape–growing season

157As explained in the previous section, many factors, for example, the area farmed
158and the financial results, can explain the use of pesticides. The same factors can also

Magali Aubert and Geoffroy Enjolras 5



159determine the decision whether to take out crop insurance, which means that
160pesticide use and crop insurance may be endogenous. This assumption of endo-
161geneity has been explored abundantly in the literature (Babcock and Hennessy,
1621996; Chakir and Hardelin, 2010; Goodwin et al., 2004; Wu, 1999).

163One essential parameter is nevertheless often neglected: the timeframe of the
164action (Figure 1). For instance, the decision to take out insurance must be made
165before the beginning of the season to avoid, in theory, moral hazard effects. Without
166this clause, an opportunistic farmer could take out insurance after he is in a position
167to observe low yields. However, when insured, winegrowers may reduce their
168consumption of chemical inputs (Goodwin et al., 2004; Smith and Goodwin, 1996).
169Such behavior is unbeknownst to the insurance company. Consequently, the ap-
170plication of inputs on vines, whether preventive or curative, must take into account
171the farmer’s decision to purchase crop insurance.

172(2) Structure of the vineyard

173The structural variables must enable us to examine the impact of the size of the farm
174on its consumption of inputs (Babcock et al., 1987). We also consider the quality of
175the vineyards, which is a decisive factor in their valuation (Reynolds, 2000). The
176financial variables enable us to test financial performance and to measure the risk
177exposure of those farms using inputs (Fernandez-Cornejo, 1998). We include in the
178analysis the profitability of the farm, its yield volatility, and its level of indebtedness.

179A vineyard can be described as drawing on structural factors. These indicators
180include the size of the farm. In absolute terms, it would seem reasonable to expect a
181positive correlation between the size of the farm and the consumption of chemical
182inputs. To take size into account, we standardize the consumption of fertilizers and
183pesticides per ha. We can assume a negative relationship between the use of inputs
184per ha and the size of the vineyard due to their decreasing profitability.

Figure 1

Chronology of the Wine Grape-growing Season

Information 
communicated: 
structural and
financial situation, 
climate conditions

Curative 
treatments

(if any)

Insurance 
compensations

(if any)

Start 
of 

season

Unfavorable 
weather 

conditions

End of 
season

(harvest)

TimeInsurance 
taken out
(if any)

Preventive 
treatments

(if any)

6 The Determinants of Chemical Input Use in Agriculture



185Other characteristics must also be incorporated in the analysis, such as any
186specialization observed in the vineyard, because some produce higher-quality wines
187corresponding to a protected geographical origin. The desire for quality might seem
188to offer an incentive to reduce the volume of inputs in the production process. At the
189same time, a high price level may encourage winegrowers to maintain their yields
190and to continue consuming inputs.

191The decision to use chemical inputs also depends on the individual strategy of
192the winegrower. It would therefore appear necessary to consider education level
193(Wu, 1999). According to the literature, an educated farmer is more aware of the
194harmful effects linked to chemical inputs and better able to manage input use
195(Fernandez-Conejo and Ferraioli, 1999; McNamara et al., 1991). We test whether
196winegrowers who have received more education adopt a more moderate level of
197input consumption.

198Hypothesis 1a: There is a negative link between the standardized use of chemical inputs and the
199total area of the vineyard.
200
201Hypothesis 1b: There is a negative link between the standardized use of chemical inputs and the
202education level of the winegrower.

203(3) Financial situation of the vineyard

204To evaluate the financial situation of those vineyards that use inputs, we called on a
205set of criteria usually adopted in corporate finance. As inputs increase yields and
206reduce the variability of profit (Just and Pope, 2003), turnover is a reference
207indicator, which offers a complementary measurement to the area farmed, expressed
208as the size of the vineyard.

209This must be complemented by other indicators that measure a vineyard’s risk.
210With this in mind, it is essential to incorporate yield volatility, as the use of fertilizers
211and pesticides is intended to increase and stabilize yields, respectively (Babcock and
212Hennessy, 1996; Wu, 1999). The level of risk aversion of the winegrower conditions
213chemical input use. Another risk factor is indebtedness, which reflects the solvency
214of a farm (Chakir and Hardelin, 2010). Risk management through inputs is
215nevertheless costly and may increase the level of indebtedness. However, inputs can
216ensure the survival of an indebted farm by guaranteeing a proportion of its yields.

217Other indicators can also be used, such as intermediate management balances,
218which offer indications concerning the structure of earnings. A farm’s performance
219must also be measured by calculating its economic profitability. Maintaining
220earnings or performance may prove to be an incentive to use inputs.

