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Abstract

The objective of this paper is to investigate agjtical price transmission during
price bubbles and to assess whether the implemenéet: policy measures did
eventually play a role. We study horizontal cerpate transmission both across
different market places and across different comtie®d The analysis is performed
using Italian and international weekly spot (cagnices in the years 2006-2010, a
period of generalized exceptional exuberance andsequent rapid drop of
agricultural prices. Firstly, the properties of th@ice series are explored to assess
which data generation process may lie behind thsepoled patterns. Secondly, the
interdependence across prices is estimated adopapgropriate cointegration
techniques. Results suggest that most prices bedmVfl) series, though some also
show either fractional integration in the first ififences or explosive roots. A long-run
(cointegration) relationship occurs among prices tbE same commodity across
different markets but not among prices of differmmnmodities. In both long-run and
short-run relationships the “bubble” seems to hapkayed a role as well as the
consequent policy intervention on import duties.
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Agricultural Price Transmission Across Space and Camodities
During Price Bubbles

1. Introduction: objectives and data description

The analysis of agricultural price transmissionimyirintense market turmoil represents a
major research challenge. The investigation mayebmpirically problematic due to the
particular stochastic properties assumed by thee @eries during these periods of turbulence;
however, it is clear that studying the co-movemehtprices under these conditions is
particularly useful to understand to which extemicgs are linked together. The main
motivation of the present study is to investigie properties of agricultural price series over
the recent price rally (European Commission, 208@n and Good, 2009)to better analyse
how price shocks were transmitted horizontallyt thacross market places and commaodities.
We use cereal weekly spot prices from May 2006 ¢azdbnber 2010. We opt for this time
coverage for three major reasons. Firstly, thisgoefully contains the bubble: the bubble
firstly inflated, then completely deflated and figastarted raising again in the second half of
2010 (Figure 1). Secondly, we can assume an alowrsttant policy regime in the European
Union (EU). In 2006, the 2003 reform of the ComnAggricultural Policy (CAP) was entirely

in place, included its limited implications in tesrof price policy and market intervention; we
can then assume that the domestic policy regimaireed constant over the years 2006-2010.
Concerning international trade policy, the onlyexant policy regime change has been the
temporary suspension of EU import duties on cereaia January 2008 to October 2008, as
a reaction to the exceptionally tight situation world markets. This temporary measure
might have altered the price transmission mechanidrherefore, while investigating price
transmission during the bubble, it is also possiblassess the role played by this single and
temporary policy measure. Thirdly, concentratingtlnis period facilitates international price
comparisons as the cumulative inflation rate hanlmguite limited and relatively similar in
Italy and in North-America (the two areas underdgtinere). Therefore, comparisons of
agricultural prices across different countries ad require the deflation of nominal prices

into a common real base.

! Henceforth, the “agricultural price bubble”. Hestigally, and generically, the bubble clearly appéa Figure
1. From a more rigorous point of view, however, wit formally define and test the presence of aerbubble
in section 2.3.



We analyse weekly spot price series observed fierdifit Italian locations (from North to
South; source: ISMEA) and international (North-Aman) markets (source: International
Grain Council, IGC) (Esposti and Listorti, 2011 helTreason why we focus on durum wheat
and corn is that they represent somehow opposgescaAmongst the main cereals, durum
wheat experienced the largest price rise (and,, tdedline) during the bubble, while corn
prices showed the smallest variation (see FiguardLEsposti and Listorti, 2011). Comparing
these two extreme cases is particularly insighttulunderstand whether some common
features of the price movements can be found ewersscommodities showing quite diverse
market fundamentals. Significant differences betwderum wheat and corn may be found
on both the demand and the supply side, at ledsieirtalian case. On the demand side, the
prevailing domestic (Italian) uses are very différéor the two cereals: almost exclusively
human consumption for durum wheat, prevalent fesdfar corn. Therefore, we can deduce a
pretty limited interdependence among them, sineg tehave neither as strong complements
nor as strong substitutes. On the supply sidey Isathe largest EU durum wheat producing
country (durum wheat is one of the characteristodpcts of the Italian agriculture) while, on
the contrary, corn is a less typical productionerfiore, we can presume a different linkage
between the national and the international priocgke two cases.

The dataset has a Tx(NxK) dimension where: T=24dksdfrom the first week of May 2006
to the last week of December 2010); K=2 commoditizsum wheat and corn); N=5 market
places, that is, North-ltaly (Milan), Centre-Noithly (Bologna), Centre-South Italy (Rome),
South-ltaly (Foggia), US and Canada (or Rotterdaee below). The codification and
description of the NxK=10 price series under inigagton are reported in Table A.1 (Annex
1).

The North-American prices are FOB prices. For agiucal commodities, freight rates are
normally quite relevant. Moreover, due to volajilih energy, namely oil, prices, they also
considerably oscillated during the commodity primébble. For these reasons, freight rates
(source: IGC) were added to US and Canadian piicesder to obtain the respective CIF
prices. The freight rates used in this study amsé¢hfrom US Gulf (or Canada, where
applicable) to Amsterdam/Rotterdam/Antwerp/Hambuaiggstinations. In practice, in our
analysis the North-American prices actually sersenéernational prices taken at Rotterdam,
thus as EU-reference prices. Henceforth, we wiloatefer to international prices as
Rotterdam prices (Table A.1). These US and Candadikrprices have been finally converted



from US dollars to Euros by using the weekly o#iich/€ exchange rate provided by Eurostat-
ECB?

2. Some basic evidence on agricultural price behair

Before analysing price interactions and the reaakdransmission of price shocks, the time
series properties of the data have been assedsisdalibws identifying the common features
of the price series, in order to achieve a propgvecification of price
transmission/interdependence relations.

Let us consider agricultural prices observed overed different dimensions: space,

commodity and time. Therefore, the generic pricg,is, where:i=1,...j,...,N is the (local)

market place (spatial dimensiok¥1,... h,... K is the commodityt=1,... s,...,T is the period
of observation (time dimension). By more converdibn distinguishing between a cross-
sectional dimension, given by the combination & tiimensionsk, and a time dimensioh

we can identify any generic price observation@s (scalar) and any generic price series
(vector) asp, . The logarithms of prices are here considereds fonotonic transformation

facilitates the economic interpretation of results,particular considering that regression

coefficients may be interpreted as elasticitieser&fore, hencefortlp, identifies the time

series of the price logarithm of tkeh commodity in the-th market place.

The time-series properties of the prices are aedlys the following sections by testing, in
sequence, stationarity, persistence (long memofyactional integration) and explosiveness
to assess whether these features may be invokepdossible causes of the observed

exuberancé.

2.1. Stationarity

The presence of unit and/or explosive roots igcatitto understand the behaviour of price
series especially in periods of such dramatic esarie and drop. Stationary (i.e. 1(0)) series
can be hardly reconciled with the presence of thigble. Even stationarity around a drift (a
constant term) and/or a deterministic trend isevadently helpful in this respect. As clarified

below, testing for the presence of a temporary @sipé pattern cannot be simply achieved

2 Using prices already converted in the same cuyréne widely used procedure; it follows that athusnt to
the exchange rate is assumed instantaneous.

