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low input practices in the presence of risks and icome supports

Ricome A., Chaib K., Ridier A., Kephaliacos C. &atpy-Goulard F.

Abstract

The objective of this paper is to study the efééetgricultural policies on marketing decisions\asl|

as the link between marketing and production denisi We develop an analytical model to study how
policies affect marketing decisions and conditiamsder which the two types of decisions are
separable. We found that government policies impaatketing decisions. We also found that the
necessary conditions to have separability of denssiare rather restrictive, even in the presenca of
perfect hedging tool. We build a stochastic muttgaic farm model to investigate the empirical
relevance of our theoretical findings. The farm eldd used to model a representative farm for the
Midi-Pyrénées region in France (South-West). Thaulte confirm the impact of price risk and direct
payments on both production and marketing decisieitis the proportion of grain marketed under
different contracts that vary. We also observe thdarge supply of marketing contracts allows to
stabilize production choices. In particular, maiket contracts can contribute to help farmers to
adopt green practices, which are riskier than cartianal techniques intensive in chemical inputs.

Keywords: multiperiodic farm model, stochastic daion, risk analysis, arable farming,

JEL classification: Q12, Q13.

1 INTRODUCTION

The successive Common Agricultural Policy (CAPDrefs have led to a step-wise reduction of
grain price support which used to protect farmgeasrast world commaodity price fluctuations but to be
strongly coupled to production decision. The reruncof price support began in 1992 and was offset
by Arable Area Payments (AAP), independents ofpttoeluction level but still linked to crop acreage.
In 2003, AAP have been partially substituted fongké Farm Payments (SFP), both disconnected
from crop yield and farm acreage. The decouplinGAP direct supports aims at encouraging farmers
to take more market oriented decisions but exptbsas to a greater price uncertainty. However, SFPs
induce a wealth effect on farmers’ decisions whigdiuces their vulnerability to price risk (Hennessy
1998). But since the average level of SFPs is dgdeto decrease in the future (European
Commission, 2011), the exposition to market risk wcrease and become an important issue.

In that context, and given the other goals of t#&Gncluding the promotion of conversion
from “traditional” arable farming practices towardwore sustainable ones, we can wonder if both
decrease in market stabilization and regulatiofiat@r low-input practices are antagonist policies.
Chemical inputs, especially pesticides, are intehgi used in conventional technologies and
contribute to reduce yield risk (Uri, 2000; LiendaHardaker, 2001). Low input technologies are then
usually perceived as more risky than conventiomesoand farmers are less inclined to adopt them
when prices are uncertain or hardly predictablel¢Fet al., 1985; Abadi Ghadim and Pannell, 1999).
Thus, to enhance the rate of adoption of low-inpehnologies in a context of agricultural market
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instability, (price) risk management instrumentsildobe adopted by farmers. Currently, revenue
insurances are not available to EU farmers and etiawk contracts (such as forward contracts)
(together with farm diversification strategies) #re main existing tools to manage price risk anfa
level. So, in France, we observe since the mid-200@sethergence of several types of marketing
contracts that help farmers to mitigate the degre@rice risk's exposure on their farm. If pool
contracts are the “traditional” contracts suppliedarmers, forward contracts and storage contracts
become more and more often used (for a detailecrigien of these contracts, see in appendix). This
paper contributes to the economic analysis of thaption of green practices by assessing the role of
marketing contracts to encourage the adoption ®f-itgput practices in a context of market
liberalization and with declining farm direct suppm EU (SFP).

Firstly, we aim at better understanding the intioac between marketing and production
decisions in the presence of farm income suppditips. The links between both marketing and
production decisions have first been studied bythiar (1978), Holthausen (1979) and Feder et al.
(Feder, 1980). They all contributed to an extensibthe firm theory under uncertainty elaborated by
Sandmo (1971) in an expected utility (EU) framewdk adding a forward contract in the model.
They show that under market price risk, productienisions are completely separated from hedging
decision and independent of the farmer's risk petoa and the farmer's risk preference. An
important implication of this result is that insoce effect and wealth effect which can significant!
impact production decisions under policy changesnft¢ssy, 1998) may not have an impact when a
hedging market exists. Nevertheless, it has beewrslthat the result holds only in case gfexfect
hedging, that is to say when the hedge allows l® out any source of risk. Losq (1982), Anderson
and Danthine (1983) and Grant (1985) show thatymtioh decisions are not separable from hedging
decision if a production risk exists. Viaene anttiza (1998) find the same result when input prices
are random. Lapan et al. (1991), Lapan and Mos¢hB84) show that, in case of futures and option
contracts, the separability property does not mmadiher. This is due to the fact that hedging tools
induce a new source of risk, the basis risk, bexatithe imperfect relation between the spot paice
the futures price. This new source of risk makes tliedging imperfect. However, all these articles
share a common limit: their analytical frameworldluees the marketing decisions to a unique hedging
decision which might not be the case in realitycsimedging is only poorly used by farmers (e.g.
Brorsen, 1995; Pannell et al., 2008). Currentlymiars use also post-harvest marketing strategigs su
as storage contracts or basis contracts, but alslocpntracts which is even the main contracts used
France. Yet, the risk content of these contraatsuish different from a hedging contract.

Following this literature review, we propose to lgma the implications of the introduction of
other types of marketing contracts (different froadging) on the separability of the two choicesneve
in the case where hedging is perfect (the uniquecsoof risk at the farm scale is the price rigk)the
extent that production and marketing decisionsrexteseparable any longer, a joint analysis of the

! Marketing contracts are “either verbal or writ@greements between a buyer and a producer that set
price and/or an outlet for a commodity before hatwer before the commodity is ready to be marketed”
Harwood, J., R. Heifner, et al., Eds. (1999). MangdRisk in Farming: Concepts, Research, and Aiglys
Agricultual Economic Reports No. 774. Washingto@€D.
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impact of policy changes on both production andkeiamg decisions has to be done. This constitutes
the second aim of this article. While authors hagsessed the effect of policy changes on the
production side (e.g. Mosnier et al., 2009), oxamined their effect on the hedging demand (Coble
et al., 2004; Wang et al., 2004). Here, we propgossmbine both of them in order to asses in which
extent the effect of policy changes on producti@tisions (on the adoption of environmentally-
friendly technologies in particular) is affectedtiking into account of marketing decision.

