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Abstract

Since the 1980s, there has been a gradual deregulation of global agriculture and liberalisation

of international trade in food products. As a consequence, agricultural prices, which for a long time

used to be determined only by local factors, have started to reflect price developments in other,

often distant countries. Moreover, in many cases the aforementioned external factors have been

outweighing the domestic factors. Consequently, in recent years market participants had to reshape

their way of thinking about the agricultural prices and start to monitor them with a broader,

international context.

The profound changes in price setting process in agricultural markets, which are the outcome of

their deregulation and the liberalization of international trade in food products, exerted substantial

impact on participants operating on all stages of food supply chain; from farmers to consumers.

Moreover, supply shocks generated by the developments on global agricultural markets started to

be analyzed by central banks and other institutions providing inflation forecasts as foreseeing the

dynamics of food prices became much more complex.

The doctoral dissertation consists of five parts. In the first part I provide a general literature

review on history of agricultural markets deregulation and trade liberalization in food products and

summarize the research on horizontal price transmission in agricultural markets. On the base of

these studies I formulate four hypotheses on how agricultural prices behave after market deregulation

and trade liberalization. The formulated hypotheses are then tested in four subsequent parts of the

dissertation on the specific example of the milk market.

The doctoral dissertation comes up with four general conclusions. Firstly, the liberalization of

agricultural policies and trade improves the horizontal price transmission in agricultural markets

making them more spatially-integrated. Secondly, market-liberalizing polices result in emergence of

price leaders in agricultural markets. Thirdly, when markets become more spatially integrated the

significance of local factors in determining prices lowers. Fourthly, there is a tendency that together

with the growing integration of domestic market with the global market, any interventions aimed at

price stabilization became less efficient and may lead to market imbalances.

Findings from hereby PhD thesis may be useful for the policymakers in further process of dereg-

ulation of agricultural markets and the liberalization of trade in agricultural products. Furthermore,

they can help market participants from the all stages of food supply chain to prepare and better

adjust to the ongoing process of globalization of the agricultural markets. Additionally, the research

presents valuable implications for food inflation behaviour in globalized markets which may be

adopted by central banks or other institutions preparing inflation forecasts. Finally, my doctoral

dissertation provides innovative conclusions about the functioning of global milk market.





11

Streszczenie

Od lat 80. można zaobserwować stopniow ↪a deregulacj ↪e światowego rolnictwa i liberalizacj ↪e

mi ↪edzynarodowego handlu surowcami rolnymi. W konsekwencji, ceny surowców rolnych, które przez

d lugi czas by ly kszta ltowane wy l ↪acznie przez czynniki lokalne, zacz ↪e ly odzwierciedlać zmiany cen w

innych, cz ↪esto odleg lych krajach. Co wi ↪ecej, w wielu przypadkach czynniki zewn ↪etrzne maj ↪a już

wi ↪ekszy wp lyw na ceny niż czynniki lokalne. W rezultacie w ostatnich latach uczestnicy obrotu na

rynkach żywności musieli zmienić myślenie o tym, w jaki sposób kszta ltowane s ↪a ceny surowców

rolnych i zacz ↪ać analizować je w szerszym, mi ↪edzynarodowym kontekście.

Tak g l ↪ebokie zmiany w procesie ustalania cen na rynkach rolnych b ↪ed ↪ace efektem deregulacji i

liberalizacji mi ↪edzynarodowego handlu surowcami rolnymi istotnie wp lywaj ↪a na wszystkich uczest-

ników  lańcucha dostaw żywności, zaczynaj ↪ac od rolników i kończ ↪ac na samych konsumentach.

Ponadto szoki podażowe wywo lane zmianami cen na rynkach rolnych sta ly si ↪e przedmiotem zain-

teresowania banków centralnych i innych instytucji przygotowuj ↪acych prognozy inflacji, ponieważ

przewidywanie dynamiki cen żywności jest obecnie o wiele bardziej z lożone niż w poprzednich

latach.

Rozprawa sk lada si ↪e z pi ↪eciu cz ↪eści. W pierwszej przedstawiam przegl ↪ad literatury na temat his-

torii deregulacji rynków rolnych i liberalizacji handlu surowcami rolnymi oraz podsumowuj ↪e badania

dotycz ↪ace poziomej transmisji cen na rynkach rolnych. Na podstawie tych badań i zaobserwowanych

wzorców na różnych rynkach rolnych formu luj ↪e cztery hipotezy badawcze dotycz ↪ace kszta ltowania

si ↪e transmisji cen surowców rolnych w warunkach deregulacji rynku i liberalizacji handlu mi ↪edzy-

narodowego. W czterech kolejnych cz ↪eściach rozprawy sformu lowane wcześniej hipotezy badawcze

testuj ↪e na konkretnym przyk ladzie rynku mleka.

Uzyskane wyniki prowadz ↪a do nast ↪epuj ↪acych wniosków. Po pierwsze, liberalizacja polityki

rolnej i handlu poprawia poziom ↪a transmisj ↪e cen na rynkach rolnych, zwi ↪ekszaj ↪ac stopień ich

wzajemnej integracji. Po drugie, wraz deregulacj ↪a rynków oraz liberalizacj ↪a mi ↪edzynarodowego

handlu cz ↪eść rynków zaczyna przejawiać w lasności wyprzedzaj ↪ace w procesie ustalania cen. Po

trzecie, wraz z rosn ↪ac ↪a wzajemn ↪a integracj ↪a rynków rolnych zmniejsza si ↪e znaczenie lokalnych

czynników sezonowych. Po czwarte, z uwagi na rosn ↪ac ↪a integracj ↪e lokalnego rynku surowców rolnych

ze światowym rynkiem, maleje skuteczność przeprowadzanych na nim interwencji - maj ↪acych na

celu ograniczenie zmienności cen. Jednocześnie mog ↪a one prowadzić do pog l ↪ebienia nierównowagi

rynkowej.

Wnioski z niniejszej pracy doktorskiej mog ↪a być przydatne dla osób zaangażowanych w proces

deregulacji rynków rolnych i liberalizacji handlu surowcami rolnymi. Ponadto mog ↪a pomóc uczest-

nikom operuj ↪acym na wszystkich odcinkach  lańcucha dostaw żywności w lepszym dostosowaniu

si ↪e do post ↪epuj ↪acej globalizacji rynków rolnych. Co wi ↪ecej, wnioski p lyn ↪ace z moich badań nios ↪a

użyteczne implikacje dla kszta ltowania si ↪e inflacji żywności na zglobalizowanych rynkach, a w

konsekwencji mog ↪a być one pomocne dla banków centralnych oraz innych instytucji przygotowuj ↪a-

cych prognozy inflacji. Jednocześnie moje badania wskazuj ↪a na mniej dot ↪ad zauważane aspekty

funkcjonowania rynku mleka, które mog ↪a być wykorzystane przez branż ↪e mleczarsk ↪a.
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Price transmission in (de)regulated agricultural markets

Jakub Olipra

Collegium of Management and Finance, Warsaw School of Economics, Warsaw, Poland

ABSTRACT

This paper emphasises the impact of the ongoing liberalisation of
agricultural policies and trade in agricultural commodities on spatial
price transmission in agricultural markets. Based on a literature review
covering a broad range of topics, the article derives four main
conclusions. First, more market-oriented agricultural policies and trade
liberalization improve horizontal price transmission in global agricultural
markets. Second, in the integrated agricultural markets, some regions
tend to lead the price discovery process, which is determined mainly by
their role in international trade. Third, with the growing integration of
agricultural markets, the significance of local factors such as seasonality
is diminishing. Fourth, as markets become more integrated,
spontaneous public interventions aimed at the stabilisation of domestic
prices are less effective. These findings may help market participants at
all stages of the food supply chain to better understand how policy
deregulation and trade liberalisation affect price setting in agricultural
markets and, consequently, enable them to adjust to these changes
more effectively. Furthermore, the paper provides policy implications, as
it distinguishes the institutional factors determining the degree of price
transmission in agricultural markets and emphasises the decreasing
effectiveness of domestic agricultural and trade policies as globalisation
in agricultural markets continues.
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1. Introduction

Since the 1980s, there has been a gradual deregulation of global agriculture and liberalisation of
international trade in agricultural products. Even though this is a very fragile and laborious
process and, from time to time, temptations appear among governments to halt or even
reverse it, there is a common belief among researchers that deregulation of global agriculture
and trade liberalisation in agricultural products are inevitable and will continue in the coming
years, catching up with other more-liberalised sectors in the globalised world economy. More-
over, there is also growing interest among researchers in analysing how this transformation is
affecting the price setting of agricultural commodities. As price formation in agricultural
markets is a relatively complex process, inter alia, due to strong seasonal effects, high dependency
on weather conditions, or the presence of price cycles in the case of a number of commodities,
there are several potential benefits of such analyses.

Accordingly, this paper emphasises the impact of the ongoing liberalisation of agricultural pol-
icies and trade in agricultural commodities on spatial price transmission in agricultural markets.
The rest of the paper is organised as follows. Section 2 provides a brief history of the regulation
and deregulation processes in world agriculture after the Second World War. Section 3 outlines
the theoretical framework of price transmission in agricultural markets based on the law of one
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price (LOP) concept. Section 4 offers a literature review on how deregulation of agricultural markets
and the liberalisation of trade in agricultural products impact price processes in agricultural markets.
Section 5 provides conclusions and policy implications. It has to be underlined at the very beginning
that, due to the wide range of issues addressed in this paper, the literature review cannot be exhaus-
tive and cannot be treated as a detailed analysis of a specific topic. The paper reviews a selective
example of research on each topic, especially some critical breakthrough articles that reshaped
the state of knowledge in the analysed areas. The idea is to provide readers with an adequate back-
drop to better understanding the impact of the ongoing liberalisation of agricultural policies and
trade in agricultural commodities on spatial price transmission in agricultural markets.

2. Post-war evolution in agricultural policies

The initial years following the Second World War were characterised by acute food shortages and
high inflation of food prices (FAO 1948). Consequently, most countries emerged from the war
with policies aimed at increasing agricultural production and at price stabilisation (FAO 1949,
1955). These policies included measures such as “grow-more-food” campaigns, import and food dis-
tribution controls, food rationing systems, strict regulation of farm and retail prices, and state-deter-
mined allocation of means of production (FAO 1955). However, there was also a group of countries
not directly affected by the war, where the problem of insufficient agricultural output never arose.
Some of them, like the United States and Canada, increased their agricultural production substan-
tially during wartime, in order to satisfy the increased needs of allies during and shortly after the
war (FAO 1948, 1955; Dimitri, Effland, and Conklin 2005). Therefore, the post-war agricultural policies
in these countries were directed towards supplying export requirements or safeguarding farm
incomes and finding outlets for increased agricultural production (FAO 1948; Britnell and Fowke
1962; Owens 1987; Dimitri, Effland, and Conklin 2005).

As the global food security situation improved, controls and regulations were gradually relaxed
(FAO 1955). Countries aimed to achieve partial or total food self-sufficiency, even in cases where
such an objective was clearly out of reach (FAO 1965). Owing to their experiences of wartime and
post-war food shortages, many countries resolved not be dependent on food imports. The emphasis
on self-sufficiency in food production was also reinforced by a reluctance to spend scarce foreign
exchange on imports of agricultural products rather than on capital goods needed for industrialis-
ation and development (FAO 1965). These self-sufficiency targets were often at odds with the
anti-agricultural bias of industry-driven development strategies. Thus, the progress in increasing
agricultural productivity and output around the world was uneven and heavily dependent on the
level of industrialisation in particular countries.

In highly-industrialised countries, post-war technological progress against the backdrop of high
agricultural prices caused by food shortages, quickly brought about a strong increase in agricultural
productivity, leading to food surpluses. It finally resulted in a drop in agricultural prices, which nega-
tively affected the incomes of farmers (FAO 1955). In order to halt the outflow of the workforce from
agriculture, many developed countries introduced measures aimed at raising farm incomes and nar-
rowing the income gap between agriculture and other sectors. Moreover, measures to aid exports
were intensified and, consequently, subsidised agricultural exports emerged as an important
element in world trade, even leading to subsidy wars between countries (FAO 1965).

Low prices of agricultural commodities, resulting from the large food surpluses in industrialised
countries, led to a deterioration in the balance of payments in less developed countries that had a
dominant share of agricultural exports. Consequently, governments in these countries intensified
polices aimed at maximising foreign exchange earnings from agricultural exports, as these earnings
were needed to import equipment and other capital goods. These policies included state trading
and centralised sales through marketing boards (the marketing boards were run also in some devel-
oped countries with substantial agricultural surpluses such as Canada and Australia), production
support measures, and attempts to diversify agricultural production (FAO 1965). Simultaneously,
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in order to accelerate the industrialisation process, many governments in developing countries
started overtaxing agriculture, as it was usually the main source of their tax revenues (Krueger,
Schiff, and Valdés 1988; Anderson 2010). Additionally, many developing countries began to overva-
lue their currencies, in order to pursue an import-substituting industrialisation strategy. This
indirectly taxed producers of other tradable goods, including farmers. As a consequence, the
price incentives for farmers in many developing countries were depressed by both domestic and
foreign agricultural policies (Anderson 2010).

This divergence in agricultural policies resulted in overproduction of food in high- and medium-
income countries and underproduction in low-income countries, which the literature describes as a
“disarray in world agriculture” (Johnson 1973, 1987).

Expansionary agricultural policies in developed countries started to exert increasingly higher bud-
getary pressure. This created demand for market-oriented reforms of agricultural policies (Elliott
2004; Moon 2010). Moreover, there was growing awareness of the detrimental impact of expansion-
ary agricultural policies in industrialised countries on economic development and food security in
developing countries. This coincided with the neoliberal pro-market paradigm gaining momentum
in the global economy (Anderson 1999; McCalla 2003). Beginning in the 1980s, many developed
countries started to orient their agricultural policies towards less market-distorting forms of
support, such as so-called “decoupled” payments separating the level of support from the level of
production (Anderson 2010; Swinnen, Olper, and Vandemoortele 2012; Moon 2018). Many develop-
ing countries also initiated liberalisation of agricultural policies; however, this was motivated by
different reasons. The reforms could be seen as the result of learning from the experiences of
better-performing, more-open developing economies (Anderson 2010). Such reforms, aimed at agri-
cultural policy liberalisation, were often a condition for receiving financial support for development
from international institutions (Anderson 2010). Maertens and Swinnen (2014) argue that the liberal-
isation of agricultural policies in developing countries was also motivated by their objective to
become a part of globalised value chains and to attract foreign investments by removing tariffs
on imported materials. Another potential motivation was the political interest in keeping domestic
food prices at low levels, thereby enabling reduced salary growth in the manufacturing sector and
supporting its competitiveness (Bureau, Guimbard, and Jean 2018).

A milestone in the trade liberalisation of agricultural products was the Uruguay Round Agreement
on Agriculture (URAA) in 1995, which was the first multilateral agreement aimed at dismantling agri-
cultural protectionism and liberalising agricultural trade (Elliott 2004; Moon 2010). The major
achievement of the URAA was the conversion of quantitative import restrictions and variable
levies into their tariff equivalents (Bureau, Guimbard, and Jean 2018). Nevertheless, there is a
general consensus that while the URAA may have contained an increase in agricultural protection-
ism, it has done little to reduce it (Anania 2004; Moon 2010; Bureau, Guimbard, and Jean 2018). The
tariffs were fixed well above then-existing tariffs (Anderson and Martin 2006; Anderson 2010). After a
failure to reach agreement on the Doha Development Agenda Package in 2008, further trade liberal-
isation in agricultural products was negotiated in the Ministerial Conference in Nairobi in 2015, in
terms of eliminating export subsidies and improving reporting transparency. Despite these gains,
progress in multilateral trade negotiations remains moderate, especially in the areas related to
market access or domestic support (Glauber 2016). Therefore, there has been a rise in the number
of regional trade agreements in recent years (Dür, Baccini, and Elsig 2013; Bagwell, Bown, and
Staiger 2015; Glauber 2016; Hirsch and Oberhofer 2019). Such agreements have gained importance
in international trade and, according to estimates by Hirsch and Oberhofer (2019), they seem to be
the most effective trade policy tool for reducing market distortions in agricultural markets.

3. Price transmission in agricultural markets—a theoretical framework

In a nutshell, price transmission refers to the mechanism by which one price affects another price. It
is usually expressed in terms of transmission elasticity, which measures how a one percent change in
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one price manifests in the change in another price (Minot 2010; Ghoshray 2011). In the literature,
there are two major concepts related to price transmission (Meyer 2004; Vavra and Goodwin
2005; Rapsomanikis, Hallam, and Conforti 2006; Minot 2010; Kabbiri et al. 2016). The first, horizontal
price transmission, refers to the price transmission between prices of the same good in different
locations and usually focuses on border-to-border transmission (i.a., Ravallion 1986; Ardeni 1989;
Baffes 1991; Sexton, Kling, and Carman 1991; Palaskas and Harriss-White 1993; Zanias 1993;
Gardner and Brooks 1994; Baulch 1997; Abdulai 2000; Ghosh 2003; Kuiper, Lutz, and van Tilburg
2003; Meyers 2008). The second, vertical price transmission, refers to the price transmission
between prices of the same good along different levels of the supply chain (i.a., Brorsen et al.
1985; Kinnucan and Forker 1987; Schroeter and Azzam 1991; Goodwin and Holt 1999; Von
Cramon-Taubadel 1998; Wohlgenant 1999; Vavra and Goodwin 2005; Brosig et al. 2010; Bor,
İsmihan, and Bayaner 2013). The focus of this paper is on horizontal price transmission.

The concept of price transmission has its roots in the law of one price (LOP). In horizontal terms, it
postulates that the price difference between the same goods in two spatially separated markets
equals, at most, the size of the costs of trade between these markets (Baffes 1991; Mundlak and
Larson 1992; Fackler and Goodwin 2001). The LOP can be denoted as:

pA = pB + c (1)

where pA and pB are the prices of the same good in markets A and B, while c represents trade costs
between these two markets. This condition is also known as the spatial arbitrage condition (Listori
2008; Djuric, Götz, and Glauben 2014). It states that the difference between prices in these two
spatially separated locations cannot exceed the trade costs; otherwise, the profiting opportunities
would be exploited by arbitrageurs. While actual prices may diverge from this relation in the
short-run—for instance, due to delays in transport—the actions of the arbitrageurs will make it
valid in the long term, driving down the spread between these two prices towards the level of
trade costs (Rapsomanikis, Hallam, and Conforti 2006; Listori 2008). Moreover, some researchers
state that the LOP requires that two additional conditions be satisfied: the presence of free competi-
tive markets and that those free markets are in equilibrium (Barrett and Li 2002). It has to be under-
lined that the specification of the LOP presented above is a theoretical concept, as it does not take
into account shipments, which are the mechanism driving prices towards convergence.

