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Abstract

As far as crop acreage choices are concerned,segsums seems to exist among agricultural scientists
and extension agents: crop rotation effects andréheted constraints are major determinants of
farmers’ crop choices. Crop rotation effects areenently dynamic. They are generally ignored in
multicrop models with land as an allocable inpuwtrfd in the literature since most of these modeds ar
developed within a static framework.

The aim of this paper is twofold) to propose a new approach and tools for investigalynamic crop
acreage choices accounting for crop rotation bemafid constraints and)(to illustrate the impacts of
crop rotation effects and constraints on farmecseage choices through simulation examples. The
models proposed in this paper are sufficiently $&mfor being empirically tractable either in
simulation studies or in econometric and matherabfiogramming analyses.

Our simulation results tend to show responses@btitimal dynamic acreages to simple price shocks
which are much more complex than those implied tafics models. They also demonstrate that
farmers’ perceptions of the future economic context crucial determinants of their acreage choices.
In fact current acreage choices may appear subabptima static sense but are fully consistent when

dynamic effects of crop rotations are specified.



1. Introduction

In their critical review of the literature on thieebry and measurement related to farmers’ chodues,
and Pope (2001) forcefully and convincingly arghatt“potentially large gains may come from
understanding more of the structure that undethes production technology for investigating and
modeling farmers’ choices”. In particular thesehaus ask: “What elements of technology should
economists consider essential?” (Just and Popel, 20022). As far as crop acreage choices are
concerned, a consensus seems to exist among agratsicientists and extension agents: crop ratatio
effects and the related constraints are major at@nts of farmers’ crop choices.

Crop rotation effects are inherently dynamic. Tleg generally ignored in multicrop models with
land as an allocable input found in the literatsirece most of these models are developed within a
static framework. The models developed by Ozarech Mimmanovski (1994) (see also the references
therein), Thomas (2003) or Livingst@halii (2008) are exceptions in this respect. But thesdyaes
focus on the effects of specific rotation sequerargor on stock management issues. Oude Lansink
and Stefanou (2001) consider dynamic acreage choiodels but impose exogenous acreage
adjustment costs and ignore the effects of crogtimt. In fact crop rotation effects are generaiby
explicitly considered in multicrop models but thaye often used for arguing assumptions underlying
these models, either in the multicrop economeigcdture (ME) (seeg.g., Chambers and Just, 1989)
or in the mathematical programming (MP) and positivathematical programming (PMP) (se,,
Howitt, 1995). These assumptions motivate crop rdifieation (seeg.g., Heckelei and Wolff (2003)
and the references therein). Crop rotation effpatly underlie the crop acreage bounds used iroMP
PMP models, the implicit cost function used in BMP literature or the standard decreasing marginal

return to crop acreage (DMR) assumption used ih it PMP and ME literatures.

The aim of this paper is twofold) to propose a new approach and tools for investigaynamic crop

acreage choices accounting for crop rotation benefid constraints (sections 2 and 3) andtg
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illustrate the impacts of crop rotation effects aswhstraints on farmers’ acreage choices through
simulation examples (sections 4 and 5). Our dynaapigroach build on the agronomic result that
present technological possibilities are influenbggast crop productions.

In fact our approach generalizes available fram&s/and offers several advantages. First we show
that farmers’ perceptions of the future economiatert are crucial determinants of their acreage
choices, even in the short run due to the prodaaimamics implied by the crop rotation effects and
constraints. The dynamic responses to anticipatdtbanon anticipated shocks to economic incentives
are quite complex. For example, we can observedositive and then negative (own and cross) price
effects because farmers optimally manage their lfatation in a dynamic way. These evolving
responses to economic incentives certainly parptaen the negative viewpoint expressed by Just and
Pope regarding our inability to correctly explaamrher behaviors.

Second our analysis also shows that to explicioaet for crop rotations does not necessarily
provide arguments for DMR assumption on all crdpgss assumption is widely used in our profession
but not validated by agronomic science.

Fourth the implementation of our approach raises ctellenges but we prove that it can be applied

with data usually available to economists.

