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 The purpose of this dissertation is to examine the effects on the prices for local 

feed grains and related food retail goods in Ontario stemming from the increase in corn-

based ethanol production within the province. The issue is examined within the context of 

three separate but related papers.   

The first paper aims to assess the factors influencing the basis for corn and 

soybeans in Ontario. Using prices for 7 elevators and production levels for 7 ethanol 

plants, this paper captures both short and long-run impacts of nearby ethanol capacities 

on the crop basis using a vector error correction model and a spatial error regression 

model. The results indicate the corn basis increased on average by 5 cents per bushel in 

the long-run for elevators located in counties with a relatively small livestock sector. In 

contrast, the soybean basis responded negatively to ethanol production in particular for 

elevators located in counties with relatively small soybean planted area. Similar results 

were obtained with the consideration of spatial autocorrelation.    

 The second paper tests for the existence of an asymmetric price transmission 

relationship between corn and soybeans spot price and futures prices. The paper 

hypothesized that local crop prices do not rise as quickly as futures prices in times of 

increasing prices but the two price series fall at the same rate.  Using weekly price data, 



 
 

 
 

multiple asymmetric price transmission methods are applied to evaluate the asymmetric 

linkage. It is found that corn spot-futures price series exhibited a positive asymmetric 

price transmission relationship as hypothesized, whereas soybeans showed a negative 

asymmetric price transmission response. 

 The third paper examines the dynamic linkage between energy, feed grain, 

livestock, and related human food prices in Ontario.  A structural break test indicated a 

structural change in energy prices occurred in May 2005. Cointegration tests failed to 

find a cointegrated relationship between fuel, feed, and food prices in the pre-ethanol 

period starting in 1997. However, a long-run cointegrating relationship between oil, 

ethanol, food, livestock and subsequent meat prices was found to exist in the ethanol-

boom period after May 2005. 



 
 

iv 
 

ACKNOWLEDGEMENTS 

 First and foremost, I would like to extend my deepest gratitude to my advisor, Dr. 

Alfons Weersink, for his helpful advice, insightful suggestions, as well as inspiring 

encouragement and care throughout my doctoral study at the University of Guelph. His 

guidance to my academic achievements is immense and invaluable. His personality and 

attitude towards research will profoundly influence the rest of my life. To my advisory 

committee members, Drs. Getu Hailu, Alex Maynard, and Richard Vyn, I would like to 

appreciate tremendously for your most thoughtful feedback and constructive suggestions. 

I feel grateful to Drs. Andreas Boecker as chair, Fabio Mattos as external examiner, and 

Jessica Cao as internal examiner for my defense. Meanwhile, I am grateful to Drs. John 

Cranfield and Alan Ker as department chairs during my study, and Kathryn Selves, 

Debbie Harkies, and Pat Fleming for their kind administrative support. I am very thankful 

to Na Li, Zongyuan Shang, Peter Slade, and Tor Tolhurst for their most timely help and 

precious suggestions both at office and playground. And definitely it is my greatest 

pleasure to enjoy lives in FARE family with all other nicest faculties and colleagues. 

 Special thanks are granted to my family, for without their unwavering support of 

my educational pursuits, none of this would have been possible. I owed so much to my 

family for their continuous love during my PhD study-particularly my parents, Kai Wu 

and Kelei Gan, for their endless love in my life. Much thanks are also given to my uncle 

and aunt, Lin Wu and Jinxiang Wu, my aunties, Xuanhui Gan and Chizhen Gan, and my 

cousins, Wentao Wu, Wu Hu, Wei Gan, and Li Deng. I love all of you and couldn't ever 

express how much I appreciate everything you do for me during my overseas study. 



 
 

v 
 

CONTENTS 

CHAPTER 1 -INTRODUCTION ................................................................................................ 1 

1.1 The Impact of Ethanol on Local Grain Basis Prices ............................................................................... 2 

1.2 Spot-Futures Asymmetric Price Adjustment .......................................................................................... 4 

1.3 Fuel-Feed-Food Price Linkage ................................................................................................................ 7 

1.4 Organization of the Dissertation ............................................................................................................. 9 

CHAPTER 2 -REVIEW OF ETHANOL PRODUCTION IN CANADA ............................. 10 

2.1 Background of Fuel Ethanol ................................................................................................................. 10 

2.2 Fuel Ethanol Environmental Values in Canada .................................................................................... 12 

2.3 Fuel Ethanol Policies in Canada ........................................................................................................... 14 

2.3.1 Biofuel Blend Mandates ................................................................................................................................. 14 

2.3.2 Ethanol Subsidies ........................................................................................................................................... 16 

2.3.3 Tax Exemptions and Credits .......................................................................................................................... 20 

2.4 Fuel Ethanol Production in Canada ...................................................................................................... 21 

2.5 Summary ............................................................................................................................................... 24 

CHAPTER 3 - THE IMPACT OF LOCAL ETHANOL PRODUCTION ON GRAIN 

BASIS IN ONTARIO ................................................................................................................. 25 

3.1 Introduction ........................................................................................................................................... 25 

3.2 Theoretical Model ................................................................................................................................. 27 

3.3 Data ....................................................................................................................................................... 34 

3.4 Empirical Method ................................................................................................................................. 42 

3.4.1 Unit Root Test ................................................................................................................................................ 42 

3.4.2 Johansen test and vector error correction model ............................................................................................ 43 

3.4.3 Spatial Error Regression Model (SER) .......................................................................................................... 45 

3.5 Empirical Results .................................................................................................................................. 46 

3.6 Conclusion ............................................................................................................................................ 63 



 
 

vi 
 

CHAPTER 4 - AN EXAMINATION OF ASYMMETRIC PRICE ADJUSTMENTS 

BETWEEN SPOT AND FUTURES GRAIN MARKETS ...................................................... 65 

4.1 Introduction ........................................................................................................................................... 65 

4.2 Data ....................................................................................................................................................... 69 

4.3 Empirical Method ................................................................................................................................. 72 

4.3.1 Linear Asymmetric ECM ............................................................................................................................... 73 

4.3.2 Threshold Autoregressive ECM ..................................................................................................................... 75 

4.3.3 Threshold VECM ........................................................................................................................................... 78 

4.4 Empirical Results .................................................................................................................................. 81 

4.5 Conclusion ............................................................................................................................................ 94 

CHAPTER 5 -FUEL, FEED, AND FOOD PRICE LINKAGE IN THE ERA OF 

ETHANOL EXPANSION .......................................................................................................... 96 

5.1 Introduction ........................................................................................................................................... 96 

5.2 Data ..................................................................................................................................................... 100 

5.3 Empirical Method ............................................................................................................................... 103 

5.3.1 Stationarity Test ........................................................................................................................................... 103 

5.3.2 Structural Break Test .................................................................................................................................... 104 

5.3.3 Cointegration Test ........................................................................................................................................ 105 

5.4 Empirical Results ................................................................................................................................ 106 

5.5 Conclusion .......................................................................................................................................... 113 

CHAPTER 6 -SUMMARY AND CONCLUSIONS .............................................................. 114 

6.1 Main Conclusion from Chapter 3........................................................................................................ 114 

6.2 Main Conclusion from Chapter 4........................................................................................................ 115 

6.3 Main Conclusion from Chapter 5........................................................................................................ 116 

REFERENCES .......................................................................................................................... 118 

 

 

 



 
 

vii 
 

LIST OF TABLES 

Table 2.1 Provincial Ethanol Mandates in Canada ..................................................................................... 16 

Table 2.2 Fuel Ethanol Plants in Canada .................................................................................................... 22 

Table 3.1 Summary Statistics of Variables ................................................................................................. 35 

Table 3.2 Transport Distance between Ethanol Plants  and Grain Elevators (km) ..................................... 38 

Table 3.3 Transport Distance between Crushing Plants and Grain Elevators (km) .................................... 38 

Table 3.4 Ontario Corn and Soybean Production 2006-2013 ..................................................................... 42 

Table 3.5 Unit Root Tests of Variables Determining Grain Basis .............................................................. 49 

Table 3.6 Results of Johansen Cointegration Test and Vector Error Correction Model Long-Run 

Cointegrating Effects of Corn ..................................................................................................................... 50 

Table 3.7 Results of Johansen Cointegration Test and Vector Error Correction Model Long-Run 

Cointegrating Effects of Soybean ............................................................................................................... 52 

Table 3.8 Vector Error Correction Model Short-Run Effects Results of Corn ........................................... 56 

Table 3.9 Vector Error Correction Model Short-Run Effects Results of Soybean ..................................... 57 

Table 3.10 Spatial Error Estimation Results of Corn and Soybean ............................................................ 62 

Table 4.1 Descriptive statistics of Corn and Soybean Spot and Futures Prices .......................................... 71 

Table 4.2 Stationarity Test Results for Spot and Futures Prices ................................................................. 80 

Table 4.3 Toda-Yamamoto Granger Causality Test Results ...................................................................... 82 

Table 4.4 Engle-Granger and Philips-Ouliaris Cointegration Test Results ................................................ 83 

Table 4.5 Vector Error Correction Model Estimation Results .................................................................... 83 

Table 4.6 Linear Asymmetric Price Transmission Results ......................................................................... 84 

Table 4.7 Threshold Autoregressive Regression Results of Corn and Soybean ......................................... 90 

Table 4.8 Momentum Threshold Autoregressive Regression Results of Corn and Soybean ..................... 93 

Table 4.9 Threshold VECM Estimation Model Results of Corn and Soybean ........................................... 94 

Table 5.1 Summary Statistics of  Variables .............................................................................................. 102 

Table 5.2 Pearson Correlation Matrix of Fuel, Feed and Food Commodities .......................................... 102 

Table 5.3 Stationary Test of Energy, Feed, and Food Price Series ........................................................... 108 

Table 5.4 Structural Break Test Result in Energy Prices .......................................................................... 109 

Table 5.5 Johansen Bivariate Cointegration Test Results ......................................................................... 110 

Table 5.6 Multivariate Cointegration Test Results ................................................................................... 111 

 

 

 

 

 

 



 
 

viii 
 

LIST OF FIGURES 

Figure 3.1 Average Monthly Adjusted Grain Basis in C$/bushel of Corn and Soybean in Chatham, 

Ontario [2006:1-2013.12] ........................................................................................................................... 27 

Figure 3.2 The Impact of Ethanol Production on Corn and Soybean Basis ................................................ 29 

Figure 3.3 Ethanol Plants, Crushing Plants and Elevators location in Ontario ........................................... 39 

Figure 3.4 Ontario Corn Production relative to Ethanol Corn Consumption.............................................. 41 

Figure 3.5 Impulse Response from Nearby Ethanol Capacity to Corn Basis ............................................. 59 

Figure 3.6 Impulse Response from Nearby Ethanol Capacity to Soybean Basis ....................................... 59 

Figure 3.7 VECM Stability Test of Corn .................................................................................................... 60 

Figure 3.8 VECM Stability Test of Soybean .............................................................................................. 61 

Figure 3.9 VECM-based Corn Basis Forecast (2014.1-2016.1) ................................................................. 61 

Figure 3.10 VECM-based Soybean Basis Forecast (2014.1-2016.1) ......................................................... 62 

Figure 4.1 Corn Spot and Futures Price (Can$/bushel) [1996w1-2014w53] .............................................. 70 

Figure 4.2 Soybean Spot and Futures Price (Can$/bushel) [1996w1-2014w53] ........................................ 71 

Figure 4.3 Lag and Threshold Selection of Corn Spot-Futures Autoregressive Threshold (TAR) 

Cointegration............................................................................................................................................... 85 

Figure 4.4 Lag and Threshold Selection of Soybean Spot-Futures Autoregressive Threshold (TAR) 

Cointegration............................................................................................................................................... 86 

Figure 4.5 Lag and Threshold Selection of Corn Spot-Futures Momentum Autoregressive Threshold (M-

TAR) Cointegration .................................................................................................................................... 87 

Figure 4.6 Lag and Threshold Selection of Soybean Spot-Futures Momentum Autoregressive Threshold 

(M-TAR) Cointegration .............................................................................................................................. 88 

Figure 4.7 Grid Search for Threshold in Threshold VECM of Corn .......................................................... 90 

Figure 4.8 Grid Search for Threshold in Threshold VECM of Soybean .................................................... 91 

Figure 5.1 Crude oil, Gasoline, and Ethanol prices [01/1997-12/2014] ................................................... 101 

Figure 5.2 Corn, Cattle, and Hog prices in Ontario [01/1997-12/2014] ................................................... 101 

Figure 5.3 Beef and Pork prices in Ontario [01/1997-12/2014] ............................................................... 103 



 
 

1 
 

Chapter 1 -INTRODUCTION 

Corn-based ethanol production has increased rapidly in Ontario growing from 0.2 

in 2006 to 1.1 billion liters in 2015. The growth has been spurred through federal and 

provincial renewable fuel mandates and offers of local ethanol investment incentives. The 

policy drivers were implemented for reasons ranging from reducing greenhouse gas 

emissions to enhancing farm income to revitalizing rural communities. While crop 

commodity prices did indeed rise globally with biofuel production, there have been some 

unintended local price consequences. For example, Ontario livestock producers claim that 

the demand for corn from ethanol plants has changed the pricing of corn from an export 

basis (transportation costs deducted) to an import basis (transportation costs added) 

placing the sector at competitive disadvantage.   

The purpose of this dissertation is to investigate the local price impacts of ethanol 

production in Ontario.  The dissertation consists of three papers looking as aspects of the 

issue. The first examines the factors affecting the basis (difference between local spot 

price and Chicago futures price) for corn and soybeans with a specific focus on the role 

of ethanol production capacity. The second determines if changes in local corn and 

soybean prices have tracked the changes in respective futures prices or if the price 

responses have been asymmetric. The third paper examines the linkages between fuel, 

feed, and food sectors and if these linkages have changed in Ontario with the introduction 

of large-scale ethanol production. The following sections outline the motivation for each 

of these three papers. 
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1.1 The Impact of Ethanol on Local Grain Basis Prices 

Biofuel production capacity has increased globally in response to either 

government mandates or higher energy prices (Huang et al., 2012) and the resulting 

demand for the associated feedstock have pushed up global crop prices (Westhoff, 

2010).  Roberts and Schlenker (2013) estimated that global calorie-weighted index of 

food prices was 20% higher in 2007 compared to the case with absence of ethanol 

production. Babcock and Fabiosa (2011) estimated that 27% of the increase in the price 

of corn was due to the growth in ethanol production while Carter et al. (2012) claimed 

that US corn prices were about 30% higher attributed to increased ethanol production 

during 2006-2010. While the rise in prices for feedstuffs, such as corn and soybeans, has 

resulted in higher input cost for livestock producers, some of this increased production 

cost has been offset by the availability of by-products from biofuel production that can be 

used as substitutes in livestock rations (Skinner et al., 2012; Taheripour et al., 2011). 

