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1. Introduction

The study of price transmission mechanisms amoddfgrent markets and regions is an
important tool to understand the relations existbgjween them. Domestic and border
policies are likely to play an important role inishrespect. While price transmission
mechanisms for agricultural markets have, so teived considerable attention in literature,
the use of price data only has too often implied tise of increasingly sophisticated
techniques and the lack of attention for the rdkeygd by policy factors. In econometric

models, on the other side, policy variables ardieiy added as regressors in the relevant
equations, but the price transmission mechanistes oély on simplistic hypothesis, like the

exogeneity of the world price for the European WniBU) in the AGMEMOD modél

This works aims at suggesting some new ways ofyaimag price transmission mechanisms in
international markets, and at providing useful @mdple tools that account for the major
political changes occurred in the past years.

This paper focuses on soft wheat. Soft wheat isavily traded commodity. The main

exporters are Argentina, Australia, Canada, Uniiéates (US) and the EU; in most years,
they account for about 90% of world wheat expdfs@ 2007). Algeria, Brasil, Egypt, Japan

and the EU have been some of the biggest impoirtetise past years, even if the import
demand is much less concentrated than the expaptys(USDA 2005).

US and EU policy actions are then very likely tovénaan influence on each other’'s
agricultural policies as well as on world markeices (Barassi and Ghoshray 2007). As
Ghoshray et al. (2000) point out, policy regimeayphk significant role in soft wheat

production and export shares; the CAP is a cagsoint, since during the 1980s the EU

emerged as the second larger exporter of wheatdyaveviously been a net importer.

1.1 The evolution of the political context
In the past 30 years, the EU Common Agriculturaidyohas considerably evolved. Four
major periods can be identified (see also Thomi€e9):

1971:01-1988:6These years are characterized by the full functgpof the Common Market

Organizations (CMOs): a number of institutional ces regulate internal markets.

Intervention mechanisms ensure that domestic priegsr fall below the intervention price.

AGMEMOD is an econometric, dynamic, multi-commodipartial equilibrium model of the European
Agriculture (Chantreuil et al., 2005; AGMEMOD Pagtship 2007a; 2007b; www.agmemod)org




Variable levies and export subsidies insulate thmaktic market from the world market (see
Figure 1). This system led, in the 1980s, to swwgdugrowth and budgetary costs escalation.
The EU emerged as a net exporter having previdaesty a net importer.

1988:07-1993:06:First CMO Reforms concerning arable crops are ipuiplace. New

measures aimed at reducing the production surplrsgbudgetary costs are introduced, such
as co-responsibility levies (deductions from farsntex pay for the cost of surplus production),
stabilizers (if production exceeded a maximum guiged quantity, co-responsibility would
increase and intervention price would be reducedf@aowing year), voluntary set-aside for
cereals.

1993:07-2000:06 The small effects of the already implemented mefo lead to the

introduction of new policy measures with the oljextof ensuring a progressive return to
market mechanisms. The Mac Sharry Reform implemsalbstantial cuts in intervention
prices to re-align them with the world prices; cangations to farmers through direct
subsidies per hectare are put in place. Set asglérements are established for producers of
more than 92 tonn&sThe old variable levy and export subsidy strugtum the other side,
keeps on insulating the EU market from the worldson

It has been argued that the changes of the 1992 R&&rm essentially apply to the grain
sector and, to a lesser extent, to the beef s@d@ne 1996). The reason lies in the pressure
put by the US and other competitors in the Urugkund Agreement on Agriculture
(URAA) on the EU in a sector characterized by majalicy interdependencies.

2000:06- 2007:07With the Agenda 2000 Reform, both a 15% reductiotwo years of the
intervention price for cereals and the introductadndecoupled payments are decided. The

set-aside regime remains in force, too. The FiscReform, in 2003, strengthens the
decoupling of payments. Intervention prices arefadher reduced but the monthly seasonal

adjustments applied to them are haftved

® Those producers owning an agricultural area capabproducing more than 92t of product, accordmtpcal
average yields.

* The two Reforms are put together despite the nigter impact of the Fischler Reform due to theklaf
data in the most recent years.



Figure 1: Cereals’ Common Market Organization’s furctioning up to 1992.
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As far as international trade agricultural politissconcerned, the most relevant event in the
period examined has been the institution of the laWdrade Organization in 1995, and the
following implementation of the URAA, the first niiliateral agreement explicitly referred to
agriculture. The URAA regulates both domestic supgbut the EU always kept a safe
margin with respect to the maximum allowed) andogkgubsidies. For wheat, these limits
were never binding for the EU (Anania 2007). As & market access is concerned, the
URAA abolished the possibility of keeping threshg@ldces and variable levies; all border
measures were converted into import duties to beided in the following six years (-36%,
with a minimum reduction of 15% for each “8 digpfroduct; in the case of agriculture,
customs duties are for the most part specific dufxpressed in EUR/t)). Due to the high
levels of protections in the reference period (fears 1986-1988), with regard to the main
cereals, the tariff equivalents notified at the WW@re so high that a system for capping
duties was deemed necessary for the EU, in ordgutta ceiling on the entry price. This was
then capped at 155% of the intervention pricehd sum of the duties would make it go
above this threshold. The entry price turned olid@lmost always capped, thus eliminating

any real difference between the old variable lexgtesm and the new one (Table 1).



Table 1: Elements for calculating the duty on cerda (Gallezot 2007).

Import duty =155% intervention price — CIF reference price

CIF reference price = average US quotation forrdfierence variety during the receding two
weeks

+ Gulf premium@reat Lakes premium*

+ Gulf RotterdamGreat Lakes-Rotterdam freight premium*

Intervention price = price in force including molytincreases at the time the duty is applied.

*The first freight premium corresponds to the coétfreight across the United States to the GulfQuif
premium ») if the commodity is quoted in Chicagokansas City, or to the Great Lakes (« Great Lakes
premium) if the commaodity is quoted in Minneapolifie second freight premium corresponds to frefgim
the United States (Gulf or Great Lakes) to the pbRotterdam in the Netherlands.

Summing up, the most relevant EU trade policiesctreals are export refuridsnd variable
levies, with the objective of ensuring the mainte®of high prices on domestic markets. In
the 1970s and the 1980s the EU heavily subsidizeshtvexports by adding export subsidies
to cover the difference between its internal suppoice and the world price (Barassi and
Ghoshray 2007). In 1985, the US retaliated withExport Enhancement Program (EEP), a
targeted export subsidy program for wiiedthe EEP didn’t alter substantially the EU-US
price relationship, since, after their introductitime EU appeared to set its export subsidies in
relation to US prices (Mohanty et al. 1999; Barasal Ghoshray 2007). In practice, the EEP
has not been used after August 1995. Tight worppkes and high world prices implied that
the EU didn’t use export refunds than to a veryitloh extent, and the US didn’t re-activate
the EEP. In the very last years, commodity worldkets have been characterized by a boom
in prices caused by both transitory (such as advexsteorological conditions) and structural
factors (namely, the increase in food demand fronerging economies and the biofuels
demand).

In this paper, an examination of the mechanismergehing price transmission for soft
wheat in international markets is provided. In gaaph 2, the analytical framework for the
study of price transmission is briefly revised, gesting how policy variables may be
introduced while using a cointegration analysis;p@ragraph 3, the data are presented.

® For short periods of time, usually no more thdeva months, when world prices were substantialgher than
internal prices, export taxes have also been used.

® Brooks et al. (1990) show that the impact of tfePEon other exporters’ wheat trade and importeeshahd
has been small relative to the magnitude of toEeP Bales: over the period 1986-1989, the displackeofesales
ranged from 87% to 92%, while additional exportsenenly 8% to 13% of the total.



Paragraph 4 and 5 report the results of the amalysparagraph 6, some final considerations

are made.

2. International price linkages and the Law of OnePrice: the analytical framework

2.1 The general framework

Studying price transmission mechanisms impliesrrigig to some basic economic concepts
for which, unfortunately, no common definition esisn literature (Fackler and Goodwin
2001).

In a nutshell, thespatial arbitrage conditionmplies that the difference between prices in
different locations will never exceed transporttsQ=r otherwise the profiting opportunities
would be immediately exploited by arbitragéumsctual prices may diverge from this relation
in the short run, but the actions of the arbitragemill make it valid in the long run, moving
the price spread toward the transport cost. Thed the basis of the Law of One Pr{¢€®P):
markets linked by trade and perfect arbitrage (emchpetition) will have a unique price,
when expressed in the same currency, net of tramagem costs. This has also bell defined
the “strong version” of the LOP, since price spseatk assumed to be exactly equal to (and
not minor than) transport costs.

This concept has a very long tradition in economidgch dates back to Marshall but,
nevertheless, most of the empirical tests are agdi(Fackler and Goodwin 2001).

The concept okpatial market integratiorgenerally indicates the degree of co-movement
shown by prices in different location, which coddd explained also by factors that have
nothing to do with commercial integration (suchsaasonality, influence of a common factor
etc.). The definition proposed by Fackler and Gaod{001) is a measure of the degree to
which demand and supply shocks arising in one regre transmitted to another one. This is
a more restrictive concept than the LOP: evenef ltlOP is satisfied, if transport costs are
large and volatile, prices don’'t move together.tfenmore, the LOP can hold even if the

price transmission ratio between two regions is than on&

" In this paper the term “transport costs” is meaninclude all relevant costs of arranging transpbetween
spatially separate locations.

® This condition is referred to by someone as “spatiarket efficiency”, since markets should prodpcees
that accurately reflect all the available informatiabout demand and supply conditions as well a@assport
costs.

® Shocks have generally a bigger effect in the pating region than in the other one (Fackler anddson

2001).



Transport costs play a crucial role while invediigga markets efficiency; this is particularly
true in agriculture, since they are relevant if pamed to the traded commodities’ value. If
inefficiency in price transmission mechanisms igni@, it might depend on the fact that
markets are inefficiently integrated (the infornoatiavailable is not properly used), but also
on the assumptions made about transport cost®ultd de argued that any value of price
transmission elasticities is consistent with ins&tigin depending on the value of transaction
Ccosts.

