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The purpose of this paper is two-fold. First, it presents a trade model which extends the basic fumington specification by allowing for varying elasticities of substitution among sources of imports and domestic supplies. This differentiated product rnodel which is based on the use of a linearly homogenous "Constant Difference of Elasticities" (CDEH) ftrnctional form is applied to the French imports and home-produced consumption of nineteen processed food products. The second objective of this paper is to apply bayesian estimation procedures to fagricultural] trade modelling and to adapt them to the proposed trade rnodel. In particular, to overcome simultaneity bias, a linearized approximation of the CDEH rnodel is first proposed. Then, the application of bayesian estimation techniques and the use of Monte Carlo procedures with irnpor-tance sarnpling allows for the derivation of a postiori probabilities that conditions ori the stmcture of the estimated trade model (such as global validity of the underlying CDE functiori) are satisfred. Finally, the posterior distribution of the Allen elasticities of substitution among cornpeting supply sources are computed at the sarnple means point.

A BAYESIAN ANALYSIS OF TRADE IN PROCESSED FOOD PRODUCTS:

AN APPLICATION TO FRANCE 1 -Introduction Expansion in French total agricultural output over the last four decades has been accompanied by an equally, if not more, significant increase in France's trade for agri-food products. Thus, the volume of French agri-food exports increased more than six-fold between l96l and 1990 (Monceau, 1995).

France which was a net irnporter of food products in the sixties became a net exporter in 1970. This net exporting position in agri-food products was steadily consolidated over the 70's and 80's so that

France is now the second world exporter of agri-tbod products behind the USA and before Netherlands. Although French imports of agri-food products did not experience the same expansion as agri-food exports during the same period, they have steadily increased to reach in value terms 150 billion french francs in 1994, among which 2/3 represented import shipments of processed food products. Such a pattern is not surprising and is associated with a gradual integration of the EU agri- food sectors, and the development of intra-trade in this kind of products (de Frahan and Libert, ree6).

The objective of this paper is to explain the patterns of imports and home-produced supplies for processed agricultural products, using a differentiated product rnodel. For this purpose, we propose an extension of the Annington model based on an hornogenous, indirect and implicitly additive structure of consumer preferences from which dernand fbr irnported and home-produced products are derived. Its empirical irnplernentation is facilitated by the use of an homogenous 'Constant Difference of Elasticities' (CDE) functional form developed by Hanoch (1975). Relative to the Armington model, this proposed diflerentiated product model offers the advantage of computing varying elasticities of substitution among sources of irlpoft and domestic supplies.

When estirnated econometrically, the CDE firnctional form nrust satisfy certain conditions (in the form of inequality restrictions on its paranreters) to be globally or locally valid over its regularity domain. If conventional econometric estimation techniques were used, these conditions are not imposed and are usually tested "ex-post". On the other hand, in order to ensure that the estirnated parameters of the CDE function are globally or locally valid, constrained estirnation techniques similar to those developped by Shumway et al. (1990) fbr f'lexible functional forrns could have been applied. We did not follow this route in estirnating the CDE functions but rather opted for an alternative bayesian-like approach developed by Geweke (1989). Irrposing inequality constraints on parameters can be viewed as supplying prior infbrrnation before we proceed to the econometric estimation of the functional form with a data sample, and then to infer the posterior distribution of the parameters. Such an estimation strategy which has been employed recently by Chalfant et al. (1991), and Tifiin and Moxey (1992) for consumer demand and output supply systems derived from flexible functional forms has never been applied to agricultural trade rnodelling. It is our intent to fill in part this gap by adapting Geweke's procedure to the estirnation of hornogenous CDE import and home-produced demand functions for processed food products consumed in France.

-Conceptual and empirical models

The proposed differentiated product model framework retains two essential characteristics from the Armington specification. First, we distinguish commodities that are difi'erentiated by kind as "goods"

and "goods" that are differentiated by origin as "products". Second. rve assume that the utility function is homogenously and weakly separable. This proposed frarnework is however more general than the Armington model in the sense that we allow for imperfect substitution between various import and domestic sources of a given cornmodity. Moreover, we assume that imports and domestic production are viewed as final good supplies entering the decision process of the consumers.