It is worth noting that even if the LOP is satisfied, if trade costs are large, prices of the same good
in spatially separated markets may not move together. A price change in one market may not be
strong enough to induce arbitrage and affect price in another market, which is a special interest
of literature based on threshold models (i.a., Meyer 2004; Balcombe, Bailey, and Brooks 2007;
Brosig et al. 2010). As a consequence, depending on the size of the trade costs, the two prices
may behave in a plethora of ways, from full and immediate transmission to a complete absence
of price co-movement (Rapsomanikis, Hallam, and Conforti 2006).

The level of price transmission determines the strength and effectiveness of a price mechanism in
the allocation of resources. If markets are not integrated, price signals will not be transmitted from
supply-deficit regions to surplus areas, producers will not specialise according to long-run compara-
tive advantage, and gains from trade will not be realised (Baulch 1997; Kabbiri et al. 2016). Conse-
quently, there is a vast body of literature focusing on the factors that determine the degree of
price transmission (i.a., Dercon 1995; Goletti, Ahmed, and Farid 1995; Ismet 1998; Loy and Weaver
1998; Conforti 2004; Lutz, Kuiper, and van Tilburg 2007; Cudjoe, Breisinger, and Diao 2010; Minot
2010; Ghoshray 2011; Zant 2012; Berg 2014; Ianchovichina, Loening, and Wood 2014; Kabbiri et al.
2016). On the basis of this literature, six major factors determining the degree of price transmission
may be distinguished. It must be highlighted that these factors are often interdependent, and the
proposed classification is, to a large extent, discretionary.

The first determinant of the degree of price transmission in agricultural markets is product hom-
ogeneity. If local and imported goods are considered by consumers as perfect substitutes, vendors
should not be able to charge different prices depending on the origin of the good and, thus, the
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prices of domestic and foreign goods should be equal (Minot 2010). In some cases, there are objec-
tive or subjective differences between goods produced in different locations. In such a situation,
local and imported products may be considered by consumers as imperfect substitutes and
vendors will be able to charge different prices for them (Ghoshray and Lloyd 2003; Ghoshray
2007; Bobokhonov, Pokrivcak, and Rajcaniova 2017). In this situation, the percentage price change
in one market may not fully transmit to the other market. Nevertheless, it must be emphasised
that, even in the case of non-homogenous products, perfect price transmission cannot be excluded.

The second factor affecting the degree of price transmission is physical infrastructure. Poor trans-
port infrastructure leads to an increase in transportation costs via higher fuel consumption, higher
maintenance costs, higher rate of depreciation of means of transport, higher insurance costs,
higher product waste, or longer time needed to provide the transport service (Balcombe, Bailey,
and Brooks 2007; Taravaninthorn and Raballand 2009; Jaramillo-Villanueva and Benítez-García
2016; Kabbiri et al. 2016). In turn, insufficient storage facilities exacerbate the transport problem
in periods of augmented supply (Berg 2014). The quality and availability of physical infrastructure
are especially important in the case of agricultural commodities. They may usually be characterised
by a low value-to-bulk ratio, which implies that transportation costs are large relative to their value
(Minot 2010). Moreover, agricultural commodities tend to be perishable, while the areas of pro-
duction and consumption are usually separated, which additionally underlines the significance of
infrastructure in agricultural trade (Zanias 1993).

The third determinant of price transmission is market institutions and competition. If only few
traders dominate the market, they may be able to affect price transmission. On the one hand,
they usually have an opportunity to quickly transmit price increases in the global market into the
domestic market. On the other hand, they can exploit their market position and slow down the
adjustment of domestic prices to decreasing world prices, thereby increasing their mark-ups
(Goodwin and Schroeder 1991; Morisset 1998; Azzam 1999; Goodwin and Holt 1999; Wohlgenant
1999; McCorriston, Morgan, and Reyner 2001; Ghoshray 2007; Minot 2010; McLaren 2015). Neverthe-
less, there is also a study stating that a more concentrated marketing structure is likely to achieve
economies of scale in trade and access to information, which can lower trade costs and, thus,
improve price transmission (Kabbiri et al. 2016).

The fourth factor impacting the degree of price transmission in agricultural markets is access to
price information. If traders do not have up-to-date information about the prices in other markets,
they are not able to react quickly to arbitrage opportunities (Minot 2010). This may hamper the
process of spatial arbitrage, affecting price transmission from one market to another. There are
also studies on how the institutional framework affects the availability of price information. In the
absence of efficient institutions such as commodity trade exchanges, the trade in commodities is dis-
persed, and OTC (over-the-counter) transactions become dominant, which negatively impacts
market transparency and the price discovery process. Some authors point to the increasing impor-
tance of radio, television, newspaper, telephone, and the Internet in price information dissemination,
suggesting a positive influence from these channels on price transmission (Jensen 2007, 2010; Bayes
2001; Abraham 2006; Donner 2008; Muto and Yamano 2009; Jaramillo-Villanueva and Benítez-García
2016; Kabbiri et al. 2016).

The fifth factor comprises the frequency and scale of trade. A larger volume of trade leads to a
higher degree of price transmission, as the high-scale effects contribute to reducing transaction
costs (Gabre-Madhin 2001; Gonzales-Rivera and Helfand 2007; Jensen 2010). Nevertheless, the
impact on price transmission is usually considered only minor (Arnade and Hoffman 2019). There
are also some studies reporting that a higher frequency of trade positively influences the speed
of price transmission (Minot 2010). It is partially connected to the aforementioned aspects of
market organisation and access to price information.

The sixth determinant of price transmission is government policy. Government policies may affect
price transmission in a number of ways. First, tariff (ad-valorem and not ad-valorem duties) and non-
tariff barriers (i.a., trade licenses, certificates, border controls), import/export quotas, and import/
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export bans can limit opportunities for spatial arbitrage and, thus, affect price transmission mechan-
ism, and, in extreme cases, even completely insulate a domestic market from changes in the global
market (Conforti 2004; Minot 2010; Ghoshray 2011; Arnade, Cooke, and Gale 2017). Second, the
implementation of price support policies such as intervention mechanisms and floor/maximum
prices, may result in world and domestic prices being unrelated to each other, or related in a non-
linear manner depending on the relative level of intervention price and the international price (Con-
forti 2004; Ghoshray 2011). For example, changes in the global price will not manifest in the domestic
price level when the global price is at a level lower than that at which the price floor has been set. In
turn, if the change in the international price is above the price floor level, it can be fully transmitted
to the domestic market. Third, sporadic and unpredictable intervention by the government to
manipulate prices by, for example, undertaking subsidised imports or exports, closing borders, or
changing trade policy may markedly increase the commercial risk in international trade. This may
discourage traders from participating in international trade and, consequently, increase the risk
premium demanded by them, reducing the degree of price transmission (Minot 2010). Fourth, gov-
ernments may limit price transmission through exchange rate manipulation, especially by setting
different exchange rate levels for different transactions (Conforti 2004). Such a policy may act in a
similar way to ad-valorem duties or other proportional costs of trade.

The complexity of these factors, which affect the level of horizontal price transmission, makes it
difficult to insulate the impact of market deregulation on the degree of price transmission. The
success of reforms aimed at the liberalisation of agricultural policy and trade in agricultural products,
in order to improve the degree of price transmission, may be constrained by the number of
deficiencies in the local markets (Baffes and Gardner 2003; Conforti 2004; Worako et al. 2008; Ghosh-
ray 2011). This is also a common problem in the literature on the impact of market deregulation and
trade liberalisation on price transmission in agricultural markets, as the majority of authors fail to
account for other barriers affecting the level of price transmission, or treat them as minor.

A substantial part of the research onprice transmission is devoted to price leadership. It focuses not
only on the price transmission per se, but also on the direction of the dependence. In other words, it
tries to answer the question of which price reveals the leading properties in the system of prices.
Initially the research on price leadership in agricultural markets was based on Granger causality
tests (i.a., Bessler and Schrader 1980; Bessler and Brandt 1982; Spriggs, Kaylen, and Bessler 1982;
Lee and Cramer 1985). However, with the rise in popularity of the cointegration concept, the research
started to employ more sophisticated methods such as VEC (vector error correction) or TVEC
(threshold VEC) models (i.a., Goychuk and Meyers 2013; Newton 2016; Janzen and Adjemian 2017).

4. Impact of deregulation on price processes in agricultural markets

Even though there is an abundance of research on price transmission in agricultural commodity
markets, the majority of studies investigate only the degree of this dependence and do not try to
quantify its determinants (Listori 2008; Minot 2010). Nevertheless, in recent years, with the
ongoing deregulation of agricultural markets and the liberalisation of international trade in agricul-
tural commodities, there has been growing interest in this topic. The literature on the impact of
deregulation on price processes in agricultural markets can be divided into four parts. The largest
portion includes case studies on whether and how market deregulation and trade liberalisation
affect price transmission in different agricultural markets. The second part of the literature goes
further and analyses the direction of dependence between prices in agricultural markets and tries
to answer the question of why some markets emerge as benchmarks while others remain only
price takers. The third strand of literature tries to investigate whether local factors like seasonality
still play an important role in deregulated and strongly spatially integrated agricultural markets.
The fourth strand investigates the efficiency of sporadic government interventions in the deregu-
lated agricultural markets. Due to the wide range of topics addressed in this paper, the literature
review cannot be exhaustive, and it provides a selective example of research on each issue.
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4.1. Impact of market deregulation and trade liberalisation on price transmission in

agricultural markets

Thompson, Gohout, and Herrmann (2002) investigated the degree to which the wheat markets in
France, Germany, and the United Kingdom are spatially integrated with the global market and
how reforms to the Common Agricultural Policy affected the degree of this integration. They
found that market liberalisation reforms in the European Union increased the co-movement of
the European and world wheat prices. Moreover, policy-liberalising reforms contributed to a more
rapid convergence of European and global prices.

Baffes and Gardner (2003) analysed the impact of market deregulation and trade liberalisation
on the degree to which world price signals from the maize, wheat, rice, sorghum, soybeans,
cocoa, coffee, sugar, and palm oil markets are transmitted into domestic prices for Chile,
Ghana, Madagascar, Indonesia, Egypt, Mexico, Argentina, and Colombia. In the majority of
the country-commodity cases, they did not detect a significant effect from reforms on both
the short-run transmission and long-term adjustment of domestic prices to world prices. The
authors provided a possible explanation for such results. First, the degree of price transmission
may be limited by heterogeneity in commodities and variations in market-generated transpor-
tation margins. Second, the political inclination to insulate and support domestic markets
remains strong, even in liberalised markets. In many analysed countries, policy reforms have
been partial, introduced in stages over several years, and they have been subject to temporary
reversals. As a consequence, countries examined by the authors experienced fluctuations in regu-
lation levels over the analysed period, with no explicit structural breaks dividing it into pre- and
post-deregulation periods.

Rapsomanikis, Hallam, and Conforti (2006) tested for spatial price transmission in a number
of cash and food crop markets in developing countries. They argue that agricultural policies
may or may not hinder market integration, depending on the nature of the policy instrument
employed. They provide an example of the Rwandan coffee market, which was found not to
be integrated with the international coffee market, being subject to prices that were fixed by
the government to a predetermined level. In turn, the research also provides an example of
the Egyptian wheat market, where floor price policies were found not to impede market
integration. Nevertheless, the main conclusion is that, in general, for markets that were
subject to regulations, the degree and speed of the price transmission was estimated to be
relatively low.

Worako et al. (2008) analysed the impact of coffee market liberalisation in Ethiopia on the price
transmission between Ethiopian and world coffee markets. Their findings indicate that the short-run
transmission of price signals from world to Ethiopian prices has improved, but that it has remained
weak. According to the researchers, the degree of transmission may be limited by the weak insti-
tutional arrangement coordinating the domestic coffee system and contract enforcement. The
results also indicate that the impact of the reforms on price transmission has been asymmetric,
rising more for price decreases than for price increases.

Flachsbarth and Garrido (2014) tested the impact of trade liberalisation on transmission in agri-
cultural markets in Argentina, Brazil, Chile, Colombia, Mexico, and Peru. Their findings indicate
that international trade and market integration have led to different degrees of price transmission
in the analysed countries. The differences are the most explicit in the short run, depending on
the degree of trade openness in particular countries, where higher trade openness is associated
with a higher degree of price transmission.

Jaramillo-Villanueva and Benítez-García (2016) investigated whether liberalisation of Mexican
agricultural trade impacted the degree of transmission between world and Mexican coffee prices.
Their findings confirm that trade liberalisation resulted in greater integration of the Mexican
market with the international market and quicker adjustments of prices in Mexico to changes in
global prices.
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Davenport, Steigerwald, and Sweeney (2016) analysed the effect of the deregulation and trade
liberalisation of the Mexican maize market on the price transmission between Mexican and US
prices. Their findings suggest that, even during the period of high market regulation, US maize
prices had a strong influence on Mexican prices. According to their results, the removal of trade bar-
riers had little influence on the price transmission. Nevertheless, the authors underline that, even in
an open market, there are other factors such as the dominance of a national producer or poor infra-
structure, which may limit the effect of trade liberalisation on price transmission.

Arnade, Cooke, and Gale (2017) investigated the transmission of the international prices of agri-
cultural commodities to the Chinese market over a period of time when China was both opening up
to the world market and adjusting its agricultural policies to changing global market conditions.
They found that there are large differences in the degree of price transmission in the cases of par-
ticular commodities. On the one hand, the transmission between Chinese wheat, rice, and beef and
world prices is very low, which results from the fact that China has insulated these markets from the
global market. On the other hand, the authors found a high degree of transmission in the case of
soybean and soybean meal, which may be justified by the low Chinese barriers for soybean imports.

Bobokhonov, Pokrivcak, and Rajcaniova (2017) examined the degree and speed of agricultural
price transmission from international to local markets in Tajikistan and Uzbekistan. These two
countries have similar economic backgrounds, while Tajikistan has adopted a more liberal agricul-
tural trade regime than Uzbekistan. They found a high degree of price transmission between the
world market and domestic prices in Tajikistan for food crops, and no transmission in the case of
Uzbekistan.

4.2. Direction of dependence and emergence of benchmarks for liberalised agricultural

markets

Yang, Zhang, and Leatham (2003) examined futures price and volatility transmission among three
major wheat producing and exporting regions: the United States, Canada, and the European
Union, in the context of the ongoing policy liberalisation in these markets. The study shows that
there is no distinctive leadership in international wheat markets, with all three markets exhibiting
features of price leadership to some extent.

Ghoshray (2007) investigated the dynamics of price transmission between durum wheat prices in
the United States and Canada. The study indicates that the deregulation of the Canadian wheat
market and the elimination of rail subsidies markedly improved the integration between the US
and Canadian durum wheat markets. Results suggest one-directional dependence, where the Cana-
dian markets play the role of price leader. According to the study, this finding is consistent with the
theory that the exporting country with the largest market share effectively sets the world price, with
other exporters adjusting their prices in response to deviations in the world price.

Balcombe, Bailey, and Brooks (2007) investigated price transmission in the wheat, maize, and soya
markets between the United States, Argentina, and Brazil. Their results show, inter alia, that the con-
clusion of Mercosur, institutionalising a free trade agreement between Argentina and Brazil, may
have reinforced the tendency for Brazil to import more wheat from Argentina and weakened
price transmission from the US.

Listori (2008) analysed the soft wheat transmission mechanism between the United States and
the European Union. The study finds that domestic and commercial EU policies for soft wheat
had been insulating the EU internal markets from the world markets, especially until 1993. After
this date, the reduction in the intervention price and the evolution of international markets resulted
in higher integration of the EU market with the world markets. The analysis shows that US prices
started to play the leading role in determining EU prices.

Goychuk and Meyers (2013) analysed the price transmission between wheat markets in Russia,
Ukraine, the United States, and the European Union in the context of the trend towards market
liberalisation across the globe and the changing fundamentals of the world wheat market.
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Results of their estimates show that Russia could possibly serve as a price leader in its relation-
ship with the US and French soft wheat markets. This can be explained by the growing role of
Russia in the global soft wheat trade and the increasing shipments of Russian wheat to Egypt,
which is one of the largest importers of wheat and, thus, is a crucial country for wheat price
formation in Atlantic trade. In turn, the Ukrainian wheat market remains insulated from other
markets, which may be a result of the heavy interventions conducted by the Ukrainian govern-
ment in the analysed period.

Janzen and Adjemian (2017), using Chicago, Kansas City, Minneapolis, and Paris futures, investi-
gated the location of world wheat price discovery. They found that the US futures markets remain
dominant, although the share in price discovery of the Paris market increased noticeably. They
show that even if futures trading tends to migrate to the most liquid, highest-volume trading
venue, multiple benchmarks can exist if the demand for hedging effectiveness outweighs traders’
preference for liquidity. Authors argue that due to changes in market fundamentals, inter alia, the
growing significance of Russia and Ukraine in determining world wheat supply, the Paris market
started to act as a complementary market to the US markets.

4.3. Deregulation of agricultural markets and the impact of local factors on price

transmission

Zanias (1993) tested for price transmission between the soft wheat markets in five European Union
member states: Belgium, France, Germany, Italy, and the United Kingdom, and tried to investigate
whether the prices share common seasonal elements. The author argues that if two markets are inte-
grated, efficient arbitrage will ensure not only that average annual prices are equalised, but their
variability among the different seasons is also the same. The results show that France and Italy
form an integrated market, while the same applies to Belgium, Germany, and the United
Kingdom. There is no indication of market integration between the two aforementioned groups
of countries.

