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1. Introduction

The allocation of variable inputs among crops @mamon problem in applied studies using
farm accountancy data. Standard farm-accountingrinmédtion is typically restricted to
aggregate or whole-farm input expenditures, withdetails on how these expenditures are
split among crops. Most of studies employing mattp econometric models with land as an
allocable fixed input considered generally variaileut uses at the farm level (Moore and
Negri, 1992). However allocation of variable inp@mong crops appears to be useful for
several reasons: to analyze the evolution of tbeggmargins at the crop level, to investigate
the empirical validity of the multi-crop econometrmodel or to provide important
information for extension agents or farmers' adviso

A large number of authors have been working on tibysc, either to provide solutions for
allocating input costs between crops or activi(isstet al., 1983; Chambers and Just, 1989),
or to compute input-output coefficients (Dixehal., 1984; Hornbaker, Dixon and Sonka,
1989; Peeters and Surry, 1993); or because thisawaecessary step of their analysis (for
example the evaluation of agro-environmental pesicon input use in Lence and Miller,
1998). The most widely used methods to allocatéalb input uses to crops are based on
regression models or production function model$ winstraints on variable input total uses
(Dixon and al., 1984; Hornbakest al., 1989; Justet al., 1990). However allocation of
variable inputs among crops depends on how theefamallocate land among crops, a
decision which itself takes into account input ubgscrop. Crop input use decisions and
acreage choices are partially simultaneous. Theenlyidg idea is that variable input
allocation requires the specification of a complpteduction model, i.e. describing land
allocation, use of variable inputs and crop yiefderder to take into account the link between
the acreage and the input use choices.

The contribution of this article is threefold. Fjrg shows that the standard regression based
approaches for allocating variable input uses ¢p<fare likely to be biased due to the partial
simultaneity of the (expected) crop variable inpot acreage choices. Second, it proposes a
structural econometric multi-crop model for detarmg the origin of these biases. The
structure of the model relies on the timing of flaemers' choices. The specified model
distinguishes two sorts of error terms: the termmoanting for farms' heterogeneity and the
terms accounting for the stochastic events affgctirop production. It provides explicit
functional forms of the links between the erromtsrof the yield supply, input demand
allocation and acreage equations. Third, it prop@senethod based on control functions to
eliminate the bias associated with the standardessgn based methods. It builds on
previous result obtained for the estimation of #wecalled correlated random coefficient
models (see, e.g., Imbens and Wooldridge, 2007; ltlvidge, 2008) and average treatment
effects (see, e.g., Heckman and al., 2003). Theiremalpimplementation of the proposed
methods is described in three stages and an appfidga presented on French farm-level data.

This paper proceeds as follows. The next secti@sgmts a review of the literature about
input allocation method and presents briefly thelogeneity problems in these standard
approaches and the solution adopted in this papethe control function based approach. It
requires an econometric multi-crop (for acreageldyiand input choices) model which is
described in the second section. The third segiresents the implementation of the control
functions approach in three stages. In the fougtitian, an application on French farm-level
data are proposed. The last section of this papeides some concluding remarks.



2. Literature review

The most common farm data on crop production comsiacreages, yields and prices at the
crop level, and variable input uses and quasi-fikeedor quantities (measures of labor and
capital) at the farm level. Input price indices generally made available by the national
departments of agriculture at the regional leveltnkeri (i =1,...,N) producesC crops

(c=1,...C) to which they allocate thei units of land. In what follows, we suppose one
single variable inputX, denotes the quantity of variable input use per einiand at the farm

level for farmi, w is the input price for farm, x; denotes the quantity of variable input

uses for cropc per unit of land for farm , s, is the acreage share of cropfor farm i, y,
denotes the yield of crop and p, denotes its price for farm. The input allocation problem
consists in recovering input quantitigs for c=1,...C.

Several approaches have been used or proposedlfangsthis allocation problem. We
distinguish two main groups in the literature: tinst group includes approaches that consider
solely input allocation equation(s) as the onerazfiabove. In these models, input allocations
are treated as parameters to be estimated, alentins of Just, Zilberman, Hochman and
Bar-Shira (1990) terminology. These are, by fag thost widely used in practice. In the
second group, input allocation equations belong teystem of equations including crop
supply and acreage functions, or production fumstiChambers and Just, 1989). In what
follows, we describe the first group type of apmtoes, along with their advantages and
limits. These limits provide arguments for using #pproaches of the second type.