Gven these assumptions, we define a direct, homogenously and weakly separable consumer preference structure where each good qi for I : 1,2,..,rt can be supplied by a set of rl geographically differentiated products r1l,s, from s: 1.2..... m. The products qi( can be ordered into a set of z separable and mutually-exclusive groups. The utility function corresponding to this separable structure is homogenously weakly separable and is defined as follows:

(f[q] : (l [vr(q,,,Çt2,...Çt,), t,z(c]r,,Ç::,...Qt,), ..., 1,,(Ç6,c1,.,.r,...11,,)J Il ] where v,(.) are viewed as homogenous sub-r-rtility hrnctions which depend upon a set of geographically differentiated products 11i". Linear homogeneity of the sub-utility functions also irnplies lhat q, = v, (.) . It is also possible to derive subgroup conditional dernands of the forrn, for all .r'belonging to group i: c1,,1 c1, --8,I P,,J .frn' .s -1.... tn ntrcl i = 1,... rr 12]

The optimization procedure behind the utility firnction [ ] rnay be viewecl as occuring in two stages.

The consumer determines first the product aggregates of each good I subiect to an income constraint and then allocates them among competing suppliers. Because the utility function is hornogenously separable, we can defïne agregate price indices pi which depend upon each pr', through an explicit price function. In the Arrnington model, these price functions are represented by CES price aggregators of all import source prices.

The proposed differentiated product rnodel expresses these prices ftrnctions in an irnplicitly additive fashion through the use of a CDE functional fbnn. Hence implicit CDE price functions are defined and expressed as: where eachHi, is approximated by a CDE function, zr', is the product pricepr.,. normalized by the aggregate price of good r. In 13.1, B* is called the distribution pararneter. ôr., or d,is=I-b,, are the price parameters. d,r is also called the substitution parameter. The CDE price function is globally validif B,"t0,b,,1l,andeither4,<0forall .sor0.b,,.l forall s (Hanoch, 1975,p4ll). Weaker conditions can be obtained and consist of (i) one h,, r l and (ii) somê Blr and bi, being of different signs. By applying Roy's identity, we derive the CDE demands for various (import and domestic) supplies: The subscript I is now omitted for reasons of convenience.

Allen elasticities of substitution can be derived using the following expression ostd.,n o,-f ,ïr drôn a k=t 5' tsl where â", is the Kroenecker sign equal to I for.r : 1 and 0 elsewhere From expressions [4.] and [5.] it can be seen that the Arrrrington model characterized by a constant elasticity of substitution o can be derived by setting all the ô. equal to a constant 11. The elasticity of substition o is then equal to a= l-h .