Arnade and Hoffman (2019) examined the corn price relationships among the United States,
Argentina, Brazil, and Ukraine in conditions of changing market fundamentals, including
agricultural policy frameworks. They found that price relationships between these markets
vary considerably by season. Each country’s participation in the price discovery process lasts
for several months after harvest, decreasing just before harvests, when inventories tend to
be lowest.

4.4. Deregulation of agricultural markets and efficiency of sporadic government

interventions

Djuric, Götz, and Glauben (2014) analysed how market interventions of the Serbian government
affected the domestic wheat market during the global commodity price peak in 2007–2008. Their
results show that price transmission did not change even after the export ban introduced by the gov-
ernment. They argue that the export controls were not successful in dampening the domestic wheat
price level. Moreover, the government market interventions even had long-lasting destabilising
market effects. The authors indicate that the inefficiency of the government policy aimed at insulat-
ing domestic prices from the strong increases in the international markets, was associated with
inconsistent policy measures and their faulty sequencing.

Heleine et al. (2016) created a simulation of the potential impact of increasing dairy interven-
tion prices in the EU on the actual prices and the intervention stocks of dairy products. The
results indicate that increasing intervention prices to their pre-reform level could lead to an
important accumulation of intervention stocks over time. As the EU dairy market is currently
strongly integrated with the world market, the higher intervention prices might trigger
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intervention as a consequence of market imbalances driven by oversupply in regions of the
world other than the EU.

5. Conclusions

The purpose of this paper was to emphasise the impact of the liberalisation of agricultural policies
and trade in agricultural commodities on spatial price transmission in agricultural markets. It reaches
the following conclusions.

In general, the liberalisation of agricultural policies and trade improves price transmission in
agricultural markets. Nevertheless, there are also a number of other important factors such as
product homogeneity, physical infrastructure, market structure and competition, access to
price information, and scale and frequency of trade, which affect spatial price transmission in
agricultural markets. The complexity of these factors, which determine the degree of horizontal
price transmission, makes it difficult to separate the effects of policies and trade liberalisation on
the level of price transmission. Therefore, the success of reforms aimed at market deregulation
and trade liberalisation, in order to improve the degree of price transmission, may be constrained
by the number of structural deficiencies in the local markets (i.a., Bobokhonov, Pokrivcak, and
Rajcaniova 2017).

Furthermore, market-liberalising policies affect the price discovery process in agricultural markets.
There is a tendency for the exporting country with the largest market share to effectively set the
world price, with other exporters adjusting their prices in response to deviations in the world
price. Nevertheless, even if trading tends to migrate to the most liquid, highest volume trading
venue, multiple benchmarks can exist if the demand for hedging effectiveness outweighs traders’
preference for liquidity. This is especially true if agricultural products cannot be treated as perfect
substitutes (i.a., Janzen and Adjemian 2017).

Moreover, when a market becomes more spatially integrated, there is a synchronisation of local
factors like seasonality or trade flows. Nevertheless, the price discovery properties of particular
markets may be determined by the remaining differences in seasonality between these markets
(i.a., Arnade and Hoffman 2019).

Finally, there is a tendency that, together with the growing integration of the domestic market
with the global market, any interventions aimed at price stabilisation are less efficient. This suggests
that the globalisation of the agricultural markets may be difficult to reverse, as any spontaneous
attempts to re-regulate and insulate them are likely to be ineffective and expensive (i.a., Heleine
et al. 2016).

Liberalisation of agricultural policies and trade in agricultural commodities have been seenmainly
in highly developed countries. The evolution of these policies appears to be influenced by the level
of income. Therefore, it can be expected that as low- and middle-income countries develop, further
liberalisation may occur there also. If so, the findings from this paper are universal and can be used
by policymakers, not only in high-income countries, but also in low- and middle-income countries
where market deregulation is expected in the future. Therefore, the conclusions of this research
may be useful in helping policymakers better predict the impact of the deregulation of agricultural
markets and the liberalisation of trade in agricultural products.

Conclusions from this paper can also help market participants from all stages of the food supply
chain to prepare and better adjust to the ongoing process of the globalisation of agricultural
markets. Furthermore, the wide range of topics addressed in this paper allows other authors to
provide context for their work on more specific issues. Therefore, it may also serve as a teaching
tool and a guide for researchers beginning a project on agricultural trade.

The main challenge for future research in the area of price transmission in agricultural markets is
to determine how much of this transmission reaches domestic consumers, domestic producers, and
the wholesale market away from the borders. However, that would require better access to prices
around the world.
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Abstract. The main purpose of this research is to analyze milk 
market cycles in major dairy exporting regions (European Un-
ion, New Zealand and United States). The research was based 
on peak-to-peak analysis of seasonally adjusted farmgate milk 
prices recorded from January 2001 to April 2018. The results 
indicate that in all regions covered by this analysis, milk 
cycles are uneven and irregularly interspersed. This above 
shows that the length of milk cycles is determined not only 
by the breeding cycle of cows, as it is commonly believed, but 
also by numerous political, institutional, economic and envi-
ronmental factors. Furthermore, the magnitude of milk cycles 
in the regions considered generally tends to increase which 
suggests their growing importance in determining farmgate 
milk prices. Also, milk market cycles followed by major dairy 
exporters are strongly correlated which indicate the presence 
of a common global milk market cycle. Research findings 
show that forecasting farmgate milk prices requires consider-
ing much more factors than previously recognized. Moreover, 
the results of the analysis align current research efforts taken 
in this area which provide ambiguous conclusions.

Keywords: milk prices, milk market cycles, forecasting, dairy 
market

INTRODUCTION

Dairy markets around the world have been strictly regu-
lated for many years (OECD, 2005). Internal measures 
like public interventions and export subsidies stabilized 
markets and reduced milk price volatility (Keane and 
O’Connor, 2009). As a consequence, milk prices charged 

by major dairy exporters used to oscillate around long 
term trends, with seasonality as the only driver of price 
volatility. Together with the deregulation of national 
dairy markets, milk prices became much more volatile 
(see Fig. 1). As a result, farmers became exposed to 
swings in profitability which induced the phenomenon 
of cyclicality to milk markets.

Cyclicality is a common feature of agricultural com-
modity markets. Regardless of the price they can obtain, 
farmers have limited ability to significantly increase 
supply in short term. This is due to lags in agricultural 
production resulting from its biological nature, such as 
the delay between planting and harvest or breeding and 
maturity of the offspring; it varies depending on agricul-
tural production type. Farmers are also reluctant to re-
duce supply in the short term due to the sunk cost of pro-
duction they have already incurred. Therefore, increases 
in demand are usually accompanied by periods of sup-
ply shortages which boost prices significantly above the 
cost of production. Growing profitability encourages 
farmers to invest in expanding supply. Uncoordinated 
actions of many farmers often generate a wave of in-
creased supply with a delay specific to each type of ag-
ricultural production. Meanwhile, demand eases due to 
high prices. As a consequence, higher supply appears 
usually in periods of demand slowdown, leading to 
oversupply and a drop in prices. As farmers are reluctant 
to reduce supply, prices continue to fall below the pro-
duction costs which finally forces farmers to adjust the 
level of supply. Afterwards, low prices boost demand, 
and the loop restarts. 
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Although the phenomenon of cyclicality in agricul-
tural markets is not new to researchers, the literature 
on cycles in milk markets is scarce. Moreover, findings 
from previous research are sometimes contradictory, 
especially when it comes to the duration and predict-
ability of milk market cycles. All these issues may re-
sult from the relatively short time series of milk prices 
which were found to include a strong cyclical compo-
nent. Therefore, further research needs to be carried out 
in this area. Hence, the first aim of this study is to test 
the hypothesis if the duration of milk market cycles is 
constant or changes over time. The second aim of this 
study is to investigate the correlation between the cycles 
in the main dairy export regions (in the New Zealand, 
EU and US) and to answer the question if the global 
milk market follows a common cycle. Findings from 
this research may help dairy sector professionals in for-
mulating their price expectations more precisely. What 
is more, the conclusions provide important assumptions 
for further research on milk market cycles.

The paper is organized as follows. Section 2 dis-
cusses the literature in the field of milk market cycles. 
Section 3 presents data collection methods used in the 
research. Section 4 discusses the statistical methods 
employed in the research. Section 5 shows estimation 
results. Section 6 presents the concluding remarks.

LITERATURE REVIEW

While the literature mostly focuses on cattle cycles, re-
search on milk market cycles is scarce. Although cattle 
and milk cycles differ significantly, the analysis of the 
former may serve as a good starting point for the discus-
sion on milk market cycles. Cattle are both investment 
and consumption goods (Breimyer, 1955; Jarvis, 1974; 
Rosen et al., 1994; Mundlak and Huang, 1996; Aaland, 
2004). Therefore, current breeding and consumption 
decisions have important implications for future stocks. 
Low fertility rates of cows result in substantial lags be-
tween the current breeding decision and the effect it has 
on the herd size and demographic structure. As a con-
sequence, the herd size and structure respond cyclically 
to exogenous shocks in demand for beef and produc-
tion costs (Mundlak and Huang, 1996; Mathews et al. 
1999; Aaland, 2004; Stockton and Tassell, 2007). There 
is a consensus that the duration of cattle cycles is about 
10 to 12 years (Franzmann, 1971; Mundlak and Huang, 
1996; Mathews et al. 1999; Aaland, 2004), and is simi-
lar in different countries (Mundlak and Huang, 1996). 
This underlines the dominance of biological factors as 
their determinants.

The issue of milk market cycles was investigated by 
Hunt and Kern (2012). They believe that with the grow-
ing integration of the US and global milk market, milk 
cycles in the US became much less predictable. First of 
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Fig. 1. Monthly farmgate milk prices in the US and EU
Source: own calculations.
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all, global demand is driven by increasingly volatile fac-
tors like growth in developing countries, dietary shifts, 
product contamination, shifting regulation and currency 
strength of import regions. Secondly, the global supply 
base cannot be considered homogenous as farmers in 
different regions have different breakeven points. Thus, 
aligning the global milk supply with low or high price 
levels is a complex and irregular process. Therefore, the 
highs and lows are much less regularly interspersed than 
it was observed in 1990–2005. 

Milk market cycles were also investigated into by 
Nicholson and Stephenson (2014). Using the state-space 
model, they decomposed the US all-milk price recorded 
in 1996–2014 into a trend and seasonal and cyclical 
components. Their research also included feed costs as 
an exogenous regressor to assess the nature of cycli-
cal behavior of milk prices in the US. They concluded 
that a large-amplitude stochastic cycle with a period 
of 3.3 years was the predominant source of variation 
in the US all-milk price over the study period. Cycle 
duration is consistent with the breeding cycle of cows: 
three years between the decision to breed heifers and the 
offspring being able to produce milk. Moreover, their 
research findings suggest that changes in feed prices do 
not cause cycles although they may have some influence 
on their magnitude and timing.

The same method as in Nicholson and Stephenson 
(2014) was employed by Bergmann et al. (2015) who 
decomposed the EU, German and Irish farmgate milk 
prices into a trend and seasonal and cyclical compo-
nents. Their analysis was conducted for two periods: 
1995–2004 (prior to the Common Agricultural Policy, 
CAP, reform) and 2004–2013 (after the CAP reform). 
They showed that cycle duration in the first period varied 
in the range from 43 months in Ireland and 47 months in 
Germany to 55 months as the EU average. In the second 
period, cycle duration is almost identical for all three 
series, with 37 months as the EU average, 38 months in 
Germany and 39 months in Ireland. This is consistent 
with the findings by Nicholson and Stephenson (2014). 
Moreover, as shown in their research, the significance of 
the cycle component in determining milk prices in the 
EU increased considerably in the second sample. The 
authors state that one explanation for the convergence 
of cycle duration across EU countries and the growing 
impact of the cyclical component on milk prices could 
be the market-oriented reforms of the CAP. 

Therefore, there is a discrepancy in the literature. 
Hunt and Kern (2012) consider that together with the 
globalization of dairy the market, milk market cycles 
become much more irregular. Meanwhile, Nicholson 
and Stephenson (2014) and Bergmann et al. (2015) as-
sume that the duration of the cycle is more or less con-
stant over time, and is mainly determined by the bio-
logical nature of milk production, namely the breeding 
cycle of cows.

DATA COLLECTION

The analysis was based on monthly data on farmgate 
milk prices for the US, EU and New Zealand. The se-
lection of the regions was motivated by their signifi-
cance in the global milk market. New Zealand, EU and 
the US represent almost 69% of global exports of dairy 
products expressed in milk equivalent (FAO, 2018). 
The study period is from January 2001 to April 2018 
(the longest period where all time series are avail-
able). The time series were obtained from a variety of 
sources. Average farmgate milk prices in the EU were 
collected from the Milk Market Observatory. Prices 
for New Zealand come from the LTO Nederland data-
base. The US farmgate milk prices were obtained from 
USDA Statistics and Market Information System. All 
prices used in the research are nominated in euro. Ta-
ble 1 reports the descriptive statistics for the time series 
used in the research. Figure 2 shows the historical price 
relationships.

Table 1. Descriptive statistics for farmgate milk prices (EUR 
per 100 kg)

Min Median Mean Max

EU 24.39 31.47 31.77 40.21

New Zealand 13.01 23.59 23.88 41.04

US 11.00 19.63 20.81 34.94

Source: own calculations.
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METHODOLOGY

In today’s literature related to milk market cycles, the 
main approach are state-space models (Harvey, 1989; 
Hamilton, 1994; Durbin and Koopman, 2001), as em-
ployed by Nicholson and Stephenson (2014) and Berg-
mann et al (2015). Their main advantage is the ability 
to explicitly capture the underlying system structure. 
Meanwhile, spectral analysis filters, such as those used 
by Hodrick and Prescott (1997), Christiano and Fitzger-
ald (1999) or Baxter and King (1999), enable only a sta-
tistical decomposition of time series. Other statistical 
methods like peak-to-peak (or trough-to-trough) analy-
sis or exponential smoothing enable only to infer on the 
volatility of time series. Nevertheless, there are some 
significant limitations of the approach based on state-
space models. Firstly, state-space models assume that 
cycles have a constant frequency and, therefore, a con-
stant period. It is contradictory to findings by Hunt and 
Kern (2012) that milk cycles are irregular and by Berg-
mann et al. (2015) that milk cycles are getting shorter. 
Secondly, the stochasticity of the cycle in state-space 
models is achieved by adding the disturbance compo-
nent which is uncorrelated and independent. In the case 
of milk market cycles, that assumption may not be valid 
due to the following issues. As partially mentioned by 
Hunt and Kern (2012), milk market cycles are driven 
not only by biological factors, such as the breeding cy-
cle of cows, but also by economic factors which grow in 

importance. Some of them may have a structural impact 
on dairy markets, and therefore cannot be treated only 
as random disturbance. Moreover, if milk market cycles 
tend to become shorter, the disturbance component used 
in state-space models may not be uncorrelated and in-
dependent. Hence, considering the above limitations of 
state-space models, the peak-to-peak analysis employed 
by Hunt and Kern (2012) seems to be a more suitable ap-
proach. Therefore, this study relied on the peak-to-peak 
method used by Hunt and Kern (2012). However, it was 
partially modified through a prior seasonal adjustment 
of the time series studied. The seasonal adjustment was 
based on the multiplicative version of the Census X-12 
procedure (US Census Bureau, 2011). Upon removal 
of seasonal fluctuations, the time series was only com-
posed of a trend and cyclical and random disturbance 
components which improved the clarity of inference. In 
the last step of research, the moving correlation between 
seasonally adjusted milk prices in the EU, US and New 
Zealand were computed in order to investigate if there is 
a common cycle in the global milk market.

RESULTS

Figure 3 shows milk market cycles in the period from 
January 2001 to April 2018. The study period wit-
nessed 4 full milk market cycles in the US, and 3 full 
cycles both in the EU and New Zealand. The average 
length of milk cycles (from peak to peak) is similar in 
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Fig. 2. Farmgate milk prices in the US, EU and New Zealand (EUR per 100 kg)
Source: own calculations.
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different regions, with 39 months in EU and New Zea-
land and 37 months in the US. Nevertheless, inference 
based on the average duration of milk market cycles 
may lead to wrong conclusions, as the cycles under 
study demonstrate a relatively strong dispersion. The 
shortest milk market cycles (32 months) were recorded 
in the EU and New Zealand while the longest cycle oc-
curred in the US, reaching 50 months. It suggests that 
milk market cycles are not always consistent with the 

breeding cycle of cows and that other non-biological 
factors exist which determine their duration. For exam-
ple, in 2011–2012 the decreasing phase of milk market 
cycle in all regions analyzed was shortened by adverse 
weather conditions in New Zealand and speculative 
demand in China, while in 2014–2015 it was extended 
by the Russian embargo and the abolition of milk quo-
tas in the EU. What is especially noteworthy, there is 
no evidence that cycles are getting shorter. Moreover, 
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in the study period, milk market cycles were generally 
asymmetric. Nevertheless, it is impossible to explicitly 
state which phase of the cycle tends to become longer 
because particular phases were irregular. Furthermore, 

the amplitude of milk cycles in the study period was 
generally increasing (see Fig. 4). It suggests that cy-
clical components have a growing role in determining 
farmgate milk prices.
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As shown in Fig. 5, in early 2007, there was a signifi-
cant increase in correlation between farmgate milk pric-
es in the US, New Zealand and the EU, and it remained 
at an elevated level. It suggests that milk market cycles 
in major dairy exporting regions are strongly interde-
pendent, and a common cycle exists in the global milk 
market. However, based on Figure 3, it can be stated that 
none of the regions analyzed have leading properties in 
forecasting the turning points of the global milk market 
cycle.

