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ASYMMETRIC PRICE TRANSMISSION IN THE SPANISH LAMB S ECTOR

Abstract

This paper investigates the non-linear adjustmémrices between farm and retail prices in
the lamb sector in Spain, using a three-regime shtulel Autoregressive Model. The results
indicate that, in the long run, price transmiss®iperfect and any supply or demand shocks
are fully transmitted along the marketing chainthe short run, price adjustments between
the farm and the retail levels are asymmetric aedeal a demand-pull transmission
mechanism. On the other hand, retailers benefit faoy shock, whether positive or negative,

that affects supply or demand conditions.
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1 Introduction

The issue of marketing margins and price transmssilong the food chain has attracted
considerable research interest among agricultw@h@mists, as it has long been considered
relevant to Structure, Conduct and Performance J&@Rlyses. In the last two decades, the
number of studies on this subject has grown shairplyesponse to concerns that rapid
changes in markets and business practices couleraenpotentially important welfare and
policy implications. It is commonly felt that re@rices do not react very quickly to changes
in market conditions. A good example is where fgbaices remain sticky although input
prices have fallen due to primary production inse=a(Peltzman, 2000). In this situation, the
retail price is equal the marketing clearing pritbus generating excess supply, and
consumers do not benefit from declining farm priceish implications for consumer welfare.
Policy makers are also concerned about the extenwHhich consumers benefit from a

reduction in farm prices as a consequence of dguralipolicy reform.

However, as Vavra and Goodwin (2005) pointed dtihoagh the evolution of margins over

time and price transmission have been consideriatlyjon the literature, they are different



topics, and their analysis provides information different, although complementary,
guestions. Many empirical studies have been coedewith the determinants of marketing
margins and price spreads along the food chaimirngaauthors to use structural models
(Gardner, 1975; Cowling and Waterson, 1979) undaresrestrictive assumptions (constant
returns to scale, perfect competition and fixedsprtions production technology). Recently,
a number of studies have developed a new thedrét@kground in order to allow for the
presence of market power and returns to scaleladimpact on price adjustment processes
(McCorriston et al., 2001; Sexton et al., 2003;ydoet al., 2006) Although structural
models are better at finding explanations for infgirons in price transmission, in most
papers there is a gap between the theoretical naodkethe empirical application, as some of

the marketing margin determinants are unobservable.

Partly for this reason, much of the empirical ktewre dealing with price transmission has
been concerned only with applying time-series modgtechniques to price data. The main
focus of this approach has been to characterigieaieprice relationships by the extent, speed
and nature of the adjustments via the supply ctaimarket shocks generated at different
levels in the marketing process. Thus, it complesméme marketing margin models, which
are mainly concerned with testing for market imeetibns and calculating the price
transmission elasticity. Particular importance besn given in recent research to the question
of asymmetry of price adjustments. When based onlprice data, the main shortcoming of
asymmetric price transmission studies is the laékempirical tests to explain any
imperfections found. However, since in most emplrianalysis different structural stories
may be consistent with the results obtained, arerstanding of the fundamental structure of
the markets under consideration is essential fopr@per interpretation of the results
(Goodwin, 2006).

The empirical literature offers alternative explamas for asymmetric price adjustments
market power at the retail leVg.g. Boyd and Brorsen, 1988; Griffith and Pigga@94, and

! A review of the empirical issues underlying tliisrature can be found in Wohlgenant (2001).

2 See Meyer and von Cramon-Taubadel (2004), Weldis)g2004) and Frey and Manera
(2007) for a comprehensive review of the literatlgaling with potential causes of asymmetries

in vertical price transmission.



Bettendorf and Verboven, 2000), adjustment costthatretail level (Chavas and Mehta,
2004), input substitution at the processing le®#t{endorf and Verboven, 2000), stocks at
both the production and retail level (Reagan andziVan, 1982), and public intervention
(Kinnucan and Forker, 1987). However, in only a feases (e.g. Peltzman, 2000) statistical

tests have been carried out to link asymmetriels arnty of these potential explanations.

Despite the many studies that have investigateticaéprice adjustment processes along the
food chain, results from the empirical literature aconclusive. Studies generally differ in
terms of the goods analysed, countries, time freges, time periods and model specification
(Frey and Manera, 2007). Consequently, it is diffito draw conclusions on which to base

policy decisions (Vavra and Goodwin, 2005).

Against this background, the aim of this papemisnvestigate the asymmetries in the price
transmission mechanism between farm and retail etiack channels in the Spanish lamb
market. In particular, we focus on four issuesthE) size of the price response at each end of
the supply chain to a shock of a given size atatiher end; 2) the speed and profile of the
response; 3) whether responses are symmetric amnastic; 4) whether adjustments differ
depending on direction (i.e., for shocks transritb@ackwards or forwards along the supply

chain).

A Threshold Vector Error-Correction Model (TVECMha the corresponding non-linear
impulse response functions are presented. Thisadelbgical approach has been proved to

be flexible enough to deal with the specific quasti raised above. Moreover, it allows us to

% Although asymmetries have been linked to non-cdithyee behaviour, this is not necessary.
McCorristonet al (2001) showed that, in the presence of markeepoprice changes could be
greater or less than the competitive benchmark dapending on the interaction between the
market power and returns to scale. If the industgharacterised by decreasing returns to scale,
the damping effect of market power is reinforced. tBe other hand, if it is characterised by
increasing returns to scale, the market power effeaffset. Weldegebriel (2004) concluded that
the functional forms of retail demand and farm inpupply are key factors in determining the
level of price transmission and that the presericmarket power does not necessarily mean
imperfect price transmission. Finally, Azzam (199Bpwed that retail prices might react more
to a positive shock to producer prices than togatiee shock, generating asymmetries even in a

competitive environment.



test for the presence of non-linear adjustmentsthi@ price transmission mechanism
commonly associated to menu costs. Although thgsageh is not new in the literature, this
paper makes three key contributions. First, it eshigely explores all empirical possibilities
the analytical tool provides, paying special aitentto statistical tests for correct
specification. Second, the paper presents the eegpacific short-run dynamics, which have
not been previously considered. Finally, it is fhet attempt to analyse the vertical price
linkages in the Spanish lamb markets. In this ocdnteesults will be discussed taking the

specific characteristics of the Spanish lamb sentoraccount.

The rest of the paper is organised as follows.dctiSn 2, the main characteristics of the
Spanish lamb sector are described, including sartenpal explanations of non-linearities.
Section 3 presents a description of the methodcdbgipproach used in the paper. Section 4
deals with some preliminary data analyses whildi&e& reports our empirical results.

Finally, Section 6 closes the paper with some aatio remarks.

