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Abstract Corner solution problems are pervasive in micgor®metric acreage choice
models because farmers rarely produce the samesetom a considered sample. Acreage
choice models suitably accounting for corner solutheed to be specified as Endogenous
Regime Switching (ERS) models. Micro-econometricSHRodels are however rarely used in
practice because their estimation difficulty guyckfirows with the dimension of the
considered system. Their functional form is gengrglite involved and their congruent
likelihood functions need to be integrated usimgudation methods in most case of interest.

We present here an ERS model specifically desiforeedmpirically modeling acreage
choices with corner solutions. This model is théoadly consistent with acreage choices
based on the maximization of a profit function witbn-negativity constraints and a total land
use constraint. It can be combined with yield syppid variable input demand functions.
Furthermore, the model accounts for regime fixedtsownhich represent crop specific
marketing and management costs. To our knowledyge,is¢ a unique feature for an ERS
model accounting for non-negativity constraints.

The proposed ERS model defines a Nested MultiNorhadit (NMNL) acreage
choice model for each potential production regiiiitee regime choice is based on a standard
discrete choice model according to which farmersoske the crop subset they produce by
comparing the different regime profit levels. Theusture of the model and the functional
form of its likelihood function makes the Simulat&Xpectation-Maximisation algorithm
especially suitable for maximizing the sample lilkebd function. The empirical tractability
of the model is illustrated by the estimation ofi\a crop production choice model for a
sample of French grain crop producers.

Keywords Corner solutions, endogenous regime switchingetspégricultural production
choices

JEL codes: Q12, C13, C15
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Corner solutions in empirical acreage choice modelan endogenous switching regime

approach with regime fixed costs

Introduction

Corner solution problems are pervasive in microrecoetric acreage choice models because
farmers rarely produce the same crop set in a dereil sample, even in samples considering
specialized farms. Farmers’ choice to produce dr aocrop might be seen as purely
exogenous to their production (yield, acreage)siexs, by considering, for instance, that a
crop is not produced because of an absence of mapl®rtunities or because of a lack of
human and/or physical capital. However these pribolugmpossibilities only prevail in the
short run. On the other hand, the choices of fasmet to produce a crop can be endogenous
to their production decisions: first, a crop iswroonly if it is profitable enough,e. if its
associated gross margin is positive; second, foastis associated to the set up of a given crop
can be higher than its potential profit, in thatedhe crop is not grown even if its gross
margin is positive. Both intensive and extensivegimaaspects thus intervene in the choice of

farmers to produce a crop subset.

Agricultural economists usually use two approacteesope with null crop acreages. First,
crops can be aggregated to eliminate or, at ledt#nuate the occurrence of null crop
acreages. Of course, this approach can lead tdasuias information loss. Second, corner
solutions can be dealt with by specifying acredg@aes as a system of censored regressions
(see.e.g, Platoniet al, 2012). However, if censored regression systedpkogtly account for

null crop acreages from a statistical viewpoingytlcannot consistently represent acreage
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choices with corner solutions. This point was mddegconsumer demand systems, by Arndt
et al (1999). This is easily seen by considering a fngxample. Let consider a farm
producing wheat but not producing barley. In a oesd regression framework, the wheat
acreage depends on the price of barley. This camwir if the considered farmer’s acreage
choice is the solution to a profit maximization lplem (with non-negativity constraints on the
acreage choices). In such a case, the price ohgramluced crop cannot impact the acreages

of the produced crops.

More generally, acreage choice models suitably @wtibng for corner solutions need to be
specified as endogenous regime switching modeksudh models, regimes are defined by the
subsets of crops with non null acreages-by the subsets of actually produced crops — and
the acreage choice model of a produced crop dependke regime where this crop is
produced.E.g, in a regime where wheat and barley are bothywed, the wheat acreage
depends on the price of barley whereas it doegpedd on the price of barley in regimes in
which the barley acreage is null. Micro-econome@nmntogenous regime switching models
where mostly defined to model consumer demand ygs{eeee.g, Kaoet al. 2001) or firm
input demand systems (s&eg, Chakir et al. 2004), following the pioneering waf Wales
and Woodland (1983) and of Lee and Pitt (1986). elmv, endogenous regime switching
models are rarely used in practice because theématson difficulty quickly grows with the
dimension of the considered system. The functiémah of these models is generally quite
involved and their congruent likelihood functionsed to be integrated using simulation
methods in most case of intereste- for models considering at least four alternatiwéh

reasonable assumptions related to the random gfatie model (sees.g, Kaoet al 2001).
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Our main objective in this paper is to present adogenous regime switching model
specifically designed to empirically model acreadmices with corner solutions. To our
knowledge, this is the first model proposed forstpurpose. This model has three main
features. First, it is theoretically consistenh-ts deterministic part as well as in its random
parts — with acreage choices based on the maxionmzatf a profit function with non-
negativity constraints and a total land use coirdtran the acreage choices. Second, this
model can be combined with yield supply and vagabbut demand functions. Third, this
model accounts for regime fixed costs. This cosbants for marketing and management
costs. To our knowledge, the ability to accountriegime fixed costs is a unique feature for
an endogenous regime switching model accountingdarnegativity constraints.

The proposed endogenous regime switching model nisexension of the Nested
MultiNomial Logit (NMNL) acreage choice model prageml by Carpentier and Letort (2014)
to model acreage choices with corner solutionkedvily relies on the unique features of the
NMNL acreage choice models: their parameter pamyntheir providing well-behaved and
simple acreage choice models and their congrueiit functions. The proposed multicrop
model defines an NMNL acreage choice model for gaafential regime. The production
regime choice is based on a standard discrete ehuomdel according to which farmers
choose the crop subset they produce by comparenditterent regime profit levels, including
the regime specific costs.

The considered multicrop model is fully parametind, as a result, can be efficiently
estimated within the Maximum Likelihood estimatisamework. The structure of the model
and the functional form of its likelihood functiomake the version of the Simulated
Expectation-Maximization algorithm (seeg, McLachlan and Krishnan 2008) developed by
Delyon et al. (1999) especially suitable for maximizing the s&nfsimulated) likelihood

function.
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In order to illustrate the empirical tractability the proposed model and assess its adequacy
to observed data, a five crop production choice ehdgl estimated for a sample of French
grain crop producers covering the 1993-2007 peridds model involves six production
regimes. It is composed of five yield supply funaos, of four acreage (share) choices — the
functional forms of which depend on the producttegime — and of a probabilistic regime
choice model function. Estimation results demonstiiaat the model fits relatively well to the
data, at least for the crops with large acreaghesé first results also show that considering
regime fixed costs is important to correctly motted regime choices. They are encouraging
but also clearly show that the considered empinuadlel can be improved.

The proposed multicrop model including regime fixedsts is presented in the first
section. Identification and estimation issues aigcussed in the second section. The

illustrative estimation results are provided in thied section. Finally we conclude.

Acreage choice modeling, corner solutions and prodtion regime fixed costs

The main aim of this section is to present a fagineral framework for modeling acreage
choices and accounting for possible corner solatamd for fixed costs related to the set of
crops actually produced. It combines three elememtgiven formulation of the farmers’
acreage choice problem, a relevant decompositiadhisfproblem and specific properties of
the MNL framework developed by Carpentier and Let@014) for modeling farmers’

acreage choices.
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General modeling framework

Let consider a risk neutral farmer who can allodage cropland taK crops. Cropk, with
kOx ={1,..., K}, provides an expected gross margin denotedzhyThe crop gross margins
are collected in the vector = (77, : kO K) . His problem is to maximize the expected profit of
his cropland by solving the following optimizatipnoblem:

Q) maXx., {St—C(s)} wherev ={s> Oet s1=1}.