Accounting for crop rotations in acreage choice et®is especially challenging, for at least thregmm
reasons.if Crop rotation effects in the crop production tealogies must be represented in addition to
the other determinants of acreage choices (sutieamanagement of labor and capital at peak-times).
(i) A dynamic programming framework must be emploged, finally, {ii) dynamic crop acreage
choices involve inter-temporal trade-offs implyihgghly constrained choices with potentially many
corner solutions due to the discrete feature ofctlop rotation choices. These corner solutions ympl
the examination of numerous qualification constsaiand generate severe discontinuities in the

solution functions. The combination of these chragks may explain the relative scarcity of studies o
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acreage choices involving crop rotation effects emastraints. Our modeling framework is specifigall
developed for coping with them. The models propdsetihis paper are sufficiently simple for being

empirically tractable either in simulation studagsn econometric and (P)MP analyses.

2. Modeling framewor k

2.1. Assumptions

The proposed modeling framework builds on four massumptions related to the multicrop
technology. First, we assume production dynamicsrdér 1 even if the proposed framework can be
extended to dynamics of higher order. This firsteordynamic already shows interesting results. The
previous crop of a crop grown on a given plot camegate three types of effects) if partially
determines the level of pest and disease, as wealleed, infestation levelgj) it partially determines
the nutrient levels available at the beginninghaf tropping process anidli) it partially determines the
soil structure of the plot and, as a consequensgroperties with respect to the development ef th
plant root system, with respect to the soil flonal &auna or with respect to water drainage or Ingjdi

capacity. These effects can directly affect thédyievels as well as the input use levels.

Second, it is assumed that the expected returmopfic(k 0% with % ={1,...,K}) on plots with

previous cropmis a function of input uses for crépof the input and crok prices, and of the form of

the production technology specific to ti@, k) sequence. More specifically, the random variafgle
represents the crdpprofit per unit of land at the end of the cropwsmace(m,k). It is to be interpreted
a short-run indirect profit function in a risky dewt, i.e. 77, =, (%,w,,&,) whereV, is cropk
(random) pricew, is the (non random) price vector of crbwariable inputs and,, is a vector of

random events potentially affecting the productbicropk on previous cropn. Farmer’s are assumed



to be risk neutral.Crop rotation effects are economically measuredhbydifferencesit, — 7z, . It is
generally possible to order the different elemenftst, = (77, ,mU%), at least according to their

means. The present framework ignores the quansBtadie of previous input uses and yield levelg,
it ignores the variations in nutrient stocks duéettilizer uses and crop intake. It focuses orefage”
nutrient stocks. Hennessy (2007) considers sinaipgoroximations in his analysis of the structure of

crop rotations at the plot level. Crop rotation stwaint for previous cropn states that's,, < p,,

where s

) =(s,,.kOK) with s, being the current acreage share of the crop sequegnk), 1

denotes the dimensidf unitary column vector ang, denotes the previous acreage share of orop

The differences in the elements of thes (7, ,kK) vector induce trade-offs for choosing the plots

on which to plant the different crops given thevwas crops on these plots and taking into account
that the current crop choices will be next yeawvjes crops.

Third, it is considered that the limited quantitiek quasi-fixed factors generate implicit costs
depending on the current acreage choices but naument variable input uses. In this respect, the
quasi-fixed factor management costs are a motiverfip diversification as the increase in the ageea
of a given crop generate costly peak loads fordama machinery. This assumption is consistent with
the observations of agricultural scientists andxdénsion agents. Farmers are more reluctant togeha
their cropping practices than to change their adqavithin the ranges implied by their quasi-fixed
factor endowment) in the medium run. In other wofdsmers manage the allocation of their quasi-
fixed factor services by adapting their acreageraer to not constrain their variable input usethat

plot level? This stylized fact also motivates our using ofiraplicit management cost function denoted

! This assumption does not simplify the analysishef acreage choice dynamic aspeicsthe impacts of accounting for
crop rotations. But it greatly simplifies the sgizition of the empirical modelling framework.

