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Abstract

The analysis of asymmetries in the price transmissnechanism at different
levels of the marketing chain provides a good iattic of market efficiency in
vertically related markets. The objective of thaper is to investigate the non-linear
adjustments of prices in the poultry marketing nhaiSpain. The methodology used is
based on the multivariate approach to specify atichate a Threshold Autoregressive
Model. Price relationships at feed industry, prauand retail levels are considered.
Results indicate that, in the long run, price traission is perfect and any supply or
demand shocks are fully transmitted to all priceshie system. In the short run, price
adjustments between the feed and the farmer lemedsfairly symmetric and are
representative of a cost-push transmission meaman@®n the other hand, retailers
benefit from any shock, whether positive or neggtithat affects supply or demand
conditions when price spreads are increasing, winite behaviour is closely related to
competitive markets when faced with declining pspeeads.

EconlLit classification: C320, Q130



1. Introduction

Vertical integration is becoming one of the mostpartant structural
characteristics of agricultural markets. Economiteory suggests three main
motivations for tighter vertical coordination lirg@s (Lawerence et al., 1997): risk
reduction, market imperfections, and the implemigmaof non-competitive strategies
(barriers to entry, price discrimination, etc.).Wyver, no consensus exists about the
effects on social welfare. While limiting the aceed competitors to input sources and
product outlets is viewed as an adverse consequegairs in efficiency may be

achieved that offset those negative effects.

Something similar happens when analysing the cpreseces of vertical
integration on price transmission, which has beea of the main research interests
among agricultural economists, given that suchtioelahips are a good indicator of
market efficiency. Some authors suggest that \articordination contributes to a rapid
adjustment, according to short-run goals. Thus,t dosreases are immediately
transferred to the final output price. Others thin&t, in these markets, firms fix long-

run goals. Therefore, the adjustment process takger.

In any case, there is a common feeling that rptaks do not react very quickly
to changes in market conditions (Borenstein et E)97; Peltzman, 2000). In this
situation the retail price will not be equal to tharketing clearing price and, therefore,
will generate an excess supply. Consequently, coasu will not benefit from

declining farm prices which suggests a redistrinutsf consumer welfare.

Potential explanations for these asymmetric prtationships are market power
at the retail levél (Boyd and Brorsen, 1988; Bailey and Brorsen, 1988ffith and
Piggott, 1994; Borestein et al.,1997; and Bettehdmd Verboven, 2000; among
others), adjustment costs (Blinder et al., 1998¢KBeiand Carlson, 2000; and Chavas
and Mehta, 2002), differences in cost shares ammultirsubstitution possibilities
(Bettendorf and Verboven, 2000), inventory holdifReagan and Witzman, 1982);

! Although asymmetries have been linked to non-cditiye behaviour, this is not necessarily true.
McCorriston et al. (2001), with formal grounding riational firm conduct, showed that in presence of
market power price changes could be greater ortlessthe competitive benchmark case depending on
the interaction between such market power and nsttw scale. In a similar way, although using an
alternative theoretical approach, Azzam (1999) dtbthat, in a context of two-period model of sgbtia
competitive retailers, asymmetries will be genatgbeovided that spatially competitors face concave
spatial demand functions.



asymmetric information (Bailey and Brorsen (19&8)d public intervention (Kinnucan
and Forker, 1987). In any case, as there are masgilge reasons why price
relationships along the food chain may be asymmdigfore explanations can be given
for specific markets, the first step is to analtise existence of such asymmetric price

adjustments.

In this paper we investigate the price transmissi@chanism in the Spanish
poultry marketing chain. Particularly, we will fagour study on answering the question
of whether Spanish poultry farmers benefit or nainf unanticipated positive and
negative supply or demand shocks. Poultry has loeenof the agricultural sectors
where vertical coordination practices have developarlier and more intensively. The
high dependence of poultry production on feed Bd<d different kinds of coordination
between the different stages of meat productiongirg from contracts to vertical
integration. Nowadays, almost 95% of the poultrgduction in Spain is carried out
under some type of vertical integration or coortiorg and so it is a good example for
analysing price behaviour in vertically related keds.

The rest of the paper is organised as follows. BctiSn 2 the main
characteristics of the Spanish poultry sector agecdbed. Section 3 provides a
description of the methodological approach usedhe paper. Section 4 reports our
empirical results. Finally, Section 5 closes thpgyawith some concluding remarks.

2. Relevant features of the Spanish poultry sector

The poultry sector in Spain accounts for 5% of E@al Agricultural Output,
20% of the total meat production and 14% of thalt&uropean Union (EU) poultry
production. Furthermore, it is the second main Bapfor the meat processing industry
after pork. Together, these constitute the mostomapmt components of the Spanish
agro-food industry in terms of production and emgpient. In 2000, it accounted for
20% of the total agro-food industry output.

Poultry is also a key agricultural sector becanfsis close links with the grain
and feed sectors. In contrast to the Northern Eaopcountries, and in spite of its
decreasing use, cereal still constitutes the mainmaterial in feed composition. This

can be explained by the distance to the most irapbittarbours in Europe, through



which cereal substitute products are imported, lapdhe existing surpluses in cereal

production (mainly barley).

The animal feed industry is the third most reléveamponent in the Spanish
agro-food industry, representing around 10% ofttital output. Moreover, 25% of the
quantity produced is destined to the poultry sedttmwever, only 5% of the poultry-
feed production is marketed in a “free market’other words, 95% of feed is destined
to the “cautive” market, constituted by poultry rfeg, which are linked to the feed

industry through some kind of vertical coordination

Poultry and pork have been two of the agricultusattors where vertical
coordination practices have developed earlier andremintensively. The high
dependence of poultry production on feed has ledifferent kinds of coordination
between both stages of meat production, ranging ftontracts to vertical integration.
Thus both benefit from a risk reduction. Nowadaxestical arrangements have spread

to the meat industry and, in some cases, to tiad setctor.