CONCLUDING REMARKS

The results of this research support the findings by Hunt 
and Kern (2012) who claim that milk market cycles be-
came uneven and much less predictable, and indicate 
that this conclusion is true not only for the US but also 
for the EU and New Zealand. Therefore, the above is 
contradictory to findings by Nicholson and Stephenson 
(2014) and Bergmann et al. (2015) that the length of the 
milk market cycle is more or less constant over time and 
is mainly determined by the breeding cycle of cows. 
The analysis of the last milk cycles suggest that politi-
cal, institutional, economical and environmental factors 
play an increasingly important role in determining the 
duration of cycles. Furthermore, the magnitude of milk 
cycles in regions analyzed tends to increase which sug-
gest the growing importance of cycles in determining 
farmgate milk prices. Also, milk market cycles followed 
by major dairy exporters are strongly correlated which 
indicate the presence of a common global milk market 

cycle. Therefore, due to the fact that the global supply 
base cannot be considered homogeneous (because farm-
ers in different regions have different breakeven points), 
the adjustment of the world milk supply to low or high 
price levels is much more complex and irregular. Hence, 
research findings show that forecasting farmgate milk 
prices requires considering much more factors than pre-
viously recognized.
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Abstract

Purpose – Professionals from the dairy sector commonly believe that the results of Global Dairy Trade (GDT)
auctions are a good leading indicator for prices of dairy commodities. The purpose of this paper is to test that
hypothesis for prices of key dairy commodities (skimmed milk powder (SMP), whole milk powder (WMP),
butter and cheddar) in the main dairy markets (the US, EU and Oceania).
Design/methodology/approach –The leading properties of the GDT auctions are investigated using vector
error correction models (VECM).
Findings – The results show that prices at GDT auctions may be treated as a benchmark for global prices of
WMP and SMP as they affect prices in all considered markets. However, in case of EUmarket the relationship
with theGDT is bidirectional. GDTprices reveal some leading properties also in cheddarmarket, however price
relationships in this market are much more complex. In case of butter market, GDT can be regarded as a
benchmark only for Oceania.
Practical implications – The results of this paper improve knowledge on price transmission in dairy
markets, show the role of the GDT auctions in the price setting process, and thus may help professionals from
the dairy sector to formulate their price expectations more precisely.
Originality/value – Despite the fact that many professionals from the dairy sector treat GDT auctions as a
benchmark, so far their leading properties have not been scientifically proven.

Keywords Global Dairy Trade (GDT), Dairy commodities, WMP,SMP, Cheddar, Butter, Prices, Vector error

correction

Paper type Research paper

1. Introduction
A growing integration of global dairy markets can be observed in the recent years. This
largely results from trade liberalization in dairy products which would not be usually
possible without deregulation of national dairy markets. Growing integration of global dairy
market is reflected i.e. by an increase in correlation between prices of dairy commodities
across theworld and their higher volatility (European Commission, 2006 and 2017; Keane and
O’Connor, 2009; Newton, 2016). Hence, nowadays formulating proper price expectations in
the volatile market is crucial for the companies operating in the dairy sector.

Due to the fact that global dairy markets were significantly regulated, the futures markets
for dairy commodities are much less developed against the backdrop of other agricultural
commodities, especially crops (European Commission, 2017). It is reflected by their relatively
low liquidity which negatively affects their price discovery function and limits the
opportunity to use them as an effective risk management tool. However, among numerous
professionals from the dairy sector there is a common belief that results of dairy commodities
auctions at the Internet platform Global Dairy Trade (GDT) owned by Fonterra, have some
leading properties for the prices of dairy commodities in the main dairy markets and may be
treated as a benchmark. The purpose of the research is to test that hypothesis. Although this
is a price leadership study, it is largely based on the price transmission mechanism. It results
from the fact that the concept of price leadership is grounded in the price transmission
mechanism.

The paper is organized as follows. Section 2 provides the literature review in the field of
price transmission and price leadership in the global dairy market. Section 3 briefly describes
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the technical background of the GDT auctions. Section 4 provides information about data
collection used in the research. Section 5 describes the econometric methods employed in the
research. Section 6 shows the results of the estimations. Section 7 presents concluding
remarks.

2. Literature review
The price transmission refers to the mechanism how one price affects another price. It can be
expressed in terms of the transmission elasticitywhichmeasures how a one percent change in
one pricemanifests the change in another price (Minot, 2010). There are twomajor concepts of
price transmission. The first one, horizontal price transmission, refers to the price
transmission between prices of the same goods but in different locations, while the second
one, vertical price transmission, means the price transmission between prices of the same
goods along the different levels of supply chain (Rapsomanikis et al., 2003; Minot, 2010,
Kabbiri et al., 2016).

The concept of the price transmission in commodity markets is grounded in the law of one
price (LOP). It states that the price difference between the same commodities in two separated
markets has to be equal at most the size of the trade costs between these markets (Baffes,
1991; Mundlak and Larson, 1992; Conforti, 2004). LOP can be denoted as:

pA ¼ pB þ c (1)

where pA and pB are prices of the same commodity inmarketsA andBwhile c represents trade
costs between these two markets. The difference between prices in these two separated
markets cannot exceed the trade costs, or otherwise the profiting opportunities would be
exploited by arbitrageurs. While actual prices may diverge from this relation in the short-run
e.g. due to delays in transport, the actions of the arbitrageurs will drive down the difference
between these two prices toward the level of trade costs in the long term (Rapsomanikis et al.,
2003; Listori, 2008).

There is a vast literature on price transmission in agricultural markets, both for vertical
(Kinnucan and Forker, 1987; Schroeter andAzzam, 1991; Vavra and Goodwin, 2005; Brosig et
al., 2011; Bor et al., 2013) and horizontal one (Rapsomanikis et al., 2003; Ghoshray, 2007;
Worako et al., 2008; Goychuk and Meyers, 2014; Newton, 2016). The research on price
transmission in agricultural markets is dominated by studies on grains and oilseeds (Zanias,
1993; Thompson et al., 2002; Listori, 2008; Davenport et al., 2016) which are followed by
studies on soft commodities like coffee and cocoa (Krivonos, 2004; Worako et al., 2008;
Jaramillo-Villanueva and Benitez-Garcia, 2016) andmeat (Hahn, 1990; von Cramon-Taubadel,
1998; Bakucs and Ferto, 2006) and dairy (Kinnucan and Forker, 1987; Serra and Godwin,
2003; Capps and Sherwell, 2005; Hahn et al., 2016; Newton, 2016)

An important part of studies on price transmission on agricultural markets is devoted to
price benchmarks and price discovery processes which is also an interest of this paper. The
majority of studies refer to grains and oilseeds markets (Yang et al., 2003; Ghoshray, 2007;
Goychuk and Meyers, 2014; Janzen and Adjeman, 2017; Arnade and Hoffman, 2018; Larre,
2019). They are followed by studies on price leadership in livestock markets (Schroeder and
Goodwin, 1990; Carter and MacLaren, 1997; Schroeder, 1997; Lee and Kim, 2007; Piot-
Lepetit, 2011) and soft commodities (Bugueiro, 2010). The main conclusions from these
studies is that that the exporting country with the largest market share effectively sets the
world price while other exporters are only adjusting their prices (Ghoshray, 2007).
Moreover, multiple benchmarks can exists if the demand for hedging effectiveness
outweighs traders’ preference for liquidity (Janzen and Adjeman, 2017) while the role of
price discovery of particular market may be determined by the seasonal factors (Arnade
and Hoffman, 2018).
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As far as dairy markets are considered, the majority of literature on price transmission is
focused on the price transmission between farm and retail prices. Kinnucan and Forker (1987)
found that price transmission between farm and retail prices in the US dairy market is
asymmetric. This means that retail prices of dairy products tend to adjust more rapidly to
increases in the farm milk price than to decreases. Similar results for the US market were
obtained by Lass (2005), Capps and Sherwell (2005), Hahn et al. (2016) and Zeng and Gould
(2016). Asymmetry in the price transmission in the dairy markets between farm and retail
prices was confirmed also in Brazil (Aguiar and Santana, 2002), Greece (Reziti, 2014), Poland
(Fałkowski, 2010) and partly in Spain (Serra and Goodwin, 2003).

There are also some examples of empirical literature on the spatial price transmission in
the milk markets. Tluczak (2012) using causality Granger test found that milk prices in
Poland depend on prices in France, Germany, Czech Republic and Slovakia, while milk prices
in Slovakia are affected by themilk prices in Poland. Relationship among national milk prices
in the international milkmarkets was investigated also by Carvalho et al. (2015). Their results
show that the US and New Zealand are the main dairy markets and the shocks on these
markets spread out across the world. Vargova and Rajcaniova (2017) analyzed the spatial
price transmission between milk markets in Hungary, Poland, Slovakia and Czech Republic.
They found that the prices between these four countries are cointegrated, and they confirmed
the existence of the LOP in these markets.

The price transmission between the international markets of dairy commodities was
profoundly investigated by Newton (2016) using vector autoregressive model (VAR) and
vector error correctionmodel (VECM). Results indicate that butter and cheese prices in the US
are influenced by prices in both EU and Oceania, while prices in the US affect prices in
Oceania. Prices shocks in Oceania spread out to both the EU and the US, while EU prices
manifest only in the Oceania. With regards to the prices of milk powders US nonfat dry milk
prices are influenced by Oceania and EU skim milk powder prices. Simultaneously, whole
milk powder (WMP) prices are influenced by EUWMP prices. The price transmission in the
WMP markets was analyzed also by Zhang et al. (2017). Using VECM, they found that the
prices of WMP in Oceania, the EU and the US are cointegrated. While Oceania and the EU
affect each other, there is no dependence between Oceania and the US despite the
unidirectional relationship from the EU to the US. The price transmission in the international
skim milk powder markets was investigated by Fousekis and Trachanas (2016) using
nonlinear autoregressive distributed lag model. Their results suggest that the skim milk
powder prices in the US, the EU and Oceania are linked with stable long-run relationships.
Moreover, the pattern of transmission is asymmetric as positive price shocks are transmitted
with higher intensity compared to negative price shocks.

The only study on GDT auctions was conducted by Forbes (2010) where WMP prices at
GDT auctions were proven to be useful information for forecasting of Free On Board prices of
WMP in New Zealand. Nevertheless, the research did not cover other dairy markets.
Furthermore, it was conducted shortly after the start of GDT auctions, therefore it does not
provide for development of the platform.

3. Mechanism of the GDT auctions
GDT is an Internet platform for trading dairy commodity ingredients through an online
auction process. GDT is owned by Fonterra, the biggest New Zealand dairy cooperative.
However, it is operationally and physically separated from Fonterra. The first GDT auction
took place on July 2, 2008 and initially auctions were a new sales tool aimed to boost
Fonterra’s sales. At the beginning, only WMP was traded and auctions were held once a
month. Over time, with increasing popularity of GDT auctions, they were joined by new
sellers and buyers, new dairy commodities were added to the list of traded products, and since
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September 3, 2010 auctions have been held twice a month. Currently, GDT has over 500
registered bidders from almost 90 countries and are treated as a benchmark by many
professionals (Global Dairy Trade, 2019a). The quantity sold on the GDT had been rapidly
growing after the launch of the platform and in 2014 it reached its maximum slightly
exceeding 1 million tonnes, see Figure 1. Since then a visible decline in the trade volume had
been observed. It can be partially attributed to the adverse weather conditions negatively
affecting milk production in New Zealand andAustralia where Fonterra, the biggest supplier
on the GDT operates. However, in recent years the volume traded on the GDT has stabilized
showing the first signs of recovery.

WMP is the main commodity traded on the GDT and in 2018 its share in total sold
quantity amounted to 54%. It is followed by skimmed milk powder (SMP) (22%), anhydrous
milk fat (10%), butter (7%) and cheddar (4%). Figure 2 shows the shares of particular
commodities. In 2018, the quantity sold of WMP on the GDT as a share of its global
production and exports amounted to 6.9% and 15.0%, respectively. It is followed by SMP
(3.8% and 6.1%, respectively). The share of other commodities is much lower and in general
in 2018 it did not exceed the 1% in case of production, and 5% as far as exports are

Source(s): GDT website
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considered. The share of volume of particular commodities traded on the GDT in their global
production is presented in Table 1. The table shows also similar data for the EU, Oceania and
the US for the sake of comparison.

The majority of participating bidders come from Asia and Oceania and in 2018 they
comprised 55% of total participating bidders. The share of particular regions in total
participating bidders was presented in Figure 3.

GDT auctions are English-type auctions. Thismeans that they start from a pre-announced
initial price and price increases round by round until the quantity of bids received for each
product matches the quantity on offer for the product. The mechanism of GDT auctions was
presented in Figure 4.

Bidders cannot join a GDT auction after its start. This means that theymust participate in
the first round and in the next rounds they can only maintain or decrease their total bid
quantities from the first round. Products can be purchased over six different delivery time
periods from one to six months. Two-month contract (CP2), which is also the most active
contract traded on the GDT (a 40% share in total sold quantity in 2018) is used as a settlement
for New Zealand's Exchange (NZX) dairy derivatives. It is worth noting that GDT auctions
are auctions with the physical delivery. This means that products purchased at the auctions
are shipped to the bidder and, contrary to the standard commodity exchanges, there is no
opportunity to resign from the delivery before the expiration of contract. GDT auctions last
approximately 1.5–2.5 h. Shortly after an auction has concluded, the results are published on
the GDT website. All prices are stated in US dollars per MT (US$/MT) and are specified on a
free alongside basis at the specified shipment locations. Average winning price for each
commodity is the quantity-weighted average of winning prices at the auction.

There is a visible seasonal pattern of trade volume on the GDT auctions which is
associated with the seasonality of milk production in Oceania (New Zealand andAustralia). It
results from the fact that Oceania is the region where Fonterra, the biggest supplier on the
GDT operates. Lagging the trade volume on the GDT by one month vs milk production in
Oceania allows to obtain the highest Pearson correlation coefficient between these two
variables (0.69). In case of two-month lag it lowers to 0.67 while without any lags the Pearson
correlation coefficient for these two variables amounts to 0.50. It shows the trade volume on
the GDT depends on the milk availability in the Oceania in the previous months. The
dependence between the trade volume on the GDT auctions and the milk production in
Oceania was presented in Figure 5.

4. Data collection
Models were estimated on bimonthly price data for WMP, SMP, butter and cheddar from
GDT auctions, EU, the US and Oceania. Selected commodities are the most common and
frequently traded dairy commodities, while the selection of regions was motivated by their
significance in the global trade in dairy products. Oceania, EU and the US represent over
70% of global exports of dairy products expressed in milk equivalent (FAO, 2019). It may
be argued that the EU cheddar prices should not be included in the analysis as cheddar is a
niche product in the EU with little consumption beyond the British Isles. Nevertheless, the
research on price transmission on agricultural markets states that one of the most
important factors determining the degree of price transmission is the product homogeneity
(Ghoshray, 2007; Minot, 2010; Kabbiri et al., 2016). Therefore, as cheddar is the only cheese
traded on the GDT, its price should be taken also for the EU, even if it is not popular in this
region. Inclusion of other sort of cheese for the EU may distort the results of the
estimations.

Length of data sample for particular commodities was determined by the availability
of the GDT data. GDT auctions have been launched on bimonthly basis in September
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2010, initially for WMP and SMP, while some commodities i.e. butter and cheddar were
added later. The length of sample in case of particular commodities was presented in
Table 2.

Prices of dairy commodities were obtained from a variety of sources. GDT prices were
collected from the GDT website. Prices used in the research are the two-month contracts
(CP2). The main motivation to base the research on the two-month contracts (CP2) is the fact
that they are used as settlement for NZX dairy derivatives. Therefore, they can be treated as
spot prices. As a consequence their maturity is consistent with prices from other markets
included in the research. If the quantity-weighted averages of winning prices for six contract

Source(s): GDT Annual Report 2018
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periods (1–6 month delivery periods) were taken there would be a problem of mixture of
forward and spot prices which might have bias the results.

Average prices of dairy commodities in the EU were obtained from the EU Milk Market
Observatory. Prices are published on weekly basis and are averages of the prices in EU
member states weighted by their share in production of the particular commodities.

Average prices of dairy commodities in Oceania were collected from United States
Department of Agriculture’s (USDA) Dairy Market News (DMN). In case of Oceania DMN
reports a price range, listing the lowest price reported to the highest price reported, therefore,
in the research their average was taken. Prices come from New Zealand and Australia. There
is a possibility that sometimes DMN reports GDTprices asminimum ormaximumof Oceania
prices. Nevertheless, as the aim of the research is to verify if GDT prices may be treated as a
benchmark and a leading indicator it does not cause a problem.

US prices for butter, cheddar and SMP are weekly averages of Chicago Mercantile
Exchange spot market prices and weekly averages of WMP prices were collected from
USDA’s DMN.

Due to the fact that many of the collected time series are reported on the daily or weekly
basis they were transformed to bimonthly data using calendar averages. As the second
auction GDT is always after 14th day of the month the averages were computed in two
periods: from the 1st to 14th and from 15th to the end ofmonth. All prices are nominated in the
US dollar usingThomson Reuters spot rates. If missing values appeared, theywere estimated
using linear interpolation. All prices were logarithmized. Table 3 reports the descriptive

Source(s): Own calculation based on the GDT, DairyAustralia and DCANZ data
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statistics for the time series used in the research before logarithmization. Figure 4 shows the
historical price relationships (see Figure 6).

All variables were tested for the presence of unit root. For this purpose, both the
augmented Dickey–Fuller (ADF) and the Kwiatkowski–Phillips–Shmidt–Shin (KPSS)
tests were evaluated for the log of dairy commodity prices included in the research. As
null and alternative hypotheses in ADF and KPSS tests are switched between them, the
tests deliver complementary results which minimize the probability of a type II error
(Arltova and Fedorowa, 2016). The results lead to the conclusion that in the vast majority
of cases logs of the variables included in the research are integrated of order one, Tables 4
and 5. In case of WMP prices on the GDT, butter prices in the US and EU, and cheddar
prices in the US tests deliver mixed results. In turn, both tests indicate that cheddar prices
on the GDT may be stationary. However, taking into consideration the charts of the
aforementioned time series, and their similarity to the other analyzed prices which turned
out to be integrated of order one, the results suggesting their stationarity should be
treated carefully. As a consequence, it allows to formulate an assumption that they are
also integrated of the order one.

5. Methodology
The latest research on price transmission and interdependencies in the global dairy market
employs VECM (Cervalho et al., 2015; Newton, 2016; Zhang et al., 2017). Such an approach
enables to identify long-term and short-term relationships between set of prices. VECM are
based on the assumption that nonstationary time series integrated of order one may have at
least one cointegrating relationship. In other words, there may exists some value β such that
Yt − βXt is Ið0Þ, although Yt and Xt are both Ið1Þ. In such a case Yt and Xt are cointegrated,
and they share a common trend (Verbeek, 2004). Such cointegrating relationship may be
treated as an approximation of a long-term equilibrium between these variables. The
existence of the long-run relationship also has its implications for the short-run behavior of
the time series, because there has to be some mechanism that enable variables to converge to
their long-run equilibrium. This mechanism is defined as error-correction mechanism. It
enables to identify the direction of the causality between the cointegrated variables and the
speed of the convergence.

