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ESTI:\lATL'\G FEED DE,.\IAt'ill IN THE EC: THE STATE Of THE ART

This paper reviews the 'state of the art' in the field of modelling feed demand in the EC. After presenting a genera! conceptual framework, several methods for empirically estimating feed demand responses to price changes are c1assified. Also, a method is proposed for econometricallyestimating (1) the allocation of feed ingredients among different liveslOck categories, (2) the composition of the various livestock rations, and (3) feed input demand elasticities differentiated according to type of livestock, by using aggregate market data. The potentials of this method for covering all marketable feed ingredients will be explored. In conclusion, sorne pending research issues will be discussed.

Introduction

In conducting simulations of feed policy reforms, it is imponant for EC policy-makers to rely on empirically-justified parameters (elasticities) of feed substitution and allocation. In the past, a number of studies have been devoted to estimate such key parameters of feed input demand. The purpose of this paper is to review the 'state of the art' in the field of modelling feed demand in the EC. After the presentation of a genera! conceptual framework, we c1assify severa! methods for empirically estimating feed demand responses to price changes. Three broad categories of studies are distinguished: (1) studies using a synthetic approach;

(2) studies using a programming approach; (3) studies using an econometric approach. An overview of the existing literature is provided along with an appraisal of the merits and limitations of the various approaches. Next, we propose a method for econometrically estimating at the sarne time (1) the allocation of feed ingredients among different livestock categories; (2) the composition of the various livestock rations; (3) feed input demand elasticities by type of livestock. It will be shown that, under certain conditions, it is possible to net out liestock-specific demand-price relationships even though intermediate flows of feed ingredients are not observable; that is, by using aggregate market data (i.e., total marketable feed usage). In other words, this method will help in overcoming the problems of limited sub-sectoral and national effects. Fourth, the growing role of the compound feed sector should be taken imo consideration, which creates specific linkages between feed manufacturers and livestock producers (we retum to the specific role of the compound feed sectOr below).

;able 1 shows the distribution of livestock activities in te,ms of type of 0pè::tion (mixed, 'rational', integrated) as weil as type of output (beef/milk, pork, poultryieggs).

Obviously, one may observe sorne kind of 'skewness' in this distribution. Reading the table from the top-Ieft to the bottom-right one may generally observe: (1) a higher share of purchased feeds (straights and, in particular, manufactured compound feeds) in the total feed ration and, hence, a higher share of feed costs in total costs; (2) larger expansion elasticities;

(3) smaller substitution elasticities between marketable and nonmarketable feed ingredients;

(4) larger substitution effects between (a widening range of) individual feed ingredients.

Given these various types of livestock producers and the associated comolex feedlivestock linkages (in terms of both substitution and expansion effects), one should adopt a pragmatic approach, on a country-by-country basis, using a 'flexible' model that can be adapted to 'local' conditions. For example, the role and importance of home feed mixing by 'rational' livestock producers will serve as a basis for specifying commercial purchases of feed ingredients by farmers. Altematively, by analysing the production decisions of imegrated livestock producers, we could develop a specification for the demand for manufactured compound feeds. Finally, demand relationships for home-grown feeds such as cereals and forages could be specified using the production decisions of mixed farm operations.

where H = livestock herd (quasi-fixed input); Xi = vector of vanable inputs i where subscripts i = 1,2 correspond to feed and nonfeed inputs, respectively; L = vector oi livestock outputs (including the production of livestock ready for slaughter or livestock product for sale, such as mil!-: A = vector of land allotments for various crops. pasture and forage land required for the production of feeds des::r:ed for livestock; K is a vector or other quasi-fixed inputs such capital, infrastructure, family labour, and so on; T = time trend capturing the effect of technological change; A, fi and k = changes in the quasi-fixed factors.