221Hypothesis 2a: The greater the financial size and profitability of a vineyard, the more chemical
222inputs it uses.
223
224Hypothesis 2b: The existence of financial risks to a vineyard has a positive impact on the use of
225chemical inputs.
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226(4) Crop insurance strategy

227This paper aims to provide new elements for the debate on the substitutability or
228complementarity between chemical inputs and crop insurance in the wine grape–
229growing sector. More broadly, one objective is to determine whether chemical
230inputs increase or reduce risk for winegrowers.

231As with the use of chemical inputs, the decision to take out insurance is the
232winegrower’s personal choice aimed at reducing the risk linked to this activity.
233Insurance involves a cost—the premium—in exchange for which the policyholder
234may receive compensation in the event of the partial or total destruction of the
235harvest. Similarly, inputs involve an expense for the farmer. In exchange, pesticides
236protect yields while fertilizers tend to increase yields. In these conditions, pesticides
237and crop insurance would appear to be substitutable products (Smith and Goodwin,
2381996).

239One should also note that all kinds of chemical inputs increase expected
240yield, some of which decrease risk, combating specific risks, while others increase
241risk, exacerbating other risks. For instance, pesticides reduce the risks associated
242with pests, thereby resulting in better yields. At the same time, they also increase
243the variability of outputs by increasing yields value in good years. In this
244context, the use of chemical inputs appears to be an additional risk factor,
245thereby justifying the decision to take out insurance (Horowitz and Lichtenberg,
2461993).

247Measuring the farmer’s level of risk aversion helps to clarify the situation
248(Pannell, 1991). A farmer who is highly risk averse will increase consumption of
249inputs. However, this increase will probably be limited by taking out insurance con-
250tracts (Feinerman et al., 1992). Inversely, farmers demonstrating little risk aversion
251will view inputs and insurance products as substitutes (Babcock and Hennessy,
2521996).

253Hypothesis 3: There is a negative link between chemical inputs and the decision to take out
254crop insurance.

255(5) Climatic conditions

256“We do not treat when we want, but when we can.” (Flandin, 1983).

257In addition to the timing of the application (Hall and Norgaard, 1974), it is
258essential to consider climatic conditions (Shoemaker, 1979).

259As with numerous crops, the yield of vines is naturally highly sensitive to
260excessive climate variation (Rosenzweig et al., 2001). For example, high levels of
261precipitation damage the development of grapes. If these grapes have been treated,
262the protection would be washed away through seepage into the soil. Because they
263are now more vulnerable, the vines would then be subject to attack by mold
264and disease.
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265Aggregate precipitation is traditionally the only criterion retained in the existing
266literature (Horowitz and Lichtenberg, 1993; Mishra et al., 2005) while numerous
267studies ignore the link between climate and pesticide dosage. To explore this
268question further, the field of variables considered must be extended to include
269temperature and even levels of sunshine. These two measurements reflect the
270climatic conditions throughout a season.

271Hypothesis 4: Extreme climatic conditions or those favorable to epidemics lead to increased
272consumption of chemical inputs.

273The aim of the following sections is to test these different hypotheses.

274III. Methodology

275Based on the detailed empirical framework described above, the methodology we
276have developed identifies the determinants of the use of chemical inputs in the wine
277production sector. We introduce a full range of variables and econometric models
278suited to a transversal and longitudinal analysis.

279A. Sources of Data

280The intensity of chemical input use depends on the structure of the vineyard, its
281financial results, and the climatic conditions. In order to incorporate all these
282aspects, we have made simultaneous use of the FADN databases for the vineyards
283and Météo France for the climate.

284(1) FADN data

285The FADN databases refer to professional farms in France. By definition, these
286farms cultivate at least the equivalent of 12 ha (29 acres) of wheat. They also employ
287the equivalent of at least one person working more than 75% of a full-time
288workload. Data are obtained annually through a detailed survey performed by the
289French Ministry of Agriculture. Collected information includes the structural and
290financial characteristics of the vineyards as well as their practices in terms of input
291use. Inputs’ costs differentiate fertilizers from phytosanitary products. We can retain
292this distinction of fertilizer versus pesticides while also calculating the total volume
293of inputs. This enables us to determine whether the criteria for the use of fertilizers
294are the same as those for the use of pesticides and whether inputs can be considered
295as a whole.

296The data at our disposal cover the period from 2002 to 2007. In 2002, 1,058 farms
297were surveyed for a total of 44,270 farms operating vineyards in France, while in
2982007, 1,042 farms were surveyed, representing a real figure of 43,015 wine farms. In
299order to assess the changing practices of farmers in terms of input use, our analysis
300focuses on a balanced panel of 607 French vineyards in permanent activity over
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301the entire period. We observe that almost 60% of the farms represented in the
302original sample are retained in the balanced panel since they were present for the
303entire period. Our database, as a result, contains 3,035 observations.2

304With a concern for representativeness, the data collected satisfy the quota
305method: The stratification takes into account the region, the productive orientation,
306and the economic dimension of the farms. Data are weighted by the Ministry of
307Agriculture regarding this stratification in order to represent the entire population of
308farms more accurately.