% Other time-series properties that could generate-limear dynamics in price patterns, in particutem-
normality and seasonality, have been tested andrgky excluded (see Esposti and Listorti, 2011, rfeore
details).



through conventional unit-root tests. Nonethelediseit not sufficient, these tests still allow
to assess a necessary outcome of nonlinearitiésnwatice series: the series are expected to
be I(1) and not I(0) (Diba and Grossman, 1988; BydQ91; Phillips and Magdalinos, 2009;
Philips et al., 2009; Phillips and Yu, 2009).

Table A.3 (Annex 2) reports unit root tests pp and on their respective first differences,
A,p, - Four different unit-root tests are run (Ende@93; Stock and Watson, 2011). The first

is the conventional ADF (Adjusted Dickey-FullersteThis test, however, encounters known
limitations particularly for series like those unamnsideration here and, thus, may provide
misleading evidence on their underlying stochaptioperties. The second test is the PP
(Phillips-Perron) test, that is expected to be moobust than the ADF test under
heteroskedasticity which may, in fact, occur dunpagiods of exuberance. Furthermore, two
other tests are performed, both aiming at takirtg account that the conventional ADF test
tends to accept the null hypothesis of unit rosbdbr series that are, in fact, only “near unit
root” processes. This latter case is likely to @douthe price series under consideration here,
especially in their first differences. Firstly, #DF-GLS test is performed. This modified
ADF test has significantly greater power than tbeventional test especially under near unit
root processes and small sample size. Secondl,3SKest (Kwiatkowski, Phillips, Schmidt
and Shin) is performed. In this test, the null ltjyegis is that the series is stationary, while
the alternative hypothesis is that it is I(1). Téfere, the KPSS test is expected to reveal those
series that the conventional ADF test tend to acasgd(1) while, in fact, they are only near
unit-root processes. The combination of these faoit-root tests should provide an
exhaustive picture on the real underlying stochgstbcesses of the price series thus allowing
for a robust and conclusive answer about theirropflantegration.

In general terms, looking at Table A.3 it seemg,thace the proper specification has been
selected (in terms of number of lags and of thesgmee of drift and deterministic trend), all

p, series show a unit root. If the conventional AD§t s considered, the evidence about the
A,p, series is more mixed, though I(1) series still prean 1(2). As mentioned, however,

conventional ADF tests may fail in detecting stafity series when their roots are near to
unity. The more robust PP, ADF-GLS and KPSS testfact, show that all first differenced
series are stationary. The conclusion would be dlairice series can be considered I(1) but
not 1(2).



I(1) series (random walks possibly with a drift forxda deterministic trend), however, are
apparently at odds with the evidence of a priceblejbas they can hardly generate the
temporary exuberance observed in all markets. Agmilby; these prices are “something more”
than 1(1) series. Two plausible explanations aee fllowing. The first explanation is that

A,p, , though 1(0), may show long memory, therefore Ipegsistence of shocks. A second
explanation is that temporary explosive roots (hebble”) actually occurred irp, . As

conventional unit-root tests can not really asges®xclude) these two hypothesas, hoc

tests are needed.

2.2. Long memory (fractional integration)

As emphasized by Wei and Leuthold (1998), agricaltprices (mostly, in fact, future prices)
are often characterised by long memory, which mag generate non-linear patterns quite
close to chaotic processes. In such cases, pnas see neither 1(0) nor I(1) but rather 1(d)
processes, with @1 (hence the term “fractional integration”). Fiaogl integration implies
that price series, though not behaving as randofksw@here shocks never vanish over
time), still keep the memory of a given shock foloag period. Roughly speaking, price
shocks decay very slowly over time. This kind afcéiastic process is here of specific interest
since when fractional integration occurs in thetfidifferences, then 1(1) price series can
generate the observed nonlinearities. In such c#isesgh a unit root cannot be detected in
the first-differenced series, a long-memory processild still imply strong persistence of
shocks.

Unfortunately, conventional unit-root tests mayl fai detecting such property: they assess
whether time series are 1(0) or 1(1) while, in fatiey are 1(d). The presence of long memory
within the price series can instead be testedvaitig the approach originally proposed by
Geweke and Porter-Hudak (1983) and then modifie®milips (1999a,b). This test is based

on a particular representation of the stochastcgss generating the price serges, or its
first differences A,p, , called ARFIMAQ,d,g) (Autoregressive Fractionally Integrated

Moving Average) model, whene andq express, as usual, the orders of auto-regressive a
the moving-average parts, respectively, ahdhe order of (fractional) integration. The
procedure proposed by Phillips (1999a,b), and abpere, tests the value of parameter
then distinguishing stationary, unit-root and fracally integrated processes. The procedure
produces two test statistics, one for the dald and one fod=1. If d=0 is accepted the series



Is stationary; ifd=1 is accepted the series has an unit root. If laoéh rejected (namely,
0<d<1), then fractional integration (long memory) ccepted.

Results of these tests are reported in Table AthéX 2). They confirm that, when applied to
the original series, a unit root is evidently olveel. When applied to first differences, the
presence of a unit root is always rejected buhied national markets (two for durum wheat,
one for corn) the presence of fractional integratiannot be excluded.

2.3. Testing explosiveness: recursive unit rodstes

In time-series econometrics, nonlinear patterns paturally emerge in non-stationary
variables whose first differences are fractionafitegrated processes @, fortiori, second-
order integrated, 1(2), series (Engsted, 2006).d\ugless, a price series showing a period of
explosive behaviour (a temporary, or periodicalbflapsing, bubble) is not necessarily an
I(2) series. On the contrary, a 1(2) process waaigly a permanent exuberance of prices
while, in fact, the observed bubble inflates anflaties within a relatively limited period of
time. In fact, bubbles induce a temporary explosivat in price series in addition to a unit
root. If this additional root is not appropriatedgnsidered, conventional testing may fail in
detecting the real underlying stochastic processifg, 1991).

Recent works by Phillips and Magdalinos (2009) lipsiet al. (2009) and Phillips and Yu
(2009) have provided an appropriate framework &seasing the presence of an explosive
root within processes that would otherwise be rudedl(1). They propose a test for the
presence of bubbles in which forward recursive AB$ts are run on the price series. These
sequential tests allow assessing period-by-peiined possible nonstationarity of the price
series against an explosive alternative. The falwacursive test is based on a conventional
ADF regression where in the first recursion of}y= [r,T] observations are used, whegas

a fraction of the total sample* In subsequent regressions this initial data ssfijiglemented
by successive observations, each time using a saof@izeT, = [rT] for ro<r <1. For any
recursive sub-sampl&;, the respectiveADF test is computed. Of these forward recursive
ADF tests ADF;), the test of explosiveness considers the maxinmabserved value:

SADF= sup ADF, . Under the null hypothesis of unit root(lp, =1) and against the right-

rro 4]
tailed alternative hypothesis of an explosive r@di: p, >1), we accept that the series

contains an explosive root if the estimated ®&DF is higher than the respective critical

* The brackets inr|, T] indicate that the integer part of the argumenéaien.



values (reported, for different sample sizes, inllipd et al., 2009, and Phillips and Yu,
2009). Here,r, has been alternatively fixed at 0.10 (24 obsermadoand at 0.20 (48
observations) (see Phillips et al, 2009, and Risiland Yu, 2009), and then incremented by
each single following observation.