The terms=(s, : KOK) denotes the vector of crop acreage shares angria denotes a
vector of oned.The ¥ term defines the set of admissible acreagesthose satisfying the

non-negativity constraints=> 0 and the total land use constraidt =1. The objective

function considered in problem (1) defines a tratfdsetween the sum of the expected gross

margins weighted by their acreage shass= kasxﬂk , and the implicit management cost

of the acreages, C(s). The functionC:U - R, is further described below. Such cost

functions are used in the Positive MathematicalgRomming (PMP) literature (see,g,
Howitt, 1995 ; Heckeleét al, 2012) and in the Multicrop Econometric (ME) la&ure (see,

e.g, Capentier and Letort, 2012, 2014).
Let s° denote the solution imto problem (1)j.e..
(2) s’ =argmax., St -C6)}.
The solution ins, to problem (1) is a corner solution $f =0, it is interior if s; >0. The
type of solution in to problem (1) can be charazest by the production “regime” of’. The

regime of an acreagels defined by the crop subset with strictly pasitacreages.e. by the

subset of crops actually produced in the acreageritbed bys. Let define by® ={0,1,...,R}

the set of indicators of the different subsetskoffThe termx,, defines the subset of crops
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produced in regime. l.e, K, is a subset of{ andr is the regime of if and only if
{kOK/ s >0} =%, . The functionp: vV - ® defines the regime of with p(s)=r if r is
the regime o&.” Of course, we have(,, UK for rO® , and we impos&, =X . The term

K defines the cardinality ok ,,. We will say that regimgis (strictly) included in regime

(r)

if and only if K ;, U (U)X, -

The regime of the optimal acreage chogéefines the subset of crops actually produced by
the considered farmeig. the optimal production regime. Farmers simultasgodecide the
crop subset to be produced and the corresponditigyapacreage. Agricultural production
economists using MP models routinely solve agrnisaltproduction choice models similar to
problem (1). But they rarely consider productiogimges, at least explicitly. They simply
account for corner solutions in the acreage choade=n they occur.

When seeking to define tractable ME models, it @émting to decompose farmers’
decision into two steps: the regime choice on theltand, and the acreage choice conditional
on the regime choice on the other hand. Most ME efsodxplicitly accounting for corner
solutions in the acreage choices rely on such amdposition (Skockai and Moro, 2006,
2009; Lacroix and Thomas, 2011; Fezzi and Baten2&l). These models define the
acreage choice models as systems of censored siegres Shonkwiler and Yen (1999)
proposed a two-step estimator for censored regmessistems which can be interpreted as an
extension in the multivariate case of the two-séspimator proposed by Heckman (1976,
1979) for the estimation of sample selection madei® pioneering work of Shonkwiler and
Yen (1999) has been the basis of numerous twoesgmators, developed in particular by
Yen and his co-authors (Yer al, 2002, 2003; Yen, 2005), which were applied famewous

empirical analyses of consumption choices or oéage choices (Skockai and Moro, 2006;
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Fezzi and Bateman, 2011) involving corner solutidrfeese estimators relate to econometric
models in which the regime choice model is baseda®et of censoring conditions on a
system of virtual acreage/consumption choice. Tagme choice model is estimated in a
first step. The second step consists in estimatimgy system of virtual acreage choices
conditionally on the observed regime choices.

However, this focus on the regime choice may beleading. In particular, acreage
choices cannot be consistently modeled as systérosngored regressions if these choices
are the solution irs to profit maximization problems similar to problgih). This point was
made by Arndet al (1999) for the econometric modeling of consumptiemand systems. It
will be discussed below for the econometric modgbhacreage choices. As a matter of fact,
it will be shown that acreage choices with non-tiedg constraints must be defined as
endogeneous switching regime models similar toghm®posed by Wales and Woodland
(1983) or by Lee and Pitt (1986) for modeling cansu choices.

Nevertheless, this doesn’t mean that modelingeiarre choice is useless. To consider the
regime choice appears to be extremely useful whenconsidered choices involve regime
fixed costs. These regime fixed costs are speédatures of the model we propose for
modeling acreage choices. But modeling the reginaéce is difficult unless the optimization
problem defining the considered choices has spef@ftures. This is at this point where the
MNL framework proposed by Carpentier and Letortl@0comes to play. The regime fixed
costs are presented first. The properties of istewethe MNL framework are presented in a

second step.
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Production regime fixed costs and acreage choice modeling

The cost functionC(s) involved in problem (1) is further specializedarder to highlight the

role of regime fixed costs in the acreage choicgmapation problem. It is assumed that the

acreage management cost funct®fs) can be decomposed into two distinct parts with
(3) C(s)=D(9+ b,a(s) .
The functionD: U - R, is continuously differentiable and strictly convexs on . The

term b,

is the element of the production regime fixed cesttor b=(b :rR)
corresponding to the regime ®f

The “smooth” part of the implicit acreage managemmsost functionC(s), i.e. D(s),

accounts for the crop costs not included in the @uoss marginst and the implicit costs
related to the constraints on the acreage choigesthie limiting quantities of quasi-fixed
factors. Quasi-fixed factor constraints and theeissed peak load costs provide motives for
diversifying crop acreages. These implicit costplynthat the functionD(s) can be assumed
to be convex irs on V. This function is assumed to be strictly conves for simplicity, this
assumption implying that the solutiongmo problem (1) is unique.

The fixed costb, is incurred by the considered farmer for any ageezhoice in regime.

Such regime fixed costs do not depend on the aeseaigthe crops in the considered regime,
they just depend on the crop set defining thismegiThe terms collected m may account
for different features of the acreage managementegss. il They may account for
transaction costs such as the fixed costs relatéuet marketing process of the crop products,
those related to the monitoring of the pest popartat of the crops, or those incurred when
purchasing specific variable inputs or when renspegcific machinesiij The regime fixed

costsb may account for the fact that specific crops reg@iarmer’s availability at specific
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dates during the production campaigii) (The functional of theD(s) term has to be

“smooth” in's and sufficiently simple for the model to be emgatly tractable. Thé terms

may also partly correct for the specification esrof theD(s) term.

The regime fixed cost,,, and the “smooth” acreage management cd3fs) are

(s)
expected to have opposite effects on crop diveedibn. Whereas the “smooth” acreage

management costs tend to favor diversified cropayes, the regime fixed cosj, are

expected to deter crop diversification. The tratisaccosts and the labor requirement related
to a production regime increase in the number gpsmproduced in this regime. But the fixed
cost of a regime may be inferior to the sum offiked costs of the individual crops of the
considered regime. The regime fixed cost is likelype sub-additive in the individual crop
fixed costs.E.g, farmers’ may purchase the input specific toettéht crops from the same
supplier, implying savings in the related transattosts

A few remarks are in order with respect to thés) andb terms. () They could be more
explicitly defined.E.g they could be defined as the virtual costs assedito the explicit
“hard” constraints on work time of specific optiration problems. Our view is that such
modeling exercise is of limited interest for twasens. First, the properties of the implicit
costs captured in th®(s) andb terms are relatively simply interpreted. Secohdsé terms
and their determinants are likely to significantjffer across farm$.These terms are
assumed to be farmer specific from a theoretioalvpobint. Their heterogeneity across farms

mainly is an empirical isstfe(ii) The D(s) and b, terms are related to the short run

s
implementation of acreage by the considered farmer. These terms do not atcfor
investment costs. In other words, it is assume lieat the considered farmer is able to
produce any crof in the set and to implement any acreage . In particular, the regime

fixed costsb, is incurred each year in which any acreage inmegi is implemented. The
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ability of the considered farmer to implement angeages in U is necessary for the existence
of the “smooth” acreage management cost funcbgs) whose domain i2).° This limits the

scope of this modeling framework for empirical ppsps. The sampled farms must consider
“common” crop sets and must be located in regioite suitable market opportunitiesii {

Finally, the regime fixed cosh,, only depends on the considered production regianes

)
imply that C(s) is discontinuous ins, at s, =0. This implies that problem (1) contains

discrete choice features due to the regime fixesiscbe., the characterization of the optimal
acreage choice needs to partly rely on the charaaten of the production regime choice
induced by the regime fixed costs. A productionmegcould be optimal without these costs
and sub-optimal with these costs. The discreteropdtion features introduced in problem (1)
by the regime fixed costs imply that a solutionraggh to this problem needs to rely on some
mechanism aimed at comparing the outcomes relatethe possible production regime

choices.