In addition to global and national price effects from biofuel production, local 

ethanol has also had a regional impact on prices.  McNew and Griffith (2005) estimated 

the local corn basis increased by an average of 12.5 cents per bushel after the opening of 

12 Midwest ethanol plants during 2001-2002. Similarly, Olson et al. (2007) found a local 

corn price increase in South Dakota ranging from $0.04 to $0.27 per bushel with the 

extent of the increase depending on local ethanol capacity. However, other studies have 

found ethanol plants have a negligible impact on the corn basis (Behnke and Fortenbery, 

2011) or have been even found to push local corn prices down (Katchova, 2011; Lewis, 
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2010; and O’Brien, 2009). The latter paradoxical effect may be due to an increase in corn 

acreage stemming from the ethanol expansion (Fatal and Thurman, 2014).  

Approximately two-thirds of Canadian ethanol production occurs in Ontario and 

annual capacity in the province has increased from 27 million litres in 1989 to 1,139 

million litres in 2015.  Ontario is also home to an intensive livestock sector with much of 

the red meat industry relying on exports. Mussell et al. (2008, 2011) argued the 

expansion in ethanol production could have a serious detrimental impact on the 

competitive position of the red meat sector in the province if the increased demand for 

corn caused a shift in pricing from an export-basis (transport costs deducted) to an 

import-basis (transport costs added).  However, the corn basis in Chatham, the central 

grain market of Ontario, after adjusting for the exchange rate has actually maintained at a 

weakened level and averaged -$0.36 per bushel during 2006 and 2013, which was the 

Ontario ethanol boom period. Soybean basis averaged at even -$0.61 per bushel. It is not 

clear whether ethanol had any effect on local price or if relative prices would have even 

dropped further without the new demand. 

The purpose of this paper is to examine the influence of local ethanol production 

on the basis for corn and soybean in Ontario. The paper begins with a simple theoretical 

model that provides an economic justification for the equilibrium relationship for local 

corn and soybean price based on production capacity for ethanol along with other 

demand and supply factors. Using prices for 7 elevators and production levels for 7 

ethanol plants, econometric cointegrating relations among all relevant variables are tested. 

In addition to assessing the effects of standard measures on basis such as interest rates, 
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this paper captures both short and long-run impact of nearby ethanol capacities on 

elevator-specific corn and soybean basis using a vector error correction model (VECM). 

A spatial error regression model is also employed to assess the aggregate impact of local 

ethanol production on the basis through maximum likelihood methods. 

 

1.2 Spot-Futures Asymmetric Price Adjustment  

 The relationship between spot and futures prices for a commodity is the 

foundation for using the futures market to protect the price of the asset.  Under a perfect 

hedge, the difference between the spot and the futures price, or the basis, remains 

constant so any changes in the spot market are offset by equivalent changes in the futures 

market with the ending net price equal to the initial futures price plus the basis (Carter, 

2014).  However, basis changes alter returns to the hedge. A strengthening (weakening) 

basis benefits short (long) hedgers seeking to protect a selling (buying) price through a 

futures hedge. 

 Temporal changes in the basis at any location should reflect the cost of storage 

(Working, 1962) along with local demand and supply conditions. Increases in the interest 

rate and thus the cost of storage increase the basis (Naik and Leuthold, 1991) while 

factors that push up local demand such as ethanol capacity (McNew and Griifith, 2005; 

Gallagher et al., 2005) and/or reduce local supply (Seamon et al., 2001; Martin et al., 

1981) also increase the local spot price relative to the associated futures price. Dykema et 

al. (2002) used futures price in their basis study and verified the role of futures price to 
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weaken the basis level in South Dakota, as basis is the difference between spot and 

futures price. 

 Basis changes may also reflect changes in the underlying futures market. The 

volatility in futures prices for agricultural commodities has risen significantly since the 

jump for the prices of many major crops in the fall of 2006 (Wright, 2011).  The several 

large price increases that occurred in the futures market since the initial price rise 

benefitted many agricultural producers. However, the benefits could have been partially 

captured by grain merchants if their basis quotes did not rise as quickly as the increase in 

futures prices. Grain farmers may not be as price sensitive during periods of increasing 

commodity prices allowing merchants to delay passing on the increases in futures price to 

the spot price. In contrast, the merchants may quickly change basis quotes if futures 

prices are dropping. Given the significant volatility in crop futures prices, the potential 

for asymmetric price movement in the basis has been hypothesized by producers but has 

not been empirically tested. 

 Asymmetric price transmission has been tested primarily within the context of 

the price movements for crude oil and gasoline since the seminal rocket-feather 

hypothesis of Bacon (1991) which suggests that retail gasoline prices adjust faster to 

crude oil price increases than crude oil price decreases. Numerous studies have also 

tested for an asymmetric price adjustment farm and food retail prices (Meyer and von 

Cramon-Taubadel, 2004; Grasso and Manera, 2007). Non-competitive market structure is 

often hypothesized as the cause of price asymmetry (Honarvar, 2009). For example, large 

retailers can take advantage of their market power and be slow to transmit to the 
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consumer a price decrease of a primary product than a price increase. Inventory 

management is a second possible reason for price transmission asymmetry; production 

lags and finite inventories imply that negative shocks to the future optimal consumption 

path can be accommodated more quickly than positive shocks (Borenstein et al., 1997). 

For example, Balke et al. (1998) showed that accounting methods such as FIFO (first in 

first out) can lead to asymmetric price transmission. In addition to strategic behavior of 

intermediates, Simioni et al. (2013) argued that asymmetric transmission may also stem 

from transaction costs. 

  Although vast studies analyzed the presence and causes of asymmetric price 

transmission in the realm of crude oil-gasoline and agricultural farm-retail price relations, 

and cointegration relations and lead-lag dynamics between futures and local spot prices 

across several grains have been identified (Fortenbery and Zapata, 1993; Hernandez and 

Torero, 2010), the asymmetric price transmission between global futures and local spot 

prices in grain commodities has rarely been explored. Moreover, since domestic prices 

may respond differently to global market shocks by incorporating area-specific 

production and marketing factors (Cudjoe et al., 2010), it is more intriguing to identify 

the asymmetric price relationship between global futures and local spot prices. This study 

focuses on corn and soybeans, two most significant grain commodities traded in Chicago 

futures market and produced in Ontario grain market. Based on nonstationary time series 

feature and potential cointegration relationship between futures and spot prices, an 

examination of asymmetric price transmission from futures towards spot price using 

multiple empirical methods is the focus of this study. The results indicate that the futures 
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and spot prices for corn and soybeans are cointegrated when allowing for symmetric 

adjustment for these markets in linear models. We further investigated the asymmetric 

behavior between the futures and spot prices by estimating the linear asymmetric price 

transmission, the threshold autoregressive regression (TAR) and threshold vector error-

correction model (TVECM) to test for the speed that positive and negative shocks from 

futures prices changes have had on the dynamic behavior of spot prices.  

 

1.3 Fuel-Feed-Food Price Linkage 

World grain prices have been exceedingly volatile trend since 2005: Chicago corn 

futures price rose by 2 folds since October 2006, and reached historically record level of 

$8.03 on August 2012; soybean futures price went up by 3 folds, starting from $5.56 on 

August 2006 to $16.75 on September 2012. These prices have since fallen to levels 

approximately half of the peaks reached in 2012. Soaring grain prices arouse concerns 

that it could put noticeable feed cost pressure on livestock industry (Tejeda and Goodwin, 

2009) and subsequent human food sector. 

Numerous studies have attributed the recent hike of grain prices to their 

strengthened linkage with the surging and volatile crude oil prices in the past decade 

(Serra and Zilberman, 2013). Such link between energy markets and agricultural 

commodities was traditionally weak, merely through directly adding up input prices on 

the grain supply side such as fertilizer and transportation cost (Hanson et al., 1993; 

Taheripour and Tyner, 2008), or indirectly impacting local grain prices via exchange rate 

(Harri et al., 2009). With the crude oil prices rising from $20 in early 2000s to $140 in 
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2008, apart from increased crop input costs, policies favoring biofuel production were 

induced to provide alternative energy sources to protect against extreme crude oil price 

increases (Baffes, 2013; Balcombe and Rapsomanikis, 2008), which reinforce the linkage 

between energy and grains with biofuel market being a nexus. Most empirical studies 

provided evidence that crude oil prices drove up feedstock grain price levels 

(Rapsomanikis and Hallam, 2006; Balcombe and Rapsomanikis, 2008; Saghaian, 2010; 

Gilbert, 2010; Serra, 2011; Serra et al., 2011; Nazlioglu, 2011; Ciaian and Kancs, 2011; 

Wixon and Katchova, 2012; Natanelov et al., 2013). While some other studies failed to 

find the fuel-agricultural commodity prices relationship (Yu et al., 2006; Zhang et al., 

2010; Rosa and Vasciaevo, 2012), which may be attributable to the weak linkage resulted 

from lower crude oil prices (less than $50/barrel) prior in the earlier periods (Baffes, 

2010; Campiche et al., 2007; Reboredo, 2012; Avalos, 2014), or from a binding blend 

wall that restricts the biofuel blend contents (Abbott, 2012; Tyner, 2010). 

Compared to studies on oil-ethanol-grain price relationships to solve for food 

versus fuel debate, relatively few studies included livestock sector into the price linkage 

to understand how energy price would impact feed cost and resulted livestock and food 

prices. It is found among these studies that although there are long-run relationships 

between corn and livestock prices (Liu, 2005), the livestock market speed of adjustment 

to volatile corn prices is relatively slow (Hao et al., 2015), no linkages emerged between 

returns on ethanol and cattle (Bastianin et al., 2014), and exogenous factors in livestock 

markets impact corn price more than factors in the corn market impact the livestock 

sector (Marsh, 2007). Tejeda and Goodwin (2009) studied dynamic price relationship 
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between corn, soybean, feeder and fed cattle prices in both pre-mandate and post-

mandate periods. However, they failed to directly investigate the transmitted linkage on 

feed grain and livestock prices from crude oil and ethanol prices. 

Furthermore, an overwhelming majority of price transmission studies dwell on 

U.S. market, which accounts for more than 50% of world ethanol production and serves 

as an ethanol and feed grains price maker in global market. The rest of studies examine 

price linkages either on EU or Brazil, which have rather weak connections with US 

market owing to either geographic distance or different feedstock types for ethanol 

production. In contrast, No related studies so far have done systematic research on fuel-

feed-food price linkages in Ontario, the largest ethanol producing province in Canada and 

one of the most competitive livestock producer in North America. 

 

1.4 Organization of the Dissertation 

 This dissertation consists of three papers with each chapter represents a distinct 

manuscript. Chapter 2 presents a brief background information on ethanol industry in 

Ontario. Chapter 3 presents " The Impact of Local Ethanol Production on Grain Basis in 

Ontario ". Chapter 4 presents " Asymmetric Price Adjustments between Spot and Futures 

Grain Markets ". Chapter 5 presents " Fuel, Feed, and Food Price Linkage in the Era of 

Ethanol Expansion ". The dissertation ends with a conclusions chapter. 
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Chapter 2  -REVIEW OF ETHANOL PRODUCTION IN CANADA 

2.1 Background of Fuel Ethanol 

 Ethanol is a flammable and colorless two-carbon versatile liquid that is 

completely miscible with water and other organic solvents. It is primarily obtained from 

grains including corn and wheat by fermentation of sugars, and it is also produced by 

fermentation of lignocellulosic biomass that is sourced from switchgrass, wood chips and 

construction wastes using recent technologies.  

 Apart from its traditional use as industrial solvents or alcoholic beverages, the 

largest and most popular use of ethanol is as a motor fuel, or as a fuel additive 

(oxygenates octane enhancer) blended with gasoline to provide alternative transportation 

fuel source. Ethanol blended fuels for internal combustion engines have been around for 

almost 200 years, which is far earlier than the use of gasoline. In 1826, Samuel Morey 

first developed an engine fueled by ethanol and turpentine. In 1908, the world first mass-

production vehicle, the Model T, was designed to run on both ethanol and gasoline. In 

1947, the first aircraft that broke the "sound barrier" burned a combined fuel of ethanol, 

liquid oxygen, and nitrogen. During late 1940s and early 1970s, due to lower price and 

higher availability of gasoline, pure gasoline replaced gasoline/ethanol blends as the 

dominant energy fuel for transport, and ethanol was no longer available for commercial 

fuel use. However, the worldwide energy crisis arising from Arab oil embargo in 1973 

led to intensified concern over off-shore petroleum dependence and resulted in 

resurgence in ethanol production since 1979. Meanwhile, fuel ethanol production was 

also spurred by a series of moves to relieve environmental pressure, including the phase 
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out of lead in gasoline since 1975, the oxygenated fuels sale mandated by Clean Air Act 

Amendments of 1990, and the banning of MTBE since 2003. In particular, the landmark 

driver of ethanol production is the signing of Renewable Fuel Standard (RFS) under the 

U.S. Energy Policy Act of 2005, which requires 36 billion gallons of renewable fuels be 

blended by 2022. Over the past decade, world production of fuel ethanol between 2000 

and 2014 increased from 16.90 to 92.99 billion litres, in which the United States 

produced 54.13 billion litres, followed by Brazil with 23.99 billion litres (U.S. 

Renewable Fuels Association, 2015).  

 Canada has been the world's fifth-largest producer of ethanol since 2007. 

Canada's fuel ethanol industry began in 1980 with the operation of the first plant in 

Minnedosa, Manitoba, using wheat as a feedstock. In the mid-1980s, declining world oil 

prices and rising wheat prices nevertheless discouraged further expansion of wheat-based 

ethanol until in 1990, when the second wheat-based plant in Lanigan came on stream. 

Corn-based ethanol production in Canada began in 1989 at Tiverton, Ontario. Currently 

corn has become the major feedstock for ethanol production in Canada, with 71% of 

ethanol made from corn and 28% from wheat based on production capacity. With 

government offering investment incentive and implementing mandates of a minimum of 

5% ethanol in the gasoline-blending pool, the Canadian fuel ethanol capacity has grown 

remarkably since 2005, with production capacity in 2014 reaching 1.9 billion litres of 

ethanol per year.  
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2.2 Fuel Ethanol Environmental Values in Canada 

 Fuel ethanol development in Canada is primarily triggered by concerns over 

environmental quality other than over energy security, since Canada boasts the world's 

third largest proven oil reserves with 172 billion barrels (EIA 2015). 

 The first intended environmental benefit of biofuels expansion in Canada is a 

reduction in greenhouse gas (GHG) emissions. A wide range of studies show that ethanol 

yields reduction of greenhouse gas emissions due to the fact that the released carbon 

dioxide after fuel ethanol burning is recycled back into crop plant material in the closed 

carbon dioxide cycle via photosynthesis process (Wyman, 1999; Chandel et al., 2006). 

OECD (2008) projected that lowering GHG through policy support to biofuels in the US, 

Canada, and Europe in 2013-2017 would cost taxpayers and consumers on average 

between $960 and $1,700 per ton of CO2 equivalent avoided (OECD, 2008). A life cycle 

assessment of renewable fuel production by Canadian Renewable Fuels Association in 

2009 also suggested that the reported production of 741 million litres of ethanol during 

the period April 2008 to March 2009 resulted in a reduction of 0.81 million tonnes of 

life-cycle GHG emissions, relative to conventional fuels. In addition, when the second-

generation ethanol from cellulosic feedstock is taken into account, the typical life-cycle 

GHG reductions could even be up to the range of 70 to 90% relative to gasoline or diesel 

(EIA, 2006). On the other hand, some other studies also showed that a large-scale 

expansion of ethanol could nonetheless result in the release of GHG emissions through 

land-use change as farmers might clear existing forest to meet increased crop demand to 

supply feedstock for ethanol expansion. Farrell et al. (2006) reported that corn based 
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ethanol in the US could reduce only 13% GHG emissions because ethanol production 

from corn uses more fossil energy sources in growing corn and in the 

fermentation/distillation process. However, more recent studies (Liska et al., 2009) 

showed that the reduction potential could be significantly improved by 48% to 59% 

through enhanced yields and crop management, bioenergy operation, and co-product 

utilization.  