The section 2 proposes an analytical model extgndie previous model proposed by
Danthine, Holthausen and Feder et al. A post-hamesketing strategy is proposed in the model: it
corresponds to a storage contract, currently affesegrain retailers and often chosen by farmef® S
are also introduced to test the effect of CAP digayment on production choices but also on the
demand for marketing contracts. The following s®ttieports a mathematical programming farm-
level model applied to a representative regionshoerop farmer. This mathematical programming
model allows to test the empirical relevance ofigiog jointly production and marketing decisions. |
will then allow to ex ante study the role that @byblay marketing contracts on production
adjustments, especially on the adoption of low-inpractices, under the scenarios of a price risk
increase and under decreasing CAP support as ibeaxpected from the next CAP reform which
will occur in 2013. Results are presented in sactlo The final section discusses the results and
concludes on the implication of the findings.

2 AN ANALYTICAL MODEL OF MARKETING AND PRODUCTION DECISIONS WIT  H PRICE RISK AND
WITH FARM SUPPORT

2.1 The model

We assume a farmer producing a single crppwith a concave single-output production
functiony = f(x) wherex is the input. A dual cost functioe(y) is associated to the production
function. We assume the input price is known attthree the production decision is made and is
constant so that it does not have to be reportedtie cost function. It is also assumed that nmadgi
cost is positive and non-decreasing so #ép) > 0 andc”’(y) > 0. The farmer has to choose
between three different marketing alternatives tokat the grain that will be harvested in the fatur
The first one is a cash at harvest confrddnder this cash sale strategy, the farmer sedisctop at
harvest for the prevailing random spot prﬁ;eThe second marketing contract is a forward centta

binds the farmer to deliver at the harvest the ifipdcquantity of grain.h gives the quantity
subscribed to this contract. Because the pﬂcds fixed at the sowing date, the contract allows t
hedge the production because the farmer is abdirtonate the price risk. Furthermore, because the
only source of risk in the model is the price, fleelging is perfect. The third pricing arrangemerd i
storage contract. The quantity subscribed to thistract, denoted by, is sold after a period of
storage. The selling price, random, is givenPpyit corresponds to the prevailing spot price when

2 We consider the cash-at-harvest contract by meferéo other analytical models developed. However,
the contract does not exist in France. But in sietic framework, this cash-at-harvest contracéexactly
equivalent to the pool contract studied in the eitgli model.
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quantities are sold. The storage cost per uniivisngby k. Given the gap between the selling date of
the quantities stored and the ones of the quasstéd under the first two contracts, we assumat th
the farmer discount the pridg at the discount factg.

The price risk is additive. Random pricel% @nd P;) can be characterized by the following
forms:ﬁp = Fp + 0pé, andP, = P, + g,& wherea,, anda, are positive shift parameters afjdandé
are random variables with(¢,) = 0, E(&) = 0, Var(&,)=1.

The SFP is noted D. As in the CAP, this direct payims supposed to be independent of
farmer’s decisions and non contingent to any préadization. The profiir associated with the farm
activity is:

=Py —h—s)+Ph+ (Bl —k)s—c(y)+D (1)

Under expected utility framework, the farmer isumsed to have a von Neumann-Morgensten
utility function U defined on profit and strictly increasing, concawnd twice continuously
differentiable. His goal is to maximize the expelctgility of profit. The optimization program carb
write:

max ® = f f U(r) f (P, B,)dP,dP;
yhs o Jo

Wheref(Pp,ﬁs) is the joint probability density function on tharner’ subjective contractual
prices. The first order conditions can be written:

=, = E[U'm®E - G)] =0 (2A)
2 =, = E[U'(m)(P; - B,)| =0 (2B)
2 = o, = E[U'(m)(BF, — k — B,)] = 0 (20)

We assume that the second order condition holds,ghithe hessian matrix of the optimization
programHg (v, s, h) is a non-positive matrix.

2.2 Optimal output’s supply

Without forward and storage contracts

If we first remove the storage and the forward mts, only the condition (2A) prevails and
corresponds to the situation already studied byl®an It can be easily seen that production decssion
are affected by the risk and the farmer’s avergiomsk. Indeed, using (2A) we get:

, 5 cov[U' (m),Pp]
O =h+t—mm (3)

The first term of the right-hand side, the expecpieideﬁp, defines the expected marginal return
and the second term is the marginal risk premiutmusT at the optimum the optimal output is
characterized by the marginal cost being less tharexpected marginal return (see Sandmo for the
proof); the difference being constituted by the givaal risk premium, both dependent of risk aversion
and price risk.
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Without storage contract

When forward contracting are supplied, we are biadke situation of the model proposed by
Holthausen. The first order conditions are condiurom conditions (2A) and (2B). Adding the two
equations gives:

') = P (4)

since (Pf - c’(y)) EU'(mr) =0 andU'(rr) > 0. Equation (4) means the farmer will produce

until the marginal cost equals the certain forwprite. There is no marginal risk premium. The
optimal production is independent of risk aversiprce risk and is also independent of the quantity
forwarded: production and marketing decisions aré separable. The latter result has been named in
the literature the property of separability.

Nevertheless, it should be here noticed that gtherfirst order conditions of the optimization
problem, the condition (2A) (and the equation (Rttresult from (2A)) may still be exact at the
optimum, which may seem conflicting with the prdpesf separability. In fact, using (3) and (4), it
can be seen that the property holds only if:
covlgll]] ’((7;)),Pp] )

The equation (5) gives the necessary underlyirgiogiship between the forward price and the
expected price at harvest to get the property phisdility. Thus, we can observe that the sepaiabil
holds if and only if the marginal risk premium isdependent of risk aversion and price risk.
Otherwise, the equation (4) cannot assume the aifigr of the decision.

szpp'i'

All marketing contracts are available

When the third marketing opportunity, the storagetact, is available to the farmer first order
conditions are now given by (2A), (2B) and (2C).didy the three equations give:

E [U’(n) (P +BP—k—PB, - c'(y))] =0 (6)
EU'(m)E (Py + BB, — k = B, — () + cov[U' (®), BB, — B,] = 0 )
Beov|[U' (7),P5|—cov|[U’ (7),Pp]

C,(y)=Pf+BP_S_k_pp+ EU’(ﬂ.’) (8)

In the equation (9), the first term of the righttsside Py + BP, — k — Pp, depicts the expected
marginal return. The second termpcov|U’ (%), B| + cov|U'(#), B,], represents the marginal risk
premium related to the storage and to the caslateelst contracts. Sinc8'(m) > 0, we have
—Bcov|U' (), B] + cov[U' (%), B,] 2 0 which impliesc’(y) S Pr + BP; — k — P,. Thus, as in the
equation (3), the marginal risk premium gives, k& bptimum, the spread between the expected
marginal return and the marginal production tdétthe marginal risk premium depends on both the
farmer’s risk aversion (characterized B%(m)) and on the farmer’s risk perception (characterizg
the covariance terms), it could once again to ealitt the property of separability obtained by addi