Region Min Median Mean Max

WMP US 2,480 3,552 3,591 4,784
EU 2,197 3,278 3,506 5,189
Oceania 1,725 3,200 3,307 5,600
GDT 1,814 3,162 3,259 6,283

SMP US 1,453 2,325 2,661 4,635
EU 1,625 2,330 2,681 4,545
Oceania 1,513 2,625 2,874 5,563
GDT 1,350 2,554 2,802 4,901

Butter US 3,069 4,753 4,652 6,661
EU 2,855 4,668 4,702 7,713
Oceania 2,575 4,113 4,151 6,238
GDT 2,300 4,015 4,067 6,560

Cheddar US 2,873 3,680 3,783 5,319
EU 2,893 3,921 4,034 5,572
Oceania 2,550 3,838 3,837 5,263
GDT 2,514 3,554 3,633 5,261

Source(s): Own calculations on the base of GDT, USDA, EU Milk Market Observatory, Thomson
Reuters data

Table 3.
Descriptive statistics of
dairy commodities
prices, dollars per
metric tonne
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The starting point for the VECM model is a p-lag VAR(p) model given by:

Yt ¼
Xp

i¼1

ΓiYt−1 þ εt (2)

whereYt is a (n3 1) vector of time series variables,Γi are (n3 n) coefficientmatrices,while εt is a
(n 3 1) vector of error terms. If the variables exhibit a cointegrating relationship, we can
transform VAR (p) model into VECM (p-1) model by subtracting Yt−1 from both sides, and then
converting theYt−i terms toΔYt−iþ1 by successive substitution.AVECM(p-1) model is given by:

ΔYt ¼ ΠYt−1 þ
Xp−1

i¼1

ΓiΔYt−1 þ εt (3)

whereΔ is a first-difference operator, Γ represents the transitory effects, while matrixΠ can be
decomposed as the vector or matrix of adjustment parameters α and the vector or matrix of
cointegrated vectors β:

Π ¼ αβT (4)

If the variables are cointegrated, then rankðΠÞ≠ 0 and the rankðΠÞ represents the number of
cointegrating vectors.

Hence, during the transformation VAR(p) into VECM(p-1), it is imperative to test for the
presence of the cointegrating relationship. In this paper, it is done using Johansen (1992)
procedure, as it allows to test for more than one cointegrating relationship. The hypothesis of
leading properties of GDT auctions is tested on the four sets representing each commodity
(WMP, SMP, butter and cheddar), consisting of four prices (GDT, EU, US and Oceania).
Therefore, using the Johansen procedure allows to account for the cases where more than one
long-run relationship is driving the dynamics of the system of prices. Nevertheless, the
drawback of a such approach is that multiple cointegrating vectors lead to the problems with
the interpretation of results (Kennedy, 2008).

Johansen’s procedure is based on two likehood-ratio tests: the trace test (5) the maximum
eigenvalue test (6):

JtraceðrÞ ¼ −T
Xn

i¼rþ1

ln
�
1� bλi

�
(5)

JmaxðrÞ ¼ −T ln
�
1� bλiþ1

�
(6)

GDT_CP2 EU Oceania US

WMP Level 0.477** 0.654** 0.548** 0.616**
1st difference 0.055 0.089 0.063 0.112

SMP Level 1.111*** 1.192*** 1.099*** 1.152***
1st difference 0.123 0.18 0.142 0.15

Butter Level 0.598** 0.322 0.531** 0.741***
1st difference 0.063 0.122 0.068 0.064

Chedar Level 0.154 0.770*** 0.359* 0.359*
1st difference 0.079 0.098 0.083 0.085

Test critical values 1% level 5% level 10% level
0.739 0.463 0.347

Note(s): ***, ** and * denote significance level of 1%, 5% and 10%, respectively
Source(s): own calculations

Table 5.
KPSS tests for logs of

prices

GDT auctions
and dairy

prices
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whereT is the sample size,bλi is the ith ordered eigenvalue from theΠmatrix, and r represents
the number of cointegrating vectors, namely rankðΠÞ. The trace test tests the null hypothesis
of r cointegrating vectors against the alternative hypothesis of n cointegrating vectors. In
turn, themaximum eigenvalue test tests the null hypothesis of r cointegrating vectors against
the alternative hypothesis of r þ 1 cointegrating vectors.

To determine the short-run causal relationship among variables, it is necessary to
estimate Granger causality/block exogeneityWald tests based on the estimatedVECM (Toda
and Yamamoto, 1995). In the Granger causality approach x is a cause of y if lagged values of x
are useful in forecasting of variable y. For VECM model for two cointegrated variables a
Granger causality test is based on the following equation:

Δyt ¼ αet−1 þ γ1Δyt−1 þ . . . γpΔyt−p þ δ1Δxt−1 þ . . . δpΔxt−p þ εt (7)

where γ and δ are coefficients, p represents the maximum lag of tested variables, while et−1
denotes error correction term. The null hypothesis is that δ1 ¼ δ2 ¼ . . . ¼ δp ¼ 0 which
means that x does not Granger-cause y and it is tested using Wald test.

An important part of inference on the base of VECMs is an analysis of impulse response
functions (IRFs). They measure the response of particular variables included in the system to
a one-standard-deviation shock on a selected variable along a specified time horizon. Value of
IRF function reflecting the response of variable yi to a shock ρj manifested in period t can be
denoted as:

IRFkðijÞ ¼
vyi; tþk

vρj; t
(8)

where k denotes number of periods after the shock. Analysis of these functions provides
information on how the whole system behaves after the impulse in one variable and how long
it takes to stabilize it after the shock.

6. Results
In the first step four unconditional VARmodels were estimated (forWMP, SMP, cheddar and
butter prices). Optimal lag selection was conducted based on the Shwartz (1978) and Hanna
andQuinn (1979) criteria. Lag selection was then adjusted based on LagrangeMultiplier (LM)
autocorrelation test to receive nonautocorrelated error terms. For reasons of space, the whole
procedure and estimates of particular tests and statistics are not discussed in details. The
results indicate that two lags are the optimal selection in case of all estimated models.

In the second step, based on the obtained unconditional VAR(p) models, the Johansen
(1992) procedure was conducted in order to identify the number of potential cointegrating
relationships. Results of the trace tests and maximum eigenvalue tests are presented in
Table 6.

The results suggest that in case of SMP model there are three cointegrating equations, in
case of cheddar there are two cointegrating equations while in case of butter there is a single
cointegrating equation. As far as WMP model is considered tests provide mixed results
indicating two or three cointegrating vectors. Finally WMP model was estimated with 3
cointegrating vectors, as the higher number of cointegration vectors potentially increase the
stability of the model (Johansen and Juselius, 1990).

In the third step, basing on the results of the Johansen procedure, final VECMs were
estimated. In case of VECMs for butter and cheddar restrictions were put on the cointegrating
equations in order to test dependence between GDT and the rest of markets.

Table 7 shows that there is a long-term positive relationship between WMP prices on
the GDT auctions and the prices in Oceania, EU and the US Prices in Oceania and the
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US follow GDT prices while in case of EU prices the relationship is bidirectional. This means
that any deviations of GDT and EU prices from their long-term equilibrium result in both
prices converging to each other in order to regain it. Moreover, deviations from the long-term
relationship between GDT and EU prices manifest also in Oceania and US prices. In other
words, on the one hand prices in the US and Oceania follow the WMP prices on the GDT
auctions, while on the other hand they follow any deviations of EU prices from its long-term
relationship with the GDT prices. As far as short-term effects are considered, there is a
positive and direct impact of GDT prices on the EU and Oceania prices, while GDT prices
are affected by own lag and EU prices. This is confirmed by the Granger causality tests
presented in Table 8. The dynamics of the whole adjustment process was shown in Figure 7
which shows the impulse response functions.

Table 9 shows that similarly as in case of WMP prices, there is a long-term positive
relationship between SMP prices on the GDT auctions and the prices in Oceania, EU and the
US Prices in Oceania and the US follow SMP prices at the GDT auctions, while relationship
between the GDT and EU prices is bidirectional. Similarly as in case of WMP prices,
deviations from the long-term relationship between SMP prices on the GDT auctions and in

Commodity Cointegration rank Trace test Maximum eigenvalue test

WMP r 5 0 106.918*** 56.474***
r ≤ l 50.444*** 32.925***
r ≤ 2 17.519 13.976*
r ≤ 3 3.542 3.542

SMP r 5 0 103.933*** 47.915***
r ≤ l 56.019*** 29.642***
r ≤ 2 26.376*** 24.306***
r ≤ 3 2.070 2.070

Butter r 5 0 82.010*** 56.624***
r ≤ l 25.386 15.326
r ≤ 2 10.061 6.948
r ≤ 3 3.113 3.113

Cheddar r 5 0 79.295*** 41.968***
r ≤ l 37.326** 24.852**
r ≤ 2 12.474 10.340
r ≤ 3 2.134 2.134

Trace test-critical values

0.01 0.05 0.1
r 5 0 61.267 54.079 50.525
r ≤ l 41.195 35.193 32.268
r ≤ 2 25.078 20.262 17.98
r ≤ 3 12.761 9.165 7.557

Maximum eigenvalue test-critical values

0.01 0.05 0.1
r 5 0 33.733 28.588 26.121
r ≤ l 27.068 22.3 20.05
r ≤ 2 20.161 15.892 13.906
r < 3 12.761 9.165 7.557

Note(s): ***, ** and * denote significance level of 1%, 5% and 10%, respectively
Source(s): Own calculations

Table 6.
Johansen cointegration
tests for log prices of

dairy commodities

GDT auctions
and dairy

prices
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EUmanifest also in Oceania and US prices.With regards to the short-term effects GDT prices
positively influence the Oceania prices, while GDT prices are impacted by the US and EU
prices. This is confirmed by the Granger causality tests presented in Table 10. The dynamics
of the whole adjustment process was presented in Figure 8.

Cointegrating Eq CointEq1 CointEq2 CointEq3

EU_WMP(-1) 1 0 0
OCEANIA_WMP(-1) 0 1 0
US_WMP(-1) 0 0 1
CDT_ WMP_CP2(-1) �0.955 �1.028 �0.787
C �0.449 0.209 �1.837

Error correction ΔEU_WMP ΔOCEANIA_WMP ΔUS_WMP ΔGDT_WMP_CP2

CointEq1 �0.071**(�0.032) 0.150***(�0.054) 0.097***(�0.037) 0.164**(�0.083)
CointEq2 0.022(�0.048) �0.417***(�0.082) �0.070(�0.056) 0.078(�0.128)
CointEqS 0.014(�0.021) 0.055(�0.036) �0.073***(�0.025) �0.021(�0.056)
ΔEU_WMP(-1) 0.347***(�0.069) 0.267**(�0.118) 0.194**(�0.080) 0.328*(�0.183)
ΔOCEANIA_WMP(-l) 0.051(�0.049) 0.175**(�0.084) 0.114**(�0.057) 0.135(�0.130)
ΔUS_WMP(-1) 0.014(�0.058) �0.167*(�0.099) �0.027(�0.068) �0.187(�0.154)
ΔGDT_WMP_CP2(-1) 0.097**(�0.039) 0.260***(�0.066) �0.029(�0.045) 0.359***(�0.102)
R-squared 0.423 0.450 0.182 0.179

Statistic p-value

LM(1) 15.067 0.520
LM(I2) 22.437 0.130
LM(24) 16.654 0.408
J-B 84.469 0.000***

Note(s): Lags and standard errors are in parentheses. ***, ** and * denote significance level of 1%, 5% and
10%, respectively. Statistically significant price relationships shaded
Source(s): Own calculations

Dependent variable: ΔEU_WMP Dependent variable: ΔOCEANIA_WMP
Excluded Chi-sq Prob Excluded Chi-sq Prob

ΔOCEANIA_WMP 1.073 0.300 ΔEU_WMP 5.169 0.023**
ΔUS_WMP 0.058 0.810 ΔUS_WMP 2.829 0.093*
ΔGDT_WMP_CP2 6.31 0.012** ΔGDT_WMP_CP2 15.643 0.000***
All 16.547 0.001*** All 23.213 0.000***

Dependent variable: ΔUS_WMP Dependent variable: ΔGDT_WMP_CP2
Excluded Chi-sq Prob Excluded Chi-sq Prob

ΔEU_WMP 5.858 0.016** ΔEU_WMP 3.207 0.073*
ΔOCEANIA_WMP 4.022 0.045** ΔOCEANIA_WMP 1.066 0.302
ΔGDT_WMP_CP2 0.411 0.521 ΔUS WMP 1.461 0.227
All 18.229 0.000*** All 6.562 0.087*

Note(s): ***, ** and * denote significance level of 1%, 5% and 10%, respectively
Source(s): Own calculations

Table 7.
VECM model for logs
of WMP prices

Table 8.
VEC Granger
causality/block
exogeneity Wald tests
– WMP prices
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Table 11 indicates that there is one long-term relationship between butter prices in the EU,
US, Oceania and GDT.While dependence between prices in the US andOceania, and the GDT
is positive, a negative relationship between butter prices in EU and the GDT prices makes the
economic interpretation difficult. Such a problem may be connected with the fact that the
sample is not long enough to cover full adjustment process in this market. Therefore, the
cointegration equation may reflect some temporary equilibriumwhich is only a proxy for the
true long-run relationship between prices in this system. Similar problem was found in Stein
and Allen (1997) who analyzed equilibriums in foreign exchange rate markets. As a
consequence, at this stage nothing can be done with that as longer time series are needed.
Nevertheless, despite its flaws the model provides some information how particular variables
react to any deviations from this long-term relationship. Results show that in long-term butter
prices in Oceania follow the deviations of GDTprices from the long-term relationshipwith the
system of EU, US and Oceania prices. In turn, GDT prices follow the shocks in system of EU,
US and Oceania prices. In short term GDT prices affect EU and US prices. Nevertheless,
Granger causality tests suggest that the GDT prices Granger cause only US prices, Table 12.
Dynamics of the whole system is presented in Figure 9.

Table 13 shows that the system of cheddar prices is driven by two long-term relationships.
The cointegrating equations have no economic interpretation as they suggest negative
dependence between prices of cheddar on the GDT auctions and in the EU, and negative
dependence between prices of cheddar on the GDT auctions and in the US. Similarly, as in
case of butter, it may result from the relatively short data sample which most likely does not
cover thewhole adjustment process in this system of prices. It is worth noting, that sample for
cheddar is significantly shorter that in case of other analyzed commodities, see Table 2. The
second cointegrating equation implies that there is a positive long-term relationship between

Note(s): X-axis denotes the period following the shock and the y-axis is the magnitude of the

impulse response. Impulse is defined as a one standard deviation shock

Source(s): Own calculations
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prices of cheddar on the GDT auctions and prices of cheddar in the US and Oceania. Results
indicate that deviations of GDT cheddar prices from the set of the US and EU prices have
leading properties for prices in EU, Oceania and the US Similarly deviations of GDT prices
from set of prices in the US andOceania have a long-term impact on prices in EU andOceania.
It has to be noted that all these long-term relationships are bidirectional as GDT prices in

Cointegrating Eq CointEq1 CointEq2 CointEq3

EU_SMP(-1) 1 0 0
OCEANIA_SMP(-1) 0 1 0
US_SMP(-1) 0 0 1
GDT_SMP_CP2(-1) �0.984 �0.999 �1.037
C �0.086 �0.037 0.338

Error correction ΔEU_SMP ΔOCEANIA_SMP ΔUS_SMP ΔGDT_SMP_CP2

CointEq1 �0.061**(�0.026) 0.109**(�0.049) 0.112**(�0.046) 0.156**(�0.064)
CointEq2 �0.038(�0.040) �0,367***(�0.075) 0.068(�0.070) 0.036(�0.098)
CointEq3 0.043*(�0.023) 0.009(�0.044) �0.139***(�0.041) 0.041(�0.058)
ΔEU_SMP(-1) 0.364***(�0.064) 0.243**(�0.122) �0.122(�0.114) 0.268*(�0.159)
ΔOCEANIA_SMP(-1) �0.060(�0.043) 0.013(�0.081) �0.007(�0.076) 0.061(�0.106)
ΔUS_SMP(-1) 0.210***(�0.044) 0.267***(-0.084) 0.601***(�0.078) 0.406***(�0.109)
ΔGDT_SMP_CP2(-1) 0.058(�0.040) 0.154**(�0.077) 0.003(�0.072) 0.045(�0.100)
R-squared 0.476 0.376 0.271 0.211

Statistic p-value

LM(1) 14.371 0.571
LM(12) 12.697 0.695
LM(24) 18.406 0.301
J-B 1,244.742 0.000***

Note(s): Lags and standard errors are in parentheses. ***, ** and*denote significance level of 1% 5% and
10%, respectively. Statistically significant price relationships shaded
Source(s): Own calculations

Dependent variable: ΔEU_SMP Dependent variable: ΔOCEANIA_SMP
Excluded Chi-sq Prob Excluded Chi-sq Prob

ΔOceania SMP 1.965 0.161 ΔEU_SMP 3.96 0.047**
ΔUS_SMP 22.751 0.000*** ΔUS_SMP 10.242 0.001***
ΔGDT_SMP_CP2 2.068 0.150 ΔGDT_SMP_CP2 4.032 0.045**
All 32.101 0.000*** All 30.836 0.000***

Dependent variable: ΔUS_SMP Dependent variable: ΔGDT_SMP_CP2
Excluded Chi-sq Prob Excluded Chi-sq Prob

ΔEU_SMP 1.136 0.287 ΔEU_SMP 2.838 0.092*
ΔOCEANIA_SMP 0.008 0.930 ΔOCEANIA_SMP 0.329 0.566
ΔGDT_SMP_CP2 0.002 0.968 ΔUS_SMP 13.9 0.000***
All 1.472 0.689 All 28.373 0.000***

Note(s): ***, ** and* denote significance level of 1%, 5%, and 10%, respectively
Source(s): Own calculations

Table 9.
VECM model for logs
of SMP prices

Table 10.
VEC Granger
causality/block
exogeneity Wald tests
– SMP prices
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long-run depend on shocks in the systems of US and Oceania, and the EU and US prices. In
short-term, there is no statistically significant impact of GDT prices on cheddar prices in
other markets. This is confirmed by the Granger causality tests presented in Table 14.
Dynamics of the whole system is shown in Figure 10.