The system of demand share equations formed by expression [4.] and with stochastic residuals pr" could be estirnated by an appropriate system estirnation technique sr,rch as iterative seemingly unrelated estimation (ITSUR) or maximurn lilkelihood (ML) approach, wlrich takes into account the adding up conditions associated with the budget shares ( J. ). However. due to the highly nonlinear structure of the CDE demand equations, it is probable that non convergent estimation solutions will occur. Furthermore, the existence of a right-hand side endogenor-rs variable implies a simultaneous estimation bias problem. One way to overcome the nonlinearity of the CDE demand equations is to linearize thern using a log-ratio form1. Tlren, iterative three stage least squares estirnation is applied to this new sytem of linearized CDE dernand equations. I This trausforuration whiclt was first sugges{ed b.t, Tlreil lo eslirnale nnrllinornial logit moclel ensures that the estimated shares are alwavs positive and snraller than orrc. Conseqrrerrll_1,. the uronotonicitv conditions are automatically satisfied. Front an ecouometric estiuratiou pcrspcclive. il nreaus that tlre slochastic residrnl l" follows a logistic distribution. The log ratio transforntation applied to the CDE deurand funcliions e.rpressed in quantities was suggested by Hanoch (1975. p. 412) and applied in urost econourctric applications ol'the CDE fuuctional fonn (see Gupta and Dar, 1984, for instance) As it will be explained later, the above estimation procedure is not feasible in this study because the bayesian estimation method that we are using requires all the explanatory variables in the CDE share equation system to be exogenous.As a result, we adopt a two-step approach to estimate the parameters of the CDE demand equations. First, the system of log-linearized CDE dernand equations is transformed in first differences. We approximate the rate of variation of the price aggregator pby a Stone's geometric price index of all import and dornestic sources. This transfonnation is justified through a total differentiation and a re-arrangement of the implicit CDE price function. To show this, let us differentiate expression [3.] and express dprp as a function of all its components, dprlpsThe rate of change dp/p is then given by: dp_ p B t ( !u)'' g "^\lr) dtrt, where dyly=(r/J,/5,)-(d5,,,15,,,):,1(.) designates the syrnbol "first-difference"; and t" is a vector of stochastic residuals which follows a multivariate normal distributiorr with zero means and a variance/covariance matrix I . Note that in expressing the CDE demand share equations in frrst difference, the parameters B, vanish and are not identifiable. The budget shares still appears in the right-hand side of [7.], which still implies the existence of a sirnultaneity bias. To overcome this, we assume that the weights in the Stone's price index are approximated by lagged budget shares2'3.

-Econometric im;rlementation

Given the proposed ernpirical rnodel, the objective is to obtain bayesian estimates of the parameters b, incorporating (global or local) validity conditions Bayesian estirlation consists of combining prior information (prior density functions) with sample infbrrnation (sarnple likelilrood function) to obtain a posterior density of the parameters. Prior inforrnation that can be usecl for the parameters can be either informative (based on existing data or knowledge of the phenornen under study by the 2 Eales and Urmevehr eurployed this procedure to creale lhe lgrcgate price inclex to estinlate AIDS demand share equatious for ureat. products.

3 It is also worth pointing that this trvo-stage esliuration of the CDEH dernand equatiorrs is sonrervhat silnilar in spirit to the estirnation procedure of the Linear Aplrroxinrate Alrnosl Ideal Denrand Syslenr (LA-AIDS) within rvhich the agregate trarxlog price index (comrnou to all AIDS share equatious are relrlaced bv a Stoue's price index. It differs from the LA-AIDS approach in the sense thât the CDE clenrarrcl equations are eNpresse(l irt first differences.

investigator) or non-infonnative or diffuse. In the former case, a prior density function can be well defined and incorporated into the bayesian approach. In the latter, diffi,rse priors are characterized by a flat density function approximated by a constant. In this study, we assume that prior information is diffi.rse, consisting of validity conditions irnposed on the LA-CDE rnodel. This means that in either cases -local or global validity conditiorrsathe vector of pararneters (ô) will satisfy the inequality constraints defined earlier. We also consider that this prior inforrnation on the parameters à is known with certainty, so that a prior density function can be defined by a single indicator function: .f (bb,) = p(h) r.@lù ie l wherey is the sample data set andl,(.) is the likelihood firnction based on observed data. As the prior density function is a simple (unitary) indicator function, the posterior probability distribution is no more than a truncated density function generated from the sarnple likelihood function in expression [9.]. A point estimate of the parameters É which does not violate the regularity conditions is then obtained by taking the mean of the posterior distibution over the the dornain 1), that iss:

E(b) = l,,u,,b .f (hlfldb llo l Expression [0.
] is the conceptual tool that serves to derive point estirnates of the parameter 11. Its implementation is only feasible in sirnple cases wlrere the number of parameters is scant (in general no more than three). Beyond this, it is impossible to integrate expression [l0.] analytically, and we must have recourse to Monte Carlo integration procedures.

