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CHAPTER I

"I suspect agriculture products would give better protection during the next several 
years although gold and silver will be good too – perhaps second best."

“I'm long commodities and currencies, because if the world gets better, the shortages in 
commodities will make sure I make money; if the world economy doesn't get better, I'd 
rather own commodities because they're going to print money”. – Jim Rogers in 
CNBC`s Investor Clinic
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1 INTRODUCTION

1.1. Background  and motivations

Agricultural commodities are typically supplied and traded over geographically 
separated markets and in a contracted period of time through physical delivery 
(Stephens et al., 2012). These characteristics yield a complex property of price linkage 
across space and time. The theme of this dissertation concerns such property as 
hedging issues, price transmission and marketing margin in the agricultural 
commodity market. By understanding the issues, agricultural market participants, 
including farmers, processors, industries, consumers and policy makers can benefit 
from insights into these issues either in order to assess past actions and decisions or to 
derive guidelines for future action. (Garcia and Leuthold, 2004).

Increasing globalisation has been one of the major trends in recent decades, as a 
consequence of breakthroughs in transportation and information technology. 
Especially, gains in information technology have made it much easier for information 
on demand and supply conditions to be disseminated across markets (Bukenya and 
Labys, 2005). As a result of agreement with the EU's external trade partners in the 
World Trade Organisation (WTO), EU Common Agricultural Policy (CAP) started its 
major reform launched by Agenda 20001.  The purpose was to open up the European
Union’s agriculture to world markets. The Common Agricultural Policy (CAP), a system 
of European Union agricultural subsidies and programmes, originally aimed at 
increasing productivity and ensuring that farmers obtained a favourable and high price 
for their production. The reform of CAP allowed the European agriculture market to 
move towards the equivalent world market more freely than before. Consequently, 
when farmers in the EU have made the planting decision, they have had to face 
increasingly unfamiliar price uncertainty as a result of regional and international 
markets.  In order to assist European farmers to cope with price uncertainty, some 
marketing price risk management tools have been gradually encouraged and 
introduced in many member states (European Commission, 2000). Those tools are 
typically included in forward contracts, futures and option contracts and insurance 
contracts.

Finland became a member state of the EU in 1995. Ever since then, the operating 
environment of Finnish agriculture and food economy changed radically. Before 
Finland joined the EU, Finnish agriculture was isolated from outside world and 
concentrated very much on increasing and stabilizing production. Finnish agriculture 
was heavily subsidized by domestic policy. Therefore, the price of agricultural products 
remained very stable and high, but when Finland joined the EU, the commitment to the 
CAP of the EU no longer allowed Finland to regulate the market price level of 
agricultural products through national border protection and export subsidies. The 
Agenda 2000 programme gradually cut the intervention price under the CAP across all
agricultural products. Consequently, the fluctuation in world market prices was more 
quickly transmitted to European member states, including Finland. Price uncertainty 
for Finnish producers became more evident (Roche & Mcquinn, 2001). A Finnish 
producer has to consider not only the yield risks brought by the unpredictable weather, 
but also the price risk. Available and feasible price risk management tools for Finnish 
farmers have been provided by a Finnish cereal company since 2000. But its 

1 Detail of evaluation of Agenda 2000 could be found in Evaluation of the Agenda 2000 decisions for CAP 
reform (Henrichsmeyer and Witzke, 2000)
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effectiveness of hedging strategy for the farmers remained unknown. Under this 
circumstance, Article 1 in this dissertation provided one of the first studies on optimal 
hedging of Finnish wheat with local forward contracts under both price and yield risks. 

A futures contract, similar to a forward contract, is a popular price risk management 
tool that allows users to hedge their price risk by locking in the price of a commodity 
they wish to sell or purchase at a future date. Different from forward contracts, futures 
contracts are standardised in terms of contract terms and are traded in a futures 
exchanges under rules and regulations. In addition, a future contract does not require 
physical delivery of goods at maturity, but a forward contract does (Larson et al. 1998). 

Article 2 in my dissertation presented empirical research on the efficiency test of Crude 
Palm Oil (CPO) futures market located in Malaysia called Bursa Malaysia Derivatives 
(BMD). The motivation of this paper is due to the increasing interest in price 
development of biofuel during recent decades. Biodiesel has been the most popular 
biofuel resources for the EU members of state. One of the major feedstocks for the 
biodiesel is CPO. For CPO, BMD is one of the most liquidated and commonly traded 
futures markets. An efficient futures market could provide all the participants with a 
reliable forecast of spot prices in the future.  The unbiased forecast in the futures 
market allows both buyers and sellers to effectively manage their market risks in 
advance. The governments and institutions such as the European Union are also willing 
to encourage an efficient futures market to stabilize the commodity prices rather than 
market intervention through policies (Wang and Ke, 2005). The contribution of Article 
2 is to provide empirical evidence how a futures market located closed to suppliers 
functions for buyers who are located far away from the exchange and suppliers. 

The reform of CAP has further required the member states to integrate towards a single 
EU market. If a single market such as the EU functions efficiently, and policies are not 
an obstacle to their operation, the change in price of any given commodity in one 
member states should be similarly reflected in changes in domestic prices – known as 
“horizontal price transmission”(Gardner and Brooks, 1994; Brooks and Melyukina, 
2003). If a local food market such as Finnish food market is efficient, transmission of 
market shocks should go through the various stages of the supply chain symmetrically 
and rapidly – know as “vertical price transmission” (Thompson et. al. 2002; Teresa et. 
al. 2006). In summary, the degree of price transmission studies in both horizontal and 
vertical levels could reflect the extent of market integration, as well as the extent to 
which markets function efficiently.

The large body of research on market integration and price transmission, both 
horizontally and vertically, has applied spatial and time series models to impede the 
pass-through of price signals in the US (Barrett, 2001; Fackler and Goodwin, 2001; 
Goodwin and Piggot, 2001) and in the EU (Von Cramon-Taubadel, 1998; Brümmer et. 
al., 2009) and in some developing countries (Abudlai, 2000; Sharma, 2002; Stephens 
et. al. 2011).  Similar studies in Finland, however, have not been widely conducted and 
limited literature can be found (Pyykönen, 2005; Luoma et. al., 2004). Thus, the 
contribution of Articles 3 and 4 is to provide empirical evidence on horizontal and 
vertical price transmission of food markets in Finland when the policy environments
have experienced dramatic changes after Finland joined the EU.

The integration of European agriculture into the world economy has also accelerated 
price interaction between member states and the rest of the world. Therefore, supply 
and demand shocks in the global market apparently have transferred to the European 
market and the member of states faster than ever. Especially the price spike and 
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subsequent decline of 2006–2011, which resulted in an extensive debate about the 
foundations of international agricultural commodity markets and factors that triggered 
such dramatic waves. Many factors may explain these differences, including policy 
responses, exchange rate movements, competition policy, market structure and the 
degree of market openness. However, there are increasingly concerns that the adverse 
relationship between inventory and price volatility could encourage speculation in 
favour of the future continuum of increasing volatile price (Cooke and Robles, 2008). 
Commodity storage (inventory) models are designed to help understand how prices of 
storable commodity markets behave, and how they respond to policy interventions 
(Wright, 2001). Article 5 in the dissertation contributes to such existing models in that 
it  provides an empirical relationship analyses by a time-series volatility model between 
the global wheat inventories and the international wheat price. 

The openness of regional agriculture such as EU and Finnish to the world is 
irreversible, and the international community needs timely and differentiated 
information on the situation in different places in order to respond appropriately. In 
addition, topics such as climate change, rural development, sustainability and food 
safety have impacted on not only the production but also the price of agriculture 
products. Looking into the future, scientists (Iglesias et al. 2011) predict that climate 
change may bring more opportunity to the agricultural production of Northern Europe 
and Finland. Therefore, in addition to traditional focus on production economics in 
those regions, studies on the importance of price linkage may also play an important 
role. This dissertation thus provided various topics of empirical research on spatial 
price analysis across time concerning agricultural commodity products and the market. 
I hope that this dissertation may extend the horizon for interest in joint research and 
studies on agricultural economics and financial economics in Finland.  

In summary, this dissertation consists of 5 independent articles. Article 1 presents a 
case study on optimal hedging on Finnish wheat under both price and yield risks. The 
result shows that the forward contract might not be the best hedging tool for the 
farmers in Finland where the yield volatility per unit is bigger than price volatility.   
Article 2 presents an efficiency test of the CPO futures market in Malaysia for European 
participants using the cointegration technique. The results suggest that the futures 
market in Malaysia is not efficient for European participants, which indicates that they 
should be more cautious in using the hedging strategy in this futures market. Articles 3 
focuses on the price transmission of the Finnish food market at vertical level, and 
Article 4 investigates horizontal price transmission of the Finnish meat market towards 
the European market in both symmetric and asymmetric ways. The result from Article 
3 implies that the Finnish market is characterised by buyer power according to the 
measure of Lloyd et al. (2009). The result from Article 4 detects that the Finnish meat 
sector is integrated with EU benchmark countries symmetrically or asymmetrically. 
Moreover, the degree of integration and speed of adjustment of Finnish pork and beef 
towards the EU market are proved in different level. Article 5 presents an inventory 
model to investigate the relationship between price volatility and the inventory in the 
global wheat market. The results reveal that there is only a short-term significant 
relationship between price volatility and the inventory.

Topics on spatial and time series properties of agricultural commodity prices vary 
widely, and numerous methods have been developed accordingly. All the papers in this 
dissertation are related to price-based static spatial equilibrium models.  The advantage 
of usage of price-based analysis is that the data used in research is straightforward and 
reliable. However, the limitations of such studies should also be noted for the further 
improvement. For example, an empirical market efficiency test relying on just prices 
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may neglect substantial social inefficiency remaining due to trade barriers and 
excessive costs of commerce (Barrett, 2001). In the results of price-based evaluations of 
spatial price transmission, there should be a deeper understanding of the market 
structures and institutions relevant to the markets in question (Goodwin, 2006). In 
future research, we need to combine price-based analysis with institutional methods in 
order to explain robustly any particular set of findings. 

1.2. Methodology 

The purpose of this chapter is to describe both the theoretical background of individual 
papers and cointegration technique as a core econometric method used in all the 
papers.  In relation to the order of papers in this dissertation, I present four 
characteristic properties of commodity price linkage across space and time: Hedging 
issues, market efficiency, market integration, and inventory and price volatility.  At the 
end, the empirical literature and development of cointegration technique is introduced 
as a separate section of this chapter.

1.2.1. Hedging issues

In 1848, the Chicago Board of Trade (CBOT) was formed. Trading was originally in 
forward contracts. The first contract (on corn) was written on 13 March 1851. In 1865, 
standardized futures contracts were introduced. The futures contract originally served 
for agricultural commodities, and the financial instruments of futures have only 
developed since the 1970s. 

Hedging is a price-risk management method, which is the most common method used 
in futures or forward markets. Hedging, in its simplest form, “is the practice of 
offsetting the price risk inherent in any cash market position by taking an equal but 
opposite position in the futures or forward markets” (Catania et al. 1994).  The price 
risk could alter the decision maker’s well-being. Thus, to deal with hedging, several 
issues need to be clarified, such as whom the decision makers are, the risks to be 
hedged and the time of hedging. Decision makers in the futures and forward markets 
include risk takers such as speculators, risk neutrals such as financial agents and risk 
averters such as farmers and processors. Although different motivations exist because 
of the varied agendas of decision makers, the dominant paradigm used to examine 
hedging has been the portfolio model, whereby decision markers select the optimal 
hedge to maximize the expected utility or profit. The initial framework in Stein’s model 
in 1961 specified a firm’s optimal hedge ratio in the case of a single holding period for a 
given quantity. Later, the conceptual model was extended (e.g. McKinnon, 1967; 
Holthausen, 1979; Anderson and Danthine, 1980, 1983) to include production 
uncertainty, cross hedging, multiple cash goods and the futures markets and multiple 
periods. 

The main difference between a futures contract and a forward contract is that a futures 
contract includes not only the buyers and sellers of the contract, but also a clearing 
house as a third party in the exchange to avoid the credit risk that is caused by the 
counterparty of a forward contract, who may fail to perform on a forward. However, the 
transaction costs of a future contract are often much higher than those of a forward 
contract due to the existence of the clearing house. In addition, futures markets are 
quite frequently employed by speculators, who bet on the direction in which an asset’s 
price will move. They are usually closed out prior to maturity and delivery tends not to 



5

occur. On the other hand, forward contracts are mostly used by hedgers who want 
to eliminate the volatility in an asset’s price, and delivery of the asset or cash settlement
will usually take place. 

Therefore, for a decision maker such as a producer of agricultural products, e.g. a 
farmer, forward contracting becomes more realistic and economic. Empirical research 
on hedging has concentrated on identifying the optimal hedge and determining its 
hedging effectiveness, i.e. the percentage reduction in the variability of the unhedged 
position (Ederington, 1979). Correspondingly, the expected utility (EU) and mean 
variance (MV) have mostly been used. Compared to the EU model, the MV model is 
mainly used because it is empirically tractable and it either coincides with the EU 
model or, under fairly general conditions, it results in only negligible approximation 
errors. A sufficient condition for the MV model to coincide with the exact EU model is 
that either an investor’s utility function is quadratic or the investor’s expectation errors 
follow a normal distribution (Robison and Barry, 1987; Myers and Thompson, 1989; 
Tomek and Peterson, 2001). 

Finnish farmers are concerned not only with price risks but also with yield risks, as the 
Finnish weather is highly unpredictable. Lapan and Moschini (1994) provided evidence 
that the production risk substantially reduces hedge ratios and their effectiveness
develops under risk minimisation. Article 1 of this thesis applies a Lapan and Maschini 
type of model to detect a solution for Finnish farmers who face both yield and price 
risks.

1.2.2. Market Efficiency Test for the futures market

Unlike a forward contract, a futures contract is always traded in a futures exchange 
market, where the information about buying and selling as well as the demand and 
supply of contracting goods can be exchanged and updated in time. The efficiency of 
the futures market is important to not only participants of futures contracts but also to 
the government and producers. An efficient futures market can provide a reliable 
forecast of spot prices, which allows the marketers to be locked into their risks well in 
advance. Therefore, in an efficient futures market, a hedging strategy can also perform 
well. 

Fama (1970) provided a thorough review of the existing studies on market efficiency 
testing, and categorised the forms of market efficiency into three levels: (1) a weak 
form, (2) a semi-strong form and (3) a strong form. In the earlier work, simple linear 
regression models had been used by various studies (Martin and Garcia, 1981; Bigman 
et al., 1983). Later, the cointegration theory by Engle and Granger (1987) provided an 
error correction model (ECM) for testing market efficiency when prices are 
nonstationary (Wang and Ke, 2005, Carter and Mohapatra, 2008). Many studies have 
focused on the interaction between commodity futures prices and spot prices in the 
same market with respect to different products (Singh and Shanmugam, 2007). Many 
have confirmed the efficiency of the futures market, especially in storable commodity 
futures markets such as grain (Rausser and Carter, 1983), livestock (Covey and Bessler, 
1995; Fortenbery and Zapate, 1993; Garcia et al., 1988) energy (Coppola, 2008), and 
the financial futures markets (Leitch and Tanner, 1995; Hafer and Hein, 1984). Others 
have concluded that futures prices are not efficient forecasters of future spot prices, 
many of which investigate non-storable commodities (Purcell and Hudson, 1985; 
Schroeder and Goodwin, 1991). There are various reasons for the failure to find a 
cointegration relationship between cash and futures, such as the time series properties 
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of the cost of carry (Yang et al., 2001). Even though ECMs provide a convenient tool to 
distinguish futures market efficiency in long-term and short-term unbiasedness, it is 
not convincing to estimate short-term efficiency through the empirical estimation of an 
ECM alone. Thus, the out-of-sample forecasting performance of ECM in relation to 
futures is always recommended(Mckenzie et.al., 2003). The second article of this 
dissertation applies an ECM to test the efficiency of the futures market of crude palm 
oil.

1.2.3. Issues in Market integration 

Recent empirical analyses of market integration have mainly been divided into 
horizontal and vertical levels. Market integration studies on the horizontal level 
commonly investigate the development of prices of homogeneous products over time 
across different locations (Balke and Formby, 1997; Lo and Zivot, 2001; Goodwin et al., 
2011) and a variety of commodities (Buongiorno and Uusivuori, 1992; Michael et al., 
1994). Agricultural commodities are typically produced in different locations both 
domestically and internationally, and they are costly to transport relative to their total 
value. Horizontal market integration provides insights and inexpensive studies on the 
workings of the markets, and it investigates market relationships across products and 
estimates the performance the markets across borders. (Fackler and Goodwin, 2001). 

The notion of spatially integrated markets is typically expressed as the Law of One Price 
(LOP) and Purchasing Power Parity (PPP). Early usage of the term defined integration 
as the degree of co-movement of prices in different locations (Harriss, 1979), 
specifically as measured by the correlation between the prices (Gupta, 1973). 
Subsequently, the strength of spatial linkages among commodity markets has typically 
depended on the availability of reasonably accurate market information and the lack of 
significant impediments to spatial trade. It is therefore common to examine 
commodities whose prices are denominated in a common currency, such as within the 
EU or an individual country. The general implication underlying these basic concepts is 
that the prices for homogeneous products at different geographic locations in otherwise 
freely functioning markets should differ by no more than the transport and transactions 
costs. In the 1990s, cointegration techniques were used to rationalize the LOP as a 
long-term equilibrium, and many authors found more sound evidence in favour of the 
LOP, such as Goodwin (1992) (international wheat), Bessler and Fuller (1993) (US 
wheat market) and Goletti (1994) (Bangladesh rice market). More recently, economists 
have become aware that adjustments to the equilibrium may not be linear, and many of 
them (Goodwin and Piggott, 2001; Park, Mjelde and Bessler, 2007; Goodwin et. al.  
2011) have investigated the role of nonlinearity in relation to the LOP using a variety of 
threshold cointegration models. Article 3 examines the integration of the Finnish 
market in the meat sector with the European major market.

According to Ben-Kaabia et al. (2005), “The vertical integration has become one of the 
most important structural characteristics of agricultural markets.” The main objective 
of this type of study is to investigate the price transmission of a commodity at different 
stages of the marketing chain, or more precisely, how supply and demand shocks at one 
level of the supply chain such as farmers or producers are transmitted to other levels 
such as retailers in the chain. One of main motivations for these studies is the 
increasingly growing market power of retailing sectors in comparison to the upstream 
players such as farmers and processors across the world (e.g. von Cramon-Taubadel 
(1998) in the German pork market, Abdulai (2000) in the Ghanaian maize market and 
Lloyd et al. (2009) in different food sectors of the UK). Most of these studies have used 
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a static model in which it is assumed that retailers or processors buy agricultural 
products from farmers and convert them into final products. The buying and selling 
processes can be partitioned according to the assumptions made regarding the role 
played by the farm product. Gardner (1975) first treated the farm product and other 
inputs as ordinary inputs in a variable proportions production process to produce a 
homogeneous finished product. Later, McCorriston et. al. (1998, 2001) extended the 
static model in the context of the traditional retail-farm spread model. Lloyd et al. 
(2009) further extended this theoretical framework to test buyer power in UK food 
retailing, and used a cointegrated vector autoregression to find non-conclusive 
evidence for the existence of buyer power across different food sectors in the UK. 
Article 4 uses the model of Lloyd et al. (2009) to apply the ‘filter test’ for market power 
in Finnish food retailing.

1.2.4. Price volatility and Inventory of commodity

Inventories play an important role in the markets for storable commodities such as 
cereal products, oil and metal. The majority of such commodity markets are volatile 
over time, characterised by the short-run price shocks and period of inventory changes 
(Pindyck, 2004). The dynamics of commodity prices and inventories have been 
extensively studied in manufacturing industries. The theory of storage introduced in 
the founding papers by Kaldor (1939), Telser (1958) and Brennan (1958), asserts that 
the holder of an inventory of a commodity earns a “convenience yield” because readily 
available stocks allow him to respond more efficiently to unexpected supply-and-
demand shocks and avoid costly disruptions in the manufacturing process. Gustafson 
(1958) is one of the first researchers who developed a commodity storage model within 
agricultural economics in helping people understand how prices and inventories of 
storable commodities behave. Three years later, Muth (1961) published his pioneering 
work on the rational expectation hypothesis, considered as the father of the rational 
expectation paradigm and foundation of establishment of the futures market. 

Thereafter, under Muth’s concept of rational expectations, a number of authors have 
investigated the relationship between inventory and commodity price volatility. 
Williams (1986) analyzed agricultural commodities and exhibited a negative 
relationship between the adjusted spread and variance of commodity spot prices; Fama 
and French (1987) found that the variance of prices decreases with inventory levels;  
Pindyck (1994) estimate a structural model  of  production,  sales,  and storage  for 
copper,  heating  oil,  and  lumber.  In their model, they examined the implications of 
these costs  for  inventory  behaviour,  and  for  the  behaviour  of  spot  and  futures 
prices. Pindyck (1994; 2004) supported the qualitative characteristics of the Gustafson-
type storage model.  Deaton and Laroque (1992, 1995 and 1996) challenged the 
Pindyck’s results. They indicated that the observed data exhibited such a large serial 
correlation and variation of prices that they were not fully consistent with the inventory 
models. Nevertheless, recently Cafiero et al. (2011) redressed the papers of Deaton and 
Laroque and re-established the empirical relevance of economic inventory models.   

As encouraged by the recent results of Cafiero et al. (2011), the economic foundations of 
Ariticle 5 are in the structural form inventory models of Pindyck (1994; 2004). The 
models define equilibrium inventory behavior as the solution to a stochastic dynamic 
optimization problem under rational price expectations.
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1.2.5. Cointegration Technique

At one time, most empirical econometric studies entailing time series needed the 
variables in the system to be stationary, since the majority of econometric theory is 
built upon the assumption of stationarity. The influential Box-Jenkins (1970) approach 
transformed integrated time series into stationary ones by successive differencing of 
the series before modelling. From this came the definition of integration: a time series 
is said to be integrated of order d, in short, I(d) if the series becomes stationary after 
differencing d times. Consequently, a stationary time series process, after the removal 
of any deterministic components, can be represented by a finite autoregressive moving 
average (ARMA) process. In Article 1, the conditional expected price function is 
expressed by the ARMA process for the stationary price of Finnish spring wheat. 
However, most commodity price series have proven to be non-stationary, and simply 
differenced variables in the dynamic models have confronted difficulties in inferring 
the long-term equilibrium from the estimated models (Hendry and Mizon, 1978; 
Davidson et al., 1978)

Engle and Granger (1987) first formalized the idea of ‘cointegration’, where integrated 
variables share a common trend that turns out to be stationary or have a lower degree 
of integration than the original series. The stationary linear combination is known as 
the cointegrating equation and may be interpreted as a long-term equilibrium 
relationship among the variables. Therefore, the recent development in cointegration 
techniques have contributed to a better understanding of long-run and short-run 
dynamics in international economics and finance. Many of recent applications include 
the analysis of price linkages in international commodity markets (e.g. Ghoshry and 
Lloyd, 2003). For example, some of the applications are to analyse and test for spatial 
international market integration (e.g. Thompson et. al., 2002; Serra and Gil, 2006); 
some of the applications are to test for the market efficiency of spot and futures 
commodity markets (e.g. Carter et. al., 2008).  Others have focused on the commodity 
price co-movement (e.g. Harri et. al., 2009; Natanelov et. al., 2011)

Concerning the cointegration test for a group of non-stationary series, the presence of a 
cointegrating relationship form is normally estimated by the vector error correction 
(VEC) specification. The VEC specification is based on vector autoregression (VAR), 
which offers an alternative to simultaneous-equation models for stationary series
(Johansen, 1988; Johansen and Juselius, 1990; Johansen, 1991). Cointegration theory 
is definitely the innovation in theoretical econometrics that has generated the most 
interest among economists in the last decade. Every modern econometrics text covers 
the statistical theory necessary to master the practical application of cointegration, and 
Campbell et. al. (1997), Hamilton (1994) and Hendry (1995, 1996) have been among 
the best sources. Article 5 augments the VAR with an indicator for wheat price 
volatility. Articles 2, 3 and 4 present empirical studies using the VECM technique.

In the standard approach it is assumed that the cointegrating vectors do not change 
over time. However, this assumption is quite restrictive. Therefore, many model classes 
for nonlinear time series analysis. The most significant development has been by Tong 
(1978), who first introduced the class of threshold model, and later Tong (1990) further 
extended the concept of the threshold model to VAR and suggest a threshold 
autoregressive (TAR) model. Balke and Fomby (1997) combined the TAR concept with 
the VECM technique and developed the concept of the threshold vector error correction 
model (TVECM). The essential insight of the TVECM is that long-term equilibrium 
errors might display threshold behaviour. Following the publication of Balke and 
Fomby, several authors have developed estimation techniques for the TVECM. For 
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example, Lo and Zivot (2001) combined the earlier research by Tsay (1998) and 
Hansen (1999) and provided a way to estimate thresholds in a multivariate TVECM. 
Hansen and Seo (2002) proposed a maximum likelihood estimation procedure for the 
TVECM for the bivariate case. The TVECM is used in Article 3 to estimate Finnish 
market integration in the meat sector with the European major market.

1.3. Article  Summaries

1.3.1. Forward hedging under production and price risk

The reform of CAP has accelerated the integration of Finnish agricultural market 
toward the world economy. Consequently, a Finnish independent grain producer may 
face not only traditionally large yield risk caused by unpredictable weather condition in 
Finland but also increasingly volatile price uncertainty arisen outside of Finland. 
Forward contracts are one of very few price risk management tools provided to Finnish 
farmers in Finland by a local cereal company since 2000. This paper estimates optimal 
hedging ratios for a Finnish spring wheat producer who would participate in such 
forward contracts under price and yield uncertainty. 

A relatively large body of literature focuses on optimal hedging problems in the futures 
markets (e.g., Tomek and Peterson, 2001; Lapan and Moschini, 1994). Different from a 
futures contract, the non-tradable forward contract is irreversible and can only be 
terminated by the delivery. Therefore, there is no basis risk and the potential for pure 
speculation is negligible. However, in the Northern wheat producing areas, yield 
uncertainty is large, which moves the weight from price volatility to yield volatility in 
the optimal hedging problem. 

Autoregressive models are used to obtain point forecasts for the conditional mean price 
and price volatility at harvest. The expected yield and yield volatility are estimated from 
the field experiment data. A range of coefficients of absolute risk aversion are used in 
the computations. The article concludes that under Finnish production and under the 
European intervention programmes, where the yield risk dominates the price risk, 
forward contracts alone do not provide a sufficient means for efficient hedging. The 
solution to the problem is to increase farmer access to other risk derivatives such as 
options and further develop domestic yield insurance.