7. Concluding remarks
The aim of the research was to test if the GDT auctions are a useful leading indicator for
prices of dairy commodities. The hypothesis was tested for prices of key dairy commodities
(SMP,WMP, butter and cheddar) in themain dairymarkets (the US, EU andOceania). Results
suggest that prices on the GDT auctions may be treated as a benchmark for global WMP
prices as in the long-term prices of WMP in EU, Oceania and the US follow the GDT prices.
There may be two reasons for such an occurrence. Firstly, WMP is dominant commodity at
GDT auctions representing 54% of total trade in terms of quantity and 15.0% of its global
exports. Therefore, due to the higher liquidity of its market and a significant share in the
global trade, the movements of WMP prices on the GDT auctions may more precisely reflect
changes in the global market situation. Secondly, Fonterra remains a major seller at the GDT
auctions. Taking into consideration that Fonterra is also the biggest dairy processor in New
Zealand with the market share amounting approximately to 84% (TBD Advisory 2017),
while New Zealand is the biggest global exporter of WMP with the 56% share on global
exports (FAO, 2019), Fonterra may have significant influence on the global WMP prices.
Therefore, its actions at the GDT auctions may provide significant information about the
WMP market. Nevertheless, it has to be noted that the long-term relationship between the
WMP prices on the GDT auctions and WMP prices in the EU is bidirectional which means

Note(s): X-axis denotes the period following the shock and the y-axis is the magnitude of the

impulse response. Impulse is defined as a one standard deviation shock

Source(s): Own calculations
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that prices on the GDT are also affected by the EU prices. It may results from the fact, that the
EU is the second largest global WMP exporter.

GDT auctions may be treated also as a leading indicator for SMP prices. Similarly as in
case of WMP, in the long-term prices of WMP in EU, Oceania and the US follow the GDT
prices. Leading properties of SMP prices at GDT auctions may result from that SMP is the

Cointegrating Eq CointEq1

GDT_BUTIER_CP2(-1) 1
EU_BUTTER(-1) 0.130
OCEANIA_BUTTER(-1) �1.201
U S_BUTTER(-1) �0.070
C 1.189

Error correction
ΔGDT_

BUTTER_CP2 ΔBU_BUTTER
ΔOCEANIA_
BUTTER ΔUS_BUTTER

CointEq1 �0.189*(�0.114) 0.057(�0.046) 0.303***(�0.071) 0.115(�0.103)
ΔEU_BUTTER(-1) 0.209*(�0.119) �0.049(�0.048) 0.119(�0.074) �0.178*(�0.108)
ΔOCEAN1A_BUTTER(-1) 0.323*(�0.168) 0.515***(�0.067) 0.186*(�0.104) 0.027(�0.152)
ΔUS_BUTTER(-1) 0.121(�0.144) 0.137**(�0.058) 0.108(�0.089) 0.089(�0.130)
ΔGDT_BUTTER_CP2(-1) �0.078(�0.086) 0.076**(�0.035) 0.040(�0.054) 0.185**(�0.078)
R-squared 0.098 0.379 0.330 0.050

Statistic p-value

LM(1) 17.351 0.363
LM(12) 11.085 0.745
LM(24) 36.412 0.003***
J-B 593.229 0.000***

Note(s): Lags and standard errors are in parentheses. ***, ** and * denote significance level of 1%, 5% and
10%, respectively. Statistically significant price relationships shaded
Source(s): own calculations

Dependent variable: ΔEU_BUTTER Dependent variable: ΔOCEANIA_BUTTER
Excluded Chi-sq Prob Excluded Chi-sq Prob

ΔGDT_BUTTER_CP2 1.052 0.305 ΔGDT_BUTTER_CP2 2.595 0.107
ΔOCEANIA_BUTTER 5.559 0.018** ΔEU_BUTTER 3.212 0.073*
ΔUS_BUTTER 4.803 0.028** ΔUS_BUTTER 0.57 0.450
All 9.934 0.019** All 6.242 0.100

Dependent variable: ΔUS_BUTTER Dependent variable: ΔGDT_BUTTER_CP2
Excluded Chi-sq Prob Excluded Chi-sq Prob

ΔGDT_BUTTER_CP2 2.723 0.099* ΔEU_BUTTER 3.715 0.054*
ΔEU_BUTTER 0.032 0.859 ΔOCEANLA_BUTTER 0.7 0.403
ΔOCEANIA_BUTTER 0.463 0.496 ΔUS_BUTTER 0.815 0.367
All 2.889 0.409 All 6.631 0.085*

Note(s): ***, ** and * denote significance level of 1%, 5% and 10%, respectively
Source(s): Own calculations

Table 11.
VECM for logs of
butter prices

Table 12.
VEC Granger
causality/block
exogeneity Wald test –
butter prices
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Note(s): X-axis denotes the period following the shock and the y-axis is the magnitude of the

impulse response. Impulse is defined as a one standard deviation shock

Source(s): Own calculations
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Cointegrating Eq CointEq1 CointEq2

EU_CHEDDAR(-1) 0.567 0
OCEANIA_CH EDDAR(-1) 0 �4.764
US_CHEDDAR(-1) �3.115 7.675
GDT_CHEDDAR_CP2(-1) 1 1
C 12.733 �32.051

Error correction ΔEU_CHEDDAR
ΔOCEANIA_
CHEDDAR

ΔUS_
CHEDDAR

ΔGDT_
CHEDDAR_CP2

CointEq1 0.035***(�0.012) 0.058* *(�0.025) 0.062* *(�0.024) �0.131***(�0.039)
CointEq2 0.012**(�0.005) 0.027* **(�0.011) 0.008(�0.010) �0.057***(�0.016)
ΔEU_CHEDDAR(-1) 0.144*(�0.074) 0.241(�0.150) �0.109(�0.149) 0.535**(�0.235)
ΔOCEANIA_CHEDDAR(-1) 0.059(�0.040) �0.105(�0.081) �0.008(�0.081) 0.000(�0.127)
ΔUS_CHEDDAR(-1) 0.044(�0.034) 0.082(�0.068) 0.385***(�0.068) 0.228*(�0.107)
ΔGDT_CHEDDAR_CP2(-1) �0.012(�0.026) 0.015(�0.052) 0.019(�0.052) 0.087(�0.081)
R-squared 0.119 0.095 0.221 0.090

Statistic p-value

LM(1) 18.16358 0.314
LM(12) 22.04748 0.142
IM(2A) 18.3412 0.304
J-B 984.4377 0.000***

Note(s): Lags and standard errors are in parentheses. ***, ** and * denote significance level of 1%, 5% and
10%, respectively. Statistically significant price relationships shaded
Source(s): Own calculations

Figure 9.
Impulse response

function for logs of
butter prices
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second commodity at the GDT auctions in terms of quantity. It is noteworthy that the long-
term dependence between the GDT and EU prices is bidirectional. It may be caused by the
fact that EU is the biggest global exporter of SMP, therefore EU prices may transmit into
other markets.

GDTprices reveal some leading properties in cheddarmarket, however price relationships
in this market are much more complex. GDT plays also an important role in the price setting
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impulse response. Impulse is defined as a one standard deviation shock

Source(s): Own calculations

Dependent variable: ΔEU_CHEDDAR Dependent variable: ΔOCEANIA_CHEDDAR
Excluded Chi-sq Prob Excluded Chi-sq Prob

ΔOCEANIA_CHEDDAR 2.175 0.140 ΔEU_CHEDDAR 2.59 0.108
ΔUS_CHEDDAR 1.695 0.193 ΔUS_CHEDDAR 1.445 0.229
ΔGDT_CHEDDAR_CP2 0.232 0.630 ΔGDT_CHEDDAR CP2 0.079 0.779
All 4.355 0.226 All 4.462 0.216

Dependent variable: ΔUS_CHEDDAR Dependent variable: ΔGDT_CHEDDAR_CP2
Excluded Chi-sq Prob Excluded Chi-sq Prob

ΔEU_CHEDDAR 0.536 0.464 ΔEU_CHEDDAR 5.169 0.023**
ΔOCEANIA_CHEDDAR 0.01 0.922 ΔOCEANIA_CHEDDAR 0 1.000
ΔGDT_CHEDDAR_CP2 0.142 0.706 ΔUS_CHEDDAR 4.571 0.033**
All 0.715 0.870 All 11.663 0.009***

Note(s): ***, ** and * denote significance level of 1%, 5% and 10%, respectively
Source(s): Own calculations

Figure 10.
Impulse response
function for logs of
cheddar prices

Table 14.
VEC Granger
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in the global butter market, nevertheless it can be treated as a benchmark only locally in
Oceania. It may be a result of relatively low share of these two dairy commodities in quantity
sold at the GDT auctions which do not exceed 7% and 4%, respectively.

The results in general confirm that exporting country with the largest market shares
effectively sets the world price while other exporters are adjusting their prices. Moreover, the
study confirms that multiple benchmarks can exist if the demand for hedging effectiveness
outweighs traders’ preference for liquidity. It is the reason for bidirectional dependence like in
case of WMP and SMP prices in the EU and on the GDT auctions.

The results of the research contribute to the state of knowledge on the price leadership and
price transmission in the dairymarkets and thusmay help professionals from the dairy sector
to formulate their price expectations more precisely. Furthermore, with regards to policy
implications, the study underlines the role of benchmarks in price discovery process in
agricultural markets. As access to information is one of the most important determinants of
price transmission it shows that commodity exchanges like the GDT play a crucial role in the
price discovery and the improvement of price transmission in agricultural markets.
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Abstract. Since 2007 farmgate milk prices in EU have become much more volatile and their seasonal 

pattern has stopped being so explicit. The purpose of this research is to test the hypothesis that 

seasonality still plays an important role in shaping farmgate milk prices in EU while its amplitude 

decreases together with the growing integration of the EU milk market with the global market. The 

aforementioned issues are investigated using Census X-12 procedure of price decomposition and 

panel random effects model. The results indicate that after 2007 the role of seasonality in determining 

EU farmgate milk prices has significantly decreased which partially results from the higher integration 

of the EU milk market with the global market. Nevertheless, seasonality remains an important factor 

determining the farmgate milk prices in EU. It can be expected that with the further globalization of 

the milk market, the significance of seasonality in determining farmgate milk prices in EU will be 

diminishing. 
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Introduction 

For many years farmgate milk prices in the major European Union (EU) milk 

producing countries used to reveal a strong seasonal pattern oscillating around long-term 

trends. However, since the beginning of 2007, together with the increasing integration of 

EU milk market with the global milk market, the prices have become much more volatile 

and their seasonal pattern has stopped being so explicit (see Figure 1). Change in behavior 

of the farmgate milk prices has significantly lowered their predictability increasing the risk 

of business activity in the dairy sector as a consequence.  

With regards to the biological nature of milk production, the lack of explicit seasonal 

pattern most likely does not mean that the influence of seasonality on farmgate milk prices 

has completely abated. Nevertheless, its significance in determining farmgate milk prices in 

EU may have changed. Aforementioned issue has not been directly addressed so far as 

literature focuses mainly on the biologic and microeconomic aspects of seasonality and 

does not cover the role of external factors like globalization. There is some research on the 

decomposition of farmgate milk prices, nevertheless seasonality is not its main focus. 

Therefore, the aim of this analysis is to test the hypothesis that seasonality still plays an 

important role in shaping farmgate milk prices in EU but its amplitude decreases together 

with the growing integration of the EU milk market with the global market. Findings from 

this research may be useful for representatives from the dairy sector in forecasting of 

farmagate milk prices. 
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Fig. 1. EU farmgate milk price (EUR/100 kg) 

Source: EU Milk Market Observatory. 

The paper is organized as follows. Section 2 provides the literature review in the field 

of seasonality in the milk market. Section 3 describes the data collection and econometric 

methods employed in the research. Section 4 shows the results of the estimations. Section 5 

presents concluding remarks. 

Literature review 

Seasonality of farmgate milk prices is a consequence of the seasonality of milk supply 

and changes in milk composition over the year (fat and protein content). In the Northern 

Hemisphere the production peak takes place in spring/summer exerting downward pressure 

on the prices, while the supply dip is observed in autumn/winter causing seasonal increase 

in prices. Moreover, in autumn/winter milk tends to contain more fat and protein which is 

positive for its price. According to the literature, amplitude of the seasonality is determined 

both by biological and economic factors which are usually highly connected. The most 

important ones are: 

• Calvings distribution. More balanced calvings distribution leads to more stable 

milk supply over the year (Auldist et al., 1998; Kelly, 2001; Dooley, 2002; 

Matysik-Pejas, 2007; Szajner 2014). The peak of milk efficiency takes place 

within the first 100 days of the lactation period (Scott et al., 1996). Therefore, 

more balanced calving distribution over the year enables to achieve a few milk 

production peaks and smooth the milk output. The optimization of calvings 

distribution was investigated i.a. by Killen and Keane (1978), Scott et al. (1996) 

and Baul et al. (2014). 

• Feeding regime. More balanced diet of dairy cows leads to more stable milk 

composition. Ruminants should receive homogenous feeding as any changes in the 

feeding regimes, like shifting from pasture feeding to concentrate feeding and vice 

versa, affect the quantity of dry matter in the milk, especially fat (Egersma et al., 

2004; Burke et al., 2007; Sienkiewicz and Góralska, 2009; Nategi et al., 2014; 

Oldemiro et al., 2016; Hayer et al., 2019). The feeding pattern is usually 

15

20

25

30

35

40

45

197719791981198319851987198919911993199519971999200120032005200720092011201320152017

72 Change in Seasonality Pattern of EU Farmgate Milk Price

Warsaw School of Economics Price transmission in deregulated agricultural markets...



Change in Seasonality Pattern of EU Farmgate Milk Price     77 

 

determined by the geographical conditions like temperature and availability of 

pastures. Favorable geographical conditions are conducive to higher share of 

extensive farming and pasture–based feeding pattern which is associated with 

higher amplitudes of seasonality. In turn, less favorable geographical conditions 

are conducive to higher share of intensive farming and concentrate-based feeding 

pattern which is less dependent on seasonal factors. 

• Size of dairy farms. According to the literature, the amplitude of supply 

seasonality is negatively correlated with the size of dairy farms and their 

specialization (Allore et al., 1997; Matyjasik-Pejas, 2007; Iwan, 2005). Due to 

high scale effects larger farms are able to afford for better veterinary care, more 

milk-efficient dairy cow species, high quality fodders, which decreases the 

amplitude of seasonality. Hence, it may be expected that amplitudes of seasonality 

will be gradually decreasing together with higher development of dairy sector.  

 

Seasonality of farmgate milk prices was partially investigated in the research on 

business cycles in the milk market. Bergmann et al. (2013, 2015) decomposed German, 

Irish and EU average farmgate milk prices into trend, seasonal and cyclical components 

using Kalman filter. Authors divided their sample into two parts: 1990-2003 (prior to the 

reform of Common Agricultural Policy) and 2003-2013. With regards to the seasonality of 

farmgate milk prices their results indicate that in both samples the time series exhibit a 

seasonal pattern. Nevertheless, results shows that seasonal component in all cases is almost 

constant over the time. It is not consistent with the findings of Iwan (2005), Matysik-Pejas 

(2007) and Szajner (2014) that the amplitudes of seasonal component of milk prices tends 

to follow downward trend due to proceeding specialization and development of dairy 

sector. Nicholson and Stephenson (2015) employed the same method as Bergmann et al. 

(2013, 2015) for the US market and obtained similar results in terms of seasonality. It may 

suggest that State Space Models and Kalman filter are not optimal tools for deriving 

seasonal component from the farmgate milk prices. 

Methodology and data collection 

As the aim of the research is to test two hypotheses it is divided into two parts. The 

first part investigates if the seasonality still plays an important role in shaping the farmgate 

milk prices in EU. The second part tries to answer the question if the amplitude of the 

seasonal component in the farmgate milk prices in EU is decreasing together with the 

growing integration of the EU milk market with the global milk market. 

EU farmgate milk prices analyzed in the first part of the research are monthly average 

prices of raw milk at real fat and protein content paid to milk producers nominated in 

EUR and obtained from the EU Milk Market Observatory. Sample includes only 

countries which used to reveal a strong seasonal pattern and experienced a marked change 

in farmgate milk price behavior after 2007. Therefore, finally data for 11 countries was 

included in the research: Belgium, Denmark, Germany, Ireland, France, Luxembourg, 

Netherlands, Austria, Finland, Sweden and the United Kingdom. The length of sample 

was determined by the availability of data. Nevertheless, as sample includes only 

countries from EU-15, in most cases it covers period from January 1977 to September 
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2017. Time series used in the research are presented in Figure 2 while Table 1 reports 

their length and descriptive statistics. 

  

  

 

 

Fig. 2. Farmgate milk prices in selected EU countries (EUR/100 kg) 

Source: EU Milk Market Observatory. 