* When the farmer is risk neutral, théi(r) is constant and-Bcov|[U’ (%), B] + cov[U' (), B,] = 0.
Then, the marginal risk premium is zero and thesetgr marginal return equals the marginal prodoatimst.
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(2A)and (2B). To obtain the underlying relationshigtween the forward price and the storage price

necessary which allow to keep the property of ssphtty, we need to substract (2B) to (2C). We

obtain:

ﬁCOZ[UUI((;;):Ps] (9)
Equation (9) means that the property of separghililds if and only if the marginal risk

premium related to the storage contract is indepenaf risk aversion and price risk. Otherwiser¢he

is no separability between production and marketlegisions and the former type of decision is

dependent of risk aversion and price risk. Thusswa storage contract is introduced into the model,

the necessary restrictions to assume the sepéyadbilithe two choices concern the marginal risk

premiums of the pool and the storage contracts.

2.3 Optimal contracts’ demand

When price are not perceived as biases

If the prices are not perceived biases by the fgrioe in other words, if there is no bias in
subjective price expectations, farmer’s expectatiabout future spot prices correspond exactly to
those of the market which is seen as efficient. Bé&t estimate of the future spot price at harigest
then the forward priceP; = Py) and the best forecast of the discounted storage 8P, = B, + k.

Under these assumptions, using equations (5) dndwy& obtain:

cov[U'(m),B,] =0 (10)

Beov[U'(m),B] =0 (11)

If we focus on the optimal contracts’ demand, ctbadal on the output decision, it follows that
to satisfy equations (10) and (11) the cash-atédsirand the storage contracts may not be usetieAt t
optimum, the demand will be exclusively on the fard/contract and the hedge ratio may equals to 1.
This result was expected since if markets are pardeas efficient, there is no room for speculative
behavior. The farmer will choose the forward coctsallowing removing the risk at no cost.

When price are perceived as biases

In practice, farmers might have expectations théerdfrom those of the market. It can be
shown that the farmer will use the cash at hamvestract if?, > Pr. Indeed, from (2b), we get:

E[U'(m)(P; — B,) = cov(U'(n), B,) (12)

SinceU’' () > 0 andPy — Fp < 0, the left-hand side of the expression is negafiveis, at the

optimum, the right-hand side must be negative. Wiiisbe the case if and only if the farmer uses th
cash at harvest contract. The farmer may still e forward contract. However, the larger the
interval P, — P, and the higherov(U’ (), B, ), the lower the quantity hedged.

In the same vein, and using expression (2C), it lmarshown that the storage’s demand is
positive if P, > Pp + k. Obviously, the farmer stores a part of the harifeznd only if he expects
that the price after the harvest (net of storagsgavill be higher than the price at harvest.
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2.4  Comparative statics

Comparative statics are derived by totally différ@img the system of implicit function that
constitutes the first order conditions with respecthe decision variables and the parameter sdudie
The system is given by equations (2a), (2b) anil (@sing the Cramer’s rule, we obtain for a given
parameter (say the undefined paramgjahe equation (13A) to (13C):

220 (920020 azq>2>l 220 (92® 3% az<1>az<1>) 220 (920 320 azqaazcb)

dy ayaﬁ\ahz ds2 0hds | 0hoB\dydhas? dsdhdyds) 9sdB\0ydhdhds ohZadyds (13A)
ag |Ho|
920 (020920 920 020\ 920 (020020 0207 ), 0% (920020 92 020
dh 0ydB\dhdy ds2 dsdydhds 6h6,8\ay2 9s2 93sdy | 9sap\oy2onhds dhdydyds (138)
ap [Ho|
920 (920 320 020920\, 820 (920020 320 920 0% (920020 220
ds dydB\dhdydsdh 0sdyoh? ) dhap\ady2dsdh dsdydydh asaﬁ\ayz dhZ odhay (13C)

ap [Ho|

|He | is the determinant of the Hessian matrix of thénagation problem and is negative from
the second order condition. From each equationaiit be observed that the parameter affects the
decision variable directly but also indirectly,. iva other decision variables that may change thih
parameter). In order to sign the indirect effeats,assumption has to be done on the cross-effacts o
marginal return of different decision varialflels seems nevertheless reasonable to assumerdisat ¢
effect are negligible (e.g. the quantity producedymot influence the marginal return of the
marketing contracts). Expressions (13A), (13B) @8C) can then be reduced to:

92D <82d> 92d 62¢2>

dy  0ydB\ohZ sz 0Ohds
ag |Ho|
020 (920020 9%°
dh 0hdp \ dy? ds2  0dsdy
g |Ho|
920 (02097 320 °
ds 0s0f \ dy% dh? Ohdy
ag |Ho|
From the second order condition we know that ttecket's terms are all positive in equation

2o
(13A) to (13CJ. Thus, the sign 03% depends on the sign ef% (14A), the sign o% depends on
P

22d 2o

998 (14B), and the sign & depends on the sign 6222 (14C).
|H¢| ap IHCIJI

the sign of—

We now discuss the effect of an increasing prisk an the farmer’'s behavior. Comparative
statics results can be summarized as folfows

* When decision variables concern input, it is askedhe inputs are complement, substitute or
independent.

® Details are available from the authors.

® Proofs are given in the appendix.
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Proposition 1: within a single-output and a mu#tigbntract supply framework, under DARA
preferences an increase of the direct paymeR) €nhances the optimal scale of productiph) (the
optimal demand in forward contraét*] and decreases the optimal demand in storageacontr

Proposition 2: within a single-output and a mudigbntract supply framework, under the
assumption of DARA-CRRA or DARA-IRRA preferenéean increase of the price risk,(or o)
decreases the optimal scale of productipf) Gnd enhances the optimal demand in forward contra
(k™). Only an increase in; decreases unambiguously the optimal demand iaggarontracts(’).

The proposition 1 allows to extend Hennessy’'s (J38&lysis showing that direct payments
induce a wealth effect for DARA farmers that enem#& them to bear more risk by taking riskier
production decisions. Here we also show that dimsgyments affect marketing decisions (both
forward contracting and storage), through a wealtfects. In the case where production and
marketing decisions are not separable, we can wondehich extent the supply of several marketing
opportunities can reduces the wealth effect on ymtidn decisions when direct payments are
increased or decreased.