1.3.2. Testing market efficiency of crude palm oil futures for European 
participants 

An obvious difference between a futures contract and a forward contract is that there is 
always a futures exchange needed for trading a futures contract. Famous futures 
exchanges for commodity include Chicago Board of Trade (CBOT) and New York 
Mercantile Exchange (NYMEX) in USA; Euronext in the EU; Dalian Commodity 
Exchange (DCE) in China; Bursa Malaysia Derivatives (BMD) in Malaysia and etc. 
Agricultural producers, traders and other market participants apply futures prices to 
forecast the price in the future in order to assist in making decisions today (Schroeder 
and Goodwin 1991; Carter and Mohapatra, 2008). Thus, an unbiased and efficient 
futures market provides unambiguously greater income risk insurance than perfect 
price stabilization (Newbery and Stiglitz, 1981; Newbery, 1989). For Crude Palm Oil 
(CPO), commodity futures trading in Malaysia known as Bursa Malaysia Derivatives 
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(BMD) has since 1980 acted as an efficient price discovery and hedging mechanism for 
the palm oil industry and other agricultural commodities in Malaysia (Fatimah et al., 
1994). However, whether the futures market in BMD is efficient for the EU or Finnish 
biodiesel industry is unknown and has never been researched.

Futures market efficiency implies that the futures price will wholly reflect the expected 
future spot price with random risk error terms. It indicates that all new information is 
immediately incorporated into the expectations about future prices. The aim of this 
study was to test the efficiency of the (BMD) futures market in the crude palm oil sector 
for the participants in the EU. An efficient futures market can provide effective signals 
for the spot market price in the EU and minimize the arbitrage possibility of a 
speculator. Thus, the futures price could reflect the equilibrium value for both suppliers 
and buyers in the market (Wang and Ke, 2005). 

Both Johansen’s cointegration test and the vector error cointegration mechnism 
(VECM) were conducted to test the long-term and short-term efficiency for the 
European spot market and four different futures forecasting horizons: one week, two 
weeks, one month and two months. The evidence suggested that a long-term 
equilibrium relationship exists between the futures price and spot price for all 
forecasting horizons. The unbiasedness of the futures price with respect to the spot 
price in the long-term could be verified for all but the contract with a forecasting period 
of two weeks. Furthermore, the short-term efficiency hypothesis was rejected for the 
forecasting periods of one week and two months but maintained and confirmed for the 
forecasting periods of two weeks and two months. The result is inconsistent with an 
efficient market under which the futures prices should lead spot prices. This suggests 
that in these cases, European participants could use the advantage of price signalling 
and even make arbitrage out of it if no other transaction cost is involved. It also implies 
that Europe should bear more responsibility in the development of the palm oil futures 
market. Finally, further attention has to be given to the particular causes for the 
contradictory result in the direction of leadership.

1.3.3. Horizontal price transmission of the Finnish meat sector with 
major EU  players

Article 3 examines the price cointegration relationship between the Finnish pork and 
beef markets and those in Germany and Denmark using both a bivariate symmetric 
error correction model and bivariate asymmetric threshold error correction model, 
which recognizes the non-stationary nature of the price data and allows for asymmetric 
price responses. Symmetric models were able to fit most bivariate price series, except 
for the bivariate series between Finnish and German beef prices, for which one 
threshold was identified, and thus a two-regime threshold TVECM was applied. 

A cointegrating relationship was found for most of bivariate price series, except for the 
Finnish and Danish producer prices for beef, and further causality testing confirmed 
that the Finnish and Danish beef prices move as a driftless random walk.  In both the 
symmetric and asymmetric vector error correction models, we found that the LOP held 
relatively well in the Finnish producer’s meat market compared with those in Germany 
and Denmark. However, the speed of adjustment towards long-term equilibrium was 
found to be slower compared to the speed of the bivariate price series of Germany and 
Denmark. This seems to be consistent with the different trading activities among the 
countries, i.e. trade between Finland and German is not as active as that between 
Denmark and Germany in the pork and beef markets. Another possible reason is that 
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the meat sector in Finland is still very much dominated by domestic consumption, and 
the high self-sufficiency indicates that domestic price shocks are still the dominant 
price changes in Finnish meat price dynamics, at least at the producer’s level.

However, there is a very interesting and important phenomenon in the asymmetric 
price case, i.e. the bivariate price series between Finnish and German beef prices. The 
estimated model identified one threshold and two regimes. Error correction appears to
only occur in the typical regime, but not in the extreme regime, which covered the BSE 
period. In the short term, the dominating effect in the typical regime came from the 
domestic market, but in the extreme regime, the dominating effect came from the 
German market. This suggests that the Finnish domestic market has a dominant 
influence on the beef producer price most of the time, but is still highly vulnerable to 
the short-term effects of a large negative shock in the German market. 

This study has very important economic implications at three levels. First, better and 
statistically tested knowledge on the transmission of price information can be used to 
justify domestic agricultural policies and infer whether the law of one price holds at the 
domestic producer’s level compared to the European market. Secondly, the result 
concerning asymmetric prices is beneficial in assessing the efficiency and 
competitiveness of the Finnish meat market. Thirdly, better knowledge of the regime 
structure and volatility processes for pork and beef prices and the sources of this 
volatility will be of interest to farmers and extension agents needing to make and advise 
on investment decisions during the ongoing and very rapid structural adjustment in 
Finnish agriculture. 

1.3.4. First filter test of market power in the Finnish food retailing  sector

In this paper we applied the test method by Lloyd et al. (2009) to test the presence of 
buyer power in vertically-related Finnish food markets. As explained by Lloyd et al. 
(2009), the approach is simple and transparent, yet delivers a statistical test derived 
from a theoretically consistent basis. Furthermore, the test demands relatively little in 
terms of data and is implemented using standard techniques of modern time-series 
analysis.

The results showed that the hypothesis of perfect competition can be rejected, implying 
that the Finnish market is characterised by buyer power according to the measure of 
Lloyd et al. (2009). Of course, the result cannot be interpreted as being conclusive 
regarding the use of buyer power in Finnish food retailing. Clearly, econometric tests of 
this sort have limitations. The data are subject to measurement problems, particularly 
regarding the quality of proxies that are available to account for changes in sector-
specific marketing costs (demand and supply shocks), which are not to be taken lightly. 
It should also be stressed that the test does not allow the degree or economic 
significance of market power to be measured, merely whether it exists.

However, the method proposed by Lloyd et al. (2009) is both familiar to applied 
economists and readily implemented, and delivers a ‘first pass’ test that when used in 
combination with other evidential indicators can be useful in contributing to 
uncovering the existence of buyer power in the vertical food chain.
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1.3.5. Price, Inventories and Volatility in the Global Wheat Market

The literature also includes econometric analyses estimating the relationship between 
the storage, price and price volatility in a stochastic context. The existing work 
originates in the rational expectations inventory model of Gustafson (1958). Most of the 
empirical results, such as Johnson and Sumner (1976), Wright and Williams (1982) and 
Pindyck (1994), support the qualitative characteristics of the Gustafson-type storage 
model. However, Deaton and Laroque (1995) have challenged the earlier results, 
indicating that the observed data exhibit such large serial correlations and variation in 
prices that they are not fully consistent with the inventory models.

Article 5 applies the inventory models of Pindyck (1994; 2004) that originate in 
Gustafson (1958). The models define equilibrium inventory behaviour as the solution to 
a stochastic dynamic optimization problem under rational price expectations. In 
addition to the conditional mean processes, volatility plays a decisive role as a 
determinant of spot prices and optimal inventory rules through two effects. First, 
volatility directly affects the marginal returns to storage, usually referred to as the 
convenience yield. The higher the variance and volatility of spot prices, the higher the 
marginal returns to storage are. Thus, high volatility may result in inventory build-ups, 
or it may implicitly impose high opportunity costs for storage withdrawals and increase 
prices in the short term. Second, volatility may affect the marginal production costs and 
lower production volumes by creating option premiums. 

The results suggest that the price of wheat and wheat inventories are both non-
stationary, and they are significantly linked to each other in the short term, but they do 
not exhibit a stationary long-term equilibrium relationship. Price volatility is an 
endogenous and important determinant in the short-term conditional mean processes 
for both the price and inventories. The pairwise Granger causal tests nevertheless 
suggest that only three unidirectional causal relationships exist. Inventories and price 
volatility both imply the price, and the price implies inventories, but not vice versa.  
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CHAPTER II 

Forward hedging under production and price risk

Abstract: This paper estimates optimal hedging ratios for a Finnish spring wheat producer 

under price and yield uncertainty. The contract available for hedging fixes the price and 

quantity at the time of sowing for a delivery at harvest. Autoregressive models are used to 

obtain point forecasts for the conditional mean price and price volatility at harvest. 

Expected yield and yield volatility are estimated from the field experiment data. A range of 

coefficients of absolute risk aversion are used in the computations. The results suggest that 

yield volatility is large and it dominates the price volatility in the optimal hedging decisions 

of the Finnish wheat producers. The point estimate for the price and yield correlation is 

negative and has a large magnitude. Thus, a negative correlation between the price and the 

yield, as signalled by the point estimate, will decrease the optimal hedging ratio since the 

Finnish farmers do not have access to selling put options when they enter in a forward 

contract. 
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1 INTRODUCTION

The Agenda 2000 reform of European Common Agricultural Policy (CAP) decreased 

intervention prices for cereals. This allows for the European grain prices to move 

towards equivalent world market prices more freely than before. Fluctuations of world 

market prices will also be transmitted to the EU market and increase price uncertainty 

for the producers (Roche & Mcquinn, 2001). Therefore, appropriate risk management 

tools such as forward contracts become more attractive to hedge against the increased 

price risk.

A quite large literature focuses on optimal hedging problems in the futures markets 

(see e.g., Tomek and Peterson, 2001; Lapan and Moschini, 1994). The standard in the 

studies on optimal hedging is that market is efficient such that the futures contract is

allowed to be offset (liquidated) by an opposite contract before its maturity. The 

hedging problem of Myers and Thompson (1989) is also truly dynamic such that it 

allows for continuous adjustment in the hedging position. 

A problem on generalizing these results to Finland is that the short run grain price 

movements may not be fully integrated to other markets, in which also the futures are 

traded (Kola and Taipale 2000). Another problem is that independent grain producers 

may not have a direct access to the derivatives market since transactions costs for 

entering these markets are too high for them. A “full” hedge, which is a combination of 

futures contracts and sales of put options is not feasible. Nevertheless, they can usually 

enter in a forward contract with a local grain dealer. In Finland, for example, Avena 

Nordic Grain (Avena) has offered forward contracts for the Finnish grain producers 

since the year 2000. In these contracts, the buyer (seller) is obliged to purchase 

(deliver) grains from (to) Avena at the agreed maturity date in the future at the fixed 

price. 

The hedging problem of the Finnish grain producer is, at least for two reasons, a special 

and restricted version of the problems generally studied in the literature. First, the 

forward contract, they have access to, is incomplete compared to the liquid and highly 

standardized futures contracts. The non-tradable forward contract is irreversible and 

can only be terminated by the delivery. Therefore, there is no basis risk and the 

potential for pure speculation is negligible. Second, in the Northern wheat producing 

areas yield uncertainty is large, which moves weight from the price volatility to the yield 

volatility in the optimal hedging problem. 
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The goal of this paper is to estimate optimal hedging ratios for Finish spring wheat 

producers. Optimal hedging ratio is defined as the share of the expected yield sold 

through a certain forward contract. The contract is signed at sowing time for a fixed 

quantity and price for a delivery at harvest. We solve the hedging problem by an Mean 

Variance model (MV) and compare it with the Expected Utility model (EU), first 

derived into a similar hedging problem by Lapan and Moshini (1994). MV model is 

used because it is empirically tractable and it either coincides with the EU-model, or 

under fairly general conditions it results in only negligible approximation errors. 

Sufficient condition for MV model to coincide with the exact EU-model is that either an 

investor’s utility function is quadratic, or the investor’s expectation errors follow the 

normal distribution (Robison and Barry 1987). 

Our empirical examination of optimal hedging focuses on a hypothetical spring wheat 

producer in the Southwest of Finland. We assume that the hedging and production 

decisions are made in April/May once a year, while the execution of the forward 

contract is performed in August of the same year. Therefore, we take 21st week of each 

year as the time at which production commitments are made and the forward contract 

is signed. Harvest and delivery take place 15 weeks later, at 36th week of the same year. 

Termination of the forward contract also occurs at harvest since it can be terminated 

only through the delivery.  
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2 ECONOMIC MODELS: MV AND EU-MODEL

The goal of a farmer is to maximize his wealth at harvest, W, which is generated from 

the random income, y. The MV-approach is to approximate this wealth by the Certainty 

Equivalence (CE), defined as the difference between the expected income and the risk 

premium

2

2
1)( yAyEW (1)

where E(y) is the expected income and the term 
2

2
1

yA
is the Arrow-Pratt risk 

premium. It consists of the constant absolute risk aversion (CARA) coefficient, A, and 

of the variance of income, 
2
y (Pratt 1964; Arrow1971). If the variance of income 

increases at a given income level, wealth is decreased as A>0. 

Let q
~

be the random yield per hectare. The expected yield conditional on information 

qtstt qE ]|~[ (2)

where s is the length of the growing season. Conditional variance of the yield is denoted 

by 2
q . Similarly, we define p~ as the random spot price at harvest with expected value

p , defined as 

ptstt pE ]|~[ (3)

and conditional variance as 2
p . Information set t includes information available at 

sowing time, such as past prices and input use. 

We define randomness of p~ and q~ to be additive such they can also be written as:

pp vp ~~ ),0(~~ 2
pp Nv (4)

qq vq ~~ ),0(~~ 2
qq Nv (5)

where pv~ and qv~ are jointly normally distributed errors with zero mean, variance 
2
p

and 
2
q , and covariance pq .
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Let h be the forward sale at the harvest per hectare at a fixed price fp . The remaining 

output ( hq~ ) is sold at the spot market price at harvest. A hedge occurs when 

qh0 ; speculation occurs when qh or when 0h . The farmer’s income comes 

from two sources: the uncertain earnings from the un-hedged output ]~[~ hqp and the 

certain returns, hp f , from the output sold in the forward contract. Then, farmer 

income at harvest is

)~~~
)]~[(~

ph(pqp

hphqpy

f

f (6)

and the expected income E(y) is:

)()~~()( pfphqpEyE (7)

where )~~( qpE is the expected value of joint normally distributed price and yield. 

Variance of income 2
y is:

)~~,~cov(22222 qpphh ppqy (8)

where 2
pq is the variance of the product of the random price and yield, qp~~ , and 

)~~,~cov( qpp is the covariance between p~ and qp~~ .

Substituting (7) and (8) into (1), we get:

)]~~,~cov(2[
2
1)()~~( 222 qpphhAphqpEW ppqpf

(9)

The optimal hedge is given by the first order condition:

0)~~,~cov(2 qppAAhp
h
W

ppf (10)

and solving for the optimal hedge h we get:

22

)~~,~cov(

p

pf

p A
pqpph (11)

Here, the forward price is deterministic and rest of variables are unknown. Using (4) 

and (5) )~~,~cov( qpp is (See Appendix):
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2)~~,~cov( pqqpprqpp (12)

where r is the correlation coefficient between pv~ and qv~ . Substituting (12) into (11) and 

dividing both sides by q yields in the optimal hedging ratio:

2
' 1

pq

pf

p

p

q

q

q A
p

rh (13)

which can be separated into two components: “the hedging component” and “the 

speculative component”. The speculative component is zero and drops out from the 

problem if either the forward market is unbiased ( p = fp ), or the producer is 

infinitely risk averse (A ). In this case, the optimal hedge ratio would be identical 

to the minimum variance hedge ratio. If, in addition, either the price is independent 

from the yield (r=0), or the yield risk is zero, the producer sells all of his expected yield 

through the forward contract (h=1). 

Clearly, when the forward price is an unbiased estimate for the price at harvest, the 

optimal hedge under yield uncertainty depends on the ratio of percentage yield 

volatility ( qq / ) to percentage price volatility ( pp / ), and correlation between the 

price and the yield (r). The correlation between the price and the yield is crucial for 

determining the optimal hedging strategy. When the correlation between the price and 

the yield tends to be zero, MV model suggests that the hedge ratio approaches to unit 

regardless of farmer’s risk attitude (Rolfo 1980, Newbery et.al., 1981, and Anderson and 

Danthine 1983). However, Losq (1982) along with Lapan and Moschini (1994) found in 

their EU-model that the optimal hedge, in general, is less than the expected yield even 

when the price is independent from the yield. 

Assuming a Constant Absolute Risk Aversion (CARA) in the utility function, an exact 

analytical solution to the hedging problem is possible even under the EU-model, as 

illustrated by Lapan and Moschini (1994). In their research, they considered both basis 

risk and production risk for the future hedging problem. In our case, the forward price 

is deterministic and, therefore, the basis risk does not exist. If the forward price is 

perceived to be the same as expected price, absent basis risk, the optimal hedge ratio 

derived from the EU-model is 1:
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q

qp

p

p

q

q

q

Arh 2

1 (14)

here we can see that even when the yield and the price are independent (r=0), the 

optimal hedge is still less than one. It is reduced by the product of risk aversion 

coefficient (A), the ratio between expected price and yield ( p / q ), and yield 

volatility.

1 The lengthy derivation of the optimal hedge under the EU-model is given in Lapan and Moschini (1994) 
and it is not repeated here. 
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3 DATA

The weekly data on wheat cash (spot) price and intervention price are obtained from 

information centre of the Ministry of Agriculture and Forestry (TIKE). Both price series 

spans from January 1995 to 21th week of 2002 (Figure 1). The original cash price series 

consists of 370 observations and 16 missing values. The missing values are replaced by 

the average of the preceding and following values in order to keep the continuity of 

data. The cash price reported in the data is the price at the warehouse of buyers, i.e. the 

price of the raw material to the buyer. 

Growing seasons are 15 weeks and they are dated from the 21st week of the year to the 

36th week of the year. In Figure 1, growing seasons are marked by vertical lines with 

marks of s. 

The forward contracts are those offered by Avenakauppa and they are available for 

2001 and 2002. These contracts are not tradable and they are always terminated by the 

delivery of the good. No penalty is imposed if farmer’s yield is lower than expected and 

he can not deliver the good as much as agreed in the contract resulting from force 

majeure. Nevertheless, speculation through deliberate short selling is not allowed. The 

terms related to delivering the goods as much as agreed are for the most part based on 

trust. Avenakauppa company also publishes its forward prices publicly on internet and 

page 747 in the text-tv of MTV3 in Finland. The annual yield data of spring wheat are 

from Agrifood Research Finland (MTT) and they span the years from 1995 to 2001. The 

yield data consist of 40 observations based on experimental trials and they are 

conditional on different nitrogen applications (70-120 kg/ha). The trials have been 

located in the Southwest Finland, where most of the wheat production takes place.  
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4 ESTIMATION

4.1. Conditional mean process for the wheat price 

The conditional mean process for the wheat price is modelled as an AutoRegressive 

(AR) time series model, which is the standard approach in estimating the parameters 

for the optimal hedging model (Dawson et al.1999, Maurice and Kieran 2001). These 

models are generally found to perform well in forecasting future commodity prices 

conditional on current information (e.g. Muth 1961; Beck 2001). 

A hypothesised relationship is that the Finnish wheat prices are mainly determined by 

their own lags, time trend, yield effect at harvest, the intervention price and a 

disturbance. A general model is denoted as AR(k) with k representing the number of 

lagged prices in the estimating equation. The model is:

pt
i
ttjt

k

j
jtt vtpqDpp

1
0 (15)

where tp is the weekly price quotation for wheat; t is the time index. tD is a dummy 

variable, and it receives value one at the time of harvest, i.e. at 36th  week of each year 

and zero otherwise. q is the yield in year .
i
tp denotes the intervention prices2 at time 

t. ,,, jt , and are parameters, and tp
v

is the error term. 

Time trend (t) is included in the model, because the observed price series show a 

declining trend over the estimated years. The yield variable (q) is included to test 

whether the annual yield has significant effect on the price at harvest. The estimating 

equation is further augmented by the intervention price for wheat (
i
tp ), since the 

market prices are expected to, at least partially, respond to the changes in the 

intervention price. The intervention price has had the largest changes in summer when 

the marketing years have changed.

2 The intervention price is the price at which intervention agencies are obliged to purchase wheat from the 
market. The intervention price has gradually decreased between 1999 and 2002 in EU. For instance, at 37th

week in 1999 the price was 119 euros per tonne and the same week in 2002 it was 101 euros per tonne. 
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Figure 1 Weekly marketing price and intervention price of wheat in Finland from 1995 to 
2002.

One important simplifying assumption for Equation (15) is that of weak stationary of 

the wheat price series. For that purpose, we test for unit roots using the Augmented 

Dickey-Fuller (ADF test) (Dickey and Fuller, 1981) and follow the sequential procedure 

of Dickey and Pantula (1987) for all the estimation period. A linear trend term is added 

as the wheat price has a noticeable downward trend over the period. The result, shown 

in Table 1 suggests that the null hypothesis of unit root is rejected at 1% risk level. Thus 

the data are informative enough and the ADF-test has power enough to reject non-

stationarity in favour of stationary process around a deterministic trend. 

Table 1 ADF Test statistics. The full sample used in estimation. 

Test specification Test statistics

Without intercept -0.21

With intercept but without drift -2.13

With drift and intercept -5.15**

Note: The number of observations is 401. Mackinnon critical values for rejection of 

hypothesis of a unit root at 1% significance are –2.58, -3.47, and –4.01 level for without 
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drift, with drift, and with drift and trend respectively. A double asterisk (**) denotes 

significance at 1% level. 

Using the procedure of model identification of Box and Jenkins (1976), AR(3) is found 

to generate a dynamically complete specification such that the error follows a white 

noise. The parameter estimates in Equation (15) are displayed in Table 2. Noticeably, 

the p-values for parameters suggest that the intercept, the autoregressive term and the 

trend parameter differ from zero at 1% level. The price response with respect to the 

intervention price and yield is statistically insignificant. Q-statistic (Ljung and Box, 

1978) serving as a residual test suggests that the residuals yielding from Equation (15) 

follow the white-noise process. The predictive power of the equation is very high, the 
2R equals to over 90% as is the standard in similar price models. 

Table 2 OLS parameter estimates of AR(3) model. Estimated in Equation (15)

Parameters Unrestricted 
Specification

Restricted
specification

Intercept ( 0 ) 22.290
(0.000)

24.899
(0.000)

Once lagged price( 1 ) 0.616
(0.000)

0.621
(0.000)

Twice lagged price ( 2 ) 0.477
(0.019)

0.479
(0.018)

Third lagged price ( 3 ) -0.259
(0.020)

-0.260
(0.020)

Yield  ( ) -0.087
(0.720) -

Intervention price ( ) 0.028
(0.350) -

Trend ( ) -0.010
(0.000)

-0.010
(0.000)

)10(Q statistics 7.480
(0.680)

6.960
(0.729)

R-squared 0.910 0.910
Note: (The numbers below the parameter estimates and in the parentheses denote p-

values).

4.2. Forecasting the conditional mean price at harvest

When the hedge position is opened at 21st week, we look forward and forecast the 

expected price 15 weeks ahead given the information at 21st week. Because the marginal 

effects of yield and intervention price on the next period price are insignificant, we can 
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estimate the expected value of price at harvest simply through the AR(3) price process 

by excluding the yield and intervention prices. 

We use the minimum mean square error forecast method to predict the wheat price at 

harvest (Mills, 1997. p.53-55). A minimum mean square error forecast, denoted by jtp̂

, made at week t for the price at period t+j for j=15 can be estimated through the 

repeated substitution in Equation (15):Therefore, the forecasting conditional mean 

price at t+j given the information at t could be generally described as.

15j0,ˆ
0j,

],,|[ 21
jt

jt
tttjt p

p
ppppE (16)

where 15ˆ tp denotes the predicted price at harvest. The predicted price at harvest in 

year 2002 is estimated at 129.84 euros per tonne. It does not differ significantly from 

135 euros per tonne, offered in the forward contract of Avena. Thus, the results suggest 

that the market was unbiased. 

4.3. Estimating conditional mean of yield 

The expected yield at harvest is estimated using the annual data from 1995 to 2001

included in the MTT experimental trials. The data have 40 observations in total, 

consisting from 4 observations in 1996 and 6 observations per year for all other years. 

The yield Equation 5 is estimated conditional on information that is available for 

farmers at sowing when the hedging decision is made. The information includes 

location, soil quality, time trend and nitrogen fertiliser application. Because the 

location of the experimental sites and the soil types could not be estimated 

simultaneously in the same model we specified two models. The first model includes 

four dummy variables for location (five sites) excluding the soil types. The second 

specification includes five dummy variables for the soil types (six soil types) but 

excludes the location effect. 

q
ii vnDanDq ),,( (17)

where q is output for the spring wheat ton/per hectare; Di are the dummy variables 

indicating location (i=1) or soil type (i=2). They receive value 1 when the experiment 

represents certain location or soil type, and zero otherwise. Variable is the annual 

time trend. It equals to 1 in 1995, 2 in 1996, etc: Variable n denotes the nitrogen 
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fertiliser application kg/hectare. a , are parameters, and qv is error with 

zero mean and variance 2
q .

Table 3 lists the results of model including and excluding the dummy variables. The 

parameter estimates suggest that the yield exhibits a slightly decreasing trend and, as 

expected, the nitrogen application significantly increases yield (Table 3). Nevertheless, 

nitrogen application and the trend explain only less than 26% of annual yield variation. 

The dummy variables controlling for location of the field experiment or soil quality 

significantly do not significantly improve the fit of the model. Thus, the results support 

the view that weather performs a crucial role in Finnish agriculture, and it contributes 

to a significant yield uncertainty. The average yield ( q ), conditional on 90 kilogram 

nitrogen application, was estimated at 3.52 tonnes per hectare.

Table 3 Parameters in the yield equation (17). 