2 The Spanish lamb supply chain and potential sourcesf asymmetries

Spain is the second largest lamb producer in theggan Union (EU) just behind the United
Kingdom. It represents around 5 per cent of Spdina agricultural production and 11 per
cent of final livestock production. Moreover, larpboduction plays a key economic role in
rural areas: it is one of the few output optionsand areas, and 80 per cent of the total

production is located in Less Favoured Areas (LFAS)

Since the introduction of individual quotas in 19%ve numbers have been effectively
stabilised throughout the Union as a whole. In §phreeding ewe numbers increased from
18.3 million in 1992, only to 18.5 million in 2000Between 1990 and 2002, the number of
slaughterings increased by 4 per cent to reach iRi@mheads, while total meat production
increased by 7.5 per cent to 221,000 tons. A spedifaracteristic of the Spanish lamb sector
is that the average carcass weight is well undeEtd average of 14.5 kg: nearly one quarter
of slaughtered animals have a carcass weight ltdveer 10 kg (averaging just 7 kg), while for
the rest the average weight is 12.6 kg. This is tludoth to the breeds reared and to
consumption habits, as Spanish consumers havegstrprefer younger animals with low fat

and rose-coloured meat.

Although the Common Market Organisation operatungs in force during the period studied
may have influenced the movement of sheep on oraoffolding, they did not prevent



producers adapting production to meet consumeremetes. However, the way the
premium was calculatédnay have dissuaded producers whose flocks prodiasest lambs
per ewe than the average from responding to masigesls. In fact, as the premium paid
declined as market prices rose, these flocks rigkedncome decline at higher prices per
lamb. Conversely, however, because the premium &gl for all ewes, individual
producers who achieved better than average mariegtspthrough improved quality or other
market initiatives, and who produced more lamb @&e than the average, could achieve
higher margins. Consequently, farmer prices were pronarily determined by the ewe
premium and producers had incentives to adaptdaagihg market conditions. In this context,
it is not expected that public intervention was a@teptial cause of asymmetric price

transmission along the Spanish lamb supply chain.

Figure 1 shows the evolution of weekly farmer (BR{l retail (RP) prices in the period 1996-
2002. Farm prices are from the Spanish Ministry Agfriculture, Food and Fisheries
(MAPA)®. Retail prices come from the Boletin Econémico & (Ministry of Economic
Affairs)®.

* The premium awarded annually to EU sheep produsasscalculated as follows. First, the

European Council decided a basic yearly price, iaas thought to give a reasonable income
to producers. Second, the Commission calculateigdesmarket price using national prices

weighted according to Gross Domestic ProductionR{Income loss was determined as any
difference, per 100 kg carcass weight, betweedse& and the market prices. As the premium
was awarded on a per ewe basis, a technical deeffithe ratio between the number of heavy
ewes and the production of heavy lambs expresdatbg) was used to translate the premium to

a per ewe figure.

®> The farm price is a weighted average of the fi@sinmepresentative markets in Spain (Ebro,
Talavera de la Reina, Zafra, Albacete and MedinaCaenpo). These unpublished price data
were sent to Brussels in order to obtain the Ewopepresentative market price for lamb to
calculate the ewe premium. We are grateful to tipan8h Ministry of Agriculture for

permission to use these data.

® Original retail prices are expressed in €/kg spacific lamb cut (leg). In order to make retail
prices comparable to farm prices and to calculateketing margins, we have used a conversion

factor of 1.2 to express the retail price in €/kgarcass weight.



(Insert Figure 1)

Producer and retail prices exhibited a similardrand a common seasonal component, which
is more evident at the retail level. It can be st the retail price tended to react slightly

later than the farm price when faced with changiragket conditions.

Figure 2 shows the evolution of the retail markgtmargin both in absolute values (Figure
2a) and as a percentage of the farm price (Fighje\While in the first case the marketing

margin exhibits an upward trend, percentage chahgee been quite stable on average
(around 90 per cent of the farm price) during tleeiqu analysed, although it seems that
volatility increased slightly. It also shows a stgodeterministic component at the end of each

year due to consumption habits.
(Insert Figure 2)

By construction, the evolution of marketing margisgelated to changes in farm and retalil
prices. However, by visual inspection of Figureantl 2, the nature of this relationship is not
clear enough. Therefore, we divided the sampleogeinto two sub-periods depending on
whether the relative marketing margin (Figure 2@svincreasing or decreasing. Then, we
calculated the weekly average percentage chanfggnmand retail prices in each sub-sample
to obtain, although very roughly, some indicatidooat potential asymmetric behaviour
(Figure 3). We note three main results. First, gegnn marketing margins are primarily due
to changes in farm prices (increases in farm prempseeze the marketing margin and vice
versa). Second, on average, positive changesnm dad retail prices seem to be larger than
negative changes, although only very slightly. Fynaetail prices are fairly sticky in spite of
changes in market conditions, indicating some kofdasymmetric price transmission.
However, these issues have to be further explorigal appropriate methodological tools,

which will be the aim of the following sections.

Asymmetries in the Spanish lamb meat market maeatue to the retailers’ use of market
power to transmit input price increases faster thrgout price decreases. Retailers try to
maintain their ‘normal’ profit margin when pricese, but they try to capture the larger
margins that arise, at least temporarily, when @rprices fall. In both cases, the situation
lasts only as long as consumer search costs aseriraVhen costly search is completed,
prices tend towards competitive levels and prajissdown. In Spain, the lamb marketing
chain is highly concentrated downstream while fageserally lack the capacity to negotiate
prices. In the past fifteen years, Europe (andtiqudarly, Spain) has witnessed a sharp



increase in the trend of mergers and acquisitioitisiwthe food retail sector. In 2002, the
largest retail company in Spain accounted for 3t pent of market share (London
Economics, 2004). The leader had a higher markaesinan the combined market shares of

the second and third largest retailers, which aeiyounted for 25 per cent.
(Insert Figure 3)

Accountancy rules and inventory management stregegiay also be responsible for the
sluggish adjustment of retail prices to changefarm prices variables. In the case of meat
products, Spanish retailers have usually adoptedFirst-In First-Out (FIFO) criterion to

valuing inventories (Ulloa, 2005). As a consequeiitds expected that retailers do not adjust
prices immediately when costs change, but waitl stiicks bought at pre-change prices are

depleted, thus potentially reducing the speed @ftiice adjustment process.

Finally, menu costs are not very important for expihg price transmission asymmetries
along the lamb marketing chain. Azzam (1999) shotxd when retailers incur re-pricing

costs, changes in farm prices do not trigger retade modifications. However, lamb meat is
a perishable product mainly sold in big pieces that butcher has to cut. No labels, apart
from specific quality labels, are present. Stockels are usually very low as retailers buy
quite frequently. Thus, re-pricing costs are ival&, as retailers only have to change the

price. In the case of specific cuts already pacieslstock disappears in less than a week.