309(2) Meteorological data

310Climate conditions are beyond human control but affect the application of inputs.
311Following Houmy (1994), we pay close attention to the microclimate in which vines
312grow so as to enhance the accuracy of the analysis. Yet Lecocq and Visser (2006)
313and Storchmann (2005) showed that while highly localized weather data improved
314model fit, less localized data were also quite accurate.

315By using targeted climatic variables provided by Météo France, our analysis
316places meteorological conditions at the heart of the decision-making process. Using
317a pairing operated at communal level between the FADN data and the meteoro-
318logical data, we obtain the exact figures for rainfall and temperature observed for
319each vineyard over the 2002–2007 period.

320B. Variables

321Our empirical framework considers that the use of chemical inputs depends on
322several factors. Some are associated with the farm itself, such as structural
323and financial factors. Others are exogenous, such as climate variations. Table 1
324links the variables presented below with the hypotheses developed in the previous
325section.

326(1) Chemical inputs

327Based on the pesticide and fertilizer costs reported by the farms, three indicators of
328the intensity of use were defined. The first two quantify the costs relating to a specific
329input: pesticide or fertilizer. The third refers to the total cost of inputs per hectare.
330This distinction provides a new contribution to the existing literature, which
331primarily considers inputs an aggregate value.

2Because of the use of lagged variables, some variables for 2002 are included by construction in 2003.
As a result, we do not directly use 2002 in the analysis.
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Table 1
Definition of the Variables and Associated Hypotheses

Dependent
variables

Pesticides Total pesticide costs (E/ha)
Fertilizers Total fertilizer costs (E/ha)
Inputs Total input costs (E/ha)

Explanatory variables Hypotheses
Total area Total area of the farm (ha) H1a: There is a negative link

between the standardized use of
chemical inputs and the total area
of the vineyard.

Wine specialization Winegrowing specialization of
the farm (1=Quality wine;
0=Other wine)

Control

Region 4 categories of regions depending
on practices (see Figure 2)

Control

Permanent activity Permanent operations between
2002 and 2007

Control

Education Education of the farm manager
(3 categories: higher, secondary
and other)

H1b: There is a negative link
between the standardized use of
chemical inputs and the education
level of the winegrower.

Turnover Annual turnover of the farm
(E or E/ha)

EBT Earnings before tax (E/turnover)
ROCE Return on capital employed—

economic profitability of the farm
H2a: The greater the financial size
and profitability of a vineyard, the
more chemical inputs it uses.

Yield Annual yield of the vines grown
by the farm (E/ha)

Yield volatility Variation in the yield of the farm
in relation to previous years

H2b: The existence of financial risks
to a vineyard has a positive impact
on the use of chemical inputs.

Financial leverage Measure of the indebtedness
of the farm

Crop insurance Insured during the year (yes/no) H3: There is a negative link between
chemical inputs and the decision to
take out crop insurance contracts.

Crop insurance
premiums

Total crop insurance premiums
(E/ha)

Can demonstrate risk aversion.

Crop insurance
claims

Total crop insurance claims (E/ha) Can demonstrate a moral hazard
effect.

Aggregate
precipitation

Aggregate volume of precipitation
over one year (mm)

Average temperature Average temperature observed
over one year (°C)

H4: Extreme climatic conditions
or those favorable to epidemics
lead to increased consumption of
chemical inputs.

Temperature
deviation

Deviation between the average
temperature observed over one
year and its average (absolute
value)
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332(2) Structure of the vineyard

333The characteristics linked to the farm and the farmer facilitate the measurement
334of individual particularities at the moment when the decision to use inputs is
335made. The total area of the farm expressed in hectares is an essential indicator of the
336economic dimension.

337Productive orientation allows us to distinguish between farms specializing in
338“designated origin wine” and other vineyards. This distinction reflects the level
339of specialization of vineyards in quality wines: If this level represents more than two-
340thirds of their standard gross margin,3 a farm is said to be specialized in quality wine
341production. The differentiation is fundamental as the requirements linked to these
342origins are different. Moreover, wine quality can be considered a proxy for the
343output price, which is not provided by our database.

344The education level of the farm manager is also included in the analysis, with
345three levels of study defined “higher” education, “secondary” education, and
346“other” (primary education and no general education).