 Fuel ethanol is also deemed to contribute to pollutants reduction on road transport. 

Road transport pollution is the primary source of particulate matter (PMx) and emissions 

from fuel combustion in urban areas, which poses an important public health concern 

(Krzyzanowski et al., 2005). Blending ethanol with gasoline for transportation has the 

potential to reduce local air pollution in several crucial aspects. First, due to the zero 

content of sulfur and high oxygen content in ethanol, blending ethanol with gasoline 

substantially lowers the sulfur emissions and emits less carbon monoxide (CO) of 

conventional fuels, which are two major threats to local air quality (SUAID, 2008; EPA, 

2002). Second, ethanol is used as a harmless fuel additive to enhance octane rating and to 

prevent engine knock, and it reduces the need for toxic octane-enhancing additives. When 

ethanol is blended with gasoline, the octane rating of the petroleum goes up by three full 

points, while cutting emissions of cancer-causing benzene and butadiene by more than 

50%. During 1970s and 1980s, Canada and the United States adopted regulations phasing 

out the use of leaded gasoline, from the point of view of health impacts, and required new 

cars to have engines capable of burning unleaded fuel. The phasing out caused the 

widespread use of MTBE, Methyl Tertiary Butyl Ether, as a octane enhancer to reduce 
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carbon monoxide emissions, and to improve the octane rating of fuel. Since 2000s, due to 

controversy over the presence of MTBE in ground water and its potential health hazard, 

the U.S. EPA also recommended phase out its use, in this case, the attractiveness of 

ethanol as a substitute to MTBE is increased, since it can be used in all petrol engines 

without modification, and add oxygen to the fuel mixture so that it burns more 

completely.  

 

2.3 Fuel Ethanol Policies in Canada 

 In Canada, environmental objectives has been the main driver behind the 

development of federal and provincial policies and programs designed to encourage the 

development of a domestic renewable fuels industry. In addition, the renewable fuels 

policies are also seen as a means to encourage rural economic development and help 

diversify risk of agricultural producers who are highly dependent on export markets. 

Policies for encouraging fuel ethanol production in Canada mainly include ethanol blend 

mandates, ethanol producer subsidies for building new ethanol facilities, and tax 

exemptions from ethanol blend portion. 

2.3.1 Biofuel Blend Mandates 

 At the federal level, blend mandate is the cornerstone of the federal strategy 

growing the domestic biofuels industry. The most significant policy implemented in 

Canada to date has been the Renewable Fuel Standard (RFS), which was announced on 

September 1, 2010. The RFS mandated 5% renewable fuel content in Canada's gasoline 
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pool as of December 15, 2010. Administered by Environment Canada, the main policy 

objective of the RFS is to reduce GHG emissions in Canada. The rule targets 

transportation fuel producers and importers, which must prove that the gasoline they sell 

contains on average at least 5% renewable fuels. There are some exemptions, including 

special purpose fuels, as well as gasoline used in Newfoundland and Labrador, northern 

Quebec, and the three territories due to lack of existing ethanol facilities in these regions. 

There is also an opportunity for fuel producers to participate in a compliance unit trading 

system if they are unable to meet the mandate. Meanwhile, in 1995, the Canadian federal 

Alternative Fuels Act mandates that 75% of all vehicles operated by federal departments, 

agencies and crown corporations must be capable of burning alternative motor fuels, 

including ethanol, where cost effective and operationally feasible beginning in 2004. 

 Provinces with ethanol plants also set their own blend mandates based on their 

ethanol production capacities, fuel consumption level, and feedstock crop production. 

The ethanol mandate for each province is shown in Table 2.1. As the most important oil 

sand producer in Canada, Alberta announced its intention to implement a renewable fuel 

standard of 5% ethanol content in gasoline by 2010. The implementation was later 

pushed back to April 1, 2011. Manitoba was the first province to provide financial 

support for ethanol blends in 1980 and saw the first use of ethanol blended gasoline in 

Canada in 1981. The implementation of The Biofuels and Gasoline Tax Amendment Act 

was enacted in the fall of 2007, in which the mandate requiring that 8.5% of the gasoline 

sold in the province must be ethanol came into effect on January 1, 2008, beginning with 

a 5% ethanol requirement for the first quarter of the year and moving to 8.5% for the 
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remainder of 2008 and subsequent years. In November 2004, Ontario announced plans to 

implement regulations requiring an average 5% ethanol content in gasoline sold in the 

province beginning January 1, 2007. Ontario's Ethanol in gasoline regulation created a 

demand for approximately 850 million liters of ethanol annually. Boasting 10% of fuel 

ethanol production capacity in Canada, Quebec currently has no mandate in place for 

renewable fuel content in gasoline. However, it contributes to national compliance with 

the federal Renewable Fuels Regulations and has a target of 5% for ethanol in gasoline. 

Saskatchewan currently has a 7.5% ethanol content requirement in its gasoline. The 

actual implementation of the mandate was tied to Saskatchewan production. 

Saskatchewan is working on an offset program similar to the one being developed in 

Alberta. The ethanol mandate level was initially a modest 2% rising to 7.5% in 2005. 

Table 2.1 Provincial Ethanol Mandates in Canada 
Province Ethanol Mandate Start Year 

Ontario 5% 2007 

Alberta 5% 2011 

Manitoba 8.5% 2008 

Saskatchewan 7.5% 2005 

 

2.3.2 Ethanol Subsidies 

 Subsidies to factors of production include grants and preferential loans for capital 

investments, business-case development or land purchases. The National Biomass 

Ethanol Program (NBEP) was launched in 1994, shortly after the federal government 

exempted ethanol from the gasoline tax. The NBEP provided for C$140 million in 
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contingent loan guarantees to encourage financing for new plants that produce ethanol 

from biomass. The aim of the program was to overcome lender resistance to investing in 

ethanol plants because of uncertainty about excise tax policy. The loan guarantee 

program would come into effect only if all or part of the excise gasoline tax were 

imposed on ethanol before December 2010. In 2000, the Government of Canada launched 

the Action Plan 2000 on Climate Change, with the key goal of achieving a reduction in 

greenhouse gas emissions of 65 megatons per year in the period 2008-2012. One of a 

major commitment relating to the transportation sector is to increase Canada's ethanol 

production capacity by 750 million litres, later forming the basis for Natural Resources 

Canada's Future Fuels Initiative. In 2007, the federal budget establishes a commitment to 

provide production incentives worth $1.5 billion over nine years for renewable fuels such 

as ethanol and biodiesel, which later formed the basis for the EcoEnergy for Biofuels 

program. EcoEnergy for Biofuels is a grant program providing operating incentives for 

biofuels production, with the aim of promoting domestic biofuels production. Eligible 

recipients receive fixed rates for each litre produced and eligible for sale, starting at $0.1 

in 2008, then declining by $0.01 every year after that. The program was launched in 

December 2007 by Natural Resources Canada, with $1 billion allocated to ethanol. The 

application process closed in March 2010, and contribution agreements have since been 

signed with 22 companies, in which 15 were ethanol producers. 

 Meanwhile, EcoAgriculture Biofuels Capital Initiative (ecoABC) is a loan 

assistance program for agricultural producers launched in April 2007 by Agriculture and 

Agri-Food Canada with $200 million in total funding over 4 years to encourage their 
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participation in the biofuels industry. Although the program has ended, it provided 

repayable contributions of up to $25 million for the construction or expansion of 

renewable fuels production facilities, for projects where agricultural producer 

investments make up at least 5% of total project costs.  

 Aiming at developing the second generation biofuel, Sustainable Development 

Technology Canada receives $500 million for the creation of a NextGen Biofuels Fund. 

The Fund provides financial support for large-scale demonstration facilities producing 

second-generation biofuels. Eligibility is based on whether a facility is the first of its kind 

in Canada, type of feedstock used, technology/process, sustainability, and future potential. 

This new fund complements the existing $500 million Sustainable Development 

Technology Fund managed by Sustainable Development Technology Canada. 

 Apart from federal programs, major ethanol-producing provinces also have 

implemented their own subsidies to encourage local ethanol production. 

 The province of Alberta offers a Bioenergy producer credit program (BPCP). The 

BPCP was extended to 2016. The extended BPCP applies to bioenergy production in 

Alberta from April 1, 2011 to March 31, 2016. The incentives vary from $0.06 to $0.14 

per liter depending on the fuel and the plant size. Next generation technologies receive 

larger incentives than commercial technologies. Plants producing less than 150 million 

liters per year receive $0.14 per liter and larger plants receive $0.09 per liter.  

 On June 17, 2005, the Ontario Government announced a new $520 million, 12-

year fund to support the production of ethanol fuel in Ontario. The projects funded 

through the Ontario Ethanol Growth Fund (OEGF) are expected to supply approximately 
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500 million liters annually of this renewable fuel and the initiatives replaced the 

provincial fuel tax exemption for ethanol. The Ontario Bioethanol Growth Fund (OEGF) 

provides: 

1. Capital assistance of C$32.5 million for the construction or expansion of ethanol 

production facilities in Ontario. This comes in the form of local guarantees or grants not 

exceeding $0.1/L of plant capacity; 

2. Operating grants to help producers manage market fluctuations. The maximum amount 

for operating grants is $0.11/L for ethanol produced in any given year. Operating grants 

are available from 2007 to 2017; 

3. Assistance for independent fuel blenders meet requirements under Ontario's new 

renewable fuels standard; 

4. On the research funding side, a research and development fund of C$7.5 million in 

private and public funds is created to assist farmers and businesses undertake research in 

the ethanol manufacturing sector.  

 The gasoline tax exemptions for ethanol in Manitoba have been replaced by a 

direct producer grant that decreases over a period of 8 years. The staggered, decreasing 

production incentives are as follows: 20 ¢/liter producer incentive beginning January 1, 

2008 until December 31, 2009; 15 ¢/liter production incentive beginning January 1, 2013 

until December 31, 2015. To be eligible for the incentive, ethanol must be produced in 

Manitoba and sold in Manitoba to fuel suppliers. 

 Saskatchewan currently provides incentives through the fuel tax collection system 

for ethanol that is produced and consumed in the province. Historically the economic 
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value of the fuel tax exemption has been shared between the blender and the producer. 

Saskatchewan also provided grants to fuel distributors through the Bio-ethanol Fuel 

Grants Program. To be eligible for the grants, the bio-ethanol used by the distributor has 

to have been produced at a facility located in Saskatchewan from biomass grown in 

Saskatchewan. The program provides a 15 cent per liter grant to eligible distributors who 

blend Saskatchewan produced ethanol for domestic consumption. A program review 

indicated that the objectives of the program have been largely met, and a phase out 

program started April 1, 2013. This reduced the grant from 15 cents per liter to 10 cents 

per liter with annual cost of $16 million down from $24 million. 

2.3.3 Tax Exemptions and Credits 

 Since 1992, the Government of Canada granted a federal fuel excise tax 

exemption of $0.1/litre on ethanol, which applied to the ethanol portion of blended 

gasoline. However, according to Canadian federal budget 2007, in conjunction with the 

establishment of production incentives for alternative fuels, excise tax exemptions for 

ethanol are eliminated as of April 1, 2008.  

 At the provincial level, Since April 2001, Manitoba granted a $0.025/L provincial 

fuel tax reduction for gasoline containing 10% ethanol. In February 2008, the 2008 

British Columbia budget classified ethanol as alternative fuel and exempted it from 

provincial fuel taxes. Quebec currently has in place a temporary refundable tax credit 

(maximum C$0.185 per liter), granted for a maximum of 10 years to corporations that 

produce ethanol from renewable material and sell the ethanol for use in Quebec. It began 

April, 2006 and expires in 2018. An eligible corporation's ethanol production must be 
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sold in Quebec to a person holding a collection officer's permit issued under the Fuel Tax 

Act. Additional conditions for the credit limit a maximum ethanol production credit of 

126 million liters and no tax credit for the month in which the average monthly price of 

crude oil is equal to or greater than USD$65, or the total cumulative production of 

ethanol exceeds 1.2 billion liters. The reasoning for this limitation is that it was assumed 

that ethanol would be competitive with gasoline if the price of crude oil exceeded 

USD$65 a barrel. The 2011 Quebec budget introduced a new refundable tax credit 

applicable to cellulosic ethanol production, which applies in parallel with the existing 

refundable tax credit for the production of ethanol as an incentive to increase production 

in Quebec. This credit can be granted for a period beginning March 18, 2011 and ending 

March 31, 2018 for ethanol produced from renewable materials other than corn and may 

reach 15 cents per liter of ethanol produced. 

 

2.4 Fuel Ethanol Production in Canada 

 Fuel ethanol industry in Canada grows dramatically in recent years, with fuel 

ethanol production capacity reaching 1.9 billion litres per year, and production output of 

1.74 billion litres in 2014. Currently among the 19 ethanol plants in Canada, 17 ethanol 

plants are in operation, and 2 others are demonstration plants (see Table 2.2). corn is the 

major feedstock for ethanol production in Canada, with 71% of ethanol made from corn, 

28% from wheat, and 1% from wood waste, based on production capacity in operation.  

 Of the operational ethanol plants, there are 8 wheat-based plants, which are all 

located in three prairie provinces, with 2 in Alberta, 5 in Saskatchewan, and 1 in 
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Manitoba. Compared to corn-based plants, wheat-based ethanol plants in those Western 

regions are built earlier than corn-based plants, and are in smaller scale, with production 

capacity ranging from 15 to 150 million litres. All corn-based ethanol plants are located 

within two largest corn-growing provinces, Ontario and Quebec. These corn-based plants 

in south Ontario and Quebec have ethanol production capacity ranging from 27 to 400 

million litres. It is noted that one ethanol plant in Westbury, Quebec uses wood waste as 

feedstock, but due to technology limitations, the production cost of cellulosic ethanol 

production is still prohibitively high for large scale commercial production.   