3 Modelling non-linear adjustments

Asymmetries in vertical price transmission werdiatly investigated using variations of a
model first developed by Wolffram (1971) and lateodified by Houck (1977) The
response of the retail price (RP) to a shock inféne price (FP) was calculated by estimating

the following equation:

ARR =g +y1 Df 4FPy +y1D{4FP; +uy (1)

" However, empirical work to investigate asymmetiiegrice transmission started earlier and
was based on the estimation of irreversible sufapigtions. Meyer and von Cramon-Taubadel
(2004) and Frey and Manera (2007) provide exhastiviews of methodological approaches to

investigating price transmission using price data.



where RP and FP are the retail price and farm gricespectively,4 indicates first

differences,D; and D; are dummy variables that take the value FR > FP_, and

FR, <FP,_,,

respectively, and 0, otherwisg, )/ andy~ are parameters to estimate, and
is the disturbance term. From (1), the null hypsihef symmetric price transmissiony(H

Y =y’ can be tested against the alternative of asynyniidir ) #y").

Equation (1) suffers from three main limitationgsE the response of retail prices to changes
in farm prices is generally not instantaneous hatead is distributed over time. Second, it
assumes that causality goes from farm to retaglesronly (i.e. a cost-push price transmission

mechanism). Third, the model does not adequateigider the time series properties of data.

To solve the first limitation, Ward (1982) extendeduation (1) by including lags of the

exogenous variables:

M N
ARR =y, + D (V] DIAFR_.) + D VD AFR_ ) +u, (2)
j=1 j=1

M and N in equation (2) can differ, as there is aqgpriori reason to expect identical lag-
lengths for the increasing and decreasing phaspsaafs transmissidn

Equation (2) would be adequate to test for asymetein price transmission provided price
series were stationary. However, price levels oéehibit non-stationary covariance, which
may lead to autocorrelation problems in the asymmeptice response function. Moreover, if
the price series are cointegrated, the estimatehpers in (2) would be biased as a result of
the misspecification of the long-run relationshipstween prices. Von Cramon-Taubadel
(1998) proposed an alternative specification of \Welffram-Houck-Ward model based on
the error correction representation. His methodsiste of estimating the following long-run

relationship between the retail and the farm prices
RR =fo + B1FR +uy 3)

If tests prove that equation (3) is not a spuricegression (i.e. prices are cointegrated) the

lagged residuals from the estimated equatidp ) are divided into positive (¢_;) and

8 See, for instance, Kinnucan and Forker (1987).



negative componentsu{_,) (i.e. positive and negative deviations from theng-run

equilibrium) and the following error correction neddECM) is estimated:

M N
ARR =y, + z (V?D:AFPH 2t z (] Dt_AFPt-j a)t ‘//+Ut+—1 +y U, +e (4)
j=1

i
j=1
Balke et al. (1998) also use an ECM to test forasetric adjustment. As parametaps’

and ¢ in (4) are constant, the model assumes that a aanptoportion of any deviation

from the long-run equilibrium is corrected, regasyl of the size of this deviation (i.e. the
model is based on linear error correction) (Meyed aon Cramon-Taubadel, 2004). The
presence of fixed costs of adjustment along the fdwin may generate non-linear reactions;
that is to say, price adjustments may be diffegagending on both the magnitude and the
sign of the initial shock. Thus, it is not unreaitigo suppose that only when the initial shock

surpasses a critical threshold do economic ageatt to it.

Different methodological alternatives have been ppeed in the literature to make
cointegration and non-linear adjustments compatiBleavas and Metha (2004) developed an
augmented error correction model allowing the dyicaprice adjustment to differ among
regimes defined by the corresponding threshold rparars. However, under this approach,
threshold parameters are exogenously determinetly Ra this reason, recent contributions
have explored methodological alternatives that vallahreshold parameters to be
endogenously determined. Among these, the most amtynused are the Markov switching
vector error correction model (MSVECM) (Krolzig and@loro, 2001), the threshold
autoregressive model (TAR) (Balke and Fomby, 19%f)d the threshold vector error
correction model (TVECM) (Lo and Zivot, 2001). Whithe TAR model is a univariate
procedure, the TVECM is multivariate. As such acedure utilises the full structure of the
model, it should have higher power, providing thedel is true, than univariate procedures.
Moreover, the TAR model assumes that only the aahests to the equilibrium change with
regimes, while the autoregressive parameters ofrtbéel remain constant. The MSVECM
does not take the time series nature of price oitaaccount, which may lead to a loss of
efficiency, and greatly reduces the insights irite tdynamics of price response that can be
derived. Taking into account these consideratiamsppted to use the TVECM to analyse the
price transmission along the Spanish lamb marketimgn (providing that price series are
non-stationary and cointegrated and that pricestwfjents are non-linear).



More precisely, the approach followed in this paigeto start the analysis by considering a
general three-regime threshold vector error caoecnodel (TVECM). In a second step,
several tests are considered to check if the etttn@model is preferable over a two-regime
TVECM; or a linear VECM. Finally, short-run dynamics amalysed. In the following two

sub-sections we outline the main characteristidh®procedure used in this study.

3.1  Threshold cointegration

Let R=(RPR,FR)’ be a vector containing the logged prices of adyat retail and farm levels.
If the two prices are I(1) time series cointegratéth cointegrating vectos’' = (1,—£>) , the

linear VECM representation of order k qfdan be written as:

k-1
4R = alar1(B)]+ .gl/_iAPt—i + U (5)

where a_,(B) = BPR_, is the cointegrating vector evaluated at the denvedue/=(1,-)"; /i,

i=1, 2... are (22) matrices of short-run parametessis a (1) vector; and us a vector of
disturbance terms that are assumed to be indeptiydenl identically Gaussian distributed,
with covariance matrix2, which is assumed to be positive definifeis the cointegrating
vector which is defines the long-run equilibriunateonship between the two prices iy
while a gives the weights of the deviations from the cegnation relationship in the VECM

equations.

The three-regime threshold vector error correctmdel (TVECM), can be written as:

1 K1 4 1 1

B+ ¥ RS +uf, i g (B)<A
1=
k-1

AR =1a’w 1 (B)+ X [PORS +uf, it N (B) <A (6)

i=1
k-1

a’ay 1 (B) + _zlfFAPt-i +ud, it wa(B) > A
(=

where a_1(f ) is the threshold variable representing the resicfathe equilibrium

relationship (i.e. a deviation from equilibrium)';chA:()ll,)lz) are the threshold parameters

that delineate the different regimes. As can bentesl, the TVECMin (6) specifies that the



adjustment towards the long-run equilibrium relasioip is regime-specific. This model says

that the dynamic adjustmentBfdepends on the magnitude@f_1 (53 . )

In general, the threshold parameteéy%,/lz arg unknown and need to be estimated along

with the remaining parameters of the model. Lo Znat (2001) proposed a strategy that
combines Hansen’'s (1999) approach to estimate twa three-regime univariate TAR
models and Tsay’s (1998) procedure for estimatingudtivariate TVECM. This strategy

consists of the following steps.
In the first step, two-dimensional grid searches earried out to estimate the threshold

parameter(s&l,ﬁ2 ) Letting T; be the number of observations in regiimand T the total
number of observations in the sample, the threspaldmeters are constrained such that
T; /T 2 my, with 75 typically set to 0.1. Conditional ozh:(/]l,/]z), the TVECM in (6) is
linear in the remaining parameters and may be astithby iterative multivariate least

squares minimising:

S30 A2) =In| 25 (4, %) ™

where >3 (/11,/12) is the estimated covariance matrix of (6), coodi onA* andA>.