As a consequence of the last remark, it appeaessary to investigate the profit optimization

problem on a per regime basi®. by restricting the acreage choices within the @opsets
K, for rO® . Let defines,, the subvector of containing the acreages of the crop set
defining K, , and let define the vector, and the set),, accordingly. Let also define the

K X K selection matrixQ, ,, such thatQ , ,;s=s,, It is also easily shown that the product

0]
Q(S,, defines a dimensioK vector which can be obtained fromby setting at O its

elements corresponding to the crops not contamed i B8

Ignoring the regime fixed costs for the moment,imeestigate the solutions to the profit

maximization problems

(4) ma)g(r)m(r) {Szf)n(f) - D(Q’(r ,+)S(r ))}
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for r O® . The solution ins ,, to problem (4):

(5) S?r) = arg ma)g(,)DU(r) {ir)n(r) - D (Q'(r ,+)S(r ) )}’
necessarily belongs to a production regime incluidecegimer. But it doesn’t necessarily
belong to regime, depending on the properties of tBefunction. E.g, nothing prevents

some elements af, to be null in the case whei(s) is quadratic irs. This frequent feature

of many acreage choice models largely underminesirtterest of a decomposition of the
acreage problem into a sequence of two optimizairoblems: the production regime choice
in a first step followed by the acreage choice fwbconditional on the optimal production
regime in a second step. The problem described ealvaauld have been worsened by

considering the regime fixed costs in problem (5).
Acreage choices, production regime choices and the MNL modeling framework

As a conclusion, a difficult arises when considgriegime fixed costs. Accounting for
regime fixed costs requires a simple charactedratif the production regime based on the
profit levels obtained in the different possiblgirees. But, at the same time, the properties of
the solution ins to profit maximization problems such as problem déherally prevent the
existence of such a simple characterization ofofemal production regime. Basically, this

difficulty would not arise if the solution i, to problem (4) was guaranteed to belong to
regimer. In that case, problem (1) could be decomposed as

6)  max,, {max .. &7 -DQ .5 b},

implying that the optimal regime choice would beeayi by:

(7)  r°=argmax,, {1 -h }

where:
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@) Mg =max o, {8, ~D(Qg S )}
Of course the optimal acreage choice would be dgyes’ = Q, .,,5, with r =r°.

The MNL cost functions proposed by Carpentier aradott (2014) have the relevant
properties. These properties are presented inabe aof the Standard MNL cost function, for
simplification purposes. The Nested MNL cost fuo basically have the same properties

but are more flexible. The empirical model presémtethe next section relies on a three level

Nested MNL cost function.

Choosing the Standard MNL functional form for tB¢s) function implies that:

(9) D(=A-sc-a'x8In « with a>0

where A is an unidentifiable fixed cost term aeds a parameter vector. This function is
continuous and strictly convex son R* and it is continuously differentiable “at will” is

on R’ .? It is easily shown that

(10) D(Q.Se) =A-%,G,—a ' x §,In s for rOR .
The solutions to problem (4) are given by acredgeeschoice with Standard MNL functional

forms

exp(a (7 —¢,))

(11) s = 2w, 0@ (7 ~c,))

for kO K

and by indirect profit function with log-sum funati forms
(12) ng,=aIn Z@q,) exp(a (7, -c,)).
The solution ins,, to problem (4),5‘(’,), is interior. This property is due to the entrapgm of

the Standard MNL cost function. This function isntibuous ins on U but, due to the

entrpopy term—a xs'In s, its first derivative ins, diverges to+eo ass, goes to 0. Regime
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(o]

indirect profit functionll, has the so-called log-sum functional form. Thisafiy implies

that the optimal regime choice is given by
(13) r°=argmax, & Inzmm exda @ -c, )-h },

whereas the optimal acreage choice is providedjbgteon (11) ar =r°.

A few remarks are in order with respect to thesailts. () To rely on the MNL framework
allows for decomposing problem (1) into two simgteps: the production regime choice step
and the step providing the acreage choice givenoftenal regime choicelij The MNL

framework has another advantage in this contex¢. §diution to the regime choice problem

[o]

requires to compute the regime indirect profit fimwes 1, for r O, i.e. to solve problem

(4) for rO® . The MNL framework provides analytical closed fosmlutions to the regime

profit maximization problem (4) for O® , i.e. it directly provides simple functional forms

for the My,

and s‘(’,) terms as show by equations (11) and (12)) (Moreover these
functional forms are “smooth” in the parametars a andc. This simplifies the theoretical
analysis of the properties of the statistical iafere tools to be used for estimating these
parameters.if) The last remark deserves a specific discussioit aslates to a specific
drawback of the MNL framework. As a matter of fablis problem can be interpreted as the

price to pay for buying the desirable propertiestto$ modeling framework in a multiple

regime context, those discussed in remaipkiij ).

The functional form of the Standard MNL cost fupatigiven in equation (9) implies that

e, >ng

" iy 1f regimej is strictly included in regime. l.e. the Standard MNL indirect profit

function given in equation (9) increases as longraps are added to the crop set. Basically,

the Standard MNL cost function tends to overstaginterest in diversifying crop acreages.
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This undesirable property is due to the entropgntef the Standard MNL cost function, the

one ensuring that the solutiongp, to problem (5) is strictly positive.
In order to illustrate these points, let consideimaple example where regimes obtained

from regimej by adding crogk. In this case we havel,, =MN¢, —a™In(1-s7,, ). Because

we necessarily have;,, [1(0,1), the inequalityl1,, >, necessarily holds. It is also easily

shown that the acreage of ciom production regime, s, , tends to 0 as the profitability of

this crop decreases relatively to the other cropsas min,,DK(r){n& - 71} tends to—oo. This

N o _ Mo
implies thatl, =1,

is close to (but strictly positive) be null if gré& much less profitable
than the other crops of regime.e., the interest in adding crdpin the acreage decreases as
the profitability of cropk decreases in comparison to the other crops omegiAs a result,
the Standard MNL cost function tends to bias aaeewices toward diversified acreages.

But, the implied biases toward crop diversificattend to decrease with respect to the relative

profitability of the considered crops accordingrttuitive mechanisms.

(o]

This property of thell;,and s, terms as functions ok ,, was discussed by Ackerberg

)
and Rysman (2005) for cases where the Standard Nikidrete choice model is used for

investigating consumer choices among sets of eiffig@ted goods. In this context the

counterparts of thes), terms are the vectors of the choice probabilitpcfions. The

counterparts of thd1, terms are used as consumer welfare measures. Tires®nically

increase inK_ ,, the number of goods available on the considerarkets, as a consequence

()
of the taste for the diversity of the available ickosets implied by the Standard MNL model.
This feature of the Standard MNL discrete choicedehamplies that markets cannot be
crowded out by the supply of many very similar &lbdifferent goods. Ackerberg and

Rysman (2005) propose simple devices for allewiatims drawback of the Standard MNL
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discrete choice model. When adapted to the acrehge&e problem, the most flexible

suggestion of Ackerberg and Rysman (2005) consiséglding regime specific terms to the

regime indirect profit functionsl;,. This implies that the regime fixed costs

simultaneously serve two purposes in our modeliaghéwork. As agued above, the regime
fixed costsb are mainly intended to account for regime fixedtsdn the acreage choice
problem. But they also contribute to alleviate avdvack of the MNL cost and indirect profit
functions, their biases toward crop diversificationa multiple production regime context.
Note also that in our empirical illustration, tipsoblem is attenuated, but not completely
solved, by using a (three level) Nested MNL cosiction instead of a Standard MNL cost
function. This allows both for more flexibility ithe acreage choice model and for attenuating
the biais toward crop diversification, at least wle®rner solutions do not occur near the root

of the tree representing the nesting structuréettop set.

A tractable multicrop micro-econometric model with corner solution

For each sampled farmer, the variable vector tonbeeled is composed of the observed

production regimer, , the observed yield levels of the produced crgps (Y, : kO%,,,)
and the observed acreage shares of the produced sfc=(s; : kOXK,,). The vector

z, =(p,,w, Vv ) contains the main determinants of farmebserved production choices: the

expected price vector of the considered crop get (p,;:kOx), the price index of the

aggregated variable input uses and a vector containing aggregated climatic véemlnd

variables used for defining time trends= (v, :kOx) . Farmers are assumed to have naive

price expectationg,e. p, is defined as the price vector obtained by farmére preceding

year®®
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The considered multicrop micro-econometric modetiesigned as a statistical model of

(y;,s",r) conditional onz. It is thus composed of three parts: a systemieltl ysupply

models, a system of acreage share choice modelg prababilistic production choice model.