2.1. Approaches based on single input allocation egtions

Among the available methods for allocating inpotsittivities or crops, the most widely used
is the regression method that considers varialplatiallocationx; as parameters:

]
(1) % =) 8%+ with E[7]s]=0,
or as parametric functions:
]
@) x =) 8%(z:a+n with E[71s,z]=0,

where z, is the vector of exogenous variables such as $acheracteristics and activities,
the vector of corresponding unknown parameters gné the vector of acreage shares.
Ordinary Least Square (OLS) for a single input nhaoleseemingly unrelated regression
(SUR) for a system of input allocation equationsvife consistent estimators of, and
aunder the assumption that the conditional expagtadf 77, is zero:

Later, these models have been generalized by addimdpm terms to the crop input use
models to account for the effects of unobservedrdehants of input choices. Models (1) and
(2) are then respectively written:

@) x=s[x+u]+n with E[71s]=E[wls]=0,

! See for example the behavioral model of Just €1800) and the vast majority of the related litere.



@ x=Ys[x@avu ] win E[pls.z]=E[u1s.7]=0

where 77, terms include measurement errors or stock vanatand theu; terms are defined
as the difference between the “true” values ofuthebserved input uses and the values what
can be “explained” by the variables. Models (B8)l #4) are input allocation equations with
random parameters. In these models, the error IeEnfglsdug +1, are heteroskedastic, and

feasible generalized OLS or SUR estimations wilbvide efficient estimators of the
parameter vectola under the assumption that the error terais and 77 have constant
variances and covariances (Dixon, Batte and Soh®84; Hornbaker, Dixon and Sonka,
1989; Dixon and Hornbaker 1992Yhe approaches just described are easy to impleanen
can provide satisfactory results (Just, Zilbermtdachman and Bar-Shira, 1990). However,
the consistency of the regression estimatora ah the generalized input allocation equation
system relies on the assumption that acreage skara® exogenous with respectfq i.e.:

5)  Eluils.z]=0,
These conditional mean conditions are unlikely atdhwith farm data, for the simple reason
that input usex; partly determines profitability of crop, which itself is a determinant of

crop c acreage. Sincex; are determinants of the acreage choices, anygfax, is a
determinant of the choice &, . As a result, the conditions:

6  Eluils]=0,
hold if and only ifu} =0, i.e. in the unrealistic case wheze are “perfect” control variables

for the heterogeneity of; . Of course the biases due the endogeneity afe reduced by the

use of “imperfect” control variables. These biaaes also likely to be limited if the elements
of the x; vectors represents small amounts when compareithetocrop returns. These

approaches based on single input allocation equasaffer from the same limits. Hence, the
specification of a complete production model (déseg land allocation, use of variable
inputs and crop yields) is necessary in order tmawt for the link between the input uses and
acreages choices.

2.2. Approaches based on multicrop econometric molkde

We discuss here models in which input allocationagigns are estimated jointly with other
equations, such as production technology or modetribing acreage choices. Multicrop
models dealing with production dynamiesg(, Ozarem and Miranowski, 1994), risk aversion
(e.g., Coyle, 1992, 1999 ; Chavas and Holt, 1990) anckpuncertainty €g., Coyle, 1992,

1999 ; Moro and Sckokai, 2006) or models basedlonhper plot discrete choice.g., Wu

and Segerson, 1995) are not considered here. Mediocus on models in which land is
considered as an allocatable fixed input (Shumwgpe and Nash, 1984).e, models

designed for analyzing farmers' short run decisiémsstudies falling into this category, the
problem of variable input allocation is consideesda by product or not considered in further
details. The first econometric models designed taleh crop acreage decisions explicitly

? Surry and Peeters (2001) consider a similar equatistem but exploit the flexibility of the MaximuEntropy (GME) statistical
framework to compute crop input use estimatesamenfThe ME framework also permits to easily imppssitivity constraints on the input
allocation and to make use of information provitdgcextension services.



consider the variable input use allocation probl@ust, Zilberman and Hochman, 1983;
Chambers and Just, 1989). Just et al. (1983) aath@érs and Just (1989) also determine the
variable input allocation by considering a completedel of farmers' choices. Nevertheless
their econometric models are derived from theimecoic models basically by adding error
terms to the deterministic equations derived frénv® ¢conomic model, although Just et al.
(1983) added random terms with interpretations.