The optimal threshold parameters can be estimatdguthe following optimisation

progrant:

(A, 22) = argmin(S, (1, 1)) 8)

In the second step, conditional on the estimategshiold parameters, the remaining

parameters can be estimated by standard procedunceshe residual covariance matrix is

given by fg(j):f3 (il,jz). Tsay (1998) showed that the conditional leasasegiestimator

of the TVECM; is strongly consistent as the sample size incegas®l that the parameters of

thea' and /'ji (=1, ...,k-1) matrices are asymptotically normally distrilulite

® The grid research minimises the log determinanthef residual covariance matrix of the

TVECM3, which is analogous to maximising a standard LR gtatistic.



A special case of the TVECMyiven in (6) occurs if price changes in the secagime (the
middle one) are smaller than the transaction castthis case, prices will not adjust in this
regime, implying that prices are not cointegratedf is,a*=0. The resulting model is the so-

called Band-TVECM. In this case, ifun—_1(8 )s within the band, then prices are not

cointegrated an@; follows a VARK) without a drift. However, in the outer bands emmic
forces make prices move together, implying coirdégn with different adjustment

coefficients.

As mentioned above, once the TVEgKBSs been estimated, several tests can be uskd in t
literature to check whether the dynamic behaviow the adjustment towards the long-run
equilibrium relationship is linear or exhibits tehold non-linearity (Hansen, 1999 and Tsay,
1998). Lo and Zivot (2001) suggested that Hanser@thod for testing linearity in univariate
TAR models, based on nested hypothesis tests, e@adily extended to test for linearity in

multivariate TVECMs. So, they proposed the sup-t&Ristic:
LRy =T{in|2] - n| 254 ©)

where £ and fg(j) are the residual covariance matrices of the VECMaftd the three-

regime TVECM (6), respectively.

The statistic to test this hypothesis suffers ftbmso-called problem of unidentified nuisance
parameters under the null hypothesis. In other sjaifie non-linear model contains certain
parameters that are not restricted under the rybttesis and are not present in the linear
model given by (5). Consequently, conventionaligiatl theory cannot be applied to obtain
the asymptotic distribution of the statistics (Hams1999 and Hansen and Seo, 2002). Given
that the test statistic has a non-standard digiolbuHansen and Seo (2002) suggested using
the fixed regressor bootstrap or, alternativelypasametric residual bootstrap algorithm to

compute the p-value for the linearity tédts

191n both cases, we ran 1000 simulations to estinfregenon-linear model replacing either the
dependent variable®] (fixed regressor bootstrap algorithm) or both dependent and right-
hand regressors (parametric residual bootstrapitigy by iid N(0,1) draws. The proportion of
simulations under the null for which the simulatd®l exceeds the observed LR statistic gives

the asymptotip-value of the sup-LR test.



Once the presence of threshold effects is confirnttegl second question to answer is what
kind of threshold model is more appropriate for tsga (number of regimes, usually two
versus three). Lo and Zivot (2001) suggested usimegfollowing Likelihood Ratio (LR)
statistic to test the null of a TVEGM(two-regime model) against the alternative of a
TVECM; (three-regime model):

LR23=T(In|£5(A)|-In|25(D))) (10)

where 2‘2 (j) and 2'3(;!) are the estimated residual covariance matrices the unrestricted

two-regime TVECM and three-regime TVECMrespectively. The asymptotic distributions
of LR, 3 are non-standard, and bootstrap methods can lktaseompute approximate p-

values.

As a final step, if the TVECMIis chosen, it is possible to test whether suclodaincould be
formulated as a Band-TVECN@’=0). Since the estimated threshold parameters fien
TVECMs; are superconsistent, as mentioned previously, ahdrald test can be used, which

follows an asymptotig? distribution.
3.2 Short-run dynamics

In TVECMs the short-run dynamic behaviour of theiafales is analysed by computing the
impulse response functions (IRF). This can be galgrly suitable for studying the time path
response of variables to unexpected shocks atttildewever, given that the non-linear time
series model does not have a Wold representatoonpating the IRF for this type of model is
not an easy task. In addition, as discussed in Kaag. (1996), complications arise because
in non-linear models i) the effect of a shock defgean the history of the time series up to the
point where the shock occurs, and ii) the effech shock depends on the sign and the size of
the shock. As a consequence, in non-linear modgisilse response functions depend on the

combined magnitude of the histoR,1= ¢.1, and the magnitude of shoak,

Generalised impulse response functions (GIRF)pdhiced by Koop et al. (1996) and Potter
(1995), capture the asymmetric response of theavi@s to one standard deviation of both
positive and negative shocks. The Non-linear Il@uResponse Functions (NIRF) are
defined in a similar way as traditional GIRF, exclp replacing the standard linear predictor

by a conditional expectation. Hence, the NIRF fepacific shocku; = 0 and history Bi=¢..

1 (the history of the system) is defined as:



NIRF(n,d,¢;-1) = E[F)t+n |Ut =O0,Up41 =... =Upsp = O'¢t—1]
_E[Pt+n |Ut :0,Ut+1 =...=Ut+n :0,¢t_l] forn= 0,1,N

(11)

Taking this definition into account, it is cleaatithe NIRF is a function au; and @111
(221 is the history or information set at t-1 useddeetast future values &%). Given thato
and ¢, are realisations of the random variabtgs anduw, Koop et al. (1996) stressed that

NIRF themselves are realisations of random varsagieen by:
NIRF(n,Up, 2t-1) = E[Resn U, 2e-1] = E[Rn | 2c-1] (12)

From (12), there are various alternative ways d€uwating the NIRF, depending on the
research objectives. For instance, in this studywaeted to assess the responses of farm
(retail) prices to shocks in retail (farm) pricasder different price evolution regimes and for
different sizes and signs of the initial shock perticular, the NIRF can be used to evaluate
the degree of asymmetric responses over time.a®@95) defined a measure for assessing
the asymmetric response to a particular shock,ngav@articular history;, as the sum of
NIRF for this particular shock and the NIRF for gteock of the same magnitude but with the

opposite sign, that is:

ASY(N,U;, Br—1) = NIRF(n,+6;,¢_1) + NIRF(n,=&; , §;_1) (13)