Parameters
Dummy variables 

for  location
Dummy variables  

for soil quality
Dummy variables

excluded
Estimate p-value Estimate p-value Estimate p-value

3.297 0.001 2.869 0.015 3.693 0.000

1 0.272 0.607 0.07 0.909 -

2 -0.035 0.959 -0.14 0.847 -

3 0.980 0.115 0.322 0.66 -

4 0.588 0.373 0.984 0.16 -

5 - - 0.875 0.262 -

Nitrogen ( ) 0.014 0.107 0.018 0.075 0.0136 0.000

Time trend ( ) -0.17 0.060 -0.147 0.118 -0.175 0.056

F-statistic 1.756 0.138 1.593 0.173 3.320 0.087

R2 0.242 - 0.258 - 0.152 0.047
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4.4. Covariance and correlation between the price and the yield

The correlation between the price and the yield is needed in the optimal hedging 

equations (Equations 13 and 14). Because the data used in estimating the price process 

in Equation (15) and yield process in Equation (17) exhibit different time frequencies, 

the following steps are used in estimating the correlation coefficient (r). First, we 

compute the predicted price for each year at harvest (36th week) and obtain the 

prediction error ( pv~ ) as the difference between the observed and predicted prices at 

harvest. Second, the prediction error for the yield ( qv~ ) is then computed as the 

difference between the observed and fitted values according to the yield function 17.

Because the normally distributed errors with zero mean pv~ and qv~ are jointly 

distributed by assumption, define as: =
]',[ qp vv

. The variance-covariance matrix 

of variation of price and yield can be written as = E ´]~~[ of the random vector 

(Lapan and Moschini, 1994): 

=
2

2

,

,

qqp

qpp

r

r

where p and q denote the standard deviation of the price and the yield, and r 

denotes the correlation coefficient between pv and qv .

The correlation coefficient r is estimated at -0.28. The Pearson’s correlation test 

suggests that the correlation coefficient is statistically significant at 10% significant 

level. Thus, a positive yield shock tends to decrease the price and a negative yield shock 

likely increases the price. The result is explained, for example, by transactions costs 

that drive a different wedge between the domestic and foreign prices depending 

whether the domestic market is in excess supply or excess demand.  

Since the price and yield data have different frequency, we exploit interval estimate as a 

range of correlation values for the later use. With sample size 40 and mean value -0.28, 

the confidence interval for the population value of Pearson's correlation is 

02.056.0 r 3 Clearly, the price volatility is much larger than the yield volatility 

with respect to the mean value of price and yield, respectively (2% of price volatility to 

3The result is computed by the formula z’ 3/ Nz , where z’ is Fisher’s z’ value converted from 
Pearson’s r and z is statistics for normal distribution with 90% confident level. N represents the sample 
size
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32% of yield volatility). In comparison, the average yield volatility in EU varies between 

10% and 40% (Meuwissen et al, 1999a). Table 4 summarizes the parameters we need to 

calculate the optimal hedge ratio as given by Equations (13) and (14). 

Table 4 Summary of the estimated parameters needed in (13) and (14).

Parameters
r -0.28 (0.104)

p 2.43

p 129.84
the ratio pp / 1.87%

q 1.12

q 3.52
the ratio qq / 31.8%

fp 135
Note: (.) is p-value of Pearson’s correlation test.
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5 RISK AVERSION AND OPTIMAL HEDGE RATIO

The appropriate value for the risk aversion parameter is very difficult to evaluate, as 

there has been little empirical evidence on the magnitude of risk aversion in Finland. 

Following Newbery and Stiglitz (p.72-73), it is more usual to express the magnitude of 

risk aversion as coefficient of relative risk aversion, rR , instead of coefficient of absolute 

risk aversion A. That is because rR is dimensionless regardless of different level of 

wealth, while A is not dimensionless4. The relationship between these two coefficients 

is yAyRr )( , where y is the end of period income presented in equation (2). Anderson 

and Dillon (1992) proposed a rough and ready classification of degrees of risk aversion. 

Based on the relative risk aversion with respect of wealth, in the range 0.5 indicates 

hardly risk averse at all and about 4 very risk averse.

Martinez and Zering (1992) applied constant “Arrow-Pratt” index of absolute risk 

aversion to evaluate their optimal dynamic hedging model. The value of the absolute 

risk aversion were given to be 0.006, 0.007, and 0.008 and with respect to the total 

income of average 164.39$/acre (1acre approximately = 0.4 hectare) each year, the 

corresponding relative absolute risk aversion approximates 1. Accordingly, If we set up 

relative absolute risk aversion value between 1 and 10 with respect to minimum and 

maximum possible incomes per hectare, the corresponding coefficients of constant 

absolute risk aversion then vary approximately from 0.002 to 0.02. 

Table 5 displays the optimal hedge ratios of Finnish spring wheat producers for values 

of the absolute risk aversion from 0.002 to 0.02 when the forward market is assumed 

to be unbiased. Clearly, increasing negative value of r tends to decrease forward 

contracts sales. In addition, it appears that only when the correlation between price and 

yield tends to zero can make forward contract sales attractive. In fact, MV model yields 

full hedge ratio when the price and yield are independent regardless of risk aversion 

degree, whereas EU model yields the optimal hedge ratios varying significantly for 

different values of A. The amount of forward sale clearly declines as risk aversion 

increases. The more risk averse, the less forward the farmers is willing to sell. 

4 Since the coefficient of absolute risk aversion A depends on the units in which income is measured.
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Table 5 Optimal hedge ratios in MV- and EU-models conditional on different value of r 
and alternative values for risk aversion (simulated in equations 13 and 14). 

Correlation coefficient (r)

r=-0.56 r=-0.28 r=-0.02 r=-0

MV–model -8.52 -3.76 0.66 1.00
EU–model 

when A equals

0.002 -8.61 -3.85 0.57 0.91

0.003 -8.66 -3.90 0.52 0.86

0.004 -8.71 -3.95 0.47 0.81

0.005 -8.75 -3.99 0.43 0.77

0.006 -8.80 -4.04 0.38 0.72

0.007 -8.84 -4.08 0.34 0.68

0.008 -8.89 -4.13 0.29 0.63

0.009 -8.94 -4.18 0.24 0.58

0.01 -8.98 -4.22 0.20 0.54

0.02 -9.45 -4.69 -0.27 0.07
*MV does not depend on risk attitudes when the futures price is perceived to be 

unbiased.

Since our empirical results weakly signal for a large negative correlation between the 

price and the yield, and yield volatility is relatively high, we simulated the MV-model 

conditional on alternative values for yield volatility and the correlation coefficient 

between the yield and the price. Figure 2 shows that the hedge ratio is a decreasing 

function of yield volatility and an increasing function of correlation coefficient. For 

instance, at the (insignificant) estimate -0.28 or the yield and price correlation (r), the 

forward contract is attractive to the farmer only if the volatility of yield is less than 7% 

of the mean yield (=3.52 tonnes per hectare). Otherwise forward contract is attractive 

only if speculation is allowed and market is biased, or the farmer also has an access to 

options and can complement the forward contract by selling put options (Sakong et al. 

1993, Moshcini and Lapan 1995). Yield risk increases farmer incentives to trade options 

even when the price offered in the forward contract is an unbiased estimate for the 

harvest price. The reason is that a farmer who has sold his expected yield forward at a 
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fixed price is still exposed by the risk that lower than expected yield will decrease his 

revenue. 

Figure 2 Optimal hedge ratio conditional on yield volatility and the correlation coefficient 
between price and yield in the MV-model (Equation 13). 
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6 CONCLUDING REMARKS

Both MV and EU model suggest that the correlation coefficient between the yield and 

the price play very crucial role in the optimal hedge ratio. Our results suggest that 

domestic yield and the domestic price of wheat are negatively correlated. The result is 

consistent with earlier literature. The total demand food of changes only moderately 

from year to year, while supply can fluctuate considerably due to weather conditions 

(Newbery et al 1981, Rolfo, 1980 Losq 1982, Lapan and Moshini 1994, Tirupattur and 

Hauser 1996, Mahul 2003). The negative covariance between price and yield create a 

partial “natural hedge”5, which weakens the role of income risk reducing from forward 

contracts (ceteris paribus). When the natural hedge takes place, the optimal hedge is 

always less than expected output. 

Hedging effectiveness declines further as the yield variability increases. Thus, the 

optimal hedge ratio decreases as the yield variability and production risk increase. The 

founding is very important in such country as Finland, where the yield uncertainty 

dominates price volatility.  As a result, forward contracts could be less attractive in 

Finland than some other consistent production areas such as U.S.A, France and 

Germany. 

If the high natural hedge and high yield volatility take place simultaneously, forward 

sale may not be an attractive risk instrument any more if the producer does not have 

access to other derivatives, such as options. Instead of forward sale, producers would 

even wish to buy forward as to ensure the output at harvest. This problem may confront 

the Finnish wheat growers and traders, because the yield uncertainty dominates price 

uncertainty, and farmer access to derivatives markets is likely to incur high 

transactions costs. 

Even more generally, high yield risk provides a rationale for the use of other risk 

instruments along with forward. Mahul (2003) showed futures and crop yield 

insurance are complements.  When either option or crop yield insurance is available, 

forward contracts become more attractive to the producers. 

It is likely that also the European intervention program that sheds a lower bound for 

the wheat price and truncates the price distribution from below, decreases the optimal 

5 A negative yield-price correlation means that a farmer’s income is less variable from year to year than it 
would be otherwise, thus being called “natural hedge”.
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futures and options position in a similar fashion as highlighted by Hanson et al. (1999). 

The truncation effects are left here, nevertheless, topic for further research.

We conclude that under the Finnish production and under the European intervention 

programs, where the yield risk dominates the price risk, forward contracts alone do not 

provide sufficient means for efficient hedging. The solution to the problem is to 

increase farmer access to other risk derivatives such as options and further develop 

domestic yield insurance.
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APPENDIX 1

Random variables p
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and q
~

can be written as follows: 

~~
pp ),0(~~ 2

pN

vq q
~~ ),0(~~ 2

qNv

where 
~

and v~ are jointly normally distributed errors with zero mean, variance 
2
p and 

2
q with correlation coefficient r.

Therefore, the expected value and qp~~
, variance of qp~~

and covariance between qp~~
and 

p~ can be evaluated as:

qpqpqp rvEqpE )]~)(~[()~~(

qpqppqqpqp pqrrvVarqpVar 2)1()]~)(~[()~~( 2222222

2

2

2

                   

)]~)(~[()]~()~[(                   

)~~()~~()~,~~(

pqqpp

pqpqp

p

r

vEvE

qpEqpEpqpCov

 



21

REFERENCES

Anderson, J.R. and Dillon, J. L. (1992). Risk Analysis in Dryland Farming Systems.
Farm Systems Management Series No. 2, Rome.

Anderson, R. and Danthine J. P. (1983). Hedger Diversity in Futures Markets. 
Economic Journal, 93 (370): 370-389.

Arrow, K. J. (1971). Exposition of the Theory of Choice Under Uncertainty. In McGuire, 
C.B., Radner, R. (eds.), Decisions and Organization, 19-55, Amsterdam: North 
Holland.

Box, G. E. P. and Jenkins G.M. (1976). Time Series analysis. Forecasting and Control. 
Holden-Day, San Fransisco.

Dawson, P. J., Tiffin A. L. and White B. (2000). Optimal Hedging Ratios for Wheat and 
Barley at the LIFFE: A GARCH Approach. Journal of Agricultural Economics, 51
(2): 147-161. 

Dickey, D. A. and Fuller W. A. (1981). Likelihood Ratio Statistics For Autoregressive 
Time Series With Unit Root. Econometrica, 49 (4):1057-1072.

Dickey, D. A. and Pantula S. G. (1987). Determining the Order of Differencing In 
Autoregressive Processes, Journal of Business and Economic Statistics, 5 (4):
455-461.

Hanson. S. D. Myers R. J. and Hilker J. H. (1999). Hedging with Futures and Options 
under a Truncated Cash Price distribution. Journal of Agricultural and Applied 
Economics, 31 (3): 449-459.

Kola, J. and Taipale, M. (2000). Farmers’ risk management through the futures 
markets in the common agricultural policy of the EU – fact or fiction? Paper 
presented at the IAMA World Congress, Food and Agribusiness Forum Chicago, 
USA.

Lapan, H. and Moschini, G. (1994). Futures Hedging Under Price, Basis, and 
Production Risk. American Journal of Agricultural Economics, 76 (3): 465-77.

Ljung, G. M. and G. E. P.  Box (1978). On a Measure of Lack of Fit in Time Series 
Models, Biometrika, 65: 297-303.

Losq, E (1982). Hedging with Price and Output Uncertainty. Economics Letters, 10 (1-
2): 65-70.

Mahul O. (2003). Hedging Price Risk in the Presence of Crop Yield and Revenue 
Insurance. European Review of Agricultural Economics, 30 (2): 217-239.



22

Martinez S. W. and Zering K. D. (1992). Optimal Dynamic Hedging Decisions For Grain 
Producers. American Journal of Agricultural Economics, 74 (4): 878-887.

Maurice J. R. and Kieran M. (2003). Grain Price Volatility in A Small Open Economy.  
European Review of Agricultural Economics, 30 (1): 77-98.

Mills Terence C. (1997). The Econometric Modelling of Financial Time Series Second 
edition, Cambridge University Press, page. 53-55.

Moschini G. and Lapan H. (1995). The Hedging Role of Options and Futures Under
Joint Price, Basis, and Production Risk. International Economic Review, 36 (4):
1025-1049.

Myers R.J. and Thompson S. R. (1989). Generalized Optimal Hedge Ratio Estimation. 
American Journal of Agricultural Economics, 71 (4): 858-868.

Newbery, D. M. G. and Stiglitz, J. E. (1981). The Theory of Commodity Price 
Stabilization Clarendon Press. Oxford.

Pratt, J. (1964). Risk Aversion in The Small And In The Large. Econometrica, 32 (1-2): 
122-136.

Robison L. J. and Barry P. J. (1987). The Competitive Firm’s Response to Risk 
Macmillan Publishing Company. 131-136.

Roche, M. J. and McQuinn, K. (2001). Testing For Speculation In Agricultural Land in
Ireland. European Review of Agricultural Economics, 28 (2): 95–115.

Rolfo, J. (1980). Optimal Hedging Under Price and Quantity Uncertainty: The Case of
A Cocoa Producer. Journal of Political Economy, 88 (1): 110-116. 

Sakong, Y., Hayes, D. J., and Hallam, A. (1993). Hedging Production Risk with Options. 
American Journal of Agricultural Economics 75 (2), 408–415.

Tirupattur V. and Hauser R. J. (1996). Crop Yield and Price Distributional Effects on 
Revenue Hedging. OFOR Paper, No. 95-05. 

Tomek, W. G. and Peterson, H. H. (2001). Risk Management in Agricultural Markets: A 
Review. The Journal of Futures Markets, 21 (10): 953-985.



CHAPTER III

Testing market efficiency of crude palm oil futures for European participants

Abstract

Palm oil is the most consumed and traded vegetable oils in the EU and the world. Increasing 
non-food uses for vegetable oils in especially feedstock of biofuels in recent years have 
caused the price volatility to rise in both the EU and the global market. The most efficient 
pricing of crude palm oil (CPO) is to found in Bursa Malaysia (BMD), and it provides by far 
the world’s most liquid palm oil contract. The goal of this study is to investigate the CPO 
futures market efficiency of BMD for the European participants with delivery location in the 
EU. Both Johansen’s cointegration test and the Vector Error Cointegration Mechnism 
(VECM) are conducted to test long-run and short-run efficiency test for the European spot 
market and four different futures forecasting horizons that are one week, two weeks, one 
month and two months. Evidence suggests that a long-run equilibrium relationship exists 
between the futures price and spot price for all forecasting horizons. The unbiasedness of 
the futures price with respect to the spot price in the long-term can be approved for all but 
the contract with a forecasting period of two weeks. Furthermore, the short-term efficiency 
hypothesis is rejected for the forecasting periods of one week and two months but is 
maintained and approved for the forecasting periods of two weeks and two months.

Keywords: CPO, BMD, efficiency, futures, cointegration, VECM.
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1 INTRODUCTION

Palm oil is a form of edible vegetable oil obtained from the fruit of the oil palm tree. It 
is the world’s most voluminous vegetable oil crop, accounting for 22% of the world’s oil 
and fats production ahead of soybean oil.  Palm oil is the leading vegetable oil traded in 
the international markets. Palm and soybean oils together constitute around 68% 
global edible oil trade volume, in which palm oil constitutes 78%. Over 90% of the 
world’s palm oil exports are produced in Malaysia and Indonesia. Traditionally, palm 
oil is still mostly used in the manufacture of food products; however, in recent years, 
the non-food uses for vegetable oils in especially biodiesel are expected to become an 
increasingly important factor in future demand. The EU imports 17.9% of Malaysian 
palm oil and is therefore a significant market for Malaysian palm oil1.

Using biofuels have potential advantages: less greenhouse gas emissions, increasing the 
sources of income employment in rural areas and most importantly diversifying fuel 
supply sources. In general, biofuel can be produced from a large number of agricultural 
commodities. First, there is the group of conventional or “first-generation” biofuels 
which use grins, roots and tubers and vegetable oils as feedstock. Today, global biofuel 
consumption is dominated by ethanol which is derived primarily from sugar, maize and 
other starchy crops. Biodiesel using vegetable oils as feedstock comes only second. 
However, biodiesel is growing stronger in the EU more strongly compared to ethanol 
with a current level of more than 6 million tons of biodiesel while ethanol production in 
Europe is about 3 million tons. The main cost of producing biodiesel comes from the 
cost of feedstock. In EU member states such as Finland the production of biodiesel very 
much relies on two kinds of feedstock: vegetable oil (mainly rapeseed oil) and palm oil. 
Rapeseed oil has been the major feedstock in production of biodiesel in the EU due to 
the high level of public support provided in EU countries. In Finland, most feedstock 
used by the only biodiesel plant built by Neste Oil Corporation is mainly palm oil 
imported from Malaysia and Indonesia. In 2007, Neste Oil Corporation built the 
biggest biodiesel refinery in Singapore due to the close location to the palm oil 
producing countries. As a substitute and competitor of other vegetable oil, Crude Palm 
Oil (CPO) has many unique features which is not able to be substituted by other 
vegetable oil.  In fact, during the last decade, vegetable oil price, especially rapeseed oil 
price, has doubled due to the strong growth in demand of biofuels. Meanwhile, EU 
palm oil imports have already doubled during the 2004-2006 period, mostly to 
substitute for rapeseed oil diverted from food to fuel uses. With respect to filling future 
gaps in EU food oil supplies, continuing the expansion of the diversion of domestic 
rapeseed oil into fuel uses would remain constrained by the limitations of the Blair 
House agreement (with a maximum production of 1 million tons of soybean meal 
equivalent on set-aside land). Despite the 9-million-ton increase in oilseed production 
projected until 2014, the EU will continue to remain a large net importer of oilseeds 
and vegetable oils (F.O. Lidchts, 2008). There is a growing trend of importing more 
palm oil in the future for the use of production of biodiesel.  Therefore, the price of 
palm oil is becoming a very important issue in the analysis of biodiesel price. An 
important emerging question thus is, how the palm oil price has behaved historically 
and how the palm oil price ha in countries like Malaysia affects the palm oil price in EU 
becomes very interesting (See Figure 1.)

(Insert Figure 1 here)

1 http://www.palmoiltruthfoundation.com/index.php?option=com_content&task=view&id=409&Itemid=300
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In general, agricultural producers, traders and other market participants apply futures 
prices to forecast price in the future in order to assist in making decision today 
(Schroeder and Goodwin, 1991; Carter and Mohapatra, 2008). Thus, unbiased and 
efficient futures market provides unambiguously greater income risk insurance than 
perfect price stabilization (Newbery and Stiglitz, 1989). For CPO, commodity futures 
trading in Malaysia called Bursa Malaysia Derivatives (BMD) since 1980 has been acted 
as an efficient price discovery and hedging mechanism for the palm oil industry and 
other agricultural commodities in Malaysia (Fatimah and Zainalabidin, 1994). 
However, whether futures market in BMD to an EU or a Finnish biodiesel industry is 
efficient is unknown and no research has been published.

Futures market efficiency implies that futures price will totally reflect the expected 
future spot price with random risk error terms. It indicates that all new information is 
immediately incorporated into the expectations about future prices. The aim of this 
study is to test the efficiency of (BMD) futures market in crude palm oil sector for the 
participants in EU. An efficient futures market can provide effective signals for the spot 
market price in EU and minimize the arbitrage possibility of a speculator. Thus the 
futures price could reflect the equilibrium value for both suppliers and buyers in the 
market (Wang and Ke, 2005). The study could provide EU policy maker an alternative 
other than market intervention through policies; show oilseed producers if BMD 
futures market provide a reliable forecast of spot price in the futures, which may allow 
them to effectively manage their market risks in advance; If the futures forecast power 
is low, then decision making based on such forecasts will be adversely affected. At last, 
this study could give a view to traders of palm oil, in which they are able to see if there 
is arbitrage opportunity in this particular market.
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2 PREVIOUS RESEARCH AND METHODOLOGY REVIEW

Market efficiency has been very popular in both theoretical and empirical research in 
the context of either financial assets (Dwyer and Wallace, 1992; Alexander, 1999) or of 
commodities (Brenner and Kroner, 1995,; McKenzie and Holt, 2002). Various futures 
markets have been tested throughout the years, but these studies have mainly focused 
on well-developed commodity markets such as CBOT (Bigman et al., 1983; Liu, 2005) 
and NYMEX (Ripple et. al., 2007) for the corresponding commodity products (Carter 
and Mohapatra, 2008; Switzer and El-Khoury, 2006; Wang and Ke, 2005; Peroni and 
McNown, 1998). Only few studies have dealt with the developing markets. For instance, 
Wang and Ke (2005) run the efficiency tests of agricultural commodity futures markets 
in China. Many studies have focused on the interaction between commodity futures 
prices and spot price in the same market with respect to different products (Singh and 
Shanmugam, 2007). The efficiency of the futures market of palm oil products is rare. 
Fatimah and Zainalabidin (1994) examined the forward pricing efficiency of the local 
CPO futures market to the local traders, in which they concluded that BMD futures 
market is efficient. The futures market for a commodity is considered to be efficient, 
when the n-period futures rate (Ft, n) is equal to the future ready rate (St+ n). The 
efficient market ensures that the average difference between futures rate with n day 
maturity and the subsequent ready rate n days later is zero. “The difference, if any, 
represents both the futures rate forecasting error and the opportunity for gain (or loss) 
from open positions in the market” (Kumar, 2004). However, there has not been too 
much studied in the case when the spot market and futures market are located in 
different markets. In this study, the participants are Europeans and the futures market 
is located in Malaysia. 

One way of testing market efficiency is based on the research of Fama (1970), and 
further developed by Tomek and Gray (1970), Leuthold and Hartman (1979), and 
Martin and Garcia (1981). The form of the tests is called weak form market/speculative 
market efficiency:

tnitnt FS ),(),( (1).

Here, tS and tF represent cash price and futures price in respective; i represents the 
time before contract maturity date; n refers to the contract periods; and are the 
parameters, and t is an error with the classical properties of a zero mean and constant 
variance. In this form, market efficiency requires that futures prices should be unbiased 
predictors of future spot prices. Therefore, simple empirical tests of market efficiency 
are based on tests of the joint hypothesis 0 , 1 in equation (1). Rejection of the 
restrictions imposed to the parameters and means that either the market is 
inefficient or a risk-free arbitrage exists in futures markets. 

Nevertheless, this approach is widely criticized for neglecting the long-term tandem 
between the spot and futures price, thus the empirical tests often turn contradicting 
results. The other reason of the contradicting results by using equation (1) is that often 
the price series in commodity market are not stationary (Beck, 1994), then the standard 
statistical tests of simply regression analysis as (1) are not reliable (Elam and Dixon, 
1988; Yang et. al 2001). Even though the stationarity problem could be solved by 
differencing the price series of equation (1)(Hansen and Hodrick, 1980), the result of 
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such simple regressing is still misspecified if cointegration relationship between the 
future and spot price, exists (Mckenzie and Holt, 1998). 

If spot and futures prices are both non-stationary and require differencing to make 
them stationary, the cointegration technique (Engle and Granger, 1987) is widely used 
due to the fact that asset price data are characterized by stochastic trends (Crowder et. 
al, 1993). Johansen (1991) and Johansen and Juselius (1990) further developed 
statistical procedures using the Error Correction Model (ECM) for testing long-run 
market unbiasedness. This approach has been widely recommended (Lai and Lai, 
1991). The results of future market efficiency have been unclear and remain somewhat 
confusing. Many confirm the efficiency of the futures market especially in storable 
commodity futures markets such as grain (Rausser and Carter, 1983), livestock (Covey 
and Bessler, 1995; Fortenbery and Zapate, 1993; Garcia et. al, 1988 ) energy (Coppola, 
2008), and the financial futures markets (Leitch and Tanner 1995; Hafer and Hein 
1984), others conclude that futures prices are not efficient forecasters of future spot 
prices, many of which investigate non-storable commodities (Purcell and Hudson, 
1985; Schroeder and Goodwin, 1991). There are various reasons for the failure of 
finding a cointegration relationship between cash and futures, such as time series 
properties of the cost of carry (Yang et. al., 2001). Even though ECMs provide a 
convenient tool to distinguish futures market efficiency in long-run and short-run 
unbiasedness, it is not convincing in estimating the short-run efficiency through the 
empirical estimation of an ECM alone. Thus out-of-sample forecasting performance of 
ECM to futures is always recommended. (Mckenzie et. al., 2003)
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3 DATA 

The data used in the study consist of two time series: One is the weekly European cash 
price, collected and cross-checked with trading agents by oilworld2 every Thursday 
during the year 2001 and 2007; The price referred to is the CIF3 forward price of the 
nearest shipment at north-west European harbors before tariffs and taxes4; the other is 
daily futures price data on crude palm oil (CPO) listed in BMD in Malaysia. The futures 
contracts in BMD include spot month and the next 5 succeeding months, and 
thereafter, alternate months up to 24 months ahead. The futures price is daily based on 
the spot month price listed in BMD. Both prices use USD/metric ton as the unit. 
Original data of futures prices are valued in Malaysian currency Ringgit, and the 
exchange rate between Ringgit and US dollar is daily data provided by Forex Trading5

In this study, spot price is sampled on a monthly basis: every third week of each month 
from October, 2001 to August, 2007 was sampled to present the maturity spot price, 
and correspondingly CPO one-month futures prices and two-months futures prices 
during 2001 and 2007 were also sampled. Futures market efficiency is tested for a two-
month horizon of a two-month contract and for three horizons of one-month contract 
prior to contract maturity: 1 week; 2 weeks and 1 month. There are three reasons why 
one month and two month contracts were chosen: Firstly, preliminary analysis of data 
indicated that in terms of volume and open interest, one-month and two-month 
contracts were the most actively traded contracts. Secondly, the prediction period from 
1 week to two months can clearly see if the length of the forecasting period could make 
a difference to the result of efficiency test. Thirdly, in the spot market, the standard 
delivery period of the cash prices is approximately one month and a one-month futures 
contract matches the cash prices the best. Taking the forecasting period of one month 
as an example (see Figure 2), futures prices with a one-month forecasting period were 
taken on 16th of October (first trading day of one-month contract in October); 
correspondingly the spot price is taken at the maturity date after one month, which is 
the closest date before the 15th of November, when the futures contract becomes 
mature. Using the same contract of one-month futures, the futures price with a 
forecasting period of one week is taken then, one week before the maturity date, and 
the forecasting period of two week, is taken two weeks before the maturity date. 