Acreage allocation models considered in the 199@stly use the model designed by Moore
and Negri (1992) (see e.g. Moore, Gollehon and ¥;at@94; Moore and Dinar, 1995 ;
Guyomard, Baudry and Carpentier, 1996; Oude LarnasintkPeerlings, 1996; Bel Haj Hassine
and Simioni, 2000; Bel, Lacroix, Salanié et Thon3)6). Moore and Negri's (1992) model
is a variant of Chambers and Just's (1989) modeinfaut non-joint multicrop technology.
Variable input uses are usually considered at #menflevel in most of these studies
employing multi-crop econometric models (Paris, 998Using a maximum entropy
framework, Lence and Miller (1998) estimate jointdsop production function models and
crop input uses. Their use of the flexible maximentropy estimators enables them to
allocate the farm input uses by using a systemradyction function models (one for each
crop) and constraining the crop input uses to suthé farms' input uses. Their approach lies
in between the approach of Dixon et al. (1984),rthaker et al. (1989) and the approach
based on the specification of a complete modehohérs' choices. The approach of Dixon et
al. (1984), Hornbaker et al. (1989) does not refytbe modelling of farmers’ economic
choices. Moreover, they do not consider input umes$ acreages (or production levels in
Lence and Miller's approach) as (partly) simultarseechoices.

2.3. Outline of the control function approach

The starting point of this research is that thegexeity conditions‘E[uji |s ,;] required for
the consistency of the regression based approackamlikely to hold in applied work. The
argument for this claim is simple. The acreage ad®s depend on the relative (marginal)
profitability of the crops. This profitability depds on input uses and, consequenty,
depends on howk; affects this profitability. Furthermore, this emggmeity problem cannot
be solved by using standard instrumental varialg {echniques, because the error term
su +n7. contains the endogenous explanatory varialglesThe use of equation (4) as an
estimating equation requires the control of '[thEP,rE[UCXi |s ;] The approach used to

control these terms is based on control functiopgr@ach. The principle of the control
function approach is now standard to account fatogenous sample selection (Heckman,
1974, 1979), correlated fixed effects in panel datalels (Chamberlain, 1982) or endogenous
explanatory variables in linear (Hausman, 1978hanm-linear models (Smith and Blundell,
1986; Petrin and Train, 2010; see also Imbens aadldvidge, 2007 for a recent survey).

This section describes briefly the principle of ttantrol function approach. Let assume that

the considered model allows to define U} |5,z | terms known functions of, , s and

of a vector of unknown parametefls Let assume also that there exists a consisstimagor
of &, 8. The input allocation equation (1) can be transfxt as:

c c
(7) &:zSdXdeC?”afWith @:zsd —C; 1),
c=1 c=1



where c}(z,,5;0) are the control functions and where the condifioegpectation of
Ela)| z,5] is null by construction. Since theg(z,,§ :6) terms are consistent estimators of
the correspondingc(z,s;6) terms, equation (7) can be used to construct stamgi
regression based estimators @f The control function approach basically splite #rror
termsu; in two terms: the control function;(z,,s;6) = E[u} | z, $] which “captures” and
thus controls the links betwearf and the endogenous variable vecsorand a “new” error
term u; —c(z;,5;6). By constructions is exogenous with respect to the “new” error term.

The crucial point is then to define the control dtions c(z;,s;6) for c=1,...C. This

requires assumptions about the error terms of thiki-orop econometric model. In the case
where the acreage share function model is defiyed b

(8) S =S (z;b) +a with E[af|2]=0

The control functions are determined by the follogvconditional expectations:
9  (z.5:0=E[uil17.5]=E[u; | 7.8 (7. B+af |=E[u} | 74£ ]

As a result, it is necessary to define the relstidgm between the error term vectars and

«f, . It is thus necessary to define a “structural” tinclop econometric modei.e. a model in

which the error terms are specified as unknownrdetants of the modelled choices, and not
just random terms added to “make statistical noise”

3. Model specification

Although the proposed approach can be applied wilier multi-crop models with some

adaptations, a specific multi-crop econometric nhasleonsidered to “concretely” illustrate

the basic features of the approach. It combineddstal quadratic yield functions with crop

acreage (share) functions derived along the lineletkelei and Wolff (2003). It is chosen

because of its fairly simple interpretation andfigibility. A specific feature is the structural

modeling of error terms of the econometric modek(se.g., McElroy, 1987). The model is
considered in its simplest version, i.e. with cansparameters. In empirical work most of the
defined parameters may usefully defined as paranginctions of observed exogenous
variable to control (as much as possible) for tlkeéetogeneity of the farms and farmers.
Finally the single variable input is considered gonplicity.