A number of different econometric techniques hawerb used in the past decades to
investigate price transmission mechanisms: simpglgression and correlation analysis;
dynamic regression models based on a point locatiadel; switching regime models;
rational expectations mod&ls A considerable amount of literature has developed
increasingly sophisticated econometric devicesdal avith the fact that, usually, prices are
the only data available to examine spatial relathgps. Unfortunately, as Barrett (1996)
notes, “agricultural economists’ toolkits have opeth nearly as rapidly and dramatically as
have developing economy markets, but these metbgal refinements have not been
accompanied by conceptual advance”.

Furthermore, despite the fact that so many attetmgée been made to investigate the LOP,
and that the LOP is the building block of internaal trade theory, what actually emerges is
that this Law has been violated by empirical tgstshably more than any other economic
laws (Miljkovic 1999).

A number of factors prevent prices from converge@mnforti (2004) identifies six groups of
factors that influence the LOP:

- transport and transaction costs: unless cerssamptions are made, their treatment is not
easy,

- market power;

- increased returns to scale in production;

- product homogeneity and differentiation;

- the extent to which changes in the exchange eate$passed through” on output prices;

- border and domestic policies.

Trade policies play an important role. Variableidsy non tariff barriers, tariff rate quotas,
prohibitive tariffs, technical barriers play a stgorole, whereas ad valorem and fixed tariffs

10 detailed description of the advantages and wesdawassociated with each of these methods isdeby
Fackler and Goodwin (2001) and goes beyond thectibgs of this paper.
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should behave as proportional and fixed transaatmsts (Conforti 2004). Even the very
existence of specific trade agreements that crddterent trading blocks with different
degrees of integration can prevent domestic pricea convergence in different countries,

and make the simplicity of the LOP rather questi®a

2.2 The cointegration analysis
As soon as they were developed, cointegration aisatgchniques were assumed to be a sort
of “natural tool” to investigate price transmissianechanisms. Cointegration models
presuppose that observable variables exhibitingstationary behaviour will nonetheless be
linked by a long-run relationship. This long rutaten is, in this case, due to the LOP.
By taking into account cointegration, we will hathe following Vectorial Error Correction
Model (VECM):
m

Ap, = ul}lpt—l + iz_l:riApt—l tE,
wherep; is a vector containing the prices,is the cointegration matrix which contains the
long-run coefficients (the degree of price transmois, Conforti 2004)e. is the loading matrix
which contains the adjustments parameters (a meaxuthe speed of price transmission,
Conforti 2004),I' is a matrix containing coefficients that accountgbort-run relations, and
g are white noise errors. When prices are expressieds, the coefficients included fhcan
be read as price transmission elasticitief y; contains only two log-prices, sgy ; the
domestic price, ang,;, the world price, we will have the following logn relation between

1
them:gp =[8, A B | Pus|= Ao+ APua+ BiPos =y WETEU =1(0). Normalizing with

P2t
respect ti; and rearranging the terms, we hayg - B B Pora +Ups were 2 is the long-
B B B
run price transmission elasticity: it indicates fhercentage change in the domestic price in
response to a one-percent change in the world .piiteinternational markets, price
transmission elasticities show the extent to whiblanges in world prices are transmitted
back to country prices; Thompson and Bohl (1999parthat they can indeed be interpreted

X When logs are used, the LOP is implicitly assueeldold in a multiplicative form in levels, i.epl[ =Thph,

from which |og P, =/, logT + A, log p,,and, holding the first term constang,; =t+g,p,,, Wherep=IogP .
The underlying assumption is then that transpostscare stationary around a proportional constptices.

11



as a measure of the degree of market insulatiotheoextent to which border policies are
transmitted to domestic market. Price transmisgoaffected by trade liberalization and by
trade policies: generally speaking, trade libesdian will contribute to greater price
transmission elasticities. Nevertheless, we shddép in mind that the transmission
parameters summarizes the overall effect of afdb®rs that affect price signals, including,
for example, the existence of market power, theekegf product homogeneity, etc. (Conforti
2004).

The existence of a stable relation between twoeprice. bivariate cointegration, has been
assumed as a necessary condition for integratekletsafArdeni 1989). Others claim that the
strongest condition that prices differences argostary is needed, and thus impose instead of
estimating the cointegration relationship (Baff@®1). In a system with prices, the number
of the cointegrating vectors has been taken as@exiof the degree of integration of the
markets.

Nevertheless, the use of cointegration techniguesinvestigating price transmission
mechanisms presents a number of shortcomings. &irall, even in the simplest model
(where the arbitrage condition ensures that theempread between two markets is stationary,
I. e. R-P, =T, where p are the prices in markets 1 and 2Tatite transport costs) it is clear
that cointegration is not necessary at all for ratgko be efficiently integrated, since T could
be a non-stationary process. If transport costsnare stationary, cointegration is then an
unnecessary condition for market integration (Baf896)?.

Secondly, if the transport costs band is large Bn@, O 1(0) but this difference remains
within the band, prices could result cointegragedn if markets are actually not integrated,
since the difference between prices would notfystny shipment of the commodities. Barret
(1996) points out that market segmentation caredecause of inter-market margins larger
than transfer costs (“absence of rational arbitiage of margins less than transfer costs
(“rational absence of arbitrage”): in both caseeré¢his no efficient exchange between
markets, but cointegration tests identify the foraee only.

Thirdly, Barrett (1996) notices that cointegrati@ould be consistent with a negative

relationship between prices, whereas market integrasuggests a positive correlation

12 By using a simple point location model, Mc New dratkler (1997) show that neither efficiency nor kedr
integration necessarily lead to linearly relatettgs. They demonstrate that in the case where iicdéwo
regions are not cointegrated (and the underlyimge® affecting supply and demand are not as wdlijrage
alone doesn't guarantee that prices exhibit comatémn, even if the LOP holds, especially as tramspates
increase in size and volatility.

12



between them, and that many reported coefficieatgee magnitudes implausibly far from
unity.

Fourthly, trade flow discontinuity could also repeat a problem: at the break points, the
relation between prices is zero, whereas in othiarsuld be roughly one. In the case where
demand and supply forces are themselves cointelyratéces in two regions could be
cointegrated even in the absence of trade flows.

At this point, it is evident that a number of pretnls basically arise from the use of price data
only.

In this regard, Barrett and Li (2002) notice thattiaditional analysis it is not possible to
distinguish between market integration (i.e., tredability of products between spatially
distinct markets), and competitive market equilibri (in which extraordinary profits are
exhausted by competitive pressures). They sayttmafundamental weakness of much of the
existing literature is that it attempts inferendkjost a subset of relevant variables, typically
just prices, and then focuses on just the speas¢ of perfect integration, when two markets
are both integrated and in competitive equilibriuifet actual market relationships are
messy”. The model they develop, based on both precel transport costs and trade flows
data, is an answer to this drawback as they idemdiéir basic regimes according to the
presence or the absence of integration and equilibr

Despite all this, to date cointegration has beea oihthe most widely used technique for
studying price transmission mechanisms: in fact tissts for cointegration became very
popular methods in LOP studies since Ardeni (1988ued that conventional LOP tests had
disregarded the time series properties of the date cointegration approach has been used
quite a number of papers, as reported in Annexdb@@in and Fackler 200%)

Shortly enlisting those who use with soft wheat thnprices to investigate international
markets, Thompson and Bohl (1999) by using a tlmdsbointegrating technique, find that
German soft wheat producer prices and US Gulf Ddwkthern Spring (DNS) wheat prices
are indeed cointegrated.

Ghoshray et al. (2000) analyze 13 series of FOBaivpaces, different for origin and quality.
They find that the wheats for human consumptionaygka common price trend, while feed
wheats share another one. The EU always acts age fpllower but (differently from
Barassi and Ghoshray 2007), not with US soft wheat.

13 Miljkovic (1999) presents a critical review of the
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Barassi and Ghoshray (2007) test cointegration withctural change (time of the break
unknown) to analyze the nature of the long-runti@aship between US and EU wheat export
prices over the years 1981-2000. They carry ormr tr@lysis on EU standard wheat, US Soft
Red Wheat (SRW) and US Hard Red Winter Wheat (HRWgy find that the breakpoint
occurred after the Mac Sharry CAP Reform was impleted. Before, there was no long-run
relationship between EU and US wheat prices. Atteey find two long-run relationships:
one between US HRW and US SRW wheat prices, andttter between US SRW and EU
wheat prices. In both cases, the price transmissgsticity is equal to unity. The fact that EU
prices are linked to SRW prices may be due to thienilar end uses, and to competition of
both countries in the North African markets, whibefore the EU emerged as a net exporter
of wheat, used to be regular importers of US SRWil&\there is no price leader between the
two US wheats, they find evidence that the US SRNéat has been acting as a price leader
for the EU, as it would be expected given thatEhkhas retained the use of export subsidies.
Finally, Verga and Zuppiroli (2003) use weekly ddta the years 1990-2002 for four
European markets, US prices and EU institutionadegr and find that the European soft

wheat markets are strongly cointegrated amongstsbkes but not with the US one.

2.3 Theintroduction of policy variables

In this paper, an attempt of taking explicitly ind@count policy variables in made. The
presence of a set of commercial policies in the(B&mely, import variable levies, and export
subsidies) aimed at insulating the internal marftet make the intervention mechanism
effective) has, in practice, always been in pl&ensidering this, we want to check whether
the presence of a co-movement between the EU aitgmmice and the world price can
nonetheless be tested.

On the one side, while testing the presence ofma@eement between the EU prices on world
markets (on top of which an export subsidy has lpesd) and the other countries’ ones, one
should expect to find cointegration, right becaegport subsidies are established in order to
cover the difference between the EU interventiaoepand the world ones. On the other side,
testing the presence of cointegration between Etdedtic prices and the world ones should
bring no sensible results, since the two are ségditay commercial policy measures.

A possible way of overcoming this problem is foaigson the major objective the EU market
policy has had in the past 20 years, which we aigukeeping a minimum price (=the

intervention one) on domestic markets. We mightkithat the intervention price acts as a
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threshold below which the world price has no effatthe EU domestic ones. In this way, by
creating this “lower threshold”, we are implicitiglentifying the presence of different
regimes. If the world price is below the interventione, then the intervention mechanism is
expected to be “active”, and the EU internal pritedollow the intervention ones. If the
world price is above the intervention price, we Imithink that the EU domestic price might
actually follow the behaviour of the world one, lehihe presence of the export taxes should
eventually prevent it from rising too much.