(Insert Figure 2 here)

Therefore, there are one cash-price series and a sampled futures price series, which 
consists of two month futures contract and a one-month futures contract with 
forecasting periods of one week, two weeks and one month. Constructing the pooled 
data series in this way provided us with price series consisting of 71 observations. 
Figure 1 plots the graph of four selected price series, in which the vertical axis 
represents the price/metric ton and the horizontal axis represents contract maturity 
time. To stabilize the data, the spot and futures prices are converted to logs and the 

2 Thanks  www.oilworld.org to provide the data.
3 C.I.F. (i.e. cost, insurance and freight price) price  is the price of a good delivered at the harbour, including any 
insurance and freight charges incurred to that point.
4 Since the spot price is for delivery within the following one month, the cash price at the date matching the futures 
prices is not necessary at the same date. Thus, please note that the cash price series used in the paper represented the 
best available data set
5 See. http://www.oanda.com/convert/fxhistory
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descriptive statistics is displayed in Table 1, labeled by LF_1w, LF_2w, LF_1m, LF_2m 
and LS_EU. 

(Insert Table 1 here)
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4 METHODOLOGY AND RESULTS

As discussed earlier, the error-correction model, as compared to the classic equation (1) 
provides more satisfactory methods for efficiency tests especially on the applications in 
circumstances where data are non-stationary. Thus in this section, the first stage is to 
examine stationarity properties of the univariate time series of futures and spot price 
displayed and explained in the section entitled Unit root test. Subsequent sections are 
for the cointegration test ,  the long-term efficiency test and the short-term efficiency 
test.

4.1. Unit  root test

If both results of the univariate unit root test for futures and spot are non-stationary 
and integrated with the same order, then the cointegration technique provides a 
suitable method to investigate the long-term and short-term market efficiency tests. 
Therefore, the first of stage of the research is to examine stationarity properties of the 
univariate time series of the futures and spot price.

Several procedures exist to test for the presence of unit root in time series data. The 
most commonly applied unit root test is the Augmented Dickey and Fuller (1979) 
(ADF). However, The Monte Carlo simulations by Schwert (1989) showed that the ADF 
tests have low power and are sensitive to the choice of lag-length, particularly if the 
series include structural breaks. As a result, rejecting the null hypothesis does not 
necessarily imply stationarity. Therefore, a complementary test of stationarity test 
developed by Kwiatkowski-Phillips-Schmidt-Shin (KPSS) (1992) is often applied 
together with ADF. While the ADF test states the null hypothesis of non-stationarity or 
the presence of a unit root, the KPSS test defines stationarity as the null. (Kwiatkowski 
et al.1992; Leybourne & Newbold 2000).. The KPSS tests, therefore, have good power 
properties in the identification of unit root for the series. 

The results of the unit root test including both intercept and linear trend are listed in 
Table 2. All the ADF test results cannot reject the null hypothesis of nonstationarity at 
the 5% significant level. All the KPSS test reject the null hypothesis of stationarity at the 
10% level when intercept and linear time trend are included and reject the null at the 
5% level when only intercept is included. Combining both ADF and KPSS tests 
together, we can draw a prudent conclusion that all the price series are non-stationary. 
Furthermore, stationary tests on the first differencing prices were also performed. The 
results show that first differencing is adequate to render the series statationary6, which 
indicate that each of the price series is I(1). (Insert Table 2 here)

4.2. Cointegration Test

Given that the cash and futures prices are both non-stationary and I(1), Johansen’s 
cointegration techniques (Johansen 1991, 1995)  can be used to identify the long-term 
cointegration relationship between two prices. Johansen’s test is conducted through 
vector error correction model (VECM) specified as follows:

6 The unit root test results of first difference are not reported but are available upon request.
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t

p

i
itittt YXYY

1
1 (2),

where tY is a )12( vector of I(1) dependent variables (cash and futures prices), and 

tX is a vector of deterministic variables such as linear trend and seasonal trend, etc. In 
our case we include linear trend as the clear upward linear trend can be visualized from 
Figure 1.  1ttt YYY ; t denotes a )12( vector of innovations, assumed to be 
serially uncorrelated with zero mean and constant variance. ,, and are the 
coefficient matrices. is a matrix of the form ' , where and are both ( r2
) matrices of full rank.  contains the r cointegrating relationships and is called a 
cointegrating vector and , carrying the corresponding adjustment coefficients in each 
of the r vectors is called a loading factor. Thus, the cointegrating relationship can be 
determined by examining r , i.e. the rank of equals the number of cointegrating
vectors (Johansen, 1990). r < n, where n is the number of price series, which is two in 
this study. In practice, Johansen (1988) proposed two sequential likelihood ratio tests 
to determine the cointegration rank, which are trace statistic denoted by trLR and 

maximum eigenvalue statistic denoted by maxLR . The trace statistic is shown in 
function (3)

k

ri
itr TkrLR

1
)ˆ1ln()|( (3),

where î denotes the i-th largest  eigenvalue of the matrix in function (2). The 
maximum eigenvalue statistic tests the null hypothesis of  r cointegrating relations 
against the alternative of  r+1 cointegrating relations. This test statistic is computed as 
function (4):

)|1()|()1ln()1|( 1max krLRkrLRTrrLR trtrr

(4) , 

for r=0, 1, 2….., k-1.

In detail, Johansen tests according to equation (3) and (4) could test both unrestricted 
model (with trend) and restricted model (without trend). Thus, the test for futures and 
cash market cointegration, where n=2, becomes the test for the null hypothesis: r =0 
and r =1 with trend and without trend, starting without trend. If r =0 is rejected and r
=1 cannot be rejected, then cointegrating relation is found between the futures and spot 
market. Otherwise, if r =0 cannot be rejected, then there is no cointegration 
relationship between the futures and spot market.

The result of Johansen’s tests is listed in Table 3. Akaike Information was used to 
determine the optimal order of lags (number of p). It suggest that the best specification 
is p= 1 for two-weeks, one-month and two-month forecasting periods, and p=3 for one-
week forecasting periods. Both Trace and Max-Eigen test statistics suggest that the 
cointegration relationship between futures and spot price is found significant for all the 
forecasting period, with linear trend included at the 1% significance level. Therefore, 
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long-run equilibrium relationship is confirmed between the CPO spot price in the EU 
and futures price in BMD for all the investigated forecasting periods. 

(Insert Table 3 here)

A Cointegration relationship between the CPO futures and the spot prices only satisfies 
a necessary condition for market efficiency (Hakkio and Rush, 1989; Schroeder and
Goodwin 1991; Zapata and Fortenbery, 1996). Given cointegration relationship, the 
market efficiency requires still two conditions:  Long-term efficiency and short-term 
efficiency tests. (Carter and Mohapatra, 2008; Alizadeh and Nomikos, 2004).  To be 
able to separates out the short-term and long-term components, the error correction 
model derived from (2) is used here in the following form (5)

t

p

i
ititt YtYY

1
0101 )'( (5) ,

where tY is a )12( vector of I(1) dependent variables (spot and futures prices). 

Equivalent to 1tY , 1' tY is considered a long-term equilibrium component, i.e. it  

represents long-term cointegration relations. The short-run component 
p

i
iti Y

1
in 

function (5) is the same as in function (2), measuring the short-term adjustment 
component. Thus, the efficiency tests can be carried out through a series of hypothesis 
tests on the parameters on (5). To further clarify the vector form, function (5) could be 
represented as follows:
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4.3. Long-term efficiency tests

According to function (6), the normalized cointegrating vector (normalization on spot 

price) contains the long-run equilibrium of the cash and futures palm prices; loading 
factor determines the speed of adjustment toward long-run equilibrium. If the value 

is close to zero, it means that it takes a long period of time for the series to revert to 
their long-run equilibrium after a shock. The results of the and are listed in Table 
4. 

(Insert Table 4 here)

The cointegrating coefficient on the futures price series for all the forecasting 
periods from one week to two months are likely to be close to -1 and significantly 
different from zero at the 5% level, which satisfies the necessary condition of the 
hypothesis of unbiased futures prices. However, all of values of the loading factor on 
futures series and only the values of on spot price series for the forecasting period of 
two weeks turn significantly positive at the 5% significant level. These results imply that 
for the forecasting periods of two weeks, the futures price and spot price interact closely 
with each other. In this case, both the futures price and spot price play an equal role in 
correcting the disequilibrium that is created from the previous period’s deviation in the 
long run. The insignificant figures of on spot price series for the forecasting periods 
of one week, one month and two month suggest two things: one is that the futures price 
in the most tested periods plays a major role in adjustment toward equilibrium after a 
shock; secondly, the spot price does not adjust significantly to the equilibrium when a 
short-run shock comes a cross. 

Under the cointegration relationship, two important conditions for the long-term 
efficiency test of futures prices are also required for the efficiency test: one is that 
futures prices should be unbiased forecasts of cash prices, and the other is that futures 
prices should be weakly exogenous of the spot price in the long-run. Long-run 

unbiasedness of the futures price implies that the coefficients of the long-run vector 
= ( spot , futures ) = (1, -1) specified in equation (6).  Weak exogeneity of the futures price 
means that futures oil prices as exogenous are based on the assumption that it is the 
price of futures oil that determines spot prices in the EU, and the changes in futures 
prices will map directly to spot prices whilst changes in spot prices are not thought to 
feed back to futures prices. In other words, the futures price should lead the spot price. 
Thus, the weak exogeneity test can be examined by imposing restrictions on the 
parameters of the assumption futures =0 and 0spot in. Additionally, long-run 
unbiasedness and weak exogeneity test are estimated through the joint hypothesis tests 
of = (1,-1) and futures =0 . 

The results of two conditions are listed in Table 4 and Table 5. From Table 4, the 
hypothesis test of = (1,-1) cannot be rejected at the 5% significant level for all the 
forecasting periods except for the forecasting period of two weeks. The result supports 
that the BMD palm oil futures price is an unbiased predictor for the European spot 
price in the long-run for most of the forecasting periods. For a forecasting period of two 
weeks, the evidence is not significant. However, many argue that the unbiasedness 
hypothesis may be too strong to imply market efficiency, especially when the delivery 
location is far from exchange market, the existence of transaction cost such as risk 
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premium, a transportation cost and insurance cost will cause the rejection of = (1,-1) 
(Wang and Ke, 2005). 

(Insert Table 5 here)

The weak exogeneity hypotheses test results are listed in Table 5. The weak exogeneity 
of futures prices can be found only in the forecasting period of one month. Only the 
result for the forecasting period of two weeks reject the exogeneity  hypothesis for both 
spot and futures prices at the 5% significant level. Others found long-term weak 
exogeneity of spot price. For forecasting period of two weeks, the spot price and futures 
price interact with each other in order to be able to reach a long-run equilibrium. Thus, 
there is no clear real price leader between the two price series. In comparison, the 
conditions futures =0 and 0spot   are rejected for the forecasting period of one week, 
one month and two months, which suggests that for these forecasting periods, the spot 
price leads the futures prices in the long-run. In short, the weak exogeneity hypothesis 
test results suggest two things: One is the rejection of the weak exogeneity hypothesis
for the forecasting period of two weeks; the other is evidence of the weak exogeneity of 
spot price instead of the futures price for the forecasting period of one week, one month 
and two month. These two implications,  together with the previous result shown in 
Table 3 suggest that CPO futures price is not weakly exogenous with respect to CPO 
spot price of EU. Thus it is inconsistent with an efficient market under which the 
futures price should lead the spot price.

Table 5 also displays the results that combine both weak exogeneity hypotheses and 
unbiasedness tests. For all of the forecasting periods except for the forecasting period of 
two weeks, the hypotheses of the long-run weak exogeneity of spot price and 
unbiasedness cannot be rejected at the 5% significance level. It further implies that in 
the long-term, it is the spot price that leads the futures price. For the forecasting period 
of two week, there is no price leader. It suggests that there is indeed market inefficiency 
in the long-run, the cause of market efficiency may be caused by the far distance 
between the futures market and delivery location. Noticeably, the price discovery 
function of a futures market for the European participants is weakened by the fact that 
the spot market information in the EU does have a large impact on the future market in 
BMD. 

4.4. Short-term efficiency tests 

Apart from long-term equilibrium test, short-term efficiency test may tell us about the 
direction of causality of futures prices to spot prices or spot prices to future prices. The 
test can be carried out through hypothesis tests on if the lagged explanatory variable 
coefficients spot

i1 and spot
i2   equal zero. If the futures market is efficient, the coefficient 

of lagged spot and futures prices difference should not be significant, i.e. the past 
information of either the futures market or spot price cannot provide any forecasting 
power in the current spot/futures prices.

The result of the short-term efficiency test is shown in Table 6. Regarding the impact on 
changes in futures/spot prices from lagged differenced forms of spot/futures prices, the 
results are mixed. In detail, for the forecasting period of one week, bivariate short-run 
causality is found significant in both directions,  i.e. lagged difference spot prices 
affecting futures prices and lagged differenced futures prices affecting differenced spot 
prices. For the forecasting period of two weeks and one month, however, no short-run 
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causality is found in either way, i.e. lagged differenced spot prices and differenced 
futures prices show no interaction between each other in the short-run; for the 
forecasting period of two months, short-run causality is found significant only in one 
way as the significant level is extended to 10%, i.e. lagged differenced spot prices 
affecting differenced futures prices but not the other way around. 

The implications of these results can be listed as follows: Firstly, for the forecasting 
period of one week, which is the shortest in this study, the results show that the short-
run interaction between futures prices and spot prices were significant and exist over a 
rather long period (lag 3). It indicates that a short time before the contract matured, the 
speculation and over-trading behavior was more likely increasing, thus the past 
information becomes useful for predicting the current spot/futures price, which brings 
inefficiency into the market. Thus the futures market during this time in the short-run 
is the most inefficient.  Secondly, for the forecasting period of two months, it shows that 
in the short-run the futures prices lead movements in the spot price, but the spot price 
does not lead the futures price. However, the magnitude of inefficiency is much smaller
than the forecasting period of one week. Thirdly, for the forecasting period of two 
weeks and one month, the hypotheses of both the lagged spot price differenced terms in 
the futures equation and the lagged futures price differenced term in the spot equation 
are jointly zero and cannot be rejected at the 1% significance level . The results suggest 
that all the relevant information from past prices is incorporated into current futures 
prices, which is consistent with the short-run efficiency hypothesis; thus the futures 
contracts for the forecasting periods of two weeks and one month are found efficient for 
the European participants in the short-term. Noticeably, for the forecasting period of 
two months, both long-term and short-term efficiency test, suggest that the spot price 
in the EU lead the futures price. It clearly implies that at least for the forecasting period 
of two months the futures market BMD for the European participants does not behave 
as an efficient market; thus the role of the futures market BMD as a price discovery 
cannot be played properly. 

(Insert Table 6)

For all the forecasting periods, the residual tests including the serial residual Lagrange 
Multiplier test LM and White’s heteroskedastic tests were also conducted. The result is 
displayed in Table 7. No serial residual is found significant. White’s heteroskedastic 
tests fail to reject the null hypothesis for all the forecasting periods. In addition, 
Normality hypothesis is rejected for the forecasting periods of one week and one 
month. The rejection of normality in many cases is caused by parameter instability 
(Brümmer et al., 2009), resulted often from structural break and asymmetry in price 
transmission process. Hence, the issues of structural break and asymmetry are about to 
be discussed in the next section.

(Insert Table 7).

4.5. Testing the stability of linear VECM 

Linear VECM has been noticed to be very sensitive to the structural break (Shepherd 
,2004; Brümmer et al., 2009), which might cause instability of parameters and price 
asymmetry (Von Cramon-taubadel, 2003; Ben-Kaabia, 2005). Therefore, instability 
tests, namely the Chow breakpoint test and cointegrating vector stability test (Hansen 
and Johansen, 1999) are used to test the long-term stability of linear VECM and 
potential structural breaks and changes. In detail, the Chow breakpoint test is to 



13

examine the hypothesis of a stable long-run relationship and the cointegrating vector 
stability test is to evaluate the stability of the recursively estimated eigenvalues of the 
cointegrating vector.  

The Chow breakpoint test is asymptotically distributed as 2 . However, since in two of 
our cases the non-normality test (forecasting period of one week and one month) for 
the residuals of VECM cannot be rejected for the forecasting period of two weeks, a 
bootstrap procedure was implemented (Candelon and Lütkepohl, 2001). Figures 3 to 6 
portray the test results. The vertical axis represents the bootstrapped empirical p-
values for different breakpoints. Clearly, all four figures show that the p-values for all 
the breakpoints lie well over 0.10, which indicate that the linear VECM is not affected 
by the structural breaks. The parameters from VECM are stable over the testing 
periods. Hansen and Johansen (1999) provide a recursive statistics for the stability of 
the eigenvalue produced from linear VECM. The purpose of the cointegration vector 
stability test is to examine if there are significant structural changes during the test 
period. Rejection of the hypothesis of stability of the recursively estimated eigenvalues 
would indicate that the Error Correction Vector is not stable over time. If that is the 
case, then the validity of linear VECM may be questionable.   Figure 7 to 10 show that 
the recursive -statistics of linear VECM model presented in equation (6) for the 
forecasting periods of one week, two weeks, one month and two months. Clearly, all the 

test statistics are less than the critical value of 1.6 over the entire sample period, 
which implies that the parameters estimated from equation (6) are stable. Together 
with Chow breakpoint test, both stability tests suggest that the linear VECM is a robust 
method to represent the efficiency test in this study.

(Insert Figure 3-10)
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5 CONCLUSION AND DISCUSSION

Palm oil is one of the most important oilseed oils in the global market. The growing 
demand of palm oil caused by the increasing biofuel consumption and the unique 
feature of palm oil as a food oil increased the price of palm oil during the last 5 years 
until the recession hit the global market at the end of 2008.  Theoretically, the futures 
prices are considered the best price discovery mechanism and an unbiased predictor for 
the expected spot price if the futures market is efficient. Consequently, futures 
participants could transfer and hedge the price risk in the futures market in the long-
run.  Malaysia is one of the biggest palm oil producers, and futures of crude palm oil 
listed in  the Bursa Malaysia Derivatives (BMD) is considered as the most efficient 
futures exchange. Europe, as one of the biggest importers of palm oil, has no futures 
market for it. Therefore most of the hedging decisions and price predictions are based 
on the futures price listed in BMD. Thus, the purpose of this research is to test the 
efficiency of the crude palm oil futures contracts listed in BMD for the European 
participants.

The empirical results in this research show that the hypothesis of the unbiasedness of 
futures with respect to the spot price cannot be rejected for most of tested samples in
the long term, which implies that the CPO futures prices in the BMD futures market are 
unbiased predictors of spot prices in the long-term. Nevertheless, the paper also finds 
that the futures market of BMD is still not a very efficient market for the European 
market.  The reason is that the European spot price shows a likelihood of leading the 
CPO futures prices in most tested forecasting periods. The result is inconsistent with an 
efficient market under which the futures prices should lead spot prices. It suggests that 
in these cases European participants could use the advantage of price signaling and 
even make arbitrage out of it if there is no other transaction cost involved. It also 
implies that Europe should bear more responsibilities in the development of the palm 
oil futures market. Finally further attention has to be drawn to the particular causes for 
the contradictory result in the direction of leadership. The potential reasons for the 
results could be the following:  Participants of the BMD futures market lack diversity, 
since the major importers of CPO such as India and China have their own futures 
market domestically, and the only exception is the EU. Therefore, the futures market of 
BMD in trading CPO is very sensitive to the shocks and changes that take place in the 
EU. Additionally, risk hedgers of futures contract such as Finnish oil company  Neste 
Oil Corporation may not be active in BMD due to the short-run contracting period 
offered by BMD. They prefer using contract deals with individual CPO producers. 
Consequently, only short-term futures contracts are traded actively, which only suit for 
speculators but not enough long buyers, and the futures market may not be able to 
detect the demand and supply market, thus the role of price discovery would be further 
weakened. 
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Figure 1 EU spot price versus BMD future price of CPO with various forecasting periods.

Figure 2 Example of extracted spot and futures prices
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BMD 2m_futures      
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Figure 3 Break-point Chow test for lgspot and lgfuture_1w VECM 

Figure 4 Break-point Chow test for LS_EU and LF_2w VECM
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Figure 5 Break-point Chow test for LS_EU and LF_1m VECM

Figure 6 Break-point Chow test for LS_EU and LF_2m VECM
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Figure 7 Recursive -statistics for LS_EU and LF_1w VECM, starting from 2002 month 9

Figure 8 Recursive -statistics for LS_EU and LF_2w VECM, starting from 2002 month 9
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Figure 9 Recursive -statistics for LS_EU and LF_1m VECM, starting from 2002 month 9

Figure 10 Recursive -statistics for LS_EU and LF_2m VECM, starting from 2002 month 9
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Table 1 Descriptive statistics of spot and futures prices 

LS_EU LF_1wk LF_2wk LF_1m LF_2m
Mean 6.124 6.013 5.997 5.975 5.983
Median 6.082 5.940 5.951 5.948 5.953
Maximum 6.697 6.599 6.572 6.547 6.535
Minimum 5.598 5.687 5.468 5.451 5.481
Std. Dev. 0.213 0.203 0.209 0.200 0.195
Skewness 0.843 1.225 0.623 0.442 0.481
Kurtosis 4.248 4.337 4.122 4.412 4.334
Jarque-Bera 13.03 23.04 8.31 8.21 8.00
Observations 71 71 71 71 71

Note: Sample period is from October, 2001 to August 2007.

Table 2 Unit root test result

Intercept included Intercept and linear time 
trend included

Price Series Test statistics1) 

for ADF t test2)
Test statistics3)  

for ADF t test 
LS_EU -0.99 -1.59
LF_1wk -0.81 -0.96
LF_2wk 0.82 -0.02
LF_1m -0.47 -1.10
LF_2m -0.32 -0.93

Test statistics4) 

for KPSS  LM test5)
Test statistics6)  
for KPSS  LM test

LS_EU 0.67** 0.14*
LF_1wk 0.51** 0.14*
LF_2wk 0.52** 0.14*
LF_1m 0.56** 0.13*
LF_2m 0.54** 0.13*
Note: (*),(**) represent  10% and 5% significance level respectively.

1) Critical values at 1%, 5% and 10% are -3.53,-2.9, and -2.59, respectively;  
2)  ADF test hypothesis H0: Series has a unit root;  
3) Critical values at 1%, 5% and 10% are -3.17,-3.48,-4.09, respectively; 
4) Critical values at 1%, 5% and 10% are 0.21, 0.15 and 0.12,  respectively;
5) KPSS hypothesis H0: Series is stationary; 
6) Critical values at 1%, 5% and 10% are 0.216, 0.146 and 0.119, respectively.
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Table 3 Test for cointegration between the spot and futures prices with linear trend 
included

trLR maxLR
H0: r = 0 H0: r =1 H0: r =0 H0: r =1

1 week ( lag = 3) 28.87** 2.55 26.32*** 2.55

2 weeks (lag=1 ) 34.78*** 1.91 32.87*** 1.91

1 month (lag=1) 40.56*** 1.64 38.90**
* 1.65

2 month(lag=1) 32.66*** 1.64 31.02*** 1.64
Note: Critical values are from MacKinnon-Haug-Michelis (1999). (**),(***) represent  
5% and 1 % significance level respectively.