Taking into account the objective of this papee, thost relevant information is
provided by the evolution of different prices inetlBpanish poultry chain. Figure 1
shows the evolution of monthly feed (FP), produ&d?) and retail (RP) price indexes
(1980=100) during the period 1980-2001. Feed awdurer prices are taken directly
from publications of the Spanish Ministry of Agrittire, Food and Fisheries (MAPA).

Retail prices are taken from the Boletin EcononieblCE (Ministry of Finance).
(Insert Figure 1 about here)

As can be observed, the three prices show a sipd#ern during the whole
period although more volatility is observed aftggal®’s joining the EU, mainly at
producer and retail levels. Marketing margins &t tétail level have increased during
the last decade. Furthermore, it is important tteribat the retail price tends to react

slightly later than the other two prices when fgohanging market conditions.

3. Methodology

Using semevariations of a model first developed by Wolframt®71) and later

modified by Houck (1977), most authors have foundience of both asymmetries in



price adjustments and a cost-push price transmiss&chanism for different produgts

(see, for instance, Ward, 1982; Kinnucan and Fork@87; Hahn, 1990; and Hansmire
and Willett, 1992; Griffith and Piggott, 1994; angoathers). More recently, Pelztman
(2000), in an exhaustive paper, found that retailgs tended to rise faster than they fell

suggesting a revision of the traditional econorhaotry of markets.

However results from the empirical modelsittsed bythe above authors to
investigate asymme#rse in price transmison have to be interpreted with caution, as
they have not adequately considérékde time series properties of the data. Von
Cramon-Taubadel (1998) showed that the traditi@esahometric specification used to
test for asymmetric price transmission is incoesistwith cointegration. He proposed
an alternative specification of the Wolffram-Houdlodel based on the error correction
representation and taking into account the proeedpproach suggested by Granger
and Lee (1989).

A second limitation is that, generally, it is assghthat the underlying price
transmission mechanism is linear. However, thegmes of fixed costs of adjustment in
the food chain may generate non-linear reactidreg, is to say, price adjustments may
be different depending both on the magnitude aedsipn of the initial shock. In other
words, it is not unrealistic to suppose that onlyew the initial shock surpasses the
critical threshold do economic agents react tdfithis is the case, then threshold
models of dynamic economic equilibrium are more rappate when analysing

dynamic price relationships between markets irfabe chain.

In this paper, we apply the methodological approswigested by Hansen and
Seo (2001), which has already been applied foliapaseparated markets by Goodwin
and Piggott (2001) and Lo and Zivot (2001). Moregsely, we have initially specified
a three-regime Threshold Vector Autoregression méECM3) to analyse the price
transmission mechanism in the Spanish poultry secto

3.1 Threshold cointegration

Let R=(P.,P.)’ be the log price of a good at two different leveof the

marketing channel, assuming thaisPa vector of (1) time series which is cointégca

2 The only exception is Boyd and Brorsen (1988), whanot find asymmetric price relationships in t@
pork sector.



with a common cointegrating vect@ = (L—{3,). The linear VECM representation of

order k of Rcan be written as:
k-1
AP, = a[w, (B)]+ D FAP +g, (1)
i=1

where w, (B) =B'P_, is the cointegrating vector evaluated at the genelue f=(1,-

Bo); I, i=1, 2... are (R2) matrices of short-run parameteusis a (2) matrix; anck;

is a vector of error terms that are assumed toéependently and identically Gaussian
distributed with a covariance matixwhich is assumed to be positive definfids the
cointegrating vector which is commonly interpregsdthe long-run equilibrium relation
between the two prices in Pwhile a gives the weights of the cointegration relatiopshi

in the VECM equations.

Following Lo and Zivot (2001), a three-regime #ireld Vector Error
Correction Model (TVECN), can be written as:

k-1
Hr o, (B)+ L TAR +er, i 0, (B) <N
i=1

k-1
AP, = U+ 0y, (B)+ Y TPAP +€2, if N<w,(B)<N 7
i=1

k-1
W+ aw, (B)+ Y TR, +ef, if @y (B) <N

whereA=((A, \,) are the threshold parameters that delineate ffeefit regimes.

As can be observed, the TVEGM (2) specifies that the adjustment towards the

long-run equilibrium relationshipdp, (B) =B'P,_;] is regime-specific. This model says

that the dynamic adjustment of @epends on the magnitude ®©f(B) =p'P_,.

A special case of the TVECM given in (2) occurgiice changes are smaller
than transaction costs. In this case, prices vatl adjust in the second regime (in the
middle one) implying that prices are not cointeggetthat is,a’=0 andp?® =0. The
resulting model is the so-called Band-TVECMUf() =B P_; is within the band, then
prices are not cointegrated andféllows a VAR(k) without a drift. However, in the
outer bands economic forces push prices movingtliegemplying cointegration with

different adjustment coefficients. Ifo, (3 PA? (w,(B) <\, then the cointegrating



vector reverts to the regime-specific mean wittadjustment coefficiedtp® (p*) while

AP, adjusts to the long-run equilibrium with a speéddjustment vecton® (a*).

Note that when the threshold parametérsgndA?) are both fixed (known a
priori), the model is linear in the remaining paeers. In such circumstances, and
under the assumption that err@sare iid gaussian, parameters in model (2) can be
estimated by multivariate least squares. Howevegeneral, the threshold parameters
(A\"s) are unknown and need to be estimated alongtwétlremaining parameters of the
model. Lo and Zivot (2001) propose a strategy whodmbines Hansen’s (1999)
approach to estimate two- and three-regime uniteaii@R models and Tsay's (1998)
procedure to estimate multivariate TVECM.

In the first step, the threshold parameters caestienated through the following

optimisation prograrh

(&, ) = argmin(S, (1, 1))

A0 A

where

S,(\LN) = In‘i()\l,)\z)

and E(B,x) is the estimated covariance matrix of model (2)ditoonal on Q).

The second step consists of testing if the dyndmalaviour and the adjustment
towards the long-run equilibrium relationship i:dar or exhibits threshold non-

linearity using the sup-LR statistic proposed byaml Zivot (2001):
LR, =T(In$/-In$(A, 4,)) 4)

where % and 2(A,,1,) are the residual covariance matrices of the VECM BMECM,

respectively.