TheseSADF tests have been performed en including the constant term and 12 fags

Table A.4 (last two columns) reports the resultthese tests for both r=0.10 and r=0.20. The
latter case, however, provides a more robust ec&amce it uses larger sub-samples, thus
reducing the risk of poor test performance in gt funs of the recursive procésbor this
reason, a restrictive 1% critical value is usedesi the presence of explosive roots. On this
basis, we can conclude that a temporary explosefeaour is definitely found only in
durum wheat international (Rotterdam) price. Thespnce of an explosive root is doubtful in
few cases, while it can be excluded in all othéepseries.

This kind of test may be particularly helpful atsounderstand the timing of price exuberance
to eventually date the beginning and the end ofptiee bubble. To locate the origin and the
conclusion of the exuberance, one can display #ness of the above mentioned forward
recursiveADF; test and check if and wh&DF, exceeds the right-tailed critical values of the
asymptotic distribution of the standard Dickey—Eult-statistic (Phillips et al. 2009). By
adopting a restrictive 1% critical value, the primébble turns out to be limited, especially in
national markets, to a very few cases. Furthermoitelasts for a short period of time,
anticipating and only partially overlapping the ipdrof suspension of the EU import duties
on cereals (Figure 2). According to these resalts] following these restrictive criteria (as
explosiveness may be easily confused with diffepotesses generating similar patterns),
we will henceforth consider that only the internatill durum wheat pricewad_can clearly
contains an explosive root. Taking this price dere:nce, we assume that the bubble begins
the first time we observADF, exceeding the 1% critical value (the first weekJaofy 2007)

and ends the last time we observe this limit bexgeeded (the last week of March 2008).

> The longest significant lag found in performing eentional ADF tests is 12. Therefore, 12 are tlaacdrd
lags considered in the testing procedures for bafhosiveness and fractional integration (secBdhand Table
A.4 in Annex 2).

® Due to this poor performance in the first rungufe 2 reports test results from January 2007.



3. Modelling price interdependence as price transmssion mechanisms

In the previous section, evidence emerged in faebtine presence of “something more” than
a simple 1(1) process in the price series undeatystlihis additional stochastic property may

be the presence of fractional integrationArp, or of explosive roots irp, . Nonetheless,

this evidence is not concordant across all cemneed$ while, in fact, visual inspection of price
patterns (Figure 1) suggests that they all tendethdve together over time, though with
marked differences. Therefore, to directly look foterdependence across the price series
might be much more insightful than examining thedividual properties in search of some

common feature.

3.1. A general model of price transmission
Let us consider the generic agricultural pripg . The behaviour ofp,,, over its three

dimensions might be evidently represented withimprapriate structural models as the
combination of market fundamentals such as suglEgmand and stock formation. However,
such models are inherently very complex and hatdigtable in the empirical analysis,
whereas the investigation of price evolution amikdge is more frequently afforded within
reduced-form models. For examplgckler and Goodwin (200provide a common template
based on linear excess demand functions and empgraltidynamic regression models from
which an estimable reduced-form model (in theirecas VAR in prices) can be derived.
When all the three dimensions are explicitly coasd, reduced-form models are actually
and by far more feasible and of immediate use tegge price predictions, i.e. the estimation

of E(pi,k,t| P ki-sr Pini-s: pi,k]t_s), given the available observations.
By distinguishing a cross-sectional dimensidnand a time dimensiof, a generic reduced-
form model of price formation and transmission averse two dimensions is the followiAg:

S=S<T s=S<T

(1a) Py, =0y + Zps Pict-s * ZZ,-MK a)li,jh Pint-s T ikt
s=1 s=0

" If we want to maintain the original three-dimemsispecification, equation (1a) can be more extemgiv
S=S<T s=S<T s=S<T N

H . —_ S S .
written as: P, St DL PPy ZZM WPt D Zzh¢kmkh Pihi-s ¥ Eixe With
s=1 s=0

s=0 i=1
&kt DN(O’ Tk )



where S is the maximum time lag andik’tDN(O,Jii’t). In a more compact matrix form

equation (1a) can be written as:

s=S<T

(1b) P=a+ > PW, +g,

s=0
where P, P, and g, are (Tx(NxK)) matricess expresses the time lag, is a (Tx(NxK))
matrix of time invariant parameters, that ig,, =a;, ., = a, , 0i, j,s (any column ofa

contains T elements with constant valag) and g, DN(O,Qt). W, is a ((NxK)x(NxK))

matrix of unknown parameters incorporating the @atron across prices within both the time

and cross-sectional (space-commodity) dimensiohg. diagonal elementsy; , , actually
indicate the auto-correlation over time, with tixelasion of the matriX\W,, where diagonal
elements are evidentlyy, , = 0,0ik . The off-diagonal elementsy; , , represent the cross-

sectional dependence of prices; in other wordg; txpress the interdependence among the

different prices and, therefore, the degree anddihection of transmission of the price

shocks.

In particular:

- if h=k but i#, we are considering the price transmission fordglmme commodity across
space, that is, different market places. In thisecainder perfect spatial arbitrage, the

validity of the Law of One Price (LOP) implies that , =1 ;

- if i5) but h#zk, we are considering the price transmission betweea different

commodities in the same market. In this case, eMsne), , indicate the degree of

substitutability between the different goods (Dawst al., 2006) w, ,, will be close to 1
(-1) under perfect substitutability (complementgritetweerh andk, while it will be close
to 0 under low substitutability (complementarity).
As p, indicates the logarithms of prices, the elements\f actually express the price
transmission elasticities. Within this logarithnfarm, the implicit assumption is that all

factors possibly contributing to price differensidut not explicitly taken into account in the

model (for example, transportation and transactiosts) are a constant proportion of prices.



These constant multiplicative terms (that can bwirally intended as percentages) apply to

price p, . to obtainp, . and are captured by the elements; of

If the matrix of unknown parameter§y,, contains all the information about price linkages
over the three dimensions, we can expect thatrémesiission equations (la-c) get rid of
possible autocorrelation and heteroskedasticityosscrboth the time and cross-sectional

dimensions; that is, we can assume that sphenioal €rms are restored; DN(O,UI) and

E(st,at_s) =0. The proper specification of (1a-b) aims indeerkatoring such conditions.

3.2. Model specification

The first specification issue concerning model lp)dxas to do with its size. With 10 price
series, the size o¥V, becomes large especially whenever several lags ttabe admitted
due to the use of weekly data. To reduce the numbparameters to be estimated, and also
to facilitate the economic interpretation of thesuks, the analysis of the price
interdependence must be “confined” and “segmentbdithis respect, assumptions can be

made about the relevant interactions to be corsiddn particular, we firstly assume that

price transmission only occurs within the same caowiity (p, and p, ) and within the same
market place p, and p,,). The consequent assumption is thgt and p;, have no direct

linkage. This implies fixing at 0 some of the elentseof W,. Secondly, the relation across
prices can be studied by sub-groups of commodggsnenting the analysis within the fixed-

commodity/cross-space(market) dimensiop, (p; ) from the analysis within the fixed-

space(market)/cross-commodity dimensiop, ( p,). Table A.2 in the Annex 1 shows in

detail the sub-groups of prices within which intgpdndence has been considered.