3.1. Yields and input demand functions

The yield y, of each cropc (c=1,...,C) for farmi (i =1,...,N ) is assumed to be a quadratic

function of the single variable input (for simptigi. This function represents the short term
“agronomic” yield function and is defined as:

(10) Y, =a, =05/ (B, = %)’

(11) witha, =a,. +0.5a,.s; +V.

(12)  andB; = B, +0.58,s; +Vy

where x; is the quantity of variable input used per hectaydarmi devoted to cro, a

and B, and y. are parameters to be estimated with >0, B, >0 and ), >0. This
alternative specification of the standard quadrétinction is also used by Pope and Just
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(2003) albeit for other purposes. The yield funetis strictly concave ify, >0. Under this
assumption the ternr; can be interpreted as the maximum vyield of ccofor farmi. The
variable input quantity required for achieving thisaximum yield is given bg.. The
maximum yield and the input requirement are spedifis functions of the crop acreage to
account for potential scale effects. The estimatdbese yield functions can thus be checked
with agricultural scientists or extension agems.andv;; are random terms. These terms are
split into two parts for simplifying their interpieion:

(13) vi=e +&l and V] =€ +&;

The termse! and € are denoted as heterogeneity terms. They représergffects on the
yield of crop $c$ of factors that are known to farm at the time he chooses his acreages
(rotation effects, soil quality, but also quasieik input availabilities...). These terms are
closely related to the so-called “fixed effects”tire panel data econometrics literature (see,

e.g., Griliches and Mairesse, 1995), but they may Ibe “permanent” in the current
framework. They are considered as random becaegeatie unknown to the econometrician.

The termse! and g, are denoted as stochastic events. They représeaffects on the yield

of crop ¢ of factors that are unknown to farmerat the time he chooses his acreages
(climatic conditions, pest infestations...). Thesetdas are considered as random because
they vary across farms and years, and are unknowmeteconometrician. Their expectations
are normalized to be null.

The production of cro is sold at pricep; and the input is bought at prize by the farmer

i . These prices are assumed to be known at therbegiof the production proceds. when
acreages are chosen. Farmers are supposed rigskin&atrmeri is assumed to choose his
input use by maximizing the following gross margipsy, —wx, for each cropc. Variable
input and “target” yields choices are assumed basesutput and input prices and adjusted to
specific production condition,e. after farmer has observesf and & . So we consider that

farmers make production decisions in two step.tFas the beginning of the production
process, they choose acreages and input usesdborceap. Second, during the production
process, after they have observed stochastic ev@stsspecific climatic conditions or
diseases) they can adjust their input uses. Thereforeages and input uses decisions are
partially simultaneous. The maximization of thisofgr function under technological
constraints leads to the following per hectarealdd input demand, yield supply and gross
margin functions:

(14) Xci = ﬁOC +0'5ﬁ1csci _yc (VVI /pci ) +V;
(15) Ya =5 t0.50,.8; = 0.5, (Wi Ip, )2 +Vy

(16) 772 = Pl _VViﬁOC +0-5( P _Wiﬁr)sci +0.5/, p; (Wi /pci )2 + pcieu)'/ _Wieé
Consequentlyv; can be interpreted as the effects production ¢mmdi that can be

“corrected” by variable input uses while] represents the effects of fully undergone

production conditions. The quadratic yield have airmpractical advantage: they provide
yield supply and variable input demand functionshwadditive error terms. This feature
appears to be very useful for analyzing the eeontstructure of the econometric model (see,
e.g., McElroy, 1987, and Pope and Just, 2003, merottontexts). Distinguishing the
heterogeneity effects and the stochastic eventkeryield function allows to determine the
gross margins of the crops as they are expectdtidofarmers at the time they choose their



acreages. The farmers' gross margin expectatianxaadepend on the! and ¢; terms
because these terms are unknown when farmers ctiwsacreages.

3.2. Acreage functions

Farmers' acreage choices are modeled within theefraork developed by Heckelei and
Wolff (2003). This framework is simple, flexible éhinks the econometric and mathematical
programming literature on production choice modgliRarmeri is assumed to allocate his
total land quantityS by maximizing the following indirect restrictedafit function:

a7 2 sm(s)-Cls)

where s, is the acreage share devoted to aropy farmeri . This restricted profit function is
strictly concave ins. According to this model, farmers have two motivies crop
diversification: the scale effects of the crop grtmarginsO.S( Py Tse —vvi,Blc) and the implicit

management cost of the chosen acre@gs.). This cost function is used in the positive