® The adjustment coefficient is obtained as follows

_ _ J _ _
p' =1+Ba’ =1+[1 —le{g?} =1+a}-B,0}

2

* The grid search minimizes the log determinanhefresidual covariance matrix of the TVECM, whish i
analogous to maximizing a standard LR test. Thisran differs from the approach used in other ieicgd
analyses (Goodwin and Holt, 1999 and Goodwin amd®, 20001) in that it does not assume cross-
equation independence between the residuals.



Once non cointegration and linearity have beenctefe there are several
questions that have to be answered in the empiacalysis before allowing the
researcher to interpret results. The most impartamihout doubt, is to determine which
kind of threshold model is more appropriate for theta (humber of regimes, the
TVECM or the Band-TVECM, and a symmetric or asymnmuehreshold model). This

issue will be properly addressed in the empiricallgsis.
4.2 Non-linear impul se response functions

Once the TVECM has been estimated, it is usefuanalyse the short-run
dynamic behaviour of the variables by computingithpulse response functions. This
can be particularly suitable for studying the tirpath response of variables to
unexpected shocks at time t. However, given thanthn-linear time series model does
not have a Wald representation, computing the BtRHese types of models is not an
easy task. In addition, as discussed in Koop et(1#196), the complications arise
because in non-linear model§ the effect of a shock depends on the histéithe time
series up to the point where the shock occurs;iiqnie effect of a shock depends on
the sign and the size of the shock. As a conseguencnon-linear models impulse
response functions depend on the combined magndtitiee history P1=w.1 and the

magnitude of the shodk(relative to thehreshold valu@)

The Generalised Impulse Response Functions (GiRifeduced by Koop et al.
(1996) and Potter (1995) offer a useful generatisabf the concept of impulse
responses to non-linear models. Their analysissiedwon the asymmetric response of
the variables to one standard deviation of bothtipesand negative shocks. The Non-
linear Impulse Response Functions (NIRF) are ddfinea similar manner to traditional
GIRF, except for replacing the standard linear jgted by a conditional expectation.

Hence, the NIRF for a specific shoek=9 and history Pi=¢.1 (the history of the

system) is defined as:

NIRF(n,3,0,,) =E[P., |&, =8,€,., =...= €., = 0,0,]
~E[P.. |, =0€,,=...=¢,,, =0,0,,] forn=01,...N

Taking into account this definition, it is cle&at the NIRF is a function @i,

and¢.100Q¢ (Q:1 is the history or information set at t-1 useddeetast future values

® |n the linear model, IRF are symmetric, in thessethat a shock of siz& has exactly the opposite effect to
that of a shock of siz&



of Pt). Given thab and¢..; are realisations of the random varialfas ands;, Koop et

al. (1996) stress that NIRF themselves are realissbf random variables given by:

NIRF(n€,Q,,) =E[R,, |€,Q,|-E[R,, Q] (5)

4. Empirical analysis
4.1. Data and preliminary analysis

In this section we perform the multivariate thrddhoointegration approach
described above to analyse the price transmissiechanism in the Spanish poultry
sector. The methodological approach consists offdhewing steps. After testing for
unit roots, we test for cointegration using the alden (1988) procedure. Second,
taking into account the results from the previotep sseveral restrictions are imposed
on the cointegrating vector in order to test fondeun price homogeneity. If
cointegration is found, the next step consists eieamining whether the dynamics of
the data can be described by threshold-type n@aities. Finally, if the price
transmission mechanism follows a threshold errarembion model (TVECM), then
non-linear Generalised Impulse Response functioascalculated in order to analyse

the response of each price to unanticipated pesind negative shocks.

The data used have been described in Section 2/afitibles are expressed in
natural logarithms. Before implementing the Joharesed Juselius’ procedure for the
cointegration analysis among the price series, ivg¢ éxamine their stochastic time
series properties. Due to the monthly frequencyaif, seasonality is investigated by
implementing seasonal unit root tests following firecedure developed by Franses
(1991). As can be observed in Table 1, results ftleenseasonal unit root tests clearly
indicate that the three price series are stationdoreover, seasonal dummy variables
were not significant indicating that neither a deti@istic nor a stochastic seasonal

component was present. Only the null of the unitt @t the regular frequencyu£0)
cannot be rejected. However, the tests presentedairvery powerful if seasonal components

are not present and traditional unit root testaikhbe implemented.
(Insert Table 1 about here)

However, a second problem arises when examiningr&id, as price series

exhibit a changing trend around 1985-86, that isenvSpain joined the EU. In this



case, the distribution of traditional statisticstést for unit roots change (Perron, 1989
and Rappoport and Reichlin, 1989) and auxiliaryresgions must incorporate the
structural change (Perron, 1989 and Banerjee,et392). Unit root tests with structural

breaks are conducted for each price series. Tablo®&s the main results. In the three
price series the null of non- stationarity cannetréjected indicating that all price series
are 1(2).

(Insert Table 2 about here)
4.2.Cointegration analysis

In this section we address the first step to spe&iffTVECM (i.e. testing for
cointegration and estimating the cointegratingti@hship). The Johansen procedure is
used to test for cointegration among the time sekscribano and Mira (1996) and van
Dijk and Franses (1997) show that the cointegratiegtor can still be estimated
superconsistently in the presence of neglectedlinearity in the adjustment process.
Nevertheless, given that the TVEGMiefined in (2) is bivariate with only one
cointegrating vector, the analysis has been caroatl considering two separate
subsystems. The first one considers the relatipnséiween the feed price (FP) and the
producer price (PP), while the second analysegdlaionship between the producer

price (PP) and the retail price (RP).

However, the presentation of the data in the previgection has revealed that
the single series may be characterized by a brdikear trend due to the Spain’s
integration into the EU. These deterministic comgrie may affect log-price
differences and have to be included in the pridatimnships in order to obtain
stationarity. So, to test for cointegration we havged a generalization of the
multivariate Johansen testing procedure proposeddhansen et al. (2000), which

allows for broken linear trend levels.