4 Data and preliminary analysis

Weekly data of farmer prices (FP) and retail (RFgs " for period 1996-2002 were used.
All variables were expressed in natural logarith@sintegration analyses between prices it
commonly use logarithms because otherwise, withdiregy data, the relative error declines
through time (Banerjee et al., 1993). Furthermfymen a statistical point of view, Hamilton

(1994) pointed out that the logarithmic transfonmraimitigates fluctuations of individual

1 Price series are expressed in nominal termsoah cointegration is more likely to be found, by
removing inflationary trends one would assume thattwo prices are affected in the same manner by
inflation and return to a long-run equilibrium inet same amount of time. Starlesfal. (1985) and
Larue (1991) showed that this assumption is incor least with US data. Moreover, as a result of

low inflation in the period covered, there is neessity to deflate prices series (Alderman, 1993).



series increasing the likelihood of stationaritieafirst differencing. From an economic point

of view, this transformation allows us to interpresults in percentage change tefims

Seasonality was investigated by implementing sedsanit root tests for weekly data
following the procedure suggested by Céaceres (1498he results clearly suggest that
seasonality is deterministic for the two price egriAccordingly, the systematic component of
seasonality was captured, to be parsimonious, wskaurier-type series expansigrand the
price series were seasonally adjusted.

Unit root tests were conducted on the univariateetseries. As such tests have limited power
in small samples, two alternative unit root tegHidt et al., 1996; ;Ng and Perron, 2001) as
well as the stationary test from Kwiatkowski et(@092) (KPSS) were applied. All results are
consistent with the presence of a unit root withdnift in the two price series, satisfying the

first necessary condition for cointegration anasyse

5 Results

Empirical specification of TVECM involves the follang steps: i) under the assumption of

price non-stationarity, testing for cointegratiardaestimating the cointegrating relationships;

2 That is, prices are related in terms of percentagetions instead of absolute changes, which
seems appropriate for marketing margins set ingpéage terms, as is the case in the Spanish
lamb marketing chain (Ulloa, 2005). Note also thlasolute changes were not stationary while

percentage variations oscillated around a stabsnr(feigure 2).

13 The procedure is similar to that used by Frans@81(), for monthly data, and is based on the

decomposition of the polynomial (f?). Results are available from the authors uponesgu

! Following Doran and Quilkey (1972) and Goodvenal. (2002), the seasonal compone8) bf

each series has been captureed by estimatingltbeiftg regression:
P P

S =) A cos(27sw /52) + > y; sin(27sw, /52)
i=1 i=1

wherep is the number of cycles within the year awglindicates the order of the week within the year.

Here,p has been set to 2, as with3, most of the estimated coefficients were indigant.

" Results are available upon request.



i) if cointegration is found, determining whethtee dynamics of the data can be described by
threshold-type non-linearities; iii) estimating tbevariate threshold error correction model
(TVECM) if linearity is rejected, and iv) calculag non-linear Generalised Impulse
Response functions in order to analyse the respohsach price to unanticipated positive

and negative shocks. Each of these steps is aédresturn in this section.

5.1  Cointegration analysis

In this section we address the first step for bygag a TVECM. Cointegration is tested
using the likelihood ratio test introduced by Jatean (1988f. A four-lag VAR system with a
restricted constant was specified as the underlgmoglel for carrying out cointegration rank
tests. The optimum lag was selected on the basiseeohkaike Information Criterion (AIC) and
the Likelihood Ratio test proposed (Tiao and Bd381l). Moreover, according to the results
from the unit root tests, the hypothesis thafAHJEO cannot be rejected for both prices,
indicating that there is no evidence of a lineandrin the data. In any case, following Johansen
(1995) several tests were conducted to select malpyrthe deterministic component introduced
in the model. Results clearly indicate that a moaslh a restricted constant is statistically
preferred:” Misspecification tests for autocorrelation (Do&rand Hendry, 1997) indicated that

the model specified with four lags and a restriciedstant was quite satisfactory.

Results from these tests indicated that, at thee’s gent level of significance, the null
hypothesis of one cointegrating vector could notrégjected (the trace statistic was 57.35,
which is well above the critical value, 20.12). &ivthat the cointegrating rank is one, we
tested whether the elasticity of price transmisdietween farm and retail prices is equal to
unity in the long run. This hypothesis states thatcointegrating vectof3, should satisfy the

long-run condition (1,-1). All the restriction tsston the cointegrating vector are

18 Escribano and Mira (1996) showed that the coiatéwg vector can still be estimated super-

consistently in the presence of neglected non4lityga the adjustment process.

" The null hypothesis of a restricted (unrestriciem)stant against the alternative hypothesis of
an unrestricted constant and a restricted trendas@epted at the 5 per cent significance level, as

was the null of a restricted constant against ltieenative of an unrestricted constant.



asymptotically x?(v) distributed, wherev is the number of imposed restrictidhsThe

Likelihood Ratio (LR) statistic (1.19) did not refethe restriction at the 5 per cent
significance level. In the long run, any changeha farm price generates a change of the
same size at the retail level, keeping marketinggma constant over time, as shown in

Figure 218°. The restricted cointegrating vector is given by:
INRP— InFP = 0.635 (14)

The constant term in (14) represents the priceasbat the retail level. Taking into account
that all prices are expressed in logarithms, eqogtl4) represents percentage spread models
with a mark-up of €”-1) (a being the constant). Hence, the retail marketirsggin can be

expressed as follows:
Retail margin =¢°-1)xFPx100 = 0.89Px100 per cent. (15)
5.2  Threshold cointegration

Once the presence of a long-run equilibrium retetiop between the two prices has been
detected, the next question is whether non-linearigxist in the adjustment process. This
guestion was analysed using the procedure desanb®dction 3. We started by testing non-
linearity since, if the null of linearity is rejext, the number of regimes in the TVECM has to
be determined considering the estimated cointegratector, given in (14), as the threshold
variable @.1)*°. The results of testing LR linearity against theraative of a multivariate
TVECM;3; (LR 3) are shown in Table 1 and indicate that the rsutejected, at the 5 per cent
level, in favour of the threshold model.

(Insert Table 1)

18 For further details, see Johansen (1995).

19 Although this result would imply perfectly compizié behaviour in the Spanish lamb chain,
we have to interpret it with caution as we are arding price data. In fact, McCorristet al.
(2001) and Lloycet al (2006) showed that this result could be also @iiinle with the presence

of market power and increasing returns to scale.

0 The residuals obtained from equation (14) cambspreted as deviations from a long-term

equilibrium.