While one might think of the use of threshold madel accurately account for discontinuous
adjustments to the long run equilibrium (like thadeérs and Siklos methodology used in
Thompson and Bohl, 1999, and the models present8glke and Fomby, 1997), the model
presented here could nonetheless be interpretagasticular threshold cointegration model,
in which the switch in the policy regime is imptlgi consideredvia the simple introduction
of a composite variable (constituted by the maxinmhetween the intervention price and the
US price), as explained later. The interventioegacts as a threshold for the US price.

Not only changes in policy regime are then imglcitaken into consideratiowia the
composite variable but, as a further preliminaryestigation, the model presented is also
tested in two sub-samples identified according lie presence of a different political
framework (see Thompson and Bohl, 1999; Barassi@Gmoshray, 2007). While this allows
considering structural breaks as well, the specifie of cointegration models accounting for
structural breaks is not considered in this papdrreeeds to be addressed by future research.
Though the analysis is still performed within th@nhiework of the LOP validity, we could say
that, in this context, finding cointegration inals would be a relevant result, whereas
commenting the magnitude of the coefficients cduridg some interpretative results. In fact,
amongst some obvious simplifications of the motiere are the assumptions that both the
intervention price and the US price are measurddeasame point in space, and that perfect

competition exists on international markets.
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3. The data

The dataset used in this paper consists of wheathtyoprices for the US and France for the
period 1978:12 to 2003:12 (i.e., from December 1&/Becember 2003; 301 observations).
The French price is assumed to be the represeatativprice, following the template of the
AGMEMOD model. From Figure 2, indeed, we can sew lite European prices from the
four major agricultural producer countries moveethgr over the past 30 years. As far as
Italy and France (amongst the most important EUnttaes in this respect) are concerned,
Verga and Zuppiroli (2003) find out that the stramgationships existing between them are
not affected by the Mac Sharry Reform, which womlgly that, besides sharing the same
political context, the two countries are tied bsoaty commercial linkages (see also Zanias
2003).

Figure 2: Soft wheat prices in Germany, Spain, Frace and Italy (EUROSTAT, EUR/t).
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In this work, the US price is considered to be therld price, as it happens in the
AGMEMOD model. The US are a major player on intéoreal wheat markets: since 1975-
76, the US share of global exports fluctuated betw25 and 45 percent of world markets
(USDA 2005). Nevertheless, to whom the “price lealdgp” on world wheat markets belongs
Is an open question, to which empirical works hgiven different answers. Amongst the five
world major players (US, Canada, Argentina, Austrahd the EU), Mohanty et al. (1999)
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show that there is no distinct leatfeHowever, taking the US price as representativéhef
world markets seems a reasonable assumption.

Data concerning US Gulf FOB HRWprices and freight rates were obtained from the
International Grains Council; the freight ratesdige this study are those from US Gulf to
ARAH (ARAH stands for Amsterdam/Rotterdam/AntwerpfHburg destinations), which
were added to the US price in order to obtain Giées Qrw).

Soft wheat French pricesswfr) are available on-line from the EUROSTAT database.
EUROSTAT monthly bilateral exchange rates have hesd to convert in EUR prices and
freight rates expressed in U$°$ Using prices already converted in the same nayrend
not introducing the exchange rate itself as a s=greis a widely used procedure; it follows
that adjustments to the exchange rate are consides@ntaneod$ Prices were not deflated
and are thus nominal. The EU intervention pricgetiseriesgint) has been reconstructed by
adding to the prices established annually by theofigan Commission monthly seasonal
adjustments, the latter obtained from European Cission regulation$™**

* They find out that, while the US price is affectgdthe Canadian and the Australian only, the Edpoeds to
US and Canadian changes but doesn’'t have any mdtuen their prices. The EU responds to the US thrit
reverse is not true. Previous studies (all repoiiedohanty et al. (1999) some of which could bespecified
for not taking into account cointegration) get iéint results: some show that there is no sigmifieeadership
role between the US and Canada, while others fistiaamg leadership role for Canada for durum anctiHred
Spring markets. Goodwin and Schroeder (1991) tiad both the US and Canada have a significanttaffethe
price of competing exporters but also that, while US has an effect on Canada, the reverse isumfthe
wheats considered are US Gulf Hard Wheat Ordinainyté¥ and Canadian No. 1 Western Red Spring Wheat);
they consider the US as a price leader in thenat@nal wheat market. Dawson and Sanjuan, 20@&lyasthe
relations between the prices of Canadian WestethSpeing, US Dark Northern Spring, and find thah&da is
the price leader. In Ghoshray and Lyoid (2003) @ania found to be the price leader in the North Acam
market for hard wheat exports.

15 That wheat is a non homogeneous product is a welvk issue (for a table of the various classes lufaw
see Ghoshray, 2000). Quality differences, and nmarpebtein content, could influence internationalcer
linkages by making varieties of wheat imperfectstitbtes of one another (Mohanty et al., 1999)ukar1991,
shows that wheat is differentiated by end use andduntry of origin, and that wheat protein contbas a
significant influence on prices. Ghoshray and Lyd&603, investigate the relations between wheateprof
different exporters according to wheat type andt pocation. Wheat type depends on hardness, angilli
characteristic (usually determined by protein conteve have hard and soft wheats), and on doughmgtin,
which is a baking quality (we distinguish betweerorsg and weak wheats). While the EU soft wheaa is
medium protein wheat, weak, the HRW has a highetepr content (normally 12.5 %) and is classified a
strong. The HRW has commonly been used to reprekenwvorld price, while on the other side it hagre
argued that the SRW would be indeed a closer dutesfor European soft wheat (Barassi and Ghosi2@g7;
Verga and Zuppiroli, 2003). In this work, the HR®/Ghosen as the representative price of the USanaitkce
the Hard Red Winter wheat quotations are indeed tseletermine import duties by the European Corsimis
for medium quality soft wheat (Gallezot, 2007). Mover, wheat markets should be interrelated toeittent
that individual wheat types are close substitutesonsumption and thus respond to global supplydemand
conditions.

'® Though the use of US dollars is more common iml\éhg international agricultural markets, euros aver
preferred because of the analysis of EU policieslvtvill be performed later.

7 Goodwin et al., 1990, argue that this allows faogslirectly on the LOP validity.

'8 The monthly adjustments for 1985 have been catedilas arithmetical average.
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Some descriptive statistics of the data are pravideable 2.

Table 2: Descriptive statistics of thprice time series (EUR/t).

Time Average Standard deviation Skewness Kurtosis
Soft wheat French price  1978:12-2003:12 144.16 22.673 -0.292 -1.023
1978:12- 1988:06 161.18 12.886 -0.228 -1.244
1988:07-1993:06 158.41 8.64 0.14 -0.79
1993:07- 2000:06 126.30 11.57 -0.17 -1.10
2000:07- 2003:12 112.94 12.61 1.48 2.80
Intervention price 1978:12-2003:12 151.49 32.813 -0.126 -1.532
1978:12- 1988:06 179.14 15.923 -0.345 -0.908
1988:07-1993:06 174.23 6.58 0.28 -0.54
1993:07- 2000:06 119.99 5.46 -0.96 0.47
2000:07- 2003:12 106.31 5.07 0.74 -0.63
HRW US price 1978:12-2003:12 148.23 29.748 0.481 -0.129
1978:12- 1988:06 157.51 36.161 0.129 -1.031
1988:07-1993:06 133.30 24.320 -0.015 1
1993:07- 2000:06 140.73 21.249 1.089 1.507
2000:07- 2003:12 159.16 16.395 1.321 2.573

We can notice that botswfr andpint average values show a decrease in time. On tlez oth
side, hrw decreases in the second sub-period, and then sasea the other two to higher
levels than those in the beginning of the sample.

hrw's variability decreased over timewfrs variability, which is always smaller than the
hrw's one, decreases, too, until 1993, to increase vedtels. Bale and Lutz (1979)
demonstrate how policy measures and internatioadetdistortions do affect the variability
of prices: so, one might then argue thafr’s variability was kept low thanks to protectionist
EU agricultural policies, and then rose after 1988en substantial political reforms were
introduced (Thompson 1999). Verga and ZuppiroliO@0on the other side, assert that the
increased volatility for the EU prices realizedeaftl993 doesn’'t depend on a major
interaction with international prices, but only tre fact that, as the EU intervention price
was reduced, prices could fluctuate more.

The distributions tend to be skewed and platykustbich are common features of non-

stationary price series (Ghoshray 2000).

19 EUROSTAT price data are normally producer priceg, of transport costs to the storage centre. iBhiery
likely to contribute to the fact that the Frenclicpris so often below the intervention one. In démalysis, we
consider this together with the other transportstos
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4. Time series analysis

In this section, the objective of the analysisasfind out whether a long-run relationship
exists between the French soft wheat preffy and the US CIF pricehfw). Prices are
expressed in logs. The analysis is performed botthe whole sample (301 obs., 1978:12 to
2003:12), and on two sub-samples, obtained asitedcn Table 3. Considering the limited
power of unit roots and cointegration tests, it was deemed appropriate to split the whole

sample into the four sub-samples described inrttreduction.

Table 3: The two sub-samples used in tieeintegration analysis.

Time period Description

1978:12- 1993:06 Precedent to substantial CAP Reforms (Regular CM@tfoning, Reform of 1988).
(175 obs.)

1993:07- 2003:12 Following substantial CAP Reforms (Mac Sharry RefpAgenda 2000, Fischler Reform).
(126 obs.)

Besides the prices mentioned above, a compositablar the “EU external reference price”,
has been calculated as follows. Since the targdteoEU price policy is to keegit leastthe
intervention price level in the internal marketcleanonth the “EU external reference price” is
calculated as the maximum between the intervenpioce and the world price. What is
argued is that the EU price follows the US pricbgw it is above the intervention price, and
vice versa(Figure 3). The intervention price acts as an iaifptownward threshold for the
US price, that is not-active when below such asthoéd. As expected, the US price tends to
be higher than the intervention price from the 1080 (Figure 4).