Assuming one break in the deterministic compondémigrcept and trend) at
time t=T;, Johansen’s procedure is based on the definitfoa p-dimensional VAR
model of k-th order in the form of a vector errarrection model (VECM) which, in

matrix form, can be expressed as:

k-L K
AZ =a(BZ, +o,(t-DD, +o,(t-1D,,) +ZriAZt—i +14D,, + 14D, +Zlet—i +é& (6)
i=1

i=1

10



where Z is the vector (px1) of price series being congdeNZ=7-Z;1; D;; is a
dummy variable which takes the value one foritelid zero otherwise, Ax=1-Ds; T;
are matrices (pxp) of short-run parameters (i=k;1); @, @, M1, and , are (px1)
parameter vectors related to the linear trendsiataicepts of the two regimes, and
&[N(0,2) .

The Johansen procedure tests the rank r of theixmateap', wheref3 is a

matrix of long-run coefficients such that tH#z;.,) term represents the (r) cointegration
relationships in the multivariate model which emstivat Z converge to their long-run
steady-state solutions, whilst the parameters ofrixnaa measure the speed of
adjustment of the dependent variables to the lamgequilibria reflected in the term
(B'z,). Hence, the rank r determines the number of egnation relationships between
the p variables of the system (6). Johansen €2@00) proposed the trace statistic to
test for the cointegration rank. Critical values fioe asymptotic distribution of the test
can be computed by using a response surface givdrhansen et al. (2000).

The optimum lag of the VECM has been selected enbidsis of the Akaike
Information Criterion (AIC) and the Likelihood Rattest proposed by Tiao and Box
(1981). Both tests provide consistent results amticate that both systems have to
include five lags. Misspecification tests for auwdoelation and normality, described in
Doornik and Hendry (1997), have been carried outefach system to check for the
statistical adequacy of the model. Results inditiaé¢ the models specified above are

quite satisfactory.

Table 3 (first row) shows the results from the tegnation tests. At the 5% level
of significance, the trace statistic indicates tihat null hypothesis of one cointegrating
vector cannot be rejected in either system. Givea the cointegrating rank is one, we
have tested whether the price transmission betweed and producer prices and
between producer and retail prices is perfect enltimg run. This hypothesis states that
the cointegrating vectd in each system should satisfy the long-run pricedgeneity
condition (1,-1). All restriction tests on the c@igrating vector are asymptoticaj(v)
distributed where, v is the number of imposed reins’. Results from the Likelihood

Ratio (LR) statistic (second row of Table 3) shdvattthe homogeneity restriction

® For further details, see Johansen and Juseli@g)E®d Johansen (1995).
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cannot be rejected and has empirical support. Comesely, it can be concluded that, in
the long run, any change in any of the prices fi¢mdnt levels of the Spanish poultry
marketing chain is fully transmitted to the rest.

(Insert Table 3 about here)

As far as the significance of the deterministic poments included in the model
concerned, Table 3 (third and fourth rows) showat tim both systems the trend
coefficients are not significant at the 5% levekanificance. As a consequence, linear
trends can be completely excluded from the modeplying that intercepts can be
restricted to the cointegrating space (as Tableh@ws, intercepts are significant).

Finally, the restricted cointegrating vectors akeeg by (Table 3, fifth row):
LnPP — InFP =1.167[p+1.0700; (7
LNRP — InPP = 0.604{+0.792D; (8)

The constant terms in (7) and (8) represent thee@mpread at the farm and retalil
levels, respectively. Taking into account thatpaites are expressed in logarithms, (7)
and (8) represent percentage spread models witark-up of (€-1) (with o being the
constant) (Tiffin and Dawson, 2000). Hence, thenfand retail marketing margins can

be expressed as follows:

Farm margin = (&1)xFPx100 9)

Retail margin = (&1)xWPx100 (10)

The corresponding values of marketing margingHertwo sub-periods in which
the sample has been divided (before and after pmimg the EU) are shown in last
row of Table 3. The farm margin has decreased 8% &8 a consequence of increasing
costs after joining the EU and the stabilisationfarfim prices. However, the retail

margin, as shown in Figure 1, has increased by 50%.
4.3.Threshold cointegration

Once the presence of a long-run equilibrium retethip between the two pairs
of prices has been detected, the next questiohésh&r possible non-linearities exist in
the adjustment process. We start by testing naatity and, if the null of linearity is
rejected, by determining the number of regimesacheof the two TVECM specified
for systems (FP-PP) and (PP-RP), respectively,idensg the estimated cointegrating
vectors, given in (7) and (8), as the respectivestmold variablesu§.1). The LR test for

12



linearity against a multivariate TVEGMLR1,3) is based on a VECM with 5 lags for
systems (FP-PP) and (PP-RP), respectively. ResoltsLR; 5 linearity tests are shown
in Table 4. In both systems, the null of lineargyejected at the 5% level, in favour of
the threshold model.

(Insert Table 4 about here)

Given that linearity is rejected in favour of thne&l non-linearity, next we test
which threshold model is more appropriate to charaee the non-linear dynamic
adjustments of prices using the following LikelilmoBatio (LR) statistic (Lo and Zivot,
2001):

LR2s=T(n[5, (A)]-m[E, (D)) (7)

where iz()\ ) and is()\) are the estimated residual covariance matrices ftioe

unrestricted TVECMand TVECM, respectively. The asymptotic distributions ofilsR

are non-standard and bootstrap methods can beausethpute approximate p-values.

As can be observed from Table 4, in both casekRhstatistic rejects the null of
a TVECM, against the alternative of a three-regime TVE(CBuUggesting that price
transmission in the Spanish poultry marketing ctan be characterised by a three-
regime threshold process. At the bottom of Tabtbetestimated threshold parameters

from the TVECM are shown for both systems.

The estimated TVECMW coefficients are shown in Table 5 along with réesul
from the misspecification tests. As can be obsertteel results of the diagnostic tests
suggest that the estimated models in both systeenadequate as there is no evidence
for remaining residual autocorrelation, ARCH tedtl to reject the null of
homocedasticity and, finally, normality cannot legected. Moreover, for both systems,
the estimated parameters in the outer regimesgm#icant and have the expected sign.