Theyield supply, acreage share choice and production regime choice models

The model of the yield supply of crépwhether crogk is produced by farmer is given by:
(14) Y. =B +v,m -1/ 2xy xw pi+eg!, where E[g),|i]=0 and E[v, |i]=0.

The curvature parametgf, is required to be strictly positive for this yieddpply model to be
well behaved. The considered yield supply modeltaios two random terms. The random
parameterf/, basically captures the yield level heterogenedypss farms. It is assumed to
be known to farmer at the time of his acreage choice. The tegfnis unknown to farmerat

the time of his acreage choice. It accounts forettfects of the stochastic events not included

in v, ; and foregone by farmer

The yield supply model given in equation (14) canobtained as the optimal expected vyield
level obtained by maximizing the expected grossgmaof cropk (see,e.g, Carpentier and

Letort, 2012, 2014). In this modeling frameworkdassuming thak[v, ;| i] =0, the random

parameterf; is interpreted as a measure of the maximum yiélerap k for farmeri (as it

can be expected by farmieat the time he chooses his acreage). Also, thgraent expected

(at the time of the acreage choice) gross margwl Is given by:
(15) 7 = PR +11 2%y X W B = WA,

where the termg;; characterizes the variable input demand for éropfarmeri.
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Farmeri acreage choice is assumed to be the solutigndrihe expected profit maximization
problem with regime fixed costse.:

(16) s =argmax,, {sm, - D, 6)-b,, }-

where &, = (77, :k0%). The “smooth” part of the acreage management @itptost
function,D, (s) , is a three level Nested MNL cost function. Thesidered three level nesting

structure of the crop set based on the implicitsa$ the acreage management. The crops
belonging to a sub-group compete more for the feshopiasi-fixed factors limiting quantities
that they compete with crops of the other sub-gsodphey also have similar agronomical
roles in the crop rotations. The crop groups ase defined along these lines. The considered

three level nesting structure of the crop set isnfdly defined as follows. The crop sgtis

assumed to be split int@ groups. Each groug g ={1,...,G} is itself split intoM , sub-
groups of crops, with ZngMg =M. These sub-groups are denoted kxy, for

mUOwm ={1,..., M}. This three level nesting structure of the crapiseepicted in Figure 1 for

the illustrative application considered in the ngattion. Th®.(s) term is defined as

(17) D=4 +kax % & +a_1zgﬂ§ (1_05;1) % In %
17 . .
+2g|]g59_12m]9\49 (1_592-”11 sjf:ll lrgf:ll-kzﬁi]mrnf KK Sk lns‘

where s denotes the acreage share of sub-graep,s” Ezm s for mOw and s

denotes that of groupe. sg EZnﬂm Zm s for gllg. The termsﬁ‘lr'ﬂ” denotes the acreage

share of crogk within the acreage share of sub-graupi.e. i =s./ ;. Similarly, s,

denotes the acreage share of sub-groupvithin the acreage acreage of grogpi.e.

f=s4
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This cost function is strictly convex mon UV if 7, >2J,2a >0 for (m, g)0M xg. If
sub-groupmonly contains a single crop then =4, if X, belongs to groug. Similarly, if
groupg only contains a single sub-group thén=a .

Due to the total land use constraint, the terms are only defined up to an additive farmer
specific term. The normalization constraint, =0 implicitly defines thec,; terms for

kOx~ wherex™ ={2,...,K}, as differences with respect to their counterpairts=1. Note
that this normalization can only be used in emplngork if crop 1 is always produced.

The cost function curvature parametei® a, 8=(J,:90¢),T=(7,:mUM) are
assumed to be constant across farmers. Of counge,assumption is restrictive. It is
maintained here for simplicity. Note however thatet random parameter vector
¢ =(g;:kOx ") introduces some heterogeneity, admittedly in atdich amount, in the
considered cost function model. These terms argoranfrom the econometrician viewpoint
but they are known to farmer

The fixed cost termA cannot be identified. Indeed, it cannot formally distinguished
from the production regime fixed costs. These regiixed costsh,; can only identified up to

an additive constant (for farmgr A convenient normalization constraint is givenlty, =0.

Under this constraint the ; terms forr O® = wherer O® ™ ={1,...,,R} are to be interpreted

as differences in the regime costs with the cost of regime 0 as the refekeragove, the

crop subset defining regimeis denoted byk , for rO® and with ¥ =X, . The group

subsetg,,, the sub-group subset,,, the subsets of sub-groupsg,,, for gOg,, and the

(r)?

crop sub-groupsx,,,, for mOa,, are defined accordingly. These sets allow defining the

(r)

acreage share choice of farmém regimer as:
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_ g
(18)  Siyki= Sokmi Sompi e

where
(19) S(KW = eXp(Tm (ﬂk,i —Cyi ))

r).kim,i zm&mm eXp(Tm (ﬂu -G ))

expo,n™. _ i}

[ = m,i — 1 _

(20) Sy, = S eip o) with 17, =771 zmr)m exp(7,,07,,~¢,,))
M1y g n!
and
— eXp(ang,i : G — 51 M
(21) S = S ool with 16,5, =5 Y. exp@,y)
(r)m ’

for kKOK,,, mOM,, and g0g,,. This also allows determining the optimal proévél,
regime fixed costs excluded, of farmen production regime with:

(22) Mgy =max o Somey ~Q Qo8 )} = ain Zhug(r)‘mexp(al'l 0.

All these terms but one are counterfactual for faimThey are counterfactual ford® \{r}
andr #r, wherer; is the production regime choice of farmeBut these terms allow defining
r, with

(23) r=argmax; {1, -h}

as well as the acreage choice of farmeith

(24) s =5, =(5y; - kOKy)) ands = Qs for r=r,.

The multicrop micro-econometric model which is estied in the next section differs from

the one presented here due to data constraintgoirtialistribution of the random parameter
vector B = (4 :kOK) of the expected crop gross margins cannot be iféhtwith our

data set, mainly because variable input expenditare only observed at the farm le¥eTo
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identify the joint distribution ofp* would require the specification of a variable uhp
allocation equation (see,g, Carpentier and Letort, 2012) as well as sufficiariations in
the input price indexw in the considered sample. This later conditionasmet in our data
set. Because thg, terms only appear in the acreage choice modektheg with w, and

c.; terms in the considered multicrop crop models,dheterms are assumed to stand for the

G t WA terms.

Distributional assumptions

Two tasks remain for investigating the statistié@atures of the considered multicrop
econometric model. We need to set up tractabletioaotafor describing the model to be
estimated. And we need to define the probabili@mtures of the model. The multicrop
micro-econometric model described above is consisteits deterministic parts. We need to
define the assumptions related to the model ran@oms for this model to be also consistent

in its random parts.

The random parameter/ =(4’ :kOX) and ¢, have specific roles in the considered
multicrop model. Theg’ term accounts for the fact that farmers have nioi@mation on

their crop production process than the economatricThe termf;; is known to farmei

when he chooses his acreage. As a result, thisdaptures two kinds of effects: those of the
natural factor endowment of farii{e.g soil quality and of standard climatic conditiors)d

those of skills of the farmer The ¢, random term in the acreage management implicit cos

function accounts for two kinds of effects: the dregeneity in the quasi-fixed factor

endowment, of the natural factor endowment of fgrand of the human capital endowment
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of farmeri on the one hand, and the effects of stochastinte\adfecting the acreage choice
of farmeri (e.g the effects of the climatic conditions which haxecurred before the crop

planting dates).

According to these interpretations, The random $egh= (&, :kOX) and ¢, are also

closely related because they both capture the teféécyear specific effects. These

interpretations have three main implications. Fithe B’ and ¢’ random terms can be
assumed to be mutually independent. Second,cthand ¢’ random terms can also be
assumed to be mutually independent. Tdieterms capture the effects of random events
which occur after the realization af. These effects are difficult to forecast. Thirde @’

and ¢ random parameters are closely related: they bathtuce the effects of the

heterogeneity of the capital endowments across daand farmers. As a result, the joint

probability distribution of thgp”,&”,c ) term cannot be identified without further resioos
because th? and e’ appear as a sum in the considered model and eegduand ¢, are

likely to be correlated.