Table 4 Long-term coefficients in function (5)

t

p

i
ititt YtYY

1

1
0101 )'(

Coefficients Forecasting period Coefficients t-statistics

spot

One week -0.13 0.63
Two weeks 0.60** 2.55
One month 0.27 1.16
Two months 0.22 0.97

futures

One week 0.86** 2.69
Two weeks 1.11*** 6.1
One month 0.74*** 6.97
Two months 0.63*** 6.06

spot

One week 1 -
Two weeks 1 -
One month 1 -
Two months 1 -

futures

One week -0.96.*** -33.74
Two weeks -0.89*** -29.59
One month -0.95*** -31.09
Two months -0.99*** -25.97

Note. Figures in parentheses are standard errors.  (**) and (***) denote variables 
significant at the 5% and the 1% significance level, respectively.
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Table 5 Test for long-run efficiency 

Hypotheses Forecasting 
period

LR test 
statistics
[P-value]

Long-run 
unbiasedness of 
futures price

H0: = (-1,1)

One week 1.30[0.26]
Two weeks 8.24[0.00]
One month 2.36[0.12]
Two month 0.06[0.81]

Long-run exogeneity 
of spot price H0: spot = 0

One week 0.42[0.52]
Two weeks 6.24[0.01]
One month 1.37[0.24]
Two month 0.94[0.33]

Long-run exogeneity 
of futures price H0: futures = 0

One week 16.48[0.00]
Two weeks 29.44[0.00]
One month 36.86[0.00]
Two month 29.26[0.00]

Long-run weak 
exogeneity of spot 
price and 
unbiasedness

H0: spot = 0;
= (-1,1)

One week 1.41[0.49]
Two weeks 15.54[0.00]
One month 4.18[0.12]
Two month 1.10[0.58]

Long-run weak 
exogeneity of futures 
price and 
unbiasedness

H0: futures = 0;
= (-1,1)

One week 20.18[0.00]
Two weeks 31.93[0.00]
One month 37.31[0.00]
Two month 30.17[0.00]

Table 6 Test for short-term efficiency

Hypotheses Forecasting 
period

LR test 
statistics
[P-value]

Futures price 
does not Granger 
cause spot price

H0: ][ 1
futures
i = 0

(i=3) One week 23.19[0.00]
(i=1)Two weeks 0.89[0.35]
(i=1)One month 1.17[0.28]
(i=1)Two month 0.83[0.36]

Spot price does 
not Granger cause 
futures price

H0: 0][ 2
spot
i

(i=3)One week 24.96[0.00]
(i=1)Two weeks 0.001[0.98]
(i=1)One month 0.62[0.43]
(i=1)Two month 2.68[0.10]
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Table 7 Residual diagnostic tests

Forecasting period Test statistics  
[P-value]

LM (4)serial correlation 
test  
H0: no serial correlation

One week 2.10[0.72]
Two weeks 0.93[0.93]
One month 3.50[0.48]
Two months 3.50[0.48]

White’s heteroskedastic 
test 
H0: no heteroskedasticity

One week 41.67[0.49]
Two weeks 25.32[0.12]
One month 19.85[0.34]
Two months 17.99[0.46]

Jarque-Bera normality 
test 
H0: Normality

One week 10.68[0.03]
Two week 1.74[0.78]
One month 10.24[0.03]
Two month 7.23[0.12]
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CHAPTER IV

Horizontal price transmission of the Finnish meat sector with major EU 
players

Abstract:

The integration of the Finnish meat market in the EU has important implications for 
domestic agricultural policy. Our aim is to estimate the characteristics of the Finnish pork 
and beef markets in relation to those of Germany and Denmark. Our analysis uses
symmetric and asymmetric threshold error correction models. Both pork and beef prices in 
Finland are found to have slowly cointegrated with German prices, but the cointegration 
relationship of the two counties is only found to be symmetric for pork prices, while it is 
asymmetric for beef prices. The producer price for pork in Finland is symmetrically 
cointegrated with the Danish price, but the Finnish and Danish beef prices show a random 
walk. This implies that the price transmission to the Finnish pork producer market from the 
EU market is smoother and more efficient than for the beef market. However, the speed of 
transmission is still slow compared to that between the Danish and German markets. 
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1 INTRODUCTION

The economic structure of Finnish agriculture and agrifood radically changed across all 
sectors in 1995 when Finland joined the EU. The commitment to the Common 
Agricultural Policy (CAP) of the EU, in particular, directly or indirectly affected the 
prices for Finnish agricultural goods in both the short- and long-term. The immediate 
impact of the change was clearly seen in the meat sector in 1995. Meat prices fell to 
about half of the level of 1994 before Finnish accession the EU, even though the 
producers received subsidies for the transitional period. The producer price for meat in 
Finland has become much more volatile, and the price level has followed the average 
price in the EU quite closely ever since. This indicates that the prices for Finnish 
agricultural products, including meat products, have become more subject to the 
changes in other EU countries. Meanwhile, the trading volume of meat between 
Finland and other EU countries has fluctuated since 1995 (see Figure 1). Pork and beef 
have been the main meat products for both the Finnish domestic market and Finland’s 
trading partners. Each year, the trading volume of pork and beef, excluding process 
meat products, has accounted for over 38% of total trade in the meat and offal sector. 
As illustrated in Figure 2, pork has always been the main traded meat in the meat 
sector. 

(Insert Figure 1-2 )

In the EU, Germany is the largest producer and consumer of meat, while Denmark is 
one of the major meat producers, and in particular a leading pork exporter. Thus, the 
trade between Finland and these two countries, and particularly the imports from 
them, dominates in comparison to the trade between Finland and the other EU-27 
countries. Figure 3 presents the import of pork and beef from Germany and Denmark 
to Finland between 1995 and 2009. Clearly, the import of pork from Germany to 
Finland has gradually increased, and as a result it reached 7.4 thousand tons in 2009 
from 3.8 tons in 1995, a 1930-fold increase within 14 years. In comparison, the import 
of pork from Denmark to Finland has steadily declined from a peak volume in 1999. 
The import of beef from the two countries to Finland has shown a similar pattern, with 
Denmark first leading and Germany later catching up, especially after 2001. 

(Insert Figure 3) 

Under the EU’s Common Agricultural Policy, the same agricultural products are 
required to become spatially integrated within and between all member states. In an 
integrated market, price information related to the production costs should also be 
efficiently transmitted between the member states. National governments of EU 
member states and their regulations should help to attain the goal of an integrated and 
efficient market. The basis for price transmission is traditionally founded on the 
concept of the law of one price (LOP) (Samuelson, 1952; Takayama and Judge, 1972) 
or, at an aggregate level, on purchasing power parity (PPP) (Goodwin and Piggot, 2001; 
Jamaleh, 2002; Seo, 2003; Brooks and Melyukina 2003). The LOP or PPP postulates 
that under conditions of perfect competition, price transmission is complete, with the 
equilibrium prices of a commodity sold on foreign and domestic markets differing only 
by the transfer costs if the markets share a common currency. 

In practice, perfect price transmission is not realistic, especially for a country like 
Finland, where the production costs in agriculture are substantially higher than in the 
main agricultural areas of Europe due to the unfavorable weather condition. The 
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Finnish costs cannot, therefore, be integrated with the competitive production costs 
and product prices in the EU. As a result, price transmission models are mostly used to 
provide an important measurement of the degree to which supply and demand shocks 
arising in one region are transmitted to Finland. Consequently, price transmission can 
reflect the extent of market integration and the extent of market efficiency (FAO, 
2003)1. Thus, in analyzing the efficiency of the Finnish meat market, a fundamental 
issue is the extent to which the Finnish domestic meat market responds to changes in 
the European price.  In other words, to understand the form of prices in the domestic 
market of Finland, the relationship between the Finnish market and such important 
European markets as Germany and Denmark has become an interesting topic of study. 
The issues of market efficiency and the extent of price transmission of market 
information have attracted considerable attention during the last couple of years, when 
the price of food in Finland has continuously climbing high. Many questions have been 
asked about price transmission between the Finnish market and the EU market, and 
questions such as whether farmers in Finland have benefitted from the price increases 
need to be carefully addressed.

Another issue that is important for spatial market integration is its importance in 
regulating the structure of food processing through antitrust legislation, because 
domestic retail businesses in Finland are highly concentrated. Since the most common 
reason for the prevalence of vertical restraints in the food sector is the increasing 
market power of food retailers (McCorrison 2002), market concentration can be 
expected to have important implications, particularly in the Finnish market. A 
concentrated market structure is known to be a key condition providing firms with 
incentives for oligopolistic behavior, such as non-cooperative tacit collusion, strategic 
price signaling and strategic investment (Tirole 1992). From the perspective of the 
Finnish meat market, the problem is that domestic retailing is more concentrated than 
domestic processing. Even though the processing industry is also quite concentrated, 
Finnish processors are too small to cope in the overly competitive European-wide and 
global export markets. An important question then is what types of public policies 
would efficiently regulate the domestic meat processing industries, and what means 
could be adopted or promoted to improve their competitiveness. The crucial research 
question linked to the policies regulating structural development in domestic meat 
processing is the size of the Finnish market. In economic concepts, the issue is how well 
the Finnish meat market is integrated into the European-wide meat market, and what 
are the characteristics of spatial transmission of price information between the Finnish 
and other European markets. 

The objective of this paper is to estimate the characteristics of the Finnish pork and 
beef markets in relation to their markets elsewhere in Europe. More specifically, the 
study aims to quantify the elasticity of price transmission between the Finnish meat 
market and other European meat markets, focusing on producer prices for pork and 
beef in Finland, Germany and Denmark.

Some attempts have been made in the literature to investigate price transmission 
between Finland and other European countries, but the results have remained mixed 
with respect to different products. For example, the broiler price was not found to be 
cointegrated at all (Liu, 2008), while the producer price for pork meat was cointegrated 
with that in Germany, but the degree of market integration was very low (Jalonoja et al, 
2005). To some extent, the previous studies have become outdated, since they do not 
include the most recent price peaks occurred in the last two years. Given the

1 FAO, 2003, http://www.fao.org/docrep/006/y5117e/y5117e06.htm
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discrepancy in the literature as to whether the meat market in Finland during the last 
two years has altered and the extent to which the integration with other EU markets 
may have changed over time, this article seeks to further explore this issue. A re-
examination of this question is especially necessary in the light the possible structural 
change in the meat market within the last two years. 

Methodology

Based on the LOP or Purchasing Power Parity (Krugman and Obstfel, 1997; Mundlack 
and Larson, 1992), the domestic price can be written as a function of the international 
price, the nominal exchange rate and the transaction costs. In market integration 
studies, econometric analysis is mostly carried out on the logarithms of the prices to 
reduce data variability (Conforti, 2004). Assuming transaction costs over the time stay 
constant and single currency, the most popular the LOP model is the Enke-Samuelson-
Takayama-Judge model (Enke, 1951; Samuelson, 1952; Takayama and Judge, 1971).

Given prices for a homogeneous commodity in two spatially separated markets D and 
F , the most common form of the LOP test is a simple regression model of the 
equilibrium relationship between domestic prices and foreign prices for a homogenous 
product could be expressed as follows:

ttt FD 10 (1)

where 0 is the constant term that captures transactions costs; tD is the logarithms 

prices of a domestic price at time t; Ft is the logarithm a foreign price; 1 is the 
coefficient representing the elasticity of price transmission, which is assumed to have 
the value of one for perfectly integrated markets and when a strong form of the LOP 
holds. If 01 or there is no relationship between the prices, while if 10 1 there 
is a relationship between the prices, but the relative price is not constant, and the goods 
are imperfect substitutes. it ),0(~ 2IID is the error term, uncorrelated with other 
explicative variables of the model.  

The model presented in equation (1) were found to have shortcomings associated with 
the nature of the unit-root nonstationarity of most commodity price data. The presence 
of nonstationarity in the price series commonly used to test spatial market integration 
invalidates conventional approaches to inference such as model (1) (Engle and Granger, 
1987). Recognition of this issue has stimulated an extensive body of literature applying 
unit root and cointegration tests to evaluations of spatial integration (Bessler and 
Fuller, 1994; Conforti, 2004). A frequently used technique to identify cointegrated 
behaviour and meanwhile separate out the short-term adjustment component and the 
long-term equilibrium component is the vector error correction model (VECM). Using 
cointegration theory, the linear form VECM can write domestic price and foreign price 
series as follows:

ttkt

p

k
kt ePPAP 1

1

1
lnlnln (2)

where is the difference operator, tPln is a 2×1 vector of dependent variables 
(pairwise combinations of domestic price and foreign price both in logarithm form, 
represented by tD and Ft in function (1)), and is a 2×1 vector of coefficients for a 
deterministic term. Accordingly, in the case of relationship between Finnish producer 
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price of meat and German/Danish producer price of meat, we could rewrite bivariate 
function (2) as follows:
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where Fin
tip ,ln represents the logarithm producer price of Finnish meat i (the subscript 

index i represents meat products either pork or beef) ; j
tip ,ln represent the logarithm 

producer prices of meat in j country (the superscript j describes the country either 
Germany or Denmark); is assumed to be unity, as if there is perfect integration 

between Fin
itpln and j

itpln .  Each kA represents a 2×2 matrix of coefficients on lagged 

differenced logarithm domestic price and foreign prices. kA also demonstrate the 
short-term dynamics of the system, given that a long-term cointegration relationship 
exists between domestic price and foreign price, represented by the error correction 
term (ECT) )ln(ln ,,

j
ti

Fin
ti pp . In the ECT term, contains the cointegrating vectors 

or long-term equilibrium of the prices, and the loading factor Fin
i 1, and j

i 2, show the 
speed of adjustment towards the long-term equilibrium following a short-term 
deviation. Within this context, short-term adjustments are directed by, and consistent 
with, the long-term equilibrium relationship, allowing the researcher to assess the 
speed of adjustment that shapes the relationship between the two prices. Usually, 

10 , and in the context of market integration and price transmission studies, the 
value of can be seen as a proxy for the extent to which policies, transaction costs and 
other distortions delay full adjustment to the long-term equilibrium (Sharma, 2002). 
Finally, the error term vector tie ,1 and tie ,2 denotes mutually orthogonal random price 
disturbances, assumed to be serially uncorrelated with a zero mean and constant 
variance. 

In the case of non-stationarity of pairwise time series, the Johansen tests (Johansen, 
1988; 1990 and 1992) provide appropriate statistical techniques to investigate if the 
pairwise logarithm prices are cointegrated.  Two sequential likelihood ratio tests called 

trLR trace test and the maxLR maximum eigenvalue tests are commonly applied (Test 

details see Appendix). Both tests evaluates the rank of the matrix ' . If the two series 

are cointegrated, then the rank 2' r .

Cointegration analysis cannot make inferences in two conditions: One is that it cannot 
be used to make inferences about the direction of causation between variables. The 
other is the case when a non-cointegration relationship between prices is found. 
Therefore, further Granger causality tests are performed. In the first case, Granger’s 
causality test (1988) can be used to determine the direction of causality. At least one-
way causality is a necessary condition, and the test provides additional evidence as to
whether a cointegration relationship holds between two series (Granger, 1986). More 
specifically, a weak exogeneity test is imposed on the vector , in which at least one 
parameter has to be non-zero. In the latter case, when the two series are found not to be 
cointegrated, Granger-type tests require transformations to induce stationarity without 
the ECT.
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The linear VECM, as show in equation (2) and (3), have been noted to be highly 
sensitive to structural breaks (Shepherd, 2004; Brummer et al., 2009), which might 
cause the instability of parameters and price asymmetry (Von Gramon-taubadel, 2003; 
Ben-Kaabia, 2005). Therefore, instability tests, namely the Chow breakpoint test and 
cointegrating vector stability test (Hansen and Johansen, 1999), are used to examine 
the long-term stability of the linear VECM and potential structural breaks and changes. 
More specifically, the Chow breakpoint test is applied to examine the hypothesis of a 
stable long-term relationship and the cointegrating vector stability test is used to 
evaluate the stability of the recursively estimated eigenvalues of the cointegrating 
vector, which in this study is the estimated eigenvalue of ECT 1ln' tP from equation 
(3).

Furthermore, an important issue in the empirical application of price transmission to 
the Finnish meat market from other European markets explored here is to test the 
linearity of the VECM against non-linear models. By doing this, the linear VECM could 
be tested to determine whether the producer prices for both pork and beef have been 
symmetrically transferred to Finnish producers from other major European meat 
markets. The presence of asymmetries in the price transmission mechanism has been 
investigated for a wide variety of countries and commodities (Frey and Manera, 2008). 
This has mostly been done by releasing the adjustment mechanism in order to allow the 
regime shifts to depend on whether prices are increasing or decreasing (Von Cramon-
Taubadel, 2004; Keele, 2005). Hansen (1999) and Hansen and Seo (2002) developed a 
sup-LM test for the linear VECM against a bivariate threshold vector error correction 
model (TVECM) with a maximum of two thresholds and three regimes. If the linearity 
of the VECM shown in equation (2) is rejected, the TVECM can be applied as follows:
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where )ˆ,ˆ(ˆ HL are the estimated thresholds that segment the different regimes. 

1tECT = )ln(ln 1,1,
j
ti

Fin
ti pp for the bivariate TVECM of Finnish meat prices and the 

corresponding German/Danish meat prices. Setting = 1, 1tECT is the price spread 
between Finnish meat prices and German/Danish meat prices in logarithmic form. 
Since both thresholds are unknown, they need to be estimated along with the 
remaining parameters of the model. Combining the strategy proposed by Lo and Zivot 
(2001) and Hansen and Seo (2002), the thresholds could be estimated through a 
likelihood ratio (LR) program, in which thresholds )ˆ,ˆ(ˆ HL are first set up as a 
grid search to minimize the log determinant of the residual covariance matrix of the 
TVECM, which is analogous to maximizing the standard LR tests (Ben-Kaabia et al. 
2005). Secondly, the covariance matrices of the VECM and TVECM with one threshold 
and with two thresholds are computed and compared as follows:
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))ˆln(det)ˆ(ln(det jiij TLR (5),

where i
ˆ and j

ˆ are the residual covariance matrices of the VECM and TVECM with 
the ith regime numbers varying from 0 to 3. Thus, the first test would be a test of the 
linearity of the VECM against non-linearity. If the test is rejected we choose threshold 
vector error correction with either 1 or 2 thresholds. Consequently, analysis of the 
TVECM will follow the steps listed below:

1)  Grid searching for the threshold based on research by Hansen and Seo (2002); 

2)  The identification of one or two thresholds and definition of two or three regimes, 
correspondingly;

3)  Estimation of the TVECM. 
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2 DATA AND PRELIMINARY TESTS

2.1. Data

The data consist of two groups of price series: one comprises producer prices for pork 
and the other producer prices for beef extracted from Finland, Germany and Denmark. 
The Finnish and Danish data are from the Information Centre of the Ministry of 
Agriculture and Forestry (TIKE). The German data are from the German Centre for 
Documentation and Information in Agriculture (ZADI). This is the scientific 
information institute of the Federal Ministry of Consumer Protection, Food and 
Agriculture. The prices used in the study are the prices that are paid to the producer for 
one slaughtered kilogram of meat at the gate of the slaughterhouse, and transportation
costs to the slaughterhouse are not therefore included. The prices are the average prices 
of the EUROP quality classes, which have been weighted according to the slaughter 
weight. 

The data used in both groups are weekly and the periods covered in two groups are 
slightly different due to missing data. The pork price group is dated from the 10th week 
of 1995 to the 22nd week of 2009, and the period for the beef price group extends from 
the 5th week of 1995 to the 23rd week of 2009 (see Figures 4 and 5). Both groups of 
data are stabilized by converting them to logs and are displayed in Table 1. They are 
labelled as lgpork_F, lgpork_G, lgpork_D, lgbeef_F, lgbeef_G and lgbeef_D, 
representing the logged producer prices for pork and beef in Finland (F), Germany (G) 
and Denmark (D). Table 1 also presents summary statistics for the logarithms of the 
two groups of price series. Table 1 indicates that the mean values of beef prices within a 
group vary little in comparison with the mean values of pork prices among the three 
selected countries. The standard deviations of the Finnish meat prices are the lowest 
among the countries, implying that the Finnish producer prices for meat are the most 
stable. All the series exhibit slight kurtosis.

(Insert Table 1, Figure 4-5)

2.2. Unit root test

To decide whether cointegration analysis is needed for the test, the time series 
properties of the price series are analysed using three tests of stationrity, including the 
traditional ADF and the alternative KPSS test (Kwiatkowski et at., 1992). While the 
ADF states the null hypothesis of non-stationarity or the presence of a unit root, the 
KPSS test defines stationarity as the null. The Monte Carlo simulations by Schwert 
(1989) demonstrated that ADF tests have low power and are sensitive to the choice of 
lag length. The unit root tests are known to have low power problems in small samples, 
particularly if the series include structural breaks. However, the KPSS test is more 
robust in dealing with the problem of structural breaks. Thus, both unit root tests are 
applied to statistically determine the order of integration of the time series used in 
cointegration analysis. (Murthy and Nath, 2003).

The results of all the tests are presented in Table 2. ADF tests with or without a trend 
indicate the existence of a unit root for most of the price series of Finnish and Danish 
meat. Two exceptional series are apparent for German meat market, which was known 
to experience a structural break in 2000. The KPSS test confirmed the ADF results. 
Thus, it was concluded that there is strong evidence for nonstationarity in all the price 
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series. For the first difference series, the results of all the unit root tests indicated that 
they are stationary, and the results are not reported here. Thus, all the selected meat
series are integrated with order 1, designated as I(1).  

(Insert Table 2 ) 
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3 EMPIRICAL RESULTS

3.1. Cointegration analysis 

Given that the data are nonstationary, the next step is to analyze the price transmission 
from the German/Danish producers to the Finnish meat producers with a cointegration 
framework. More specifically, we test for the presence of cointegration with and 
without a linear trend between meat prices, which includes tests between Finnish meat 
prices and German/Danish prices, in comparison to a test between German and Danish 
meat prices. 

The results of Johansen tests are listed in Table 3-4. Akaike’s information criterion was 
used to determine the optimal order of lags (3 lags for each series). The trace statistics 
indicate that for both the with-trend and without-trend specification, we can reject the 
null hypothesis of no cointegrating vector (r = 0) in favour of one cointegrating vector 
(r = 1) for all bivariate cointegrating tests on the group of pork prices. This result has 
two implications: one is that Finnish producer prices for pork are integrated to the 
European market process, which is represented here by the variables lgpork_G and 
lgpork_D. The other is that for the group of beef prices, the test between Finnish 
producer prices (lgbeef_F) and Danish producer prices (lgbeef_D) failed to reject the 
null hypothesis of no cointegrating relationship. This suggests that the Finnish and 
Danish producer prices for beef do not co-move. In comparison, lgbeef_F and lgbeef_G 
as well as lgbeef_D and lgbeef_G were found cointegrated, at least without trend. These 
results were in line with expectations, as Germany is the main beef exporter and 
importer of the EU, and of both Finland and Denmark. The import of beef from 
Germany to Finland has steadily grown during the last decades, except for the 
downturn during the BSE crisis between 2001 and 2002, while in comparison the 
import from Denmark to Finland has declined (see Figure 2). 

(Insert Table 3-4)

Under a cointegration relationship, with equation (3) it is also possible to check 
whether the signs of coefficients are in line with the predictions of economic theory. 
This is carried out by analysis of the normalized coefficients of the variables of the first 
cointegration equation. In this study, for the bivariate series between the Finnish and 
German/Danish meat prices, the normalization is imposed on the Finnish meat price; 
for the bivariate series between German and Danish meat prices, the normalization is 
imposed on the Danish meat price. 

Tables 5 and 6 present the coefficient estimates of long-term ECT for the tested 
bivariate VECM. Naturally, 1 for the variables on which normalization is imposed, 
while represents the adjustment coefficients in the corresponding bivariate VECM.

1) Table 5 – logarithm pork prices. Firstly, all estimated values for the elasticity of 
producer prices from one market with respect to the other market, , are correctly 
signed and statistically significant. For example, in the pairwise combination of 
lgpork_F and lgpork_G, the estimated value of the elasticity of price transmission into 
Finnish pork prices with respect to German pork, Ger , equals 0.69. This suggests that 
variations in the German market are not fully transmitted to the Finnish market, which 
is expected to be caused by high transaction costs in the Finnish market. By 
comparison, the law of one price holds very well in the pairwise combination of 
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lgpork_D and lgpork_G, where Ger equals 0.98, having an elasticity of transmission of 
unity, in line with the prediction of economic theory. Secondly, all for the adjustment 
coefficients, , are correctly signed given that the deviations from the long-term 
equilibrium are obtained from the co-integrating vector normalized with respect to 
lgpork_Fin and lgpork_Den. 

However, the signs of Ger and Fin in the pairwise combination of lgpork_F and 
lgpork_G, and of lgpork_F and lgpork_D, respectively, are statistically nonsignificant. 
Hence, adjustment towards a long-term equilibrium only takes place through changes 
in the Finnish pork price (lgpork_F). For the pairwise combination of lgpork_D and 
lgpork_G, it seems that adjustment toward a long-term equilibrium is two directional. 
Bearing in mind the mixed results from the unit root tests, especially for the series 
lgpork_G, these results further support the validity of the co-integrating relationship in 
the equation, as at least one-way causality is found in the lagged ECT term (Granger, 
1986). Finally, all the significant values of are less than 6%, which suggests that the 
adjustment process is relatively slow. More specifically, between lgpork_F and 
lgpork_G, for example, Fin equals approximately 3%, which implies that after a shock, 
3% of the departure from the long-term equilibrium will disappear each week. Notably, 
the Finnish producer price for pork adjusts at almost the same speed (3%) to the long-
term equilibrium that is produced together with either the German or Danish producer 
price. By comparison, the Danish price eliminates the deviation at an approximately 
two-fold higher speed of 6% in each period from the equilibrium that is produced 
together with the German price. There are various possible reasons for a slow 
adjustment in price transmission, including policies, the number of stages in marketing 
and the corresponding contractual arrangements between economic agents, storage 
and inventory holding. Unlike Denmark, Finland has a significant domestic market for 
pork meat. The most pork meat produced in Finland is domestically consumed, and self 
sufficiency in the pork sector in 2009 was reported to be 112% (Statistics Finland, 
2010). As the domestic market is of a significant size, one should expect that any shock 
deviation from equilibrium that may come from the European market would take more 
time to fade away in the Finnish market when compared to the Danish market, which is 
one of the major exporters for pork meat in Europe. 

(Insert Table 5)

2) Table 6 – logarithm beef prices. This table contains only two pairwise combinations, 
because the Finnish and Danish producer prices for beef were found to have no 
cointegration relationship, and this result is therefore not presented in Table 6. Firstly, 
both values of have negative signs and are statistically significant, but their 
magnitudes are different. In particular, when the price in the German producer’s 
market increases by 1%, the Danish market grows by 0.86%, which implies that its
elasticity is quite close to 1. In comparison, the value of between lgbeef_F and 
lgbeef_G amounts to 1.63, indicating that information is transmitted with significant 
distortions between lgbeef_F and lgbeef_G. This might be caused by structural changes 
or breaks during the estimated period, and the linearity of the VECM might not serve 
the data very well, which needs further testing. Table 6 demonstrates that when 
restrictions on the long-term parameters are imposed, short-term deviation from 
the equilibrium presented by is eliminated at a speed of less that 1% in each period 
between lgbeef_F and lgbeef_G, as compared to 8% for the producer prices between 
lgbeef_D and lgbeef_G. Apparently, such results were able to detect the characteristics 
of each market. Compared to the Danish market, the Finnish producer’s market in the 
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beef sector is more segmented and geographically more distant from Germany, and 
shocks occurring in Germany take much longer to reach to Finland compared to 
Denmark. Another reason for the very different speed of adjustment is that Germany is 
a more important trading partner for Denmark in the beef sector in comparison to 
Finland. For example, in 2009, Denmark imported 7 million tons of beef products from 
Germany, almost 3 times more than Finnish imports from this country, and Germany 
accounted for one third of Danish imports from European countries2. Meanwhile, 
Germany imported approximately 8 million tons of beef products from Denmark, 
which is twice as much as the imports from Finland. 