mathematical programming literature (PMP) (How#95; Paris and Howitt 1998; Heckelei
and Wolff 2003). It can be interpreted as a reddoen function smoothly approximating the
unobserved variable costs associated with a gicezage (energy costs...) and the effects of
binding constraints on acreage choices. These reamst are agronomic constraints or
constraints associated to limiting quantities odsjtfixed inputs. Quasi-fixed inputs such as
labour or machinery are limiting in the sense tthalir costs per unit of land devoted to a
given crop is likely to increase due to work pea&id or due to machinery overuse, whether
machinery is specific or not. Farmers are alsoexilip agronomic constraints because some
crop rotations are "“forbidden" or impossible doénconsistencies in planting and harvesting
dates. Cultivating a given crop two consecutiveryean the same plot may be strongly
unwarranted due to dramatic expected pest damddpese crop rotations are thus almost
“forbidden” because their opportunity cost is vdayge in standard price ranges. These
“forbidden” or impossible crop rotations determthe bounds imposed to acreage choices in
(P)MP models. This implicit cost functio@(s,) is assumed to be non-decreasing and quasi-

convex in acreages to reflect the constraints duéhé¢ limiting quantities of quasi-fixed
factors (other than land) and due to the implioids imposed on the acreage choices due to
impossible or “forbidden” crop rotations.

This cost function is assumed to have a quadratio:f

C c C
(18)  C(s,)=a+> 505 +0.5) D OmSySy With gy =gy, + €]

c=1 c=1 m=1
wherea , g, andg,, are parameters to be estimated. The tarns a constant. The “fixed”
cost g, per unit of land of crog of farmeri is split into two partgy,. a parameter anel a
random term accounting for the cost heterogeneity tknown to farmei but unknown to
the econometrician. If the matrit :[gcm,c,mzl,...,C] is definite positive, then the cost

function C(s,) is strictly convex in acreages.

The land use constraint is included into the retgd indirect profit function. All crops are
assumed to be cultivated. The cropgs considered as the reference crop. The maximizat
of this restricted indirect profit function leads €-1 acreage functions. These acreage
functions have a closer form but we use first o@rditions to simplify notations (and also
for the empirical use):



(19) Cz:lQm'Sm'-'-(n;:i_”Ci)_(gci_gci)_Fci =Vg

(20) with Vi = p,&j — P&l —W €] +W €] — €]
wherem=1,...C -1 The termsQ,, and F, depend on output and input prices, scale effects

a. and quadratic costs terms,. They are described more precisely in appendiX fese

acreage functions have two interesting featurest,Rhey have additive error terms. Second,
these errors terms contain the heterogeneity paeasnef the input demand and yield supply

functionse] ande] .

3.2. “Complete" multi-crop econometric model

The multi-crop econometric model is composed odelsubsets of equations, yield equations,
acreage equations and an input allocation equafiba.total variable input is written equal
to the sum of the acreage share devoted to eaphccroultiplied by the per hectare variable

input quantity used for each crap X, = Z;sd X, . This equation allows to allocate variable

inputs across crops and takes part into the econometric model. Theptet® system is
described in appendix A with simple matrix notatiott seems important to define again the
error terms of the econometric equation systemse Mt error terms of each equations are

now denoted by, u* andu; and thatu, is similar tov, except for the input allocation
equation.

Q1)  ug=vi=eitey

(22) U =SV +17 =S4 [ecxl +5cxi]+’7i

(23) U3 =V5 = Ps6i ~ Poly —WE tW e -6

An error termy, is added in the input allocation equation and esents the effects of

measurement errors dueg., to stock variations. To explain the endogenergbfem, we use
simple matrix notations. We considex the vector of heterogeneity terms such as

e ':[qy e é} and g the vector of stochastic events terms sucheas [ai’”ef a?]. The

vectors of model error terms are definedufy=| u} |, u¥ =[u* | anduf =[ u |. The vector

z, ands are respectively the vector of exogenous varia@@agputs and inputs prices) and
the vector of acreage shares. The preceding irtiefpons of the error terms allow to define
the following mean assumptions: E[e,y | zi] =0, E[si |ZJ =0, E[e,g | ﬂ =0,
E[7 12, ]=0 and E|s 'g"|z |=0. This implies that each component of has a null
expectation conditionally on prices excepted $f& term in the input allocation equatios.

is an endogenous explanatory variable but thisseaadard problem that can be worked out
with standard instrumental variable techniques. ftan problem is thaE|s €| z |# 0 or
E[€12,5]#0. These terms need thus to be determined. Befooeepding to the

determination of the control functions two remaaks in order. First, the yield supply and the
acreage choice functions identify almost the erggeof parameters. Only the terfl). can

not be identified. Second, the heterogeneity tegihse ande’ are the “interest error terms”
for determining the control functions wheregls € ands, can be viewed as “disturbances”.