Next we tested which threshold model is more apyaitg for characterising the non-linear
dynamic adjustments of prices using the;kRtatistic given in expression (10). Table 1
shows that the LR statistic rejects the null of\AECM, against the alternative of a three-
regime TVECM, suggesting that price transmission along the Spdamb marketing chain

can be characterised by a three-regime threshadeps. At the bottom of Table 1, the
estimated threshold parameters from the TVEGIve shown ﬁ= (-0.0679-0.0065). In

other words, and taking (14) into account, the TWEEplits the price adjustment process
depending on whether the retail marketing margis below 76 per cent, above 87 per cent or
between 76 per cent and 87 per cent. Figure 4 tegwe evolution of farm and retail prices
under the three regimes according to the correspgnithreshold parameters. At the first
regime the marketing margin is too low leading toemative error-correction term, which
causes the retail price to increase and the faioe jo decrease. This is indeed what we
observe in Figure 4 as at regime 1 the retail prexe in an increasing phase while the farm
prices seem to reach their top and are ultimateipgyto decrease. In the third regime the
retail margin is too high leading to a positiveoercorrection term making the retail price to
decrease and the farm price to rise. Thus, as wx$en Figure 4, at the regime 3 the retail
price is in a decreasing phase while the farm piscat the bottom level and is ultimately

going to increase.
(Insert Figure 4)

The estimated TVECMIcoefficients are shown in Table 2 along with tlesults from the
misspecification tests. The results from the diagicdests suggest that the estimated model is
adequate as there is no evidence of remaininguasaditocorrelation, the ARCH tests fail to

reject the null of homoscedastidtyand, normality cannot be rejected. Moreover, the

estimated parameters in the outer regimes (exaéptare significant at the 5 per cent level,
and have the expected sign. However, in the mideégme (regime 2), both adjustment
coefficients are not significant, indicating thajustment only takes place beyond the edge of
the threshold band. Within the band, the two prices/e closer to each other but without

following any specific pattern.

2L Only in the case of the retail price the ARCH(SRtistic is borderline, withp-value =
0.0497.



(Insert Table 2)

Considering this result, the TVEGMould be re-specified as a Band-TVECM as defimed i
Section 3. A Wald test accepted the hypothesistheadjustment coefficients in the middle
regime are jointly zero. Consequently, it can bacteded that the Band-TVECM is more
appropriate than the unrestricted TVECM for repnésg the asymmetric adjustments of

lamb prices along the market chain.

To further illustrate the extent of asymmetric effein our model, we calculated the half-life,
which is the number of periods required to reduce-loalf of a deviation from the long-run

equilibrium. In case of a VAR(1), the half-life fee [" regime is obtained as follows:

n’ =In(05)/In(p")

. . aj
where i =1+ ggl =1+[1 - ;] 11
a

] =1+ alj —,Bzazj

2

However, for higher order VARs the calculation bé thalf-life is not straightforwaf@ In

this paper we calculate them from the Persistenoéilés (PP) developed by Pesaran and
Shin (1996). The Persistence Profiles provide mion on the speed with which long-run

relations, once shocked, will return to their epuibm (i.e. the speed with which the effects

of system-wide shocks on the cointegration relatimappears). The Persistence Profiles are
calculated from the Impulse Response Functionsti®e@d.2). Given than in non-linear

models impulse response functions depend on bethitoryP. ;= ¢.; and the magnitude of

the shockd, persistence profiles are also non-lirfé&ar

PP, (N &, 211) = BNIRFS

Since the Persistence Profiles start at unity atld fo zero asT(- [I), we can compute the

half-life measure as the time horizon over which fPersistence Profile falls to 0.5. This

22 We thank an anonymous referee for pointing thts o

2 In linear models the Persistence Profile of theintegrating relation is given

byPP, (n) = BH,(n)5, whereHp(n) is the system-wide impulse responses of variglsigsn

the model.



provides a simple measure of the speed of adjustwéh which the stationary price

relationship returns to its equilibrium.

We calculated the Persistence Profiles for eacimedregimes 1 and 3) for system-wide
shocksd=t1. Figure 5 shows that the speed of adjustmehaster in regime 3 than in regime

1. In fact, the computed half-life associated wvatlpositive (negative) shock starting at the
upper regime is 4 weeks (7 weeks), which is sigaiftly shorter than the half-life associated
to positive (negative) shocks starting at the loveszime [18 weeks (12 weeks)]. A second
interesting result is that, in the lower regime.(when the marketing margin is below the
lower threshold level) the reversion is faster wiiea initial shock is negative, while the

opposite takes place in the upper regime (i.e. whermarketing margin is above the upper
threshold level). That is, the speed of adjustnefdster when the sign of the initial shock is

opposite to the marketing margin level.
(Insert Figure 5)

In any case, the key feature in threshold modelghés significance of the estimated
coefficients of thea! matrices associated with the cointegrating vector(B). These
coefficients can be useful to analyse which prieggiilibrium adjust”, and which do not. The

estimated parameters of the Band-TVECM are:

N (-0062 o\ (-0058
ap | _| (0025 a; | _1|(0.022
1 1
[ 1} =| 0031 | 2and [ 3} =1 0.108 (16)
2 (0.015 2 (0.043

where values in parentheses represent standarg.erro

The first point to note is that all adjustment d¢méénts corresponding to both the lower and
the upper regimes are statically significant, whiegiplies that both positive and negative
deviations from the long-run price relationship egvto their original level. However, one
main difference is observed in relation to the dpafeadjustment. In the case of retail prices,
in absolute values, the adjustment coefficientgesponding to the lower and the upper
regimes (-0.062 and -0.058, respectively) are natissically different®. This result is

consistent with Figure 3 which shows that in thar8gh lamb chain retail price changes were

24 The test statistic is 0.11, which is well unde thitical value at the 5% level of significance
(3.84).



relatively small either when marketing margins @ased or decreased. However, in the case
of farm prices the adjustment coefficient correspog to the upper regime is larger than that
corresponding to the lower regime.

Given the fact that the adjustment parametersefekail price are not significantly different
between regimes 1 and 3 while the adjustment pdeantdé the farm price in regime 1
(regime 3) is smaller (higher) than the absolulee/af the adjustment parameter of the retail
price, if retail prices are increasing and farntesi are at their top and are ultimately going to
decrease, then the too low retail margin in regimeill be squeezed while being adjusted
upwards to equilibrium in comparison with the synmeecase in which the adjustment
parameter of the farm price is not lower than theotute value of the adjustment parameter
of the retail price. Hence, a higher adjustmenapeater of the farm price will lead to a faster
speed of adjustment in case of a negative errgectoon term. However, if the retail margin
is too high as in regime 3, then it will also beisezed while being adjusted downwards when
compared with the situation in which the adjustngarameter of the farm price is not larger
than the absolute value of the adjustment paranoétise retail price, because the farm price
is increasing faster than the retail price is desirey. But now, in regime 3, we see that with a
positive error-correction term (in contrast to thegative error-correction term in regime 1)
the speed of adjustment is faster than in regim@ahsequently, the adjustment parameters
show that excessively high retail margins (regim&8t much shorter than retail margins that
are too low (regime 3. These results are consistent with what we hagervbd previously

in the Persistence Profiles (Figure 5) where thenesed half-life in the upper regime is
substantially lower (4-7 weeks) than the one olegifor the third regime (12-18 weeks).
However, not only the length but also the magnitafleesponses matters. This is precisely

what we are going to analyse in the following setti

5.3 Short-run dynamics

Short-run dynamics were analysed by computing fes) which show the response of each
price in the system to a shock in any other piten-linear IRFs (NIRF) were calculated for

regimes 1 and 3. In a context of non-linear mode¢IRFs are a very useful tool as they allow

5 We thank to an anonymous referee for helpful sstimes to interpreting the adjustment

parameters



us to measure in a non-linear framework the regmtspositive and negative shocks and the
significance of asymmetric effects over time. Mar@o in which regime the shock occurs is
relevant, as the response is regime-specific.