Table 2.2 Fuel Ethanol Plants in Canada 
Location Company Name Primary Feedstock Production 

Capacity 

(million litres) 

Edmonton, Alberta Enerkem Landfill waste 38 

Red Deer, Alberta Permolex Wheat 42 

Hairy Hill, Alberta Growing Power Hairy Hill Wheat 40 

Minnedosa, Manitoba Husky Energy Corn, wheat 130 

Tiverton, Ontario GreenField Ethanol Corn 27 

Aylmer, Ontario IGPC Corn 172 

Chatham, Ontario GreenField Ethanol Corn 195 

Sarnia, Ontario Suncor Energy Corn 400 

Johnstown, Ontario GreenField Ethanol Corn 230 

Havelock, Ontario Kawartha Ethanol Corn 80 

Varennes, Quebec GreenField Ethanol Corn 175 

Westbury, Quebec Enerkem Wood waste 5 

Sherbrook, Quebec Enerkem Various feedstocks 0.475 

Lanigan, Saskatchewan Pound-Maker Wheat 15 

Weyburn, Saskatchewan NorAmera Bioenergy Wheat, corn 25 

Lloydminster, 

Saskatchewan 

Husky Energy Wheat 130 

Belle Plaine, Saskatchewan Terra Grain Fuels Wheat, corn 150 

Unity, Saskatchewan North West Terminal Ltd. Wheat 25 

Cornwall, PEI Atlantic Bioenergy Co. Energy Beets 0.29 

Source: Canadian Renewable Fuels Association 

  

 In terms of ownership of ethanol plants, the majority of ethanol plants are run by 

companies which claim biofuel production as their only business, though a few of the 
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larger plants are owned by petroleum companies or energy groups. Canadian plants are 

for the most part owned by Canadian investors. Northern Ethanol, for example, is owned 

by a consortium of 50 investors of which most are Canadian. Similarly, GreenField 

Ethanol, Canada's leading manufacturer of ethanol, is under majority ownership of a 

single Canadian, its Chairman and President Ken Fields. Like many ethanol producers in 

Canada, Northern Ethanol and GreenField focus their businesses solely on ethanol and its 

co-products. Other owners, such as Husky Energy Inc. and Suncor Energy Products Inc., 

are Canada-based energy companies. They deal primarily in petroleum products but have 

recently expanded their business portfolio to include renewable fuels. Husky markets its 

ethanol gasoline blend, "Mother Nature's Fuel", at its Husky and Mohawk retail outlets, 

and Suncor supplies its own ethanol-gasoline blend to Sunoco stations throughout 

Canada (Suncor owns the Sunoco retail stations in Ontario). 

 Canadian ethanol plants for the most part have operated at maximum capacity 

since 2008. Demand for fuel ethanol has generally exceeded domestic supply due to the 

implementation of provincial mandates and the federal blends mandates. The availability 

of the federal and provincial support programs has been sufficient for the plants to 

operate positive cash flows despite spikes in feedstock prices and competition from US 

imports. Canada, unlike the United States has not reached a domestic production capacity 

that makes it possible to meet its blend mandates with domestic production alone and 

therefore will continue to import the balance. Exports to the United States are limited due 

to the fact that it is more cost effective for domestic production to remain in Canada as 

well as the fact that there is overcapacity and supply in the United States. Canadian 
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exports of fuel ethanol to the United States are also limited by non-tariff barriers that 

require the fuel ethanol to be bonded in a warehouse while it is verified that the ethanol 

has been properly denatured.  

2.5 Summary 

 Fuel ethanol industry in Canada has a tremendous growth in recent decades since 

2006, with fuel ethanol production capacity reaching 1.9 billion litres per year, and 

production output of 1.74 billion litres in 2014. Environmental quality enhancement has 

been the main driver in Canada behind the development of federal and provincial policies 

and programs designed to encourage the development of a domestic renewable fuels 

industry. In addition, the renewable fuels policies are also regarded as a means to 

encourage rural economic development and help diversify risk of agricultural producers 

who are highly dependent on export markets. Policies for encouraging fuel ethanol 

production in Canada includes blend mandates, tax exemption and credits, and producer 

incentives for building new ethanol facilities, which to a large extent fuels the fast growth 

of Canadian ethanol industry. The future trends of fuel ethanol industry development in 

Canada depend on a series of factors including governmental renewable fuel policies, 

fossil fuel price and local crop price levels. 
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Chapter 3  - THE IMPACT OF LOCAL ETHANOL PRODUCTION 

ON GRAIN BASIS IN ONTARIO 

3.1 Introduction 

Biofuel production capacity has increased globally in response to either 

government mandates or higher energy prices (Huang et al., 2012) and the resulting 

demand for the associated feedstock pushed up global crop prices (Westhoff, 2010). 

Roberts and Schlenker (2013) estimated the global calorie-weighted index of food prices 

was 20% higher in 2007 compared to the case in absence of ethanol production.  Babcock 

and Fabiosa (2011) and Carter et al. (2012) estimated increased ethanol production 

pushed US corn prices up approximately 30% from 2006 to 2010. 

In addition to global and national price effects from biofuel production, local 

ethanol has also had a regional impact on prices. McNew and Griffith (2005) estimated 

the local corn basis increased by an average of 12.5 cents per bushel after the opening of 

12 Midwest ethanol plants during 2001-2002. Similarly, Olson et al. (2007) found a local 

corn price increase in South Dakota ranging from $0.04 to $0.27 per bushel with the 

extent of the increase depending on local ethanol capacity. However, other studies have 

found ethanol plants have a negligible impact on the corn basis (Behnke and Fortenbery, 

2011) or have been even found to push local corn prices down (Katchova, 2011; Lewis, 

2010; and O’Brien, 2009). The latter paradoxical effect may be due to an increase in corn 

acreage stemming from the ethanol expansion (Fatal and Thurman, 2014).  
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Approximately two-thirds of Canadian ethanol production occurs in Ontario and 

annual capacity in the province has increased from 27 million litres in 1989 to 1,139 

million litres in 2015.  Ontario is also home to an intensive livestock sector with much of 

the red meat industry relying on exports. Mussell et al. (2008, 2011) argued the 

expansion in ethanol production could have a serious detrimental impact on the 

competitive position of the red meat sector in the province if the increased demand for 

corn caused a shift in pricing from an export-basis (transport costs deducted) to an 

import-basis (transport costs added).  However, the corn basis in Chatham, the central 

grain market of Ontario, after adjusting for the exchange rate has actually maintained at a 

weakened level and averaged -$0.36 per bushel during 2006 and 2013 (Figure 3.1), which 

was the Ontario ethanol boom period. Soybean basis averaged at even -$0.61 per bushel. 

It is not clear whether ethanol had any effect on local price or if relative prices would 

have even dropped further without the new demand. 

The purpose of this paper is to examine the influence of local ethanol production 

on the basis for corn and soybean in Ontario. The paper begins with a simple theoretical 

model that provides an economic justification for the equilibrium relationship for local 

corn and soybean price based on production capacity for ethanol along with other 

demand and supply factors. Using prices for 7 elevators and production levels for 7 

ethanol plants, econometric cointegrating relations among all relevant variables are tested. 

In addition to assessing the effects of standard measures on basis such as interest rates, 

this paper captures both short and long-run impact of nearby ethanol capacities on 

elevator-specific corn and soybean basis using a vector error correction model (VECM). 



 
 

27 
 

A spatial error regression model is also employed to assess the aggregate impact of local 

ethanol production on the basis through maximum likelihood methods. 

           

           

Figure 3.1 Average Monthly Adjusted Grain Basis in C$/bushel of Corn and 

Soybean in Chatham, Ontario [2006:1-2013.12] 
 

3.2 Theoretical Model 

In this section we identify the impact of ethanol production on crop basis in the 

equilibrium that reflects transportation, storage and local supply and demand pressures. 

The theoretical model is based on Mussell and Oginskyy (2011) local corn supply-
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demand and spatial arbitrage model, but this analysis further incorporates intertemporal 

storage based on Makki et al. (1996) to reflect both spatial and temporal features of grain 

basis.  The model is illustrated in Figure 3.2. Suppose there are two locations for spatial 

arbitrage, the local county elevator i, and the Chicago Merchandise Exchange (CME) 

futures market, to trade corn and soybean with transport cost. Following Mussell and 

Oginskyy (2011), this study assumes Ontario grain market has minor impacts on world 

futures market price as it is a relative small producer. For county elevator i at period t 

local supply for both corn and soybean,     , is expressed as: 

                                                                                                      (3.1) 

In this equation, the grain supply      is composed of local grain output,     , grain 

storage reserved since last period t-1 for consumption at period t,       , and net import 

from global futures market at period t,        , as Ontario corn basis is determined 

through competition with U.S. corn futures market (Martin et al., 1980).  

Based on Tomek (1997), The demand for corn consists of corn consumption from 

local livestock farms,     , from ethanol plants located near elevator i,      , and corn 

storage from current period to the next period for future consumption,      . In this case, 

local corn demand      for elevator i at period t is shown as: 

     
                                                                                                      (3.2) 

In the case of soybean, since soybean is neither used as feedstock for ethanol production, 

nor directly used as livestock feed, but is instead crushed into soymeal for livestock feed 

and soybean oil as cooking ingredient, local ethanol production therefore does not 
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directly impact soybean demand, and      is thus replaced by soybean crushing demand, 

           , which is shown as: 

 

 

Panel A. The Impact of Ethanol Production on Corn Basis 

 

Panel B. The Impact of Ethanol Production on Soybean Basis 

Figure 3.2 The Impact of Ethanol Production on Corn and Soybean Basis 
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                           (3.3) 

The storage reserved at current period t for sale at t+1 at elevator i,     , is based 

on past storage amount,       , and considers marginal benefit and cost of storage at 

current period. Marginal benefit of storage is reflected as a convenience yield from 

storage to meet continuous processing demand, while marginal cost of storage includes 

physical carrying charges and opportunity cost for storage. In this study,  storage at 

current period t is defined as: 

                                                (3.4) 

The change of storage amount from t-1 to t, I, is a function of interest rate r, and 

ethanol capacity,      . Interest rate represents an opportunity cost for storage as higher 

interest rate will increase the financial burden for holding grains. In this case, interest r 

negatively impacts grain storage, 
  

  
  . Meanwhile, storage at current period t should 

also allow for ethanol capacity      , as ethanol facilities provide a year-round continuous 

and stable demand for corn. As a main feedstock source for ethanol production, elevators 

close to ethanol plants will consider to reserve corn for ethanol production in next period 

to achieve convenience yield, which is gained by permitting processors to maintain 

production at a lower cost than would be required without stocks (Telser 1958). Thus 

increased ethanol capacity will increase corn storage amount reserved for next period, 

   

      
  . In contrast, with more storage space allocated for corn, storage for soybean is 

expected to decrease with an increased ethanol capacity in proximity, given a fixed 

elevator storage space, i.e.,  
   

      
  . 
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When local corn demand equals supply, the equilibrium of local supply and 

demand from above Equations (3.1) and (3.2) gives: 

                =                                                                             (3.5) 

Similarly, the equilibrium of local soybean supply and demand from Equations 

(3.1) and (3.3) gives: 

                =                              (3.6) 

According to spatial arbitrage condition, three scenarios should be discussed as 

follows to determine corn and soybean net import in (3.5) and (3.6): 

(a) When local market grain price is higher than exchange rate-adjusted nearby 

futures price plus transport cost, i.e.,                   , Ontario market will import 

grain from Chicago futures market, and the inverse excess demand and supply equations 

are shown in (3.8) and (3.9): 

  
        

   
  

        
             

 

   
  
  

       
                                              (3.7)  

where     is price elasticity of excess demand and 
   

  

        
 is the slope. For 

simplicity,   
           gives:  

  
        

 

   
                     (3.8) 

Similarly,  

  
                 

 

   
    

   
                                                                  (3.9) 

where     is price elasticity of excess supply. Inverse excess grain demand and 

supply functions being equal gives: 
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                                                        (3.10) 

where     ,       , and     denote local equilibrium spot price at elevator i at time 

t, nearby futures price at time t with maturity at time t+1, and exchange rate at time t, 

respectively.    denotes unit transport cost at time period t.  

Because                   , the net import amount is positive. 

(b) When                                 , there is no trade between 

local and global market. 

(c) When local market grain price is lower than adjusted nearby futures price, 

minus transport cost,                   , local grain is exported to global market. In 

this case,  

  
              

 

   
                                                                             (3.11) 

  
           

 

   
                  (3.12) 

Similarly,   
     

   gives  

        
                  

 
 

   
 

 

   
 

 = 
       

 
 

   
 

 

   
 
 <0      (3.13) 

Substituting         in (3.10) and (3.13) into (3.5) and (3.6) respectively gives: 

            
       

 
 

   
 

 

   
 
                                                                   (3.14) 

and  

            
       

 
 

   
 

 

   
 
=                              (3.15) 

Which holds when                   . 
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Substituting (3.4) into (3.14) gives identity equation for corn basis: 

    
   

 

   
 

 

   
                                          (3.16) 

Similarly when                   , 

    
   

 

   
 

 

   
                                                              (3.17)                                                                                                        

 For simplicity, impact of elasticities of excess demand and supply on grain basis 

is ignored in the following empirical analysis. Therefore, corn basis is mainly determined 

by nearby ethanol capacity, local livestock corn demand, interest rate, local corn 

production level, and transportation cost. From Equation (3.16) and (3.17), ethanol 

capacity and livestock corn demand are positively associated with basis level, while local 

corn output and interest rate are inversely associated with corn basis. Transport cost has a 

positive impact on corn basis when Ontario imports corn from futures market, and it has a 

negative impact if Ontario exports corn.  

 Substituting (3.4) into (3.15) gives identity equation for soybean basis: 

               
   

 

   
 

 

   
                                     (3.18) 

 Which holds when                   . In response to increased corn demand 

due to ethanol production, it could be possible that farmers shift more land to corn from 

soybean and other farm crops such as wheat (Kleiber 2009). However, the harvested area 

and production level increased dramatically for both corn and soybean, which indicates 

ethanol production is less likely to decrease soybean output by switching soybean land to 

corn. On the other hand, increased ethanol capacity could result in more storage space 

taken for corn inventory, which lowers soybean storage level in current period, i.e. 
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  . The lowered soybean storage could subsequently weaken soybean basis. For 

other relevant variables, crushing demand for soybean has a positive impact on soybean 

basis, transport cost has a positive impact on soybean basis when net import is positive. 

Soybean production and interest rate have negative impacts on soybean basis. In the 

following empirical study, variables indicated in above equilibrium relationships will be 

used to analyze the effect of nearby ethanol production on grain basis at both county-

specific and region-wide level. 

