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In spite of the trend towards increased specialization which has characterized farming in many 

European countries, most farms still have more than one enterprise. Yet, standard farm-

accounting information is typically restricted to aggregate or whole-farm input expenditures, 

without revealing production costs per unit of each enterprise's output. Obtaining information 

on the per-unit cost of production for the individual enterprises, measured by so-called input-

output or (preferably) cost-allocation coefficients, is particularly important, both from a 

business-management and agricultural-policy perspective. Specifically, individual farmers 

may need this kind of information for optimizing their production, for deciding whether to 

expand or contract particular enterprises or to establish a new (discontinue an existing) 

enterprise. Moreover, information on enterprise-level costs of production may be helpful in 

preparing activity budgets, planning yearly operations, applying for operational loans, and 

analyzing alternative marketing strategies (Hornbaker et al., 1989). Also, policy-makers are 

showing a renewed interest in acquiring information on the costs of production, as it may 

considerably improve their capability of properly assessing the impacts of different Common 

Agricultural Policy scenarios (for example, the decoupling and the Single Farm Payment 

scheme brought in by the June 2003 CAP reform) on the economic performances and the 

competitiveness of different types of farms in the Member States and regions of the recently 

enlarged European Union (e.g., Pingault and Desbois, 2003).1  Considering that the direct 

collection of enterprise-level information is difficult and requires costly farm surveys, 

econometric analysis may offer an attractive alternative for obtaining reliable, yearly updated 

estimates of farmers’ production costs at an appreciably lower cost. 

Although the cost-allocation problem is fairly simple, at least conceptually, recovering 

reliable enterprise-level information from whole-farm accounting data is not straightforward. 

Despite the fact that the issue continues to puzzle (at least part of) the agricultural-economics 

profession, hardly any new development in this area have been observed ever since a number 

of studies in the 1980s and early 1990s reported on several fruitless attempts to produce truly 

satisfactory or theoretically-consistent results. Most of these earlier studies involved multiple 

regressions, using a wide range of estimation techniques (e.g., Ordinary Least Squares, 

Generalized Least Squares, Inequality-Restricted GLS, Bayesian methods, etc.) and assumed 

fixed coefficients (e.g., Errington, 1989; Midmore, 1990; Moxey and Tiffin, 1994; Hallam et 

al., 1999). However, the assumption of fixed coefficients implies that the cost allocations are 

for a notional “average” farm, expressing some central tendency of farm operations. As a 
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result, variations in the cost (technology) structures across farms are ruled out a priori. 

Clearly, such assumptions are overly restrictive and preclude any realistic appraisal of the 

“real-world” diversity of farm operations. In addition, it is a well-known result (e.g., Judge et 

al., 1985) that using fixed coefficients may, under certain conditions, yield biased estimators, 

due to the unobserved effects of omitted variables (e.g., different managerial capacities of the 

farmers), aggregation (e.g., different compositions of the input and output categories used), 

and “measurement errors” (e.g., quality differences). Only a handful of papers have explicitly 

addressed the random nature of the cost-allocation coefficients (Dixon et al., 1984; Butault et 

al., 1988; Hornbaker et al., 1989). But, regardless of whether the coefficients are assumed 

fixed or random, a common observation is that the existing models usually show poor 

prediction accuracy and/or produce unacceptable and/or implausible results (e.g., zero or 

negative values of the coefficients, violation of the cost-accounting restrictions, negative or 

unrealistically small variances of the random coefficients, etc.). 

The objective of this paper is to present a new methodology for estimating cost-allocation 

coefficients, which deviates from “traditional” approaches in two major respects. Firstly, we 

develop a model with (non-randomly) varying coefficients. This model should allow us to 

capture the unobserved farm heterogeneity and to provide likely ranges for the values of the 

cost-allocation coefficients. Secondly, we show how these farm-varying coefficients, while 

satisfying all relevant equality and inequality restrictions prescribed by basic cost-accounting 

rules, can be estimated by using the Generalized Cross-Entropy (GCE) method described in 

Golan et al. (1996), among others.  