2 Cropping practice “standards” are designed bycatjtiral scientists, extension agents and farmsrscherent sets of
input use rules of thumb which are (approximatedgpnomically optimal within identified price range& drastic
modification of, say, a given input use level magtiloy the coherency of the cropping practice aagl have a significant
negative impact on yields.



by C(a) wherea=(a,,kOK) with a =1's, ands, =(s,,,mI%). This implicit cost function can be
interpreted as a smooth reduced form approximadiothe implicit costs generated by the limited
quantities of quasi-fixed factors. It is relatedttee one used in the PMP framework but does not
include crop rotation effects and constraints &sgshems to be implicit in the PMP framewdrk.

Our fourth assumption is that ti, k) production technology of any créqwith any previous crop

m exhibits constant return to acreage. This asswmtiles out scale (as well as scope) effects.

According to this assumption set farmers’ acredggoes do not affect their variable input choices a
the plot level. This implies that the crop variablgut level choices and the acreage choices can be

separately analyzed. This paper focuses on thedatbéces.

2.2. General modeling framework
According to this assumption set, we will considptimization problems involving profit functions of
the form:
(2) M(s;mt) =sa—-C(a) =sa—C(As)
wheres=(s.,kJ%X) . In what follows we will use the matrices=1 01 andD =1 01 wherel is the
dimensionK identity matrix in order to define the vector diettotal acreage of the different crops
“supplies” induced by as a=As and the vector of the total acreage of the prevmop “demands”
induced bysasp =Ds.

The implicit cost functionC(a) is a function ofa because it is assumed that the acreage oflcrop
generates similar management costs whatever thepsecrop is for this acreage. Of course, the form

of the implicit management cost functi@\(.) depends on the farmer’s quasi-fixed factor endomime

3 As well as in Oude Lansink and Stefanou’s (20@j)istment cost function
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According to the form of the profit functiofl(s;x), the choice of the acreageasically involves a

trade-off between the short-run profits of the @roacreagesa, and its management costgASs).

The considered farmer being risk neutral, his dyinaptimization problem is described by:

2 ma><§’t:1MT{Elztllé“l[s;irt -C(As) sts=20 ands <p, =As, far= 1, .I}

with T <+00 and WhereJD]O,][ is a discount factor. It is assumed that thatft#mener faces price
and/or output risks when choosing his acreagethat &, is random forr >t . The rotation constraints
Ds <p, =As_, state that the total acreages “demanded” witlditfierent previous cropsDs,, cannot

exceeds the corresponding acreage of the corresmppievious cropp, = As_,. Operatorsk, denote

the expectation operator conditional on the infdramaset available at (as it is perceived by the
farmer in period 1). Considering the problem dyrearihere is vector of (endogenous) state variables

at timet, p, =As_,.* The terms, is a parameter of the considered problem sindesttly determines

the initial value of the state variablg, = As;.

We now impose a technical assumption set. It isiraed that the cost functio@(As) is strictly

increasing and strictly convex is>0, implying that the maximization problems considere
throughout this paper have a unique solution. lals assumed throughout the paper that the crop
rotation constraints always bind at the optimumeage choices, meaning that the farmer never

chooses to set land aside, whateperand thes, for 7>t are. This reasonable assumption can be

checked afterwards.

* Thanks to farmer’s risk neutralit, 7, can also be considered as another vector of (ewagewith respect tg,) state
variables.



The Bellman equations corresponding to this proldesnprovided by:
3  Vip)=max {Efs ~CAS)+EV,, (As) st.520 ands <p, =As_}
for t=1,....,T with the convention tha¥,,(As;)=0. V,(p,) is the value function of the considered

optimization problem in periog i.e. the discounted sum of the expected (optimized) profits of the

considered farmer.