        

3.3 Data  

The data set covers the 7 Ontario elevators over the 2006-2013 period (96 

observations). The adjusted basis is defined as the difference between the local spot price 

in Canadian dollars and the Chicago Mercantile Exchange (CME) (formerly CBOT) 

nearby futures contract price adjusted for the exchange rate. The daily spot price data for 

corn and soybean is obtained from University of Guelph Data Resource Centre for 7 

county elevators in Ontario (Chatham, Hensall, Bruce, Norfolk, Middlesex, Hamilton and 

Winchester). The same source provides the daily price for the nearby futures traded on 

the CME for both corn and soybeans along with the US/Canada exchange rate. The 

monthly basis used as the dependent variable in the analysis is a simple average of the 

daily values for the month.  
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Table 3.1 Summary Statistics of Variables 
 Elevator 

Variable Chatham Hensall Bruce Norfolk Middlesex Hamilton Winchester 

 Mean (Standard Deviation) 

Corn Basis 

($/bushel) 

-0.36 -0.37 -0.37 -0.37 -0.33 -0.19 -0.25 

 (0.40) (0.39) (0.40) (0.39) (0.41) (0.41) (0.44) 

Soybeans Basis 

($/bushel)  

-0.61 -0.62 -0.64 -0.57 -0.48 -0.18 -0.70 

 (0.57) (0.56) (0.53) (0.56) (0.58) (0.56) (0.51) 

Nearby Ethanol 

Capacities (Million 

Litres) 

417.40 284.34 49.34 229.69 327.03 72.93 113.01 

 (107.7) (94.55) (18.73) (85.21) (110.6) (39.75) (86.06) 

Corn Production 

(1,000 bushels) 

23717.75 26138.13 8807.75 11602.5 26940.38 3889.25 1408.59 

 (3491.25) (5035.78) (1084.47) (2118.93) (5702.95) (1010.79) (208.63) 

Soybean Production 

(1,000 bushels) 

10138.00 7353.38 3798 5811.38 7318.63 1253.5 337.06 

 (2009.33) (1517.43) (1108.74) (960.22) (1116.68) (431.07) (48.53) 

Livestock Corn 

Consumption  

(1,000 tonnes) 

47379.74 365737.9 345271.5 78137.93 208742.3 23915.6 71522.01 

 (9003.81) (30422.9) (19689.5) (7930.01) (34427.53) (2853.5) (4316.03) 

Nearby Crushing 

Volume (1,000 

tonnes) 

28519.13 10945.8 9596.34 23376.09 20512.18 35491.48 14298.55 

 (1947.21) (747.35) (655.21) (1596.06) (1400.52) (2423.27) (976.27) 

Interest Rate (corn) 6.70 6.70 6.70 6.70 6.70 6.70 6.70 

 (3.86) (3.86) (3.86) (3.86) (3.86) (3.86) (3.86) 

Interest Rate 

(soybean) 

5.43 5.43 5.43 5.43 5.43 5.43 5.43 

 (2.88) (2.88) (2.88) (2.88) (2.88) (2.88) (2.88) 

Diesel Price (corn) 

($/litre) 

31.99 31.99 31.99 31.99 31.99 31.99 31.99 

 (106.08) (106.08) (106.08) (106.08) (106.08) (106.08) (106.08) 

Diesel Price 

(soybean) ($/litre) 

-109.02 -109.02 -109.02 -109.02 -109.02 -109.02 -109.02 

 (16.63) (16.63) (16.63) (16.63) (16.63) (16.63) (16.63) 

Note: Standard deviations are in parenthesis. Corn and soybean interest is calculated as the prime interest 

rate multiplied by number of month to contract maturity. Since corn contract trades in the months of March 

(H), May(K), July(N), September (U) and December (Z), whereas soybean contract trades in the months of 

January (F), March(H), May(K), July(N), August (Q), September (U) and November (X), the numbers of 

months to contract maturity differs between corn and soybean, and consequently the interest rate is 

different between corn and soybean. Diesel price is calculated as the diesel price multiplied by net import 

dummy. Diesel price differs between corn and soybean in that the net import dummy values (net import=1, 

net export=-1) differs between corn and soybean. 

The descriptive statistics of the corn and soybean basis for each of the 7 elevators 

are listed in Table 3.1.  The average basis is negative for both crops, although the basis 

has been positive at times (see Figure 3.1).  The standard deviation in basis is greatest for 

soybeans where the range between the minimum and maximum value is close to $4 per 
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bushel. There is significantly less spatial than temporal variation in the adjusted basis. 

The basis is strongest across both crops in Hamilton, which is the location of a major port.  

The major variable of interest in explaining the changes in basis is ethanol 

production. Most spatial pricing models use a terminal market as a vertex for a “cone” 

pricing structure with local crop prices falling as the distance from the terminal market 

increases (Faminow and Benson 1990; Fackler and Goodwin 2001; McNew and Griffith 

2005; Gallagher et al 2005).  However, this cone pricing may not capture ethanol’s effect 

on the local basis as several ethanol plants may be in close proximity to a given county 

elevator rather than a single facility. For example, as noted in Table 3.2, Chatham is 

located within 80 kilometers (50 miles) of two ethanol plants (Sarnia and Chatham), and 

Middlesex is located within 120 kilometers of three ethanol plants (Chatham, Sarnia, and 

Aylmer).  

Rather than center on an ethanol plant, we focus on each individual elevator’s 

local supply and demand conditions with the demand push from ethanol represented by 

nearby ethanol capacity. Based on Fatal and Thurman (2014), nearby ethanol capacity for 

particular elevator i in period t (      ) is defined as 

                
    

   
        

 
       (i=1,2, …,7)       (3.19) 

where ECk,t is the production capacity in million litres from ethanol plant k in period t, 

and      is the distance in kilometers between elevator i and ethanol plant k.  The measure 

allows for all 7 ethanol plants to influence the pricing from each of the 7 grain elevators.  

       includes all ethanol production from a plant if it is located next to the elevator 

(    =0) and declines with the distance between the facilities.  Using the results of Fatal 
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and Thurman, no effect on pricing by a given elevator occurs from an ethanol plant 

farther than 240 kilometers (150 miles) and zero otherwise from the elevator. 

 Characteristics of the 7 ethanol plants in Ontario are listed in Table 3.2. The 

majority of the plants opened after the commodity price boom began in 2006. The most 

recent construction was in 2011 and resulted in the doubling of the Suncor plant in Sarnia. 

Its capacity of 400 million litres is nearly double the sum of the next largest, which is the 

Greenfield plant in Johnstown.  Ethanol production capacity for each of the 7 plants is 

from the Ethanol Producer Magazine and/or each plant’s website.  Distances between 

elevators and ethanol plants (    ) are estimated using ArcGIS to select the shortest route 

between two location coordinates. The location of the 7 plants is illustrated in Figure 3.3, 

and the levels of production together with the distances from a plant to an elevator are 

shown in Table 3.2. The descriptive statistics for the resulting NEC values for each 

elevator are presented in Table 3.1. Nearby ethanol capacities vary across elevators, with 

Chatham gaining the highest mean NEC of 417 million litres and Bruce the lowest mean 

of merely 49 million litres. 

In addition to ethanol production, another major use for corn in the region is as 

livestock feed. Livestock corn demand in a given year for each elevator is the number of 

cattle and hogs in July 1 for the county in which the elevator is located multiplied by the 

per head corn consumption without DDG, which is approximately 2.0 MT per head for 

cattle and 0.2 MT per head for hogs based on ration formulations in Mussell et al (2008). 

Numbers of cattle and hogs at the county level is from the Ontario Ministry of 
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Agriculture and Food (OMAF). Livestock numbers have declined in all counties of the 

province but less so in the livestock-intensive regions of the province such as Bruce. 

Table 3.2 Transport Distance between Ethanol Plants  and Grain Elevators (km) 

  

Table 3.3 Transport Distance between Crushing Plants and Grain Elevators (km) 

Note: Tri-County Protein plant in Winchester is far away from 6 elevators other than Winchester elevator 

and is basically for excusive crushing for soybean production in local counties. 

 

Ethanol 

Plants/ 

Elevator 

GreenField 

Chatham 

Suncor 

Sarnia 

IGPC 

Aylmer 

GreenField 

Tiverton 

GreenField 

Johnstown 

Kawartha 

Havelock 

Amaizeingly 

Green 

Collingwood 

Chatham 15.4 64.1 144 248 656 468 359 

Hensall 155 115 100 113 552 357 194 

Bruce 300 246 229 48.5 545 322 90.7 

Norfolk 163 171 55.5 194 506 311 209 

Middlesex 127 111 54.5 157 536 341 223 

Hamilton 232 240 126 194 430 242 170 

Winchester 696 705 590 623 57.3 229 513 

Opening   

Date 

1998 2006.7 

(Phase 1) 

2011.2 

(Phase 2) 

2008.10 1989 2008.12 2010.3 2007.7 

Capacity 195 200+200 162 27 230 80 58 

        

 ADM Windsor Bunge Hamilton Tri-County Protein Winchester 

Chatham 81.5 249 - 

Hensall 244 167 - 

Bruce 372 176 - 

Norfolk 241 84.1 - 

Middlesex 211 138 - 

Hamilton 309 3.3 - 

Winchester 779 490 1.6 
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Figure 3.3 Ethanol Plants, Crushing Plants and Elevators location in Ontario 

 

The primary users of soybeans in Ontario are two crushing facilities located in 

Windsor and Hamilton, with daily crushing capacity of 3,600 and 3,000 tonnes, 

respectively. There is also a small crushing plant in Winchester, Tri-county protein Corp., 

to process soybeans harvested in Winchester region, with crushing capacity of merely 
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100 tonnes/daily. The influence of these demand sources on the local soybean basis is 

constructed in a manner similar to the nearby ethanol capacity used to explain corn basis 

(Equation 3.19).  The nearby crush volume for elevator i in time t (NCVit) is:  

                 
    

   
        

 
       (i=1,2, …,7)   (3.20) 

where CVk,t is the annual crush volume in time t from plant k in period t (k=1 (Windsor), 

k=2 (Hamilton), and k=3 (Winchester)), and      is the distance in kilometers between 

elevator i and crush plant k. Table 3.3 presents minimum delivery distance between 

crushing plants and 7 elevators. The annual crushing volume for each crushing plant is 

obtained from the Canadian Oilseed Processors Association. Nearby crushing volumes 

across elevators have witnessed a slow drop during 2008-2009 and climbed up 

dramatically in 2013 owing to increased soybean production. As suggested by Table 3.1, 

Hamilton has the highest average nearby crushing level of 35,491 thousand tonnes and 

Bruce has the lowest average nearby crushing level of 9,596 thousand tonnes.  

 The local supply of corn and soybeans are hypothesized to have a negative effect 

on the local spot price and consequently weaken the basis.  Grain supply is measured by 

the production in the county in which the elevator is located as obtained from OMAF. 

Provincial levels have increased significantly since 2006 (Table 3.4) , particularly for 

corn production relative to corn demand from ethanol (see Figure 3.4) and the highest 

corn and soybean production levels are in the counties containing the Chatham and 

Middlesex elevators and the lowest in the counties with the Bruce and Norfolk elevators. 

Basis is also affected by inventory decisions, which are influenced by the interest 

rate. Following Kahl (1989), the opportunity cost of storage is calculated as the interest 
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rate multiplied by number of months until contract maturity.  The cost of storing grain 

until a specific future delivery increases with the interest rate inducing farmers to sell 

grain in the spot market rather than carry the crop forward and sell at a later date.  Thus, 

the interest rate is expected to weaken the basis for periods just after harvest. This study 

uses the Bank of Canada prime business rate as the risk free interest rate obtained from 

Statistics Canada.  Interest rate in Canada has turned downward since 2008 dropping 

from 6.25 to 2.25, and has stabilized around 3 since September 2010. 

 

                

Figure 3.4 Ontario Corn Production relative to Ethanol Corn Consumption 
 

The relative local demand and supply conditions will result in either Ontario 

being a net importer or exporter of each crop. Ontario became a net corn importer 

between January 2006 and October 2010 due partially to local ethanol expansion.  It 

returned back to a net exporter corn after the 2010 harvest due to the increase in corn 
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supply, as well as stabilized ethanol capacity in the domestic market. Ontario soybeans 

have always been in a net export position.  If the crop is exported and the local price is 

the destination price less the cost of transportation, higher costs of moving the crop will 

weaken the basis (Garcia and Good 1983).  Conversely, when the local price is above the 

futures price with import pricing, an increase in transportation cost strengthens the basis.  

The transportation cost is proxied by the monthly industrial diesel fuel price for Ontario 

from Statistics Canada. The diesel fuel price is multiplied with a net import dummy of 1 

if the net imports are positive for the crop and multiplied by -1 if net imports are negative. 

Table 3.4 Ontario Corn and Soybean Production 2006-2013 
 2006 2007 2008 2009 2010 2011 2012 2013 

Corn for Grain 

Acreage and Yield 

        

Harvest area (million acres) 1.53 2.05 1.73 1.76 1.86 1.88 2.21 2.21 

Yield (bushels/harvest acre) 150.50 133.80 156.10 142.60 164.00 152.00 153.20 160.5 

Supply Source         

Production (million tonnes) 5.87 6.99 6.86 6.38 7.75 7.24 8.60 9.01 

Soybean         

Acreage and Yield         

Harvest area (million acres) 2.13 2.22 2.10 2.39 2.44 2.43 2.59 2.59 

Yield (bushels/harvest acre) 46.00 33.00 43.40 40.20 46.00 44.90 48.3 45.9 

Supply Source         

Production (million tonnes) 2.66 2.00 2.48 2.62 3.05 2.97 3.27 3.08 

Source: Ontario Ministry of Food and Ministry of Rural Affairs 

 

3.4 Empirical Method   

3.4.1 Unit Root Test 

 To identify the dynamic impact ethanol production has on crop basis, we first test 

for stationarity of each series by employing two unit root tests, DF-GLS (Elliott et al 

1996) and Zivot-Andrews (1992) tests. Compared to traditional augmented Dickey-Fuller 

(ADF) test, DF-GLS test has a significantly higher test power particularly in small-
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sample data. Under the alternative hypothesis that a series    is stationarity around a 

linear trend, the DF-GLS test is performed by first efficiently estimating both the 

intercept and trend via a generalized least squares estimation (GLS). Next, the ADF test 

is performed via OLS in the following equation using   
  that is GLS detrended in the 

first step to test the null hypothesis of   :  =0: 

                   
         

     
 
        

                             (3.21) 

 In addition, since Dickey-Fuller test tends to be biased in the presence of omitted 

structural breaks (Zivot and Andrews 1992), we also employ the Zivot-Andrews (1992) 

test to test the null hypothesis that  =0 in Equation (3.22) against the alternative 

hypothesis of a stationary process that allows for a one-time endogenous structural break 

in the trend: 

                            
 
              (3.22) 

where     is the trend shift variable.  

 

3.4.2 Johansen test and vector error correction model  

 The cointegration test based on maximum likelihood procedure (Johansen 1988; 

Johansen and Juselius 1990) is applied to simultaneously evaluate equations involving 

multiple variables that are integrated of order one, i.e. I(1), and to determine whether 

series are cointegrated, i.e. the long-run relationship among variables exists. This 

multivariate technique controls for endogeneity and permits more than one cointegrating 

relationship. Second, this method performs better than other estimation methods by 

including additional lags to correct for autocorrelation. Furthermore, the vector error 
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correction estimation based on Johansen test could capture both long-run and short-run 

impacts.   

 Consider a p-dimensional vector autoregressive model, for which the error 

correction form is specified: 

              
   
                    (3.23) 

 where   is the difference operator,   is an intercept,    is the k 1 vector of 

nonstationary I(1) variables, and    =       
   , I is a k  k identity matrix, 

  =      
   ,   is a k k matrix of parameters. If    is I(1) and has r<k cointegrating 

vectors, then the rank of   is equal to r. The long-run matrix   can hence be 

decomposed as the product of α and β, two k r matrices, such that   = α β', where β' 

contains the r cointegrating vectors and α represents the adjustment parameters, which 

reflects the adjustment speed of particular variables to correct a random shock in the 

long-run equilibrium relationship. We use trace test with the null hypothesis that there are 

no more than r cointegrating relations, as trace test is more robust to skewness and excess 

kurtosis than maximum eigenvalue test (Cheung and Lai 1993) and can be adjusted for 

degrees of freedom, which can be of importance in small samples. 