9



4. Estimation procedure

Our econometric model is structurale. it provides explicit forms for the relationship
between the error term vectors of the yield suppiput demand allocation and acreage
equations. The main problem involves linking theeage and the input use choices in the
variable input allocation equation. The controldtion idea is to explicitly determine this link
and its associated estimator to integrate this tertine full multi-crop econometric model.

4.1. The control functions construction

The construction of control function relies on soemsumptions. First, it is shown that
distributional assumptions are generally necesgadefine control functions for the general
multi-crop econometric model (Imbens and Wooldridg&07)\endnote{Linear projection
techniques combined with limited assumptions ondis&ibution of the heterogeneity terms
can be used in some special case (see, e.g., CHamp&982; Wooldridge, 2004).}. The

normal distribution usually appears to be a coreminchoice. It is assumed that is jointly
normal conditional onz,, i.e. its entire distribution is characterized by its Incbnditional
mean and its conditional variance-covariance ma#tixSince all the considered error terms
of the modelu’, u* and u’ are linear transformations of, they are also normally
distributed. It is further assumed trelt, € ande’ are not correlated. This assumption is not
necessary but it simplifies the approach and maeapempirically reasonable. As a result,
the variance-covariance matrix @f has the following structure:

v, ¥, O Y, O

24) V]el|z|=V[e|=¥=|¥, ¥, 0 |=|¥, O
0 0 Y, 0 Y,

The main implications of these additional assummdidor the control function purpose
concern the conditional variance-covariance strectf the error terms of the econometric
model. In fact, these assumptions allow to deteenmmoment conditions that can be used to
define regression estimators of the useful partshefvariance-covariance matri¥ (see
section on the implementation of the approach).
The control functions defined here seek to solve problems: the non null expectation of

s 'e and the endogeneity af in the input allocation (and yield supply) equaf(®). To solve
the second problem, one needs to determine thecetiom of u® conditional onz, ands .

The properties of the conditional expectation ofperand the additivity of the error terms of
the acreage equations allow to show that:

(25) E[uyls.z|=s'E[&]s 7]

The conditioning properties of normally distributeelctors and the zero conditional mean of
e, ul, el andu; allow then to show that:

(26) E[€ Is.z|=".Clu; andE|e) |5 7 |="¥,Cu

where C, :[Ciy Cix} depends on output and input prices and a parthef ariance-
covariance matrix ok . This matrix is presented in appendix B. Under jthet normality

assumption, the form of, is known thanks to our structural econometric nha@ahel thanks
to the error term structure defined previouslyislthen possible to integrate these control

10



functions in the yield supply and input demand @loon equations to capture the correlation
between heterogeneity error terms and acreages.

4.2. A three-stage procedure

The control function approach is implemented ire¢ghstages. In the first stage the equation
system composed of the yield supply and acreagécehequations is estimating. The
objective is to construct a consistent estimatoidehtifiable parameters.,e. all parameters
except B.. This system is a simultaneous equation systenuaed the SUR estimator. This

stage allows to obtain’ and to proceed to the next stage.

In the second stage, estimators of the first stageassumed to be available for constructing a
consistent estimator of a useful part of the vagaoovariance matriX¥. This stage is
similar to the second stage of the constructiom standard GLS estimator. It relies on the
second order moment conditions and uses a SURnsy3dthis stage allows to obtain an

estimate ofC, .

The third stage of the procedure considers thenasitin of the complete system composed of
yield supply, input allocation and acreage choigeations. Control functions are integrated
in the yield supply and input allocation equatioAB.interests parameters are estimated and
auxiliary parameters,e. ¥, and ¥,,. This econometric model is not a standard norafine

SUR system for two reasons. First, the differentiadigns of the system share many
parameters and the corresponding SUR estimatorgesrerally non consistent. Second, the

input allocation equation usg as a regressor, whereasis the dependant variable of the

acreage equations. Thus we use the generalizedochethmoments (GMM) to construct

consistent estimators.