The proposed GCE estimator is particularly useful for our purposes. At least four 

distinguishing features of the GCE methodology will be exploited in this paper: (a) GCE is 

“immune” to degrees-of-freedom shortages, which makes it particularly suitable for handling 

ill-posed (underdetermined) estimation problems, where the number of unknown coefficients 

is larger than the number of observations; (b) GCE allows to impose equality and inequality 

restrictions on the coefficients in a flexible and straightforward manner; (c) GCE employs a 

formal mechanism for incorporating prior (pre-sample) information, thereby alleviating the 

deleterious effects of possibly ill-conditioned (co-linear) data; and (d) GCE computations are 

not very demanding and are relatively easy to implement. Hence, by applying GCE, most of 

the practical and methodological problems encountered in previous empirical studies can be 

overcome. 

Yet, despite the many advantages of GCE, only a few researchers so far have adopted an 

entropy-based methodology for estimating models of cost allocation (e.g., Léon et al., 1999) 
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or multi-output technologies (e.g., Lence and Miller, 1998a, 1998b; Oude Lansink, 1999) 

using aggregate input data. However, in all these instances the varying nature of the 

parameters is ignored, while parameter restrictions prescribed by either cost-accounting rules 

or economic theory are imposed only at a single (base) point. 2 

The remainder of this paper is divided into four sections. Section 2 presents the varying-

coefficients model of cost-allocation, including the relevant (in)equality restrictions that need 

to be taken into account. Section 3 outlines the GCE formulation of the cost-allocation 

problem. Section 4 summarizes the empirical results of the GCE estimation, and provides a 

brief account of the validity of the model based on “post-estimation” analysis. Section 5 

presents the conclusions and raises some issues for further research. 
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Assuming N inputs (i = 1,…,N), K outputs (k = 1,…,K), and T farms (t = 1,…,T), we consider 

the following varying-coefficients model of cost-allocation, embedded in a standard 

stochastic framework: 
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where xit is the aggregate expenditure on input i by farm t,  ykt  is the value of  output k of farm 

t, iktβ  are farm-specific (varying) coefficients representing the unobserved expenditure by 

farm t on input i, to produce €1.00 worth of output k, and itu is the usual disturbance term, 

which has zero mean and is identically and independently distributed across farms. 

In estimating the coefficients of model (1), several methodological problems arise. The 

first difficulty is the problem of identification. Obviously, because the number of coefficients 

to be estimated (NKT) is greater than the number of observations (NT), the problem is ill-

posed or underdetermined. A second complication relates to the fact that several equality 

(linear) and inequality restrictions must be imposed on the coefficients. Since all the variables 

are measured in monetary terms, the accounting restrictions dictate that the whole-farm input 

expenditures are identically equal to the whole-farm total value of output; that is, =Σ iti x  

ktiktki yβΣΣ ktiktik y)( βΣΣ= ktk yΣ= , and hence, 0=Σ itiu . By implication, the (column-wise) 

sums of all the enterprise-level coefficients, for each farm, are equal to one; that is, 
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1=Σ iktiβ tk,∀ . Also, if the dependent variable in (1) is non-negative, the coefficients should 

be non-negative as well; that is, 0≥iktβ  tki ,,∀  if 0≥itx . Finally, the accounting restrictions 

imply that the “input-demand” equations are interdependent, which requires a system-of-

equations approach. 

In practice, however, most researchers would typically “solve” the identification problem 

by using a linear-in-parameters model with fixed coefficients – which can be viewed as a 

special case of (1), where ikikt ββ =  (thereby reducing the number of unknown coefficients 

from NKT to NK < T), and would ignore the various restrictions on the coefficients and the 

accounting coherency of the input-demand equations altogether.  
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An alternative way to overcome the identification problem, while still accounting for 

variations in the coefficients, can be found in using a random-coefficients modelling 

framework, whereby it is assumed that the farm-specific coefficients are drawn randomly 

from a particular (joint) distribution. Adopting a standard random-coefficients specification 

(Hildreth-Houck, 1968), the model in (1) can be reformulated as 
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where iktikikt υββ += , and itktiktkit uy +Σ= υε  is a “composite error” term, which is 

heteroskedastic. In other words, each individual coefficient, iktβ , is the sum of a mean 

component, ikβ , common to all farms, and a random component, iktυ . Basically, this is the 

approach that was also used by Dixon et al. (1984) and Hornbaker et al. (1989).3  Such a 

random-coefficients model can be estimated under various (mild or stringent) conditions 

regarding the means and the variance-covariance structures of the random components.4 

Given the specification in (2), the following accounting restrictions apply to the mean and 

random components of the model: 

 

 10 ≤≤ ikβ  ki,∀   if 0≥ix  (3) 
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 0≥+ iktik υβ  tki ,,∀   if 0≥itx  (4) 

 1=Σ ikiβ  k∀  (5) 

 1)( =+Σ iktiki υβ  tk,∀  (6) 

 0=Σ iktiυ  tk,∀  (7) 

 0=Σ itiu  t∀  (8) 

 

Note that the restrictions on the random components in (7) are automatically implied by the 

accounting restrictions in (5) and (6).  