  The vector error correction model in this analysis allows for a linear trend in the 

undifferenced data and cointegrating equations that are stationary around a nonzero mean. 

The impact of nearby ethanol capacity and other variables on corn basis in error 

correction model is specified as: 

                                  
 
         

 
   

    
            

      
                              (3.24) 
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 Where j=c, s denotes corn and soybean, respectively. X includes            , 

            ,                ,               in corn basis specification, and includes 

same variables in soybean basis specification except that              is replaced with 

        , the nearby crushing volume. The summations of lagged differenced form of 

nearby ethanol capacity, corn production, livestock corn consumption, interest rate for 

storing corn, and diesel price for corn transport capture their short-run impact on corn 

basis, and the optimal lag length is selected by the likelihood ratio (LR) statistics.     
  is 

serially uncorrelated random error term.       
  is the cointegrating vector, in which the 

Johansen normalization is implemented by imposing the non-testable restriction of 1 on 

corn basis as we are assessing the impact of nearby ethanol capacity and other variables 

on corn basis.   
       is the adjustment parameter to measure the adjustment speed for 

shocks that lead to a deviation from the long-run equilibrium. 

 

3.4.3 Spatial Error Regression Model (SER) 

 It is widely acknowledged that spatial dependence arise when analyzing spatial 

data with locations (LeSage 1999). And it is the ignorance of spatial dependence that 

often leads to inefficient and biased standard errors and goodness of fit in traditional 

econometric methods since it violates Gauss-Markov assumption that explanatory 

variables be independent among observations (Anselin et al 2004). Elevators are 

geographic neighbors and ethanol production further strengthens their closed ties via 

more induced grain transport. Thus in our case, we employ a spatial error model to allow 
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for spatial autocorrelation across elevators in Ontario using a maximum likelihood 

method. 

 The spatial error model for corn basis is specified as: 

                   
 
        

 
         (3.25) 

               
 
                    (3.26) 

                                  (3.27) 

 where j=c, s denotes corn and soybean, respectively.    includes all explanatory 

variables in corn or soybean basis specification.   
 
 includes a spatial weight matrix    

and a random error   .    is an N×N queen contiguity spatial weight matrix, which 

specifies neighborhood set for each observation. The weights are row standardized so that 

the elements of each row sum to one with zero along the main diagonal and non-zero 

value in positions reflecting neighboring units. The bounds of radius is set to be between 

0 and 800 kilometers for defining contiguity neighborhood in order to avoid empty sets 

when constructing the spatial weight matrix. Based on the weight matrix, we are also able 

to derive λ, the spatial autoregressive coefficient, which is assumed to remain constant 

over time (Anselin 1988). 

 

3.5 Empirical Results 

 Table 3.5 reports the stationarity of all series by both DF-GLS and Zivot-Andrews 

unit root tests in levels as well as in first difference. The lag order for both tests is 

selected using Schwartz Criterion (BIC). Among all variables, both the DF-GLS and 
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Zivot-Andrews tests indicate the existence of unit root in levels at 10% level of 

significance in nearby ethanol capacity, corn and soybean production, livestock corn 

consumption, interest rate for storing soybean, diesel cost for transporting corn and 

soybean, and nearby crushing volume. However, the hypothesis of non-stationarity is 

rejected for all these series in their first difference at 1% significant level and it can be 

concluded that all these variables are integrated of order one or I(1). It is reasonable that 

these variables possess unit root time series features. For example, nearby ethanol 

capacity increases consistently and thus its mean value changes over time. This is partly 

due to favorable biofuel policies and hiking global corn price in recent years. This is also 

due to the fact that plants are less likely to simply reduce production capacity or even 

shut down due to sunk cost, even they face feedstock price fluctuations. DF-GLS and 

Zivot-Andrews tests also indicate the null hypothesis of a unit root cannot be rejected at 

the 5% level for all corn and soybean deseasonalized basis except Hamilton. However, 

hypothesis of non-stationarity is rejected for all these series in their difference at 1% level, 

which suggests basis variable could also be considered to have a unit root. Although the 

first difference of interest rate for storing corn fails to reject the unit root null hypothesis 

in DF-GLS test, Zivot-Andrews test confirms the stationary of the first difference of 

interest rate data. Furthermore, failure to reject the null of unit root among level data of 

all series in Zivot-Andrews test excludes the existence of an endogenous structural break.  

 Given that all the variables are nonstationary and have the same order of 

integration, we consider to test for cointegration using Johansen (1988) and Johansen and 

Juselius (1990) multivariate maximum likelihood procedure among corn and soybean 
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basis and their explanatory variables in each market. The cointegration rank is selected 

using Trace statistic for both corn and soybean cases. The results of Johansen 

cointegration test and long-run cointegrating relationship for corn and soybean are 

presented in Table 3.6 and 3.7, respectively. 

 Table 3.6 shows that the null hypothesis of no cointegration is rejected at 5% 

level in Chatham, Bruce, Norfolk, and Winchester, and is rejected at 1% level in Hensall 

and Hamilton. However, we fail to reject the null hypothesis of one or fewer 

cointegrating rank at 10% level for all elevators. This indicates all elevators have a single 

cointegrating relationship between corn basis, nearby ethanol capacity, and other 

variables. The analysis confirms the existence of one long term relationship between corn 

basis, nearby ethanol capacity, livestock corn consumption level, interest rate, diesel 

price, and corn production in each market. 

Similar results of Trace statistics is also found in Table 3.7. The null hypothesis of 

no cointegration is rejected in Chatham, Hensall, Bruce and Middlesex at 5% level and it 

is rejected in Norfolk, Hamilton, and Winchester at 1% level. The null of one or fewer 

cointegrating relationship nevertheless cannot be rejected at 1% level in all 7 elevators. 

This also indicate that there is a single long-run relationship between soybean basis, 

nearby ethanol capacity, crushing volume, interest rate, diesel price, and soybean 

production in each market. The evidence of cointegrating relationship among crop basis, 

nearby ethanol capacity, and other market demand and supply forces therefore verified 

the long-run dynamic equilibrium, in which these nonstationary variables have a co-

movement together with directions specified in our theory framework.   
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Table 3.5 Unit Root Tests of Variables Determining Grain Basis 

Note: Corn and soybean basis are deseasonalized.  The lag order for the DF-GLS and Zivot-Andrews tests is selected by the Schwarz 
criterion. *denotes rejection of the null hypothesis at 10% level, **denotes rejection of the null hypothesis at 5% level, *** denotes 

rejection of the null hypothesis at 1% level.  

 

 DF-GLS  Zivot-Andrews 

 Level First Difference  Level First Difference 

Corn Basis    

Chatham -3.094* -6.281***  -4.151* -9.919*** 

Hensall -3.030* -5.881***  -4.065 -9.648*** 
Bruce -3.083* -6.054***  -4.087 -9.643*** 

Norfolk -3.233* -6.191***  -4.124* -9.370*** 

Middlesex -3.134* -6.668***  -4.116* -9.955*** 
Hamilton -3.695** -7.971***  -4.580** -9.815*** 

Winchester -3.001* -6.166***  -3.974 -10.052*** 

Nearby Ethanol Capacity    
Chatham -2.235 -6.575***  -3.194 -10.067*** 

Hensall -1.805 -6.613***  -3.585 -10.023*** 
Bruce -0.995 -6.550***  -2.955 -9.969*** 

Norfolk -1.638 -6.576***  -3.255 -9.952*** 

Middlesex -1.917 -6.607***  -3.415 -9.975*** 
Hamilton -1.315 -6.495***  -3.517 -9.983*** 

Winchester -1.688 -6.466***  -2.910 -9.929*** 

Livestock Corn Consumption    
Chatham -2.217 -6.660***  -3.197 -10.034*** 

Hensall -1.760 -2.564*  -4.061 -10.235*** 

Bruce -1.978 -6.782***  -2.943 -10.128*** 
Norfolk -1.840 -6.622***  -3.262 -9.987*** 

Middlesex -2.084 -6.727***  -2.806 -9.802*** 

Hamilton -2.409 -6.525***  -3.287 -10.138*** 
Winchester -0.984 -7.072***  -4.854** -9.919*** 

Corn Production    

Chatham -2.332 -9.395***  -3.043 -9.663*** 

Hensall -1.457 -6.723***  -3.715 -9.829*** 

Bruce -2.501 -8.221***  -3.296 -9.662*** 

Norfolk -1.576 -6.738***  -2.648 -9.750*** 
Middlesex -1.981 -6.609***  -3.118 -9.668*** 

Hamilton -1.915 -5.601***  -2.521 -9.776*** 

Winchester -2.253 -6.094***  -2.562 -9.627*** 
Corn Interest  -2.014 -1.322  -4.190* -10.830*** 

Corn Transport cost -2.542 -6.259***  -2.977 -9.532*** 

Soybean Basis  
Chatham -2.903 -7.645***  -4.781 -15.993*** 

Hensall -2.815* -7.687***  -4.730 -15.363*** 

Bruce -2.800* -7.457***  -5.481* -16.389*** 
Norfolk -2.728 -7.431***  -5.244* -16.521*** 

Middlesex -3.389** -7.377***  -5.527* -16.240*** 

Hamilton -2.750 -7.292***  -5.189* -16.078*** 
Winchester -2.738 -8.167***  -5.053* -17.580*** 

Soybean Production  

Chatham -1.972 -6.386***  -2.709 -9.784*** 
Hensall -1.738 -6.987***  -3.162 -9.718*** 

Bruce -1.952 -7.102***  -2.702 -9.755*** 

Norfolk -1.866 -7.569***  -2.822 -9.807*** 
Middlesex -1.913 -7.903***  -3.248 -9.686*** 

Hamilton -2.044 -8.571***  -2.902 -9.705*** 

Winchester -1.492 -8.690***  -2.531 -10.020*** 
Soybean Interest -0.199 -3.682***  -3.538 -10.751*** 

Soybean Transport cost -2.471 -4.538***  -2.939 -6.390*** 

Nearby Crushing Volume -0.896 -6.623***  -4.082 -9.951*** 
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Table 3.6 Results of Johansen Cointegration Test and Vector Error Correction 

Model Long-Run Cointegrating Effects of Corn 

Note:  r indicates the number of cointegrating relationships. The optimal lag for the VEC model was 

selected based on likelihood ratio (LR) tests. The Johansen normalization restrictions are imposed in 

cointegrating relationships. Standard errors are in parenthesis. *denotes rejection of the null hypothesis at 

10% level, **denotes rejection of the null hypothesis at 5% level, *** denotes rejection of the null 

hypothesis at 1% level. P-values for weak exogeneity test on nearby ethanol capacity are in brackets. 

Based on Johansen cointegration results, we proceed to the estimation of vector 

error correction model (VECM). The long-run cointegrating relationships for corn and 

soybean are reported in Table 3.6 and 3.7, respectively. In our hypothesis, it is expected 

that nearby ethanol capacity would have a positive impact on corn basis, and have a 

inverse impact on soybean basis. The coefficients of nearby ethanol capacities in Table 

3.6 show that ethanol production has positive effects on corn basis at 1% significant level 

in Chatham, Norfolk, Hamilton and Winchester, where corn basis are strengthened by 3-6 

cents in the long-run with an extra 10 million litres nearby ethanol capacity increase. In 

contrast, such long-run impact is not significant in Hensall, Bruce, and Middlesex, where 

annual livestock corn consumption level is very large, ranging around 208-365 million 

tonnes, and is 10 times more than livestock corn consumption of each of the rest 4 
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elevators. The insignificance of nearby ethanol production on affecting corn basis could 

be due to the reason that large livestock corn consumption in these areas as an alternative 

demand source for corn crowds out the impact from ethanol. And this is particular the 

case in Bruce, where there is only the smallest Tiverton ethanol plant nearby with a 

negligible ethanol capacity of 27 million litres, and annual average corn production is 

only around 8.8 million bushels, less than 30% of corn production level in Hensall and 

Middlesex. Thus ethanol production is estimated to have a negative and insignificant 

impact. The results in Table 3.7 show that ethanol production has negative effects on 

soybean basis at 1% significant level in all elevators except Chatham. Soybean basis are 

weakened by 9-28.5 cents in the long-run with an extra 10 million litres increase of 

nearby ethanol capacity. In particular, nearby ethanol capacity widened soybean basis 

most by 28.5 and 26 cents respectively in Bruce and Hamilton, where there are relatively 

small scale soybean outputs in these areas. As indicated in our theory model, ethanol 

capacity indirectly impacts soybean basis via decreasing soybean storage in local 

elevators. Small soybean production in local area leads to small storage, making soybean 

basis more sensitive to ethanol capacity. In line with our reasoning, it is found that nearby 

ethanol capacity insignificantly impacts soybean basis in Chatham, where soybean output 

is the most abundant among these 7 elevators.  
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Table 3.7 Results of Johansen Cointegration Test and Vector Error Correction 

Model Long-Run Cointegrating Effects of Soybean 

Note: r indicates the number of cointegrating relationships. The optimal lag for the VEC model was 

selected based on likelihood ratio (LR) tests. The Johansen normalization restrictions are imposed in 

cointegrating relationships. Standard errors are in parenthesis. *denotes rejection of the null hypothesis at 

10% level, **denotes rejection of the null hypothesis at 5% level, *** denotes rejection of the null 

hypothesis at 1% level. P-values for weak exogeneity test on nearby ethanol capacity are in brackets. 

The coefficients of ECT for corn basis,   
      , in Table 3.6 turned to be negative 

in all elevators and significant in all except Middlesex, and the coefficients of ECT for 

soybean basis ,   
       in Table 3.7,  turned to be negative in all elevators and significant 

in 5 out of 7 elevators except Hensall and Norfolk, implying the estimates have the 

correct signs with rapid adjustment towards equilibrium. We use a Wald test to test weak 

exogeneity (Johansen, 1992) of nearby ethanol capacity with the null hypothesis of : 

  
   =0, and the results in Table 3.6 and Table 3.7 show that the null hypothesis is not 

rejected at 5% level for both corn and soybean basis in all 7 elevators. This result 

indicates that changes in nearby ethanol capacity that disturbs the long-run equilibrium 

are corrected by counter-balancing changes in corn or soybean basis, while the converse 

is not true. In this sense, we could conclude that corn and soybean basis is caused by 
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nearby ethanol capacity but nearby ethanol capacity is not caused by the corn or soybean 

basis. 

As an alternative demand for corn, it is expected that livestock corn consumption 

will have a positive impact on corn basis. Table 3.6 indicates that livestock corn 

consumption has positive and statistically significant long-run impacts on corn basis in 4 

county elevators. Chatham, Norfolk, Middlesex, and Winchester corn basis are 

strengthened by 5 cents with an extra 1 million tonne annual corn consumption by cattle 

and hogs. However, the impact on corn basis from livestock corn consumption level is in 

significant in Hensall, Bruce and Hamilton. The insignificant impact of livestock corn 

consumption on corn basis in Hensall may due to the its mutual impact with relatively 

large ethanol existence. And for Bruce and Hamilton it could be due to its small local 

corn production level.  