347(3) Financial situation of the vineyard

348We have retained several indicators including turnover, which reflects the financial
349size of the farm, and earnings before tax, which measures the difference between
350revenue and costs.

Figure 2

Change in Average Temperatures and Temperature Deviations Per Year

10
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15
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18

2003 2004 2005 2006 2007

Average temperature

Temperature devia�ons

3The standard gross margin is an indicator used by the European Union to define a common economic
value of farm production. It measures the difference between the value of production per hectare and the
costs of variable factors of production.
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351The financial risk linked to wine production is perceived through indebtedness,
352measured by calculating financial leverage.

Financial Leverage = Total Debt
Total Equity

353We also consider yield and, more specifically, its variability from one year to the
354next (OECD, 2000). High yield volatility could encourage farmers to target stability
355through the increased use of inputs.

Yield Volatility =
Production (t)/Cultivated Area (t)

Production (t− 1)/Cultivated Area (t− 1)
356Each farm’s performance is measured with respect to its economic profitability,
357which reflects the farm’s capacity to generate earnings using its capital. This
358performance can be improved through the use of fertilizers or protected
359by pesticides.

Return On Capital Employed = Net Operating Profit After Tax
Capital Employed

360(4) Crop insurance strategy

361The FADN database provides information about the amount of crop insurance
362premiums and compensations received by a farmer for a given year. The original
363values are expressed in euros per ha.

364(5) Climatic conditions

365The choice of meteorological variables is primarily dictated by the conditions in
366which diseases affecting the vines can develop. Excessively high temperature
367deviations are not favorable to the development of epidemics whereas a regular
368accumulation of precipitation is much more conducive to their spread.

369Similarly, it is important to assess the conditions of input efficiency. Excessively
370low temperatures make the dormant vegetation relatively unreceptive to pesticides
371(Houmy, 1994). Conversely, hot weather leads to the evaporation of inputs, which
372results in low efficiency levels of the treatment. Inputs are also washed out by heavy
373rain to seep into the soil.

374We observe a high level of variability in temperature deviations (Figure 2).
375Not all farms face the same climatic conditions and do not adjust their use of
376inputs in the same way, all other things being equal. The indicators and means
377of measuring them must be chosen correctly, as shown by the differences
378between the average temperatures in France. Consequently, we take into account
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379for each year and each farm both the average temperature and the deviation of this
380average compared to the historical mean (computed over the five previous years).

381(6) Control variables

382In order to take into consideration the different intensities of input use per
383geographic location, we consider the different regions for which data exists in the
384FADN database. Since all regions are not sufficiently well represented, we define
385four zones according to inputs use (Figure 3). Hence, the regions of Aquitaine,
386Burgundy, and Champagne-Ardenne, famous for their grands crus, are considered
387together because they are where inputs are most intensively used.

388(7) Standardization of variables

389To neutralize size effects, we calculate the total cost of chemical inputs in relation to
390the area farmed. Similarly, the structural and financial variables (not including
391ratios) are standardized per area and turnover, respectively. We also control for the
392effects of endogeneity by lagging the financial variables and certain meteorological
393variables.

394C. Models

395The use of a balanced panel allows us to conduct an econometric analysis in order to
396identify the determinants of the intensity of input use. It also enables us to quantify
397the progression of the main structural and financial indicators according to the
398changing practices of input use.

399The econometric model considered takes into account the individual dimension
400(i) and the temporal dimension (t). Thus:

yit = β +
∑

j=1

γjxijt +
∑

k=1

φkwikt−1 +
∑

m=1

αmzimt−1 +
∑

f=1

λf hift + ςiri + εit

401where:

402- 403yit is the cost/ha in pesticides, fertilizers, and chemical inputs

404- 405β is the constant

406- 407γj are the coefficients associated with j structural variables—expressed as xijt
408- 409φk are the coefficients associated with k lagged financial variables—expressed
410as wikt−1

411- 412αm are the coefficients associated with m lagged meteorological data—
413expressed as zimt−1

414- 415λf are the coefficients associated with f meteorological data—expressed as hift
416- 417ζi is the coefficient associated with regional practices—expressed as ri
418- 419εit are the error terms assumed to be iid
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Figure 3

Intensity of Chemical Input Use Per Hectare and Per Region

Source : Authors’ calculations based on FADN—Agreste data, 2007.
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420We compute three complementary models in order to understand the specificity
421of each kind of input. Model 1 relates to the costs of pesticides per hectare; model 2
422relates to the costs of fertilizer per ha; and model 3 relates to the total costs of inputs
423per ha.