3.1 Monte Carlo integration with importnnce sonrpling ' ':

At first glance, the rnost logical way to use Monte Carlo integration to approxirxate expression [10.]

is to draw a large number of randorn drawings fl'orn the posterior distribution and then take the sample means as a "proxy" for E(b). To find a posterior distribution of ô consistent with the (global or local) validity conditions, we would only retain the replications fbr which such conditions are satisifed and then compute the means of the paranreters ô. In so doing, these "restricted" means approximate the truncated posterior derrsity fi"rnction defined by expression [ 10.].

In cases where random numbers cannot be easily generated from the posterior distribution, it is possible to use Monte Carlo integration techniques with importance sampling. This alternative procedure involves drawing from a density function known as the importance function and then taking weighted averages across draws. Put more forrnally, consider g(ô) to be the importance function, from which random numbers are generated. Assume that the ô; is the ith random draw from g(b) and w,=.f (b,ll)lS(b,). Then, the weighted means can be shown to approximate the integral where .fR and gR are the truncated posterior density functions, à,*, is a draw of pararneter à for which the validity conditions hold, and n is the number of draws for which the validity conditions hold.

At the same time as the means is generated, it is possible to compute other relevant indicators. The first one is the probability that the validity conditions are satisfied. Another useful indicator is the variance (and then the standard deviation) of the llosterior distribution which is obtained by taking the estimated variance of the posterior distribution. The latter is cornputed taking into account the importance density function. Finally, to check whether the selected importance density function behaves well, the numerical standard error (n,ic) proposed by Geweke (1989) can be computed for the posterior estimates of the pararneters b. used for the indicators previously defined.

In our case of estimating the LA-CDEH, the rnethod of Monte Carlo integration with importance sampling is well justified because the posterior distribution of the paranleters ô has a complex forrn, thus hindering to generate a well behaved truncated density function through simulation. To show this, the results obtained by Zellnêr for a set of reglessiorr equations is applied to the pararneters à of the LA-CDEH. Assuming diffi-rse priors for ô ancl I , the resulting posterior clensity firnction for â is given by:

.f ('lY) nltl-T'' ï.121

whereocdenotes"isproportional to", T"isthenumberof observationsand Aisamatrix of sizem-I by m-I forrned by the following elements.

cr,, --le,(h1'c,(h)J where e,(à) is the vector of residuals for the ith CDEH equarion.

Although the above posterior density function is "unfarriliar", it is much easier to work with than the corresponding posterior probability distribution associated with an estirnable CDEH model expressed in levels. In this latter case, the CDE demand equations include a right hand side (RHS) endogenous variable (i.e. the price aggregator p) which should be accounted for. To incorporate this RHS variable in the bayesian estirnation of the parameters of the CDE rnodel specification expressed in level formwould haverequiredto undeftake afull systern analysis of the CDE model includingthe demand equations and the CDE implicit price function given by expression[3.]. This would have resulted in a highly nonlinear model structure frorn which it would have lreen irnpossible to generate a posterior distribution of the parameters.. Given this situation, we had side-stepped this simultaneity bias problem by exogenizingthe price aggregator and then by expressing the CDE demand functions in first difference fonn.

-Estintation strategy

To implement Monte Carlo integration with irnpor"tance sampling for the parameters of the LA-CDEH model, we follow closely tlre multi-step procedure proposed by Chalfant et al (1991). First the system of LA-CDEH dernand equations given by expression [7.] and estirnated by ITSUR estimation rnethod produces estimates 6 and its variance/covariance matrix V(b) Then, the random draws for the parameters à are generated with the irnpor-tance ty iirnction which is assumed to follow a multivariate Student-/ distribution. The randorr number generator used for the Êdistribution is based on random drawings frorn the multivariate nornral distribution which are then adjusted to the tdistribution using the various relationshilrs existing between the nornral. clii-squared and Student ldistributions. This procedure suggested by Van Diik and Kloek ( 1990) included several steps which are easily irnplementable. To exparrd tlre nurnber of drawings and also to improve convergence, antithetic replications are also obtained and included into the bayesian estimation procedure. Once the random drawings for the parameters b have been generated. the corresponding values of the posterior density functions âre colxpLrted. The ttrird step of the estirrration procedure consists of checking whether each replication satisfies the global or local validity conclitions. Then, the means and the variance of the posterior distributions ancl the assoicated probability distributions for which validity conditions hold are estirnated using expressior.rs Finally. n..ç.c. of the estirnated parameters 6are derived to check the accuracy ancl the stability of the econornetric results.