Corn production is hypothesized to widen the corn basis. Table 3.6 shows that 

corn production has a negative and significant long-run effect on corn basis in Norfolk 

and Hamilton, with corn basis weakened by 4 and 15 cents with an extra 1 million bushel 

increase in corn output. Compared to an estimated 2.5 cents decline caused by a 500-

million bushel corn production increase in US market (McNew and Griffith, 2005), the 

impact of corn production on corn basis is a much stronger in Ontario. This could be due 

to small corn production level in Ontario compared to US corn belt region. Table 3.6 also 

indicates that interest rate negatively and significantly affects corn basis in Chatham, 

Norfolk, Middlesex and Hensall, with corn basis weakened by 6.7-67 cents. Interest rate 

also weaken the corn basis in Bruce and Winchester at an insignificant level. Diesel price 
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index has positive and significant impacts on corn basis only in Winchester, and has 

positive yet insignificant impact on corn basis in Chatham. This would mainly be due to 

an export basis for corn in most of the time in Ontario. 

As the primary local demand for soybean, nearby crushing volume is expected to 

have a positive impact on soybean basis. Table 3.7 indicates that soybean crushing has a 

positive and significant effect on soybean basis in 5 out of 7 elevators except Bruce and 

Hamilton, where soybean production is very small. Soybean basis is enhanced most by 

80 cents in Hensall with an extra increased 1 million tonnes of soybean nearby crushing 

volume. Nearby crushing volume also significantly pushes up soybean basis by 10-50 

cents in other 4 elevators.  

Soybean production in the long-run is inversely associated with soybean basis in 

all 7 elevators and in particular significantly weakens soybean basis in Chatham and 

Norfolk at 5% level, with every 1 million bushels increase in soybean output weakening 

soybean basis by 6 and 40 cents, respectively. The impact of soybean output on soybean 

basis is also negative in Bruce and Hamilton at 10% significant level, widening soybean 

basis by 19 and 40 cents, respectively.  

Interest rate has a negative and significant long-run impact on soybean basis in all 

elevators, with biggest widening effect on soybean basis in Norfolk, with soybean basis 

weakened by 88.7 cents. And soybean basis on average is weakened by 50 cents across 7 

elevators. Diesel price has an insignificant yet positive impact on soybean basis in 

Winchester, yet we found significantly negative effect from diesel price on soybean basis 

in Chatham, Bruce, Norfolk, and Hamilton. This is in line with our theory since soybean 
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has been always in the net export position and transport cost would weaken crop basis 

when it mainly exports. 

Owing to the existence of cointegrating relationship, vector error correction 

model (VECM) is feasible for capturing both the short and long run impacts of nearby 

ethanol capacity and other explanatory variables on corn and soybean basis. Based on 

above cointegration results, this study proceeds to the estimation of VECM short-run 

impacts as presented by Table 3.8 and Table 3.9. 

As presented in Table 3.8, coefficients of the lagged difference of nearby ethanol 

capacity indicates ethanol production has an insignificant and limited short-run effect on 

corn basis in 7 elevators. We also employ a Wald test to test the joint significance of the 

short-run coefficients and find that it fail to reject the null hypothesis at 10% level, which 

imply that nearby ethanol production does not have causality effects on corn basis in the 

short-run. Similar results are also  found in the short-run impacts of nearby ethanol 

production on soybean basis as suggested in Table 3.9. 

Similar to other VECM analysis (Narayan, 2010), short-run effects to determine 

grain basis level are not so significant as compared to long-run effect results, this is 

because the short-run in this empirical analysis amounts to one month, and the 

explanatory variables included in this study such like nearby ethanol capacities, grain 

production and livestock corn consumption level do not have much variation on a month-

to-month basis, but their impacts only begin after some time, as depicted in the long-run 

model. 
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Table 3.8 Vector Error Correction Model Short-Run Effects Results of Corn 
 Chatham Hensall Bruce Norfolk Middlesex Hamilton Winchester 

          -0.00112 0.00202 0.00090 0.00236 0.001838 -0.0031 -0.00206 

 (0.00126) (0.00157) (0.00512) (0.00173) (0.00138) (0.0036) (0.00160) 

          -0.00683 0.00193 0.00533 0.00134 - -0.00016 0.00068 

 (0.00119) (0.00156) (0.00524) (0.00178) - (0.00343) (0.00220) 

          0.00081 0.00164 0.00548 -0.00041 - -0.00014 0.00051 

 (0.00121) (0.00159) (0.00543) (0.00174) - (0.00342) (0.00213) 

              -0.00003 -0.0000016 -0.0000096 -.00003** -0.000017 0.00004 -0.00002 

 (0.00002) (0.0000063) (0.00001) (0.00001) (0.00006) (0.00005) (0.00004) 

              -0.0000091 0.0000009 0.00000044 -0.00002 - 0.00007 0.00001 

 (0.00002) (0.0000065) (0.00001) (0.00002) - (0.00005) (0.00039) 

              -0.0000056 -0.00000088 0.0000069 -6.07e-06 - 0.00001 -0.000086 

 (0.00002) (0.000006) (0.00001) (0.00002) - (0.00005) (0.00003) 

                0.27219*** 0.23978* 0.01671* 0.05269*** 0.00661 -0.0056 0.00317 

 (0.01032) (0.01261) (0.00902) (0.01462) (0.00983) (0.0094) (0.00923) 

                0.01995 0.02568* 0.01845 0.31454** - -0.00011 0.00009 

 (0.01233) (0.01555) (0.11697) (0.14983) - (0.01298) (0.13109) 

                0.01113 0.01667 0.12792 0.01304 - 0.006839 0.00414 

 (0.00865) (0.01052) (0.00866) (0.00936) - (0.00953) (0.00973) 

              -.00036 -0.00012 0.00029 0.00011 -0.00034 -0.00036 -0.00069 

 (0.00057) (0.00063) (0.00067) (0.00058) (0.00065) (0.00067) (0.00065) 

              0.00004 0.00027 0.00026 0.00073 - 0.00114* 0.00072 

 (0.00063) (0.00062) (0.0007) (0.00061) - (0.00067) (0.00067) 

              0.00039 0.00067 0.00068 0.00077 - -0.0003 -0.00044 

 (0.00068) (0.00064) (0.00078) (0.00065) - (0.00074) (0.00069) 

            0.00002 -0.0000057 -.00001 0.00005 0.0000045 0.00004 0.00005 

 (0.00002) (0.00002) (0.00009) (0.00004) (0.00001) (0.00008) (0.00034) 

            -0.0000016 0.0000007 -0.00002 0.00004 - 0.00011 -0.00012 

 (0.00002) (0.00002) (0.00008) (0.00004) - (0.000076) (0.00034) 

            0.00002 0.0000007 0.00005 0.00001 - 0.00006 0.00027 

 (0.00002) (0.00002) (0.00008) (0.00004) - (0.00007) (0.00032) 

             0.16262 0.07376 0.19175* 0.29081** -0.02761 0.37538*** 0.15653 

 (0.10642) (0.11187) (0.11066) (0.11634) (0.12167) (0.1269) (0.12934) 

             0.13916 0.08643 0.23068* 0.18536 - 0.09452 0.11811 

 (0.10580) (0.11747) (0.12185) (0.11977) - (0.124895) (0.12676) 

             -0.46211 -0.18322 -0.81183 -0.11329 - 0.12522 -0.01832 

 (0.10619) (0.12091) (0.12550) (0.11960) - (0.12823) (0.12785) 

Constant 0.17802 0.03620 -0.5711*** 0.02935 0.03636 -0.107*** -0.00188 

 (0.26313) (0.03720) (0.12399) (0.02706) (0.05825) (0.0338) (0.02786) 

R2 0.348 0.207 0.311 0.351 0.039 0.389 0.197 

Log likelihood -2673.655 -2723.208 -2430.501 -2541.284 -2866.339 -2360.004 -2334.399 

SBIC 64.267 65.344 58.981 61.389 63.547 57.448 56.892 

LM1[  (1)] 17.3817 28.4740 20.0844 21.2189 29.2310 19.8377 18.8172 

LM2[  (2)] 26.2084 36.9902 17.3938 20.3287 27.4046 31.7301 21.4367 

Nearby 

Ethanol 

1.65 4.43 2.35 2.47 1.78 0.74 1.85 

Short-Run 

Causality 

[0.648] [0.219] [0.502] [0.481] [0.182] [0.865] [0.604] 

Note: Standard errors are in parenthesis. *denotes rejection of the null hypothesis at 10% level, **denotes 

rejection of the null hypothesis at 5% level, *** denotes rejection of the null hypothesis at 1% level. P-

values of nearby ethanol capacity short-run causality test are in brackets. 
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Table 3.9 Vector Error Correction Model Short-Run Effects Results of Soybean 
 Chatham Hensall Bruce Norfolk Middlesex Hamilton Winchester 

          -0.00126 -0.00055 0.00911 0.0004 0.00014 0.00379 -0.00155 

 (0.00174) (0.00249) (0.00776) (0.00278) (0.0023) (0.00516) (0.002444) 

          0.0016086 0.00415* 0.00955 0.00492* 0.00434 0.00768 -0.000739 

 (0.001733) (0.00240) (0.00732) (0.00274) (0.00219) (0.00529) (0.00266) 

          0.00344** - - - - - - 

 (0.00175) - - - - - - 

          -0.00098 - - - - - - 

 (0.00177) - - - - - - 

               -0.0000428 0.00023 0.00186 0.00017 0.00004 0.00012 0.0000078 

 (0.0000818) (0.00025) (0.00025) (0.00012) (0.00013) (0.00007) (0.00017) 

               -0.000053 -0.00009 -0.00009 -0.0000034 -0.00014 -0.00003 -0.00014 

 (0.0000813) (0.00025) (0.00025) (0.00012) (0.00013) (0.00008) (0.00017) 

               -0.000212** - - - - - - 

 (0.000083) - - - - - - 

               -0.00012 - - - - - - 

 (0.00008) - - - - - - 

                0.09984** 0.04791 0.07440** 0.05648 0.07852** 0.08327** 0.0983** 

 (0.03655) (0.03857) (0.03431) (0.04133) (0.03664) (0.04024) (0.0429) 

                0.06175* 0.01269 0.02740 0.01991 0.23865 0.02807 0.0334 

 (0.03665) (0.02703) (0.02534) (0.02686) (0.26799) (0.02637) (0.0267) 

                0.04719 - - - - - - 

 (0.034) - - - - - - 

                0.01343 - - - - - - 

 (0.02474) - - - - - - 

              0.013901 0.01675* -0.01246 0.01442 0.00849 0.011 0.01429 

 (0.00950) (0.00973) (0.00916) (0.00964) (0.00976) (0.00969) (0.0097) 

              -0.0015457 -0.00784 -0.00993 -0.00626 -0.00179 -0.00636 -0.00355 

 (0.01041) (0.00979) (0.00897) (0.00956) (0.00975) (0.00936) (0.01) 

              -0.0186826 - - - - - - 

 (0.01011) - - - - - - 

              0.33315*** - - - - - - 

 (0.00913) - - - - - - 

            0.0000037 0.00001 0.00015 0.00014 -0.00001 0.00031 0.0041 

 (0.00004) (0.00007) (0.00014) (0.00013) (0.00011) (0.00023) (0.00388) 

            0.00004 0.00004 0.00002 0.00004 -0.00005 -0.00013 -0.0004 

 (0.00004) (0.00007) (0.00014) (0.00013) (0.0001) (0.00023) (0.00340) 

            -0.00004 - - - - - - 

 (-0.00004) - - - - - - 

            -0.00005 - - - - - - 

 (0.00004) - - - - - - 

Constant -0.03222 -0.02861 -0.03005 -0.02717 -0.015 -0.0285 -0.06779 

 (0.39758) (0.04526) (0.03968) (0.04339) (0.0427) (0.0409) (0.05305) 

R2 0.569 0.296 0.350 0.327 0.335 0.327 0.388 

SBIC 57.438 51.311 47.002 51.146 52.104 49.205 43.578 

LM1[  (1)] 27.1112 21.6627 23.7895 18.2324 25.9725 29.9341 27.7537 

LM2[  (2)] 25.5467 35.9513 41.3766 35.2293 35.4943 46.5066 42.4346 

Nearby 

Ethanol 

5.56 3.09 2.87 3.23 3.92 2.41 0.44 

Short-Run 

Causality 

[0.235] [0.213] [0.238] [0.199] [0.141] [0.299] [0.803] 

Note: Standard errors are in parenthesis. *denotes rejection of the null hypothesis at 10% level, **denotes 

rejection of the null hypothesis at 5% level, *** denotes rejection of the null hypothesis at 1% level. P-

values of nearby ethanol capacity short-run causality test are in brackets. 
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 To check the long-term effects that nearby ethanol capacities have on corn and 

soybean basis in each elevator, we used an impulse response function to describe how 

corn and soybean basis reacts over time to exogenous shocks from nearby ethanol 

capacities. Figure 3.5 and 3.6 illustrate the orthogonalized impulse response of corn and 

soybean basis to expanded ethanol capacity shock in nearby region across periods, 

respectively. In general, the impulse responses appear to be consistent with the results 

obtained from the VECM. We find that the shocks of ethanol capacity to both corn and 

soybean basis have gone through some volatile changes and all stabilize after 10 months. 

As shown in Figure 3.5, corn basis has a positive response all elevators except Hensall 

and Bruce. Corn basis in these two elevators have a large positive response up to 0.05 

level within the first 3 periods to a one standard deviation shock, and then it fell down 

and finally stabilized at -0.02 and -0.05 level, respectively. Corn basis in Chatham has a 

largest response to ethanol shock of up to more than 0.1 within the first 4 months and 

stabilized at 0.1 level. Corn basis in Norfolk, Hamilton, Middlesex and Winchester all 

have a positive impulse response to ethanol shock and finally stabilized at 0.04-0.07 level. 

Figure 3.6 illustrates the impulse response to ethanol production for soybean basis. 

Compared to corn basis, the impulse responses to nearby ethanol capacities rose up and 

fell down in first 6 months and finally stabilize at 0.02-0.03 level in Hensall, Norfolk, 

Middlesex, and Hamilton. Soybean has negative responses in Bruce and Winchester, and 

they finally stabilize at -0.03 and -0.05 level, respectively. 
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Figure 3.5 Impulse Response from Nearby Ethanol Capacity to Corn Basis 
 

 

Figure 3.6 Impulse Response from Nearby Ethanol Capacity to Soybean Basis 
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As vector error correction models require that the cointegrating equations be 

stationary and the number of cointegrating equations be correctly specified, we use 

stability tests to examine each cointegrating relationships for each elevator. Figure 3.7 

and 3.8 depict the roots of the companion matrix on VECM stability tests for 7 elevators 

on corn and soybean, respectively. it is shown that VECM cointegrating vectors are very 

stable as the outputs indicate that there is no real root higher than 0.95, so that we can 

conclude that the predicted residuals of cointegrating equations are more likely to reach 

stationary level. In addition, autocorrelation test shown in Table 3.8 and 3.9 indicate that 

there is no autocorrelation in the residuals of cointegrating vectors in all the 7 elevators. 