However, in the middle regime (regime 2) adjustnudfficients are not significant.
(Insert Table 5 about here)

Considering this result, the TVEGMould be re-specified as a Band-TVECM
as has been defined in Section 3. A Wald tesaiiged out to check if the adjustment
coefficients in the middle regime are jointly sificant in both systems. Results indicate
that, in both systems, the null of no significancannot be rejected at the 5%
significance level (the Wald statistic is 3.25 ah84 for systems FP-PP and PP-RP,

13



respectively, while the critical value is 5.99).r8equently, it can be concluded that
Band-TVECM is more appropriate than the unrestiicie/ECM to represent the

asymmetric adjustments of poultry prices in thekating channel. The first regime is
associated with lower marketing margins while thiedtregime corresponds to periods

with higher marketing margins in both systems.

The estimated parameters of the Band-TVECM fortwee systems are given in
Table 6. Furthermore, we include the estimatesi®fadjustment parametegs, which
measure how the cointegrating vector reverts taegene-specific mean (see footnote
3). As can be observed, the estimated paramgteins regime 1 are always lower than
those in the upper regime. A smallgr means that price adjustments after disequilibria
are faster. In the lower regimg is 0.403 for system (FP-PP) and 0.447 for systeR: (
RP) and increases to 0.773 and 0.48 for systemsandewo, respectively. In other

words, adjustments are faster when deviations ftbm long-run equilibrium are

negative.
(Insert Table 6 about here)

The speed of adjustment is usually measured by sihwealled half-life

[In(0.5)/In(p,)] which states the number of periods requirededuce one-half of a

deviation from the long-run equilibrium (Taylor, @0. Taking into account the results
mentioned in the above paragraph, the half-lifedases from 0.76 and 0.85 weeks to
2.69 and 0.94 weeks for system (FP-PP) and sysRaR{), respectively. These
results indicate that the adjustment induced bggative deviation from the stationary

price relationship is much faster than when induced by a positive deviation.

In any case, as we have already mentioned in theiqus section, the key
feature in threshold models is the pattern of thtareated coefficients of the matrix
(aj)) associated with the cointegrating vector in eadime. These coefficients can be
useful to analyse which prices “equilibrium adjuatid which do not. Although these
results will be better understood by computing ithpulse response functions, which

will be the aim of the next section, we will try anticipate some of these results here.

In the PP-RP subsystem, after a positive devidtimm the long-run equilibrium
(third regime), adjustment coefficients are sigrafit, indicating a feedback effect

between the two prices. In addition, estimated fewehts indicate that the speed of

14



adjustment of the retail prices is slower than tifahe producer prices (the retail price
adjusts by eliminating 14% of the positive impaengrated in the previous period,
while in the case of the producer price the adjestinis 35%). In the case of a negative
deviation, this situation is reinforced as retaiices do not adjust to changes in the
long-run equilibrium. These results indicate, cetesit with previous literature, that

retail prices are sticky relative to producer psice

In the (FP-PP) system, the results are fairly regmeative of vertically
integrated markets. Positive shocks to the priceagpgenerate a quicker adjustment of
feed prices while they remain more rigid after niegashocks to the price spread. Thus,

in both cases there is a quick adjustment to thg-fan price spread equilibrium.
4.4. Short-Run Dynamics

Short-run dynamics have been analysed by compthedRF, which show the
response of each price in the system to a shoekynother price. In this study, non-
linear IRF (NIRF) have been calculated for bothhw# system for regimes 1 and 3. In a
context of non-linear models, NIRF are very usefobls, as they allow us to
differentiate responses to both positive and negashocks. Moreover, the time at
which the shock takes place is relevant and, tivescould expect different responses

depending on which of the regimes the shock isyred in.

In order to analyse the asymmetric behaviour ofgadjustments, the NIRF
have been computed fé=+1 and for history-specific regimes in which the demin
equilibrium relationship (i=1,2 for the first andcond system, respectively) is above or
below the upper and lower threshold values. Figaresid 3 show the NIRF for each
system. In each regime, the NIRF for each foreegdibrizon is the average across all

possible Nhistories (with Nbeing the number of observations in thedgime).

Figure 2 shows the NIRF for the system (FP-PP)%odbsitive and negative
shocks produced in both the first and the thirdmeg. Several implications for price
relationships arise from it. As can be observedpoases to a shock in feed prices
generate symmetric responses, that is, the eftdgmsitive and negative shocks are
more or less of the same magnitude. This symmbéi@viour is quite consistent with
previous expectations as these two levels of theketiag chain are vertically

integrated. Moreover, responses are similar intih@ regimes. On the other hand,
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producer prices are more flexible than feed prioethe short-run, increasing producer

marketing margins as a consequence of cost-pushes.
(Insert Figure 2 about here)

A shock to the producer price does not generateresyponse in feed prices in
either of the two regimes. This result clearly gades the existence of a cost-push price
transmission mechanism in the FP-PP system. Respaisproducer prices are more
persistent. An interesting result here in relatiorthe responses of producer prices is
that, in the first regime (negative deviation fratre long-run price spread), price
adjustment is positive-asymmetric, that is, prineréases are transmitted faster than
price decreases. However, in the other regime fjpesdeviation from the long run
price spread) the opposite occurs. These resullisate that in the Spanish poultry
sector prices react quickly to changing conditidosreach long-run equilibrium

immediately.

Let us now consider the system (PP-RP) under ftisé riegime, i.e. negative
deviation to the long-run price spread equilibrifigure 3). In general terms,
responses are fairly symmetric. A positive shockhe producer price squeezes the
marketing margin. On the other hand, negative shgekerate increasing price spreads.
This result shows a fairly competitive behaviounislis not surprising, given the degree
of vertical integration which makes firms work wittost functions characterised by
increasing returns to scale. Under such circumsgndcCorriston et al., (2001)
showed that the retailing market power could besaiff This situation is radically
different to that existing in other meat marketswhich production is not so highly
vertically and horizontally concentrated. Moreov&¥ positive or negative shocks to
the retail price generate responses of lower mageitthan in the producer price,
indicating, also at this level of the marketing ichaa cost-push transmission

mechanism.
(Insert Figure 3 about here)

The situation changes in some way in the thirdmegicharacterized by positive
deviations of the long-run producer-retailer prispread. The price transmission
mechanism holds, as responses to a shock in tldeigepprice are of higher magnitude
than in the case of a shock in the retail pricecé&s be observed in Figure 3, a positive

shock in the producer price generates immediaigoreses of both prices of the same
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magnitude keeping marketing margins constant. Heweesponses to negative shocks
are very low, suggesting that positive shocks apeenpersistent and generate positive

asymmetries.