In order to solve this identification problem thiereents of thep’ term are modeled as
functions of a latent productivity index denoteddywith
(25) B! =B +u'e for kOK .
The elements ot terms are also modeled as functions of the Igtemductivity indexe
with additive error terms
(26) ¢, =c t+ue-g;, for kOK .
Of course, more flexible models could be usedfbrandc terms. The models presented in

equations (25) and (26) are used for simplicity.
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The regime fixed costg,e. the elements ob, =(b; :rUK "), are assumed to be simply
defined as:
(27) b, =6°-¢&" for rOR .

The random term vectar” = (&7, :r OR ™) mainly accounts for the heterogeneity of regime

fixed costs across farmise. the ¢ terms are likely to vary much more across farnas tthey
vary across years (at least in short time perfod$ince regime 0 involves the entire crop set

K, the 87 terms are expected to be negativerfar®,~.

The random termsz,, g, ¢, € =(&,:kOKX") and ¢ are assumed to be mutually

independent. In particulaiz, is assumed to be exogenous in the considered modese
independence assumptions allow identifying the @lodly distribution of the unobserved

random termsg, ¢’, ¢’ ande”. This assumption is admittedly restrictive asoibstrains the

functional form of the correlation betweepandp’.

The crop subset defining the regime chosen by farme. r,, is denoted byx,". The group
subsetg", the sub-group subset’, the subsets of sub-group&;i for gOg" and the crop
sub-groupsk,,,; for mO ;" are similarly defined. The terrg,’ denotes the subset of crops

not produced by farme i.e. ¥° is the complement ok,” to ¥ . The following notations

highlight the respective roles of the parametedsarihe error terms.

The yield supply system corresponding to farimergiven by:

(28) V.. =9(0y,z,,8,8)=B+u'e+v,m, —1/2xy, X v p,2i+gl¥,i for kOK,
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where 0 = (8! n,.4!,y,)- This system depends on the parameter ve@tc (0 :kOK).
The functional form of the models of the yield Isag ; doesn’t depend on the reginie

Note that the yield levels of the non produced srognnot be considered as corner solutions
per se A possible technical interpretation is that thadservation is censored by the regime

choice mechanism which determines the corner swisiiif any, of the acreage choice. Note

also that expectation of = (y,, : kO%,’) conditional ongg(z,,¢) is a major determinant of

the regime choice of farmer

The acreage share system corresponding to fariseiven by:

(29) s,=0(0%0%z,e,:%r) for kOK," ands , =0 for kO%;
where 6° E(((Ck,y,f):kDK),a’,S,‘r) and s, = g:(06°,0%2,,e.°%r). This system depends

on the parameter vectof8 and 0°, and on the production reginte The acreage share of

cropk chosen by farmeri.e. s, ;, can now be written as

R o (AT exp@,n’,) expt’
Sk,i_ [m,i |g,i %,i - _ 5 |'|9” G
ZZDK;J exp(rm (7'[“ Ci )) Z"DMSJ exp( g! In,i )Zhufif eXp@’I’I hi

(30)

where
(31) T, —Cui = P, (B +1l8) +1/2kaV¢ Q_lu - QM BFEL,
and

(32) M =1, Inexp(r,(7,-c,))) and Mg =G In Y. . exp@y))

m
g.i

+
m,i !

for KOK m[]avl;i and gOg". Hopefully, the acreage choice model need notxipéicitly

written such as in equations (30)—(32) in the estiom criterion.

The production regime choice of farmes defined as
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(33) :gp(ey’es’ep’zi 6 .8° 8" )= arg mMax., pl-lt ) _‘?p""?f )

whereM,,; =a™*In Zhug(,),m explaat; ) and fore” = (67 :r Ok ).

It is easily shown that the considered multicrognaieconometric model is an endogenous
regime switching model. First, the functional foomthe acreage share choice model depends
on the considered production regime (see equaf@®s-(32)). Second, the regime choice is

endogenous with respect to the acreage share choickel because the optimal regime

depends on the random terms of the acreage shaieeamodel,.e. r, depends or(e,¢’).
The yield levels are only censored according to ftheduction regime. The terny, ; is
observed if and only if cropk belongs to regimer, but its functional form,
Yo = 9 (07,z,,8,&),), doesn’t depend on the production regime

In is also interesting to note that the yield vectg and the regime choice are
independent conditionally orfz,,e’). This implies that the unobserved vyield levels,
y? =Q. oY Where the matrixQ,, ,, is obtained from the dimensid€ identity matrix by
deleting its rows corresponding to the crops comtiin X ,,, at missing at random
conditionally on(z,,e”). The observed acreage choigse and the production regime are
not independent conditionally ofz;,§) because both choices dependa}h =Q, ,,&°, the
error term ofs’ . The selection matri>Q(’ri’+) is obtained fromQ(riﬂ by deleting its first row
and column becausg = (&, :kOK \{l}) ande™ =(&, :kOK;" \{}) . For the same reasons
and because™ = (&, 1 kOK,"), Q.0 IS obtained fromQ, ,, by deleting its first row

column.
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Additional assumptions related to the probabiliigtibution of the random terms of the
considered multicrop micro-econometric model arguned for completing its empirical
specification. Because the estimation of endogemegsne switching models is particularly
tedious, we choose to define a fully parametric ehoand to rely on rather restrictive
independence assumptions as well as on conveni@@metric probability distribution

functions.
The €, €, ¢’ andg’ are assumed to be normally distributed with nidbamsj.e.
(34) €-~~(0,1), & ~~(0,¥) ande’ ~ N(0,¥°).
The elements ot/ are assumed to be mutually independent and tashebdted according
to a centered Gumbel distribution witfgy”)™ as the scale parameter. This assumption
implies that the regime choice of farmiis modeled, conditionally or(z,,e,¢’), as a

Standard MNL discrete choice.

As a summary we provide the main features of thectional forms of the dependent

variables of the multicrop modeli-e. y;, s andr, — and their corresponding conditional

log-likelihood functions to be used for statistigaflerence purposes. In what follows the term

f (x, 1q;;h) generically denotes the probability density fuactdf x, conditional ong; , this
function being parameterized by and the termp(x;E) denotes the probability distribution
function of 7 (0,E) atx.

It easily shown that the model gf can be written as:
(35) yI=Z'(z.6)0" +5" wheree |(z.6)~ N (0,¥),;) and ¥}, =Q, ,¥'Q, .,
The matrix Z'(z,,e) is easily designed as a block diagonal matrix s@guation (28) to

hold. As result, the probability density functiohy conditional on(z,,e) is given by
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(36) f(y;lz.6:0". %), )=0(5"" 0")¥), ) wheree!" (") =y -Z/(z,6)0’

It is also easily shown that

(37)  f(y7.&"°12.6:0".¥")=4(Q| 5" 0)+Q, ..

The joint probability density function of (y;",&’°) conditional on(z,,g) proves to be useful
for implementing our estimation procedure.

According to equations (30)—(32) the modelspfcan formally be defined as a function of
(z,,e,&>") parameterized by0”,0°) and whose functional form depends pnLet denote
this functional form by . We have:

(38) 5" =g'(z,6,577,0”,0% 1) with & | (2,6 )~ ¥ (0¥, ) and ¥, ; =Q ,'¥°(Q( .))"-
The residual term corresponding to observatiat (0”,0°) is the solution ing*" to the
equation g*(z,e,&>";0”,0°%r)=5". This residual term, denoted a&s"(6%,0°), can be
obtained by using Berry’s (1994) which, in our ¢dsads to:

glf,i :_(pki(lgky"'ﬂkYQ)"'l/zxka\f Qlu_ Q_IUE @)"’( B(ﬂly+/'lly 9+1/2xy, ﬁv }5)

+(rh Insih+ 0.t syl +a7t Ing ) - (77 Ingl -0, gl -a” tIng)

(39)

for kOK," such thatk 0%, mDﬁ\/l;’i and gg . It is assumed that crop 1 is produced in

m,i?

every observation withOx;, and 1094 . Let the termsG’, M, and K denote the

+

cardinality of the setsg’, M,

and X,,;.The probability distribution function of’
conditional on(z;,g) is given by:

(40) 1(S'12.6:0".0°¥5, )= @ )xo(5” 070 NP3, )

where

(41) 37020 [0 9" [T, T [T s St

The joint probability density function of (s",£>°) conditional on(z,,e)
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(42) (5,212,607 .0°¥%)= 3 0°x4(Q; .5 % 090 +Q; & ° ¥ ).
also proves to be useful for implementing our eation proceduré?