Figure 3: Soft wheat French price, US HRW price, itervention price, whole sample (EUR/t).
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Figure 4: Soft wheat French price and world referece price, whole sample (EUR/).
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Unit root tests have been repeated both in the evpetiod and in the two above mentioned
sub-periods. Augmented Dickey Fuller (ADF) testgehbeen run by adding lags until the last
significant one up to a maximum of 18 lags, du¢h® monthly nature of the data. Phillips-
Perron (PP) tests were run with a number of lageraened by minimizing the Schwarz's
Bayesian information criterion (SBIC) in a numbdramitoregressive specifications up to a
maximum of 18 lags. The choice of the lag lengthich was generally unaffected by the
deterministic trend, was done also for the logetdhtiated time series. This number of lags
was used for the KPPS (Kwiatkowski, Phillips, Scting Shin) tests, as wéll While on logs
the null hypothesis of unit roots could not be etgd, for log-differences it was possible to do
so. This means that the series can be considet¢griocesses, as it is the case in all the
literature revised, despite the fact that theyramminal prices (Fanelli and Bacchiocchi 2005).
This is generally true for all the series considettaoth in the whole sample and in the two
sub-samples.

It could be argued that the presence of seasonalitthe monthly price series might
undermine the ability of ADF tests to verify undots. For this reason, monthly dummies
were introduced into the ADF tests estimations.uReverall confirmed that the processes
are 1(1), and are reported in Annex 2.

Provided that the prices are first-difference stary, a cointegration analysis has been
performed. The series have been analyzed in peies.optimum lag-length for the VAR has
been chosen according to the minimization of théw&etz Bayesian Criterion up to a
maximum of 24 lags, for the no-constant, constadttaend options. Generally speaking, the
optimum number of lags selected was not or minynaffected by the deterministic trend

2 Both STATA® and GRETL softwares were used forgenometric estimations.
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chosen. The Johansen and Juselius procedure hasubed to estimate the rank of the
cointegrating matrix.

First of all, in the whole sample, the rank of tteentegrating matrix was estimated between
swirandhrw, to see whether the LOP holds between the EUltd§ prices.

The optimal lag selection was 2 lags. As expectethfvisual inspection of the two time
series and from policy considerations, the rankhef cointegration matrix turned out to be
zero. This means that, in the period examinedfteach soft wheat price and the HRW Gulf
US price are not linked by any long-run relatiopshWe conclude that the each of the two
prices follows its own pattern and that the infloemf the policy instruments is so strong that
they are not related to each other. This shouldlre®t come as a surprise, since the very
existence of the European border policies (namelyiable levies and export subsidies) is
very likely to bring about such a result.

Other studies (Barassi and Ghoshray 2007; Ghosttral 2000) show instead the presence
of cointegration between the EU price and the USepiThese different results are simply
explained by the fact that they use EU RotterdanB plices. These prices are indeed very
close to the world ones, since it is on top of that export subsidies are paid to European
exporters. So, there should be no surprise alsloein findings that the EU is a price taker in
world markets, right because it applies exportmdfuon the basis of the world market prices.
Thompson and Bohl (1999) use producer’s level Garpraces and US FOB DNS prices and
find that the two time series are cointegrated.yThge a threshold cointegrating technique,
which could partly explain this difference in resulOn the other side, the selection of the
DNS price (DNS has even a higher protein contean tHRW) was not appropriate for the
purposes of this paper.

At this point, the cointegration analysis was repeafor swfr and the seriesvref, which
contains 162 times the intervention price overtaltof 301 months (54% of the observations

are constituted by the intervention price).
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The rank of the cointegration matrix, tested witiag@s in the restricted constant opfibn
turned out to be one. The VECM was first estimatéth two lags; considering the monthly
nature of the data, the insertion of twelfth laggéterences and seasonal dummies (selected
with specification tests) was necessary in ordeetmove the presence of autocorrelation in
the residuaf€. The resulting model had the constant very bignagnitude and negative in
sign. Since the introduction of seasonal dummidsadly lowered the VAR optimum lag
selection to 1 (according to the SBIC criteriong thied by removing the first differenced lag
(which was scarcely significant, as well).

Estimates are reported in Table 4.

Table 4: VECM coeffient, 1978:12-2003:12swfr and wref.

Aswfr (1) Awref () Long-run relation
o -0.043** 0.031
Aswir (t-12) 0.482*** 0.107*
(12 swft = 0.149+ 0.942wref,
Awref (t-12) -0.065  -0.026 © (119
D6 -0.008 -0.053"*  standard errors in parentesis.
D7 -0.019*  -0.018**
D8 -0.003 0.029***

* 10% significance; ** 5% significance; *** 1% sigficance.

The resulting long run relationship iswfr = 0.149+ 0.941wref,. The price transmission

elasticity’s coefficient between the time series kize right sign and is indeed very close to
on€”. The constant term accounts for transaction cestsembering that the equation is

written in logarithms, this implies that transaaticosts are equal to a constant proportion of

2L visual inspection of the data shows that therecigrend in the series (Figure 3), and both theomy visual
inspection of the data imply the presence of a taonsn the long-run relationship, accounting foansport
costs. This means that, even if there are no litigar trends in the level of the data, the coirdéigg relation
has a constant mean. The general form of the Mattérror Correction Model (VECM) which is estimdités

o L
AY = 0By, + > T Ay, +v+dt+e, where y=gp +y and gt=gpt++t account for the presence of deterministic
i=1
trends. Restrictions are imposed on the coeffisiesb that the model we actually estimate is
: P
Ay =o(B yi-g +p)+ i§lFiAyt—1 +ep -

22 Autocorrelation was tested by a LM test with thél hypothesis of no-autocorrelation up to thé' 1.

23 According to its t-statistic the coefficient istrstatistically significant but, most importanthestricting the
cointegrating vector to [1 O -1] is not rejectedhwa p-value of 0.129. This means that imposingdege price
transmission elasticity doesn't alter the cointégrarank.
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prices”. Johansen’s test of weak exogeneity (Goshray 2090 test of the statistical
significance of the error correction coefficiemd insignificant loading coefficient indicates
that the price is weakly exogenous. Here wref series seems to perform as the weakly
exogenous one. This could have to do with the sichu of the intervention price (a policy
measure which is exogenously determined) in thispmsite variable.

The values of the elasticities found by Thompsod Bohl, 1999, whose data are of a kind
comparable to those used in this study, are 0.6théolong-run response of the German price
to US Dark Northern Spring price. The value of Ganyis adjustment coefficient is -0.03.

The values of the cointegrating relationship arewsh in Figure 5. The residuals of the
cointegration relation show indeed a stationaryabedur (the ADF test in the no-constant
case rejected the null hypothesis of a unit roahva p-value of 0.021). Three major
deviations from the equilibrium occurred when thieri€h price was substantially lower than
the external reference price. In the first two,waag in 1985 and 1996, the explanation of
the disequilibrium lies in the taxes on exports asgd by the European Commission to
prevent domestic prices from rising. In 2002, thiss not the case; it has been argued that,
despite the high international prices, EU pricesendepressed by large inflows of Russian
and Ukrainian grains, which could take advantagéheflow tariffs in place because of the
high US prices (which soon led to the creation ofeav European tariff rate quota for low-
quality grains).

Figure 5: Cointegration relationship, long run errors, whole sample.
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2 The underlying equation in levels IS SWFR=e"“WREF** where

swfr = In SWFRandwref = INWREF; this means that, in levels, the presence of &etien costs implies
multiplying the external reference price for thexstant 1.161.
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The analysis was then repeated for the first salpsa In the period 1978:12-1993:06, the
external reference time series turns out to be titatest almost exclusively by the
intervention price with a few exceptions (the imtation price is above the US HRW price
145 times over 175 months, i.e. 83% of the obsema}.

The rank of the cointegrating matrix was estimated swfr and hrw. The optimum lag
selection was 2 lags without dummies and 1 within@gration was then tested using
Johansen’s maximum likelihood procedure with twgslan the restricted constant option. A
VECM s estimated in the restricted constant optiwith the addiction of a twelfth
differentiated lag in order to deal with the prableof autocorrelation. The transmission

elasticity coefficient is very low (see estimateparted in Table 5) and the constant very big.

Table 5: VECM coefficién1978:12-1993:06swfr and hrw.

Aswfr (t)  Ahrw (1) Long-run relation
Z (t-1) -0.208** -0.025
Aswfr (t-1 0.011 0.314***
(-1 swft = 4.800+ 0.057hrw,
Ahrw (1) 0.070 0.224%% © (0269
Aswfr (t-12) 0.514 -0.048 Standard errors in parentesis.
Ahrw (t-12)  -0.208  -0.124--

* 10% significance; ** 5% significance; *** 1% sidficance.

The existence of cointegration betwesmfr andwref was then checked. The optimal VAR
lag-selection was 2 lags without dummies and 1 w@lmintegration was tested using
Johansen’s maximum likelihood procedure with twgslan the restricted constant options;
the cointegration rank turned out to be one. A VE@Mestimated with two lags in the
restricted constant option; like in the whole samp@l twelfth lagged differentiated term and
seasonal dummies were included in order to deah \aiitocorrelatioff. Estimates are

reported in Table 6.

% The first lagged difference was not significantdamas excluded from the regression, together with t
seasonal dummies that turned out not to be sigmific

24



Table 6: VECM coeffiam, 1978:12-1993:06swfr and wref.

Aswfr (t)  Awref (t) Long-run relation
a -0.224**  0.064**
Aswfr (t-12) 0.326 0.032 svvfrt — 3484+ O.310wreft
Awref (t-12) 0.114 -0.082 0) (0.632)
D1 0.007 0.012* Standard errors in parentesis.
D2 0.0006 0.012**
D6 0.009 -0.072%**
D7 -0.038** -0.008
D8 -0.039***  0.022***
D9 0 0.013*
D11 0.008 0.013**

* 10% significance; ** 5% significance; *** 1% sigficance.