424Within the framework of the panel data, we must define whether our model
425corresponds to a fixed-effects model or a random-effects model (Greene, 2006).
426The data at our disposal do not cover all French vineyards. According to Nerlove
427(2003) and Trognon (2003), this nonexhaustiveness justifies the use of a random-
428effects model. Two other justifications support this choice: first, the high number of
429observations and, second, the existence of regional effects of user practices.
430Heteroskedasticity and autocorrelation tests were carried out to confirm the quality
431of our estimators (Wooldridge, 2002). Model 1 was corrected for the autocorrelation
432observed between the error terms.

433Another series of models was created for 2007 to confirm the stability of the panel
434results. The lagged data are based on data for 2006. The explanatory variable
435for models 4, 5, and 6 is the cost of pesticides, fertilizers, and chemical inputs
436per ha, respectively. In these models, the tests relating to the error terms were also
437carried out.

438IV. Results

439A. Descriptive Statistics

440Table 2 describes our sample for the period considered on the basis of extrapolated
441data at the national level in France.

442One should note that both input costs (pesticides and fertilizers) and crop
443insurance increased slightly from 2002 to 2007. Moreover, we notice that insurance
444premiums are significantly more expensive than the sum of chemical inputs (about
44540% more). We also observe a very strong rise in insurance claims over time.
446Insurance indemnities greatly exceed premiums for winegrowers in 2007.

447B. Regressions on the Demand for Chemical Inputs

448We estimate the six regression models described in section III.C. The results are
449presented in Table 3.

450First and foremost, the estimations highlight the benefits of differentiating the
451types of chemical input as certain significant variables differ from one model to
452another. Pesticides correspond to products that protect vines, whereas fertilizers
453correspond to products serving to encourage the growth of the plant. The different
454uses made of these products are underpinned by a particular rationale and specific
455determinants. One benefit of our modeling process is that it clearly highlights the
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Table 2
Descriptive Statistics of the Main Variables for 2002 to 2007

2002 2007

Mean Std. dev. Min Max Mean Std. dev. Min Max

Endogenous variables
Pesticides (E/ha) 512.18 453.96 0.00 3,120.87 571.91 532.53 0.00 4,080.37
Fertilizers (E/ha) 144.91 307.09 0.00 3,857.33 170.86 293.01 0.00 2,766.83
Inputs (E/ha) 657.09 666.32 0.00 5,993.33 742.77 736.11 0.00 5,281.17

Structural variables
Total area (ha) 21.63 21.86 0.79 353.84 23.20 24.38 0.79 406.26

Financial variables
Turnover per hectare (E/ha) 14,400.50 21,855.33 0.00 202,114.90 18,382.12 27,574.53 266.81 237,152.90
EBT 0.05 8.33 −239.25 8.19 0.26 0.40 −1.72 2.77
ROCE 0.64 1.21 0.03 63.52 0.54 0.94 0.02 23.53
Financial leverage 0.43 2.06 −24.71 136.98 0.29 11.79 389.51 151.74
Crop insurance premiums (E) 910.56 2,112.80 0.00 31,399.00 1,076.30 2,257.36 0.00 43,170.00
Crop insurance claims (E) 949.11 5,628.90 0.00 101,239,00 1,603.31 7,793.12 0.00 174,243.50

2002 2007

Number of farms Distribution (%) Number of farms Distribution (%)

Crop insurance Yes 11,715 26.5 15,058 35.0
No 32,555 73.5 27,957 65.0

Wine specialization Designation of origin 33,063 74.7 32,376 75.3
Other wine 11,206 25.3 10,639 24.7

General level of education Higher 4,139 9.4 3,359 7.8
Secondary 6,867 15.5 8,626 20.1
Other 33,263 75.1 31,031 72.1

Permanent activity Yes 24,848 56.0 25,248 58.7
No 19,422 44.0 17,767 41.3

Total 44,270 100.0 43,015 100.0

Source : Authors’ calculations based on FADN—Agreste data from 2002 to 2007, weighted values.

M
agaliA

ubert
and

G
eoffroy

E
njolras

17



Table 3
Estimated Results of the Random Effects Panel Data and of the Linear Models

Panel models—Random effects (2002–2007) Linear models (2007)

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
Pesticides Fertilizers Inputs Pesticides Fertilizers Inputs