The proposition 2 shows that under an increasext fluctuation (either harvest price or post-
harvest price) the quantity produced is reduceds Tésult is well known in the literature and is
named the insurance effect. Here, we show thatirtkerance effect also affects the marketing
decisions. However, because we deal with a mutitragt framework, substitution effects between
contracts appear when the price variability of agicontract increase. This is why the global effec
of a higher spot price variability at harvest) on the storage decision is indeterminate. Indesxle
a higher price risk tends to reduce the quantityest through the insurance effect, a higher spoepr
variability at harvestdy,), relatively to the post-harvest price rigk, favor the use of storage through
a substitution effect (to offset the increase efspot price variability at harvest).

3 CASE STUDY

After deriving these theoretical results, we nowntto an empirical application to test the role
of a multiple marketing contract supply on the facnop mix and technological choices, under
changing policy supports, in the Midi-Pyrénées BegiThis empirical analysis is based on an
estimated multi-outputs production function thabwk us also to expand the analysis by considering
different crops and different agricultural techregunto account.

Midi-Pyrénées is the first region in terms of agtiaral land. Furthermore, two important crops
of the region, durum wheat and sunflower, that antdor 26% and 27% respectively of the French
production (Agreste, 2009), do not benefit of fesirmarkets. In that context, farmers are very
dependent of the marketing contracts issued by aratigpes to manage price risk. Furthermore, the
region faces sharp environmental damages due tmtitresive use of chemical inputs in the farming
systems hence the important issue of the adopfigremn technology by farmers. That is why we
consider here the conventional practice and theit@ut practice. The former is the most chemical

" DARA: Decreasing Absolute Risk Aversion;
8 CRRA: Constant Relative Risk Aversion; IRRA: Inesing Relative Risk Aversion.
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input-intensive technique and is the most widesprieaFrance. The low-input techniques aims at
developing farming practices that reduce the qtiaafichemical inputs used by substituting chemical
inputs for labour and changing some technical dmers (tillage operation, sowing date, etc.). The
fertilizer application is lowered, leading to aldig¢arget below the one of conventional practides.
low-input techniques lower the input costs, loweerage yield and higher labour costs balance the
benefits of low inputs practices on conventionasn

3.1 The MP farm model

The multiperiodic mathematical programming modehsrwover a 2-year planning horizon
indexed by N, and where each year is subdividetizimonth periods indexed by P. Decisions are
taken in the first period for the whole planningikon. Endogenous dynamic decision variables are
related to production (crop mix and techniques)keting choice (contractual choice) and short-term
financing (short-term borrowing).

The farmer’s decision problem

The production, marketing, and financing decisians taken so as to maximize a discounted
expected utility of the stochastic net profit. Tinet profit is defined as the difference between the
stochastic total income and the determinist tadats The total income is composed by the totaleval
of sales of outputs and the CAP supports: araleia payments (AAP) which are specific premium per
cereal area and single farm payment (8F@Psts are composed of variable costs, a fixetl pes
year, storage costs and credit costs. Variables mstompass grain and chemical inputs purchases as
well as labor and mechanization costs for the diffe farming operations (tillage, sowing,
fertilization, ..., harvest). Storage costs are coseploof a fixed fee and a cost per month of storage.
Hence the longer the storage is, the higher thie cos

The discounted expected utility function accoumtsrisk and time preferences (eq. 15). The
power functional form of utility has been selecfied the suitable risk preference structure that it
implies. This form represents a farmer who exhibit®ecreasing Absolute Risk Aversion (DARA)
and Constant Relative Risk Aversion (CRRA).

W=y [(:15)1\]_1 YEF (ﬁ) YT« ”E,F] (15)

W: discounted expected utility function (objecfiwection)

Y: stochastic net profit

1/(1+9): discount factorg being the discount rate

r: coefficient of relative risk aversion

mg r- joint probability of allowed combination of statef nature E (refer to price) and F (refer tolgie

Crop production choice

The 2-year crop mix arbitrates the acreage choiggvden different crops and different
techniques. It consists in allocating, across eaela (Z), a crop (C) associated with a crop-specifi

° We assume that all hectares are eligible to SFfaathe number of payment entitlements equals the
sum of land types.
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farming practice (T). Crop activities introducece: dhe 6 main crops of the studied area: soft wheat,
durum wheat, dry corn, irrigated corn, sunflowed aapeseed. Obviously, irrigated corn can be
allocated only with irrigated land. The others @@pe cultivated on non-irrigated land. Each crap c
be conducted under either the intensive practicth@rlow-input practice. The model contains one
structural constraint (land resource fixed) and doyyge of agronomic constraint (crop rotation
constraints).

Marketing contract choicé

Once the farmer allocates the land across crowitesi and techniques, stochastic output
guantities harvested are sold through one or mbtéree marketing contracts indexed by K: pool
contract (K1), storage contract (K2), forward cantr(K3). We model the contractual choices so that
they are taken after the occurring of the yieldates of nature (indexed by F). These yield-contimige
contractual choices imply that delivery risk is lgigle™. To reduce the model size, we limited the
destocking at only two periods per crop type. Thethod to determinate these two periods is depicted
in section 3.2.

We introduce in the model annual and periodic gairgs. First, the total grain harvested must
be sold over the year through one contract typeast (eq. 16).

YxSalescnprr = XrzXcrz * YIELDer znp-1F
(16)

Sales np i quantity of crop C sold in year N at the periodiRder contract K and at the state of nature
of crop yield F (F is the set for states of nataferop yields) (marketing choices)

Xc.1z area allocated to the different crop activitigg@gduction choices)

YIELDc 12 np,e Stochastic crop yield

The total sales on the farm are the sum of salessmonding to the different crops under
different contract. The price depends on the cohtthe period and the sates of nature E (eq. 17).
TotValeyper = Xk Salescy pk,r * Pricecnp-1kE
17

TotVal y p g r- total value of the sales
TotValc y p k- Stochastic crop prices

A set of dynamic equations ensures that the stbakain available at the end of period P is
transferred at the beginning of period P+1. At eaetiod and for each crop, quantities stored om far
correspond to the previous stock plus the prodndtiarvested minus the production sold under the
pool contract and the forward contract (eq. 18)tHarmore, crop products stored constitute the
maximal quantities available to the farmer which ba sold under the storage contract (eq. 19). K2A
corresponds to the storage contract for quantissocked in the first period and K2B correspomnds t
the storage contract for quantities destockedersgétond period.