In order to analyse the asymmetric behaviour afepadjustments, the NIRFs were computed
for &=+1 and+2 and for history-specific regimes so that the lomg equilibrium relationship

[wi-1(B )= p'P—1] is above or below the upper and lower threshaldies. In each regime,

the NIRF for each forecasting horizon is the averagross all possible; Histories (with N
being the number of observations in the ith regifgpetanios, 2003). For each response,
we computed the corresponding 95 per cent confeleintervals using bootstrapping
techniques based on 5,000 replicatién¥he main results are shown in Figures 6 afld 7
Significant responses are marked with a square sl(closed for retail prices and open for

farm prices).

Figure 6 shows, in the upper part, the responsdmibf prices to a shock in farm prices in
both regimes while, in the lower, Potter’'s (199%asure for assessing asymmetric responses
is provided (see equation (13)). Under the firgfime (retail margin is too low), a positive
shock in the farm price squeezes the marketing imdoy the first three weeks after the
shock, as the retail price response is less théntihat of the farm pric®. To restore
equilibrium, the farm price should ultimately dexse and the retail price should rise (this

take place after 10 weeks). This behaviour can Xmamed by the perishability of the

26 All the analyses have been carried out in GAUSS. aké grateful to Dibick van Dijk for
providing valuable information on how to tacklestbumbersome task.

%" In the upper part, and to reduce complexity, Figus and 7 only show impulse responses for
o=t1, while in the lower part, the Potter's measurersvided adding the responses fot-1
and £2. Impulse responses f@=+2 follow the same pattern as those shown in therégy

Results are available from authors upon request.

8 This result is also consistent with what we exgecialthough very roughly as we only

considered contemporaneous but not lagged cham@esction 2 (Figure 3).



product. In a phase of rising prices, retailers npagfer to accept a reduction in their

marketing margin to avoid the risk of being leftiwa spoiled produtt
(Insert Figure 6)

However, these margin losses are compensated tateeof excess supply shocks. As can be
observed, a negative shock in farm prices strettifeesetail margin significantly. Then if the
retail margin becomes so high that regime 3 appiies ultimately the farm price is going to
increase and the retail price is going to decrelaseboth farm and retail prices, the reaction
to positive and negative shocks in farm price isifpe-asymmetric (lower left panel of
Figure 6): farm price increases are transmittedllttevels of the lamb chain faster than farm
price decreases. Moreover, the asymmetric effegreater in the case of the retail price,
suggesting that inflation in food prices is not gexted by cost increases but by increases in
marketing margins. These results seem to indidze retailers have market power in the
lamb market in Spain, as is the case with mosspahle products. In fact, as mentioned in
Section 2, retailers are much more concentrated faamers, at least in the case of
supermarket and hypermarket chains operating etnadtievel.

Under the third regime (the retail margin is togh)i the general pattern shown in Figure 6 is
to some extent similar, although with a few diffeces that are consistent with the pattern of

the adjustment coefficients shown in (16). Finstihe very short run, the farm price response
is higher than in the first regime (recall tmag > a%), while retail price responses are of the

same magnitude in both regimes. Second, convergewagds the long-run equilibrium takes
place more quickly. Finally, as under the firstineg, in the case of the retail price, the
adjustment process is positive-asymmetric (lowghtrpanel of Figure 6). However, in the
case of the farm prices, we can consider thateniadhg run the adjustment is symmetric. In
fact, in the first two weeks, the adjustment isifpas-asymmetric but reverts to negative
during the following five weeks before achievingdprun equilibrium. Also under the third
regime, the magnitude of the asymmetric effectighér in the retail price as a consequence

of retailers’ market power along the lamb markethgin.

29 Qualitative research on the Spanish lamb chaiicates that after slaughter, it takes 1-2 days
for the carcasses to be transported to the retaflarce there, the product has to be sold on in 4-5

days.



Responses to shocks in retail prices are showngurd 7. As in the previous figure, in the
upper part the responses of farm and retail priceboth regimes, to a shock in the retalil
price are shown, while in the lower part, the Rotteeasure is also provided for the two
regimes. Regime 1 means that the retail margioaddw. Then a positive (negative) shock in
the retail price increases (decreases) the retigim To restore equilibrium, the farm price
should ultimately increase (decrease) and thel netigie should decrease (increase). This is
what can be seen in Figure 7 (upper left) afteuaBe4 weeks. In any case, convergence with
the retail price responses is reached after sixtimsomhus, in the short run retailers benefit

from a demand shock as the marketing margin inegesigsbstantially.
(Insert Figure 7)

Farm price responses are also different for negathocks as compared to positive shocks.
Responses to negative shocks are larger in thé shoewhereas after 14 weeks the opposite
occurs. Thus, farm price responses to a shockeimetail price exhibit a cyclical asymmetric

pattern in the short run, and become positive-asgtmain the long run.

Comparing the asymmetric behaviour of both retad garm prices to demand shocks in the
first regime shows that the situation is somewhéemnt to the supply shock situation
represented in Figure 6. In this case, retailersefiefrom increasing marketing margins
during the first 15 weeks. However, this initiafezt is compensated during the following 15

weeks, as the magnitude of the asymmetric effegtaater in the case of the farm price.

Finally, under the third regime (the retail marggntoo high), a negative shock in the retalil
price decreases the retail margin. Then if theilretargin becomes too low that regime 1
applies. To restore equilibrium the farm price @ng to increase and the retail price is going
to decrease. Contrary to the first regime, resppmsdoth positive and negative shocks are
similar while convergence takes place more qui¢kly weeks). Finally, the most interesting
result is that it is only in this case (excess $gpthat farm and retail price responses to

positive and negative demand shocks are symmetric.

5 Conclusions

This paper has explored the non-linearity in thegptransmission mechanism along the lamb
marketing chain in Spain. The methodology used liraa specifying and estimating a three-

regime TVECM. Price reactions in the intermediagime are not significant, allowing us to



specify a Band-TVECM. The paper presents the regpeeific long-run equilibrium
analysis and short-run dynamics. The results obthguggest a number of points.