Finally, it is easily shown that the regime prdévels I ,. for r J® are functions of

(r).

(z,,e,e’) parameterized by6”,0°) (See equations (22), (31) and (32)). Let denoéseh
functions byl ,,; (&°",&°%;6°,0°) for highlighting their dependence afi* on the one hand
and on(z,,e,g’) on the other hand. The probability of farniehoosing regime is given
by:

exp(@’*x My @ & & 59 0°)-6)

(43) P[r}:r|2i, ,S]: s+ .50 s
o ZiDReXp(wpx(n(i),i Ze&g &£ 089 )—Hlp))

implying that the probability function of conditional on(z,,€,¢°) is given by:

exply”* O, @ & & 507 9°)¢)
Zmexp(lﬂpx ) @ e £ g ﬁy,es)—él’p ))

44 f(rlz.6.8" 504" )=

The scaling parametey” >0 allows accounting for the relative weights of tkegime profit

levels on the hand and of tlR¢ random terms on the other hand.

Estimation issues

We assume that th¢y;,s,r,z) terms are independently and identically distridufer
i=1,...N whereN is the considered sample size. The fully paramettructure of the
statistical model of(y’,s",r) conditional onz suggests the Maximum Likelihood (ML)
inference framework for estimating its parameter ctoe denoted here as
aE(ey,ﬂs,ﬂp,vech(‘I”),vech(‘I’s),z//"). However, this model raises serious estimation

issues.
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The statistical model ofy;’,s’,r) conditional onz significantly depends on unobserved
variablesj.e. on the latent variable vecter (through the models of;, of s* and ofr,) and
on the error terms of the acreage equations ofitimeproduced crops™® = Q. o (through
the model ofr,). This implies that the observations log-likelildofunctions involve multiple
integrals. Let the ternt (X, |q;;h) generically denotes the probability density fuoetof x.
conditional ongq,, this function being parameterized by The log-likelihood ata of an
observation is given by:

(45) Int,@=In[f(y 51128 °a)f @& )d(es™)
where the term¥g,, =Q ,¥°(Q| ,) denotes the variance matrix ef°. l.e. ¥, is the

part of variance matrix of°, ¥*, corresponding to the elementgf missing in observation

(because the corresponding crops are not produge@rmeri). This term depends on
because it depend on the production regimie Bhe integral involved in equation (45) cannot
be computed, neither analytically, nor numerically.the econometrics literature, such a
problem is often dealt with by relying on simulationethods.l.e., the log-likelihood
functionsIn/,(a) are integrated by simulation methods for obtairsingulated approximates

of In/,(a), these simulated log-likelihood functions beingdidor defining Simulated ML

(SML) estimators of. A SML estimator ofa basically have the properties of the (infeasible)

ML estimator of a:
(46) & =argmax> | I f ¢ 5 kegaf €5 ¥y Wes®
provided that a sufficiently large number of randairaws of (e,e*°) are used for

approximating the log-likelihood functionk/;(a). We also use simulation methods for

solving integration problems similar to that invedzin equation (46). But we do not use the

SML inference framework due to a second issueebokissues, to be addressed.
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The log-likelihood functiondn 7, (a) are involved functions dad for three main reasons) (

The functional forms of the acreage choice and yetidn regime probability choice are not

conventional. They unusually nonlinearan (i) The functional form of the log-likelihood

functionsIn/,(a) depends on the production regimeiofrhis makes the sample simulated

log-likelihood function particularly awkwardiii) To maximize ina the sample simulated
log-likelihood function is a difficult task due tbe problems described above and due to the
dimension ofa. In particular, this maximization problem cannet $plit into a sequence of

simpler optimization problems.

In such a context statisticians usually preferely on Stochastic Expectation-Maximization
(SEM) algorithms to compute estimators afwhich basically have the same asymptotic
properties of corresponding SML estimators (Jankl &@ooth, 2003; McLachlan and
Krishnan, 2008). The Expectation-Maximization (EMJgorithms were proposed by
Dempsteret al (1977) for computing ML estimators in specific eas Such algorithms
basically replace an involved ML problem by an atere scheme involving a sequence
composed of an Expectation (E) step and of a Madtion step. Deterministic EM
algorithms ensure to find a maximum of the consdelog-likelihood function as they
monotonically increase this function at each iierat They rapidly converge to the
neighborhood of a solution to the ML problem. Bugy are known to slowly converge to this
solution within its neighborhood. EM algorithms peal to be particularly useful when the
statistical model of interest involves hiddeng missing or latent, variables (McLachlan and
Krishnan, 2008). They take advantage of the spestfucture of the log-likelihood function
of such models.

SEM algorithms extended EM algorithms to cases wliee E step cannot be performed

neither analytically, nor numerically. The so-edll Stochastic E steps integrate the
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expectations of the EM algorithms with simulatioethods. Numerous SEM algorithms were
developed in the statistics literature (seg, McLachlan and Krishnan, 2008). They may not
monotonically increase the considered (simulated)-likelihood function. But they are

expected to do so when large numbers of randomsaag/used for performing their E steps.

Our estimator ofa is obtained by designing a SEM algorithm spediifycadapted to our
multicrop model. Other SEM algorithms could be used might be more efficient from a
numerical viewpoint. But the one we use is desigsmeds to be relatively easy to code and so
as to only involve simple arithmetic operationsisltdesigned with the general framework
proposed by Delyoet al (1999),i.e. it is a Stochastic Approximate EM algorithm (SAEM)
and it uses the conditional maximization approadppsed by Meng and Rubin (1993) for
designing the so-called Expectation Conditional Muaxzation (ECM) algorithms. SAEM
algorithms are numerically stable when comparedther SEM. The ECM algorithms allow
replacing involved M steps by a sequence of simptanditional Maximization steps.

The rest of this section briefly presents the SEModthm used for computing the
estimates presented in the next section. This iflgoris presented in further details in the

Technical Appendix.

We consider(k;,u;) as the complete variable vector of our SEM algamitprovided that

K, =(y/,s",r) is our observed endogenous variable vector, that (s'°,¢>%e) is our
unobserved variable vector and thatis the observed exogenous variable upon which our
statistical inference is conditioned. Tlag° =Q,, 0% term contains the yield error terms of

the crops not produced by farmer
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The (S)E step of our algorithm consists in computime expectation of the complete variable
log-likelihood function|n ¢S (@) =In f (k,,u |z ;a), of the complete observatiofx,,u;,) for

i =1,...N conditional on the observed variable vecter,z ). This expectation is integrated
over the distribution oli, conditionally onk; as it is described by the last parameter update,
i.e. a, at iterationn+1 of the algorithm. This E step thus consists in pating:

47) E [nef@)e]=[In f(x,u 1z;)f(y |7 % 53 dy

for i =1,...N. The distributional assumptions underlying the scdared model imply that
f(ulz.x:a)=fE°lz.y e )f&°elz x a )wherea’ E(O,{,vech(‘l’r{)) collects
the parameters of the statistical model of yielgpdy systeml.e. the random terms”° and
(¢7°,e) are independent conditionally da,,y;",e). This comes from the fact that the error
term vector of yield supply equation systefhis independent from the other elements of the
model. This E step relies on simulation methods tf@ integration over the probability
distribution of (¢*°,e). The integration over the probability distributiof &”° is performed
analytically along the lines of Ruud (1991). Intfage have:

(48) E,MneS@lk]=[Inf, 0.8 elz;a) 16" elz ¥ @ )de>,e)

where:

(49) Inf,(<.2°%81z;0)=[Infh u 1z 2)TE° Rk ¥y 8 )"

Our simulation method for approximatirg, [In (°(a)|x;] relies on the following equality:

(50) f(e°.q1z Kk a)=qg 6 .ea)fE> ¥y ) f(e)

where:

f(x |z 78is'0 € ;a) 14

(51) @ (& ,e:a)EIf(Ki 12,5506 8) F 6205, ) f () dE*C, e)’
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This equality implies that:

(52) E,Inef(@lx]=[Inf, 06,8 ¢17 a7 .0 ) 16, %, ) & . 0.
Provided that>® ande are independent and normally distributed, equat®mnd () suggest
a simple simulator folE, [In /7(a)|x]. It suffices to use draws fromv (0, ¥5,;, ), the &

|nq

terms, and random draws from(0,1), the & . terms forq =1,...,Q,. The simulator

(53) Ea Q[Ingc(a)hc]_q1 qu @, o0 1 (KI,SInq &qlz:a)
where

f (K |z ,slnq énq a)

Z:nl fay (K |Zl ’SI nq qnq ;a)

(54) @,

converges inQ, to E, [In /(@) |x;]. This simulator is used bg.g Caffo et al (2005) and

Train (2007, 2008). It uses an Importance Samptiogeme with f (£°,¢; Y5in) as the

proposal probability density function.