Table 1. Descriptive statistics of farmage milk prices in particular EU countries (EUR per 100 kg) 

Country Start End Min Mean Median Max 

Belgium Jan-77 Sep-17 16.76 27.76 27.78 43.20 

Denmark Jan-77 Sep-17 19.62 31.32 32.33 43.50 

Germany Jan-77 Sep-17 19.59 29.49 29.65 42.46 

Ireland Jan-77 Sep-17 14.12 26.79 26.98 45.40 

France Jan-77 Sep-17 15.07 28.21 28.94 39.82 

Luxembourg Jan-77 Sep-17 15.85 29.43 30.27 46.42 

Netherlands Jan-77 Sep-17 18.98 30.65 31.28 45.09 

Austria Jan-95 Sep-17 25.27 31.94 30.78 42.70 

Finland Jan-95 Sep-17 26.27 37.18 36.87 49.50 

Sweden Jan-95 Sep-17 23.48 33.71 33.39 42.52 

UK Jan-77 Sep-17 13.26 26.82 26.67 40.01 

Source: own calculations. 
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According to the literature seasonality amplitude of the farmagate milk prices is not 

constant over the time and tends to diminish with the development of dairy sector (Szajner, 

2014; Iwan, 2005; Matysik-Pejas, 2007). Therefore, in order to address the problem of 

nearly constant seasonal component which appears in case of decomposition of time series 

using Kalman filter (Bergmann et al. 2013, 2015; Nicholson and Stephenson, 2015) the 

multiplicative decomposition of time series was implemented. The same approach was 

employed by Szajner (2014). In a multiplicative decomposition, the seasonal components 

change proportionately with the trend. If the trend rises, so do the seasonal effects while if 

the trend moves downward the seasonal effects decrease too. The multiplicative model can 

be specified as: Y C S I (1) 

 

where Y  is the original time series, C  is the trend-cycle, S  is the seasonal component, and I  is the irregular component. Therefore, despite the fact, that the multiplicative 

decomposition, contrary to the Kalman filter, does not enable to derive the cyclical 

component from the time series, it includes them in the trend-cycle component C . Seasonal 

adjustment process was conducted using the Census X-12 procedure (U.S. Census Bureau, 

2011).  

In order to visualize the change in seasonal component obtained time series were 

converted into annual data using following algorithm: SF min S , S , S , … , S max S , S , S , … , S  (2) 

 

where S  , j , , , … ,  are multiplicative seasonal factors for particular months for i 
country and year t. 

The purpose of the second part of the research is to test the hypothesis that the amplitude 

of seasonal component in the farmgate milk prices in EU is decreasing together with the 

growing integration of the EU milk market with the global milk market. The starting point for 

the analysis and also an endogenous variable are annual time series obtained in the first part of 

the research (SF ) from the equation 2. The change in seasonality pattern was modeled using 

two explanatory variables. The first variable is annual milk deliveries per cow in particular 

countries (development ). Milk deliveries per cow may be treated as a proxy for the 

development of dairy sector determined by calvings distribution, feeding regime and size of 

dairy sector. The higher average milk yield is, the dairy sector is more developed. Therefore, 

an increase in milk deliveries per cow should lead to a decrease in amplitude of seasonal 

component of farmgate milk price in the EU. Data on the milk deliveries and the size of milk 

cows herds in particular EU countries are annual data obtained from Eurostat. The second 

explanatory variable is the average percentage difference between milk prices in particular 

EU countries and the United States (difference ). This variable serves as a proxy for the 

integration of EU milk market with global milk market. The lower average percentage 

difference between these prices is, the EU market is more integrated with the global market. 

According to the hypothesis tested in this part of the research, higher integration of EU milk 

market with the global milk market should lead to decrease in amplitude of the seasonal 

component of farmgate milk price in EU. Monthly milk prices for particular EU countries 

come from the EU Milk Market Observatory and were originally nominated in EUR. In turn, 

monthly US milk price (all-milk price) was obtained from United States Department of 
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Agriculture – National Agricultural Statistics Service and converted into EUR using monthly 

averages of Thomson Reuters Datastream EUR/ECU vs. USD spot rate. Monthly time series 

were converted to annual data using annual averages. It may be argued that the farmgate milk 

price from New Zealand would be a better proxy of global milk market that the US price. 

Nevertheless, the time series for the US were much longer than for New Zealand. Moreover, 

it has been proved that the US dairy market is well integrated with the global milk market 

(Newton, 2016) which allows to treat it as a proxy of the global milk market. Table 2 reports 

the length of sample for particular countries and descriptive statistics for the variables used in 

the research. 

Table 2. Descriptive statistics of explanatory variables 

Annual milk deliveries per cow (1,000 kg) - (development ) 

  
Belgium Denmark Germany Ireland France 

Luxem

bourg 

Netherl

ands 
Austria Finland Sweden UK 

Start 1977 1977 1977 1977 1977 1977 1977 1995 1995 1995 1977 

End 2016 2016 2016 2016 2016 2016 2016 2016 2016 2016 2016 

Min 2.90 4.52 3.79 2.58 2.95 3.50 4.58 3.20 5.91 6.73 4.44 

Mean 4.68 6.76 5.49 4.19 5.15 5.26 6.30 4.72 7.39 7.90 5.93 

Median 4.68 6.46 5.27 4.27 5.22 5.42 6.41 4.95 7.60 8.02 5.62 

Max 7.58 9.33 7.53 5.19 6.98 6.97 8.10 5.78 8.68 8.71 7.97 

Percentage difference between the farmgate milk prices in particular EU countries and US milk price (%) - 

(difference ) 

  
Belgium Denmark Germany Ireland France 

Luxem

bourg 

Netherl

ands 
Austria Finland Sweden UK 

Start 1977 1977 1977 1977 1977 1977 1977 1995 1995 1995 1977 

End 2016 2016 2016 2016 2016 2016 2016 2016 2016 2016 2016 

Min -10.29 4.33 4.38 -22.44 -6.81 -9.77 2.00 19.05 27.98 15.88 -17.44 

Mean 35.01 42.37 39.19 32.34 35.82 37.96 41.12 39.29 47.99 41.99 32.56 

Median 36.91 45.85 40.90 33.56 40.23 41.99 43.74 38.88 46.98 40.51 36.35 

Max 62.23 66.64 63.68 58.72 63.68 65.82 65.20 63.88 68.50 68.18 58.55 

Source: own calculations. 

Data used in the research was obtained over multiple time periods for the same group 

of countries. Therefore, due to characteristics of data set the second part of the research 

employs panel regressions. The main advantage of panel models is the opportunity to use 

data of multiple observations over the same units which allows to estimate more realistic 

models than in case of a single time series or single cross-sections models (Verbeeck, 

2004). Panel data usually provide the researcher with a higher number of degrees of 

freedom and reduce the collinearity among explanatory variables, hence improving the 

efficiency of econometric estimates (Hsiao, 2003, Baltagi, 2005). 

Panel data have a cross-sectional dimension  and a time-series dimension . 

Therefore, in the panel models variables are indexed by an  for the individuals , … ,  and by a  for the time periods , … , . In the general form panel models can 

be specified as: 
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α  (3) 

 

where  is a scalar,  is the th observation on K explanatory variables and  defines K x 

1 vector of explanatory variables. Error component  can be written as: 

(4) 

 

where  is the unobservable individual-specific effect and  denotes the remainder 

disturbance (Baltagi, 2005). Research employs the following sorts of panel models: random 

effects model and fixed effects model. In random effects models the individual-specific 

effects µ  are random variables with mean 0 and variance σµ. Therefore, an assumption that µ  are random variables in random effects models enable to avoid the loss of degrees of 

freedom. Random effects models are estimated usually by generalized least squares (GLS) 

method. The main feature of fixed effects model is that  are assumed to be estimated 

fixed parameters.  captures characteristics associated with particular individuals which 

are constant over time, so called “fixed effects”. Remainder disturbance  is assumed to 

be independent and identically distributed with mean 0 and variance .  are assumed to 

be independent of the  for all  and . Fixed effects models are estimated usually by 

ordinary least squares (OLS) method. 

Results 

Figure 3 shows seasonal components of analyzed farmgate milk prices while Figure 4 

presents their conversion to the annual data using algorithm presented in the equation 2. 

The results indicate that the seasonality remains an important factor determining the 

farmgate milk prices in EU although it is not such explicit as before 2007. It supports the 

view that due to the biological nature of milk production the seasonality cannot be 

completely eliminated from its price. Nevertheless, the significance of the seasonality in 

determining farmagate milk prices has markedly diminished after 2007 in most analyzed 

countries.  

The estimation of panel regression, which was the second part of the research, 

provides useful information about the causes of diminishing seasonality amplitudes of the 

farmgate milk prices in EU. The final model is specified as in Table 3. 
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Fig. 3. Seasonal components of farmgate milk prices (pts) 

Source: own calculations. 

  

  

 

 

Fig. 4. Annual seasonal components of farmgate milk prices – variable (SF )  

Source: own calculations. 
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Table 3. Panel model specification. Endogenous variable is SF  

Variable Coefficient Std. Error t-Statistc P-value 

 15.125 1.782 8.489 0.000*** 

 -0.692 0.213 -3.251 0.001** 

 0.086 0.013 6.767 0.000*** 

Source: own calculations. 

All explanatory variables are statistically significant. R-squared amounted to 0.11 

indicating on the moderate goodness of fit, as far as panel data considered. According to the 

results of the estimation an increase in milk productivity by 1,000 kg per cow 

(Development ) leads ceteris paribus to decrease in seasonality amplitude by 0.69 pp. 

With regards to percentage difference between farmgate milk prices in particular EU 

countries and the US (Difference ), its decrease by 1 pp. leads ceteris paribus to a drop in 

seasonality amplitude by 0.09 pp. 

Hausman test indicates that random effects specification is more suitable than fixed 

effects. It most likely reflects that nowadays country specific factors like the climate 

conditions are less important. The choice of the random effects specification was also 

confirmed by the results of Breusch-Pagan Lagrange multiplier test. Breusch-

Godfrey/Wooldridge and Breusch-Pagan tests indicated on autocorrelation and 

homoscedasticity in the model. Therefore, addressing that problem White’s robust 

estimators of the covariance matrix were used (White, 1980). 

Conclusions  

The purpose of the research was to test the hypothesis that the seasonality still plays an 

important role in shaping the farmgate milk prices in EU. It also investigated if the growing 

integration of the EU milk market with the global milk market leads to decrease in 

amplitude of the seasonal component in EU farmgate milk prices. The results confirm that 

seasonality remains a significant factor determining farmgate milk prices in EU although its 

role has markedly diminished after 2007 in most analyzed countries. Moreover, the results 

suggests that it is connected not only with the development of EU dairy sector, which is 

consistent with the results of Szajner (2014), Iwan (2005) and Matysik-Pejas (2007), but 

also with its growing integration with the global milk market. Therefore, it can be expected 

that in the future, together with the further globalization of the milk market, the significance 

of the seasonality in determining farmgate milk prices in EU will be diminishing. As a 

consequence, findings from this research have implications for the forecasting of milk 

prices in EU. Moreover, the results from this study may be used in the further research on 

how globalization affects the role of local factors in determining the price transmission in 

agricultural markets. 
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Abstract. Butter and skimmed milk powder (SMP) are con-
sidered to be primary dairy commodities as they enable stor-
age of fat and protein. The spread between butter and SMP 
prices in the European Union (EU) has been stable for many 
years. However, in 2016, butter prices suddenly increased to 
reach extremely high levels while SMP prices remained low. 
As a consequence, the price spread between milk fat and pro-
tein has surged, leading to severe imbalance in the EU dairy 
market. Some professionals argue that the main reason for this 
occurrence are large intervention stocks of SMP accumulated 
by the European Commission (EC) which weigh on prices. 
Nevertheless, no one has yet proved the existence of a causal 
relationship between the intervention stocks accumulated by 
the EC and the butter/SMP price spread. Hence, the purpose 
of this paper is to test that hypothesis. The causality between 
the EC intervention stocks and the butter/SMP price spread 
was tested using the Granger causality approach. The results 
show that the difference between butter and SMP intervention 
stocks accumulated by the EC Granger-causes the butter/SMP 
price spread while there is no causality in the opposite direc-
tion, which supports the hypothesis tested. 

Keywords: CAP, intervention, butter, SMP, dairy, Granger 
causality

INTRODUCTION

Butter and skimmed milk powder (SMP) enable long-
term storage of milk fat and milk protein, the two most 
valuable components of raw milk. Therefore, butter 
and SMP are considered as primary dairy commodities 
(O’Connor et al., 2009). The spread between butter and 

SMP prices in the European Union (EU) has been stable 
for many years (see Fig. 1). Nevertheless, in 2016, but-
ter prices suddenly increased to reach extremely high 
levels while SMP prices remained low. As a result, the 
price spread between butter and SMP hit EUR 477.10 
in September 2017 vs. the average level of EUR 96.91 
recorded in 2009–2015 (see Fig. 1). There is an intense 
discussion among dairy sector professionals about the 
reasons behind these developments.

Some of the representatives of the dairy sector con-
sider that a significant increase in the butter/SMP price 
spread results from the surge in global demand for but-
ter (Terazono, 2017; Gale, 2018). They argue that after 
years of decline, the demand for butter is growing due to 
increasing consumer interest in natural ingredients and 
the bad press for vegetable oil-based fats. Nonetheless, 
such an explanation is not confirmed by global data on 
butter demand. According to OECD-FAO (2018), global 
butter consumption increased by 2.1% in 2017 (vs. 2.0% 
in 2016), and the growth rate is consistent with the long-
term trend observed in the last decade (2.2%).

Some market participants attribute the strong in-
crease in the butter/SMP price spread to herding behav-
ior and speculation. As most transactions on the dairy 
market are on an over-the-counter (OTC) basis, there is 
a relatively high asymmetry of information. Fueled by 
media, widespread expectations on further rise in butter 
prices might have encouraged producers and consum-
ers to stockpile butter which boosted an increase in its 
prices. Nevertheless, the above hypothesis is not re-
flected by data on ending stocks of butter provided by 
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OECD-FAO (2018). As far as financial speculation is 
considered, current research indicates that there is no 
strong evidence for a causal relationship between specu-
lative capital flows and commodity prices (Amann et al., 
2013). Hence, it may be assumed that the dairy market 
is not an exception.

The last and most robust explanation for the strong 
increase in the butter/SMP price spread discussed 
among professionals are abundant intervention stocks 
of SMP accumulated by the European Commission 
(Schreijen and Bellamy, 2017). At the end of 2017, the 
European Commission’s (EC) intervention stocks of 
SMP amounted to 378.1 thousand tons i.e. ca. 17% of 
annual global SMP exports. The influence of SMP in-
tervention stocks on the butter/SMP price spread is con-
sidered to be twofold. Firstly, the abundant intervention 
stocks of SMP directly dampen the SMP prices which is 
consistent with the commodity storage theory (Williams 
and Wright, 1991). Secondly, the abundant intervention 
stocks of SMP may affect the butter/SMP price spread 
indirectly due to the impact they have on the relative 
profitability of production of each dairy product. De-
spite the fact that raw milk can be processed into a vari-
ety of products, generally the choice is between produc-
ing butter and SMP, or cheese and whey. The decision 
to produce more butter is not only based on the butter 
price but also depends on the market outlook for SMP 

and on cheese and whey prices. While butter prices are 
record high, the low levels for SMP mean the returns 
on butter/SMP and cheese/whey are similar. Supportive 
for a such conclusion are similar values of the Actual 
Milk Price Equivalent (AMPE) and the Milk for Cheese 
Value Equivalent computed by the AHDB Dairy for the 
United Kingdom which may be treated as a proxy for 
profitability of butter/SMP and cheese/whey produc-
tion, respectively. The British dairy market is strongly 
integrated with the whole EU dairy market, hence the 
results for the UK can be generalized on the whole EU. 
The outlook for SMP prices is highly uncertain due to 
abundant EC intervention stocks, and butter prices are 
very volatile and suspiciously high. This makes many 
dairy professionals unwilling to take a risk and pro-
duce butter/SMP; as a consequence, they may switch to 
cheese/whey production. 

Therefore, the aim of this paper is to test the hy-
pothesis if the abundant stocks of SMP accumulated by 
EC are the reason for the imbalance in the dairy market 
reflected by the surge in the butter/SMP price spread. 
In a more general approach, the focus of this study is 
on the impact of interventionist inventory schemes 
in the EU milk market, financed by EU taxpayers, on 
dairy prices. As this problem is largely associated with 
the dairy processors’ decisions on production structure, 
the study assumes the perspective of dairy processors.

Fig. 1. Price developments in the EU butter and SMP markets (EUR per ton, monthly data)
Source: elaborated based on the EU Milk Market Observatory, 2018.

Butter and SMP prices in EU Butter and SMP price spread
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The paper is organized as follows. Section 2 pro-
vides a literature review on the EU policy for the dairy 
market. Section 3 briefly describes the technical back-
ground behind the EC interventions. Section 4 presents 
data collection methods used in the research. Section 5 
describes the econometric methods employed in the 
research and the results of the estimations. Section 6 
shows the estimation results. Section 7 presents the con-
cluding remarks and policy implications.

LITERATURE REVIEW

There is a vast literature on the Common Agricultural 
Policy (CAP) and its implications for prices of dairy 
commodities. It mainly focuses on the deregulation 
of the EU milk market and its effect on price volatil-
ity (Keane and O’Connor, 2009; O’Connor et al., 2009; 
Weber et al., 2012; O’Connor et al., 2015; Pouch and 
Trouvé, 2018; Olipra, 2019). The main conclusion from 
the existing literature is that prior to the fundamental 
reform of the dairy policy under the Luxembourg agree-
ment in 2003, the EU’s internal dairy market was truly 
isolated from the global market. It was possible due to 
numerous internal measures such as intervention pur-
chases, export refunds, import tariffs, production quo-
tas and subsidized consumption. As a consequence, the 
prices of raw milk and dairy commodities in EU were 
markedly higher than abroad while the EU internal mar-
ket was protected from a higher price volatility observed 
in the global dairy market. The gradual deregulation of 

the EU dairy market after the 2003 Luxembourg agree-
ment contributed to narrowing the gap between EU and 
world dairy prices. As a consequence, EU prices started 
to be strongly correlated with global prices, resulting in 
a higher volatility.

The issue of higher volatility of dairy prices in 
the EU and its implications for risk management in the 
dairy sector was examined by Kloosterboer (2016). He 
pointed out that there is less and less room for inter-
ventionist measures in the EU dairy market. Therefore, 
the need arises to develop market-based risk manage-
ment measures such as futures/options, voluntary in-
surance schemes or fiscal measures in order to build 
reserves in times of high prices to use them during the 
market downturn. The study on the development of 
the futures/options market for the EU dairy sector was 
provided in an EC report (EC, 2017). It concludes that 
financial tools, such as futures and options, could con-
tribute to reducing the risks faced by dairy farmers and 
processors, especially in times of relatively high vola-
tility and low prices. Nevertheless, it points out pos-
sible limitations to this solution such as low liquidity 
or insufficient financial background among dairy sec-
tor representatives. Moreover, dairy products are not 
as homogenous as grains; this additionally hampers the 
development of liquid futures and options markets for 
the dairy sector.