Before proceeding, we should point to a particular problem that typically occurs when 

dealing with multi-output or mixed farms. Specifically, if we assume that mean coefficients 

do exist, it must be ensured that the average values of the farm-specific coefficients, over the 

farms in the sample, be equal to the corresponding mean coefficient. In other words, it must 

be ensured that 0=Σ ikttυ , given that =ikβ =Σ ikttT β)1( )()1( iktiktT υβ +Σ ikttik T υβ Σ+= )1( . 

A problem arises, however, when all farms do not produce all the outputs considered. If there 

are zero observations on one or more outputs for some farms, ikikttE ββ =)(  is not necessarily 

true because of the selectivity bias that may occur (e.g., Ray, 1985).5 Therefore, we use 

Et[ 0>ktikt yβ ] = Et[ 0>+ ktiktik yυβ ] as a measure of ikβ , representing only the subset of 

farms effectively producing output k, which is unbiased only if Et[ 0>ktikt yυ ] = 0. 

Consequently, the random components iktυ  should appear in the restrictions (4), (6) and (7) 

only for those farms that have a positive output k. 
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Despite the advantages of the random-coefficients specification in (2), we prefer not to adopt 

this “classical” approach, but rather treat the farm-specific coefficients as non-random (non-

stochastic) parameters to be estimated. This approach is motivated by the following 

considerations. 

Firstly, a typical (but widely neglected) problem with the random-coefficients approach is 

that the farm-level coefficients are not uniquely defined. In a random-coefficients setting, the 

individual coefficients are usually “predicted”, based on the second-order moments of the 

expectations vector, rather than estimated (Judge et al., 1985, p. 807). However, the values of 
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these predicted coefficients – occasionally referred to as Best Linear Unbiased Predictors, or 

BLUPs, for short (e.g., Hornbaker et al., 1989) – are in no way unique; at best they are only 

“suitable” values (Griffiths, 1972; Swamy and Mehta, 1975).6 

Secondly, while random-coefficients models can in principle be estimated by means of 

traditional methods, such as Generalized Least Squares (e.g., Swamy, 1970) or Maximum 

Likelihood (e.g., Schwallie, 1982; Zaman, 2002), the practical implementation of the 

estimation procedure is not an easy task, often requiring ad hoc corrections and/or giving 

cause to computational problems – difficulties that were also reported by Dixon et al. (1984) 

and Hornbaker et al. (1989). Needless to say, that the estimation will become even more 

compounded, if not impossible, when several restrictions have to be imposed on the 

coefficients.7 

Given the many problems with using a traditional random-coefficients specification, it 

will be shown in the next section that the application of GCE does allow to capture farm-level 

heterogeneity by means of a set of uniquely defined individual coefficients. 
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In order to avoid the practical problems described in the previous section, and to obtain 

estimates that satisfy the various restrictions at every point in the sample, the varying-

coefficients cost-allocation model will be formulated as a GCE problem of the type proposed 

by Golan et al. (1996). While there is a fast growing body of literature with respect to 

information theory and entropy econometrics, the GCE method advocated here will only be 

discussed in the context of the present application.8 

The implementation of GCE requires that the parameters of the model are specified as 

linear combinations of some predetermined and discrete support values and unknown 

probabilities or weights.9  Furthermore, the estimation problem is converted into a constrained 

minimization problem, where the objective function, specified in equation (9) below, consists 

of the joint cross entropy. 

Specifically, we define a set of unknown probability vectors =′ikp [ Mikik pp ,1, ,..., ] 

( 2≥M ), =′iktw [ Giktikt ww ,1, ,..., ] ( 2≥G ), and =′it� [ Gitit ,1, ,..., µµ ] ( 2≥G ), and choose the 

corresponding support vectors =′z [ Mzz ,...,1 ], =′r [ Grr ,...,1 ], and =′e [ Gee ,...,1 ], for the 

mean coefficients ikβ , the farm-varying components iktυ , and the residual terms itu , 

respectively, where ikik pz′=β , iktikt wr′=υ , and iktitu �e′= . In addition, prior information is 
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included through specifying the prior probability vectors o
ikp , o

iktw , and o
it� , reflecting 

subjective information, informed “guesses”, or any other sample and pre-sample information.  