The corresponding M step consists in maximizingirincreasing ina the resulting

conditional expectation of the sample (simulated)}likelihood function:
(55) Lq@=3E oInff(alx].
The update ok computed at iteratiom+1 is preferably defined aa,,, =arg max En,q a.

But when the maximization problem is too demandiog a practical view point, the M step

can be simplified into a Generalized M step (s&g, Dempsteret al, 1977 ; Wu, 1983)

consisting in findinga,,, such thatl:nan(aml) > I:nlq(an), if possible. The SEM algorithms

n+l

numerically converges whea,,, is judged to be sufficiently close ta, and/or when

L.q (@) is judged to be sufficiently close g, , (a,) .*°
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The Conditional M steps proposed by Meng and Ru(df93) are examples of

Generalized M steps. Conditional M steps explatgtructure of the log-likelihood functions
anQn[In (°(a)|x,] for gradually updating the value af In our case, the complete variable
vector log-likelihood function can be decomposedodsws:

In/f@=Inf(y’,s.r.6.8°8°z a)
(56) =Inf ¢/ e° ke W ¥ Infgs®ieaa ys,
+Inf ( g 55°0°0°0°¢” ) Irf &)

This decomposition ofin /°(a) uses Bayes' rule, exploits the independence assumsp

related to the error terms and the latent variableur model and the functional forms of the

multicrop model. The probability density functiorf @ is computed conditionally on

+

(z,,e,y &% ,§>°), that of (y',&"°) is computed conditionally or(z,,e,s ,&>°) and
finally that of (s",£>°) is computed conditionally oz,,g). The distributional assumptions
of our model then allow for simplifications in tikkenditioning sets. These assumptions imply
that r and (y;,&”°) are independent conditionally diz,,e,s",&*°), that(y,&’°) and that
(s',&>°) are independent conditionally ofz,,) and the probability distribution o is

fixed.

Equation (56) highlights two main facts. First, sthdecomposition allows rewriting
I:n,Qn (@,,) as:

o (@) = g (07, %)+ 55,4 (07,0 9+ (020 507 4”)

(57) 3
+z:21wiynq I E(,nq
where:
(58) [ (07.%)=3" Qi3 (I y]21° 12, 8,00 00 ) T €109 )t

(59) Lo (0%0°¥°)= Z_lQ‘l o @, IN F(S] & 12,,8,40%.05.W°)
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and

(60) L (07,6°0°¢°)= Z_1Q‘1 o Ting N T (12, 6,0 & 07 0° VES 970 °P° Y,
This equation takes for granted that the obsernadage model is a function af", i.e
s’ =9¢"(0",0°%z,6,5%;r). This implies that the conditioning setg,e,s ,s*°) and
(z,,6,8>"(07,0°),5%) are equivalent for the log-likelihood function pfata. Note also that

the last term of the sum of the right hand sidmtef equation () doesn’t depend anit need
not be computed because it is not involved in thetép of the SEM algorithm. Equation ()
illustrates the main interest of EM algorithms. Yhadlow considering a sum of simple log-

likelihood functions instead of a single involvedgilikelihood function. Second, the

probability distribution function of the “yield viables” (y’,&”°) only depends on the
parameter sub-vector(6”,¥”) and the probability distribution function of thecreage

choice variables's",£>°) only depends on the parameter sub-ve(@¥r0°, ¥ °). This allows

for updating the value of the estimateacdccording to following sequence of CM steps:
(61) W), =argmax, L), 0} ¥
(62) n+1 =arg ma)s; L er): Brsl :I’S:!

(63) (02,00 0{(0°.5°) L, 0%.05.0° 57 )> L', o ©,0°0°,4%,} if possible,

o, (02,0°%>)+L] (02650, 4%,)
(64) 6;,0 9S > if possible
o (00,00, )+L; o 05,0507, 4%.)

and:
En,Qn(ey Ty e?&l"l’rs%l’ 1 1)
(65) 6,0 Oy > if possible.
o 00, W00, W00 W)
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This sequence ensures thé;’% (an)>l:m(am) if possible,i.e. that this M step is an

updating sequence of the elementaaheeting the requirements of a sequence of CM steps

(Meng and Rubin, 1993 ; Delyaat al, 1999).

Estimation results

This last section is devoted to the presentatiothefresults of the first estimations that have
been conducted using the endogenous regime swgtechodel proposed in this paper. The
purpose of these estimations is purely illustratased intended to assess the empirical

tractability of the model and its adequacy to obsdrdata.

Data

We consider a dataset containing 1502 observatbisench grain crop growers in the large
Paris Basin over the years 1993 to 2807This dataset is obtained from the Farm
Accountancy Data Network (FADN) and contains dethihformation about crop production
(acreages and yields). The crop prices are compmgeaggional crop price indices from the
FADN. These indices equal 1 in 2005 in the “lle E@nce” administrativeégion The

observed yield levels are computed accordingly. \fdm@able input uses are observed at the
farm level. These are not modeled for simplicithieTinput price indexv;, is computed as the
Laspeyres price index of the aggregated varialpatinses (pesticides, fertilizers and seeds).
These computations are based on the variable ippce indices provided by the French
Department of Agriculture at the regional level eTdlimatic variable aggregates contained in

v, are defined as the first five factors obtainedrfra Partial Least Squares Regression of a
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set of climatic variables obtained fromMétéo France the French national meteorological
service and defined as monthly averages (tempesatainfall and sunshine) on yields.

We consider here five crops (or crop aggregate®.-soft wheat grain corn, other cereals
(mainly barley), oilseeds (rapeseed and sunflowmgmtein crops (mainly peas) — which
account for 80% of the arable land in the regiGigure 1 represents the three levels nesting
structure that we adopt for these five crops. Gord other cereals are nested in the first level,;
all cereals on the one hand, and oilseeds andiprateps on the other hand are nested in the
second nest. This structure is intended to refleetbasic rotation scheme of grain producers
in France, namely: oilseeds or protein crops — Whesecondary cereat¢.Q.corn, barley or

wheat).

Based on these five crops, thirty-one differentimexg could theoretically be chosen by
farmers, only six of them are actually adoptedun sample. The reference reginte<0) in
which all crops are grown is adopted by 25% of freners. Each of the other five regimes

involves at least three crops and always includesatvand oilseeds.

[Hlustrative application

The estimations were conducted by using the SA8vacé (IML procedure). The recursive
step of simulation of SEM algorithm was implementeging 1000 draws. The algorithm
converged after 481 iterations.

Selected parameter estimates are reported in TAbles3. The parameters representing

yield levels as expected by the farmers at the timeetakes his acreage decisions (

E[B]1=8+u1/H ¢€l) are reported in the first column of Table 1. Thaygpear to be

precisely estimate and lie in reasonable rangetatlp the 1) parameters, which intend to
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capture the impacts on yields of soil conditionter@yeneous among farmers, are precisely
estimated and have expected signs. This is paatigukue for the main crops in our sample:
wheat, oilseeds and other cereals. The varianteedhtent productivity indexg , is equal to
0.24 and is significant, which tends to reflect fhresence of heterogeneity in cropping
conditions between farms, even when controllingcfonatic effects. On the other hand, most

of the price parameterg, are significant but negative and the trend pararsgnhot reported

here, are not significant. These unexpected resnlly reflect at least two identification

issues. First, output prices exhibit time trendthm data which makes the distinction between

price and time effects difficult. Second, the lateariable § probably captures part of the

time trend in addition to the heterogeneity amoagniers. Moving to panel data estimation

should help solving, at least partly, these issues.