A 1% positive shock to the retail price generatesnamediate and significant
response of both prices. However, the magnitudsuoh responses is quite different.
The wholesale price exhibits a certain delay irustiipg to the new situation, reaching
the maximum response after three weeks. Thus,uthm the long run both prices are
homogeneous, in the very short-run retailers befreim a demand shock as the price
spread increases. In the case of a negative shottletretail price, price spreads also
increases and producer prices show more nomineé giexibility. As can be easily
observed, under positive deviations from long-ruicgspreads, the magnitude of the
asymmetric effect is greater in the case of thailretice, suggesting that inflation in
poultry products is not exclusively generated bgtdncreases, but rather by a mixture

of both cost and marketing margin increases.

5. Conclusions

This paper has explored the non-linearity in thegptransmission mechanism in
the Spanish poultry marketing chain, a sector ctaraed by a high degree of vertical
integration and horizontal concentration. Two systams have been studied: on one
hand, the relationship between farm and feed pramed, on the other, the price
relationship between the producer and the retaikaetdevels. The methodology used
has been based on the specification and estimatianthree-regime TVECM. In both
systems, price reactions in the intermediate reganeenot significant, allowing us to
specify a Band-TVECM. The results obtained suggesimber of points.

In the long run, prices at different levels of tmarketing chain are perfectly
integrated, that is to say, any change in any efptfices is fully transmitted to the rest.
However, in the short run, results are differergataling on the system being analysed.
Price adjustments between the farm and the feeglsleare quite consistent with the
existence of intensive vertical coordination betwebkese two steps of the Spanish
poultry marketing chain. Reactions of both pricegositive and negative shocks are
symmetric and producer prices are more flexiblevguggests that there is a cost-push

transmission mechanism.
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The analysis of the price transmission mechanisiwden the producer and the
retail levels offers a different picture and alspednds on the specific regime in which
the shock is generated. The main conclusion is thatn environment of positive
deviations from the long-run price spread, retaileenefit from any shock, whether
positive or negative, that affects supply or demaodditions. In the first regime
(negative deviations from long-run equilibrium), mketing margins tend to remain

quite stabilised.

The analysis has focused on vertical price adjustsna the Spanish poultry
sector but it can be extended in several directibirst, a natural extension will be to
investigate other meat sectors in Spain with dffiermarket structures (different
degrees of market integration) or other food secterth different characteristics
(branded products, more processed products, neshpbte products, etc). From the
methodological point of view further refinementsuttbbe used in the future as new
theoretical econometric issues arise in the corderbn-linear models in a multivariate

framework.

6. References

AZZAM, A. (1999) “Asymmetry and Rigidity in Farm-Ral price Transmission”. American
Journal of Agricultural Economics, 81, 525-533.

BAILEY, D.V. and BRORSEN, B.W. (1989): “Price Asynetmic in Spatial Fed Cattle
Markets.” Western Journal of Agricultural Economitd: 246-252.

BALKE, N.S. and FOMBY, T.S. (1997): “Threshold Ctégration.” International Economic
Review, 38: 627-645.

BANERJEE, A., LUMSDAINE, R.L. and STOCK, J.H. (1992Recursive and sequential test
of the unit root and trend-break hypotheses: theod international evidence”. Journal
of Business and Economic Statistics, 10: 271-287.

BETTENDORF, L. and F. VERBOVEN (2000): “Incomplefeansmission of Coffee Bean
Prices: Evidence from the Dutch Coffee market”. dpg#an Review of Agricultural
Economics, 27, 1-16.

BLINDER, A.S., CANETTI, E.R., LEBOW, D.E. and RUDDJ.B. (1998): “Asking about
Prices: A new Approach to Understanding Price 8te$s”, Russel Sage Foundation,
New York

BORENSTEIN, S., CAMERON, A.C. and GILBERT, R. (19970 Gasoline Prices respond
asymmetrically to Crude Oil Price Changes?”. Qubrtdournal of Economics, 112:
305-339

BOYD, M.S. and BRORSEN, B.W. (1988): “Price Asymmein the U.S. Pork Marketing
Channel.” North Central Journal of Agricultural Bomics, 10: 103-109.

BUCKLE, R.A. and CARLSON, J.A. (2000): “Inflationnd asymmetric Price Adjustment”.
Review of Economics and Statistics, 82(1): 157-160

CHAVAS, J.P. and MEHTE, A. (2002): “Price dynaminsa vertical sector: the case of butter”.
Agricultural and Applied Economics Staff Paper 8gri452. University of Wisconsin-
Madison.

18



DOORNIK, J.A. and HENDRY, D.F. (1997)Modelling Dynamic systems using PcFilm 9
for Windows”. Timberlake Consulting, London.

ENGLE, R.F. and GRANGER, CW.J. (1987). “Co-intagma and Error Correction:
Representation, Estimation and Testing”. Econome®b: 251-276.

ESCRIBANO, A. and MIRA, S. (1996):Nonlinear cointegration and nonlinear error-
correction models”. Working paper, Universidad Garlll de Madrid.

FRANSES, P.H. (1991): “Model selection and seastynal time series”. Tinbergen Institute
series n° 18. Erasmos University. Roterdam.

FRANSES, P.H. and VAN DIJK, D. (2000): “Non-linedaime Series Models in Empirical
Finance.” Cambridge University Press.