A few remarks are in order for the implementatidrthis approach. First, This approach can
be interpreted as a generalized version of therfenged regression” technique controlling
for the endogeneity of explanatory variables in giedinear in their explanatory variables.
The augmented regression test can be used tchtesinlogeneity o§ in the yield supply

and the input demand allocation equations. Thehygbthesis is theW , =¥, =0. This is

a test of the interest of the approach proposedtisstudy. If the null hypothesis is rejected
then acreages are endogenous in the yield supglinpat demand equations.

5. Empirical application
5.1. The data

An illustrative application of the approach is pded by an empirical analysis of farm
production data from the regidvdeuse in France. This data set consists of an unbalanced
panel of farms covering a period between 1955 &@F 2It contains approximately 4,000
observations. It has the advantage to have detdd¢al on input allocations between crops
that is useful to examine the performance of oudehoThis database provides farm data on
variable input expenditures for each crop, outpuardities and prices, subsidies and acreage
for each crop. Three crop groups are considerazh as wheat, other cereals (mainly barley
and maize) and oilseeds and protein crops (maagpgseed). The different variable inputs
(fertilizer, pesticides and seeds) are aggregateda single variable input for simplicity. The
corresponding price index is obtained from Eurogtdteconomics quantities are defined in €
in units of 2000.
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5.2. Parameter estimates

The following section reports on the results of #stimation of the multi-crop econometric
model. It is composed of a yield supply equationeach crop, an input allocation equation
and an acreage share equations for wheat and &rotiher cereals. The oilseeds are
considered as the crop reference. It is estimasatjuhe three-stage procedure described in
the last section. Some variables are integratexthd model to control for technical change
and the heterogeneity of farms. Parametersand 3, are assumed to be null for simplicity.

The parameten,, which is interpreted as the maximum yield of copn the yield supply
equations, is defined as a function of spatial gilonal dummies. The paramefgy, which

is interpreted as the variable input quantity reegiifor achieving the maximum yield in the
input allocation equation, depends only on regiodammies. In the acreage choices
equations, the parameter of fixed cogsis defined as a function of labor variable becatise
is interpreted as the fixed costs associated witktihg quantities of quasi-fixed inputs such
as labor or machinery.

Table 1 contains the parameter estimatgsf3, andy of the yield supply and input demand

equations, and the parameter estimaesnd q,, ¢, and g,, the elements of the matr@ of

the acreage equations. The estimates of paranastgosiated to regional and spatial dummies
are not reported in the table to save space. Thaf the model is correct. The R2 criterion
ranges from 0.28 to 0.40 for yield supply and inmlemand equatiofis Aimost all
coefficients are different from zero at high sigrahce levels.

Table 1. Estimates for yield supply, input demand ad acreage share equations

Wheat Other cereals Oilseeds

Price effectsy 334.82° 296.68" 149.63
Potential yield B, 768.47" 793.56" 575.91"
Optimal input use a, | 633.35" 627.55" 513.91"
Fixed costsg -59.42" -100.71"

Element ¢, -219.91"

Element g, -149.85"

Element g, -129.67"

Test Hansen 0.92 - -
Test Wald <0.05 - -
R2 yield 0.35 0.28 0.37
R2 input use 0.40 - -

The price effects correspond to parametgerdor each cropc associated with the price ratio.

These parameters are significantly positive forcalleals, implying concavity for the yield
functions. It is positive but not significantly thfent from zero for oilseeds. The estimated

% The base year is 2006 and the base region inckatascantons with the highest yield.
* We have not the R2 criterions for acreage equatimtause we have estimated first order conditions.
Nevertheless it is possible to calculate them.
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parameters of the matri®Q imply concavity in prices of the restricted prdfinction without
imposing constraints. Necessary and sufficient ttmmg are that the principal minors of the
matrix Q alternate in sign, starting with negative valuée3e conditions are fulfilled

becauseq, <0 and q,g,-0,9,>0. The validity of the control functions are testesing a

Wald test. The null hypothesis is that elementshefvariance-covarianc® are not jointly
significantly different from zero. The t-test is .with p-value <0.001. Thus, the null
hypothesis is rejected. This test shows evidencanoficreage endogeniety problem in the
yield and input equations. A test of overidentifyirestrictions is also realised to verify the
validity of our instruments and the validity of omnodel specification. The Hansen test does
not reject the joint validity of our instrumentshd other estimates parameters are globally
consistent with our expectations. The maximum yisléstimated at 768€ per hectare for
wheat, 794€ per hectare for other cereals and pé6&iectare for oilseeds. The variable input
guantity required to achieve these maximum yieldsmated at 633€per hectare for wheat,
627€ per hectare for other cereals and 514€ peaigefor oilseeds. In order to underline the
validity of the estimation results, elasticitiesioput demand with respect to input prices and
output prices are derived. Only own price elasésitire presented in table 2.