Chemical input costs per hectare−1 0.269*** (16.97) 0.089*** (9.32) 0.451*** (3.64) 0.223*** (2.79)
Crop insurance−1 −7.546 (−0.79) 5.553 (0.89) −7.994 (−0.59) −27.645 (−1.37) −1.955 (−0.15) −33.316 (−1.07)
Yield volatility 7.049 (1.37) 5.728** (2.12) 10.112* (1.86) 10.785 (1.41) 3.627 (0.75) 25.790* (1.80)
Total area −1.147*** (−5.48) 0.113 (0.69) −1.927*** (−4.79) −0.900** (−2.92) 0.247* (1.64) −1.280*** (−3.10)
Wine specialization −48.587*** (−3.68) −16.147* (−1.64) −73.330** (−3.10) −80.077** (−3.22) −24.238* (−1.76) −168.378*** (−5.94)
Education −12.657 (−1.35) 5.289 (0.70) −12.677 (−0.67) −23.568 (−1.20) 5.202 (0.43) −32.015 (−1.01)
ROCE−1 7.541 (0.93) −1.410 (−0.26) 2.849 (0.24) 71.821** (2.59) 6.372 (0.29) 92.723** (2.03)
EBT−1 4.145 (0.54) 7.110* (1.71) 14.887* (1.78) 6.101 (1.03) 12.478* (1.64) 10.540 (0.66)
Turnover−1 0.008*** (17.52) 0.004*** (10.19) 0.017*** (24.61) 0.008** (2.20) 0.002 (0.92) 0.020*** (9.99)
Financial leverage−1 −0.277 (−0.48) 0.187 (0.61) 0.146 (0.24) −0.571 (−0.72) 0.171 (0.98) −0.429 (−0.51)
Region 89.765*** (12.30) 25.734*** (5.30) 154.775*** (11.19) 83.770*** (3.90) 24.972*** (3.56) 164.006*** (6.85)
Aggregate precipitation−1 0.054** (2.52) 0.001 (0.09) 0.101*** (4.12) −0.009 (−0.14) −0.089** (−2.09) −0.221** (−2.08)
Average temperature 16.429*** (4.05) 4.093 (1.38) 20.504** (2.96) 17.721** (2.18) 1.749 (0.37) 4.901 (0.44)
Temperature deviation −7.132*** (−4.29) −2.721** (−3.00) −9.212*** (−4.97) −2.316 (−0.32) 2.289 (0.67) −4.546 (−0.42)
Intercept −102.343 (−1.48) −46.537 (−1.02) −117.292 (−1.08) −160.170 (−0.83) −49.379 (−0.48) 249.667 (0.87)
Sigma u 61.639 81.754 224.451
Sigma e 177.092 102.781 209.833
Rho 0.108 0.388 0.534
No. of observations 2,903 581
No. of individuals 607
R2 overall (panel model)/R2

(linear model)
0.632 0.413 0.593 0.671 0.383 0.608

Wooldridge test for autocorrelation
in panel modela

0.0269** 0.3083 0.2742

Likelihood-Ratio test for
heteroskedasticity in panel modelb

1.000 1.000 1.000

Breusch-Pagan/Cook-Weisberg test
for heteroskedasticity in linear
modelb

0.000*** 0.000*** 0.000***

Source : Authors’ calculations based on FADN—Agreste data from 2002 to 2007 and meteorological data.
Notes : * p<10%; ** p<5%; *** p<1%, z and t statistics are indicated in parentheses for panel and linear models respectively. −1 denotes a lagged variable.
a.The null hypothesis tested is: no first-order autocorrelation. b. The null hypothesis is: homoscedasticity.
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456advantages of this differentiation. The area farmed mainly affects the use of
457pesticides. The larger the farm, the less pesticide the farmer uses per ha. This result
458probably reflects pesticide targeting on certain plots or grape varieties. Inversely,
459higher yield volatility gives rise to a more intensive use of fertilizers per ha but has
460no impact on the use of pesticides. The application of fertilizer is therefore deter-
461mined by a desire to guarantee a minimum yield in all circumstances. Finally, in
462meteorological terms, we observe that abundant rainfall during a previous period is
463reflected by a more intensive use of pesticides per ha because the conditions for the
464development of diseases are more favorable; nevertheless, pesticides have a negative
465impact on the use of fertilizers for 2007.

466Most determinants of the use of inputs remain common to both forms, no matter
467whether we examine protective products or growth-stimulating products. Farms
468that specialize in quality wine production correspond to farms that use fewer
469inputs regardless of the input concerned. Conversely, the greater the turnover
470(standardized to the area farmed) in the previous period, the more use wine-
471growers make of inputs per ha in the current period. The model indicates that
472meteorological factors and, more specifically, the average temperature and
473temperature deviations, have an effect on the use of inputs. The higher the tem-
474perature, the more farmers make intensive use of inputs. Conversely, the greater the
475temperature deviations, the less farmers make intensive use of inputs. Inputs are
476therefore applied primarily when the meteorological conditions are conducive
477to their efficacy.