After appropriate reparameterization, the complete GCE optimization problem for the 

cost-allocation model, described by Eqs. (2) to (8), can then be formulated as  
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where { } { } { }T
ktk tytt 10: ⊆>=  is the subset of the sampled farms, of size kT , producing 

output k. Equation (9) denotes the cross-entropy objective, which is subject to the data-

consistency constraints in (10), the non-negativity constraints for the farm-level coefficients 

in (11), the zero-output constraints in (12), the “mean-preservation” constraints in (13), and 

the accounting-balance constraints in (14). The constraints in (15) ensure that all unknown 

probabilities add up to one. Including additional constraints on the mean coefficients, ikpz′ , is 

not required if one chooses proper or theoretical bounds for the corresponding support ranges 

z (see Eq. (3)).  

The principle of minimum cross entropy means that we are choosing, given the data-

consistency and other constraints, the estimates of the unknown ikp , iktw and it�  that can be 
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discriminated from the priors o
ikp , o

iktw , and o
it�  with a minimum of difference (Golan et al., 

1996, p. 11). In other words, we are looking for the “least informative” (i.e., closest to the 

uniform) probability distributions that are consistent with the data and other constraints in 

(10)-(15) and with the prior information reflected in the support ranges and the prior 

probabilities. From the solution of this optimization program, the unknown mean coefficients, 

the farm-varying components, and the remaining residual terms can be calculated as follows: 

ikik pz ˆˆ ′=β , iktikt wr ˆˆ ′=υ , iktitu �e ˆˆ ′= , with iktikikt wrpz ˆˆˆ ′+′=β . Hence, a total of NK + NKT + 

NT parameters (i.e., the NK mean and NKT farm-specific components, along with NT residual 

terms) are estimated, with only NT observations.10 

Given the above formulation, several important advantages of GCE over the traditional 

random-coefficients approach become irrefutably apparent. Firstly, the idiosyncratic s'iktυ , 

capturing the farm-specific deviations from the mean, are essentially treated as “fixed” (i.e., 

non-random) parameters to be estimated rather than as random drawings from a continuous 

multivariate distribution. Secondly, by considering this “fixed-coefficients” heterogeneity (not 

to be confused with a fixed-coefficients model!), the estimated mean coefficients do not suffer 

from possible bias due to the correlation between the varying components and the regressors 

(e.g., BiØrn, 2003, p. 73). Thirdly, the estimated iktυ̂ 's are directly available, which makes it is 

possible to study the empirical distribution of the iktυ̂ 's across farms, and to pick a particular 

farm to see whether its estimated ikt�  is above or below the estimated mean ik�  for the 

sample. 
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The empirical application uses 2000-2001 accounting data for a sample of 38 “beef-dairy” 

farms, located in Brittany, France ( 38=T ).11  The data were extracted from the European 

Farm Accountancy Data Network (FADN), which collates detailed information on whole-

farm input costs and enterprise-level output values.  

 On the input side, we distinguish six ( 6=N ) broad input categories: (a) Crop products12; 

(b) Fertilizers (including those utilized in the fertilization of pasture lands); (c) Phytosanitary 

and veterinary products; (d) Compound feeds; (e) Other (miscellaneous) inputs; and (f) Gross 
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value added (GVA). The costs associated with the first four input categories are typically 

variable (specific crops/livestock) costs, whereas the operational (direct) costs associated with 

the fifth input category are “semi-variable” in nature. Factoring in all five input categories 

means that we seek to allocate both variable and semi-variable input costs to the various 

enterprises. Furthermore, each farm’s GVA is derived residually as total output value minus 

the sum of the costs associated with the other five input categories, and is treated as the sixth 

“input”.13 Three farms in the sample showed a negative value for the whole-farm GVA. 