When specifying and estimating model (1a-b), tiet fhat allp, series can be considered

I(1) processes, with some also showing long memorthe first differences and one (the
international durum wheat price) showing a tempofaubble, must be appropriately taken
into account. Since the seminal work of Ardeni @P&ointegration techniques have been
extensively used for the study of agricultural pricansmission mechanisms. Cointegration
models presuppose that I(1) variables are linked png run (LR) relation, whose residuals
are stationary. When fixed-commodity and cross-miapkice relations are considered, under

8 See Fackler and Goodwin (2001) for a compreheresipéanation.
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perfect spatial arbitrage, this relation is the L.@ich is expected to hold in the LR while in
the short run (SR) prices are allowed to deviaiafit.
In such circumstances, the price transmission exquahkes the form of a standard Vector
Error Correction Models (VECM):

S-1
(2) Ap, =aBp, +;FiAlpH *e,
wherep; now is the (Vx1) vector containing the logarithniglte V prices at timé over the
selected sub-group and dimension (spiaceommoditykh);® p is the cointegration matrix
containing the long-run coefficients (the degregride transmission) is the loading matrix
containing the adjustments parameters (a measute dpeed of price transmissioh);are

matrixes containing coefficients that account fleors-run relationsg, are white-noise error

terms. The rank obp’ gives information about the presence of cointégmaamongst the
variables. As the model is expressed in logarithtims,fundamental assumption underlying
(2) is that price spreads (and also, all componeiitich account for price spreads) are a
stationary proportion of prices.

As already mentioned, however, we cannot excluéeptiesence of explosive behavior in
some of the price series. Nonetheless, Engsted6)2@0d Nielsen (2010) show that the
Johansen (1995) approach to test and estimateegaation relationships still holds its
validity. Indeed, the cointegrated VAR model deyeld by Johansen turns out to be an “ideal
framework” for analyzing the linkage between valégithat have a common stochastic trend
(they are cointegrated), but in which one of theesealso has an explosive root. The
Johansen method makes it possible to estimateoih&egrating relationship even though the
relationship contains this explosive component. éfrithese circumstances, it is possible to
rewrite equation (2) in a form that admits two stunal relations. The first contains the usual
cointegrating parameters (their linear combinai®mot 1(1)); the second contains the co-

explosive ones (their linear combination is notlegwe) (Engested, 2006, 157):

S-2

(3) A1App’[ :alﬂllAppt—l +apl3p'A1pt—1+ZriAlAppt—i +£t
i=1

° As evident in Table A.2, V always ranges betweem@ 4.

11



whereA , =(1- pL) andpis the explosiveg>1) root. The conventional cointegration vector is

B, as it can be demonstrated tifiat=p (Nielsen, 2010), whilgs , contains the co-explosive

parameters. All other parameter matrices can leegreted accordingly.

As the standard Johansen estimation procedure amasntts validity, and since we are

interested in the long-run relationship among mieee can simply proceed in estimating (2).
However, in our analysis we also admit that thegoeof exuberance (or the shock that
generated it) influenced the cointegration relattop, g, =B, itself. This can be done by

allowing for the presence of structural breaks imitthe cointegration relationship. In this

respect, Johansen et al. (2000) generalized thelath Johansen cointegration test by
admitting up to two predetermined breaks in thentagjration space. They propose a model
where breaks in the deterministic terms occur iovkm points in time. The time series is

divided ing sub-periods, separated by the occurrence of thetstal breaks, wheledenotes

any generic sub-period. The general VECM becomes:
B ! pt—l S-1 S g M
(4) Ap, = u{ } { :|+7Et +ZriA1pt—i +szi,ij,t+k—i +Z®mwm,t &
nl [tE, i=1 i=1 j=2 m=1
whereS is the lag length of the underlying VAR, = [EjI Ex - Eg i a vector ol
dummy variables that take the value 1,Ee=1, if the observation belongs to tjieperiod

(G =1, ..,0), and O otherwiseD, ,,; is a so-called impulse dummy that equals 1 if the

observatiort is thei™ of thej™ period and 0 otherwise, is included to allow toaditional
likelihood function to be derived given the initighlues in each sub-period; are the so-
called intervention dummies (up &) included to obtain well-behaving residudi§-he short
run parameters are included in matrige®/xq), I (VxV), k (Vx1) for eachj andi, and®

(VxV). g, are assumed to be i.i.d. zero-mean disturbances syitnmetric and positive

definite variance Q. u:[,u]Jt Y7 ,uqt]l is the vector containing the long run drift

parameters anfl contains the usual long run coefficients in théntegrating vector. The

cointegration hypothesis is thus assessed by ¢etfterrank ofr = a{l} } :
1]

10 See Johansen et al. (2000) for more details.
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3.3. Structural breaks: the bubble and the poliegime switching

Within this cointegration framework, we also want ihvestigate how the long-run price
transmission relationships have been affected éytlte “bubble” and the EU suspension of
the import duties. Both shocks enter the model easporary structural breaks; that is,
following (4), a “bubble” and a “policy” dummy haveeen included in the cointegration
space as exogenous variables. In this form, bajimes changes are assumed to affect the
constant term of the LR relation among prices.

Based on the test results on the presence andgtiofithe explosive behaviour (section 2.3),
the first dummy has been given the value 1 fomaléekly observations situated between the
first week of July 2007 and the last week of Magfl08, and zero otherwise. The second
dummy mimics the suspension of the EU import dutiescereals. Indeed, it is well known
that the trade policy regime may have a major imlerice transmission mechanisms (Listorti
2007). It must be recalled that the EU protectioachanism for cereals, even after the
Uruguay Round Agreement on Agriculture (URAA) corted all border measures into
import duties, for a long period resulted in a wigdg between entry (border) and intervention
(domestic) prices and, consequently, high dutiesiriy the 2007-2008 price bubble, the
European Union suspended import duties for cetéalsgh, in fact, they were already set at
very low levels due to the high world prices. Thismension began in January 2008, and was
then prolonged until June 2009; finally, the reddiction of duties was anticipated at the end
of October 2008! Therefore, the policy dummy takes the value lafbweekly observations
between January 2008 and October 2008, and 0 a#®efigure 2). Within the adopted
model, this dummy is expected to take into acctwmt this policy intervention affected the

transmission between international (Rotterdam)raatobnal (Italian) prices.