10 A detailed description of the marketing contrast®und in appendix.
™ Interviews with cooperative employees responsiblemarketing contract affirmed that the delivery
fail is very rare because farmers are used to haggemaximum on half of their production.
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Stockenpr = Stockenp-1r + Xz Xcrz * YIELDer 28 p-1,F — Xk SaleSenp-1k,F
(18)

Salescypkaa'r +Salescyp/gap p < Stockey pr
(19)

Stock y p r:quantity of crop product stored
K2A is the storage contract for quantities destacigthe first period.
K2B is the storage contract for quantities destacaethe second period.

Short term financing decision

The last set of equations relates to a liquiditpstraint, allowing the introduction of a short-
term financing (eq. 20), with a credit constrairgq.( 21). Short-term financing allows for
supplementing cash flow each year for operatingergps and requires principal and interest
repayments at the end of each year (eq. 22).

Cashyppr = Cashyp_1er — XerzX(C,T,Z) *VCenrp-1 — Xc Stockenp-1,F *
st_costgp_q + Borrowyp_y + YcrzXcrz * AAPcp_q + SFPp_1 + Salesc ny p_1 k F *

Pricecnp-1kE (20)

Y.p Borrowy p < max_borrowy
(21)

Repaymenty = (Zp BorrowN,p) *(1410)

(22)

Cashyp e g cash flow level
Borrowy p: short-term borrowing
Repayments total repayments
VCcn1,s Variable Cost

st_cost p: storage cost

AAP: p.;: Arable Area Payments
SFP: Single Farm Payment
max_borrow: borrowing capacity
i: interest rate

3.2 Procedure for risk assessment and data

Risk programming for assessing alternative farm agament strategies requires reasonable
representation of risk aversion, but also robustusion of activity’s riskiness. To introduce incem
variability in the MP model, stochastic simulationave been performed. We followed the semi-
parametric Monte Carlo procedure proposed by Radwr et al. (2000), which estimates and
simulates a multivariate empirical probability distition function of yields and prices. This apmba
allows to deal with 3 important aspects of rislagriculture. First, it takes the potential non-syetm
of yield and price distributions into account (Jastd Weninger, 1999). Yet, it is known that DARA
farmer’'s decisions can be influenced by asymmaedigiribution (Di Falco and Chavas, 2006).
Secondly, it enables to deal with correlations sercandom variables. Thirdly, it can control the
heteroscedasticity of the random variables ovee tamd then simulate several levels of price rigk. T
implement this method, the information requirediisthe means and the cumulative density functions
of both conventional and low-input yields per crdp) the means and the cumulative density
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functions of the four contract prices per cfond (iii) the correlation matrix for the wholendom
variables. We used time-series observations ofonadjiaverage yields (1975-2008) and national
monthly product prices (1993-2008) We estimated parameters and simulated the muittea
empirical distribution from de-trended’s yields amdlce series to correct respectively from technica
progress and inflatidh

Furthermore, because prices offered to farmersrugaeh contract are not available, we used
the unique price serie per crop to build priceeseper crop and per contract. For the pool contract
(K1), average annual crop prices were calculatechymraging the monthly prices over the given
marketing year (a marketing year starts at the’sragrvest). Then, pool contract’'s average prices a
empirical cumulative density functions were caltedh Average prices of the forward contracts (K3)
were obtained by averaging the harvest’s prices. Gdiculation of the storage prices required fost
define the two destocking months per crop. We asdutmat farmers destock at the periods where, on
average, prices are the highest (net of storags)cd¥e thus computed seasonal coefficients ofethes
net prices. The two months where the seasonalicieetfs were the highest have been kept to be the
destocking periods (contract K2A corresponds tdfitisé sale’s period and contract K2B corresponds
to the second sale’s period). Then, average paoesempirical cumulative density functions were
computed.

Latin-Hypercube sampling was used to generate &tesstof naturé. States of nature are
assumed to have the same probability of occurrefice.simulated set is not presented here but we
display the average, the CV and the skewness afribes margin (GM) of the alternatives resulting
from the simulation in Table 6. Data confirm thedcteristics of the contracts mentioned in Table 1
To calculate the different GM alternative, cost aetlirn data for crop activities were obtained from
regional references of year 2007 provided by thgoreal extension service (Chambre Régionale
d’Agriculture). As expected, low-input practicessazharacterized by lower overall variable costs
(lower chemical input costs are not fully compeeddty larger mechanization and labour costs during
the different farming operations), same or lowalds and higher yield variability than conventional
techniques.

It might be noticed that labor costs are introdugedhe variables costs but that no labor
constraints have been built up in the model, efédéinhias been shown in a previous study that labor
management can retrain the adoption of low-inpattices in the studied area (Ridier et al., 2011),
this oversight leads to intentionally overestimidie attractiveness of the low-input practice whih

2 There are 4 prices per crop since there are Daéry period. Furthermore, price of the forward
contract is fixed. Thus for this contract, only theerage price needs to be estimated.

13 Data are derived respectively from the regionaicatfural statistics service (AGRESTE) and frore th
public agricultural service responsible for priegistration (FranceAgriMer).

14 We observed that price risk (measured by the iiefit of variation) increased by 80% when the 2007
and 2008 prices were added. Therefore, we deliblgrigft out observations related to the commogiige peak
from 2007-2008 to have in the baseline scenaridce pisk level close to the one experienced byn&rs when
price volatility was weak.

> As shown by Lien et al. Lien, G., J. B. Hardaketr,al. (2009). "Risk programming analysis with
imperfect information."” Annals of Operations Resgarl-13.

, 30 to 50 states of nature generated by Latingtyybe sampling are sufficient to insure stabdityhe
farm model’s solutions.
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justified by the fact that one of the objectivetlo present study is to assess the specific eftdcts
different marketing opportunities and differentipglscenarios on the adoption of low input practice

Eventually, to identify the structural charactecsiof the farm-type (lands endowment) we used
the Farm Accountancy Data Network (FADN). The eates of the land endowments were obtained
after selecting the sample’s arable farms of theistl area and computing the average arable land,
which is 107 ha whose 14 ha are irrigated. Detailshe value of other parameters are given in Table
2.

Table 2: Model parameters

Parameter Value

AAP? Durum area: 30 €/ha; other crops: 0 €/ha
SFP 300 €/ha (value of 1 payment entitlement)
Storage costs 6 €/t plus 0.6 €/t/month

Interest rate 4%

Discount factor 3%

Fixed chargées 45290 €

3 data provided by the regional extension seriesssumed at commercial rate.