478We also observe that certain factors have no impact on input use. This is the case
479for the education level of farm managers, earnings before tax (EBT), and the
480financial leverage observed during the previous period, none of which demonstrates
481significant coefficients. More surprising is the nonsignificance of crop insurance on
482input practices. Being insured does not imply any change in consumption of
483pesticides and fertilizers.

484Vineyards differ from other farms in the longevity of the vines. This durability is
485shown in our analysis through the consistency of past and present use of inputs of
486any kind. A farm that uses more inputs in the previous period also uses more in
487the current period. We observe consistent use of inputs, which would appear to be
488indicative of a permanent production pattern. In the same way, we confirm the
489existence of a geographic location effect. Certain regions tend to use more inputs
490per ha than other regions over a number of years.

491The models created for a balanced panel or for 2007 alone reflect a relative
492stability of results obtained. We confirm the significance and direction observed for
493the majority of the factors considered in relation to the cost of phytosanitary pro-
494ducts per ha between models 1 and 4: stability of use between two periods,
495differential practices at the regional level, specific productive orientations, a level of
496turnover standardized per area farmed, and the importance of meteorological data.
497Regarding the cost of fertilizers per ha, we observe that the factors relating to
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498geographic location, previous use of fertilizer per ha, and EBT are significant in
499models 2 and 5.

500Generally speaking, the adjustment quality of the models is satisfactory, in
501particular for pesticides and total inputs (models 1, 3, 4, and 6). It appears that the
502adjustment quality of models 2 and 5 relating to the use of fertilizer per ha is not as
503high. Other factors not incorporated in our analysis have an impact on the intensity
504of fertilizer use, although not necessarily or to a lesser extent, on the use of pesticides
505and of inputs in general.

506C. Dynamics of the Demand for Chemical Inputs

507In addition to identifying the factors determining the intensity of input use, the
508temporal dimension of our sample enables us to characterize the farms in structural
509and financial terms according to their changing use of inputs.

510In 2007, the joint use of pesticides and fertilizers per ha was correlated at a level of
51150%. The dynamics of progression of their respective use between 2002 and 2007
512was correlated at a level of 30%. Consequently, the changes observed in the use of
513these two inputs are different, thereby consolidating our strategy of differentiating
514these two indicators.

515Three dynamics were defined on the basis of the change in the use of pesticides,
516fertilizers, and inputs: stability of behavior, lower use of inputs or, on the contrary,
517more intensive use of inputs. The thresholds demarcating each of these dynamics
518differ according to the distribution of the change in consumption of the input con-
519sidered. With regard to the costs of pesticides or inputs, farms with a coefficient of
520change between −100 and 100 correspond to those demonstrating the most stable
521behavior. With regard to the costs of fertilizers, the thresholds adopted in light of the
522distribution of the coefficient are −50 and 50. The results of the analysis are
523presented in Table 4.

524One of the objectives of applying inputs is to increase yields. This is confirmed in
525the dynamic analysis. Farms that make more intensive use of inputs enjoyed the
526largest increase in yields. This increase reflects an increase in production, as the area
527farmed remains stable irrespective of the change in practices considered. The
528increase in production goes hand in hand with an increase in turnover. Inversely, for
529farms that reduce their consumption of inputs, the observed fall in production is
530coupled with an increase in turnover, reflecting an improved valuation of pro-
531duction. Finally, the production of wine with designation of origin is associated with
532a greater stability in chemical input consumption compared to other types of wine.

533The dynamic analysis provides innovative elements concerning the link between
534insurance and inputs. While insurance is often viewed as an alternative to the use of
535inputs, our analysis highlights the fact that winegrowers who increased their level of
536insurance coverage also reduced their consumption of inputs. At the same time,
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537they received more compensation, reflecting a moral hazard effect. In the case of
538farmers who did not change their crop insurance strategy, their demand for chemical
539inputs remained unchanged. Finally, it should be noted that farmers who took out
540less insurance coverage or increased their insurance consumption by less than the

Table 4
Structural and Financial Characterizations of Vineyards, Differentiated According to the
Evolution of their Practices in Terms of Input Use Per Hectare Between 2002 and 2007

Pesticide expenses per hectare

Less intensive use Stable use More intensive use

Distribution in % 50.5% 28.6% 20.9%
Total area 1.047 1.083 0.961
Turnover/ha 240.410 101.678 5993.621
Yield 0.763 −4.123 2.162
EBT −0.078 −0.150 −0.127
ROCE −0.000 −0.000 −0.000
Financial leverage −0.000 0.000 −0.000
Crop insurance premiums 1.069 1.144 1.025
Crop insurance claims 3.552 3.044 6.202
Wine with designation of origin 72.17% 84.57% 71.87%
Other wine 27.83% 15.43% 28.13%