4. Econometric procedure

The model specifications discussed in the prevemgdion require an appropriate estimation
procedure. This is repeated for both fixed-markets-commodity and fixed-
commodity/cross-market sub-groups (Table A.2).tFok all, cointegration among prices
within the sub-group is assessed using the conwaaidtiohansen (trace) test. If cointegration
is found, then the respective VECM is estimatedoWaihg specifications (2) and (4). If

cointegration is not found, and no explosive rapiesent within the price group, a first-

1 See Reg. CE 1/2008, Reg. CE 608/ 2008 and Red0G%/2008.

13



difference VAR is estimatetf. Finally, if an explosive root is present withoutirtegration,

no model specification is suitable as first ordéfedentiation itself can not ensure the
removal of the explosive pattern. Nonetheless, aisthis case we estimate the respective
first-difference VAR, as these results may providieher information on the presence of co-
explosiveness. Table A.2 shows the model spedificatadopted for all the five price groups
under consideration: two fixed-commodity/cross-netitases (durum wheat and corn); three
fixed-market/cross-commodity cases (Central-Northélaly, Central-Southern Italy and
International markets).

In all cointegration tests and VECM estimates, ‘testricted constant case” (i.e., allowing
for a constant in the cointegration space) of thteadsen procedure has been considered. This
because the series don’t show any linear trenehel$ (Figure 1), but both theory and visual
inspection of the data imply the presence of atamtgerm in the LR relationship, accounting
for all elements contributing to price differentiahot explicitty modelled in the price
transmission equations.

Each model is estimated with and without the bulalplé policy structural breaks. In VECM
models, following Johansen et al. (2000), theserdig® are assumed to have an impact on
the constant term only inside the cointegratingeepAs a consequence, in equation (431,
=0, and a constant term is included in the coimtiéggn space, with the corresponding
elimination of one of thg dummy variables; the coefficients of the strudtbr@ak dummies
have then to be interpreted as relative to thetaohserm valid over the whole period. For
these VECM estimates, the underlying assumptidhasthe rank of the cointegration matrix
remains the same with or without the two structbrabks. In fact, the Johansen, et al. (2000)
procedure doesn’t allow testing for the cointegmatrank with the number of breaks here
considered. Also for this reason, conventional ABts are run on the residuals of the
cointegration relation to check if the rank seldctéathout the breaks can be confirmexl
postafter their introduction.

If prices turn out not to be cointegrated, the ldaband policy dummies are simply
introduced as exogenous dummy variables in a stdndat-difference VAR model, thus
allowing for a shift in the constant term of the RAequations. In such circumstances,

however, the response to a price shock is a SRstadgunt can not be interpreted in respect to

21n both VECM and VAR models the lag length is st#d according to the conventional informationegii
(HQI, AIC and SBIC). This lag length is then confied by testing whether the adopted specificationores
autocorrelation of the residuals (LM test of autoelation).
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a LR relationship, since no evidence supports thstence of a LR pattern. Therefore, the
dummies themselves can not be interpreted as wstalicbreaks occurring within a LR
relationship.

In both the VECM and first-difference VAR specificas, post-estimation allows assessing
the presence of a residual explosive componenhenestimated relationship. The stability
condition (i.e., modulus of the largest eigenvakiel) and, in the VECM models, the
stationarity (tested with ADF tests) of the estiathtesiduals of the LR relationship indicate
that, although an explosive root may be found imeandividual price series, explosiveness
can be ruled out in the estimated equations, plysgdbe to the structural breaks.
Consequently, a specification including co-explesess, like (3), is not needed.

Weak exogeneity tests (i.e., conventional t-testsh® coefficients oftr) for the estimated

VECM, and Granger causality tests for the VAR aexfgrmed to assess how price

horizontally transmits fronp, to p, or from p, to p,, . For all price groups, this allows to

identify the existing causal relationships, orpther words, the “central” (i.e., leader in price
formation) and local or “satellite” (follower) maagts (Verga and Zuppiroli, 2003). The size,
direction and timing of these significant causalatienships are finally analysed by
computing the respective Impulse Response Functl&ys.

5. Results

5.1. Cross-market transmission

This section discusses the estimation resultshiitwo fixed-commodity/cross-market cases,
that is, durum wheat and corn. In the case of duweat, the rank of the cointegration
matrix is equal to one (Table 1). Though the irdional (Rotterdam) price presents strong
evidence of explosive behaviour, the residuals frdma cointegration relation remain
stationary and the stability condition is respect&étierefore, we can conclude that the
presence of co-explosiveness in the VECM modelbsaexcluded. This may be attributed to
the presence of the structural breaks that may itkeaccount the period of more intense
price turmoil though, in fact, results suggest graexplosive root can be excluded even when
structural breaks are not included in the modetiipation.

When no break is included, in the cointegrationteeboth coefficients of the national prices
(two “satellite” markets) are significant while theefficient of the Rotterdam price is not and
is much lower than the others. When structural kseare included, however, only the

coefficient associated to the Southern-Italiangremains statistically insignificant. With or
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without the breaks, both the Rome and the Foggiaepadjustment coefficients are
significant, whereas the Bologna and Rotterdameprare weakly exogenous. The conclusion
can be that, if the Rotterdam price can be intéedras the driving price, the same holds for
the Bologna price at least in the national durumeathmarket. The bubble and the policy
dummies do not substantially affect these findingiseir coefficients are positive in sign
(0.033 for the bubble dummy and 0.018 for the poldummy), but not statistically
significant. Since the constant term in the coirdégn vector is positive, this would indicate
that in both time frames covered by the breakglibiance between the prices increases.

In the case of corn (Table 2), two cointegratioctoes emerge. In estimating the VECM,
however, we impose only one cointegration vectdre Tesiduals form the cointegrating
relation are stationary and the stability conditismet. Even in such case, therefore, we may
exclude co-explosiveness as could be expected smcern price clearly shows an explosive
root (Table A.4). In the VECM without the bubbledapolicy dummies the coefficient of the
Bologna price in the cointegration vector is sigraht and, in absolute value, is the largest
and close to one. The coefficient of the Rome pigcpositive and significant, whereas the
coefficient of the Rotterdam price is negative ant significant. The adjustment coefficients
of the Milan and Rome prices are significant wlilhe Bologna and the Rotterdam prices
behave as weakly exogenous, thus confirming thidt ¢en be considered as driving markets.
When the structural breaks are included, withindbiategration vector, the coefficient of the
Rome price changes its sign. In fact, all coeffitse are barely statistical significant
suggesting that, when the structural breaks amntakto account, the LR relationship among
prices becomes weaker and price linkages mostlgazonSR adjustments. The adjustment
coefficients confirm that the international pricehlaves as weakly exogenous while all
national prices now show statistically significandefficients with the expected sign. The
coefficient of the bubble dummy is positive (0.028)hereas the policy dummy has a
negative coefficient (-0.027). So they almost remgally offset and, considering the negative
sign of the constant term, these estimates woulttate that during the bubble the distance
between the prices widened, while it diminishedirtyrthe suspension of the EU import
duties. However, even in this case, both are radissitally significant at the 5% confidence
level.