Table 2a reports the estimates of the curvaturanpaters of the acreage management cost

function. All of them are significantly estimatedda most importantly, their estimated values
satisfy a sufficient condition for the cost functito be convex:d <4, <7,, and @ <d,. The

parameters associated to fixed costs in acreagaieqgs are reported in Table 2b. Here some
issues appear in the oilseeds and protein crogma@erestimates: their associated estimated

fixed cost €, ;) are very large compared to the other crops aed/éniance of error terms in

the oilseed acreage equation is ten times higleer those of the other acreage equations.

These disturbing results might be related to the kstimated value of the parameter

representing acreage adjustments costs for theediééprotein crop nesdf) compared to the
cereals nest parameted J. This point requires a deeper analysis of thaltes

Finally, the regime fixed cost¥( ), reported in Table 3 are precisely estimated fzande

expected signs for the regimes the most representéd database: they are negative which
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implies that their associated fixed costs are lotiemn those associated to the reference
regime where all crops are grown. These estimaked ttosts also range in reasonable values
one compared to each other: regime 4, for instanogains one additional crop compared to

regime 3 (protein crops) and its associated fixast s higher.

Conclusion

An endogenous regime switching approach in propasetlis paper to account for corner
solutions in the modelling of farmers’ acreage chei One of the unique features of the
proposed multicrop model is that it allows accoogtior the fixed costs associated to each
production regime available to the farmer at tmeetihe takes his acreage and production
decisions. We also show that this model can benestid using a SEM algorithm specifically
adapted to its structure and relatively simplemplement.

As illustrative purpose, a first set of estimatiamsun on a sample of French data. These first
estimation results are encouraging in the sendembat of the key parameters of the model
(i.e. parameters related to the flexibility of acreagdjustments between crops, the
heterogeneity of cropping conditions and the regiriteed costs) are significantly estimated
and lie in ranges. The model thus seems to berelatively good adequacy with observed
production choices. However, these are just premyi results and more work still needs to
be done. In a next step some fitting criteria Wwél computed to better assess of the adequacy
of the model. Then, and more importantly, the idmattion issues faced in these first
estimations, notably those involving time relatéi@as, will have to be dealt with. A panel

data approach seems a good alternative in thagcesp
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Tables and Figures

Table 1. Selected parameter estimates, yield equations

Share of farmers

B+ 1 Ele] 74 Vi var[g!,]  growing the crop
(%)

Wheat (k =1) 7.84 1.00 -0.65 1.18 100.00
(0.112) - (0.30) (0.07)

Corn (k=2) 8.52 0.33 -0.89 2.40 42.68
(0.23) (0.15) (0.39) (0.17)

Other Cereals (k = 3) 7.26 0.74 0.45 1.42 88.55
(0.15) (0.08) (0.25) (0.09)

Oilseeds(k =4) 6.62 0.59 0.58 0.53 100.00
(0.14) (0.07) (0.20) (0.08)

Protein Crops (k =5) 5.91 0.48 -0.41 0.54 64.71
(0.17) (0.10) (0.28) (0.14)

Note: standard errors are in parentheses
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Figure 1: Nesting structure of the crop set

a
(0
)
T11
Other ] Protein
Wheat Corn Cereals Oilseeds Crops

Table 2a. Selected parameter estimates, acreage share equations, curvatparameters

a ) 0, Ty
0.03 0.15 0.06 0.26
(0.002) (0.005) (0.003) (0.011)

Note: standard errors are in parentheses
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Table 2b. Selected parameter estimates, acreage share equations, figests terms

C, :ulf Var| gks]i] Average Average Share of
acreage of acreage inthe farmers
farmers sample growing the
growing the (ha) crop (%)
crop (ha)
Wheat 0 1 - 100.00
) ) -
Corn (k=2) 6.68 -2.38 9.84 16.56 7.07 42.68
(0.27) (0.37) (0.66)
Other Cereals (k = 3) 4.16 -1.02 20.27 27.26 24.14 88.55
(0.20) (0.53) (1.37)
Oilseeds(k =4) 37.75 28.39 178.22 26.09 26.09 100.00
(2.83) (2.55) (19.14)
Protein Crops (k =5) 47.44 34.89 10.54 14.77 9.56 64.71
(3.29) (2.50) (1.28)

Note: standard errors are in parentheses
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Table 3. Selected parameter estimates, regime choice equations

grp Frequency of
the regime (%)
Wheat — Corn — Oth. Cer. — Oilseeds — Prot. Crof.r =0) 0 25.23
)
Wheat — Oilseeds — Prot. Crop.(=1) -0.90 5.13
(0.19)
Wheat — Oth. Cer. — Oilseeds (= 2) -2.88 24.17
(0.19)
Wheat — Oth. Cer. — Oilseeds — Prot. Crop.r(=3) -0.67 28.03
(0.08)
Wheat — Corn — Oilseeds — Prot. Crop.f(=4) 0.42 6.32
(0.12)
Wheat — Corn — Oth. Cer. — Oilseedsr(=5) -1.44 11.12
(0.16)
Y’ 1.26
(0.09)

Note: standard errors are in parentheses
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! with dimensiorK in equation (1).

?l.e. p(s)=r and only if{k 0K/ 5 >0} =%, -

% Similarly, different crops may generate work pézads at some dates. These peak loads
lead to increases in the “smooth” acreage managetosts represented Hy(s) . But they

only generate a single fixed cost. The farmer rbesbtn his farm at these dates, whether this
is due to a single crop or to several crops doesatter.

* A part-time farmer may have high regime fixed sdst regimes with numerous crops. The
“smooth” acreage management costs and the regkee tiosts decrease in the quantities of
guasi-fixed factor quantities available on the farnThe transaction costs included in regime
fixed costs also depend on the market opporturatvedable to the farmer.

®> Depending on whether this heterogeneity can beaited by suitable variables or not

® If a farmer is unable to produce criop due to his lacking necessary inputs or market
opportunities — then this crop must be excludethftbe crop set considered by this farmer.

The equivalent mathematical convention stating tat+e if the production regime

contains crogk is of limited interest in this context.

’ This matrix is obtained from the dimensigridentity matrix by deleting its rows

corresponding to the crops not contained(jp .
® Note thatQ), , Q,, .,s= s if and only if p(s) = j with &, 0K,
? It achieves its minimum ison ¥, A-a~*In(V' exp(-ac)), ats=exp(ac)(v exptac) .

9 The variable input uses are not modeled for sicitpli
1 With observations at the crop level variable ingeimand functions would have been

specified for completing the considered multicropdal.
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12 This specification ignores possible correlatioasaeen the regime fixed cost terms and
the latent productivity index . This simplifying assumption is admittedly redtinie.
'3 Note also that we have:
f(s']1z,e°,6:0”,0°%¥°)
=37 0° k(a7 07 0° )\ W, W Ve T WL SWL W )Y )

whereWo,; =Q ¥ Q' oy ¥i0; =Q ¥ Q o and ¥, =(¥3,;) . We use here the

+0j

conditioning properties of joint normal variablecters,i.e. E[&’ |&*°] =¥, (¥ o) g ™

andV[e> |e°] =¥, -P2 (Y2 ) 'P . . Of course we have:
i i 0j 00i, Oti,

f(s,e°12.6:0".0°W°)=fQ (257 0P W) (W )
4 Note that we also have:

s,0 .
f(Ki ’Si |Z| ’Q 1a) f ( S0\t )—1.

(Ui(i5’07 a) = i 1 X0
" [ 10,812 6;0)F(£)dE>. €)

15 Other stopping rules can also be used @@e,McLachlan and Krishnan, 2008 ; Jank,
2006).
18 Sugar beet producers are excluded from our sabggiause this market was still highly

regulated by production quotas during most of Hragde period.
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