At this point it appears useful to compare our dagitamodeling framework with the standard, static,
one. Most of the multicrop models with land as Bocable input are special cases (Seg., Heckelei

and Wolff, 2003) of profit functions of the form:

rl(at;vt’wt 751) = ZKDK A T (akt Ve Wiy ’gk,t )_C(at)

The average crop profit functiong (a,;v, ,W,.&.) are assumed to decreasean for kK , the
so-called DMR assumption. One way to link the dyitaframework presented here and the standard
static framework is to interpret thdl(a;V,,w,,g) profit function as a, necessarily crude,
approximation of the farmer’s peridabjective functionij.e. of @;s, —C(a,) + EV,,,(As,) plus the crop
rotation and nonnegativity constraints. This intetation is only meaningful if the economic contisxt
“stationary” enoughi.e. in particular if theeV,,, (As,) functions do not vary too much across periods.
But even in this favorable case, three pointsvawgh noting with respect to thB(a,; V,,w,,&,)
function. {) This modeling framework can only be used for stigating short run responses to “small”
economic shocksiij The crop rotation effects and constraints pattyermine the form of thez,(.)
functions as well as the form of the implicit céstction C(.). These functions can only be considered

as approximately constant across time if farmees algiost constant rotation schemes) Optimal
(and stable) crop rotation choices do not guaratheealidity of the DMR assumption. For instanie,

the farmer expects a price increase for a “margicralp only, he may extend the acreage of this crop



on more land with beneficial crop rotation effedesgding to an increase of both acreage and average

return for this crop.

3. Empirical modeling framework: dealing with corner solutions and programming issues

3.1. The corner solution issue

The nonnegativity constraints>0 imply the occurrence of many corner solutions,itmplying the
existence of many different cases to be considasedell as important discontinuities in the solatio
functions. This corner solution problem is overcamehat follows thanks to a specific computational

device. This device is fairly simple. Instead ofedily using the cost functiol©(As) we use a
“working” cost function C(s; p) parameterized by a “working” parameter This “working” cost
function is chosen so as to possess three propef}i€C(s; p) is strictly increasing and strictly convex
in s with lim, ., C(s p) =C(As), i.e. C(s,p) is a cost function which can be interpreted as a
“perturbed” version of the cost functio@(As). The fact thatC(s; o) can be considered as a good
approximation of C(As) if p is sufficiently large can be empirically checkdd) C(As) is only
defined for strictly positive acreage leveisg. fors>0, implying that the solutions, to any
optimization problem ins defined with C(s,p) satisfies s >0. (iii) The solutions of the
(approximating) problems defined witG(s, o) converge to the solutions of the (original) probe
defined withC(As) as p — +o. The use of the functio€(s; p) in place of that ofC(As) allows us

to focus on the crop rotation effects and constsaand to ignore the nonnegativity constraisitsO.
As a result we now consider the dynamic problema(®) the Bellman equations given in equation

(3) without the nonnegativity constraings>0for t =1,....T and withC(s; p) replacingC(As).
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3.2. Dynamic programming issues

We now show that standard duality results allowm@ulating this dynamic acreage choice model with
crop rotation effects and constraints as a faiitypte “Euler type® dynamic optimization problem.
The dual version of the original primal problemoals reducing the resolution of the constrained
acreage choice to the search of the root of a sigliation system.

The basic idea underlying the dual approachaiidy simple. The farmer’'s past acreage choices
supply him with quantities of land with differenop rotation effects,e. with different characteristics.
The acreage the farmer would like to currently ceoas a response to the crop and input marketsprice
induce his demand of land with specific charactiess The Lagrange multipliers related to the crop
rotation constraints are the virtual prices leadimghe equilibrium, at the farm level, of the fanris
supplies and demands of land of different charesties. To be pedagogic, we first start with a mgop
problem where the farmer neglects the effects efgmt decisions on future state variables. We then

explain the resolution of the fully dynamic case.

The myopic problem. We consider first the myopic optimization problere, the problem that ignores

the future effects of the current choices, defihgd

(4) max{sn-Ce;p) s.t.Ds<p}.

A Lagrangian function corresponding to the myopiehtem under crop rotation constraints is defined
as L(s,p,A;m,p;p)=ns-C(s;0)+pn (p—Ds)+y(1-j's) where 4, =0 andj is the dimensionK?
unitary column vector. Theg term is the total land use constraint Lagrangdiplidr whereaq is the

crop rotation constraint (for the fird —1 crops) Lagrange multiplier vector. This formulatiof the

Lagrangian function is chosen so as to charactdheesolution to the myopic problem with the

solution function,s (.), of the standard land allocation problem undealt@ind use constraint:

® According to Rust’s (1996) terminology.
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(5) s(mp)=argmax{sn-Cép) s.tj's< }.