According to these results we can conclude thathendurum wheat market, Rotterdam and
Bologna behave as the leader markets transmitticg phocks to the local markets of Rome

and Foggia. In the case of corn, Rotterdam behasdke driving price and transmits shocks
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to all national prices. The IRFs computed for theagenous prices provide visual evidence
on how this price transmission works. In durum wh@agure 3) we can notice that all
response are positive and do not die out (as imhghg cointegration vector), the only
exception being the negative response of the Fquiga to a shock in the Rome price, the
two evidently behaving as local or “satellite” meitk In general, the responses to shocks on
the international prices are lower than those tackf on the domestic ones. In this respect,
Bologna seems to behave as the most influencingenarhis is confirmed by the IRFs for
corn (Figure 4). They show that the response damio a shock in Bologna is higher than
the response to a shock in Rotterdam, which iotte weakly exogenous price, whereas the
response of Milan to a shock in Rome is negativeag expected for two “satellite” markets.
Even in this case, Bologna confirms its dominamridieg role at the national level. The

response to shocks in international prices in ndyni@ver than the one to the national ones.

5.2. Cross-commodity transmission

The results concerning the fixed-market/cross-conityioprice relations are reported in
Tables 3-5. The linkage between durum wheat anal goces is investigated in three market
places: Central Northern Italy (Bologna), Centralithern Italy (Rome), and International
(Rotterdam). In all cases, the cointegration ramig out to be 0. Consequently, a first-
difference VAR specification is estimated. This meahat no long-run relationship can be
detected between corn and durum wheat prices iroattye market places considered. This
doesn’t imply that no linkage exist across prices$ father that, if present, it is limited to
short-run responses to other price’s shocks. Furtbee, only in the Bologna market we
notice a clear statistically significant linkager@ss the two prices; the durum wheat price is
endogenous as it is Granger-caused by the core.pncthe other two cases (Rome and
Rotterdam) the two prices are independent or ordgkly dependent. In the Rome market
durum wheat price is Granger-caused by corn pricE0% significance level. The opposite
occurs in the Rotterdam market, where durum wheee$ Granger-cause corn prices at the
10% significance level. This latter effect, howewasinishes whenever structural breaks are
included. We conclude that the only clear linkageas commodity prices is the dependence
of durum wheat on corn prices in the Italian masket

The parameters associated to structural breaksnfilesh confirm what observed in the cross-

market analysis. The price bubble tends to siggnifily increase the price variations in
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response to exogenous shocks, but this effectiielgncompensated by the opposite effect of
the policy. The impact of these dummies is howepste limited in magnitude.

The IRFs reported in Figure 5 provide a clearetupecof the relevant linkages occurring in
the same market across different commodities. Rertivo significant relationships, both
concerning the impact of a corn price shock on suwheat price in national markets, the
pattern of the response over time generally indat rapid decay of the response in few
weeks. In a first-difference VAR model, this suggethat a shock in the logarithm of one
price (that is, in its price growth rate) only teonarily affects the growth rate of the other
price, which eventually comes back to the initiedwgth rate. It is worth noticing that the lack
of a cointegration prevents from interpreting thesponse in terms of a reversion to a LR
relationship. In both markets, durum wheat pricesitprely responds to a shock on corn
prices, which suggests a sort of substitutabilégw®een corn and durum wheat. However, this
relationship only holds in the SR: the responsaskas after few weeks and, as mentioned,
no LR linkage can be detected.

An additional comment has to be made with respedhé explosive behaviour of some
prices. Since the Rotterdam durum wheat price esathly case for which explosiveness is
definitely observed, we may conclude that, in thigrnational market, the first-difference
VAR estimate is expected to show explosiveness thwvalidating the respective parameter
estimates. Nonetheless, Table 5 shows that no Eixpltess is observed: in all market places
residuals are indeed stationary and the stabitibdiion is met.

We can summarize these results by arguing thas-@osmmodity price transmission is much
weaker than in the cross-market case. Between wwee ibternational prices, no LR
relationship emerges and no SR response to shediserved. In national markets, however,
it would seem that a shock on the corn price hagngact on the durum wheat price. Given
the results reported and discussed in previousosedhis is particularly interesting in the
case of Bologna, as this is the national drivingk®ta The casual chain eventually emerging
seems to be the following: shocks on the corn paireetransmitted from the international to

the national driving market and then to durum wlaeet to the national “satellite” markets.

6. Some final remarks

This paper aims at analysing the horizontal agucal price transmission (across space and
commodities) during the years 2006-2010, a peribéxtreme market turbulence. Since

during market turmoil weekly price series may fallpeculiar and hardly tractable stochastic
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processes, this research objective is particula@itallenging. Our evidence, although
preliminary, confirms that all the price series sidered (durum wheat and corn prices in
both Italian and international markets) behave (&3 processes. However, some of them
actually seem to be “something more” than simplg Heries. Fractional integration in the
first differences and, even more significantly, lespre roots can not be excluded in some of
the price series examined. Nonetheless, it musidieowledged that, while I(1) processes
alone can not explain the observed exuberancethey oommon pattern emerges across all
prices. In other words, the apparently analogousateur of all prices during the price
bubble can not be explained by some common stachasicess, but must be related to
reciprocal price interaction.

The stochastic properties of the series are ofquéat relevance while finding the appropriate
specification of the price transmission equationBGM or first-difference VAR models). In
general terms, when the two structural breaks ‘(lbble” and the suspension of the EU
import duties) are included in the cointegratioaa® a LR relationship among prices only
emerges for the same commodity across differentketsr but not across different
commodities. Even in the former case, however, titslinkage tends to be statistically
significant only for durum wheat. This would indieathat, at least when such turbulent
periods are considered, the relationship betwe@resmostly concerns SR responses to
shocks while in the LR prices appear to be relftiveore independent. Even in this
prevailing SR horizon, however, a casual chain se¢m emerge. Exogenous shocks
prevalently come from the corn international praoed are then transmitted to the pivotal
national market (Bologna). Then, this latter transnshocks to the national “satellite”
markets and to the durum wheat price. If we exclidedependency emerging among these
“satellite” markets, price responses (across placeaommodities) always move in the same
direction of the shocks and this may explain whgngle shock may be transmitted and even
amplified downstream in the other markets.

A final comment concerns the role of the two stuualt breaks considered, the “bubble” and
the policy intervention (the suspension of the Hipaort duties). Econometric findings
suggests a rather unexpected evidence: althoughdhesion of these structural breaks often
affects the results, the two dummies are barelgifstgnt in the cross-market transmission
while are usually significant in the cross-commypditansmission. The temporary trade-
policy measure may have indeed played a role segdransmission, but it seems to be limited

to the cross-commodity case, while its alleged @&nactually relative to the cross-market
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dimension. Furthermore, in all statistically sigraint cases the “bubble” and the policy
always operate in opposite directions. The fornmapldies price variation in response to
external shocks while the latter actually redudes tesponse. This not only indicates that
these two structural breaks tend to reciprocallisatf but also that, in fact, the policy
intervention eventually played a role in reduciig tmagnitude of the price response to

shocks.
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Table 1 — Cross-market price linkage: 3-lag VECMmates (standard errors in parenthesis)
— durum whedt

Trace (Johansen) test

Rank =0 60.572
Rank =1 28.101t
Rank =2 10.759
Rank =3 3.168
Rank =4 -

Cointegrating vectorf) Without breaks With breaks
fd_fi_bo 1.000 1.000
fd_fi_ro -0.333* (0.129) -0.315 (0.160)
fd_fi_fo -0.741* (0.123) -0.824* (0.157)

cwad_can 0.030 (0.028) 0.044 (0.035)
“bubble” dummy 0.033 (0.020)
“policy” dummy 0.018 (0.019)
Constant 0.236* (0.051) 0.501* (0.146)