Table 2. Own price elasticities of input demantl

Input prices Output prices
Wheat io?ig (8:22)
Other cereals (0014;3 (32%)
omets | (9% &%

They are found to be in a reasonable range. All oyt prices elasticities are negative and
all own output prices elasticities are positiveutit increase of price input has a lower effect
on input demand for oilseeds. Similarly, the reggoof input demand with respect to an
increase of output prices is lower for oilseeds.

4.2. Statistical comparison with alternative method

The objective of the paper is to determine an aggrdo allocate variable input among crops,
thus an examination of the predictions seems todsful. These predictions are compared
with predictions obtained with two others modelbeTirst model consists on the complete
system with a variable input demand equation faheaop. This model, denoted by model

BASE, is estimated with the SUR method. The secondel is the model generally used in

the literature. The only difference between thisdeloand ours is that they do not take
account the acreage endogeneity. They replacedieage variable in the input allocation

equation by the reduced form of the acreage functichey have no longer endogeneity
problem and they can estimate this system withessgon techniques. This model is denoted
by model RT.

Table 3 presents the average estimated input usaéh crop obtained with the three models.
The model BASE provides the best average predid¢tiothe all outputs. This is an expected

® They are calculated at the sample mean. Approxithsiandard errors are in parenthesis.
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result. What is more interesting is the comparidatween the two others models. The
allocation in mean of input use among the cropkeger with the model CF for the three
crops. The model RT tends to overestimate the igpuaintities used for other cereals and
underestimate the input quantities used for whedtaglseeds.

Table 3. Average of predicted and observed inputaé

Observed Model BASE Model RT Model CF
Wheat 345.11 344.49 327.69 335.73
(76.5) (31.9) (46.5) (49.6)
Other cereals 313.66 312.91 351.58 327.31
(76.5) (36.9) (39.0) (57.2)
Oilseeds 390.78 390.12 366.97 385.64
(95) (40.9) (48.1) (85.1)

Some figures have been realized to compare obsénmped! use with predicted input use by
the three models. These figures show that inputpuedictions are quite similar between
model RT and model CF for cereals. On the othee,soir model predicts much better
guantities input used for oilseeds. All results whtine estimation of the three models are
available on request.

Conclusion

This paper highlights two mains points about vdeabput allocation among crops.

First we show that it is important to consider age endogeneity to allocate variable inputs
among crops. The standard regression based appsé&mhallocating variable input uses to
crops are potentially biased due to the partiau$immeity of the expected crop variable input
and acreage choices. This bias is even more impotteat few variables are generally
available to control farmers' heterogeneity. Thet teuild and realized in the application
confirms this intuition. The comparison of modelghaand without control functions shows
the usefulness to consider acreage as endogentese Bre some differences in input
allocations in average between the models. TheBerahices are show graphically for
oilseeds.

Second we suggest that a structural econometriehischecessary to account for the bias
associated to the acreage endogeneity. In thisrpame propose a structural econometric
multicrop model for explicitly determining the omgof the bias and providing potential
solutions to allocate inputs among crops. This rhaslecomposed of yield supply, input
demand and acreage choices equations. We conaideat an input fixed but allouable as in
an important literature on production choices mg@ambers and Just 1989; Moore and
Negri 1992 and many others). The main feature efroadel is that it allows an explicit
specification of links between yield, input usesl @acreage choices. The structural modelling
of error terms and especially the error term aditijtiplay a crucial role in the proposed
approach. This approach could be applied by usihgratructural econometrics models with
an explicit specification of these deterministiddaandom links between choices production.
It could be also applied in other contexts whepita need to be allocated to activities.

The proposed approach has potentially three mawvlohcks. First, as it is “fully” structural it
is thus subject to specification biases. A poténtiseful extension would replace the

® Standard errors are in parentheses.
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structural activity choice model by a more flexilohedel of the expected gross margin. The
second drawback is linked to the first: the econoimenodel used do not account for corner
solutions of activity choices. This is a potengialinportant weakness of this framework,
particularly in the crop production context. Theegfication of a fully structural model for
activity choices with corner solutions is possiblg difficult to implement. This highlights
the usefulness of “acceptable approximations” aee a fully structural framework. Third,
the identification of the control functions relies models of the square and cross products of
the crop and input prices. As a result, the emgiinidentification of these functions requires

price data at the farm level of good quality.
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