(Insert Table 6)

3.2. Weak exogeneity and Granger causality test for cointegrated bivariate 
VECMs.

A series is regarded as weakly exogenous if it leads other series in the long term without 
being influenced by other series (Carter and Mohapatra, 2008). A weakly exogenous 
series can therefore be useful in explaining variations in the ‘nonexogenous’ series 
(Leatham 2001). Tables 7 and 8 present the results of the weak exogeneity test for the 
bivariate VECMs. First, for group of pork prices, uniformly, the null hypothesis that 
lgpork_G is weakly exogenous for the long-term equilibrium relationship with both 
lgpork_F and lgpork_D is not rejected at the 5% significance level. This indicates that 
the German producer price for pork is the leader for the pork group, i.e. it is not 
affected by short-term interruptions in the equilibrium. It is also worthwhile noting 
that price variations originating in the Danish producer’s market have a much stronger 
impact on the German than the Finnish producer’s market. Not surprisingly, the 
Finnish producer price was found to be the price taker in both the German and Danish 
markets, and it adjusted itself to restore market equilibrium once shocks had taken 
place. Second, for the group of beef prices, the German price is still the leader of the 
equilibrium relationship, regardless of which partner the equilibrium is built up with. 
The hypothesis that lgbeef_F is weakly exogenous with respect to lgbeef_G is rejected 
at the 5% significance level. In comparison, weak exogeneity of lgbeef_G with respect to 
lgbeef_F cannot be rejected at the 5% significance level, but interestingly it can be 
rejected if the significance level is extended to 10%. However, the P-value of the test for 
the weak exogeneity of lgbeef_G with respect to lgbeef_D is much higher (0.34) 
compared to the one for lgbeef_G with respect to lgbeef_F (0.07). This indicates that 
the price variation originating from German producers affects Danish producers more 
than those in Finland. 

(Insert Table 7 -8)

3.3. Granger causality test with non-cointegrated bivariate series

As no cointegrating relationship could be found between lgbeef_F and lgbeef_D, the 
relationship between lgbeef_F and lgbeef_D is displayed by causality testing. Table 9
reports the results of the bivariate causality test and a summary of the causality result 
based upon the noncointegrated data. Given the lack of cointegration, the tests must be 
undertaken on I(0), i.e. first-differenced data only. The results presented in Table 9
suggest that Granger causality between lgbeef_F and lgbeef_D is not statistically 

2 Referring to the EU15 countries.
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significant at the 5% significance level in either direction. However, if the significance 
level is extended to 10%, the lgbeef_D is found to causally lead lgbeef_D. This 
result, together with the non-cointegration relationship between lgbeef_F and 
lgbeef_D, suggests that the producer price for beef in Finland and that in Denmark 
behave like driftless random walks.  

(Insert Table 9)

3.4. Linearity test of the VECM and estimated coefficients of the VECM 
and TVECM

Hansen and Johansen (1999) provide recursive statistics for the stability of the 
eigenvalue produced from the linear VECM. The purpose of the cointegration vector 
stability test is to examine whether significant structural changes occur during the test 
period. Rejection of the hypothesis of stability of the recursively estimated eigenvalues 
would indicate that the error correction vector is not stable over time. If this is the case, 
the validity of the linear VECM may be questionable. Figures 6 to 10 illustrate the 
recursive statistics of the linear VECM model presented in equation (2). Clearly, all 
the test statistics are less than the critical value for the 1% significance level, which is 
1.6 over the entire sample period, implying that the parameters estimated from 
equation (2) are stable. However, if the significance level is extended to 5%, with a 
corresponding critical value of 1.4, there is a peak in the statistics of Figure 9 that 
exceeds the critical value. This implies that a linear VECM might not be the most stable 
model for the bivariate function of lgbeef_F and lgbeef_G.

(Insert Figure 6-10)

As non-linearities possibly exist in the adjustment process, a test of the null of linearity 
against the alternative of a TVECM is next performed. Meanwhile, the number of 
regimes for systems can be determined by applying equation (6), the likelihood ratio 
(LR) test provided by Lo and Zivoc (2001). 

The test results are presented in Tables 10 and 11. The asymptotic distributions of LR23

are non-standard and bootstrap P values and critical values are calculated by a method 
used by Hansen and Seo (2002) and Lo and Zivot (2001). Clearly, for the group of pork 
prices, all the tests suggest that the linear VECM is preferred and thus no further 
TVECM analysis is necessary. However, the hypothesis of linearity for the bivariate 
lgbeef_F and lgbeef_G suggests one significant threshold, which is consistent with the 
previous results of the stability test illustrated in Figure 9. Since only one threshold is 
found significant, the TVECM could be simply done in the following function:

(Insert Table 10-11)
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The estimated parameters of the VECM and TVECM for the two groups of meat prices 
are presented in Tables 12 and 13, respectively. For pork prices, all the estimated ECT 
terms are significant and consistent with the results presented in Table 12. This 
confirms that the Finnish producer price is slowly cointegrated towards a long-term 
equilibrium with both German and Danish producer prices for pork. In the short term, 
however, the situation is different: the Finnish producer price for pork reacts more 
spontaneously to shocks coming from the domestic market. A shock to the German 
producer price does not generate any spontaneous response in the Finnish producer 
price, or does not share a common reaction time, while conversely, the Danish producer 
price reacts immediately to variation in the German producer price, indicating that the 
Danish producer market is more sensitive to changes taking place in central European, 
as represented by Germany. Interestingly, shocks originating from Denmark were 
found to positively and significantly affect the Finnish producer’s market. However, the 
magnitude of the effect was smaller than that originating from the domestic market. 
Taken together, this suggests that in the short term the Finnish producer price reacts 
quickly and spontaneously to shocks coming from the domestic market. In comparison, 
the Danish producer price reacts more rapidly and significantly to shocks coming from 
central Europe, such as Germany.

For beef prices, Table 13 first reports a summary of the estimated parameter of the 
bivariate TVECM of lgbeef_F and lgbeef_G with one detected threshold, 0.176. Thus, 
only two regimes are included in the test. Apparently, the parameter estimate for in 
the TVECM appears to be quite close to a unit coefficient, compared to -1.63 in the 
VECM, which indicates that the law of one price holds relatively well when the
asymmetry of the price transmission is accounted for.

More specifically, the first regime occurs when ECTt-1 < 0.176, namely the normal 
regime, and the second regime occurs when ECTt-1 > 0.176, namely the extreme regime, 
i.e. when the Finnish price for beef is at least 19% higher than the German price3. In the 
extreme regime the series consisted of 56 observations, which covered the whole of 
2001, accounting for 7.4% of the total observations. In November 2000, Germany 
reported the discovery of domestic cases of bovine spongiform encephalopathy (BSE). 
In the following year, 2001, there were estimated to be 500 cases of BSE in Germany, 
and sales of beef products dropped by 50% because of public fears of mad cow disease 
or BSE. Correspondingly, the producer price for beef dropped to a historically low level. 
Both exports and imports of beef products suffered from large losses. The result 
suggests that in the extreme regime, the Finnish producer price for beef has minimal 
error-correction effects but quite a large effect resulting from short-term German 
dynamics. This indicates that the Finnish producer price for beef did not adjust itself 
with respect to the German producer price into the long term equilibrium, but the 
dramatic drop in the German producer price strongly and negatively affected the 
Finnish producer price in the short term. By comparison, in the normal regime, the 
Finnish producer price for beef cointegrates slowly towards a long-term equilibrium 
with the German producer price. Meanwhile, the Finnish producer price is minimally 
affected by the short-term dynamics of the producer price in Germany. However, the 
Finnish domestic dynamics are dominant in the short term under the normal regime.  

Finally, the adjustment speed of the Danish producer price for beef towards a long-
term equilibrium with respect to the German producer price is about 8%, which is 5 

3
06.1176.006.1 _19.1___176.0_ln06.1_ln GbeefFbeefeGbeefFbeefGbeefFbeef
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times faster than the speed of adjustment between Finnish and German prices. 
Together with the lack of cointegration between Finnish and Danish producer prices, 
all the results reflect the fact that, besides being a remote and small trader in the EU, 
Finland has a dominant domestic market for producers in beef sector. 

(Insert Table 12-13)
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4 CONCLUSIONS

We examined the price cointegration relationship between the Finnish pork and beef 
markets and those in Germany and Denmark using both a bivariate symmetric error 
correction model and bivariate asymmetric threshold error correction model, which 
recognizes the non-stationary nature of the price data and allows for asymmetric price 
responses. Symmetric models were able to fit most bivariate price series, except for the 
bivariate series between Finnish and German beef prices, for which one threshold was
identified, and thus a two-regime threshold TVECM was applied. 

A cointegrating relationship was found for most of bivariate price series, except for the 
Finnish and Danish producer prices for beef, and further causality testing confirmed 
that the Finnish and Danish beef prices move as a driftless random walk.  In the both 
symmetric and asymmetric vector error correction models, we found that the LOP held 
relatively well in the Finnish producer’s meat market compared with those in Germany 
and Denmark. However, the speed of adjustment towards long-term equilibrium was 
found to be slower compared to the speed of the bivariate price series of Germany and 
Denmark. This seems to be consistent with the different trading activities among the 
countries, i.e. trade between Finland and German is not as active as that between 
Denmark and Germany in the pork and beef markets. Another possible reason is that 
the meat sector in Finland is still very much dominated by domestic consumption, and 
the high self-sufficiency indicates that domestic price shocks are still the dominant 
price changes in Finnish meat price dynamics, at least at the producer’s level.

However, there is a very interesting and important phenomenon in the asymmetric 
price case, i.e. the bivariate price series between Finnish and German beef prices. The 
estimated model identified one threshold and two regimes. Error correction appears to 
only occur in the typical regime, but not in the extreme regime, which covered the BSE 
period. In the short term, the dominating effect in the typical regime came from the 
domestic market, but in the extreme regime, the dominating effect came from the 
German market. This suggests that the Finnish domestic market has a dominant 
influence on the beef producer price most of the time, but is still highly vulnerable to 
the short-term effects of a large negative shock in the German market. 

This study has very important economic implications at three levels. First, better and 
statistically tested knowledge on the transmission of price information can be used to 
justify domestic agricultural policies and infer whether the LOP holds at the domestic 
producer’s level compared to the European market. Secondly, the result concerning 
asymmetric prices is beneficial in assessing the efficiency and competitiveness of the 
Finnish meat market. Thirdly, better knowledge of the regime structure and volatility 
processes for pork and beef prices and the sources of this volatility will be of interest to 
farmers and extension agents needing to make and advise on investment decisions 
during the ongoing and very rapid structural adjustment in Finnish agriculture. 

The relatively slow and sluggish response of Finnish domestic prices to price shocks in 
foreign markets supports the view that the Finnish meat chain, which is a combination 
of co-operative processors and publicly quoted companies, can smooth out some of the 
short-term price fluctuations and high price volatility observed abroad. Another reason 
for the sluggish price movements may lie in the structure of the delivery and pricing 
contracts between the meat processors and meat purchasing groups at the wholesale 
level. The economic performance and efficiency of these contracts cannot explicitly be 
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examined using reduced form price models, and this topic is therefore left for future 
research.     
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Table 1 Descriptive statistics for the price series

Group of pork prices a) Group of beef prices b)

lgpork_F lgpork_G lgpork_D lgbeef_F lgbeef_G lgbeef
_D

Mean 0.32 0.37 0.23 0.98 0.94 0.99
Median 0.31 0.38 0.22 0.96 0.97 l.00
Maximum 0.53 0.84 0.67 1.20 1.15 1.19
Minimum 0.09 -0.17 -0.13 0.83 0.44 0.72

Standard 
Deviation 0.09 0.16 0.15 0.09 0.13 0.094
Skewness -0.29 -0.30 0.07 0.42 -1.05 -0.24
Kurtosis 2.99 4.04 3.06 2.05 3.70 2.33
J-B
Normality 10.1 44.5 0.71 5.77 12.01 6.56
Observations 744 744 744 749 749 749

Note: a) The sample period for the series of pork prices extends from the 10th

week of 1995 to the 22nd week of 2009. 

b) The sample period for the series of beef prices extends from the 5th week 
of 1995 to the 23rd week of 2009.
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Table 2 Unit root test results
Intercept included Intercept and linear time 

trend included
Price Series Test statistics for ADF t

test1)
Test statistics for ADF t
test 

lgpork_F -2.03 (lag 2) -2.67 (lag 8)
lgpork_G -3.07* (lag 2) -3.20 (lag 3)
lgpork_D -2.63 (lag 1) -2.84 (lag 2)
lgbeef_F -1.62 (lag 15) -1.53 (lag 15)
lgbeef_G -2.92* ( lag 6) -2.95(lag 6)
lgbeef_D -2.15 (lag5) -2.38(lag5)
Critical value at 5% -2.86 -3.42

Test statistics for KPSS  
LM test2)

Test statistics for KPSS  
LM test

lgpork_F 1.10* 0.25*
lgpork_G 0.94* 0.71*
lgpork_D 2.85* 0.72*
lgbeef_F 0.59* 0.46*
lgbeef_G 1.55* 1.55*
lgbeef_D 2.51* 2.51*
Critical value at 5% 0.46 0.15

Note: Optimal lag lengths were determined by Akaike’s Information Criterion. 1) 

ADF test hypothesis H0: The series has a unit root and the critical value follows 
Davidson and Mackinnon (1993). 2) KPSS hypothesis H0: The series is stationary and 
the critical value follows Kwiatkowski et al. (1992). (*) indicates a rejected null 
hypothesis at 5% significance level.
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Table 3 Bivariate cointegration test for prices of pork groups
Tested 
groups

0H : rank (
) = r

Trace test
statistics

5% Critical 
value

lgpork_F 
and 

lgpork_G

Model without 
trend

r=0 51.50* 20.26
r=1 7.00 9.16

Model with trend r=0 52.07* 25.87
r=1 6.97 12.51

lgpork_F 
and 

lgpork_D

Model without 
trend

r=0 43.70* 20.26
r=1 8.41 9.16

Model with trend r=0 51.63* 25.87
r=1 8.48 12.52

lgpork_G 
and 

lgpork_D

Model without 
trend

r=0 46.13* 20.26
r=1 7.95 9.16

Model with trend r=0 56.67* 25.87
r=1 8.18 12.52

Table 4 Bivariate cointegration test for prices of beef groups
Tested 
groups

0H :rank 
( ) = r

Trace test 
statistics

5% Critical 
value

lgbeef_F 
and 

lgbeef_G

Model without 
trend

r=0 20.64* 20.26
r=1 6.44 9.16

Model with trend r=0 21.36 25.87
r=1 7.11 12.51

lgbeef_F 
and 

lgbeef_D

Model without 
trend

r=0 12.37 20.26
r=1 4.09 9.16

Model with trend r=0 13.99 25.87
r=1 5.72 12.52

lgbeef_G 
and 

lgbeef_D

Model without 
trend

r=0 41.96* 20.26
r=1 7.13 9.16

Model with trend r=0 51.18* 25.87
r=1 8.43 12.52

Note: Critical values are from MacKinnon-Haug-Michelis (1999). (*) indicates a 
rejected null hypothesis at 5% significant level.
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Table 5 Estimates of linear VECM coefficients for prices of pork groups corresponding to 
Equation (3).

Tested bivariate series Estimates of loading 
factor 

lgpork_F and lgpork_G
Fin -0.028 (0.004)* -

Ger 0.013 (0.01) Ger = - 0.69 (0.08)*

lgpork_F and lgpork_D Fin -0.029 (0.004)* -

Den 0.008 (0.009) Den = - 0.73 (0.09)*

lgpork_D and lgpork_G Den -0.052 (0.009)* -

Ger 0.023 (0.014)* Ger = - 0.98
(0.065)*
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Table 6 Estimates of  linear VECM coefficients for prices of beef groups corresponding to 
Equation (3).

Tested bivariate series Estimates of loading factor  

lgbeef_F and lgbeef_G 
Fin -0.0175 (0.0054)** -

Ger 0.0083 (0.003)* Ger = - 1.63
(0.38)*

lgbeef_D and lgbeef_G Den -0.077 (0.013)* -

Ger 0.012 (0.011) Ger = -0.82
(0.07)*

Note: Standard errors for parameters are shown in parentheses in Tables 4a and 4b. An 
asterisk (*) (**) denotes variables significant at 5% and 1%  respectively.

Table 7 Test for long-term Granger causality for the group of pork prices

Tested bivariate series Hypotheses LR test statistics P-value
lgpork_F and 

lgpork_G
Fin 0 36.5 0.00

Ger 0 1.39 0.24
lgpork_F and 

lgpork_D
Fin 0 26.11 0.00

Ger 0 0.51 0.47
lgpork_D and 

lgpork_G
Den 0 22.25 0.00

Ger 0 3.51 0.06

Table 8 Test for long-term Granger causality for the group of beef prices.

Tested bivariate series Hypotheses LR test statistics P-value
lgbeef_F and 

lgbeef_G
Fin 0 3.97 0.05
Ger 0 3.35 0.07

lgbeef_D and 
lgbeef_G

Den 0 25.61 0.00
Ger 0 0.90 0.34
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Table 9 Test of bivariate causality for non-cointegrated lgbeef_F and lgbeef_D

Hypotheses F-statistic P-value

0H : lgbeef_F does not Granger-cause lgbeef_D 1.62 0.19

0H : lgbeef_D does not Granger-cause lgbeef_F 2.37 0.09

Table 10 Tests for non-linearities in price adjustment in the bivariate VECM for the group 
of pork prices.

Tested bivariate series lgpork_F and 
lgpork_G

lgpork_F 
and 

lgpork_D

lgpork_D and 
lgpork_G

LM  test statistics LR13 = 16.31 LR13 = 16.07 LR13 = 24.03

P-value 0.84 0.76 0.30
Note: The LR13 tests the null of linear cointegration against the alternative of threshold 
cointegration following Hansen and Seo (2002)

Table 11 Tests for non-linearities in price adjustment in the bivariate VECM for the group 
of beef prices

Tested bivariate series lgbeef_F and lgbeef_G lgbeef_D and 
lgpork_G

Test statistics LR13=31.05 
LR23=20.94 

LR13=25.94

P-value P13=0.05
P23=0.15

P13=0.34

Note: The tests are implemented in R statistics. The LR13 tests the null hypothesis of 
linear cointegration against the alternative of threshold cointegration following Hansen 
and Seo (2002), and LR23 tests the null hypothesis of a two-regime TVECM against the 
alternative of a three-regime TVECM (Lo and Zivot, 2001)
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Table 12 Estimated parameters of the linear VECM normalized on one endogenous 
variable for the group of pork prices

Bivariate VECM of lgpork_F and lgpork_G normalized on lgpork_F 

Coefficient t-statistic [p-value]
ECTt-1 -0.028 -6.22[0.00]

lgpork_F(-1) 0.091 1.99[0.05]
lgpork_F(-2) 0.087 2.19[0.03]
lgpork_G(-1) -0.013 -1.11[0.26]
lgpork_G(-2) -0.006 -0.53[0.59]

R-square 0.09
Durbin-Watson stat 2.01
B-G Serial correlation LM Test 3.49 [0.47]
ARCH(1) 0.87[0.49]

Bivariate VECM of lgpork_F and lgpork_D normalized on lgpork_F
ECTt-1 -0.029 -5.70[0.00]

lgpork_F(-1) 0.083 2.30[0.02]
lgpork_F(-2) 0.084 2.34[0.02]
lgpork_D(-1) 0.037 1.96[0.05]
lgpork_D(-2) 0.021 1.08[0.38]

R-square 0.10
Durbin-Watson stat 2.01
B-G Serial correlation LM Test 1.15[0.57]
ARCH(1) 1.07[0.37]

Bivariate lgpork_D and lgpork_G normalized on lgpork_D

ECTt-1 -0.052 -5.46[0.00]
lgpork_D(-1) 0.115 1.98[0.05]
lgpork_D(-2) 0.023 0.65[0.51]
lgpork_D(-3) 0.072 2.19[0.02]
lgpork_G(-1) 0.152 5.77[0.00]
lgpork_G(-2) 0.165 4.89[0.00]
lgpork_G(-3) 0.029 0.99[]0.32]

R-square 0.35
Durbin-Watson stat 2.00
B-G Serial correlation LM Test 0.04[0.95]
ARCH(1) 0.75[0.63]
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Table 13 Estimated parameters of the TVECM and VECM normalized on one endogenous 
variable for the group of beef prices

Bivariate TVEM of lgbeef_F and lgbeef_G normalized on lgbeef_F (refer to equation 7)

cointegrating vector 
(lgbeef_F, lgbeef_G)

(1, -1.062)

Threshold 0.176
Coefficient standard error

Typical Regime  when ECTt-1<0.176
ECTt-1 -0.0142 0.004*

lgbeef_F(-1) -0.525 0.000***
lgbeef_F(-2) 0.289 0.000***
lgbeef_F(-3) -0.126 0.001**
lgbeef_G(-1) 0.0073 0.845
lgbeef_G(-2) 0.032 0.402
lgbeef_G(-3) -0.01 0.804

Extreme regime when  ECTt-1> 0.176
ECTt-1 0.0738 0.15

lgbeef_F(-1) -0.164 0.138
lgbeef_F(-2) 0.0631 0.591
lgbeef_F(-3) -0.471 0.000***
lgbeef_G(-1) 0.713 0.000***
lgbeef_G(-2) -0.629 0.000***
lgbeef_G(-3) 0.491 0.000***

R-square 0.17
Durbin-Watson 2.00
B-G Serial correlation LM Test 0.70 [0.71]
ARCH(1) 1.08[0.35]
Observations in regime 1 693 accounting for 92.6% of total observations
Observations in regime 2 56  accounting for 7.4% of total observations

Bivariate VECM of lgbeef_D and lgpork_G normalized on lgbeef_D
ECTt-1 -0.077 -5.71[0.00]

lgbeef_F(-1) -0.497 -13.71[0.00]
lgbeef_F(-2) -0.246 -6.18[0.00]
lgbeef_F(-3) -0.116 -3.23[0.00]
lgbeef_G(-1) 0.079 1.81[0.07]
lgbeef_G(-2) 0.052 1.15[0.24]
lgbeef_G(-3) 0.041 0.93[0.35]

R-square 0.26
Durbin-Watson 1.98
B-G Serial correlation LM Test 2.73[0.25]
ARCH(1) 0.15[0.99]
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Figure 1 Trading volume of Finnish meat and offal from 1995 to 2009.

Figure 2 Trading volume of Finnish beef and pork from 1995 to 2009.
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Figure 3 Import of beef and pork from Germany/Denmark to Finland between 1995 and 
2009.

Figure 4 Producer prices for Finnish, German and Danish pork in 1995-2009 (Euros/kg).  
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Figure 5 Producer prices for Finnish, German and Danish beef in 1995-2009 (Euros/kg). 

Figure 6 Recursive eigenvalue statistics for lgpork_F and lgpork_G.
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Figure 7 Recursive eigenvalue statistics for lgpork_F and lgpork_D.

Figure 8 Recursive eigenvalue statistics for lgpork_D and lgpork_G.
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Figure 9 Recursive eigenvalue statistics for lgbeef_F and lgbeef_G.

Figure 10 Recursive eigenvalue statistics for lgbeef_D and lgbeef_G.
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APPENDIX 1

Cointegration tests (Johansen, 1988) are sequential likelihood ratio test used to 
determine the cointegration relationship. A trace statistic test and a maximum 
eigenvalue statistic test are commonly applied. The trace statistic is shown in function 
(7):

k

ri
itr TkrLR

1
)ˆ1ln()|(

(7),

where i denotes the i-th largest eigenvalue of the matrix  in function (2). The 
maximum eigenvalue statistic tests the null hypothesis of r cointegrating relations 
against the alternative of r+1 cointegrating relations. This test statistic is computed as 
function (8):

)|1()|()1ln()1|( 1max krLRkrLRTrrLR trtrr

(8), 

for r = 0, 1, 2….., k-1.

In more detail, Johansen tests according to equations (7) and (8) could test both the 
unrestricted model (with a trend) and restricted model (without a trend). Thus, the test 
for the cointegrating relationship between the Finnish meat price and German/Danish 
meat price, where n = 2, becomes the test for the null hypothesis: 0r and 1r with 
and without a trend, starting without trend. If 0r is rejected and 1r cannot be 
rejected, a cointegrating relation is found between the Finnish meat price and 
German/Danish meat price. Otherwise, if 0r cannot be rejected, there is no 
cointegration relationship between the prices. 
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CHAPTER V

First filter test of market power in the Finnish food retailing sector 

Abstract: 

Buyer power and competition policy in food supply chains has emerged as an important 
economic issue and a highly sensitive item on the policy agenda around the world. In 
Finland, the increasing concentration of the retailer sector has raised concern over existence 
and gradual growth of buyer power in this sector. 

The purpose of this paper is to investigate the possible existence of buyer power in the 
Finnish food market. More specifically, we follow an approach used by Lloyd et al (2009) to
measure oligopoly and oligopsony market power in the Finnish food retail industry. The 
results suggest that the spread between producer and retailer prices in Finland is not 
consistent with perfectly competitive behaviour, and might thus be caused, at least as a 
candidate amongst other factors, by the existence of oligopsony power in Finnish food 
retailing.
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1 INTRODUCTION 

Buyer power and competition policy in food supply chains has emerged as an important 
economic issue and a highly sensitive item on the policy agenda around the world. The 
Committee of Experts on Restrictive Business Practices defined buyer power as “a 
situation which exists when a firm or a group of firms, either because it has a dominant 
position as a purchaser of a product or service or because it has strategic or leverage
advantages as a result of its size or other characteristics, is able to obtain from a 
supplier more favourable terms than those available to other buyers” (OECD, 1981). 
The key concern is that growing buyer power may have the effect of considerably 
distorting both retail and producer competition, and eventually damaging economic 
welfare. Claims that large retailers and food companies are depressing farm prices 
because of their buyer power have been made in many countries around the world 
(Swinnen and Vandeplas, 2009).  

The food industry and the retail sector in particular, have clearly consolidated through 
mergers and acquisitions as well as strategic alliances. Retail buying is becoming 
increasingly concentrated, in part because retailers have become very large sellers and 
in part because retailers combine their buying activities. As a consequence, this 
concentration is greater on the buyer side than on the seller side throughout Europe 
(Dobson et al. 2003). In Finland, the increased concentration of the retail sector, with 
fewer outlets and the growth of the large supermarket chains, has been particularly 
rapid. The two leading Finnish retail chains for food and daily goods increased their 
market share from 55% in 1990 to more than 77% in 2009 (Niemi and Ahlstedt, 2010).

Increasing concentration in the retailing sector raises concern over facilitating the 
ability of retailers to exercise buyer power as both buyers and sellers. Increasing retail 
consolidation may decrease the retail prices and lead to stimulate a supplier’s 
incremental investments and important gains in efficiency. (Azzam and Schroeter, 
1995, Inderst and Wey, 2004). Nevertheless, Chen (2003) demonstrates that a rise in 
buyer power possessed by the dominant retailer reduces the consumer’s price at the 
expense of discounted retail services.