 On the output side, four ( 4=K ) different categories are considered: (a) Crops; (b) Beef; (c) 

Dairy; and (d) Pork. Output values were taken directly from the raw FADN data. The output 

value associated with each livestock enterprise is defined as the “value of total production”, 

which is equal to the sum of net production (sales minus purchases)14 and stock variation. For 

the crops enterprise, the output value also includes on-farm use of crop products. All farms in 

the sample produced crops, beef, and dairy (except one farm producing only crops and beef), 

while 25 farms were also involved in pork production.15 

 In estimating the empirical model, we use two-year averages to level out possible extreme 

yearly variations in input costs and output values.16 Summary statistics on whole-farm input 

expenditures and enterprise-level values of output for the farms in the sample are reported in 

table 1. All monetary values are expressed in €1,000. From the figures in table 1, it should be  

clear that we have a particularly heterogeneous sample, in terms of overall farm size 

(measured as whole-farm value of output or number of livestock units) as well as in terms of 

enterprise mixes and input uses.  
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The application of GCE requires that we specify support vectors for each parameter of the 

model. The choice of support values represents a way of imposing prior restrictions on the 

estimates, apart from the equalities and inequality restrictions that are directly specified in the 

constraint set. 

In close interaction with the data (see summary statistics in table 1), the support vectors 

are defined as follows: for the mean coefficients, we choose the “natural” support vector z� = 

[0, 1] ( 2=M ), given the fact that the actual means of the whole-farm input expenditures 

(dependent variables) from the sample are all non-negative; for the varying components, the 

support vector is set as r� = [-2.5, 0, 2.5] ( 3=G ), wide enough to include all “plausible” 

values for the farm-specific coefficients;17 for the error terms, the support vector is defined, 



� 33�

following the “3-sigma” rule, as e� = [-3�i, 0, 3�i] ( 3=G ), where �i is the sample standard 

deviation of the dependent variables (see Panel A of table 1).    

In addition, we use prior information about the unknown probability vectors p, w, and µ, 

in the form of informative priors (for the mean coefficients) and non-informative, uniform, 

priors (for the farm-specific components as well as for the residual terms). In particular, we 

set ='o
ikp [ o

2,
o

1, , ikik pp ] = [1 – �i, �i], where �i is the average share of the expenditure on input i 

in the total output value (reported in Panel B of table 1),18 and == '' oo
itikt �w  [1/3, 1/3, 1/3]. The 

choice of the informative priors o
ikp  is motivated on the ground that the sample averages of 

the whole-farm input-expenditure shares, =i� )()/1( itiitt xxT ΣΣ )()/1( ktkitt yxT ΣΣ= , can 

be viewed as reasonable or “best possible” initial hypotheses with respect to the magnitudes 

of the corresponding mean coefficients for each farm enterprise. 

As the GCE formulation results is a form of shrinkage estimator (Golan et al., 1996, p. 

31), a larger weight will be assigned to the terms in the cross-entropy objective associated 

with the smallest of the prior probabilities. As a result, the probabilities mikp ,  associated with 

the mean coefficients will be “shrunk” faster toward the priors, implying a more stable 

estimation. This property of the GCE estimator is considered to be particularly important, 

given the small size and heterogeneous composition of our sample.19 
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The GCE estimates of the cost-allocation coefficients are presented in table 2.20  Panel A of 

table 2 shows the estimates of the mean coefficients obtained from the varying-coefficients 

model (henceforth labelled V-GCE estimates). Two coefficients have been set equal to zero a 

priori, for obvious reasons: no compound feeds go into the crops enterprise, and no fertilizers 

are utilized in the pork enterprise.21 Overall, the magnitudes of the V-GCE estimates do have 

considerable face validity, and are broadly in line with prior expectations (a brief discussion 

of the validity of model will follow in Section 4.4 below). 

For the purpose of comparison, Panels B of table 2 shows the estimates of the fixed-

coefficients version of the model (henceforth referred to as F-GCE estimates).22  The F-GCE 

estimates seem to be less plausible, for several reasons. Firstly, some of the coefficients are 

virtually zero (e.g., the coefficients associated with crop products/beef, and fertilizers/beef), 
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while some other coefficients seem to be overly large (e.g., the coefficients corresponding to 

compound feeds/beef, and GVA/pork). Such highly questionable findings are likely to be 

indicative of the fact that the F-GCE estimates may be more heavily affected by the 

occurrence of influential data points in the (small) sample than the V-GCE estimates. 
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Because the sampling properties of the bounded GCE estimator are generally unknown, we 

use a simple (percentile) bootstrap approach to assess the “precision” of the GCE estimates.23 