We will consider thats (.; 0) has an analytical closed form. Of course we higgr; p) =1 and

s (m; 0) >0 due to required properties @(s;0) . Rearranging the terms ih(s,p,A;7,p;0) we
obtain L(s,u,A;m,p;p)=s(®@—10p)-C(s;0)+u'p+y(@—j's) and we easily recognize a Lagrangian
function corresponding to the maximization probldefined in equation (5) wherg—1[0pn replaces

.

The myopic maximization problem being strongly daad provided that we assume that the crop
rotation constraints always bind, it is easily shawat its solutions , is uniquely characterized by:
(6a) s =s(x—10p;p)
where:
(6b) p istherootimOM ofDS #—10pp ¥p

with s =R"*x{0} . The termp’ is a virtual price vector of the previous acreafgeice of the farmer.

The Ds (m—1v0 p; p) term is the farmer's demand for land quantitiethwie different previous crops

if these land quantities were to be rented at pricéAs a result the equation characterizigstates
the farmer’s demand for lands with the differerévpous crops must equal its supply The optimal
Lagrange multiplier vectop” can be interpreted as the “market clearing pricgorg, at the farm level,
of the land quantities with different previous csop

Provided thats =s(z—10p ;p) has an analytical closed form, to fingl just consists in

computing the unique root nof Ds (z—10p ; p) =p, i.e. in computingp’ .

The dynamic problem with uncertainty. The dual approach described above can easily h@extifor

characterizing the solutions to the dynamic optatian problems. Two features of these problems

12



make them relatively easy to solve. First the atersid problem is of the “Euler typ&in the “choice”
variables(s,,p,, ;). Second, the dynamic programming optimality ppieiimplies that the marginal
effect of p, onV,(p,) is given byji, + j1 for t=1,...T .

Using the dual approach and these remarks, itladively easy to show that the solutions to the

Bellman equation in periodare characterized by:

(Ta) §=s(E&, -10f, +IER,, 01 p0)

whereji; is the root ini0M of:

(7b) Ds (Ef, —1Of+0Ef,, Oup)= AS (E_f,_,—1Of,_+0E_fDuvp) fort=2,...T

with the conventions that (E,&, 10 i, + dE4i, v, p) =s, and thatji,,, =0. The form of the static

profit function and of the rotation constraints iep that accounting for the effects of the pastiobs

on the current choices and accounting the futunseguences of the current choices is fairly simple.
periodt, the farmer needs to “rent” from himself his lanith previous cropm at price iz, and he can
expect to earn in the futurE[[/;M from “lending” to himself in period +1 one unit of land with crop

kin periodt.

Despite the simplicity of the obtained charactéiraof the optimal decision rule, solving fef

remains a difficult task due to the curse of dinemality affecting any dynamic optimization problem

with uncertainty.

Dynamic problems without uncertainty. Of course significant simplifications occur in tlvases

without uncertaintyj.e. when &, ==, is known in period 1 for fot =1,....T . The expressions derived
in the case with uncertainty hold with the notagkeeption that thei, Lagrange multipliers are now

fixed terms fort =2,....T whereas they were random in the dynamic probletin wicertainty f; was

® According to Rust’s (1996) terminology.
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~k

fixed). In particular we havei; = Egji, =p, for s=t-1t,t+1. To solve the considered dynamic
problem just consists in finding a rodf, ,...,u; ), in (n,,....n; )OM" of the equation systems given in
equation (7a) and (10), and then in using equdffan to compute the optimal acreage sequenee,
the s terms fort=1,...T.

In the infinite horizon stationary case, the objextis to compute the roqt,, in pOM of the
equationDs (m—1Op+dpr; p) = As (r—1Op+Jp0v; p) characterizing the unique steady state

ins, s(z—10p +op Oy, p).