Meanwhile, Abuse of buyer power against relatively powerless suppliers is frequently 
considered as an explanation for the decreasing producer margin (Dobson et. al., 1998). 
However, widening price spreads between retail and producer prices for food are not 
themselves indicative of imperfect competition, since competitive factors such as rising 
marketing costs may be responsible. The analysis by Kuosmanen and Niemi (2009) 
suggests that there are many plausible reasons for the common declining pattern of 
producer price margins, which is worth keeping in mind when interpreting the price 
spread calculations. Reasons listed for the observed growth in price spreads include 1) 
an increased degree of processing, 2) better food hygiene, 3) differences productivity 
growth across sectors, 4) agricultural policy reforms, 5) international trade, and 6) 
imperfect competition.

A number of empirical studies relating retail prices to concentration ratios of retailers 
have arrived at very divergent conclusions. Hall et al. (1979), Marion et al. (1993), and 
various studies by Cotterill (Cotterill 1986; Cotterill and Harper 1995; Cotterill 1999) 
have demonstrated a positive correlation between retail concentration and food prices. 
However, Kauffmann and Handy (1989) and Binkley and Connor (1998) found a 
negative or insignificant correlation between concentration and food prices. Likewise, 
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Binkley et al. (2002) reported “little compelling evidence that consolidated markets 
engage in non-competitive pricing behaviour.”

Generally, three approaches have generally been adopted in identifying and estimating 
oligopoly (or oligopsony) market power: structure-conduct-performance (SCP) and 
new empirical industrial organization (NEIO) studies. SCP studies have mainly used 
cross-sectional data to estimate the relationship between price-cost margins and 
concentration ratios to draw inferences about the presence of market power, while 
NEIO studies have generally tended to find some statistical evidence for market power 
by focusing on the determinants of the gap between prices and marginal costs 
(Wohlgenant 2001). SCP approach was often criticised for lacking a microeconomic 
foundation. The NEIO is preferred to SCP, but is difficult to implement empirical 
studies due to high requirement of data. In comparison, the time series analysis such as 
price-asymmetry models (van Cramon Taubadel, 1998), cointegation approach 
(Goodwin and Schroeder, 1991) is relatively easy implemented empirically however, 
most application “lack theory and cannot distinguish between collusion and perfectly 
competitive markets” (Digal and Ahmadi-Esfahani, 2002).  

In this paper, we apply a time series model developed by Lloyd et al. (2009) that is 
derived from a NEIO conjectural variations model as a “first-pass” test to measure 
oligopoly and oligopsony market power in Finnish food retail industry. This approach 
offers a ‘first-filter’ test of price data that may be used as part of the preliminary 
analyses into the presence of buyer power in food markets. The model also serves as a 
useful device for characterising how prices are transmitted in the food market, albeit in 
a simplified form. Furthermore, it forms the basis for determining the appropriate 
econometric approach and the interpretation of the key variables used to identify the 
existence of possible oligopsony power.
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2 RECENT TRENDS IN FINNISH FOOD RETAILING

The operating environment of the Finnish food economy changed radically in 1995 
when Finland joined the European Union (EU). The commitment to the Common 
Agricultural Policy (CAP) of the EU led to unprecedented upheaval in the economic 
environment of the Finnish food chain. It was no longer possible to regulate the market 
price level of agricultural products through national border protection and export 
subsidies. The minimum prices for agricultural products guaranteed by the EU are 
much lower than the producer prices paid in Finland before EU membership, and the 
prices also vary more than before.

The retail price of food fell by an average of 11% in 1995 when Finland joined the EU, 
even though value added tax was raised. The reduction was caused by a decrease in the 
producer prices to the same level as in the other Member States and the liberalisation 
of imports from EU countries. The prices of cereal and meat products fell the most 
dramatically. When the trend in food prices since 1995 is considered, it has quite 
closely followed the general rise in consumer prices. Between 1995 and 2009, food 
prices in nominal terms rose by 28%. During the same period, the general consumer 
price index rose by 25%, which means that in real terms food prices are quite close to 
the level of 1995 (Niemi and Ahlstedt 2010).

EU membership clearly reinforced the position of the retail sector in the food chain 
relative to the domestic raw material production and food industry. The retail sector is 
able to take advantage of the competition between domestic food companies and 
foreign ones. Structural changes in retail trade have directly influenced the market 
opportunities of food producers in four ways: through (1) concentration, (2) chaining, 
(3) discount stores and (4) private labels. As a result of the concentration in the retail 
trade sector, very large units, i.e. hypermarkets, have conquered market shares at the 
expense of smaller units (Koistinen and Vesala 2006). The concentration is reflected in 
both the rapid decrease in the number of retail outlets and in the market shares of the 
leading chains.  From 1995 to 2007, the share of total sales accounted for by 
hypermarkets grew from 15 to 25% and that of large supermarkets from 20% to as high 
as 33%. At the beginning of 2008, the total number of retail outlets selling groceries 
and daily goods was 3 922, and 58% of the sales took place in the 673 largest stores. In 
recent years, significant reorganisations have taken place among the largest chains. The 
competition for the market in groceries and daily consumer goods is increasingly 
clearly a case involving two main players. The market share of the S Group has 
increased rapidly over recent years. In 2008, the S Group managed to raise its market 
share again, reaching 42.4%. The share of the K Group has been diminishing in the past 
few years, although this trend stopped in 2007 and there was some growth in their 
market share. In 2008, the sales of the K Group grew by 6%, which is less than the 
average. As a result, the market share of the K Group decreased slightly to 33.7% in 
2008.

The market share of the third largest chain, Tradeka, also experienced a fall from 11.9% 
in 2006-2007 to 11.3% in 2008. The retail operations of Tradeka and Wihuri Group’s 
Ruokamarkkinat were merged in 2005. At the end of 2008, Tradeka changed its name 
to Suomen Lähikauppa Oy (Finland’s Local Store), which reflects the new company 
strategy. The control by the chain will be eased, and with 550 Siwa and 187 Valintatalo 
stores, the company aims to be perceived as Finland’s leading chain of local stores.
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The largest chain in the category of other companies is the German discount giant Lidl, 
which has rapidly spread on the Finnish market. In 2008, the market share of Lidl was 
estimated at 5.1%, which was slightly higher than the year before, when it was 4.7%.

The large food chains consist of independent retail operators who compete on the local 
markets, while the wholesale and purchasing operations within the chain are strongly 
concentrated. Large chains take advantage of their negotiation power in their supply 
contracts with food processing companies. In both leading chains the share of 
concentrated purchases has risen to more than 80%, leaving very little room for local 
purchases by the retail operators. Of local foods, the main ones to have gained access to 
shelves include some bakery products, fresh meat and fresh cheeses (Niemi and 
Ahlstedt, 2009).
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3 THEORETICAL MODEL AND EMPIRICAL 
IMPLEMENTATION

As mentioned in the introduction, this study utilizes a theoretical approach presented 
by McCorriston et al.  (2001) and Lloyd et al. (2009) exploiting the presence of 
exogenous shocks in order to identify the existence of buyer power in both upstream 
and downstream prices. In their theoretical framework, firms are assumed to produce a 
homogeneous product and pursue quantity-setting strategies. In addition, the model 
only allows us to detect the existence of market power, but not the degree of buyer 
power. The detection of buyer power simply depends on how the incidence of shocks 
affects both sets of prices. The model presented here follows the standard specification 
of equilibrium displacement models as in the framework of Gardner (1975), Holloway 
(1991), McCorriston et al. (2001) and Lloyd et al. (2009), which are static models in 
which the retailing sectors or processing sectors buy raw products from farmers, 
convert them into finished products by performing various functions, and then sell the 
finished products to consumers. Thus, the inverse retail demand form is given by:

),( DQhR (1),

where R is the retail price of the good, Q is food output the retailers sell to consumers 
and D is an exogenous demand shifter (which represents the source of the demand 
shock affecting the retail sector). The input supply functions for the agricultural input 
A, in inverse form, are given by:

),( SAlP (2),

where P represents the price of A. The variable S is the exogenous supply shifter in the 
farm supply equation.

Assume that a representative retail company uses the agricultural raw material to 
maximise its profits, given by the following function:

)()()( iiiii QCAAPQQR (3),

where iAAP )( represents the cost of all the agricultural inputs. In this theoretical 
framework, the firm uses agricultural inputs in combination with other variable inputs 
to produce a food product. To simplify the algebra in order to manage it, these non-
agricultural inputs are subsumed into a single “other cost” input, which is iC . In 
addition, constant returns to scale in distribution are assumed. Thus, the first order 
condition for profit maximisation gives

0
i

i

i

i
i

i
i

ii

i

Q
C

Q
APA

Q
A

A
PRQ

Q
Q

Q
R

Q
(4)

Here, we assume a fixed proportions technology, i.e. ii QA , where is the input-
output coefficient. Then (4) could be transformed to:
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(5)                                                               

Using linear functional forms for both the demand1 and supply function with 
exogenous demand shifter D, we get: 

bDaRhQ (6)

kAlP (6a),

and A, representing the supply input, could be determined by the food output to the 
retailers Q and the exogenously determined supply shifter S: 

SQA

Setting up 1 in order to obtain the explicit solution, we could rewrite equation (4) 
as:

i

i
i

i
i

i Q
CPQ

Q
Q

a
Q

Q
QkR 1 (7).

According to Sexton and Lavoie (2001), “A key feature of any model of imperfect 
competition is the manner in which rival firms respond or react to one another.” 
Empirically, most authors of static structural market models of imperfect competition 
in agriculture have used the paradigm of conjectural variations. (Holloway 1991; 
Mccorriston et al. 2001; Lloyd et al. 2009). With n equal-sized firms having identical 
cost structures, we could rewrite (7) by using aggregate conjecture elasticity2, that is 

n
Q
Q

Q
Q i

i
i /)( as

MPQ
a

QkR (8),

where M is a composite variable that represents all other costs that affect the retail-
farm price margin. More generally, may be thought of as an index of buyer power. If 

0 we have competitive behaviour, and if 1 , we have collusive behaviour. 
Therefore, if there is no buyer power in a market, equation (8) could be reduced to:

MPR (9).

1 Empirically, the linear and the log-linear forms are among the most common, as the demand curve could 
be expressed by a general Box-Cox transformation given by )/1(/)1( RahQ ; when 
= 1 we have the linear demand case.
2

ii QQ / is the conjectural variation parameter for firm i. Assuming n equal-sized firms with an 
identical cost structure, as is common with industrial organisation models of this type, there are certain 
assumptions underlying this process of aggregation. In aggregating the conjectural elasticities, it is 
assumed that the conjectural variation parameters are identical across all firms (Cowling and Waterson, 
1976).
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Consequently, the spread between the retailing price and producer price in a perfectly 
competitive industry is solely attributed to marketing costs under competitive 
conditions. In this case, the exogenous shifters from both the demand side and supply 
side have no impact on determining the spread. 

If buyers power exists, the spread between retail and producer supply prices behaves 
differently, since price setting by the sector with buyer power will be reflected in the 
mark down that the firms can earn, and so affects the spread. Hence, where buyer 
power exists, market shocks have a differential impact at each stage in the marketing 
chain and thus determine the behaviour of the spread between prices at different 
vertical levels, in addition to marketing costs. In effect, shocks to the underlying supply 
and demand functions are mediated through buyer power parameters and thus give 
rise to predictable effects on the spread. In the absence of buyer power, the effect of 
shocks is common at all vertical market levels, so that the spread is simply determined 
by marketing costs.3

The theoretical framework delivers an equation for the determination of the price 
spread in which the impact of these shocks appears with a definite sign in the presence 
of oligopsony power. This provides the theoretical basis for a simple empirical test of 
the presence or otherwise of perfect competition. Writing the margin equation in an 
unrestricted form (i.e. in terms of prices), an empirical testable equation given by Lloyd 
et al. (2009) is the following:

SDMPR 43210 (10),

where R is the retail price and P is the producer price of the good under consideration, 
M is a composite variable that represents all other costs that affect the retail-farm price 
margin, D is a general demand shifter, and S is the exogenous shifter in the farm supply 
equation. The expected signs for the coefficients are 1 > 0, 2 > 0, irrespective of the 
degree of retail competition. The test for the rejection of perfect competition is whether 
the coefficients on the remaining variables in the retail-producer spread equation are 
statistically significant.

In the empirical section, it is assumed that the data may be approximated by a VAR (p) 
model as follows, 

ttmtmttt vXXXX 2211

(11),

where xt is a (k × 1) vector of jointly determined I(1) variables, Zt is a (d × 1) vector of 
deterministic terms (constants, trends and centred seasonals), and each i ( i = 1,K, p )
and each (I = 1, …, m) is a ( k × k ) and (k × d) matrix of coefficients to be estimated 
using a (t = 1, . . .T) sample of data. vt is a (k ×1) vector of n.i.d. disturbances with zero 
mean and non-diagonal covariance matrix, .

The presence of a price transmission relationship between the retailer and producer is 
indicated by the detection of cointegration among the variables in xt. Rearranging (11) 
into its error correction form,

3 Details on the theoretical function when the market power exists can refer to Lloyd (2009)
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tttimtt vDXXX 1
' (12).

We test for cointegration using Johansen’s (1988) maximum likelihood procedure in 
which attention focuses on the (k × r) matrix of co-integrating vectors, comprising ,
that quantify the ‘long-term’ (or equilibrium) relationships between the variables in the 
system and the (k × r) matrix of error correction coefficients, , the elements of which 
load deviations from equilibrium (i.e. Xt-m xt, i coefficients 
in (12) estimate the short-term effect of shocks xt, and thereby allow the short- and 
long-term responses to differ.

When a single cointegrating relationship is detected between retail and producer prices, 
formal testing of the significance of the supply and demands shocks is undertaken to 
investigate whether buyer power is present. If the vertical market for a product is 
perfectly competitive, retail and producer prices may be expected to form a 
cointegrated relationship with at most marketing costs. Where retailers exert buying 
power, the supply and demand shifters also enter the pricing relationship. This then 
gives rise to a null hypothesis of perfect competition, which can be empirically
evaluated by a standard likelihood ratio test of the exclusion restrictions on the shifters 
in the cointegrating relation.

In addition, given that the theoretical model signs the parameters in the pricing 
relation (10), we can offer some additional evidence on the possible rejection of perfect 
competition by comparing the estimated signs of the shifters in the cointegrating 
relation with that predicted by the theoretical model.
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4 DATA

We apply the test method of Lloyd et al. (2009) to assess whether we can reject perfect 
competition in Finnish food retailing using widely available market-level data on food 
price indices at retail (R) and producer (P) levels. The price index series are plotted in 
Figure 1, and the statistics of these series are summarised in Table 1. The data sample 
begins in January 1995 and runs until September 2009 (giving 177 monthly 
observations). Measures of marketing costs are not available and thus, given the 
importance of labour costs in food retailing, we use an index (base year 1995) of real 
average earnings in the Finnish service sector (M) to proxy for these costs. The supply 
shifter (S) is the exogenous shifter in the farm supply equation behaviour. To 
incorporate the impact of farm-level production costs, S represents a real price index 
(base year 1995) of all goods and services purchased on Finnish farms. D is a general 
demand shifter, and demand-side shocks are represented by a general consumer price 
index on the basis that this represents a general demand shifter (D) affecting the 
retailing sector as a whole. R is the retail price index and P is the producer price index 
of the good under consideration. However, noteworthy if only because growing spread 
appears to be the norm over the sample period.

(Insert Figure 1 and Table 1)

Evidently, the price index representing the producer price has remained very much at 
the same level within the sample year, while all other index series have shown a clearly 
increasing trend over the years, especially the marketing cost labelled by M. This 
tendency for the producer price index and other indices to diverge over time gives rise 
to a widening in the index spread, particularly after 2002 (See Figure 2). Growth in the 
price spread is not in itself indicative of buyer power, as marketing costs such as labour 
costs may be the cause for this phenomenon (Lloyd et. al. 2009). Nevertheless, it is a 
complementary indicator of the existence of buyer power. Thus, further investigation 
into the existence of buyer power, including related factors such as marketing costs, 
should be carefully carried out. 

(Insert Figure 2)
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5 RESULTS  

To decide whether VAR(p) or VECM  is an appropriate model for our analysis, we begin 
with a descriptive analysis of the characteristics of individual prices index series drafted 
in Figure 1. In other words, we have to examine the stationarity properties of the 
univariate time series. The series is integrated of order d (denoted I(d)) if it attains 
stationarity after differencing d times. If the series is I(1), it is deemed to have a unit 
root.  Stationarity of the price processes is tested using the Augmented Dickey-Fuller 
(ADF) test (1979) and complementary Kwiatkowski-Phillips-Schmidt-Shin (KPSS) test 
(Kwiatkowski et al.1992). 

Inspection of Figure 1 suggests that the series follows an increasing trend that 
characterizes the random walk I(1) model. Thus, we consider performing the unit root 
tests with two different restricted structures: with an intercept and with an intercept 
and trend. 

The results of the unit root tests in level form are reported in Table 2. All the test 
indicate that all of the index series restricted on the intercept are non-stationary, and 
further tests on the first difference show stationarity 4, which suggests that the index 
series are I(1) with either an intercept or with an intercept and trend. Given that the 
data are all integrated in the first order, we now analyze the price transmission between 
the retail price and producer supply price using the VECM model defined by equation 
(12). Thus, the second step of our analysis is to test the cointegration relationship 
among the index series.

(Insert Table 2)

The result of the Johansen cointegration test is presented in Table 3. The Akaike 
information criterion is used to determine the optimal order of lags (3 lags for each 
series). Both the trace statistics and the maximum eigenvalue indicate that a single 
cointegrating vector (r = 1) is found significant, whether or not the linear trend 
restriction is included. Further, under sequential testing, the first rejection failure 
occurs while using the model without a trend, and we thus accept the model without a 
trend as appropriate. We further check the cointegrating residuals for autocorrelation 
and the trending test, and the results appear to be satisfactory. 

(Insert Table 3 here)

Next, Table 4 reports the parameters of the cointegrating vectors normalised on the 
retail price index obtained from equation (12). The results show that 1 > 0, and 2 > 0, 
which is in accordance with theoretical model 1. However, it is noteworthy that the 
parameter of coefficient of M representing marketing cost shows statistical 
nonsignificance. This implies that labour costs alone may not provide the best proxy as 
a general marketing cost variable. In addition, the signs for the existence of buyer 
power 3 and 4 turn positive and negative, respectively, which is correctly signed 
according to the predictions in the theoretical model. However, the estimated 
coefficient of supply shifter index S appears to be non significant. In order to obtain a 
more precise statistical significance of coefficients S and D, we further perform a set of 
likelihood ratio tests.

4 The unit root test results for the first difference are not reported but are available upon request.
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(Insert Table 4)

The results are displayed in Table 5, and the null hypothesis of perfect competition (
043 ) between producer and retailing prices is clearly rejected. Meanwhile, we 

merely note that although 4= 0 cannot be rejected, which is correctly signed according 
to the theoretical model. Therefore, the results suggest overall that the spread between 
producer and retailer prices is not consistent with perfectly competitive behaviour and 
thus might be caused, at least as a candidate amongst other factors, by the existence of 
oligopsony power in Finnish food retailing.
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6 CONCLUSIONS

In this paper, we have applied the test method by Lloyd et al. (2009) to test the 
presence of buyer power in vertically-related Finnish food markets. As explained by 
Lloyd et al. (2009), the approach is simple and transparent, yet delivers a statistical test 
derived from a theoretically-consistent basis. Furthermore, the test demands relatively 
little in terms of data and is implemented using standard techniques of modern time-
series analysis.

Drawing on data on price indices at retail (R) and producer (P) levels, we demonstrated 
that the hypothesis of perfect competition can be rejected, implying that the Finnish 
market is characterised by buyer power according to the measure of Lloyd et al. (2009). 
Of course, the result cannot be interpreted as being conclusive evidence for the use of 
buyer power in Finnish food retailing. Clearly, econometric tests of this sort have 
limitations. The data are subject to measurement problems, particularly regarding the 
quality of proxies that are available to account for changes in sector-specific marketing 
costs (demand and supply shocks), which are not to be taken lightly. It should also be 
stressed that the test does not allow the degree or economic significance of market 
power to be measured, merely whether it exists. However, the method proposed by 
Lloyd et al. (2009) is both familiar to applied economists and readily implemented, and 
delivers a ‘first pass’ test that when used in combination with other evidential 
indicators can contribute to uncovering the existence of buyer power in the vertical
food chain.
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Figure 1 Food price indices at retail (R) and producer (P) levels between 1995 and 2009.

Figure 2 The spread between retail index series and producer index series
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Table 1 Descriptive statistics for the index series

Description R P D S M
Mean 108.6 96.5 111 112.8 131
Median 108.5 95 129.6 112.4 108
Standard Deviation 8.7 4.5 20.4 7.77 13.8
Skewness 0.8 1.97 0.28 0.18 1.2
Kurtosis 3 5.69 1.89 1.9 3.8
Observation 177 177 177 177 177

Table 2 Unit root test result of individual price indices.

Notes: ADF is the Augmented Dickey-Fuller test, test statistics are according to 
MacKinnon (1996) critical values for rejection of the hypothesis of a unit root. KPSS is 

-test of Kwiatkowski et al. (1992). Asterisks (*), (**) and (***) denote the 
significance level at 10%, 5% and 1%, respectively5.

5 Unit root testing and cointegration analysis were conducted using EVIEWS 6.

Test R P M D S Critical 
values

ADF (intercept 
and trend 
excluded)

-2.33 -2.28 -1.82 -2.00 -2.06
-3.15*
-3.44**
-4.01***

ADF (intercept 
included) 0.59 0.47 2.04 0.49 -0.70

-2.58*
-2.88**
-3.47***

KPSS (intercept 
and trend  
included)

0.20
**

0.28
***

0.36
***

0.36
***

0.29
***

0.12*
0.15**
0.22***

KPSS(intercept 
included)

1.52
***

0.93
***

1.70
***

1.65
***

1.40
***

0.35*
0.46**
0.74***



15

Table 3 Test for cointegration among R, P, M, D and S index series.

(i) Constant  included
Hypothesized 
No. of CEs

Max. 
Eigenvalue 5% max Trace statistic 5% trace

r=0 44.50** 33.88 83.32** 69.82
r=1 23.56 27.58 38.82 47.86
r=2 9.07 21.13 15.26 29.80
r=3 4.98 14.26 6.19 15.49
r=4 1.21 3.84 1.21 3.84
(ii) Constant and linear trend included
Hypothesized 
No. of CEs

Max. 
Eigenvalue 5% max Trace statistic 5% trace

r=0 44.69** 38.33 94.34** 88.80
r=1 28.06 32.12 49.64 63.88
r=2 11.22 25.82 21.57 42.92
r=3 6.44 19.39 10.36 25.87
r=5 3.92 12.52 3.92 12.52
Note: Critical values based on MacKinnon-Haug-Michelis (1999).  **denotes 
rejection of the hypothesis at 5% level 

Table 4 Estimated cointegrating vectors (normalised on the retail price index)

Index proxies Parameters Values
Producer price index 
(P)

1 0.65***(0.16)

Marketing cost  (M) 2 0.09 (0.07)
Demand shifter index  
(D)

3 0.68*** (0.16)

Supply shifter index  
(S)

4 -0.03 (0.08)

Note: Figures in the () reprensent the t-statistic value, and asterisks (***) denote the 
significance level at 10%, 5% and 1%, respectively
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Table 5 Test results for competition

Hypotheses Values [P-value]

H0: 3 =0 10.02*** [0.002]
H0: 4 =0 0.13[0.71]
H0: 043 11.12***[0.00]
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1 INTRODUCTION  

The surge of world market grain prices in winter 2007/2008 resulted in an extensive 
debate about the foundations of international agricultural commodity markets and 
factors that triggered such a dramatic surge. In the second half of 2010 the grain prices 
responded again strongly to the adverse weather events observed in certain large grain 
production areas, such as Russia, and the debate continues. 

Even if there are arguments that the recent food crises and price shocks have not been 
so anomalous in the long run perspective (e.g. Wright 2009), they have triggered 
significant social costs by exacerbating the world’s poverty and hunger problems. The 
drastic short run price peaks may also have resulted in irreversible market impacts that 
persist in the future. The likelihood for the price returning to the pre-crisis levels is 
estimated low and the price of food is predicted to increase in the long run (e.g. OECD, 
2011: 25). In addition to the price levels, the volatility of grain prices may have 
persistently increased from the pre-crisis levels, resulting in more price uncertainty for 
farmers, food processors, and consumers. The food crisis has also triggered new policy 
initiatives, since capital and population rich countries are considering new ways of 
rebuilding their stocks, increasing their self-sufficiency, and securing their consumers’ 
access to food. 

The market turmoil has also created new interest in analyzing the underlying factors of 
the observed market and price developments in agricultural commodity markets. Much 
of this work is based on mathematical equilibrium models. The mathematical 
equilibrium analysis of Dewbre et al. (2008) and, in particular, the reports of Abbott et 
al. (2008) and Heady and Shenggen (2008) provide a detailed description, a broad 
discussion, and a synthesis about the issues and market developments in the context of 
the 2007-2008 food crisis. 

The literature includes also econometric analyses estimating the relationship between 
the storage, price and price volatility in a stochastic context. The existing work 
originates to the rational expectations inventory model of Gustafson (1958). Most of the 
empirical results, such as Johnson and Sumner 1976, Wright and Williams 1982, and 
Pindyck 1994, support the qualitative characteristics of the Gustafson-type storage 
model. But Deaton and Laroque (1992, 1995 and 1996) challenge the earlier results 
indicating that the observed data exhibit such a large serial correlations and variation 
of prices that they are not fully consistent with the inventory models. Nevertheless, 
recently Cafiero et al. (2011) redress the papers of Deaton and Laroque and re-establish 
the empirical relevance of economic inventory models.   

Even though various stake holders and research groups weigh the factors underlying 
the price spikes and price volatility differently, there is a wide consensus that the low 
buffers against adverse demand and supply shocks, such as the end-of-season 
inventories carried on to the new harvest years, have likely been amongst the most 
critical and decisive factors that triggered the crisis. There are also serious concerns 
that the record low inventories in 2008 encouraged speculation that further 
exacerbated the price movements, since the shrinking inventories and price increases 
may have raised arbitrage opportunities and expectations in favor of further continuum 
of increasing prices, creating a price bubble1. The empirical study of Cooke and Robles 

1 The price bubble of storable commodity results when the expected price increases to infinity, but it falls 
with probability one in finite time (Bobenrieth et al. 2002).
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(2009), using a broad set of different economic, financial market and monetary 
indicators, supports the view that trading activities in the futures markets increased, in 
particular, amongst non-commercial traders and speculation played a role in the price 
surge. The situation got even worse when countries, threatened by severe food 
shortages, imposed new export restrictions and export bans to protect their own 
inventories and vulnerable consumers (Von Braun and Torero, 2008; Wright, 2009). 
Nevertheless, putting the market data into longer time horizon, the contributions of 
different market participants, such as the non-commercial investors and speculators, to 
the realized price process are not supported by the data and they remain debatable 
(Jacks, 2007).