The bootstraps are calculated by using a re-sampling procedure (rather than the error 

bootstrap), in order to preserve the heteroskedasticity present in the data. Specifically, we 

randomly draw 100 samples from the empirical joint distribution of the data (i.e., from the 

original sample), F(x, y), and form 100 new data matrices [ bb yx , ], where b = 1,…,100. Then, 

we re-estimate the (mean) coefficients 100 times using the newly-formed data matrices, 

yielding 100 different bootstrap estimates. The observed distributions of these estimates are 

then taken as approximations of the “true” distributions of the coefficients, from which 95 

percent confidence intervals can easily be derived by selecting the 0.025 and 0.975 percentiles 

(i.e., by leaving out the outer 5 percent of estimated mean values). 

Obviously, the bootstrap intervals reported in table 2 are very small, which is indicative 

of the fact that the V-GCE estimator produces quite stable results for the mean coefficients. 

Conversely, the bootstrap intervals for the F-GCE estimates are consistently larger (and in 

some cases close to the zero boundary) than their V-GCE counterparts. This finding clearly 

suggests that adopting a varying-coefficients specification of the model dramatically reduces 

the uncertainty about the values of the unknown mean coefficients. 
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Our empirical findings are also clearly indicative of the fact that cost structures vary 

considerably across farms.  

Table 3 reports summary statistics for the V-GCE estimates of the farm-specific 

coefficients. The dispersion across farms is measured as the inter-quartile range divided 

(standardized) by the corresponding median, rather than as the usual standard deviation or 

coefficient of variation (which are more vulnerable to outliers). The variation in the cost 
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structures for the crops enterprise is consistently smaller than for the livestock enterprises. For 

the livestock enterprises, the dispersion for dairy and pork is much larger than for beef. Also, 

the coefficients for the minor input categories (i.e., crop products, fertilizers, and phyto and 

vet products) also display a wider dispersion than the other input categories (i.e., compound 

feeds, other inputs and GVA). 

Given the large number of estimated farm-specific coefficients, it is unwieldy to report 

them all here. Nevertheless, in order to provide a more informative picture of the variations 

across farms, figure 1 shows the kernel density plots for the distributions of the estimated 

individual coefficients.24  From these plots it can be seen that the estimated coefficients are 

generally not normally distributed; in many cases the observed distributions exhibit a strong 

asymmetrical and/or irregular shape, and also reveal some noticeable outliers, particularly in 

the case of the major beef and dairy enterprises.25 A limited number of extreme values can be 

detected for the beef enterprise (e.g., compound feeds), which strongly affect the 

corresponding mean coefficient (in this particular case, the mean value, 0.328, is larger than 

the third-quartile value, 0.314). In only two instances we found a zero-boundary value for the 

individual coefficients associated with the use of crop products in beef production. 
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In order to assess the overall performances of the varying- and fixed-coefficients models, we 

present some “post-estimation” results. In fact, the validation of the models should take into 

account both the “quality” (i.e., consistency with prior expectations) of the estimates and the 

within-sample “predictive power” (i.e., accuracy) of the models.  
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We begin with investigating to what extent the enterprise-level cost structures for the 

“representative” farm are similar or dissimilar, by looking more closely at the estimated mean 

coefficients across the various livestock enterprises. Table 4 presents dissimilarity matrices, 

based on simple Euclidean distances. 

The dissimilarity indexes indicate that for the mean V-GCE estimates the various 

livestock enterprises are fairly similar in terms of their cost structures, and that the 

dissimilarity between the beef and dairy enterprises is smaller than between beef/dairy and 

pork. This result contrasts sharply with the corresponding F-GCE estimates, where it can be 
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seen that the dissimilarities are excessively large. Also, the finding that the dissimilarity 

between dairy and beef is larger than between dairy and pork is highly questionable and 

inconsistent with results from other sources (e.g., Errington, 1989; personal communication 

by Desbois, RICA/SCEES, Paris). These observations lead us, once again, to the conclusion 

that the V-GCE estimates are superior over the F-GCE estimates. 