4. Empirical models and computational issues

The above discussions take for granted the avhilalif an analytical closed form fos (.;p)
ensuring thatj's (z; p) =1 and s (m; p) >0 for any z. The Multinomial Logit (MNL) framework
developed by Carpentier and Letort (2008) (CL higeeaprovides such analytical closed forms. These
authors show that if the implicit cost functiontire maximization problem (5) defining)(.; p) has the

“Nested MNL” functional form:
(8a) C(sr.a,p)=a)y,  alna-Inr)+p™> (s Ins.-aIna)

with O<a < p andr =(r,,kOK) with r >0 andr =1, then:

exp(or., ) exp[a',o‘1 Iy exp[ o, +a™ Im, )ﬂ
o BXPO1T, ) o exp[cr,o‘1 InznDK exp[ o, +a™ Im, )ﬂ '

) Su(mrap) =

The term ,c)‘lzm(s'K Ins, —a,Ina,) in the “Nested MNL” implicit cost functiorC(s;r,a,p) is a

“perturbation” term. It vanishes g8 — +e andlim, ., C(sr,a,p)=C(ar,a) =gd(Ina-Inr) is

14



a “generalized entropic” implicit cost function aegwling on the total crop acreage vecorThe

C(a;r,a) function defines the “Standard MNL” implicit cdsinction in CL’

The advantage of the “Nested MNL” implicit cost &tion C(s;r,a, p) is threefold. i) It leads to
optimal acreagss,, (w;r,a, p) strictly lying between 0 and 1 and summing toii).I{ is continuously
differentiable in (m,a,p). This property is crucial if the considered modate to be employed in
econometric analyses as it allows using standaatisstal frameworks.ii{) The s, (m;r,a,p)
functions provide reliable approximations of théusions to the problem for large values pf, since

we have:lim s(mr,a,p)=arg ma>g{s'n—C Asr g )s.ts=20 andj< }1.

oo
In other wordss (=;r,a, p) is a smooth function which can be used to appraterthe solution to a
maximization problem with nonnegativity constraimtghout explicitly considering these constraints.
Of course,s (m;r,a, p) positively biases the corner solutionssifimplying globally negative biases

for the interior solutions) but these biases vaasip — +o.
In the implicit cost functiorC(a;r,a) ther term can be interpreted as a reference acreagervic
Is the unique minimand o€(a;r,a) . This reference acreage is the one for which #ne’s quasi-

fixed factor endowment is best suited. The neoie distant front according to the metric defined by
the generalized entropic criteria, the larger esithplicit cost functionC(a;r,a) . The interpretation of
the acreage cost functidd(a;r,a) is similar to that of the usual “adjustement dosiction” used in
dynamic optimization models with “exogenous” adjosht costs (Seeeg., Oude Lansink and
Stefanou, 2001). In these models, the “referenceéage is the previous acreage and is not fixed
throughout the optimization problem as it is theechdere. Thex parameter can be interpreted as a

relative “weight parameter”. I& is large, the considered farmer basically choasgrow the most

" The results are presented for problems involvimgnaplicit cost functionC(a;r,a) = a_la'(ln a-Inr) of the “Standard

MNL” form. These results hold for more general imjlcost functions defined within the “MNL” framewk, e.g. for the
“Nested MNL” implicit cost functions defined in CL.
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profitable crop in the most profitable sequence.panrticular, if (and only if) 7z, is the unique
maximum element ofr then Iim(a’p)ﬁms;k(n;r,a, p)=1.If a is small, thes , (n;r,a,p) terms are

mostly determined b(s;r,a, p). We havelim, Vs (mr,a,p) =r, for KOK .

We theoretically proved the global convergence iofpte numerical procedures for computing the
optimal rotation constraint Lagrange multipliers te myopic problem as well as in the dynamic
problems without uncertainty. These proceduresbased on the ideas underlying the contraction
mapping principle and exploit the specific struetof the considered problems. They are fairly ¢asy
code and they perform well in practice (as far@sapplications prove this).

Of course the risk issue is important. It is mohallenging due to the curse of dimensionality.
However, our framework can be adapted to dynanoblpms involving production or price risks, as

long as one uses the usual devices aimed at cepinghe problem dimension issue.