The long run relations is swfr =3484+0.310wref,. In this case, none of the variables

performs as weakly exogenous. The value of theegransmission coefficient is smaller than
when all observations are included in the sample.

Finally, the analysis was repeated for the secadsample. In the period 1993:07-2000:06
the external reference time series turns out tedrestituted almost exclusively by the US
HRW price (which is lower than the interventiongarionly 17 months over 126, which
means 13% of them).

swir and hrw turned out not to be cointegrated {&#ge 7). Summing up, we can say that the
two series seem not to share any long-run comnesrdt(the cointegrating relation found in
the first sub-sample is indeed very weak).

The existence of cointegration betwesmfr and wref was then checked. The optimal lag-
selection was 1 lag both with and without seasadahmies. Cointegration was then tested
using Johansen’s maximum likelihood procedure witk lag in the restricted constant case.
The cointegration rank was zero (see Table 7). iBha expected result, since theef time
series is mainly constituted lyw, which is not cointegrated with the French price.
So,wrefis cointegrated with the French price in the wisdenple and in the first sub-sample,

but not in the second one.
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Table 7. Results of the Johansen'’s tests in the ped 1993:06-2003:12.

Cointegration tests
2 lags, restricted constant option

swfrandhrw swir andwref
Ho(H1) trace statistics (pvalue)
r=0(r=2) 14.173(0.2841) 15.102 (0.2254)
r=1(r=2) 3.9864 (0.4262) 4.0327 (0.4193)

Summing up, in the whole sample, while the Frengbepturned out not to be cointegrated
with the US HRW price, it showed indeed to shateng-run relation with the “EU external
reference” price, composed by the maximum value dive intervention price and the US
HRW price. The intervention price is implicitly assed to be a threshold for the US price to
influence the EU one. Despite the fact that a cororakpolicy insulating the domestic
market from the world one has been practically gbvien place, what we observe is a co-
movement of the European price and the US one wettain conditions, namely, the latter
to be higher than the intervention price.

The cointegration relation between the French paond wref was present in the period
1978:12-1993:06, too, but not in the 1993:07-20R3he. We could think that the transition
between the two sub-samples in itself does havela in explaining price transmission
elasticities. But, since it is actually in this eed sub-sample that the US price is above the
intervention price, an obvious consideration ig tha linkage betweeswfr andwref could

be nothing but a linkage between the French prickthe intervention prié& The answer to
this question is not straightforward, first of Bkcause the relationship present in the whole
sample seems to be very different from the onegntes the first sub-period. Moreover, in
the second sub-sample finding no cointegratiorticalahip could depend on the fact that the
analysis doesn’t explicitly take into account wiiappened in 2002, when the Ukrainian
price, much lower than the US one, is very likeyhtive been the “real” world price for EU
operators. This problem might gain weight as thmliper of the observations is reduced in

passing from the whole sample to the second sulpisam

% Very preliminary analysis showed no cointegratietations existing betweelpint and swfr on the whole
sample, some evidence of cointegration in the $iskt-sample and no relation in the second one.

This results agree with those of Verga and Zupp{003): by using weekly data, they find that U&tRed
Winter Wheat Rotterdam CIF price is never cointeggtawith domestic European prices, and that the
intervention price is cointegrated in the perio®@2002 but not in the sub-period 1995-02. Thisldde
explained by the instability of the relation betweatervention prices and EU internal prices. 1932002,
when both the intervention price and the US price jput together in the cointegrating relation, tHiyd
evidence of cointegration. They suggest that EUatiens could be linked to an “average” the twaesi
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5. Linear regression analysis

In the AGMEMOD model, for each commodity the prit@nsmission mechanism is
represented by a price formation and a set of grargsmission equations, all estimated with
OLS techniques (time-series properties of the daéanot considered). The first equation
regresses what is called the “EU key price”, he. price of the representative country for that
specific product (that is, for soft wheat, Franoe)the world price, together with other policy-
relevant variables. The world price is then assunwede exogenous. This “key price”
equation for a given commodity market is also acfiom of the EU self-sufficiency rate,
reflecting the endogenous development of the Elérimal balance for the commodity
concerned. For example, the EU soft wheat keyeffice., the French price) is modelled as a
function of the US price, the EU soft wheat interven price, some relevant trade policy
variables (tariff rate quotas, limits on export sidies) and the self-sufficiency rate for wheat
in France. Then, through the price transmissionatgus, each country’s price is then
regressed on this key price.

The underlying assumption is that the EU is a “$raabnomy” which doesn’t affect world
prices. If the world price has to become endogenoute model, thus relaxing the small
country hypothesis and moving toward the more sgalassumption that the EU is a large
country affecting the world prices’ level, the tirseries approach proposed in the previous
section is an interesting alternative to overcome drawback of the model.

As far as OLS techniques are concerned, also Hgcénbmpson et al. (2000), using annual
data, test whether the EU internal price reallysthtedepend on the world price (as it should
be the case because of its domestic and bord@igg)liand make a regression of the German
price on the US price.

Here also an OLS approach is used, but, sewdfe proved not to be cointegrated witinw,
any OLS regression between them is likely to beaispa. On the other side, since we know
that wref and swfr are cointegrated, we can further investigate thegdrun relationship
between the two variables with standard OLS es@mathecking how it depends on policy
regime changes.

From econometric theory we know that, in case #res exhibit a non- stationary behaviour,
static models estimated by OLS will be biased eonsistent. But, if the two processes are

cointegrated, then OLS estimates are instead supwistent, which means that they
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converge at faster rate than norfiaBo, provided the simple static regression isspatious,
dynamic misspecification is not necessarily a peobl

The fundamental difference from the cointegratippraach is that in this case one of the two
variables is implicitly assumed to be exogenouss Tilas been claimed to be one of the major
drawbacks of linear regressions to study pricestrassion mechanisms, and is one criticism
to the so called “Ravallion’s model” (Baulch 199Keeping this in mind, here we want to
see how the dependency of the EU price on the BHermad reference price (the maximum
between the US price and the intervention price@ffescted by policy regime changes.

The model which will be estimated is, in its mosthgral form,
swit = a + Bowref, + BR + BoR, + B3Rg + BugRy + BsRy * wref, +5,, Where all prices continue to be

expressed in log& The EU policy dummies are defined in Table 8:

Table 8: The policy dumms used.

Time period Variable name Description

1978:12- 1988:06 dropped Regular CMO functioning
1988:07-1993:06 R1 First CMO Reforms

1993:07- 2000:06 R2 Mac Sharry Reform

2000:06- 2003:12 R3 Agenda 2000 Reform and Fischler Reform
1995:01-2003:12 R4 URAA implementation

Thanks to the length of the sample four sub-pericds be identified, which are
characterized, as explained in the introduction, gsggressively more market-oriented
policies. These policy reforms are assumed to Heae an effect on the level of prices:
through the reduction of the intervention prices] &omestic prices are expected to have
fallen. On the other side, the last dummy accodiotschanges in the elasticity of price
transmission, which should be the consequence ef ithplementation of the URAA
agreement.

Thompson et al. (2000) just insert one dummy wlacbounts for the Mac Sharry Reform
and another one for the URAA implementation. Theyl fthat the first one has a negative
coefficient, as implied by the reduction of intemtien prices. Concerning the URAA dummy,
they demonstrate that with effective tarifficatiam place the elasticity of transmission
between word prices and domestic prices is equa] while it is equal to zero if the “155%
of the intervention price” rule is in place, ortlife country fixing the domestic price faces a

2" Nonetheless, super-consistency is a large saregléty and coefficients might be biased in finaenples.
= APPotBiRi o(BR+ LR+ BiRs + foiR,)

wref t

8 This means that the underlying model written ivels is Pg t , Where

a=InA, swir=InpP,,» andF’fr't and Pwref’t indicate the French price and the EU external egfege price
expressed in levels.
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net export situation. This means that the coefficief the URAA dummy should help to
understand how effective tariffication was.

In this study, care should be taken in the intagti@n of the coefficients becausaef
already takes into account intervention pricest #ra assumed to be the “threshold” above
which US prices have an influence on the EU ones.

Results of the estimates are reported in Table 9.

Table 9: Estimate’s result, OLS estimator (301 obk.

R"2

Regressors o Bo B1 B2 B3 B oa Ba adi BIC
Model 1: wref 1.007**  0.774*** 0.500 -432.481
Model 2: wref, 2.781%* 0.441** 0.003  -0.102**  -0.264**  -0.178 -0.029  0.821 -718.98
R1,R2, R3,
R4:R4*p\lref,t
Model 3: wref, 2.740%* 0.449** -0.004  -0.128***  -0.295%* 0.8D -726.262
R1,R2, R3
Model 4: 1.918** 0.607*** 1.623** -0.357*** 0.739 -619699

wref,R4,R4*Rrett

**indicates 5% significance level of the parametet*1% significance level.

Differently from Thompson et al., 2000, a time ttemas not included, right because it was
deemed not to be possible to distinguish betweereasing “budgetary pressures” which a
time trend should account for and the progressdection of the intervention price.

Model 1 represents the cointegration relationshigntified in the previous section. This
means that a 1% change in the external referenceried causes a 0.774% change in the
French domestic price.

Some general considerations about the meaningealummies can be drawn. First of all, we
can notice that the number of months in which titervention price was actually above the
US price decreased over time, as the CAP changaekiwead us to think (Table 10; see also
Figure 6).

Table 10: Number of months in which the interventon price was above the US price.

Time period Number of months in which pint>hrw %
1978:12-1988:06 85/115 74%
1988:07-1993:06 R1 60/60 100%
1993:07- 2000:06 R2 17/84 20%
2000:06- 2003:12 R3 0/42 0%
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The first dummy, R1, which refers to the period 893-1993:06, seems to very close to zero
and not significant. This is somehow an expectesulte since in these months the
intervention price was always above the US priod, ia thus already included wref.

R2, covering the years 1993:07-2000:6, and R3tHerperiod 2000:07-2003:12, are both
negative. This implies a reduction in the levepdtes, following the implementation of the
EU CAP Reforms. In this two last sub-periods weigethat the external reference price
series contains an increasing number of obsenatodnthe US HRW price, because it is
higher than the intervention price. The EU interpate is then deemed to follow the US
price rather than the intervention price. Desgiie flact that HRW prices are not only higher
than intervention prices, but also increasing iirtlabsolute value, what we see is that EU
prices decrease relative to their initial values.