In the long run, prices at both ends of the markethain are perfectly integrated, that is to
say, any change in either of the prices is fulangmitted to the other. However, in the short
run, price behaviour is found to be asymmetric. kdapower at the retail level (two thirds of
total lamb sales at retail level are located inesoparkets and hypermarkets of which the
market share of the top-five is around 74 per ceptdduct perishability together with
accountancy rules and inventory management stestege possible explanations of the short-

run asymmetric price transmission.

The three-regime threshold error correction mod&wed us to fully emphasise the
asymmetric nature of the adjustment mechanism,wiécies according to the size, and sign
of the equilibrium error. The first regime is assbed with lower marketing margins while
the third is associated higher margins. The shortdynamics in both regimes are similar
although the speed of adjustment is faster wheail rebtargins are higher. This price
transmission mechanism is explained by the speciferacteristics of the lamb production
and consumption in Spain. While production is matdncentrated during spring, leading to
lower farm prices (which, on the other hand, inseealong the rest of the year), the highest
consumption levels are associated to Christmasibigdi, leading to higher prices for a short
period of time. Thus, when farm prices have reac¢heit top and are going to decrease, retalil
prices are increasing generating lower marketinggma. The opposite takes place after
Christmas, generating higher marketing margins. Ghiek decrease of retail prices after

December makes the speed of adjustment faster vekeahmargins are higher.

In an environment of lower marketing margins, nega(positive) supply shocks squeeze
(stretch) the marketing margin. At both ends of supply chain, responses are always
positive-asymmetric, that is, negative supply sioeke transmitted faster than positive
shocks. In any case, the magnitude of the asynunetfect is higher at the retail level,

indicating that retailers benefit from increasingarketing margins. On the other hand,
positive (negative) demand shocks stretch (squebeenarketing margin. Again in this case,
at the retail level, positive shocks are more gégsit, thus generating positive asymmetries.
At the farm level, demand shocks generate, in ding Irun, positive-asymmetric responses.
However, during the first 15 weeks, negative shogies more persistent, increasing price

spreads.



In a high retail margin situation, the general @atttis somewhat different. First, as mentioned
above, responses converge more rapidly to the dongequilibrium. As in the previous case,
retailers benefit from supply shocks, as respotseegative shocks are more persistent than
those to positive shocks, generating positive asgtries in the first 7 weeks. At farm level,
the long-run adjustment seems to be symmetric. &\Vinilthe very short run (two weeks)
negative supply shocks are more persistent thaitiygosupply shocks, this is reversed in the
following 5 weeks. In any case, as in the priceaasing situation, retailers benefit from
higher marketing margins, as the asymmetric effechigher at the retail level. Finally,
positive and negative demand shocks generate symmesponses at both levels of the

marketing chain.

The analysis has focused on vertical price adjustsnea the Spanish lamb marketing chain. It
can be extended in several directions. First, atihesit sectors in Spain with different market
structures (different degrees of market integration other food sectors with different
characteristics (branded products, more processelligts, non-perishable products) could be
investigated in order to improve our understandifighe price transmission mechanism.
Second, further applications to the same sectootimer countries with different market
structures would allow us to link our results wittarket power or stock holding policies.
Third, taking into account that the methodologiapproach followed in this paper uses price
data only, structural models could be developetthénfuture, where data availability permits,
in order to investigate the main determinants efekiolution of marketing margins. Finally,
further refinements from the methodological poihview could be made in the future as new
theoretical econometric issues arise in the contéxton-linear models in a multivariate

framework.
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Table 1. Tests for non-linearities in price adjusins

LRy g LRy 3"
Test statistic 89.72 63.91
FR critical value (596) 43.46 40.72
PR critical value (5%) 51.55 48.29
Threshold parameters A =(-0.0679-0.0065 )

aThe LR, 3 tests the null of linearity against the alternatof a three-regime TVECM (Lo and Zivot,
2001).

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

c Critical values are obtained using the fixed esgor (FR) bootstrapping technique (Hansen and Seo,
2002).

d Critical values are obtained using the paramedsidual (PR) bootstrap algorithm (Hansen and Seo,
2002).



Table 2. Estimated parameters of the TVEEM

Regime 1 Regime 2 Regime 3
w1 (B) < 0.0679 - 0.0679< w4 (B) < —0.0065 wy.1(f3) > ~0.0068

al ~0.053 0.003 ~0.054
| (0.02) (0.090 (0.023
o2 0.026 ~0.0091 0.104
(0.03) (0.023 (0.04)
% of 33.33 38.33 28.33

observations

Misspecification tests

Farm prices Retail prices

BG(1)-FP 2.59 BG(1)-RP 0.44
BG(52)-FF 1.46 BG(52)-RP 1.13
ARCH(1)-FP 3.84 ARCH(1)-RP 3.32
ARCH(52)-FP 3.76 ARCH(52)-RP 3.86
JB-FP 3.04 JB-RP 4.02

a. Values in parentheses are standard deviations.

b. wi_1(B) = RP-FP-0.635.

c. BG(i) is the Breusch-Godfrey test for autocatiein of order i (critical value at the 5%
significance level is 3.84).

d. ARCH (i) is the Engle test for conditional heteredasticity of order i (critical value at the
5% significance level is 3.84).

e. JB is the Jarque-Bera test for normality (altialue at the 5% significance level is 5.99).



Figure 1. Farm and retail prices for lamb in Spd@itkg of equivalent carcass weight) (1996-
2002)
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Figure 2.Evolution of the retail marketing margir996-2002)

a) RP-FP, absolute values (€/kg)

bHRPpercentage of farm price
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Figure 3. Behaviour of farm and retail prices whearketing margins are increasing or

decreasing (average weekly percentage changegydif$6-2002)
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Figure 4. Classification of prices evolution untte three regimes (€/kg)
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Figure 5. Persistence Profiles to a 1% positive ragghtive shock in the cointegrating vector

under the two regimes

1.5

144
131 <" —— PP_R3(1)
1.2 . --x---PP_R3(-1)
1.1; —— PP_R1(1)
1- c-x---PP_R1(-1)
0.9
0.8 -
0.7
0.6 -
0.5 - -, x.
0.4 +----\-- L
0.3 1 . x,
0.2
0.1 -

XX X .x . R > &N
O T T T T X R K K K KX PR P X TR R R R O RO O T

-8-%*1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52

Weeks after the shock

Note: PP_RQg) indicates the Persistence Profile in the i-thmegi (i=1,3) to a system-wide
shocks (6=1,-1)



Figure 6. Impulse response functions to a posiind negative shock in FP under the two

regimes
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Figure 7. Impulse response functions to a pos#ing negative shock in RP under the two

regimes
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