The above production function can be adjusted to accommodate the three types of livestock operation outlined in the previous section. In the case of the mixed-enterprise farm, it is necessary to partition the vector of land allotments, A, between cereals, on the one hand. and forages and permanent pasture, on the other hand. In so doing, we are able to capture :he èynamic relationships betv..een these two categories of land use. Simil<ül), the set or ;'"".j input variables, XI' is divided between feed ingredients purchased off the farm and homegrown cereals. Another refinement relates to the farmer's possibility to choose among different crops and livestock enterprises, and the recognition that the underlying technology is characterised by sorne sort of jointness. Finally, livestock output, L, can be decomposed in such a way that it takes into account the dual purpose of raising cattle for milk production and beef slaughter. Given all these characteristics associated with a mixed-enterprise farm, the underlying production function should be extended as follows:

(2)

where Xll and X 12 = quantities used of compound feeds and home-grown feeds (cereals), respectively); Y, = production of cereals; A, and Ar = allotments of land devoted to cereals and forages, respectively; all other variables are defined as above. The total amount of land alloned to cereals and forages can be viewed as fixed and to be equal to Â.

In the case of a 'rational' livestock producer, a single-output perspective can be adopted, which means that all resources are geared towards the production of livestock.

Thus, the amount of land, A, owned or rented by the farmer is devoted to growing a -7-

The role of the compound feed sector

The role of the compound sector in the EC has been growing considerably over the last three decades. The supply of manufactured feed rations accelerated the rationalisation and speci~': sation/intensification of livestock production in various EC member counrries (espec:"':!y in those countries located near the major po.:s, s.

as the Netherlar.c5, Bèlg:t::n, and the northern pan of Germany).

In order to capture the substitution possibilities between feed ingredienrs used in the production of compound feeds, one can model the behaviour of the feed compounders separately (and independently) from the input decisions of the livestock producers. Feed compounders use least-cost LP formula to produce their balanced feed rations. Specifically, a multiple-input multiple-output static cost function framework can be used to establish complete elasticity matrices of feed demand (given the ability of feed compounders to 'inSt4rllaneously' adjust the composition of their feed :-.:~ons f~llo•.;•ii'i~fee..: ~~.:.: '::.::'&';5).

The cost implications of feed price changes will, in generaJ, be passed on to the livestock sector, given the low margins (values added) and the competitive structure of the EC compound feed sector (Mahé 1989, p.8/l0)

In producing balanced feed rations, the compound feed sector uses most of the imported feed ingredients (such as oilcakes, manioc, corn gluten feed) for which the trade regimes are different. Therefore, most of the raw products used by the compound feed sector are directly linked to the current agriculturaJ trade or 'substitutes' issue. It is obviously also the compound feed industry where the most dramatic changes with respect to feed demand have occurred. This aJl makes a separate analysis of the EC compound feed sector worthwhile on its own.

Modelling approaches ta estimate Ceed demand systems in the EC

The purpose of !his section is to describe the various modelling approaches for analysing feed demand in the EC. Three broad categories of studies are distinguished: (1) studies using a synthetic approach; (2) studies using a programming approach; (3) studies using an econometric approach. the CES function). The approach only requires a priori knowledge o'f the n direct pnce elasticities and input cost shares for feed ingredients, whereas other synthetic approaches require information on n(n-I)12 own-and cross-priee elasticities.

3.2, Programming approaches

Two types of srudy can be distinguished: (1) studies using a LP-based simulation approach;

(2) studies using a 'pseudo-data' approach.

LP-based simulation approach

This class of studies typica1ly uses a two-part model: (1) LP models are used to determine the adjustment in the composition of the livestock rations as weil as the priees of livestock rations following feed input priee changes; (2) a set of compound feed equations is used to estimale the priee elasticities oi compound ieed demand ior me various ii... ",.oc;" ,<:....ù.,. ~il these srudies no anempt is made to summarise, through a set of elasticities, the demand-price relationships for the various feed ingredients. Exarnp1es of this type of approach are provided by Leuck (1985); [START_REF] Peterson | The effect of trade restncuons on demand for imported feed ingredients in France[END_REF]; Hillberg (1986); [START_REF] Blom | A modelfo-the EC cereal and compoundfeed raw material marker: some preliminary resu/rs[END_REF].

The LP-based approach has a major advantage in that technica1-nutritional restrictions on feed substirution are explicitly taken into account. The comprehensiveness of the LP model is a considerable potential virrue in poticy analysis in which quite radical changes in the conditions are posrulated, since any results will remain fully consistent with the technicalnutritional restictions imposed. An additional advantage follows from the fact that EC feed compounders use LP models themselves to determine least-eost feed rations. As a result, the sarne method is used to analyse the adjustment in the composition of livestock rations.