The dependence between the EC’s intervention tools 
and dairy products prices was analyzed only by Heleine 
et al. (2016). They used the Aglink–Cosimo model to 

Fig. 2. Historical relationships between AMPE and MCVE in the UK (EUR/100 kg, monthly data)
Source: calculated based on AHDB/DairyCo, 2014.

Destabilizing intervention in EU dairy markets 85

Price transmission in deregulated agricultural markets... Warsaw School of Economics



Olipra, J. (2020). Destabilizing intervention in EU dairy markets. J. Agribus. Rural Dev., 1(55), 73–83. http://dx.doi.org/ 
10.17306/J.JARD.2020.01229

76 www.jard.edu.pl

assess the potential impact of raising the dairy interven-
tion prices. The results indicate that raising the inter-
vention prices to their pre-reform level could lead to 
an important accumulation of intervention stocks over 
time. Furthermore, the results show that as the EU dairy 
market is currently very integrated with the world mar-
ket, the higher intervention prices might result in trig-
gering an intervention being a consequence of market 
imbalances driven by oversupply in other regions of the 
world than the EU.

The issue of abundant SMP intervention stocks accu-
mulated by the European Commission was investigated 
by (Jongeneel et al., 2018). They analyzed three main 
EU destocking strategies for SMP. The first strategy 
analyzed is based on a fixed sales pattern of monthly 
sales of 20 thousand tons during a 1.5-year period. The 
second strategy implies denaturation of the SMP so that 
it is no longer suitable for human consumption and that 
it would be sold as a protein source for animal feed. The 
third strategy assumes splitting up the SMP stocks into 
two categories, taking into account their shelf life. The 
first category may be sold as a fresh product (aged less 
than 1.5 year), whereas the second category (aged 
more than 1.5 year) has a lower market attractiveness 
which would need a price discount.

INTERVENTIONS IN EU DAIRY MARKET

Public intervention
After the abolition of milk quotas in April 2015, inter-
vention buying-in remains the main CAP tool for the 
dairy market. It is intended to provide a minimum level 
(referred to as a safety net) for farmgate milk prices in 
times of market downturn. As raw milk is itself a perish-
able and non-storable product, intervention purchases 
are based on the procurement of SMP and butter which 
enable long-term storage of milk fat and protein, the 
two most valuable components of raw milk. Therefore, 
intervention buying-in affects farmgate milk prices in-
directly, by supporting SMP and butter prices. The in-
tervention scheme allows the EC to buy-in 109,000 tons 
of SMP and 60,000 tons of butter between March 1 and 
September 30 each year, at the fixed reference price of 
EUR 1,698 per ton and EUR 2,217 per ton, respectively. 
After the volume limit is reached, the EC can continue 
buying for intervention through tenders without price 
guarantee. When the price situation improves, the EC 
can sell its intervention stocks in such a way as to avoid 

any disturbance of the market (Council Regulations 
No. 1308/2013 and No. 1370/2013).

Private storage
Another CAP tool for the dairy market is Private Storage 
Aid (PSA). It is based on subsidizing the private storage 
of butter and SMP (comprising a fixed rate per ton, plus 
a defined daily amount per ton) which allows to take 
these products temporarily off the market. The interven-
tion scheme enables subsidized storage of the above-
mentioned products for a minimum period of 90 days 
and a maximum of 210 days. PSA differs from public 
intervention as the products under PSA remain the prop-
erty of producers who are responsible for selling them 
once the contractual storage period has elapsed (Council 
Regulations No. 1308/2013 and No. 1370/2013).

Evolution of public and private intervention 
stocks
In Q1 2014, the global milk market entered the decreas-
ing phase of the cycle. The reasons were a decline in 
global demand for dairy products, especially in China, 
and the overproduction of milk in main dairy exporting 
countries (including New Zealand and EU). The market 
prospects worsened markedly after Russia, the second 
largest global importer of dairy products, imposed an 
embargo on food exports, including dairy products from 
the EU, the U.S., Australia, Canada and Norway in Au-
gust 2014. In response to the threat of market disruption 
due to the loss of the Russian export market, the EC 
launched the PSA on September 5, 2014. 

After the abolition of milk quotas in EU in 
April 2015, the market situation deteriorated further as 
EU farmers markedly increased their milk deliveries. 
As a consequence, PSA was extended until Septem-
ber 30, 2016. Moreover, when SMP prices reached their 
intervention levels in August 2015, public intervention 
started in the SMP market. Intervention buying of SMP 
quickly exceeded the limits set for purchases with fixed 
price, and the EC continued intervention purchases 
through tenders without price guarantee. It is worth not-
ing that in the meantime, butter price remained above 
the intervention levels. Due to the deteriorating market 
situation and high interest of producers in intervention 
buying-in, the EC decided in June 2016 to increase the 
public intervention ceiling for fixed-price interven-
tion purchases with 132,000 tons (Council Regulation 
No. 2016/1042). 
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In Q2 2016, there was a turning point in the global 
milk market cycle; prices of dairy commodities started 
to increase, supported mainly by lower milk produc-
tion in the EU and the recovery of global demand for 
dairy products, especially in China. While private but-
ter inventories were quickly released to the market due 
to a strong rise in prices, only a slight increase in SMP 
prices prevented the EC from selling its abundant inter-
vention stocks. Moreover, the EC decided to extend the 
PSA for SMP until February 28, 2017. 

When the market prospects deteriorated again in 
Q3 2017, mainly due to a strong rebound in milk pro-
duction in the EU and New Zealand, public SMP inven-
tories started to grow again. In order to prevent a further 
accumulation of SMP intervention stocks, the EC has 
implemented a temporary change to the buying-in ceil-
ing for SMP, reducing it to zero for the 2018 window 
(Council Regulation No. 2018/147). Moreover, the EC 
started to gradually sell its SMP stocks below the in-
tervention price level and managed to reduce them to 
103,977 tons at the end of January 2019 (Commission 
Implementing Regulation No. 2017/1919). 

Figure 3 shows how public and private stocks of 
SMP and butter have changed over time. Taking into 
consideration the historical development of butter and 
SMP intervention stocks presented in Fig. 3, it is worth 
noting that the storage of SMP used to appear only in 
response to the EC program, while the private storage 

of butter was, in some cases, also the result of a fully 
private initiative driven by the expectations of a higher 
return.

DATA COLLECTION AND 
TRANSFORMATION

This paper relies on data on private and public interven-
tion stocks of SMP and butter collected by the EC, and 
the average prices of these commodities in EU. All time 
series used in the research come from the EU Milk Mar-
ket Observatory. Public intervention stocks are expressed 
in tons while prices are nominated in euro (EUR). Price 
data is reported on a weekly basis whereas data on inter-
vention stocks is released monthly. Therefore, monthly 
averages were calculated for the price time series to 
align it with intervention stocks data. The period cov-
ered by the sample is April 2009 to January 2019. The 
reason for adjusting the sample was to obtain the longest 
possible and relatively homogeneous time series. As the 
deregulation process of the EU dairy industry has been 
evolving over last two decades, it is difficult to avoid 
structural breaks in the study period. The period covered 
by the sample was marked by constant butter and SMP 
intervention prices, and a strong and stable integration 
between the EU and the global dairy market (Newton, 
2016). Moreover, the study period starts with the first 
milk quota year after the Health Check of the Common 

Fig. 3. Evolution of private and public butter and SMP intervention stocks in the EU (thousand tons, monthly data)
Source: elaborated based on the EU Milk Market Observatory, 2018.
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Agricultural Policy in 2008 which defined the current 
regulatory framework for the EU milk sector, including 
the gradual increase in milk quotas towards their aboli-
tion in April 2015 (Kloosterboer, 2016). Therefore, the 
sample used in this study seems to be the best possible 
trade-off between length and homogeneity of the time 
series. 

As the aim of the research is to investigate if the im-
balance in the EC intervention stocks affects the spread 
between butter and SMP prices, the following variables 
were calculated and used in the estimations. The first 
variable is the Price Spread which reflects the difference 
between butter and SMP prices.

Price Spreadt = Butter procet – SMP pricet

The second variable is Stocks Difference which 
shows the relative difference between total (private and 
public) SMP intervention stocks and total butter inter-
vention stocks. In order to subtract butter stocks from 
SMP stocks, all stocks were expressed in milk equiva-
lent, namely in the quantity of milk needed to produce 
them. It may be assumed that ca. 20.94 kg and 11.34 kg 
of raw milk is needed to produce 1 kg of butter (82% 

fat content) and SMP, respectively. Hence, the variable 
Stocks Difference was expressed as follows:

Stocks Differencet = SMP total stockst · 11.34 –  
Butter total stockst · 20.94

As both intervention stocks and prices exhibit sea-
sonality, the variables were seasonally adjusted using 
the additive version of the Census X-12 procedure (U.S. 
Census Bureau, 2011). Table 1 reports the descriptive 
statistics for the variables used in the research. Figure 4 
shows the historical relationships between them.

METHODOLOGY AND RESULTS

The main purpose of this research is to test if the dif-
ference between the EC intervention stocks of butter 
and SMP affects the spread between prices of these 
two commodities. One of the most popular economet-
ric tools used for testing both the dependence between 
variables and its direction is the Granger causality test 
(Granger, 1988). In the Granger causality approach, x is 
a cause of y if lagged values of x are useful in forecast-
ing y. Granger causality cannot be treated as causality 

Table 1. Descriptive statistics for Price Spread and Stocks Difference

Variable Min Median Mean Max

Price Spread (EUR/100 kg, seasonally adjusted) 41.327 116.324 153.307 441.466

Stocks Difference (tons, seasonally adjusted) –1933.793 288.557 809.222 4528.604

Source: own calculations.

Fig. 4. Historical relationships between Price Spread and Stocks Difference (monthly data)
Source: own calculations.
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in the broad sense; but when coupled with economic 
theory, it enables drawing conclusions on the relation-
ship between two variables. The Granger causality test 
is based on VAR-type regression given by: 

yt = α0 + α1yt–1 + … + αpyt–p + β1xt–1 + … + βpxt–p + εt (1)

where α and β are coefficients, while p represents the 
maximum lag of variables tested. The null hypothesis is 
that β1 = β2 = … = βp = 0 which means that x does not 
Granger-cause y.

The ordinary Wald test of joint significance of re-
gression parameters, used as a causality test, is not valid 
if the variables are non-stationary because the test sta-
tistic does not have its usual asymptotic distribution 
(Toda and Phillips, 1993). Therefore, in the first step of 
the analysis, the augmented Dickey–Fuller (ADF) and 
the Kwiatkowski–Phillips–Schmidt–Shin (KPSS) tests 
were used to check the order of integration of the vari-
ables. The results indicate that Price Spread and Stocks 
Difference are integrated of order one (see Table 2).

Such a conclusion seems to contradict the nature of 
the variables analyzed. Intervention stocks, by defini-
tion, should converge to zero in the medium term (after 
abatement of shock which triggered the intervention). 
As a consequence, the expected value of difference be-
tween SMP and butter intervention stocks should also 
be 0. Similarly, the spread between prices, by definition, 
should be stationary too, as in the medium term it re-
flects the equilibrium between these two prices. Because 
of these particularities, further calculations assume that 
the variables are stationary, despite the results of ADF 
and KPSS tests. Nevertheless, in the sensitivity analysis, 

causality was tested on assumption that variables are in-
tegrated of order one in order to test the robustness of 
estimates.

The p-lag vector autoregressive VAR model was es-
timated in the second step. The VAR(p) model can be 
defined as:

 ∑
=

− +=
p

1i
t1tit εYΓY  (2)

Where Yt is an (n × 1) vector of time series variables, Γi 
are (n × n) coefficient matrices, while εt is an (n × 1) vec-
tor of error terms. The optimal lag selection was based 
on the Schwarz (1978) and Hanna and Quinn (1979) cri-
teria (see Table 3). 

Lag selection was then adjusted based on the La-
grange Multiplier (LM) autocorrelation test to obtain 
non-autocorrelated error terms (see Table 4). The results 
indicate that five lags are the optimal selection for the 
model specified in this study. 

All roots of the characteristic polynomial have 
a modulus less than one and lie inside the unit circle 
which indicates that the model is stable (see Table 5).

The Granger causality test was evaluated as the last 
step of the analysis. The significance of p-values for the 
Wald test statistic reveals that there is one-directional 
Granger-causality between Stocks Difference and Price 
Spread. It means that the difference between SMP and 
butter intervention stocks Granger-causes the butter/
SMP price spread, while the butter/SMP price spread 
does not Granger-cause the difference between SMP and 
butter intervention stocks.

Table 2. ADF and KPSS unit root tests results

Variable
ADF KPSS

Level First 
difference Level First 

difference

Price Spread –1.360 –5.457 0.747 0.126

Stocks Difference –2.079 –2.843 0.559 0.114

Test critical values 1% level 5% level 10% level

ADF –3.488 –2.887 –2.580

KPSS 0.739 0.463 0.347

Source: own calculations.
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SENSITIVITY ANALYSIS

The ordinary Wald test of joint significance of regres-
sion parameters, used as a causality test, is not valid if 
the variables are non-stationary. Therefore, in the light 
of the results of ADF and KPSS tests (see Table 2), it 
is imperative to test Granger causality also with the as-
sumption that the variables are integrated of order one. 
The sensitivity analysis was started with the procedure 
by (Johansen and Juselius, 1992) in order to test for 
cointegration between variables. The results of the trace 
test and the maximum eigenvalue test suggest that there 
is one cointegrating vector indicating causality between 
the variables analyzed (see Table 7).

Then, the study employs the Granger causality ap-
proach developed by Toda and Yamamoto (1995). The 
method proposed by Toda and Yamamoto (1995) deals 

Table 3. VAR lag order selection criteria

Lag SC HQ

0 29.164 29.134

1 21.902 21.812

2 21.217 21.068

3 21.188* 20.979*

4 21.258 20.989

5 21.316 20.987

6 21.458 21.069

7 21.617 21.169

8 21.742 21.234

9 21.853 21.286

10 21.974 21.346

11 22.122 21.435

12 22.228 21.481

* indicates the lag order selected based on the criterion.
SC: Schwarz information criterion.
HQ: Hannan–Quinn information criterion.
Source: own calculations.

Table 4. VAR residual serial correlation LM test for VAR(5)

Lags LM-stat Probability

1 3.939 0.414

2 1.966 0.742

3 3.804 0.433

4 1.110 0.893

5 4.117 0.390

6 0.521 0.972

7 7.157 0.128

8 4.137 0.388

9 1.448 0.836

10 0.304 0.990

11 0.729 0.948

12 3.732 0.444

Source: own calculations.

Table 5. Roots of the characteristic polynomial for VAR(5)

Root Modulus

0.943 – 0.112i 0.950

0.943 + 0.112i 0.950

0.937 0.937

0.676 – 0.539i 0.865

0.676 + 0.539i 0.865

–0.481 – 0.477i 0.678

–0.481 + 0.477i 0.678

–0.639 0.639

–0.042 – 0.543i 0.544

–0.042 + 0.543i 0.544

Source: own calculations.

Table 6. Granger causality test

Null hypotheses Chi-sq Probability

H1: Stocks Difference does not 
Granger-cause Price Spread

28.462  0.000

H2: Price Spread does not Granger- 
-cause Stocks Difference

3.088  0.686

Source: own calculations.
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with the problem of nonstationarity of variables in two 
steps. In the first step, the standard VAR(k) model is es-
timated on the levels of variables, which was done in 
the previous section. Then, the correct VAR order (k) 
is artificially augmented by the maximum order of in-
tegration of the time series (dmax) and the (k + dmax)-th 
VAR order is estimated. Therefore, in this case, the new 
model would be VAR(6). Finally, the Wald test is per-
formed, and the coefficients of the last lagged dmax vec-
tor are ignored. The modified Wald (MWALD) test has 
an asymptotic chi-square distribution with (k) degrees 
of freedom for which well-founded inferences can be 
carried out.

The significance of the p-values for the modified 
Wald (MWALD) statistic confirm the results obtained 
on assumption that the analyzed variables are station-
ary. The difference between SMP and butter interven-
tion stocks Granger-causes the butter/SMP price spread, 
while the butter/SMP price spread does not Granger-
cause the difference between SMP and butter interven-
tion stocks (see Table 8).

CONCLUDING REMARKS AND POLICY 
IMPLICATIONS

The results of the research show that the difference 
between butter and SMP intervention stocks accumu-
lated by the European Commission Granger-causes the 
butter/SMP price spread while there is no causality in 
the opposite direction. Therefore, the hypothesis that 
excessive intervention stocks of SMP vs. butter stocks 
accumulated by the European Commission are the rea-
son why the spread between butter and SMP prices rose 
to exceptionally high levels cannot be rejected. In the 
light of the current literature, the above may suggest 
that following the integration of the EU dairy market 
with the global market, the EC intervention policy (fi-
nanced by EU taxpayers) not only loses its efficiency 
(Heleine et al., 2016) but also may lead to severe mar-
ket imbalances. According to the existing literature, the 
high volatility in the dairy market is here to stay (Keane 
and O’Connor, 2009; O’Connor et al., 2009; Weber et 
al., 2012; O’Connor et al., 2015). Hence, there is a need 
for developing market-based risk management tools for 
dairy market futures/options, insurance or capital buffers 
as a replacement for the current EU dairy policy based 
on conventional intervention measures. Some valuable 
remarks in this respect may be found in Kloosterboer 
(2016) and in the EC report (EC, 2017). 

SOURCE OF FINANCING

Article financed by the author.

Table 7. Johansen cointegration tests

Hypothesized No. of CE(s) Eigenvalue Trace statistic 0.05 critical value Probability

Unrestricted cointegration rank test (trace)

None  0.185  25.616  15.495  0.001

At most 1  0.021  2.441  3.841  0.118

Unrestricted cointegration rank test (maximum eigenvalue)

None  0.185  23.176  14.265  0.002

At most 1  0.021  2.441  3.841  0.118

Source: own calculations.

Table 8. Toda–Yamamoto causality test

Null hypotheses Chi-sq Probability

H1: Stocks Difference does not 
Granger-cause Price Spread

13.420  0.020

H2: Price Spread does not Granger-
cause Stocks Difference

3.642  0.602

Source: own calculations.
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