Adjustment vectord)
fd_fi_bo 0.042 (0.078) 0.103 (0.071)
fd_fi_ro 0.138* (0.067) 0.177* (0.060)
fd_fi_fo 0.255* (0.067) 0.252* (0.060)

cwad_can 0.114 (0.128) 0.100 (0.117)

ADF test on residuals of long-run relation 2.709* (0.01) -2.560* (0.01)

(asymptotic p-values in parenthédis

Stability condition (highest eigenvalue, modufus) 0.886 0.792

& Estimated coefficients of the first-differencentsr are available upon request. The 3-lag spedifitaif the VECM has
been selected according to the conventional infoomariteria. Whereas HQIC, AIC and SBIC indicate&@d, however, 3
lags were necessary in order to remove autocaoelat the residuals (LM test). The values repoffiadthe Johansen test
refer to 3 lags, as well.

®The ADF test specification includes 12 lags.

°The VECM specification imposes unit root modulug, reported here.

T Accepted rank: lowest rank whose test resutiweel than 5% critical values.

*Statistically significant at 5% confidence level.

23



Table 2 — Cross-market price linkage:

4-lag VECMmeates (standard errors in parenthesis)

—corn®

Trace (Johansen) test
Rank =0 62.523
Rank =1 36.453
Rank =2 15.714%

Rank =3 2.573
Rank =4 -

Cointegrating vectorf) Without breaks With breaks
mais_mi 1.000 1.0000
mais_bo -1.184* (0.100) -0.492 (0.113)
mais_ro 0.225* (0.110) -0.632 (0.126)

mais_us -0.039 (0.026) 0.060 (0.036)

“bubble” dummy

“policy” dummy

Constant
Adjustment vectord)

mais_mi

mais_bho

mais_ro

mais_us
ADF test on residuals of long-run relation
(asymptotic p-values in parenthédis
Stability condition (highest eigenvalue, modufus)

0.023 (0.014)

-0.027 (0.014)

-0.007 (0.102) 0.338 (0.157)
-0.137* (0.067)
0.041 (0.085)
-0.227* (0.99)
0.269 (0.162)
-4.044* (0.00)

0.172* (0.061)
0.298* (0.076)
0.403* (0.091)
-0.026 (0.151)
-3.394* (0.00)

0.850 0.792

& Estimated coefficients of the first-differencensrare available upon request. The 4-lag spediicatf the VECM has
been selected following the conventional informatioiteria: 2 lags were indicated by HQIC and SBICags by the AIC.
When one cointegration vector was imposed, 4 lage \preferred as they allow removing autocorrefaiticthe residuals

(LM test). The values reported for the Johanserrédsr to 4 lags, as well.
®The ADF test specification includes 12 lags.

°The VECM specification imposes unit root modulug, reported here.

T Accepted rank: lowest rank whose test resutiweel than 5% critical values.
*Statistically significant at 5% confidence level.

Table 3 — Cross-commodity price linkage: 5-lag tfulgference VAR estimates (standard
errors in parenthesis) — Central-Northern Italy (Bgna)'

Trace (Johansen) test
Rank =0
Rank =1
Rank =2
Short-run Granger Causality testg’[
Durum Wheat on Corn
Corn on Durum Wheat
VAR coefficients
Durum Wheat: bubble dummy
policy dummy
Corn: bubble dummy
policy dummy
ADF test on residuals
(asymptotic p-values in parentheﬁs
Durum Wheat
Corn
Stability condition (highest eigenvalue, modulus)

11.601
3.42
Without breaks With breaks
4,28 5.42
19.49* 16.89*
- 0.011* (0.005)
- -0.010* (0.004)
- 0.005 (0.004)
- -0.011* (0.004)
-3.74 (0.00)* -4.27 (0.00)*
-4.83 (0.00)* -5.29 (0.00)*
0.790 0.749

& The other estimated coefficients of the VAR arailable upon request. The optimal lag (5 weeks) lbeen selected
according to the conventional information criteAaconstant term is included in VAR equations.

®The ADF test specification includes 12 lags.

tAccepted rank: lowest rank whose test resultugtdhan 5% critical values.

*Statistically significant at 5% confidence level.
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Table 4 — Cross-commodity price linkage: 3-lag tfulgference VAR estimates (standard
errors in parenthesis) — Central-Southern Italy (fR)®
Trace (Johansen) test

Rank =0 16.06t
Rank =1 5.24
Rank = 2 -
Short-run Granger Causality testg’] Without breaks With breaks
Durum Wheat on Corn 3.63 2.39
Corn on Durum Wheat 6.23 7.83*
VAR coefficients
Durum Wheat: bubble dummy - 0.014%(0.004)
policy dummy - -0.011*(0.004)
Corn: bubble dummy - 0.003(0.006)
policy dummy - -0.011*(0.005)

ADF test on residuals
(asymptotic p-values in parenthadis

Durum Wheat -3.24* (0.00) -4.12(0.00)
Corn -4.56* (0.00) -4.91* (0.00)
Stability condition (highest eigenvalue, modulus) 0.714 0.553

& The other estimated coefficients of the VAR arailable upon request. The optimal lag (3 weeks) lbeen selected
according to the conventional information critedaconstant terms in included in VAR equations.

®The ADF test specification includes 12 lags.

tAccepted rank: lowest rank whose test resultietahan 5% critical values.

*Statistically significant at 5% confidence level.

Table 5 — Cross-commodity price linkage: first-@liéfince VAR estimates — International
markets (Rotterdand)

Trace (Johansen) test

Rank =0 11.35%
Rank =1 3.02
Rank = 2 -
Short-run Granger Causality testg’] Without breaks With breaks
Durum Wheat on Corn 2.87 3.35
Corn on Durum Wheat 6.49 3.06
VAR coefficients
Durum Wheat: bubble dummy - 0.016* (0.007)
policy dummy - -0.017* (0.007)
Corn: bubble dummy - 0.007 (0.008)
policy dummy - -0.010 (0.007)

ADF test on residuals
(asymptotic p-values in parenthadis

Durum Wheat -3.65* (0.00) -4.61* (0.00)
Corn -4.16* (0.00) -4.14* (0.00)
Stability condition (highest eigenvalue, modulus) 0.681 0.583

& The other estimated coefficients of the VAR arailable upon request. The optimal lag (3 weeks) been selected
according to the conventional information critedaconstant terms in included in VAR equations.

®The ADF test specification includes 12 lags.

tAccepted rank: lowest rank whose test resultigtdhan 5% critical values.