Finally, the LP-based approach allows for an analysis at a disaggregated level. One should realise, though, that in the LP models do not coyer al1 animal feeds (forages and on-farm mixes of grains).

Pseudo-data approach

This class of srudies uses least-eost LP models to generate so-ealled 'pseudo data', by repeatedly solving the LP models for different sets of feed priees (Griffin 1978). The Many of these models, though, Jack a solid theoretical underpinnlng, and are specitled on an ad hoc basis, As a result, these models generally lead to biased and inconsistent parameter estimates.

:neorerically consisten; approach

These studies are based on the use of duality theory, which allows for greater flexibility in the specification of the demand for feed inputs and permits a very close relationship between economic theory and practice. Because, according to the principles of duality [START_REF] Fuss | Production economics: a dual approach to theory and applications[END_REF]Lopez 1982;[START_REF] Chambers | Applied production analysis: a dual approach[END_REF], there exists a ('reciprocal ') correspondence between the production and cost or profit functions, any one of these functions couId be econometrically estimated to derive input demand and/or output supply elasticities. In practice, the estimation of the dual cost (or profit) functions has proved to be more con-\ '0_:0_' --è ',so"ul 'or es"mau'n-~ulu'plp oU""'u' tp'''nolool'pS 'forp~,•p-thp 0,.. where w = vector of feed inputs; y = vector of compound feed rations.

• Assuming CRS and nonjointness in feed input quantities implies:
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where g.(w) = unit (marginal) cost of producing output k.

• Feed input demand functions are (Shephard' s lemma) :
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Data availability

Using an econometric approach for estimating parameters of the demand-price response sun"ace, assumes the availability of an extensive set of statistieal infùrûlâciù" ùn p.-i~;O.i z,..-,.i demand/supply quantities for all feed Ingredients, compound feeds and livestock products, in each EC member country. Time series should be as long as possible (preferably going back to the 196Os). Such data conditions, however, are far from being satisfied in the EC, especially with respect to feed price-quantity data.

Long and detailed time-series data on feed prices and quantity are available only in two EC countries, namely Belgium and the Netherlands. Other countries, such as France, the UK, Denmark and Germany, also publish feed data series, but they tend to be less extensive and exhaustive in commodity coverage than in the Benelux. Consequently, there is still a need to develop a large data base in the EC that fits the criteria of econometric time-series analysis. While EUROSTAT developed (is developing) a homogeneous data base for feed supply (demand) balances in the EC, it is generally not adapted to the estimation needs associated with the models proposed in this paper.

Conclusion

In view of the predominant role of the feed-livestock sector in EC agriculture as weil as the importance of feed resources in international agricultural trade, it is crucial for policy-makers

  .r.~.....v ...... , l ... ....... • .... v.t" ........ ~v ..so-called flexible functional forms (FFF) , such as the translog or the (symmetric) normalised quadratic, allows for the estimation of demand elasticities without imposing a priori restrictions on the substitution parameters. The dual approach has been pursued in a number of studies: Mergos & Yotopoulos (1988);[START_REF] Surry | Econometrie modelling of the European Community compound feed sector: an application to France[END_REF][START_REF] Surry | The 'Constant Difference of Elasticities ' function with applications to the EC animal feed sector[END_REF];[START_REF] Folmer | ModelIing ECfeed demand[END_REF];[START_REF] Surry | Input substitutability in the EC compound feed industry[END_REF];Peeters & Surry (1993a,b,c).Mergos & Yotopoulos (1988) and Folmers et al. (1990) have built an integrated model covering both marketable and nonmarketable feed ingredients.Mergos & Yotopoulos (1988) estimated derived demand of feed inputs in the Greek livestock sector by using a multiple-input multiple-output (static) cost function. They adopted a two-stage procedure, by using an aggregator function for feed ingredients (weak separability).Folmers et al. (1990) estimated a EC feed demand system, as part of the general equilibrium-type 'European Community Agricuitural Model' (ECAM). In their model, a distinction is made between demand for marketable feed ingredients and demand for nonmarketed greenfodder. Several livestock categories and feed commodities are distinguished. Demand for commercial feed is derived from cost minimisation by national farmers. Greenfodder usage is determined by availability, restrictions on allocation to animal types, and minimum requirements. Their approach is strongly innovative, but it suffers from a number of important shortcomings
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Table 3 :