4 RESULTS

In the simulations, we consider four levels of reskersion: risk neutral (r=0), normally risk
averse (r=0.5), rather risk averse (r=0.9), extigmisk averse (r=1.4%. In the baseline scenario, the
variability of price risk, in term of coefficientf wariation (CV), corresponds to the one experience
during the period 1993-2006 and is represented4dyithere E is the expansion factor. The value of
one SFP is 300 € per payment entitlement (per ha).

We propose to test two scenarios on productionraatcketing decisions: an increase in the
price risk and a decrease in the direct paymentthd first scenario, the price risk is firstly anlced
by 50% (E=1.5) and then by 100% (E=2). In the sdcseenario, the drop of the direct payment is
realized by decreasing the SFP from 300 € (basstiarario) to 150 €, by 50 €.

Furthermore, for each scenario, two cases are e&eamA case where only pool contracts are
supplied and a case where all marketing contraetsapplied. The comparison between both cases
allows to evaluate the impact of supplying severarketing contract types on farm cropping
decisions and thus to study the interactions batwegrketing and production decisions. Table 3 sum
up the simulations realized.

Table 3: set experimental pattern

18 We followed the classification proposed by Hardateal. (2004). Yet, the values of the paramedees
different from those given by the authors sincedeal with the coefficient of relative risk aversiaith respect
to the income rather than with respect to wealtimasardaker et al.
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Supply of pool contracts (case Supply of all contracts (case 2)
1)
Scenario 0 (baseline) r=0to 1.4 r=0to 1.4
Scenario 1 r=0to 1.4 r=0to 1.4
price risk: +50% (E=1.5) price risk: +50% (E=1.5)
price risk: +100% (E=2) price risk: +100% (E=2)
Scenario 2 r=0to 1.4 r=0to 1.4
SFP varying from 300 to 150 SFP varying from 300 to 150
€/ha €/ha

4.1 Baseline scenario

Case 1: supply of pool contracts only

The results in Table 4 show that the degree ofaisksion influences the cropping plan. While
the risk neutral farmer only uses the more prolgatiops (see appendix 6.4), the risk averse farmer
chooses to diversify the crop mix. Under positiis aversion, durum wheat and soybean are partially
replaced by soft wheat and sunflower, respectivafy.it could be expected, when the level of risk
aversion is increasing from normally to extremebkraverse, the area cultivated under low-input
practice decreases since its induce a higher defmeskiness. We calculated a Simulated Conversion
Rate (SCR) defined as the rate of area cultivabetbulow-input practice over total cultivated aréa.
high value of SCR shows that the attractivenes®wifinput practice as compared to conventional
ones, whatever the level of risk aversion.

Case 2: supply of all marketing contracts

In the case 2, the farmer can choose to sell tbdugtion between pool contracts, storage
contracts and forward contracts. When all thes¢raots are supplied to farmers, results are somewha
modified for “rather” and “extremely” risk aversarimers. First, it appears that storage contraets ar
the most adopted, followed by pool contracts. Tdeption rate of pool contracts increases with the
level of risk aversion since they enable to mitigatice risk. Forward contracts, which eliminatie@r
risk, are never used, whatever the level of rigasion in this baseline scenario.

The crop mix of the “rather” and “extremely” riskexse farmers is changed compared the case
1: less risky crops like conventional sunflowerlagp more risky ones like low-input rapeseed. Thus,
it is observed that risk averse farmers prefer ge tisky marketing contracts balanced by safer
production choices (crops and practices). The reswd decrease of SCR when marketing contracts
are introduced. This empirical result suggests ddpece between marketing and production
decisions.
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Table 4: optimal farm plan under case 1 (pool @uig only)

R (relative risk aversion) 0 0.5 0.9 1.4
Average Gross Margin (€) 39191 39 105 39 095 3B 90
Coefficient of variation of GM 374 29.3 29.3 27.2
SCR (% 87 87 87 79

Optimal cropping plan (ha)

Conventional practice:

Soft wheat

Durum wheat

Dry corn

Irrigated corn 14 14 14 14
Sunflower 0.2 8.6
Rapeseed

Low-input practice:

Soft wheat 25.05 32.8 31.7
Durum wheat 55.8 30.75 23 24.1
Dry corn 13.9 14 14 14

Irrigated corn
Sunflower

Rapeseed 23.3 23.2 23 14.6

@ Simulated Conversion rate

4.2  Scenarios testing the impact of increasing priceskiand decreasing CAP
subsidies

The scenarios are examined for the “normally”, tteher” and the “extremely” risk averse
farmers. We first compare case 1 (only pool comgjarith case 2 (all marketing contract types)s It
observed in case 1 SCR decreases as the pridagislases and or that the SFP drops (Figure 1). The
insurance effect (caused by higher price risk) tredwealth effect (due to lower direct payments)
induce the adoption of less risky farming practiddsreover, the Figure 1 shows that the higher the
level of risk aversion, the larger the insurance #re wealth effects. In case 2, the SCR staysdhee
for any level of riskiness and for any level of S$tRce the insurance and wealth effects have ne mor
impact on cropping choices. This result might bes do the presence of different marketing
alternatives which contributes to stabilize protrctchoices. As shown in Figure 2, insurance and
wealth effects act rather on marketing decisioas thn production decisions. Indeed, they contribute
to decrease the proportion of the production stamdi to enhance the part under pool contracts. We
observe that, if the drop of SFP is combined withigher price risk, forward contracting is used for
very small quantities only.
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Table 5: optimal farm plan and marketing contradobices under case 2 (all the marketing
contracts)

r 0 0.5 0.9 1.4
Average GM (€) 39714 39 450 39 288 39111
Coefficient of variation of GM 41.5 29.3 26.7 24.4
SCR (% 87 87 81 76

Optimal cropping plan (ha)

Conventional practice:

Soft wheat

Durum wheat

Dry corn

Irrigated corn 14 14 14 14
Sunflower 5.8 11.5
Rapeseed

Low-input practice:

Soft wheat 25.35 29.2 30.3
Durum wheat 55.8 30.45 26.6 25.5
Dry corn 13.9 14 14 14

Irrigated corn

Sunflower

Rapeseed 23.3 23.2 17.4 11.7
Optimal marketing contract choices ()

Pool contract 37 43 45

Storage contract 100 63 57 55

Forward contract

2 percentage of the production (in value) sold uradgiven marketing contract.

16



Capri — 128' EAAE Seminar

NEW CHALLENGES FORU AGRICULTURAL SECTOR AND RURAL AREAS
Which role for public policy?