Fertilizer expenses per hectare

Less intensive use Stable use More intensive use

Distribution in % 49.0% 25.2% 25.2%
Total area 1.046 1.046 1.019
Turnover/ha 227.956 1282.911 3846.734
Yield −1.554 −2.492 4.202
EBT −0.129 −0.071 −0.106
ROCE −0.000 −0.000 −0.000
Financial leverage −0.000 0.000 −0.000
Crop insurance premiums 1.133 1.057 1.005
Crop insurance claims 4.273 2.584 4.545
Wine with designation of origin 72.70% 86.37% 70.78%
Other wine 27.30% 13.63% 29.22%

Chemical input expenses per hectare

Less intensive use Stable use More intensive use

Distribution in % 41.0% 32.7% 26.3%
Total area 1.053 1.086 0.960
Turnover/ha 246.987 −122.195 5103.784
Yield −0.963 3.363 4.382
EBT −0.083 −0.153 −0.095
ROCE −0.000 −0.000 −0.000
Financial leverage −0.000 0.000 −0.000
Crop insurance premiums 1.178 1.148 0.823
Crop insurance claims 4.600 2.645 4.450
Wine with designation of origin 73.31% 85.00% 67.70%
Other wine 26.69% 15.00% 32.30%

Source : Authors’ calculations based on FADN—Agreste data from 2002 to 2007.
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541other groups made more intensive use of fertilizers or pesticides. Correspondingly,
542they also demonstrated the largest increase in insurance claims. This would suggest
543other evidence of moral hazard in that these farmers take more risks by using more
544inputs. Such results are in line with observations made by Horowitz and Lichtenberg
545(1993).

546Generally speaking, all farms experienced a fall in the economic profitability of
547their activity, a clear indication of the crisis affecting the wine grape–growing sector
548in France in recent years. This loss is felt more severely by farms that use relatively
549more inputs, perhaps due to the cost of inputs and the associated risks. Nevertheless,
550the change in financial leverage and EBT is not significant, reflecting stability with
551the results of the regressions.

552V. Conclusion

553In our article, we have endeavored to determine the factors that encourage prof-
554essional French winegrowers to use chemical inputs in order to protect or increase
555the yield of their crops. First and foremost, the results show that differentiating the
556inputs is a key element to be taken into consideration. Not all inputs offer the same
557utility: Whether to protect or stimulate the growth of a plant, each input satisfies a
558distinct rationale that must be taken into account. The results obtained remain
559globally stable between the panel data models estimated for the period from 2002 to
5602007 and the models developed for 2007 alone.

561Among the variables positively affecting the use of inputs, farm size plays an
562incontestable role. Input-intensive farms are characterized by a small area (H1a)
563combined with a high turnover per ha (H2a). A salient result is that the application
564of fertilizers and pesticides is driven mostly by unfavorable climatic conditions (H4).
565Risk, measured by yield volatility, is also an essential criterion in determining the
566application of inputs, particularly with regard to fertilizers (H2b). All of these
567results indicate an adaptive behavior on the part of farmers.

568Nevertheless, the other risk factor–indebtedness–is not significant (H2b). This is
569also true of economic profitability and earnings before tax (H2a). Most of the
570financial variables are irrelevant, reflecting the predominance of structural variables
571in the decision to treat the vines. Personal criteria, such as education level, do not
572appear to exercise any major impact (H1b).

573The last set of results has major implications in terms of public policy. We
574attempted to review the interaction between crop insurance and chemical inputs,
575starting with the principle that the farmer must decide to take out insurance before
576applying the fertilizers or pesticides. The interest in this interaction is considerable
577because insurance can serve to compensate for the scheduled diminution of
578chemical inputs. The results from the regressions show that the decision to take
579out insurance does not in and of itself influence the use of chemical inputs.
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580However, the dynamic analysis demonstrates a substitutability effect over time as
581farmers who reduce their consumption of inputs increase their demand for crop
582insurance significantly (H3).

583Crop insurance claims paid to these farmers increase more quickly than the
584average. This result clearly denotes a moral hazard effect, which may jeopardize the
585insurability of crops as restrictions on the use of inputs become more severe.
586Moreover, winegrowers who increase their consumption of pesticides also submit
587more insurance claims, probably because excessive use of an input becomes a new
588risk factor.

589The phenomenon of asymmetric information means that the results observed
590must be refined, and the perspectives revealed by our research are numerous given
591the paucity of studies exploring the demand for inputs in the wine grape–growing
592sector. It would be interesting to study in greater detail the dynamic behavior of
593winegrowers according to their consumption of inputs. Types of vineyard by region
594or variety would provide results enabling the reduction of inputs and the
595implementation of alternative and precisely planned solutions.
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