5. lllustrative simulations: impacts price shocks on the acreage choice dynamics

The objective of the following simulation exercige threefold. First, we aim at illustrating the
tractability of our modeling framework. All present results are obtained with the empirical
framework presented in the preceding sections aaré womputed using the numerical procedures we
defined. Second, we aim at demonstrating that adooy for crop rotations is crucial for
understanding, and thus modeling, farmer’s acredggces. Third, we demonstrate that farmers’
perceptions with respect to the future evolutionthed economic context plays a major role in their
acreage choices, even in the short run, due tayhamic effects implied by the crop rotation eftect
and constraints. We also show very complex dynassalts that may explair,g. why econometric

estimation of the price elasticity of farm prodoctiis difficult.
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We consider a typical farm in French regions witbdmm productivity levels, around the large Paris
basin. The usual crop rotation choices are detextnwith standard wheat-barley-rapeseed sequence as
the reference rotation scheme. The crop profitlfegiren past crop production are presented inethe
hand side of Table 1. They are calibrated by utiiegresults of CL together with “expert data” oe th
rotation effects gathered from interviews with agtiural scientists and extension agents. Profs p
crop sequences are reported in Table 1. The righd Iside gives the initial acreage allocation which
corresponds to the economic context observed fleamtid 1990’'s to the mid 2000’s with low grain
crop prices.

In order to simulate our model, we need to deteentlme parameters of the cost function. We
assume that alpha equals 3 so as to simulate rghigibke effects while the reference acreages #dre a

equal to one third. Finally we find that thee= 35 “working” parameter level is sufficient for prowid)

satisfactory approximations of the acreage cornglutisns: the approximate acreage shares

corresponding to corner solutions in the “true” miotange from 18 to 10* in the “approximate”

model.
Table 1. Simulation parameters and steady state acreages
Crop profit leves, Acreages (steady state),
stationary baseline stationary baseline
Crop Crop
Wheat Barley Rapeseed Wheat Barley Rapeseed
Wheat 3.5 35 2.8 Wheat 0.00 0.16 0.34
Prev.crop Barley 5 3.5 2.8 Barley 0.16 0.00 0.00
Rapeseed 6 5 0.5 Rapeseed 0.34 0.00 0.00
Total 0.50 0.16 0.34
Crop profit levels, Acreages (steady state),
doubled cereal prices/ basdline doubled cereal prices/ basdline
Crop Crop
Wheat Barley Rapeseed Wheat Barley Rapeseed
Wheat 10 9.5 2.8 0.00 0.50 0.00
Prev.crop Barley 125 10 2.8 0.50 0.00 0.00
Rapeseed 14 12 0.5 0.00 0.00 0.00
Total 0.50 0.50 0.00

a=3, p=35r1=r,=r;=1/3, 6=0.95
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The results presented in Table 1 for the baseitnat®on show that the rapeseed acreage is consgque
34 per cent, despite the fact that this crop prwishort run profits systematically lower than ¢hos
wheat and barley. This is maifildue to the beneficial effects of growing ceredieraapeseed. The
rapeseed-cereals rotation reduces the requirettidestise for cereals and increases the cerealsyiel
because it provides a mean to “agronomically” aarfor pests which are otherwise difficult to caitr
with pesticides. Note that rapeseed monoculturgrangly unwarranted, mainly due to uncontrolled
infestations of bugs. Wheat is mainly grown afegpeseed but also after barley: wheat allows a high
valuation of the benefits due to the rapeseed-teretation and appears to be more profitable than
barley. Note that an increase in the barley acreagencrease the average net returns of barleysif
increase in acreage implies that barley is growerafapeseed. This would follove,g., a sharp

decrease in the price of wheat.

We now conduct simulations considering first a 10@%sease in the price of wheat and barley. This

increase in the cereal prices induces a much higliceease in profit because variable costs increase
much less than gross returns (see the left hardddidable 1). Note that rapeseed production would
disappear if this increase in the price of cergaisld be permanent (see the right hand side oféeTabl

1). In this case, farmers’ would basically alteéenéhe production of wheat with that of barley bgit

plots. The opportunity cost of growing rapeseedtirotation benefits for cereals is too high.