 3 Modelling framework for estimating livestock-specific 'parameters of feed

	substitution and allocation
	• G is a multiple-input multiple-output feed cost function (assuming zero substitution
	between feed inputs and nonfeed inputs and 'free' composition of feed rations):
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  Most models do not allow for the long-term, nonstationary movements in feed input demand which may be due to sorne kind of price-induced (cereals-saving) structural or teehnologieal change resulting from the persistence of the CAP cereals regime (Guyomard & Mahé 1992, p.19). The relative feed priees pre\'ailing in the EC play a-. ::npo:-..:c;1' role in eneouraging more and more feed compounders to invest in new equipment capable of handling nongrain feed components (such as manioc or corn gluten feed). One way of dealing with biased technological change is through the use of cointegration analysis (for example,Clark & 
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compound feed sector can be analysed by only considering the feed cost iunction. By assuming this admitted!y restrictive modelling framework, we may perhaps do injustice to the compound feed techno,ogy. Neverless, we believe that his exercise is wonhwhile because oi

(1) the imponance of the results, and (2) th elack of valid alternatives, due to the apparent nona 'ilability of the necessary data.

The proposed framework has been applied te the Belgian and Dutch compound feed sectors. The focus was limited to the feed ingredients used by the compound feed industries.

which is justifiable by the fact that in Belgium (or the Netherlands) nearly all marketed ieed ingredients are processed by industrial feed compounders. To keep the model manageable, four groups of (weakly separable) feed ingredients were considered: cereals; high-energy feeds, designated by the term 'cereal substitutes'; high-protein feeds, including corn gluten feed; additives (minerals, vitamins, other supplements). Also three output categories (livestock rations) were considered: poultry feeds: pig feeds; cattle feeds. The data used were prices and quantities of feed inputs (total quantities) and compound feeds (per type of 1234.

Extension to ail marketable feed ingredients

Although the share of manufactured compound feeds in the total feed ration is steadily increasing in most EC countries, not all purchased (marketable) feeds fIow through the compound feed sector. In the UK, however, an increasing proportion of livestock seems to be fed on rations mixed on the farm (Daw & Entwistle 1989, p.53). Therefore, the model proposed in the previous section, which was principally designed for the compound feed sector, should be adapted sc as to coyer all marketable feedS (whether purchased or homegrown) used by livestock producers.

Information on the breakdown of marketable (concentrate) feeds berween home-mixing activities and compound feed manufacturing is not always available. In these instances, one should adopt a pragmatic approach, and treat home-mixing in a similar way as industrial feed Appendix 1: Typology of Iivestock producers in the EC Three broad categories of livestock producing farms can be distinguished in the EC (Surry 1985):

(1) lmegrared livesrock producers: With only ~5::,all land base, these farmers raise poulrry or pigs by feeding mixed or compound feeds. In most cases, these farmers are fully integrated through contracts with either slaughter-houses or compound feeds firms. The objective function of these livestock producers consists of maximising a profit function, subject to a technological feeding process, with one livestock output and one (compound) feed input. In addition, the need to replace the flock of birds or herd of pigs on a regular basis must be part of the decision-making process.

(2)

'Rational' livestock producers: This class of livestock producers has !WO ways of feeding livestock: they can either mix their own feeds or purchase manufactured compound feeds. These farmers make a 'rational' decision by selecting the feed alternative leading to the highest expected net profit. These farmers have also the option of selling their home-grown cereals on the market.

(3)

Mixed ja17TlS: These multiple-enterprise farms grow cereals and other crops as weil as forages to be fed to beef and/or dairy herds. The model representing the economic decisions should include home-grown cereals which are mixed with other feeds in order to raise beef or dairy cattle, The economic objective of these farmers is te maximise the expected net returns of producing milk or beef using home resources.

The above categories of livestock producers can be found in ail EC member countries. For instance, integrated livestock producers will mainly operate in the poulrry sector in Belgium, the Netherlands, France and Germany. Balanced feed rations are provided by the compound feed sector. A similar situation exists in the Benelux, where penetration by compound firms Appendix 2: Estimation results for Belgium , Estimated values for the 1984/85 season using technical information (fixed input-output coefficients) .

• Weighted average for 1ayers and broilers, where the weights are equal to the shares in total compound feed production for pou1try (0.65 and 0.35, respective1y). e Standard (complete) dairy feed.