Case 1 Case 2
scr SCR
00 100 G,
- 80
60 60
r=0.5
40 40
20 20
E=t E=1
= E=15
0 LL’% E=16 0 LL&-_
SFP 300 o 4 SFP 300 . <
SFP 250 4 SFP 250 SSS—
sFP200° e SFP 200 SFP 150
SCR SCR
100 (Fomevennn, 100 (oo
80 80
60 60
r=0.9
40 40
20 20
E=1 E=1
= E=15
0 LLﬁ%“ e 0 LL%_
SFP300° oo P / SFP300°  ooe P /1
SFP 150 SFP 150
SCR SCR
100 ., L0 | e —
80 80
] 80
r=1.4
40 40
20 20
E=1 E=1
E=15 L =
0 L % 0 L’h E=15
SFP 300 _| SFP 300 - 4
X —— SFP250° sepang

|
SFP150.

SFP 150

Figure 1: Effect of an increase of the price riskl @ decrease of direct payments on the SCR
under the 2 cases and for 3 levels of risk aversie5 (top); r=0.9 (middle); r=1.4 (low).
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5 DISCUSSION AND CONCLUSION

The analytical model developed in section 2 sheglst lon the conditions under which
production decisions are separable from marketigjsibns, risk aversion and risk perception. We
have shown that these conditions are rather régéjeven when it is assume that hedging is perfec
(presence of price risk only). This advocate far thlevance of taking care of marketing decisions
when agricultural economists study the impact ofcadiural policies on farm adjustments. We also
showed that insurance effect and wealth effecu@nfte marketing contract choices, even though the
effects are contract-specific. For example, a drogirect payments increases the demand for forward
contract and reduces the demand for storage thraugalth effect.

To illustrate our analytical results, we built a Nd#Pm model applied to a representative farm of
Midi-Pyrénées Region. Firstly, we have shown thdteprisk and direct payments affect both
production and marketing choices. The latter cloimee revealed to be important adjustment tools
with the proportion of storage contracts and pawitacts that vary when farmers have to cope with
policy changes. Pool contract seems the approprat&eting strategy to mitigate the price riskhe t
actual economic environment. Indeed, even in tlse cd strong risk aversion, forward contracts are
few used by farmers in our simulation, even if these is enhanced when price risk is sharper and
direct payments lower. All these results are caestswith empirical findings showing that
government policies tend to reduce the demandddgimg (Woolverton and Sykuta, 2009) and that in
an income-support economic environment, risk avéasmaers are more likely to use pool contracts
rather than forward contracts (Ricome, 2012). Sdigoiy comparing in our simulations a case where
only pool contracts are supplied to a case whereetltontract types are supplied in a changing
economic environment, we addressed the issue ofntieeactions between production decisions,
marketing decisions and government policies. Wenlesl that a large supply of marketing contracts
allows to stabilize production choices. In partaulwe found that marketing contracts can contelbut
to help farmers to adopt green practices, whichrigkger than conventional techniques intensive in
chemical inputs. Our simulation results also questhe real impact of direct payment, through the
wealth effect, on production decisions. The weapdot of wealth effect on production decisions has
already been pointed out in empirical ex post aislgBhaskar and Beghin, 2007). To figure out this
gap between the theory and the empirical obsenstiseveral arguments have been suggested. It
could be due to (i) the weak share of direct paysewer the total revenue of the farmer (Sckokdi an
Anton, 2005); (i) the impact of direct paymentsioput use that affect in turn production risk (&er
et al., 2006); (iii)) the effect of direct paymerda land value that make the landowner the final
beneficiary rather than the farmer (Femenia et28l09). But the results obtained here lead to ssigge
another hypothesis: the direct payment may firatl leo marketing adjustments so that production
adjustments are marginal. Even if it has not begati@tly taken into account in the MP model, this
proposition could also come from the presence obragmic and technical rigidities on production
sides that do not exist on marketing side. Thiddcba an interesting scope for further research.
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APPENDIX

A: Marketing contracts in the French cash crop sear

In France, it is mandatory for grain farmers td g®ir production exclusively to an officially
authorized grain retailer. Two kinds of status exisoperative groups, i.e groups owned by farmers,
and groups owned by families or investors. Curgerile 200 French grain cooperative groups collect
75% of the total grain production (Coop de Frark®10) and hold a central position in the grain
industry. They propose to their members differeidipg mechanisms through marketing contracts.

French co-ops used to supply a unique pricing geament, a pool contract. In such a price-
setting system, the producer is required to delgrain at harvest and the quantity is priced at the
average sale price achieved by the co-op. Thedmstunt paid, which occurs just after the harvest,
determined by the co-op’s forecast of the expeeatstage price (minus the co-op’s administrative
cost). At the end of the marketing campaign, ifdlotual average sale price is higher than the &stec
price, a price complement is paid to farmers. Tioeee a pooling contract reduces the price risk
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because the farmer is paid an average price (thee-amnual price risk is smoothed) and is protected
against downward price movements while still having opportunity to benefit from upward price
fluctuations. In the static analytical frameworlepented above, the pool contract can be seen as the
cash-at-harvest contract. Since the mid-2000'sratiarketing contracts have been developed on the
French market, that are better tailored to diffeitegories of farmers than a unique pool corgract
Even if details about the contractual structure many, two other main contracts are now used by
French arable farmers: storage contract and foraamtract (Ricome, 2012).

Our model into account three dimension of a manketiontract: the average price, the price
risk level and the date(s) of payment. Marketingicks will then be influenced by price
enhancement, risk, and cash flow considerationsleThgives the main contractual attributes foheac
of those contracts.

Table 1: Attributes of marketing contracts

Average Price risk Effect on
price exposure cash flow
constraint
Pool contract Medium Medium Medium
Storage contract Strong Strong Strong
Forwarding Weak Weak Weak

contract

8The earlier and the higher the payment, the lesgfiect on the cash-flow constraint.

Since a pool contract corresponds to an averagaahprice, the degree of price risk exposure
under this contract is weaker than under a stostggegy but stronger than under a forwarding
contract in which the price is fixed before harvést a counterpart, it is expected a higher average
price from storage and a lower one from the forwewdtracting. The payment under a forwarding
contract occurs at harvest while the average grama a pool contract is paid in two stages, a few
weeks after the harvest (in the model we assunte7@¥a% of the price is paid at the first stage) and
at the end of the marketing campaign (the 30%oledt). Effects of these two contracts on the farm’s
cash flow constraint are then slightly different.

B: Proofs related to the proposition 1
Proofs are based on the article of Sandmo (1974¢eShe proof foy* can be found there, we
will focus here on the proofs relateditbands™.