R4, which covers the URAA implementation, has aatieg sign. This means that, from 1995
on, the price transmission elasticity decreaseds Tasults is somehow difficult to be
interpreted: we might argue that the URAA implenag¢ioh was ineffective. But this result
might also depend on the fact thatef is constituted by the US price instead of the
intervention price an increasing number of timaeraf995 (which causes some interpretative

problems, as it happened in the previous section).
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Figure 6: Soft wheat French price, intervention prce and EU external reference price in the four pedds
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6. Some final considerations

This paper aims at suggesting some further wagxpioring the nature of international price
transmission relationships for agricultural comntiedi Differently from most of the previous
works, domestic EU prices for soft wheat have hesad together with US HRW prices. This
allowed evaluating the impact of both internal ammnmercial policies. French prices are
assumed to be representative of EU prices. Sofatneea commodity which is heavily traded
internationally and whose market has been heaeiylated by the CAP. The analysis has
been performed in the general framework of the MalRlity.

The cointegration analysis carried out for the quril978:12-2003:12 showed that, as
expected, there is no long-run relation betweenud8eCIF price and the EU domestic price.
EU policies prevented prices from sharing the spattern.

When the validity of the LOP between the EU doneegtice and the “EU external reference
price” (constituted by the maximum between the UiSepand the intervention price), was
tested, evidence of the presence of a long-runigalds found, and it is consistent with the
LOP. This means that domestic and commercial Elitipsl|for soft wheat actually played a
strong role in insulating the internal markets frtra world ones, especially until 1993. After
this date, the reduction of the intervention praced the evolution of international markets
caused US prices to be much more often above thevéntion price. The analysis shows that
this allowed the US prices to have a stronger effecthe EU internal ones, despite the fact
that the same system of border policies kept bainglace. We might then argue that the
reduction in intervention prices, more than then(aeduction of policy barriers, was what
increased the degree of interaction between thenkgdnal prices and the US ones (together
with increasing the variability of EU internal pei).

The impact of the major EU domestic policy reforamsl international trade setting changes
was also evaluated. Despite the increasing relevaricUS prices, and their increase in
absolute value, EU domestic prices show a condanline over the years. The URAA
implementation seems to have had no or negatieetadih price transmission elasticities, as it
would be expected provided the fact that major rivek reforms had already been
implemented years before it was in place, and nioateal reduction of border policies was
implemented after it.

For sure, the model here presented is over-siradlifin that it doesn’t explicitly take into

account a number of policy instruments that werplate in the past 25 years and are very
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likely to have had an impact. Nevertheless, potleyelopments are taken into consideration
implicitly via the construction of aad hoccomposite variable, and the price transmission
equations developed can be inserted and testedia broad econometric models (Listorti
and Esposti, 2008). The use of more sophisticateshametric techniques, like threshold
models or cointegration models accounting for $tmat breaks, needs further research. The
analysis needs for sure to be updated once moemtretata will be available in order to
disentangle the dynamics of the last years, rigitiabse of the major influence that market

mechanisms have shown to have had.
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ANNEX 1 : Some previous studies on price transmissn in agricultural markets.

METHODOLOGY

| DATA

| MAJOR FINDINGS

CORRELATION

Stigler and Sherwin, 1985

They investigate the relations existi
between differentiated series of price
They use correlation analysis to ass
the belonging of prices to the san
market.

gndexes, levels) for a number

egems: silver futures, flour, whe

ngasoline, interest rates, wages.
Various years.

ndMonthly wholesale prices (logs, The study, which covers differet

kinds of markets (future market

;E,commodity markets, capital an

discussé
related

.labour  markets),
fundamental issues
market integration.

—

n

4

2S
to

DYNAMIC REGRESSION MODELS BASED ON A POINT LOCATION MOBBWALLION SCRITERIA

Aldermann,1992

Applies both  Ravallion’'s radia
dynamic model of market integratiq
and cointegration techniques, adapt
them to study markets of commoditi
that are close substitutes. Cointegrat

| Monthly ~ wholesale  maize
nsorghum and millet price
n@ievels) from three markets i
e hana.

01977-1990.

relations are analyzed within the same

market between commodities that ¢
be considered close substitutes.

His objective is to verify whether th
connections existing among markets
different  agricultural commoditie
allow governments in developin
countries to use policy measur,
addressed to only one of them.

an

e
of

, The basic assumption is that,
smarkets are efficiently linked, th
nlagged price of one commodit
should not contain informatio
not contained in the past price
another one (provided it is
close substitute): the informatiq
conveyed in p will not improve
the prediction in g, over what
contained in p A single market
is efficient if the prices of twd
commodities are no
cointegrated, since cointegratic
would imply GC in at least on
direction, which can  bg
interpreted as inefficiency. H
finds functional efficiency in
Ghana’s coarse grain markets.

[}

n

1%

]

Ravallion, 1986

He proposes a procedure for testinilonthly rice price data in five
market integration. The price series fodistricts of Bangladesh (levels

each local market have their o

autoregressive structure and a dyna
relationship with market prices in

central region. His approach permits
distinguish between short and long r
market integration.

rDummies to account fo
geasonality, the famine in 197
aand a time trend are included.
tduly 1972- June 1975.

un

Departures from the condition
of both short run and long ru
rintegration are found
ABangladesh. They would not [

revealed by the use of static

correlation techniques.

in

S

=]

e

Richardson, 1978

He tests the Law of One Price using
twice differenced prices, to avoid a

number of problems related to serial
correlation and omitted explanatory

Monthly observations of
Canadian and US price index
(twice differenced logs). Th
exchange rate is included as

1 The Law of One Price fails.

e€anadian prices respond in t

psame way to exchange rates 3
8JS prices.

he
nd

variables. regressor.

1965-1974.
Thompson et al., 2000
They want to test if the elasticity ofAnnual data are derived hyThey find that the change in the
transmission between EU and wofldveraging monthly data (logs arenternal policy regime caused |a
prices was zero under the old CAP, andsed). reduction in the levels of EU
how it was affected by policy regimeThe world wheat price is in US [Bprices, but also that the URAA
changes. They also build arfrom the USDA, converted intp didn't have any significant effegt
econometric model. They analyze th®M using IMF exchange rates.on price transmission elasticities
effect of the change in the variability pfThe German producer price gwhich means that tariffication
prices on consumers’ welfare. Germanfrom CRONOS dataset gfwas not effective). The existence
is assumed to be a small country fOEUROSTAT. of low but not zero priceg
which the world price is exogenous. | Both price series are deflated by transmission elasticities before
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the CPI of their respective
country.
1976-1998.

the URAA was in place sugge
that the domestic support pric
were not completely independe
from the world ones. The impa
of policy changes on producer|
welfare is mostly due to cuts i
protection (transfer) than t
income instability (risk).
Through compensative hecta
payments, EU farmers a

overcompensated .

St
eS
nt
Ct
S

DYNAMIC REGRESSION MODELS BASED ON A POINT LOCATION ML TESTSIRFS, FEV)

Goodwin and Schroeder, 1991a

They estimate a VAR in levels. TheiiMonthly FOB prices (in levels) According to the FEV, US an
analysis focuses on Forecast Variander six exporting and importing Canada seem to be doming

Error (FEV) decomposition angdwheat markets: US, Canadamarkets. A large proportion @
Impulse-Response Functions (IRF). | Argentine, Australia, Japan and-EVs are explained b
the EU. transportation costs and the U
Missing observations areand Canadian prices

are used as a measure

arithmetic average of varioy
ones.
July 1975 - December 1986

obtained regressing the series [0Adjustments to innovations i
a price series of a closely relatedreight rates are quite slow
market. Special Drawing Rightsoccur.

exchange rates effects. A uniguadjustments to exchange
freight rate is calculated as theshocks, to US price shocks,

ofhe IRFs show rapid pric

I'g

sCanadian shocks (but not for tk
US and Argentina). Shocks

freight rates take two or mo
months to produce effects,
the response is large

persistent.

e
b}t
and

joN

nt

<=

S

o

Gordon et al., 1983

They use a modification of Grang
Causality Test, the Holmes and Hutt
causality test based on the rank order
of each variable. They test bo
bivariate models and trivariate ones.

eiWeekly prices (levels) of lamb
prrench lamb, Anglo-Irish lam
imyice on the French market, U
tHamb price in the UK.
1983-1986.

Kshocks

:British and French markets a
0 integrated in the sense that pri
in one market a
eventually and fully transmitte
on price changes in the oth
market. However, long orders
lag specifications are necessa
indicating a slow response
price incentives.

Gupta and Mueller, 1982

They use GC tests (Haugh test to asses&eekly prices (differentiated
the dependence-independence betwekrys) for slaughter hogs in three
series; Sims test to ascertain th&erman.

direction of causality) to see whetheiWeek 1:1977 - week 50:1980
markets are perfectly price-efficient.

Differently from the use of correlatio

coefficients, which only report th

association between prices, this

methodology allows to test if markets

are independent, interdependent, on if

They find that markets are pric
efficient, since the tests show th
they are interdependent.

lead-lag relations exist.

U

at

DYNAMIC REGRESSION MODELS BASED ON A POINT LOCATION MOQIEUNTEGRATION

Ardeni, 1989

For the first time, cointegration i
proposed to analyze the LOP.

sQuarterly export prices (in logs
for wheat, wool, beef, sugar, te

)The LOP holds only in a sma
anumber of cases (but

%)

tin and zinc for Australia

nonetheless valid for

us-
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Canada, the UK, the US. Data g
adjusted for the exchange rates
January  1957-January
(from 79 to 117 obs., dependir
on the commodity).

198@attern are permanent.

US-Canadid
from th

rédustralian wheat,
wheat); deviations

g

Baffes, 1991

Using the same dataset and the sarteis the same as Ardeni, b
techniques as Ardeni, he shows insteadiriables are used in levels.
that the LOP holds. The difference |in

the findings is explained by the fact that

he imposes the cointegration parame
and uses the variables in levels.

ers

utThe LOP cannot be rejected as

maintained hypothesis. When

fails, transport costs might be the

explanation (non-stationarity d@
freight-rates might explain nor
stationarity of prices
differentials).