The impacts of an anticipated one-shot 100% iner@ashe price of cerealse. an anticipated price
shock, on acreage choices are very interestingy @ne depicted in the left hand side of Figure 1
(Shock 2/1). In this second simulation, in periothé& farmer is awaree(y. thanks to the information
conveyed by future markets) that the price shodkoecur in period 2, and in period 2 only. It appe

that the year before the price increase, the perddecreases his wheat acreage and increase the lan

® This is also partly due to the diversificationeeff generated by the acreage management costdincti
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allocated to rapeseed. By such he is building pitali such as to optimally ripe the positive etfieof

the subsequent price increase. A large part oftibeeline” wheat acreage is substituted for rapksee
acreage in period 1 in order to increase the podfiiroducing wheat in period 2, and especially athe
after rapeseed. Note also that after the pricekshioe wheat and rapeseed acreages oscillate around
their steady state levels. They only progressigelyto their steady state levels demonstratingdiogt
rotation effects provide incentives for crop divication across time, not necessarily across grenf
plots in a given year. The “stabilization procesfthe crop acreages at their steady state levelsdv

be slower with larger values af . The year following the price shock the farmersages a large
rapeseed acreage because he meanly grew wheaahéefore and also because he intends to have
again a large cereal acreage after rapeseed.

In order to analyze the impact of anticipations, ae@duct a third simulation where the period 2
price shock is unanticipated by the farmer in ko The farmer’'s acreage choices are shown in the
left hand side of Figure 1 (Shock 2/2). In thisegabe farmer mainly substitutes rapeseed for panle
his acreage for benefiting from the increase indéyeal prices. Whereas the barley acreage is ynainl
unaffected by the anticipated price shock, it fuibaptures” the impact of the unanticipated price

shock. By contrast, the impact on wheat acreagesich more muted.

Figure 1. Smulation results: Anticipated and unanticipated price shockson cereals (x2) in
period 2 and dynamic acreage choices

Shock?2/2: Cereal prices x2 in period 2, known in period 2

Shock2/1: Cereal prices x2 in period 2, known in period 1
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Of course uncertainties on the price shock occoggm@nd levels would certainly attenuate the effect
shown in these simulations. It still remains thagppears difficult to investigate the effects bé t
economic determinants of farmers’ acreage choiciélsout considering both the impacts of crop
rotation benefits and constraints, and farmerstegtions of the future production price distribngp
especially in a static modeling framework. This na&go explain why it appears to be so difficult to

statistically measure the price elasticities ofalgecultural production supply.

6. Concluding remar ks

This paper presents an empirically tractable fraorkwior modeling dynamic acreage choices,
acreage choices accounting for crop rotation effesndid constraints. This modeling framework
combines i( original results stemmed from a theoretical asialyf farmers’ dynamic programming
problems using dualityjij a simple device for coping with corner solutiamscreage choices implied
by the discrete feature of the crop rotation chaidé) the use of well-behaved static acreage share
choice models andiv{) simple numerical procedures for solving the ineol static and dynamic

optimization problems.

Simulation results illustrate two main points. Eithe effects of crop rotations on crop returng tre
constraints imposed on acreage choices by the migpions are crucial determinants of farmers’
acreage choices. Second, these results also deaterbie key role played by farmers’ perceptions of
the future economic context on their current praidacchoices. Although this result is well-knowrr fo
investment choices, our analysis demonstratesat fablds for short run production choices due & th
production dynamics implied by crop rotations.

Similar simulation results and comparisons waitin dynamic modeling framework can also be used
for assessing the limits and merits of the standdadic multicrop models found the agricultural

production literature.
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Our main results are for problems without uncettai®f course, risk issues are essential in dynamic
analyses. Our modeling framework can be adaptednfagstigating small finite horizon dynamic
problems as well as for investigating infinite lzom (stationary) dynamic problems.

Our empirical modeling framework is designed $amulation purposes but also for econometric
analyzes. Our first investigations demonstrate ttnatpresented modeling framework can be employed
for specifying empirically tractable econometricaets. The implementation of the statistical infeen
remains an issue due to the complexity of the @erehoice dynamics. Ongoing researches investigate

this topic.
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