Proof thata—h <0:
aD

a%L
From expression (14B), we know thﬂlgn% = sign <_ Tzaz;)
L

Because’ = = EU"(m)(P; — B,) (A1)
9haD U

And given that|H,| < 0 from the second-order condition, we only havehows that (Al) is
non-positive. Letr be the profit when‘i’;j = Pr. Because the farmer is DARA, we have:

B, ZPf@n2ﬁ=>ra(n)=—[l]],((:))ﬁra(ﬁ) (A2)
Moreover, forP, > Py, we have-U'(m)(P; — B,) = 0 (A3)
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Multiplying (A2) by (A3), we obtain:
U"(m)(Pr — B,) < —1,(WU'(m)(P; — P,) VB,
Take expectations of both sides yields:
E[U"(@)(P; — B,)] < —1,(ME[U' (m)(Pr — B,)] = 0 (A4)
Where the last equality is implied by (2b). we thase proved the wealth effect on the forward
demand.

Proof thatﬁ >0:
aD

0°L
From expression (14C), we know thsign (Z_;) = sign <_ 6SBD>.

[HL|

d2L " ~ ~
Because - = EU"(n) (BP, —k —P,) (A5)
And given that/H;| < 0 from the second-order condition, we only havehovs that (A4) is
non-negative. Lef be the profit wheg P, — k = Pp. Because the farmer is DARA, we have:

- ~ _ U () _
,BPS—kZPp@nZﬂ:ra(n)=—era(n) (AB)
Moreover, forBB; — k > P,, we have-U'(n)(BP —k — P,) < 0 (A7)

Multiplying (A6) by (A7), we obtain:

U"(m)(BB;, — k — B)) = —1, (MU' (m) (BB, — k — B,) VP, B,

Take expectations of both sides yields:

E[U"(m) (BB, — k — B))| = —1,(ME[U'(m)(BPs —k — B,)] =0

Where the last equality is implied by expressioc).(2Ve thus have proved the presence of a
wealth effect on contract’'s demands.

Complement on the proof of the proposition 1:

Given that the coefficient of relative risk aversia.(m) = nr, (), it can be also shown
following the same steps that for a producer IRRA: E[U"(m)(P; —B,)n| =0
(A8)

For a producer CRRA we have: E[U"(m)(P; —B,)n] =0
(A9)

These results are useful for the proof of the psdjzm 2.

C: Proofs related to the proposition 2
Proofs are based on the article of Dalal and AighgR009). We will give here the proofs
related to the effects af, on h*. The proofs related to, on h* and related toy* ands* follow

immediately.
Proof thataaTh > 0. Using expression (14B), we get:
14

M Iy L0 — = 5% (7 = )]~ E[U' 0 )
(A10)
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H 1 H " * * *\ & D ! &
Given that—— > 0, we have to SIgEE[U" W) (y* — h* — s)&,(Pf — B,)| — E[U'(W)&,].

Let first sign E[U" (W) (y* — h* — s")&,(P; — B,)] :
We know thatr = (P, + 0,&,)(y* — h* —s*) + Prh + (BB, — k)s — c(¥) + A, which can be
developed as followr = E(m) + 0,&,(y* — h* — 57)

Thus :&,(y* —h* —s*) = ai (m — E(m)). It can then be write:
- 1 -
E[U"m0" = k" =58 (Pr = B,)] = —E[U" () (Pr = B,)(7 — E(m))]
p

1 _ 1 .
= G—E[U"(ﬂ)(f’f — B))n] - G_E(”)E[U”(”)(Pf - B)]
p p

From the proof given above (A8 and A9), we know ttiee first term is positive (null) for a
IRRA (CRRA) farmer. Furthermore, the second ternmégjative for DARA farmer (A4). We thus
have for a DARA-IRRA or DARA-CRRA: [U" (W) (y* — h* — s")&,(P; — B,)] = 0

Let now signE U’ (w)&,]. We know that:

E[U'(m)&,)| =E

P,—P 1 -
U’(n)%] = J—cov[U’(n),Pp] <0
D D

Thus, we have proved th%%fi > 0 if the producer is DARA-CRRA or DARA-IRRA.
14

" CRRA implies DARA.
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D: Average, coefficient of variation and skewnesd @lternative’s gross margins (Table 6)

crop technique Marketing Average cVv of Skewness
contract GM (€) GM* of GM?
Soft wheat Conventio K1 40¢ 31.€ 0.2€
nal K2A 423 29.€ 0.1¢
K2B 40¢ 35.¢ 0.2
K3 371 19.1 -0.3¢
Low- K1 423 38.7 0.1z
input K2A 43€ 37.€ 0.0€
K2B 421 41 0.2¢
K3 39z 36.€ -0.8¢
Durum wheat Conventio K1 38¢ 28.1 0.2¢
K2A 41¢ 32.7 0.5¢
nal
K2B 40z 31.€ 0.5
K3 362 25.1 -0.3¢
Low- K1 427 38 -0.27
input K2A 44t 39.:- 0.0€
K2B 43¢ 39. 0.01
K3 40€ 38.7 -0.8¢
Dry corn Conventio K1 30¢ 57.7 0.4¢
nal K2A 327 60.¢ 0.5€
K2B 35C 58. 0.7€
K3 28¢ 28.¢ -0.72
Low- K1 334 7.1 0.0¢
input K2A 352 73.¢ 0.2
K2B 378 711 0.31
K3 308 55.2 -0.91
Irrigated corn Conventio K1 784 37.% 0.4t
nal K2A 82z 40.2 0.51
K2B 86¢ 39.7 0.7¢
K3 73€ 13.¢ -0.92
Low- K1 717 53.2 0.0z
input K2A 75f 55'f 0.1z
K2B 792 54.2 0.2t
K3 66¢ 38.7 -1.01
sunflower Conventio K1 28¢ 31¢ 0.€
nal K2A 30C 40.€ 0.7¢
K2B 284 38.1 0.6¢
K3 25¢ 22.€ -0.0¢
Low- K1 26¢ 48.: -0.0¢
input K2A 28C 53.¢ 0.2¢
K2B 268 52.¢ 0.1¢
K3 241 44.¢ -0.62
Rapeseed Conventio K1 28t 46.2 -0.21
K2A 29¢ 47t -0.1€
nal
K2B 30¢ 48.¢ 0.2¢
K3 24¢ 46.¢ -0.84
Low- K1 302 66.€ -0.5¢
input K2A 31¢ 66.7 -o.its
K2B 324 67.1 0.2
K3 26 712 -0.92

1 Coefficient of variation of the gross margfrSkewness of the gross margin.
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