* Statistically significant at 5% confidence level.
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Figure 3 — Impulse Response Functions of the endnge prices (Rome and Foggia) in
durum wheat markets (ordering: Bologna, Rome, FagRiotterdam; model with bubble and
policy dummies).
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Figure 4 — Impulse Response Functions of the endngeprices (all national prices) in corn
markets (ordering: Milan, Bologna, Rome, Rotterdampdel with bubble and policy
dummies).
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Figure 5 — Impulse Response Functions of the ermimgeprice (durum wheat) in Bologna
and Rome markets (ordering: durum wheat, corn; rhaath bubble and policy dummies)
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ANNEX 1 — Price commodities and groups under analys

Table A.1 — Codification and description of thecps adopted in the analysis

Price Code Product Description

Market Place

fd_fi_bo Durum Wheat, Fino
fd_fi_fo Durum Wheat, Fino
fd_fi_ro Durum Wheat, Fino

mais_bo Maize, Ibrido Nazionale
mais_mi Maize, Ibrido Nazionale
mais_ro Maize, Ibrido Nazionale

Bologna (Central-Northern Italy)
Foggia (Southern lItaly)

Rome (Central-Southern Italy)
Bologna (Central-Northern Italy)
Milan (Northern Italy)

Rome (Central-Southern Italy)

cwad_cah  Wheat, Canada Western Amber Durum (CWAB)pBnada, St Lawrence/Rotterdam

mais_u8 Maize, #3 Yellow Corn (3YC)

US, Gulf/Rotterdam

2CIF price

Table A.2 — Price groups for the analysis of ptlinkages (VECM or first-difference VAR models)

Group of Interdependent
Commodities/Markets

Property of the Series Estimated Model

Fixed Commodity-Cross Market

DURUM WHEAT VECM
fd_fi_bo I(1)
fd_fi_ro I(1)
fd_fi_fo I(1)
cwad_cah I(1) + explosive root
CORN VECM
mais_mi I(1)
mais_bo I(1)
mais_ro I(1)
mais_u8 (1)

Fixed Market-Cross Commodity

CENTRAL-NORTHERN ITALY (Bologna)

First-difference VAR

fd_fi_bo I(1)
mais_bo I(1)
CENTRAL-SOUTHERN ITALY (Rome) First-difference VAR
fd_fi_ro 1(1)
mais_ro (1)
INTERNATIONAL (Rotterdam) First-difference VAR
cwad_cah I(1) + explosive root
mais_u8 I(1)
2CIF price
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ANNEX 2 — Unit and explosive roots testing

Table A.3 — Unit root tests ogm, and A,p, : Adjusted Dickey-Fuller (ADF) Phillips-Perron (PP},

Adjusted Dickey-Fuller GLS (ADF GL@nd Kwiatkowski, Phillips, Schmidt e Shin (KFS&t; p-
values in parenthesis; the values for which thé isulejected are in bold (10% critical values)

Price P APy
ADF PP ADF GLS KPSS ADF PP ADF GLS KPSS
fd fi bo -1.075 1112 -1.196 0.368 -5.428 -6.501 -3.686 0.171
- (0.728) (0.710) (0.213) (0.091) (0.000) (0.000) (0.000) (>0.100)
fd fi fo -1.887 -1.226 -1.008 0.376 -2.128 -6.616 -2.446 0,190
- (0.339) (0.662) (0.247) (0.088) (0.234) (0.000) (0.014) (>0.100)
fd fi ro -1.909 -1.124 -1.330 0.376 -2.005 -6.218 -2.586 0.180
- (0.328) (0.705) (0.170) (0.087) (0.285) (0.000) (0.009) (>0.100)
mais bo | -1.534 -1.656 -0.298 0.377 -3.494 -7.619 -2.841 0.168
- (0.516) (0.454) (0.579) (0.087) (0.008) (0.000) (0.004) (>0.100)
mais mi -1.534 -1.615 0.388 0.369 -3.545 -8.694 -1.966 0.175
- (0.516) (0.475) (0.544) (0.091) (0.007) (0.000) (0.047) (>0.100)
mais ro -1.616 -1.815 -0.461 0,374 -2.704 -11.388 -2.213 0.155
- (0.474) (0.373) (0.516) (0.089) (0.073) (0.000) (0.026) (>0.100)
cwad can| -1.067 -1.374 -0.637 0.365 -2.831 -14.008 -2.839 0.242
- (0.731) (0.595) (0.442) (0.093) (0.054) (0.000) (0.004) (>0.100)
mais us | -2.234 -2.399 0.125 0.377 -2.487 -15.302 -1.703 0.160
- (0.194) (0.142) (0.722) (0.087) (0.118) (0.000) (0.084) (>0.100)

#H,: unit root. The test specification includes a ¢ansterm, and all significant lags “testing dowrp' to a maximum of 12.
®Hy: unit root. The test specification includes 12slagd a constant term.

®Ho: unit root. The test specification includes a ¢ansterm and all significant lags “testing dowrp 0 a maximum of 12.
4 Hy: no unit root. The test specification includesdgs and a constant term; p-values are interpolated

Table A.4 — Test of fractional integration gr}, and A,p, according to Phillips (1999a,b)and
SADF tests (forward recursive regressions) explosive roots orp, according to Phillips et

al.(2009¥; p-values in parenthesis; the cases for whichrib# is rejected are in bold (5% critical
values, respectively). All test specifications vaittonstant term and 12 lags

Price Test of fractional integration SADF testonp,
P APy
t (Ho: d=0) z (H: d=1) t (Hy: d=0) z (H: d=1) (r=0.1) (r=0.2)
fd_fi_bo 11.359 1.569 2.367 -4.532 1.376 1.376
(0.000) (0.117) (0.029) (0.000) (>0.050) (>0.050)
fd_fi_fo 10.410 1.565 1.567 -4.774 1.789 0.888
(0.000) (0.118) (0.134) (0.000) (<0.050) (>0.100)
fd_fi_ro 15.347 1.687 2.728 -4.132 1.370 1.154
(0.000) (0.092) (0.014) (0.000) (>0.050) (>0.100)
mais_bo 4.306 1.913 1.799 -4.343 7.018 0.997
(0.000) (0.056) (0.089) (0.000) (<0.010) (>0.100)
mais_mi 4.314 1.741 2.564 -3.751 11.865 1.365
(0.000) (0.082) (0.020) (0.000) (<0.010) (>0.050)
mais_ro 5.087 0.862 1.742 -4.303 1.339 1.339
(0.000) (0.389) (0.100) (0.000) (>0.050) (>0.050)
cwad_can 9.765 1.641 2.081 -3.912 2.396 2.396
(0.000) (0.101) (0.052) (0.000) (<0.010) (<0.010)
mais_us 5.484 0.320 0.671 -5.689 2.653 -0.559
(0.000) (0.749) (0.510) (0.000) (<0.010) (>0.100)

21f d=0 the series is 1(0); if d=1 the series i%)](if 0<d<1, the series is I(d) (long memory pregke As a deterministic trend
has been excluded, the original test has not beaerdled. The test runs under alternative possdilees of the arbitrary
power parameter (see Phillips, 1999a,b) here astaongal to 0.55. Test robustness is performed wsbegt of values of the
power parameter ranging from 0.4 to 0.75. Testltegor these alternative values of the power patamare available on
request. They do not significantly differ from tlegsresented here.

®Hy: no explosive root. Critical values for both saengizes of 100 and 500 give the same test outcome.
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