Barassi and Ghoshray, 2007

They test cointegration with structur
change between the EU and the U
They use a novel cointegration meth
which allows the time of the break to
unknown.

aMonthly FOB prices for EU
Svheat, US Hard Red Winte
oWheat and US Soft Red Whe
pgused in logs).

July1981-July 2000.

A structural break occurred aft
rthe 1992 CAP Reforms we

only cointegrating  relatio
existing is between the two U
wheats. After that, they find

D

=)

a
it

f

er

e

atmplemented. Before that, the

cointegrating vector between the

US HRW and the US SRW, ar
another one between the U
SRW and the EU. The EU acts
a price follower, as it would b
expected since it makes use
export subsidies.

Dawson and Sanjuan, 2007

They apply Johansen’s procedu
allowing for structural breaks. The tim
of occurrence of the structural break
known.

ré&onthly FOB prices (in logs):
eCanadian Western Red Spring,
i8)S Dark Northern Spring.
January 1974-December2001.

They find that -cointegratio
exists and that there are ty

structural breaks corresponding

to the beginning and the end
the US Export Enhanceme
Programme.

Ghoshray and Lyoid, 2003

By using the method of irreducib
cointegrated vectors, they investiga
the relations existing amongst whe
prices of different countries accordir
to wheat type and port location.

eMonthly FOB export prices (in
1teogs) of 13 different price series
atfrom Argentina, Australia,
Canada, the US, the EU).

July 1980-December 1998.

They provide statistical suppo
for examining wheats that hay
different end uses (namely hal
wheats), separately.

Ghoshray et al., 2000

They analyze the cointegratin
relationships existing in 12 pairs
prices constituted by the EU price pl
another one.

gMonthly FOB export prices (i
bflogs) of 13 different price serie
ugfrom  Argentina, Australia
Canada, US, EU).

July 1980-December 1998.

They find that -cointegratio
sexists in all the pairs but in thos
including Canadian feed wheg
They argue that this means th
all wheats used for huma
consumption show a comma
trend.

Goodwin, 1992

He applies Johansen’s multivarig
cointegrating testing procedure, argui
that bivariate Engle

cointegration tests are limited.

Grange

tdvionthly FOB export prices (if
nevels) for the US, Canad
erAustralia, CIF prices for Japa
and the EU. Monthly averag
freight rates from the US Gulf t
Rotterdam and Japan.

January 1978-December 1989.

He argues that, if transport cos
n.are explicitly taken into accoun

nthe Law of One Price is valid.

eThe inclusion of freight rates i
nthe model (by subtracting them
the CIF prices of the EU an
Japan) allows to find on
cointegration vector.
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Goodwin and Schroeder, 1991b

By using cointegration tests,

cattle markets.

They conduct seven different Engledanuary 1980-September 1987.
Granger cointegration tests for two
market

ten
periods.

specifications of
comparisons over four

using bootstrap regression techniques,
they assess the influence on the test
ratios,

average annual slaughter volumes and

statistics of concentration

the distance between markets.

theyweekly price series for slaught
evaluate spatial linkages in regionasteers for eleven regional U

markets (in levels).

y

eTheir results can be summariz
Sas  follows:

increased mark

concentration leads to high

cointegration; relative slaughte

volume has a negative impact
cointegration (smaller marke
exhibit a smaller degree of spat
dependence than bigger one
the degree of price cointegratig
is negatively affected by bigge
distances  between  marke
Increasing cointegration durin
the 1980s is explained b
structural changes in th
livestock industry.

Margarido et al., 2004

They investigate the elasticities
transmission in the soybeans mar
through the use of cointegratig
techniques (one VECM model for g
the prices). They then calculate IR
and FEVs.

pMonthly soybeans prices (i

Fs

évgs): CIF Rotterdam Port, FO
rnArgentina, FOB US.
[lOctober 1995-October 2003.

nThe LOP is valid in the long run.
BBrazil and Argentina can be se

Season
th

as price takers.
differences may explain

pattern of the response
Brazilian prices to shocks in th
international market.

ed
ot
o1

BN
al

Df
e

Mohanty and Langley, 2003

They examine the integration betwe
US and Canadian grain prices usi
cointegration techniques and ECMs
four different sub-periods: pre-po
NAFTA, pre-post the Western Gra
Transportation Act of Canada.

eMonthly prices for wheat and
nbarley (in logs). For Canada anc
ithe US.

stiune 1986 - July 1999.
n

They find that the series a
always cointegrated, and that t

coefficients of transmissions ar

higher after the implementatio
of the two agreements.

e

>

Mohanty et al., 1999

They analyze world wheat markets
using cointegration techniques and arj
ECM model which includes only the
variables significant at 10% level.

Monthy FOB prices (in logs) for
the US, Canada, Australia,
Argentina and the EU.

January 1981 to June 1993.

They find that there is no distin
leader in the international whe
market. This differs with the

results of a number of different

studies, that could nonethele
have been mis-specified (fc
example, because they didn
take cointegration into account)

ot
At

h

ISS

=

t

Sanjuan and Gil, 2001.

Cointegration tests are applied to stu
long-run relationships; GC tests a
then used to obtain the general patt
of influences. FEV analysis is used
analyze the strength of prig
interdependence.

dweekly prices (in levels) for por
rand lamb carcasses for seven
egountries (DE, DK, ES, FR, IL
toNL,UK).

€1988-1995 (418 obs.).

kPork markets shows a hig
Edegree of integration; a mo

, limited degree of integration i
observed in the sheep market.

Thompson and Bohl, 1999

They perform a cointegration analys
to check how policy regime chang
affected international price transmissi
elasticities. They identify three differe

sub-periods corresponding to the mai(Dark Northern Spring Whea

European policy changes. They usg
threshold  cointegrating  techniqu
(Enders and Siklos) that allows for t
cointegrating relationship to be local
inactive and then become active or

iDomestic producer selling price
egor Germany are obtained fro
DICRONOS database Q
NtEUROSTAT (DM). World prices

@lF Rotterdam, US$) ar
ebtained from the USDA
néMonthly exchange rates from th
VWMF  were used for thg
ceonversion. Nominal prices a

the system gets too far from theised since real price didn't shg

sThe price series are integrated.
mLong run transmission elasticitie
frange from 0.18 during the 7(

and 80s and 0.30 during the pc
I, URAA. They argue that reform
emade to the CAP had an effect

st

in

increasing internal price
evariability. World price volatility
> decreased over the period

econsidered.

W
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equilibrium relationship.

any statistical differenc
All prices are expressed in logs,
June 1976 to December 1998.

Verga e Zuppiroli, 2003

They apply cointegration analysis

four European soft wheat markets
test the relations between them, w|
the institutional EU prices and with th
international prices. With the “directe
graphs” technique, they also analy
contemporaneous relations between
prices. They tests are run on the wh
subsample and in the sub-period 19
2002.

[dNVeekly prices (in levels) for twi
tonain Italian markets and tw
tmain  French makets; CI
eRotterdam price of US Soft Re
dwinter wheat; intervention price
zEU import price.

tlimnuary 1990-December 2002.
Dle

D5-

b The European market is strong
pcointegrated, but there is n
Fcointegrating relationship  wit
dthe US price. The series a

prices (but thi
relation
distorted) but not th
subsample  chosen. High
variability of EU prices is no
due to bigger linkages with th
international markets but to th
lowering of the intervention

price.

they claim

in

Viju et al., 2006

They asses the accession of Aust
Finland and Sweden to the EU from t
perspective of market integration. Th
use cointegration techniques in tv
different samples, pre and pg
accession. For each product, for ea
period, they run cointegration analys
in pairs with the German price.

ridonthly data (in logs) for rye,
heats, barley, soft wheat and
eyotatoes for Austria, Finland,
vdweden, Germany (=EU
steference price). Data are
abbtained from CRONOS,
i€EUROSTAT, and all converted
to ECU/EUR.

January 1975-December 2004.

For soft wheat, there is eviden
of market integration with the
exception of Finland. For th
couple Germany-Austria ther
was evidence of marke
integration before Austria joine
the EU.

The observed convergence
prices for soft wheat might b
influenced by operation at
minimum price, even thought th
situation would not likely be
observed without markets bei
linked through arbitrage.

ly
(0]
n
e

;cointegrated with the institutional

is unstable and thys

er

® @D

g

Zanias, 1993

For four products (for which differern
levels of political support exist), the
run cointegration tests amongst

possible couples of countries for whi
data are available. Both the unrestric
and the restricted version of the L(C
are tested.

tMonthly prices from CRONOS
YEUROSTAT, for soft whea
Al(1980:1-1990:12), cow’'s milk
©h{1983:1-1990:12), pig carcass
egrade 1(1986:1-1990:12
Potatoes (1983:4-1990:12), for
number of countries, dependir
on data availability (BE,DE
FR,IT, NL, UK). All prices are
expressed in ECU.

, The LOP holds in about half @
I the cases considered. Moneta
Compensatory Amounts play 8
egémportant role. For soft whea

,the existence of a minimur
dntervention price be ver
dmportant  for in  market

integration, but efficient arbitrag
is also necessary.

=

Ary
n

SWVITCHINGREGIME-THRESHOLD MODELS

Balcombe, 2007

They develop a generalized Thresh
Error Correction Model to test for th
presence and behaviour of pri
transmission.

viMonthly  Brazilian, US and
eArgentine prices for whed
c€1988-2001), maize (1986-2001
soybeans (1988-2001). All price
are used in logs and converted
Us s.

Evidence of thresholds is found
tin three out of the five
)commodity pairs investigated.
2S
in

Baulch, 1997

He develops the Parity Bound Mod
(PBM), an alternative methodology
which information on transfer costs
used in addition to food price

eMonthly wholesale price (in
nlevels) for Philippine rice comin
ifrom eight markets.

s.January 1980-June 1993.

According to the size of price sprea

Monte Carlo experiments sho
gthat the PBM is statistically
reliable. An application to th
Philippine rice markets

ds

U

demonstrates that the PB
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and of transfer costs, three regimes
derived (within, at and outside th
arbitrage band).

are
e

detects efficient arbitrage whe
other tests do not.