-Empirical results

The generalized Annington rnodel developed in the previous section is estirnated for import and home produced supplies of processed fbod products in France. For eaclr of the goocls considered, we distinguish three sources of competing supplies, (and thus two linearizecl CDE equations) namely imports frorn the Rest of the EU (.s:l) and fronr the Rest of the World (RoW) (.s-2) and consumption of home-produced products (s:3). A tirne trend is also incorporated to capture nonprice effect which implies that a constant term is incorporated in expression [7].

Data for all the dependent and explanatory variables are available on an arrnual basis over the period 1977-1994 and are all expressed in rate of variation. The rate of change for the Stone's geometric price index was computed using lagged budget shares. Nineteen processed food products were selected6 Bayesian estimates of the CDE parameters were obtained by applying Monte Carlo procedures with importance sampling to the selected processed food products and by generating 5 000 draws to which antithetic estimates were added. Consequently, the posterior distribution of the b parameters are based on 10000 replications. Under such conditions and in case that we rnust check whether an estimated CDE function is locally valid, it is irnpossible to check such a condition for all 10 000 replications and each data sample point. To overcome this problern. we test the local validity condition at the sarnple mean point by checking the serni definite negativity of the associated matrix of Allen elasticity of substitution.

Lack of space prevented us from reporting estirnates of the paranreters obtained using the conventional econometric approach. However. an inspection of these results led us to draw a certain number of conclusions. First, it was found that the estinrated CDE pararneters were in many cases outside the accepted range. Consequently, local and/or global validity conditions were satisfied for only nine out of nineteen processed food products. For the other food products, it was impossible to obtain well behaved CDE functions. Under such conditions, it is difTrcult, if not impossible, to measure accurately substitution relationships among irnpor-t and dornestic supplies of processed food products.

These difficulties encountered with the conventional estirnation techniques can be overcome using the bayesian procedure which imposes global or local validity conditions on the parameters in the form of priors. In addition, the fàct that we can associate posterior probabilities to these conditions is appealing, providing useful inforrnation on the structlrre ol consunrer preferences. Looking at the first column of Table l, we observe that the probability that the estirlated CDEH functions are 6 Data used to estimate the systenr of CDEH clenraucl eqrratious stcul frour lu'o relercncc sources. Inrport data by origin were obtained frour the French Cusfonrs trade dala base rvlrilc tlrc prices and qturrrtitl' consunted of honte-produced goods are aggregâtes from the French nalional accounls clevelopcd b1' the lnstilrrt Nalioual des Statistiques et des Etudes Economiques (INSEE). Before u'e proceeded rvith tlrc bat'esiart eslirttaliort. both data sorlrces had to be hamronized to geuerate comltarable price and quantitl' aggrcgirtcs ou the virriorrs srrppl-v sources of processed food products. To do so, we used the "NAP 600" level of the French Nalional Accouuls nontenclitlure (about 700 products) and matched it rvith the correspouding nonrenclalurc of the French Cuslonls dala tlasc. Tltcre are about -50 processed food products at the NAP 600 level but u,e only retain the ones for u'ltich eaclt of tlte tlrree ilttport and ltottte-produced supplies represellt at least l% ofthe total consttrtrpliort. 