Even if low levels of food inventories are among the core factors underlying the food 
crisis, recent rigorous empirical analysis on the causal relationship between the global 
grain inventories, international grain prices and the volatility of these prices are still 
rare. Storage is neglected too often even though it plays an essential part of commodity 
market dynamics under rational expectations, and defines the potential and limitations 
of market manipulation and policy interventions (Wright 2001). This study contributes 
to the existing literature and quantitative equilibrium analyses by an econometric 
approach by estimating a conditional mean and conditional volatility model for the 
global wheat inventories and the international wheat price. Our goal is to examine how 
informative the global inventories and price data are to identify the empirical 
relationship between the price, inventories and price volatility. 

As encouraged by the recent results of Cafiero et al. (2011), the economic foundations of 
our analysis are in the structural form inventory models of Pindyck (1994; 2004) that 
also originates from Gustafson (1958). The models define equilibrium inventory 
behavior as the solution to a stochastic dynamic optimization problem under rational 
price expectations. They first solve for the inter-temporal optimality conditions (Euler 
equations) or policy rules by dynamic programming and then estimate the model 
parameters in these optimality and orthogonality conditions using econometric 
techniques. Concerning the conditional means (the first moments), these studies 
suggest a highly nonlinear negative relationship between the price and inventories and 
further, as an asymptotic condition, that the price should approach infinity if the end-
of-season inventories approach zero. As compared to earlier inventory models, 
including Deaton and Laroque (1995; 1996) and Miranda and Rui (1997), our approach 
is more straightforward. We estimate the model in the reduced form, which is feasible 
because we observe data on the predicted end of season inventories and are not 
circumvented by an absence of such critical data in the estimation. Another rationale of 
our reduced from approach is that our goal is to estimate the linkages between the 
price, inventories and price volatility consistent with the economic inventory model, 
rather than testing explicitly for the characteristics of the underlying structural form 
inventory model. 

In addition to the conditional mean processes, volatility plays a decisive role as a 
determinant of spot prices and optimal inventory rules through two effects (Pindyck 
2004). First, volatility directly affects the marginal returns to storage, usually referred 
to as the convenience yield. The higher the variance and volatility of spot prices, the 
higher the marginal returns to storage are. Thus, high volatility may result in inventory 
build-ups, or it may implicitly impose high opportunity costs for storage withdrawals 
and increase prices in the short run. Second, volatility may affect the marginal 
production costs and decrease production volumes by creating option premiums. 
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Based on the propositions and results of the Deaton and Laroque (1995; 1996) 
and Pindyck (1994; 2004) analyses, we pose the following questions 
concerning the volatility, price and inventories: 

Does long term equilibrium between the price and the end-of-season 
inventories exist? And is there a negative price-inventories relationship 
between the price and inventories?  

Do exogenous price shocks change the relationship between the price and 
inventories?

Do inventories and the price cause volatility, or is the volatility exogenous so 
that it causes inventories and the price?

The rest of the paper is structured as follows. The subsequent section describes the 
economic inventory model. Thereafter, we present the data, the econometric models 
and the estimation results. Conclusions and implications are given in the last section. 
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2 THE INVENTORY MODEL 

Our model draws on Pindyck (2004) and on the earlier literature cited therein. We 
consider price taking and risk neutral firms that maximize the expected present value 
(Vt) of the entire current and future flow of their profits in each period. The firms have 
rational expectations. They choose production ( tz ), sales and consumption ( tq ), with 

the resulting inventory levels ( ts ) for a single storable commodity (wheat) to maximize:

0

0
, 0

max ( )
t t t

t
t t t

z q t
V E p q C

(1),

subject to tttt qzss 1 , and tallforst 0

where E is the expectations operator, is the discount factor, p is the output price, q is 
the sales or marketed quantity, C is the one period cost function, and t is the time 
index. Maximization is constrained by the transition equation describing the 
evolvement of inventories, and by non-negative inventories, i.e. selling short is not 
allowed. The transition equation implies that, given the inventories carried on from the 
previous period ( 1ts ), either new inventories ( ts ), production ( tz ) or sales and 

consumption ( tq ) is a linear combination of the other two.  

The constraint of “no short selling” is the standard in estimating inventory models and 
implies that the commodity has to be produced before it can be sold in the spot 
market2. The one period cost function (Ct) is the sum of the production cost (Cp), the 
marketing cost (Cm), and the constant per-unit storage cost (k) times the inventories:

tttt
m

t
p

t kspsCzCC ),,()( (2),

Pindyck (2004), we have dropped out the option valuation component from the total 
costs, because the current wheat production does not increase next period’s production 
costs and create option values comparable to those of depleting non-renewable natural 
resources. 

The marketing cost (Cm) is an aggregate of the costly activities facilitated by 
inventories, such as delivery scheduling, stock-out avoidance, and the cost of adjusting 
production over time. The marketing cost approaches infinity as the inventories 
approach zero, i.e. m

s
C

0
lim . This asymptotic condition also guarantees that the 

constraint of non-negative inventories in (1) will never bind. The marketing cost (Cm) 
is a decreasing function on the inventory level ( ts ) and increasing on price volatility (

t ). For simplicity Cm does not depend on wheat price ( tp ), as in Pindyck (2004). 
Hence a marginal unit of inventory reduces the total marketing cost and therefore 
delivers a co

2 The non-negativity constraint could be relaxed by introducing derivatives and allowing for speculation.
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ttt
m
tttt ssCs /),(),( (3),

which is decreasing in storage and increasing in volatility: 0/ tt s and 

0/ tt . Thus, when storage is decreasing and approaches zero, the value of a 
marginal unit of storage (the convenience yield) increases and approaches infinity. Also 
when price volatility increases the convenience yield increases. 

Replacing the law of motion of inventories into (1) and then maximizing the result with 
respect to production ( tz ) and inventories ( ts ) we get following first order conditions: 

( )p
t

t
t

C zp
z (4),

1

1

[ ] / 0

[ ] / 0

m
t t t t t t

m
t t t t t t

E p p C s k s

E p p C s k s (5a),

which asserts that, in equilibrium, the expected next period price equals the current 
price plus the marginal cost of marketing and storage. This expression depicts an 
implicit function relating inventories to spot prices, expected prices, price volatility and 
fixed inventory cost. And if we substitute the convenience yield for the marginal cost we 
get3

1

1

[ ] ( , ) 0
[ ] ( , ) 0
t t t t t t t

t t t t t t t

E p p s k s
E p p s k s (5b).

From (4) and (5) one can derive optimal choices and equilibrium relationships. Notice 
that in this first order partial equilibrium model, firms are price takers so that the price 
and price volatility are both exogenous objects. One can also assume without loss of 
generality that price expectations are exogenous and for simplicity assume that they are 
independent of the current price level tp .  So a transitory shock affecting the current 
price does not affect price expectations for next period. From (4) one gets the optimal 
production decision tz , given a price tp ; this traces a standard increasing supply (or 

production level) curve )( tpz . From (5) the optimal level of inventories can be pinned 

down, given expectations, current price and price volatility. The current price tp and

inventory level ts have a negative relationship, which depicts a demand curve for 
inventories (Figure 1). Also despite this is a partial equilibrium model it is informative 
to evaluate (4) and (5) at a steady-state price ssp , such that ssss ppE )( . From (4) 

one gets a steady-state production level (
ssz ). From (5) we get at steady-state inventory 

level
sss and we verify that steady-state sales ssq equal the steady-state production 

level (
ssz ).  

(Insert Figure 1)

3 The arbitrage condition is derived here for a competitive firm but it generalizes to the competitive 
commodity market as well (see e.g. Cafiero et al. 2011). 
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From this simple model we get the following predictions:

There is a short-run equilibrium with an inverse relationship between current prices an 

inventory level. Suppose the price level is at its long-run steady-state level
ssp and then 

suddenly jumps up to tp , due for example to a transitory demand or supply shock. As 

future expectations remain constant inventories level decreases from 
sss to ts (see 

Figure 1). In other words firms react to the transitory shock by selling out current 
production and some of previous period stocks.

An increase (decrease) in price volatility shifts the short-run price inventory 
relationship to the right (left). One can verify that for higher price volatility, given a 
steady-state price, a larger inventory level is needed to satisfy (5).

An increase (decrease) in price volatility causes an increase (decrease) in both prices 
and inventory level. In the short-run we already showed in b) how inventories level is 
affected. The effect on prices comes through the reduction in sales. Notice that in the 
absence of a price change the production level remains constant, hence the only way to 
increase inventories is by keeping some output as inventory, which implies reducing 
sales. However in a general equilibrium perspective this will require a higher price as 
we haven’t assumed any shock to the demand (not modeled explicitly here). In the case 
of a permanent increase (decrease) in price volatility a new higher (lower) steady-state 
price will result.

As Pindyck (2004) notes, one approach to continue in specifying the empirical model 
would be to first specify the stock-out costs, costs of adjusting production and delivery 
scheduling, and then solving for the marketing cost function (Cm) in the dynamic 
optimization model. Cafiero et al. (2011), on the other hand, specifies a linear inverse 
consumption demand for solving the problem. Also the dual approach and stochastic 
Ito calculus could be applied in the original optimization problem to get stochastic 
policy rules, but this would require data on supplies and demands (see e.g. Pietola and 
Myers 2000). However, we take a more straightforward approach and specify 
empirically tractable reduced form equations in order to provide empirical support to 
the inventory model and marketing cost function as described above. 

Since the time frequency on price-inventories relationship is one month in our analysis, 
we further simplify our model by approximating the discount factor by unity so that it 
drops out from the equations. This is merely rescaling of the estimating equation and 
can be done without loss of generality. We also impose a fixed storage cost k. 

We proceed to empirical modeling with testing for the stationarity properties of 
individual series first. Then, we test for the existence of the long run equilibrium 
between the price and inventories. Since the data suggest that the price and inventories 
do not have a long run equilibrium relationship, we move on the short run dynamics. 
The linkage between the price, inventories and volatility is estimated in a vector
autoregressive model, augmented by exogenous price and inventory shocks and the
price volatility. The results suggest that the price and inventories have a significant 
negative relationship in the short run conditional mean process. The price granger 
causes inventories so that increasing price decreases inventory withdrawals and 
inventories increase in the very short run, but over a longer time period the price effect 
cancels out in the inventory process. In addition, increasing price volatility encourages 
building up inventories, as suggested by the economic inventory model. In some 
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specifications, the linkage from inventories to the price is also significant through 
inventory shocks. 
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3 DATA 

Our inventory, consumption and price data span from January 1988 to June 2011. The 
series have one observation each month and in total 162 observations. 

The inventory data are obtained from the World Markets and Trade Archives of the 
Foreign Agricultural Service (FAS) in the United States Department of Agriculture 
(USDA). The inventory data are the predicted end-of-season global wheat inventories 
as they are announced in the monthly USDA-FAS reports of that time4. Thus, the 
inventories measure each month the predicted amount of grain reserves carried from 
the ongoing harvest year to the new harvest year. The definition of the harvest year is 
based on local harvest years. Therefore, the local harvest years overlap and depend on 
the location of the inventories. The largest trader of wheat in the international market 
is the US, where the marketing season starts at the beginning of June and ends at the 
end of May. 

The end of season wheat inventories averaged around 141 million tonnes within our 
sample period (Figure 2; Table 1). Inventories decreased to the lowest of 106 million 
tonnes (75% of the mean) in June 2000. At the 2007/2008 food crisis the inventories 
almost touched the same minimum in October 2007 when inventories were only 107 
million tonnes. Inventories reached the largest quantity of 198 million tonnes in May 
2010, exceeding the sample mean by 40%. The standard deviation of inventories in the 
sample period is 24 million tonnes and the coefficient of variation is 17%. 

The price data are weekly quotations for nominal spot prices (USD/tonne) for hard 
wheat at US Fob Gulf as given by FAO statistics5. Each month we take the weekly price 
quotation that is recorded at the time right after the USDA report on grain inventories 
has been announced. Most often, but not always, this has been the second weekly price 
quotation each month. The price of wheat was on average 191 USD/tonne, reaching the 
highest value of 507 USD/tonne in March 2008 and the lowest value of 103 in July 
1999 (Figure 2 and Table 1). The standard deviation of the price has been 80 
USD/tonne and, the coefficient of variation has been 42%. Thus, the data indicate that 
the price has been varying substantially more than inventories and consumption. 

(Insert Figure 2)

(Insert Table 1)

Seemingly, the patterns in the observed data support the view that, at least around the 
food crisis of 2007/2008, there is a negative correlation between the inventories and 
price movements, so that low levels of inventories are associated with periods of high 
prices (Figure 2). The global end-of-season wheat inventories decreased notably 
between 2006 and 2008 as a result of two subsequent poor harvest years. When the 
inventories touched record low levels in the fall 2007, the price for wheat peaked to a 
record high level and it more than doubled within a few months. Nevertheless, it is not 
evident from the observed data that the low inventories alone would be a sufficient 

4 Please note that we rigorously maintained time consistency of the data. To obtain the predicted end of 
season inventories conditional on information at each month of releasing the prediction, we went back to 
the archives and collected the relevant data observations there.  Source: 
http://www.fas.usda.gov/grain_arc.asp .
5 US No.2, Hard Red Winter ord. Prot, US Fob Gulf (Tuesday). Source http://www.fao.org/es/esc/prices .
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condition for the price surge. For example, the low inventories in 2000 did not result in 
a similar price surge and market reactions as in winter 2007/2008.
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4 EMPIRICAL ANALYSIS

In the empirical analysis a vector autoregressive model (VAR) is estimated for the 
natural logarithms of wheat price and inventories, and wheat price volatility. This VAR 
is used to perform tests for Granger causality in order to assess the causal relations 
between these variables. However, before estimating this model tests on stationarity 
and cointegration are performed. 

4.1. Tests for stationarity and cointegration

The first step in the empirical analysis is to test for stationarity and the order of 
integration of the individual price and inventory series. Both non-stationarity and 
stationarity are used as null-hypotheses, because unit root tests are known to have low 
power in small samples or in samples with structural breaks, and therefore the results 
may depend on the direction of the null-hypothesis (Leybourne and Newbold, 2000). 
The null hypothesis of a non-stationary unit root process against the alternative of a 
stationary series is tested for using the Augmented Dickey-Fuller (ADF) test. The null 
hypothesis of stationarity or trend-stationarity against the alternative of a unit root is 
tested for by the KPSS test developed by Kwiatkowski et al. (1992). Natural logarithms 
of variables are taken to have the random model variables follow normal distributions 
more closely6.

Including five lags and a significant deterministic trend, the magnitude of the tests 
statistic of -3.33 does not exceed the 5% critical value of -3.44 (p-value 0.062) so that  
the null hypothesis of non-stationarity could not be rejected for the natural log of wheat 
prices (lprice). This result was confirmed by the KPSS test, where the null hypothesis of 
trend stationarity was rejected at the 5% critical level (test statistic with 3 lags included 
is 0.176, exceeding the 5% critical value of 0.146). 

Given the large shocks in wheat prices we also considered the possibility of a structural 
break in the series. In that case the standard Dickey-Fuller test is biased towards non-
rejection of the null hypothesis of a unit root, since it cannot discern non-stationarity 
due to a temporal one-period shock from a structural shift in the mean or trend of the 
series (Enders, 2010: 227). A series that is stationary before and after the breakpoint 
may erroneously be signaled as non-stationary by the ADF test, whereas inclusion of an 
intercept and/or slope shifting dummies would make the series stationary again. This is 
important for our specification of the VAR since non-stationary variables lead to a VAR 
with differenced variables, whereas levels could be used if the series are stationary but 
with a structural break. The identified breakpoints can also be used to include shifters 
in the VAR (Lütkepohl, 2005: 604-609). Often the potential breakpoints are not known 
ex ante. Zivot and Andrews (1992) developed unit-root tests allowing for a single 
unknown (endogenous) break in intercept and/or trend and presented critical values 
for these tests. The three different versions of the Zivot-Andrews tests were all applied 
on lprice. However, in all three cases the null hypothesis of a unit root could not be 
rejected against the alternatives of a structural shift in the intercept (minimum test 
statistic observed in February 2006 of -3.53 > 5% critical value of -4.80), a structural 
shift in the trend (minimum test statistic observed in January 2008 of -3.17 > 5% 

6 Non-normality decreases the power of Dickey-Fuller tests to reject the unit root hypothesis, particularly, 
if the sample size is small. Nevertheless, in a larger sample we can justify the approximation of the central 
limit theorem such that estimators are approximately normally distributed. Violation of the normality 
condition is quite common in empirical price models (e.g. Roche and McQuinn 2003).
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critical value of -4.42), or structural shifts in both intercept and trend (minimum test 
statistic observed in June 2007 of -4.01 > 5% critical value of -5.08), respectively. In 
other words, the observed shocks are temporary and lprice is non-stationary even taken 
these shocks explicitly into account in the testing procedure. We therefore proceeded by 
testing the nature of the first-differences of lprice.  

For the first-differences of the lprice the null hypothesis of non-stationarity was 
rejected in the ADF test (test statistic of -4.97 for a model without trend and with four 
lags, exceeding the critical 5% value of -2.89). Again, the result from the KPSS was in 
line with the null hypothesis of level stationarity not rejected for any number of lags 
included. So, the ADF and KPSS tests both indicate that lprice is integrated of order 
one, I(1). 

Turning to the natural logarithm of inventories (lstock), a similar conclusion is drawn. 
In the ADF test with one lag and a deterministic trend included, the null hypothesis of 
non-stationarity could not be rejected (test statistic of -2.58; p-value 0.29) and, 
similarly, in the KPSS test the null hypothesis of trend stationarity was rejected up to 8 
lags included. In the three versions of the Zivot-Andrews tests also the null hypothesis 
of non-stationarity could not be rejected against the alternatives of a structural shift in 
the intercept (minimum test statistic observed in May 2008 of -3.41 > 5% critical value 
of -4.80), a structural shift in the trend (minimum test statistic observed in July 2007 
of -2.79 > 5% critical value of -4.42), or structural shifts in both intercept and trend 
(minimum test statistic observed in May 2006 of -3.52 > 5% critical value of -5.08), 
respectively.   However, for the first-differences of lstock the ADF test rejected the null 
hypothesis of non-stationarity (test statistic of -12.25 firmly exceeding any critical value 
in a test without trend and lags), whereas in the KPSS test the null hypothesis of level 
stationarity could not be rejected for any number of lags included. So, both tests 
indicate that also lstock is integrated of order one. 

With both series integrated of order one, a logical next step is to test for cointegration. 
With only two variables, a straightforward way of testing for cointegration suggested by 
Engle and Granger (Davidson and McKinnon, 1993: 720-722) is to investigate 
stationarity of the residuals of a regression of lprice on lstock. The magnitude of the 
ADF test statistic of -3.11 does not exceed the appropriate 5% critical value of -3.34 in 
this residual-based unit root test for no co-integration, so that the null hypothesis of no 
cointegration between lprice and lstock cannot be rejected. This conclusion was 
strengthened by the result of a CRDW test (DW test statistic of 0.063 smaller than 
CRDW critical value, again leading to non-rejection of the null hypothesis of no 
cointegration). In short, the outcomes of the cointegration tests indicate that there is no 
stable long-run relationship between wheat prices and inventories in the period 
observed. Therefore, an appropriate way to proceed is by estimating a VAR model using 
first-differences of lprice and lstock.     

4.2. Vector auto regression of wheat prices, inventories, and wheat price 
volatility 

Because the price and the inventories are not cointegrated and the data do not support 
a long run equilibrium between them, we estimate their short run dynamics by 
estimating a vector autoregressive model. 
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where Xt is a vector containing lprice and lstock, is a vector of intercepts and l a
matrix of autoregressive parameters. Initially, we exclude price volatility in the system 
and estimate it for the price and inventories only. As suggested by LR test statistics for 
lag selection, four lags of price and inventory differences were included. The estimation 
results suggest that inventories have a significant negative short run effect on prices, 
whereas the effect of prices on inventories is less clear.

(Insert Table 2)

Next, as motivated by the economic inventory model, we augment the VAR with an 
indicator for wheat price volatility. Similarly to GARCH models we use the squared 
residuals of the price equation in the VAR model to proxy for volatility. However, 
instead of estimating a (multivariate) GARCH model, we proceed by estimating an 
extended VAR model with these squared residuals added as a third variable7. Again, LR 
lag selection tests statistics indicate that a VAR with 4 lags is most appropriate. 
Parameter estimates for this extended VAR model are given in Table 3.

(Insert Table 3)

Based on these VAR estimates, Granger causality tests are performed. Results of these 
tests are summarized in Table 4. (Insert Table 4)

The pair-wise Granger causality tests suggest three significant causal relationships. 
First, inventories Granger cause wheat prices, and the four negative signs in the VAR 
suggest that increases in inventories decrease wheat prices. Second, price volatility also 
Granger causes wheat price levels and the positive significant third lag parameter
indicates that price volatility has a positive impact on price levels, which corresponds 
with a positive risk premium on high prices. Third, wheat prices Granger cause 
inventories. Although the price parameters in the inventory equation support a 
negative relationship between the one period lagged price and inventory, across time 
this effects cancels out as the signs of the significant second and fourth price lag 
parameters are positive. Surprisingly, both wheat prices and inventories do not cause 
wheat price volatility.  

7 Stationarity of this volatility measure was tested and it turned out to be stationary.  
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5 CONCLUDING REMARKS

The results suggest that the price of wheat and wheat inventories are both non-
stationary and the series are not affected by structural breaks in mean or trends that 
could explain the non-stationarity. Wheat prices and inventories are significantly 
linked to each other in the short run, but they do not exhibit a stationary long run 
equilibrium relationship. Price volatility is an endogenous and important determinant 
in the short run conditional mean processes for both the price and inventories. The pair 
wise Granger causal tests suggest, nevertheless, that there exist only three causal 
relationships. Inventories and price volatility both imply price, and the price implies 
inventories.  

The parameter estimates suggest that the price movements and inventories have a 
significant negative relationship in the very short run, so that increasing inventories 
decrease the price, as suggested by the economic inventory model. Increasing price 
volatility also increases the price in the very short run, which indicates that the higher 
the price, the higher the risk premiums involved for holding the stocks are.  The price 
also implies inventories but again only in the very short run. Over time the effect levels 
off, and the data are not informative enough to unambiguously address the issue 
whether high prices increase or decrease inventories.  

Broadly stated the parameter estimates support the view that the current and past 
inventory and price movements are not very valuable in predicting the future price 
movements in long run. One reason may be that the inventories also buffer on how 
quickly the supply responds to prices. Excessive inventories and inventory withdrawals 
may saturate the market and keep the prices lower than required for meeting the 
demand from annual production. Thus the inventories may plunge prices, and keep 
supply low until the inventory buffer is sufficiently low and the price peaks.  
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Figure 1 Relationship between the price, inventories and volatility.

Figure 2 The monthly price for wheat (USD/tonne, thick line), end-of season inventories 
(million tonnes; thin line) from January 1998 to June 2011.
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Table 1 Descriptive statistics. 

Description
Number of 
observations Mean Maximum Minimum

Std. 
Dev.

Monthly wheat 
price (USD/ton)1 161 190.5 507.0 103.0 79.76
End of season 
inventories 
(million tons)2 161 140.8 198.1 106.3 24.04
1) US No.2, Hard Red Winter ord. Prot, US Fob Gulf (Tuesday). 
Source:  http://www.fao.org/es/esc/prices

2) Source: http://www.fas.usda.gov/grain_arc.asp  

Table 2 Parameter estimates for VAR model on first differences of wheat prices and 
inventories (standard errors in parentheses)

Price equation Inventory equation
Intercept 0.00968

(0.00639)
0.00114 (0.00359)

Price
first lag
second lag 
third lag 
fourth lag 

-0.0294 (0.0801)
-0.138 (0.0804)*
0.0455 (0.0813)
-0.151 (0.0812)*

-0.104 (0.0450)**
0.0976 (0.0452)**
-0.0165 (0.0457)
0.145 (0.0457)***

Inventories
first lag
second lag
third lag
fourth lag

-0.226 (0.141)
-0.0991 (0.142)
-0.250 (0.143)*
-0.309 (0.139)**

0.0252 (0.0793)
-0.0597 (0.0798)
0.0629 (0.0790)
0.0731 (0.0783)

R squared 0.0817 0.112
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Table 3 Parameter estimates for VAR model on first differences of wheat prices, 
inventories, and wheat price volatility (standard errors in parentheses)

Price equation Inventory 
equation

Volatility 
equation

Intercept 0.0108 (0.00847) -0.00478 (0.00488) 0.00447
(0.00116)
***

Price:
first lag
second lag 
third lag 
fourth lag

0.0128 (0.0876)
-0.126 (0.0856)
-0.0286 (0.0858)
-0.166 (0.0859*

-0.130 (0.0504)***
0.0902 (0.0493)*
-0.0344 (0.0494)
0.0980 (0.0494)**

0.0144
(0.0120)
-0.0167
(0.0117)
-0.0109
(0.0117)
-0.0121
(0.0117)

Inventories:
first lag
second lag 
third lag 
fourth lag

-0.220 (0.140)
-0.0886 (0.139)
-0.313 (0.139)**
-0.285 (0.137)**

-0.0115 (0.0807)
-0.0746 (0.0801)
0.0424 (0.0798)
0.0564 (0.0787)

-0.0233
(0.0191)
-0.0228
(0.0190)
-0.0234
(0.0189)
-0.00671
(0.0187)

Price 
volatility:
first lag
second lag 
third lag 
fourth lag

-0.0981 (0.635)
-0.834 (0.636)
1.821 (0.639)***
-0.788 (0.639)

0.105 (0.366)
0.0559 (0.366)
0.196 (0.368)
0.793 (0.368)**

0.116
(0.0868)
0.178
(0.041)**
0.116
(0.0873)
-0.0894
(0.0874)

R squared 0.150 0.142 0.879

Table 4 Wald test statistics for pair-wise Granger causality. 

Direction of causality Test statistics, Chi squared
from inventories to price 11.13**
from price volatility to price 10.58**
from price to inventories 15.32**
from price volatility to inventories 6.11
from price to price volatility 5.36
from inventories to price volatility 4.23
**  The null hypothesis of no-Granger-causality is rejected at 5% risk level. 
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