GOODWIN, B. K. and HOLT, M. T. (1999): “Price Tramgssion and Asymmetric Adjustment
in the U.S. Sector.” American Journal of AgricuflEconomics, 81(3): 630-637.
GOODWIN, B.K. and PIGGOTT, N.E. (2001): “Spatial Mat Integration in the Presence of
Threshold Effects”. American Journal of AgricultlEconomics, 83(2): 302-317
GRIFFITH, G.R. and PIGGOT, N.E. (1994): “AsymmeinyBeef, Lamb and Pork Farm-Retail

Price Transmission in Australia”. Agricultural Eeanics, 10: 307-316

GRANGER, C.W.J. and LEE, T.H. (1989): “Investigatiof Production, Sales and Inventory
Relationships using Multicointegration and Non-Syetnc Error Correction Models”.
Journal of Applied Econometrics, 2: 111-120.

HAHN, W.F. (1990): “ Price Transmission AsymmetryPork and Beef Markets.” Journal of
Agricultural Economics, 42: 102-109.

HANSEN, B.E. (1997): “Inference in TAR Models.” $lies in Nonlinear Dynamics and
Econometrics, 2: 1-14.

HANSEN, B.E. (1999): Testing for linearity. Journal of Economic Surve¥3;551-576.

HANSEN, B.E. and SEO, B. (2001): “Testing for Twedtme Threshold Cointegration in
Vector Error Correction Models”. Journal of Econdrits, forthcoming.

HANSMIRE, M.R, and WILLETT, L.S. (1992): “Price Tmamission Processes: A Study of
Price Lags and Asymmetric Price Response Beha¥auNew York Red Delicicious
and Mcintosh Apples.” Cornell, N.Y., Cornell Unigdy.

HOUCK, J.P. (1977): “An Approach to Specifying aBdtimating Nonreversible Functions.”
American Journal of Agricultural Economics, 59: 5¥TP.

JOHANSEN, S. (1988): “Statistical Analysis of thei@egration Vectors”. Journal of Economic
Dynamics and Control, 12: 231-254.

JOHANSEN, S. (1995)‘Likelihood-based Inference in Cointegrated Vectwutoregressive
Models.” Oxford University Press, Oxford.

JOHANSEN, S. and JUSELIUS, K. (1994): “Identificatiof the Long-Run and the Short-Run
Structure: An Application to the ISLM Model.” Joal of Econometrics, 63: 7-36.

JOHANSEN, S.MOSCONI, R. and NIRLSEN, B. (2000): “Cointegratianalysis in the
presence of structural breaks in deterministic dferEconometrics Journal,
3:216-249.

KINNUCAN, HW. and FORKER, O.D. (1987): “Asymmetrin the Farm-Retail Price
Transmission for Major Dairy Products.” Americayudthal of Agricultural Economics,
69: 285-292.

KOOP, G., PESARAN, M.H. and POTTER, S.NL996): “Impulse Response Analysis in
Nonlinear Multivariate Models.” Journal of Econames, 74: 119-147.

LAWRENCE, J.D., RHODES, V.J., GRIMES, G.A. and HANEA, M.L. (1997): “Vertical
Coordination in the US Pork Industry: Status, Mations, and Expectations”.
Agribusiness, 13(1):21-31.

LO, C. and ZIVOT, E. (2001): “Threshold Cointegaamtiand Nonlinear Adjustments to the Law
of One Price”. Macroeconomic Dynamics, 5: 533-576.

McCORRISTON, S., MORGAN, C. W. and RAYNER A. J. (0): “Price Transmission: The
Interaction Between Market Power and Returns toleBc&uropean Review of
Agricultural Economics, 28: 143-159.

19



PELTZMAN, S. (2000): “Prices Rise Faster than tHalf’. Journal of Political Economy,
108(3): 466-502

PERRON, P. (1989): “The Crash, the Oils shock &ed.nit Root Hypothesis”. Econometrica,
57:1361-1402.

POTTER, S.M. (1995): “A Nonlinear Approach to UGNP.” Journal of Applied Economics,
10: 109-125.

RAPPOPORT, P. and REICHLIN, L. (1990): “Segmentethd and nonstationary time series”.
The Economic Journal, 99: 168-177.

REAGAN, P.B. and WEITZMAN, M.L. (1982): “Asymmetie in Price and Quantity
Adjustments by the competitive Firm”. Journal obBomic Theory, 27: 410-420

TAYLOR, A.M. (2001): ‘Potential pitfalls for the Purchasing-power-Paptyzzle?
Sampling and specification bias in mean-reversésistof the low of one price”.
Econometrica, 69:473-498.

TIAO, G.C. and BOX, G.E. (1981): “Modeling Multipl[eime Series Applications.” Journal of
American Statistical Association, 76: 802-816.

TIFFIN, R. and DAWSON, P.J. (2000). “ StructuraleBk, Cointegration and the Farm-Retail
Price Spread for Lamb”. Applied Economics, 32: 1:2286.

TSAY, R. (1998): Testing and modelling multivariate threshold motelsurnal of the
American Statistical Association, 93(1):1188-1202.

VAN DIJK, D. and FRANSES, P.H. (1997)Nonlinear error-correction models for interest
rates in the Netherlands”. Working paper, Tinberfpstitute, Erasmus
University Rotterdam.

VON CRAMON-TAUBADEL, S. (1998). Estimating asymmietiprice transmission with the
error correction representation: An applicationttie German pork market. European
Review of Agricultural Economics, 25: 1-18.

WARD, R.W. (1982): “Asymmetry in Retail, Wholesad@d Shipping Point Pricing for Fresh
Vegetable.” American Journal of Agricultural Ecorios) 64: 205-212.

WOLFFRAM, R. (1971): “Positivistic Measures of Aggiate Supply Elasticities: Some New
Approaches — Some Critical Notes.” American JouofigAgricultural Economics, 53:
356-359.