  ^1-'='i.o,n,(&l'' o' dp/p by expression [6] in the first-difference, log-linearized CDE equations yields the final estimable econometric model specification (which we designate LA-CDEH): d!'=b,dp' *b,,,%+(1t,,-/r,)(Ës,4!) +e -.fnr.s= 1,. ..rt-

  the region of the parameter space fbr which global or local validity conditions are satisfied. Then, through the Bayes rule, we obtain a posterior density function./(.) expressed as:

Table 1 :

 1 Econometric results

	Posterior probabilities	----Âllen elaCticities of substitution
	Posterior probabllity that validity conditions	Posterior probability lhat all Allen
	hold	
	r{t	

It should be retninded that there is no neecl lo worw aborrt nrouolonicit.v couclilions since they are built in the ernpirical CDEH specification.

It should be pointed out thât several estirnates of ô can be lbrurccl. clepencling ulrou tlrc investigator's objective frutction (seeChalfunt et al., 1991. p. 479). Lr our case. lhe aclopliorr of tlre nreans of tlre posterior distribution irnplicitly irnplies that the loss filnction is quadratic. Theu. tlre nrean of tlre lrosterior clistribulion for ô urinimizes the expected loss.

globally regular is quite small for all products except tliree (industrial milk by-products, brandies and wine aperitives). Turning to local validity conditions. results are better. Hence, we found that for eight products, the posterior probability that tliis condition holds is equal or higher than 2OYo while this probability is in the [0.]-0.2] range for seven products. Furtherrnore, it is worth pointing to note that all the standard errors of these posterior probabilities (not reported) are quite small in both cases where local and/or global validity conditions hold. This latter finding would seem to support that the estimates of the posterior probabilities are robust and reliable.

In a three products' consumer preference structure. it is well knorvrr that two possible cases of substituability/complernentarity take place: the first one occurs when all the three goods are substitutes (no complements) among themselves while the other situation concerns the existence of only one complementarity and two substitution relationships. Columns ( I ) and ( 2) of Table 1 report that, conditional upon the fact that local/global validity conditions hold, the estimated posterior probability that these two mutually exclusive situations occur. Looking first at the case of globally valid consumer structures, we observe a high probability (greater than 0.6) that all the competing import and domestic supply sources are substitutes to each otlier. On the other hand, a more varied picture takes place in cases where locally valid conditions of the CDEH firnctions hold. Hence, it is found that nine products, the posterior probability associated with the occurrence of the latter event is rather high, greater than 0.7.

An examination of the posterior Allen elasticities of substitution (computed at the sample means point) allows to refine the previous findings concerning the nature of the relationships between imports and home-produced supplies. Hence, it fbLrnd that for all the fbod products analyzed, complementarity takes place only betrveen irlports fi'orn the European Union and those originating from the Rest of the world. On the otlrer lrand, Allen elasticities are ahvays positive for all products but one (chocolate and confectioneny products) between clornestic ancl irnport sources.

-Concluding remarks

The objectives of this paper are two-fbld. First, we develolt an alternative product differentiation model which extends the Arrnington speciflcation. Second, we propose the use of bayesian estimation procedures to agricultural trade rnodellirrg. The application to this alternative rnodel to French data in processed food products yields results which are superic)r to those obtained with a conventional estirnation procedure. These econometric results are prelirninary and need to be further refined through additional experimerrts and irnprovenrents in the specification of the proposed trade model. Hence, the adoption of an hornogenous consunrer preference structure is too restrictive and should be relaxed towards more general non-horlrogenous structures. The use of Monte Carlo l0 integration with importance sampling is one procedure among a set of simulation methods to generate random numbers. There have been some recent applications of Monte Carlo method based on the use of Markov chains to econometric modelling (Gordon and Bélanger, 1996). We could perhaps employ this latter approach in estimating the trade rnodel developed in this paper. In order to improve the econometric performance of this trade rnodel, it would be appropriate to select other bayesian estimation procedures which are not necessarily based on the approxirnation of integrals of posterior distributions. In this vein, we are especially thinking of bayesian bootstrap analysis of systems of equations similar to the one proposed by Heckelei and Mittelharnrner (1996)