Furthermore, strong positive correlations should emerge between the farm-specific 

coefficients (or the farm-varying components) across enterprises, since there is no a priori 

reason to believe that a farm’s variation around the mean coefficient for one particular 

enterprise should be independent of its variation for the other enterprises (e.g., Dixon et al., 

1984; Ray, 1985). This cross-enterprise interdependency is confirmed by the calculated pair-

wise rank correlations (based on Spearman’s rho) for the V-GCE estimates, reported in table 

5. This result also clearly highlights the fact that the assumption of zero covariances (as in the 

standard Hildreth-Houck model) would not be a realistic assumption. 
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Assuming that all farmers in the sample face the same input and output prices, the farm-level 

coefficients obtained should also be able to reflect prior expectations with respect to the 

diversity of “technology” (cost) structures across farms. In order to test for the existence of 

substitutability or complementarities among the various inputs, we again calculated pair-wise 

rank correlations (based on Spearman’s rho). The results are presented in table 6.  

We found that the results are largely consistent with prior expectations. The relationship 

of “substitutability” between crop products/fertilizers (for grazing cattle), and between crop 

products/phyto and vet products (for pigs), on the one hand, and compound feeds, on the other 

hand, is clearly visible from the strong negative correlations. Furthermore, the correlations 

between the on-farm use of crop products for livestock feeding, on the one hand, and phyto 

and vet products (where the latter category also includes feed additives, such as vitamins, 

drugs, antibiotics, etc.), on the other hand, turn out to be strongly positive, indicating 

complementarities. Finally, no significant correlations exist between variable and semi-

variable inputs, whereas strong negative correlations emerge – not surprisingly – between 

GVA and most other inputs, except for fertilizers and compound feeds (for which we have no 

clear-cut explanation).  
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To analyze the relationship between farm size and cost structure, the farms in the sample are 

divided into three groups. The farm grouping is based on the quartiles of the empirical 

distributions of the total number of livestock units (table 1), where “small” and “large” farms 

correspond to the first and the fourth quartile, respectively, while medium-sized farms are 

those that fall within the inter-quartile range. Based on this classification, ten farms are to be 

considered as small, 18 farms as medium-sized, and ten farms as large. For convenience, it is 

assumed that size effects apply to the whole farm, regardless of the enterprise mix. 

Table 7 reports the averaged estimates of the coefficients, for the three size classes of 

farms. The results show that there are substantial differences between small farms and large 

farms, particularly for the beef and dairy enterprises (though not so much for the crops and 

pork enterprises). 

A comparison of the averaged estimates for small and large farms reveals that the per-unit 

costs for all specific (variable) livestock inputs, except for compound feeds in the beef and 

dairy enterprises, are consistently smaller for large farms than for small farms. Using the non-

parametric Mann-Whitney U test, it was found that these differences are also statistically 

significant in many cases (and in some other cases, the MW-U test statistic is close to the 

borderline). On the other hand, large farms involved in beef and/or dairy production would 

use relatively more compound feeds. This result could be expected a priori (e.g., large farms 

are probably more “intensive” farms), but from our analysis it is not possible to disentangle 

the effects of substitution for crop products, on the one hand, and (technical and/or cost) 

efficiency gains, on the other hand. For example, large farms may be able to purchase 

compound feeds at a reduced price because of volume discounts. Another surprising result is 

that the use of other (misc.) inputs is barely dependent on farm size. Apparently, any expected 

“economies of size” in using semi-variable inputs do not appear to materialize. Finally, the 

results also indicate that the enterprise-level GVA increases with the size of the farm, 

particularly in dairy production and pork production (in the case of the pork enterprise, 

though, this increase is not statistically significant). 
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The validity of a model should not only be evaluated based on the “plausibility” of the 

estimated (mean) coefficients, but also by looking at the accuracy of the model in tracking the 

observed whole-farm input expenditures. Two useful measures of accuracy are given by the 

pseudo-R2 and the mean absolute percentage error (MAPE), which can be calculated for each 

input i. The pseudo-R2 is defined as the square of the simple correlations between itx  and itx̂ , 

while =iMAPE ( )itititt xxxT ˆ)1( −Σ , where itx  and itx̂  are the observed and “predicted” 

values of the whole-farm expenditures on input i, respectively.  