20



Table 1. Results from seasonal unit roots

FP PP RP
Ho: Ti=0? APC BP¢ A B A B

T 2,90 -2,95 -2,40 2,41 -2,50 2,37
b -3,85* -3,18* -3,84* -3,18* -3,14* -2,79*

TeN Ty 14,59* 10,36* 9,90* 6,71* 8,92+ 6,81*

TN Tle 12,01* 11,01* 17,82* 9,12* 20,32* 13,70*
ThN Tl 25,71* 22,01* 11,99* 6,04* 9,58* 4,19*

TN Thyo 15,65* 12,05* 12,36* 8,72* 14,69* 12,63*
Than Tl 18,69* 13,44* 8,46* 4,82* 11,43* 7,04%

T N.Ty 19,30* 16,43* 13,99* 7,64* 15,48* 9,88*

a. T tests for unit roots at the regular frequency wiltfile rest test for seasonal unit roots (see Fsanse
(1991) for a definition of the respective statis}ic

b. Model Aincludes an intercept and 11 seasonal bkesa Model B only includes an intercept.

c. An * indicates that the null of non-stationaritig£0) is rejected at the 5% level of significance.
Critical values are in Franses (1991).
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Table 2. Results from unit root tests with struatloreakd

Break point Price series in levels Price series in first défezes
Statistic Statistic
FP 85 Dic -1,120 -9.410
PP 85_Nov -0,992 -12.938
RP 85 May -1,147 -18.417

a The critical value at the 5% level of significaris -4.51.
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Table 3. Results from cointegration rank testsjiicance of deterministic components
in the model and marketing margins

PP-RP FP-PP
Cointegration rank Hr=0 H:r=1 ktr=0 HO:r=1
statistic 51.62 13.33 52.25 10.30
(35.38) (17.88) (35.38) (17.88)
Ho: B=(1,-1)C x*(1) 0.484 (3.84) 0.135  (3.84)
Ho:¢:=¢=0 L x*(2) 2.08 (5.99) 0.434 (5.99)
Ho:pi=Ho=0 L x3(2) 14.71  (5.99) 11.70 (5.99)
Price difference mean 80:01-85:12 86:01-01:12 80:01-85:12 86:01-01:12
in each sub-sample 0.604 0.792 1.167 1.075
Marketing margins in Retail margin Farm margin
each sub-sample 80:01-85:12 86:01-01:12| 80:01-85:12 86:01-01:12
83%PP 121%PP 218%FP 191%PP

Note: Values in parentheses are critical valugbeab% level of significance
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Table 4. Tests for non-linearities in price adjustinin systems (FP-PP) and (PP-R®P)

FP-PP PP-RP

LRys LRy LRys LRy
Test statistic 61.34 35.28 53.28 36.82
Critical value (5%) 43.54 32.65 48.39 33.45
Threshold parameters A = (~0.0480.042) A = (~0.0580.007)

a The LR stests the null of linearity against the alternatdf a TVECM (Lo and Zivot, 2001).
b The LR 3 tests the null of a two-regime TVECM against thteraative of a three-regime TVECM
(Lo and Zivot, 2001).

¢ Critical values are obtained using the parameg&dual (PR) bootstrap algorithm (Hansen, 1999;
and Hansen and Seo, 2001).
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Table 5. Estimated parameters of the TVEGdt systems (FP-PP) and (PP-RP)

System (FP-PP)

Regime 2 Regime 2 Regime 3
W, (B,) <-0.048 | -0.048< w,,(B,)<0.042 | w,(L,)>0.002
[ailJ (— 0.58J { 010 J (— 0.11]
‘ (0.115) (027) (0.034)
al, 0.021 - 000 0.027
(0.02) (0.02) (0.01)
Misspecification tests
BG(1)-FP 2.31 BG(1)-PP 3.29
BG(12)-FP 2.73 BG(12)-PP 1.12
ARCH(1)-FP 0.86 ARCH(1)-PP 0.84
ARCH(12)-FP 2.86 ARCH(12)-PP 1.55
JB-FP 3.77 JB-PP 4.52
% of observations 30.63 23.40 45.95
System (PP-RP)
Regime 1 Regime 2 Regime 8

w,,(B,) <—-0.058 | —0.058< w,(B,) <0.007 | w,,(B,)>0.007

-0.047 -0.302 -0.141
(012 (027) (0.070)
0508 -0.253 0.353

(021) (038) (0.150)

Misspecification tests

BG(1)-PP 0.28 BG(1)-RP 0.55
BG(12)-PP 2.58 BG(12)-RP 2.23
ARCH(1)-PP 1.69 ARCH(1)-RP 0.17
ARCH(12)-PP 2.53 ARCH(12)-RP 1.84
JB-FP 6.02 JB-WP 5.47

% of observations 22.55 31.48 45.95

a Values in parentheses are standard deviations

®.,(B,) = LnPP-LnFP-1.1670, -1.070D,

b
¢ ., (B,) =LNRP-LnPP-0.604D0, -0.792D,
d

BG(i) is the Breush-Godfrey test for autocorrelatiof order i (Critical value at the 5% level of
significance is 3.84)

ARCH (i) is the Engle test for conditional heteredasticity of order i (Critical value at the 5% dév
of significance is 3.84)

f  JBis the Jarque-Bera test for normality. Criticallue at the 5% level of significance is 5.99

D

25



Table 6. Estimated parameters of the Band-TVECMYstems (FP-PP) and (PP-RP)

Regime 1 Regime 3
al p° Half-Life® al p° Half-Life®
o, ol
FP-PP - 058 0.403 0.76 - 019 0.773 2.69
(0.102 (0.079)
0.017 0.037
(0.027) (0.009)
PP-RP | (-0047\| 0.447 0.85 - 014 0.480 0.94
o((ggs Dar
(0.207) (9'13325)

a Regimes 1 and 3 have already been defined forgyastiems in Table 5.

b pis the adjustment coefficient which measures Hmwcbintegrating vector reverts to the regime-
specific mean (see footnote 3 for its mathemagzakession).

c Half Life is defined as [In(0.5)/InD; )]
d Values in parentheses are standard deviations

26




Figure 1. Evolution of feed (FP), producer (PP) aethil (RP) price for poultry in
Spain (Index, 1980=100) (1980-2000)

Index

Months

[-+--FP —=—pPP —4— RP]

Source: MAPA, ICE and authors calculations
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Figure 2. Impulse response functions to a 1% p@siind negative shock for system
FP-PP under the two regimes
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Figure 3. Impulse response functions to a 1% p@siind negative shock for system
PP-RP under the two regimes
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