Goodwin, Piggot 2001

They use a threshold model, in whictaily (in logs) corn and soybean Thresholds turn out to be bigger

regime switching is triggered whenprices in 4 North Carolina when there is a bigger distance

deviations in prices exceed the “neutrabrminal markets. between markets. It is found that

band” represented by transport costs.| 2 January 1992-4 March 1999. | models that explicitly recognize

The evaluations are made pairwise. the presence of thresholds effects
imply faster adjustments tp
deviations from equilibrium than
when threshold behaviour |s
ignored.

Negassa and Myers, 2007

The standard PBM model is extended td/eekly wholesale prices (in The results highlight the

allow for dynamic shifts in regime levels) converted into monthly | importance of allowing for

probabilities (the probability of being i
a particular trading regime is not tin
invariant) in response to changes
marketing policy. This allows seein
whether changes in policies ha
increased or not spatial efficiency. It
applied to seven market, analyzed
pairs.

nprices for maize and wheat in
eeight Ethiopian markets.
idugust 1996-August 2002.

g
ve
is
n

adjustment to policy changes.

Sexton et al., 1991

Their estimation is based on a switchi
regression model with three regimes
(the direction of trade flows is fixed,
but arbitrage conditions might be
violated): efficient arbitrage, relative
shortage, relative glut. Only price dats
are needed.

nyVeekly prices (in levels) of US
celery in Florida, California in 6
terminal markets.
January 1985-December 1988.

The methodology allows fo

arbitrage efficiency, magnitud
of marketing margins, produ
substitutability, and
competitiveness on markets.

investigating market integration,

I

e
t

RATIONAL EXPECTATIONS MODELS

Goodwin et al., 1990

Typical analyses of the LOP overloo
temporal elements of trade, and assu
that parity should holg
contemporaneously. They use ty
different approaches to test the LQ
GMM to estimate rationally forme
expected future prices (expectatig
augmented version of the LOP; acty
freight rates are used as a proxy

transport costs); nonparametric analy
of price parity using actual freight rate

kdMonthly prices (levels) for 34

neemmodities from variou
countries, all converted i
valollars.

PThe period considered is fro
1 July 1973 to December 1985 (]
no 128 obs., depending on t
Ighrice).

for
Sis
S.

l They conclude that using
5 simple-augmented  expectation
hmodel produces greater supp
for the LOP than
mcontemporaneous prices. Resu
[Drovide strong support for

neational expectations version

the LOP. For the wheat marke
adherence to the standard vers
of the LOP is limited (only twa
out of six markets suppo
parity); for the expectation
augmented version, the LOP

using

a
S-
Drt

Its

U —

is

instead rejected only in one cas
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ANNEX 2 : Unit root tests

ADF statistics -18 (1978:12-2003:12)
Variable n° of lags Logs Differentiated logs
logs (diff. logs)

swir

n 12(11) -0.042 -3.761
(0.669) (0.0001)

c 12(11) -1.823 -3.733
(0.369) (0.004)

t 12(11) -3.256 -3.606
(0.074) (0.029)

c+s 12(11) -1.737 -3.761
(0.412) (0.003)

t+s 12(11) -3.183 -3.637
(0.088) (0.027)

hrw

n 1(0) 0.172 -12.544
(0.736) (0)

c 1(0) -3.255 -12.528
(0.017) 0)

t 1(0) -3.325 -12.511
(0.062) 0)

c+s 1(0) -3.107 -12.477
(0.026) (0)

t+s 1(0) -3.183 -12.461
(0.088) (0)

wref

n 12(12) -0.101 -5.149
(0.649) (0)

c 12(11) -2.163 -4.864
(0.220) 0)

t 12(11) -3.133 -4.878
(0.099) 0)

c+s 4(5) -2.301 -8.719
(0.172) 0)

t+s 1(5) -3.663 -8.720
(0.025) (0)

Nn= no constantg= constantf{=trend ;s= seasonal dummies included; p-values are basé&tboKinnon (1996)
and reported in parenthesis.
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ADF statistics -18 (1978:12-1993:06)

Variable n° of lags Logs Differentiated logs
logs (diff. logs)

swir

n 12(11) 0.668 -3.679
(0.860) (0.0001)

c 17(11) -2.720 -3.737
(0.070) (0.003)

t 17(112) -2.882 -3.740
(0.168) (0.019)

c+s 12(11) -2.502 -3.025
(0.115) (0.032)

t+s 12(11) -2.566 -2.988
(0.296) (0.135)

hrw

n 1(0) -0.072 -9.223
(0.659) 0)

c 11(0) -2.328 -9.196
(0.163) (0)

t 11(0) -2.984 -9.25
(0.136) (0)

c+s 4(0) -2.319 -8.957
(0.166) 0)

t+s 4(0) -3.061 -9.027
(0.116) 0)

wref

n 12(11) 0.141 -3.461
(0.726) (0.0005)

c 12(11) -1.886 -3.450
(0.339) (0.009)

t 12(11) -1.860 -4.872
(0.675) (0.002)

c+s 2(11) -1.902 -4.243
(0.332) (0.0005)

t+s 12(11) -1.762 -4.721
(0.723) (0.0006)

n= no constantg= constant{=trend ;s= seasonal dummies included; *p-values are basédamiKinnon (1996)

and reported in parenthesis.
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ADF statistics -18 (1993:07-2003:12)

Variable n° of lags Logs Differentiated logs
logs (diff. logs)

swir

n 12(11) 0.546 -1.926
(0.8343) (0.0516)

c 12(11) -1.807 -1.808
(0.377) (0.3772)

t 12(11) -2.245 -1.798
(0.464) (0.706)

c+s 12(0) -1.574 -8.327
(0.496) 0)

t+s 12(0) -2.113 -8.308
(0.537) 0)

hrw

n 2(1) 0.272 -7.950
(0.765) 0)

c 1(1) -3.081 -7.928
(0.028) ()]

t 1(1) -3.102 -7.9023
(0.106) ()]

c+s 1(1) -2.843 -7.269
(0.052) 0)

t+s 1(1) -2.853 -7.246
(0.178) 0)

wref

n 2(1) 0.282 -7.943
(0.7678) 0)

c 1(1) -3.215 -7.922
(0.019) ()]

t 1(1) -3.240 -7.898
(0.076) ()]

c+s 1(1) -2.985 -7.186

(0) (0)

t+s 1(1) -2.994 -7.166

(0.134) (0)

Nn= no constantg= constantf=trend ;s= seasonal dummies included; *p-values are basedamiKinnon (1996)

and reported in parenthesis.
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PP statistics (1978:12-2003:12)

Variable n° of lags 5%critical values Logs Differentiated logs
logs (diff. logs)

swir 13(12)

n -8.000 0.013 -180.846
-1.950 0.107 -16.087

c -14.000 -9.253 -180.937
-2.878 -2.160 -16.044

t -21.339 -24.587 -181.209
-3.428 -3.503 -15.997

hrw 2(1)

n -8.000 0.049 -209.427
-1.950 0.229 -12.582

c -14.000 -14.941 -209.561
-2.878 -2.814 -12.567

t -21.339 -15.387 -209.646
-3.428 -2.871 -12.550

wref 2(2)

n -8.000 -0.004 -227.208
-1.950 -0.026 -13.740

c -14.000 -16.898 -227.211
-2.878 -2.935 -13.716

t -21.339 -24.101 -227.232
-3.428 -3.576 -13.694

PP statistics (1978:12-1993:06)
Variable n° of lags 5%critical values Logs Differentiated logs
logs (diff. logs)

swir 13(12)

n -7.949 0.036 -101.352
-1.950 0.620 -15.626

c -13.848 -25.548 -101.061
-2.885 -3.883 -15.688

t -20.996 -25.669 -100.736
-3.440 -3.863 -15.706

hrw 2(2)

n -7.949 -0.006 -113.330
-1.950 -0.041 -9.180

c -13.848 -5.894 -113.333
-2.885 -1.738 -9.152

t -20.996 -8.467 -114.695
-3.440 -2.338 -9.218

wref 1(0)

n -7.949 0.009 -152.693
-1.950 0.117 -11.513

c -13.848 -11.621 -152.729
-2.885 -2.548 -11.479

t -20.996 -11.161 -153.563
-3.440 -2.432 -11.516

50



PP statistics (1993:07-2003:12)

Variable n° of lags 5%critical values Logs Differentiated logs
logs (diff. logs)

swifr 2(1)

n -7.917 0.055 -93.872
-1.950 0.503 -8.619

c -13.750 -9.682 -94.210
-2.888 -1.988 -8.607

t -20.800 -13.062 -94.528
-3.447 -2.082 -8.597

hrw 2(2)

n -7.917 0.043 -90.899
-1.950 0.301 -8.267

c -13.750 -13.225 -91.014
-2.888 -2.641 -8.239

t -20.800 -13.508 -91.024
-3.447 -2.646 -8.207

wref 2(2)

n -7.917 0.044 -91.046
-1.950 0.313 -8.729

c -13.750 -14.284 -91.167
-2.888 -2.759 -8.252

t -20.800 -14.636 -91.185
-3.447 -2.766 -8.220
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KPSS statistics (1978:12-2003:12)

Variable n°of lags 5% critical value Logs Differentiated logs
logs (diff. logs)
swir 13(12)
c 0.463 1.679 0.106
hrw 2(1)
c 0.463 0.743 0.061
wref 2(1)
c 0.463 3.949 0.037
KPSS statistics (1978:12-1993:06)
Variable n°of lags 5% critical value Logs Differentiated logs
logs (diff. logs)
swir 13(12)
c 0.463 0.184 0.133
hrw 2(1)
c 0.463 1.540 0.221
wref 1(0)
c 0.463 1.650 0.154
KPSS statistics (1993:07-2003:12)
Variable n°of lags 5% critical value Logs Differentiated logs
logs (diff. logs)
swir 2(1)
c 0.463 1.939 0.151
hrw 2(1)
c 0.463 0.428 0.048
wref 2(1)
c 0.463 0.425 0.047
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