The pseudo-R2 and MAPE results for the varying- and fixed-coefficients models are 

presented in table 8. Apparently, the results are somewhat mixed. Given the fact that the V-

GCE and F-GCE point estimates of the mean coefficients are markedly different, it is rather 

surprising to see that, in terms of within-sample prediction performances, one model is not 

strongly dominating the other. Only in the case of compound feeds, the F-GCE model is 

outperforming the V-GCE model in terms of the pseudo-R2. On the other hand, the 

corresponding MAPE statistic for this input category is in favour of the V-GCE model. 

Finally, by looking at the results based on the individual coefficients from the V-GCE model 

it can be seen that a considerable portion of the variations in the observed whole-farm input 

uses is “explained” by the farm-varying effects, ikt�̂ , particularly for the minor input categories 

of crop products, fertilizers, and phyto and vet products (the pseudo-R2 for the various input 

categories ranges from 0.84 to a value close to one). Nevertheless, a considerable amount of 

unexplained “noise” stills remains, particularly for the major input categories of compound 

feeds, other inputs, and GVA. 
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In this paper, a varying-coefficients Generalized Cross-Entropy (GCE) modeling framework 

was developed for the estimation of the (unobserved) production costs for multi-product 

farms, using standard whole-farm accounting data. In the empirical part of the paper, the GCE 

estimator was applied to cross-sectional (average 2000-2001) data from a sample of 38 “beef-

dairy” farms in Brittany, France. The empirical results are plausible at face value, which lead 
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us to believe that the GCE methodology can fruitfully be applied in other agricultural-

economic settings. 

The main contributions of this paper are as follows. Firstly, unlike most previous studies 

dealing with cost allocation (or multi-output technologies) in the absence of enterprise-level 

input data, the focus of the present study was on accounting for the heterogeneity of farm 

operations. Secondly, the GCE approach turned out to be an effective way to overcoming the 

many practical and methodological problems reported in the cost-allocation literature. 

Specifically, we were able to obtain plausible estimates, showing the right signs, satisfying all 

the accounting restrictions, and being in line with prior expectations. Thirdly, it was shown 

that applying GCE is far less cumbersome and requires fewer computational efforts than other 

(traditional) estimation methods, in particular when dealing with farm-varying parameters 

and/or constraints in a system-of-equations context. Fourthly, we applied GCE to real farm 

data, whereas all previous entropy-based studies referenced in this paper have used 

experimental data in a Monte-Carlo setting. Finally, the framework developed in the present 

study can also be of relevance to researchers involved in input-output modelling. 

 A comparison of our estimation results with existing estimates from other sources was not 

possible. Besides, such a comparison was not considered to be sensible in the first place, since 

the data we used (for only 38 farms located in Brittany) can hardly be considered as a 

“representative” sample of dairy-beef farms in the EU. Based on some experimentations, we 

found that marginal changes in the data set (e.g., omitting the three farms with a negative 

GVA) would already lead to markedly different estimates of the mean coefficients.26 Ideally, 

our estimation results should be compared with actual enterprise-level data for the same 

sample of farms. Unfortunately, though, such data were not available.  

One probable shortcoming of the present modelling framework adopted in this paper is 

that it does not allow for estimating price-induced input substitution; that is, the model we use 

is not a cost function, because it is not an explicit function of input prices. Evidently, changes 

in relative input prices would change input costs and eventually lead to changes in input use. 

This means that the estimated cost-allocation coefficients have only short-run validity, and 

that, therefore, the ex-ante forecasting ability of the model is rather limited. While 

acknowledging this obvious disadvantage, we believe though that this should not be a severe 

problem, as the cost-allocation estimates can easily be updated from time to time to take 

account of changing prices and/or changing production relationships. 

 A number of important research issues still remain, however. One interesting avenue for 

future research would be to “explain” the variation in the coefficients or to “control for” 
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concomitant variables (interaction terms) in the model, such as measures of managerial 

expertise and other structural farm characteristics, thereby allowing for systematic variations 

in the coefficients. Also, more work is needed to obtain improved estimates by, for example, 

creating more homogeneous input and output categories, using larger and more representative 

samples, exploiting the “richness” of panel data and/or employing more realistic prior 

information (e.g., based on expert opinions) on the support values of the cost-allocation 

coefficients. 
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Crop products - Crops

Mean = 0.066
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Fertilizers - Crops
Mean = 0.048
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Phyto. and vet. products - Crops
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 Other (misc.) inputs - Crops

Mean = 0.448
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Mean = 0.328
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Mean = 0.306
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Mean = 0.315
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Mean = 0.277
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