Moreover, based on the estimated cointegrated relationships, we conduct VECM-based 

corn and soybean basis forecasts in 7 elevators for 2014.1-2016.1 period (see Figure 3.9 

and 3.10), and the forecasted basis level is consistent with real basis price in 2014 period 

at 95% confidence interval level. 

 

 

Figure 3.7 VECM Stability Test of Corn 
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Figure 3.8 VECM Stability Test of Soybean 
 

 

Figure 3.9 VECM-based Corn Basis Forecast (2014.1-2016.1) 
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Figure 3.10 VECM-based Soybean Basis Forecast (2014.1-2016.1) 
 

Table 3.10 Spatial Error Estimation Results of Corn and Soybean 
 Corn Soybean 

     0.00052*** -0.00067*** 

 (0.00019) (0.00021) 

       -0.000069 - 

 (0.000028) - 

     - 0.0000029 

 - (0.0000022) 

          -0.0057 -0.00025 

 (0.0038) (0.0067) 

        -0.000703*** 0.0787*** 

 (0.000169) (0.00126) 

         0.000026** - 

 (0.000014) - 

       - -0.000228*** 

 - (0.000084) 

t -0.0011 0.018*** 

 (0.00076) (0.00098) 

  
       -0.28511 -1.1676 

Constant 0.061 0.253** 

 (0.059) (0.123) 

Log Likelihood -216.764 -339.905 

ML residual variance 0.112 0.159 

Note: Standard errors are in parenthesis. *denotes rejection of the null hypothesis at 10% level, **denotes 

rejection of the null hypothesis at 5% level, *** denotes rejection of the null hypothesis at 1% level.  
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 Table 3.10 presents the region-wide impact of nearby ethanol capacity on corn 

and soybean basis in Ontario, based on 7 elevators. We use a spatial error model to allow 

for spatial autocorrelation. The signs of estimated parameters in the spatial error models 

are consistent with the theory hypothesis in both corn and soybean basis models. Nearby 

ethanol capacity has a positive and significant effect on both corn basis and has a 

negative effect on soybean basis at the aggregate level. An extra increase of 100 million 

litres of nearby ethanol capacity is estimated to strengthen corn basis by 5 cents and 

weaken soybean basis by 6 cents. Corn and soybean production has a negative impact on 

corn and soybean basis, with a 1 million bushel increase of crop production weakening 

corn and soybean basis by 6.9 and 22.8 cents, respectively. Corn basis is strengthened by 

2.6 cents with an increase of 1 million tonnes of livestock corn consumption. Interest 

rates have negative impact on both corn and soybean basis. 

 

3.6 Conclusion 

The empirical finding of this study identified the impact of such ethanol 

expansion on local corn and soybean basis in both temporal and spatial sides. Compared 

to transitory shocks to local market, such as droughts and floods, impacts on local grain 

price is more likely to be "permanent", since openings of ethanol plants in nearby region 

provides local market with year-round stable and highly expected corn demand. In such 

case, demand for corn from nearby ethanol plants is more likely to constitute a long-run 

equilibrium with local crop production and other market drivers to jointly determine local 

grain basis level.  
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Although the impact on local basis from ethanol production varies across different 

markets, empirical results suggest corn basis is significantly and positively impacted by 

local ethanol production in the long-run. Corn basis is enhanced significantly by nearby 

ethanol capacity in elevators with relatively large nearby ethanol capacity, and moderate 

livestock corn consumption level (around 23-78 million tonnes of annual corn 

consumption) relative to corn production level. However, nearby ethanol capacity in 

Hensall, Bruce, and Middlesex are found to have insignificant impact on corn basis the 

long-run relationship, and these areas all have identical characteristics of large livestock 

corn consumption level (around 208-365 million tonnes of annual corn consumption) and 

Bruce has very negligible ethanol capacity nearby. This finding makes sense since it is 

likely that the impact on corn basis from ethanol production would be crowded out by 

large demand for corn from local livestock inventories. On the other hand, ethanol plants 

tend to be built up in areas with abundant corn production level and in regions with fewer 

livestock inventories to avoid competing for corn with nearby livestock farms. 

Consequently, this finding further supports the view that ethanol production would not 

have much detrimental impacts on pushing up feed cost where livestock inventory is 

traditionally large. Rather, ethanol production in nearby area would contribute to raise 

local farmer income in crop-abundant area.  

Soybean basis is instead driven down by nearby ethanol capacity both in the long-

run. First, soybean is not a feedstock for ethanol production, thus there is no direct 

relationship between local soybean price and ethanol production. Second, large demand 

for corn from nearby ethanol plants requires more storage space for corn and less for 
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soybean, and local elevators are more likely to reserve more storage space for corn by 

shrinking soybean storage space. In addition, both corn and soybean basis is less 

impacted by temporary shock from ethanol production shock than long-run relationship.  

 

Chapter 4  - AN EXAMINATION OF ASYMMETRIC PRICE 

ADJUSTMENTS BETWEEN SPOT AND FUTURES GRAIN 

MARKETS 

4.1 Introduction 

 The relationship between spot and futures prices for a commodity is the 

foundation for using the futures market to protect the price of the asset.  Under a perfect 

hedge, the difference between the spot and the futures price, or the basis, remains 

constant so any changes in the spot market are offset by equivalent changes in the futures 

market with the ending net price equal to the initial futures price plus the basis (Carter, 

2014).  However, basis changes alter returns to the hedge.  A strengthening (weakening) 

basis benefits short (long) hedgers seeking to protect a selling (buying) price through a 

futures hedge. 

 Temporal changes in the basis at any location should reflect the cost of storage 

(Working, 1962) along with local demand and supply conditions.  Increases in the 

interest rate and thus the cost of storage increase the basis (Naik and Leuthold, 1991) 

while factors that push up local demand such as ethanol capacity (McNew and Griifith, 

2005; Gallagher et al., 2005) and/or reduce local supply (Seamon et al., 2001; Martin et 

al., 1991) also increase the local spot price relative to the associated futures price.  
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Dykema et al. (2002) used futures price in their basis study and verified the role of 

futures price to weaken the basis level in South Dakota, as basis is the difference between 

spot and futures price. 

 Basis changes may also reflect changes in the underlying futures market.  The 

volatility in futures prices for agricultural commodities has risen significantly since the 

jump for the prices of many major crops in the fall of 2006 (Wright, 2011).  The several 

large price increases that occurred in the futures market since the initial price rise 

benefitted many agricultural producers.  However, the benefits could have been partially 

captured by grain merchants if their basis quotes did not rise as quickly as the increase in 

futures prices.  Grain farmers may not be as price sensitive during periods of increasing 

commodity prices allowing merchants to delay passing on the increases in futures price to 

the spot price.  In contrast, the merchants may quickly change basis quotes if futures 

prices are dropping. Given the significant volatility in crop futures prices, the potential 

for asymmetric price movement in the basis has been hypothesized by producers but has 

not been empirically tested. 

 Asymmetric price transmission has been tested primarily within the context of 

the price movements for crude oil and gasoline since the seminal rocket-feather 

hypothesis of Bacon (1991) which suggests that retail gasoline prices adjust faster to 

crude oil price increases than crude oil price decreases.  Numerous studies have also 

tested for an asymmetric price adjustment farm and food retail prices (Meyer and von 

Cramon-Taubadel, 2004; Grasso and Manera, 2007). Non-competitive market structure is 

often hypothesized as the cause of price asymmetry (Honarvar, 2009). For example, large 
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retailers can take advantage of their market power and be slow to transmit to the 

consumer a price decrease of a primary product than a price increase. Inventory 

management is a second possible reason for price transmission asymmetry; production 

lags and finite inventories imply that negative shocks to the future optimal consumption 

path can be accommodated more quickly than positive shocks (Borenstein et al., 1997). 

For example, Balke et al. (1998) showed that accounting methods such as FIFO (first in 

first out) can lead to asymmetric price transmission. In addition to strategic behavior of 

intermediates, Simioni et al. (2013).  argue that asymmetric transmission may also stem 

from transaction costs. 

 To test presence of price transmission asymmetry caused by above various 

reasons, multiple empirical methods have been developed (Frey and Manera, 2007). The 

first stream of tests are based on linear price regression. Farrell (1952) and Tweeten and 

Quance (1969) first used dummy variable technique to separate increasing and decreasing 

input prices and identify their different effects on output prices in a linear regression, and 

this linear method was further revised by Houck (1977) and Ward (1982). After 

cointegration technique was introduced by Granger and Newbold (1974), cointegration 

test and error correction term was employed in asymmetric price transmission by von 

Cramon-Taubadel and Fahlbusch (1994), and Enders and Granger (1998) and Enders and 

Siklos (2001) further modified the standard Dickey-Fuller test to allow for asymmetric 

adjustment. The second stream of asymmetric price transmission tests apply threshold 

approach introduced by Tong (1983), in which deviations from long-run equilibrium will 

lead to price responses only if a specific threshold level is exceeded. And threshold error 
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correction methods was further proposed by Balke and Fomby (1997) and Tsay (1989), 

Goodwin and Harper (2000) and Goodwin and Piggott (2001). 

  Although vast studies analyzed the presence and causes of asymmetric price 

transmission in the realm of crude oil-gasoline and agricultural farm-retail price relations, 

and cointegration relations and lead-lag dynamics between futures and local spot prices 

across several grains have been identified (Fortenbery and Zapata, 1993; Hernandez and 

Torero, 2010), the asymmetric price transmission between global futures and local spot 

prices in grain commodities has rarely been explored. Moreover, since domestic prices 

may respond differently to global market shocks by incorporating area-specific 

production and marketing factors (Cudjoe et al., 2010), it is more intriguing to identify 

the asymmetric price relationship between global futures and local spot prices. This study 

focuses on corn and soybeans, two most significant grain commodities traded in Chicago 

futures market and produced in Ontario grain market. Based on nonstationary time series 

feature and potential cointegration relationship between futures and spot prices, an 

examination of asymmetric price transmission from futures towards spot price using 

multiple empirical methods is the focus of this study. The results indicate that the futures 

and spot prices for corn and soybeans are cointegrated when allowing for asymmetric 

adjustment for these markets in linear models. We further investigate the asymmetric 

behavior between the futures and spot prices by estimating. 

 The purpose of this paper is to test for the presence of asymmetric transmission 

between the prices of global futures and local spot markets.  The study focuses on corn 

and soybeans, two of the most significant grain commodities traded on the Chicago 
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Mercantile Exchange (CME) with Chatham Ontario as the local spot market considered 

for these two crops.  The paper begins with a description of the futures and local prices 

since 1996.  The following section outlines the the threshold autoregressive (TAR) and 

momentum threshold autoregressive (M-TAR) error-correction models used to test for 

the extent and direction that positive and negative shocks from futures prices changes 

have had on the dynamic behavior of spot prices.  

 

4.2 Data 

  This study uses four time series data, corn and soybean spot prices and corn and 

soybean nearby adjusted futures. The sample period comes from January 1996 to 

December 2014. Corn and soybeans price are obtained from Data Resource Centre in 

University of Guelph. This study chooses spot prices for corn and soybeans in Chatham, 

as it is a market centre in Ontario with region-wide high levels of corn and soybeans 

production and convenient transportation connecting to US Chicago market (Martin et al., 

1980). Corn and soybeans nearby futures prices in US dollar are obtained from futures 

contracts in the nearest month traded on the Chicago Mercantile Exchange (CME) 

(formerly CBOT). In this study, we use adjusted nearby futures prices in Canadian 

dollars by multiplying US-Canada exchange rate. US-Canada Exchange rate is collected 

from Statistics Canada spot rate. All prices are in Canadian dollars per bushel. As we are 

interested in long-term price movements, we use weekly values instead of daily 

observations (Kaufmann and Ullman, 2009). The logarithm of weekly spot and nearby 

adjusted futures prices include 1,002 observations.  
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 Table 4.1 indicates statistical summary of the weekly price series. The mean of 

soybeans nearby adjusted futures price is 10.023 C$/bushel while the mean of corn 

futures price is 4.220 C$/bushel. Similarly, the mean of soybeans spot price is as more 

than twice as corn spot price. Meanwhile, corn spot and nearby futures prices have a 

smaller standard deviation as compared to soybeans spot and nearby futures prices.  

 Figure 4.1 and 4.2 plot corn and soybeans spot and nearby futures prices during 

January 1996-December 2014 period. The main evidence as shown in Figure 4.1 is that 

corn prices reached unprecedented heights of C$8/bushel during 2008, 2011, and 2013 

period and subsequently declined to C$4/bushel in 2014 with remarkable speed. As 

shown in Figure 4.2, both spot and futures prices for soybean rise sharply since 2008 and 

maintained at a high level  of around $12/bushel afterwards. Meanwhile, both corn and 

soybeans spot prices generally follow the same trend as corn and soybeans nearby futures 

prices, and both corn and soybeans local spot and global futures prices become more 

volatile since 2006.  

             

Figure 4.1 Corn Spot and Futures Price (Can$/bushel) [1996w1-2014w53] 
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Figure 4.2 Soybean Spot and Futures Price (Can$/bushel) [1996w1-2014w53] 
 

Table 4.1 Descriptive statistics of Corn and Soybean Spot and Futures Prices 
Variable  Mean Std. Dev. Min Max 

Corn     

 Nearby Futures (Can$/bushel)
 

4.220 1.359 2.303 8.098 

 Spot Price (Can$/bushel)
 

4.029 1.331 2.109 8.085 

Soybeans     

 Nearby Futures (Can$/bushel)
 

10.023 2.702 4.625 17.226 

 Spot Price (Can$/bushel)
 

9.788 2.782 5.420 17.242 
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4.3 Empirical Method  

 This study seeks to use time series model to detect a presence of asymmetry price 

transmission in corn and soybeans spot and futures prices. In time series analyses, there is 

a situation where a high coefficient and a significant t-value yet coupled with serious 

autocorrelation can be observed while no true relationship in fact exist. In other words, 

spurious regression is more likely to be detected when time series data was used. To 

avoid picking up spurious correlations, unit root test and co-integration test are to be 

employed. As for unit root test, Dickey-Fuller GLS and Zivot-Andrews tests are 

conducted to determine the integration of all price series. DF-GLS (1996) test is applied 

as it has a higher test power than traditional augmented Dickey-Fuller (ADF) unit root 

test, with the null hypothesis of a unit root against the alternative of a constant 

deterministic trend. In addition, since Dickey-Fuller tests tend to be biased in the 

presence of omitted structural breaks (Zivot and Andrews, 1992), the Zivot-Andrews 

(1992) test,  which allows for one trended structural break, is also used to identify the 

order of integration of each series as specified in theory model. The null hypothesis of 

Zivot-Andrews test in this analysis is that the series is a unit root process with drift that 

excludes exogenous structural change, while the alternative hypothesis is a trend 

stationary process that allows for a one time break in the trend. 

 To examine the price discovery role of adjusted futures prices for corn and 

soybeans that is widely discussed in spot-futures price studies, this study also applies 

causality test to assess the causality relationship between spot and futures prices. Since 

testing for Granger-causality using F-statistics when one or both time series are non-
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stationary can lead spurious causality (He and Maekawa, 1999), based on unit root test, 

we instead use Toda and Yamamoto (1995) method to analyze where changes in spot and 

futures price originate and how they spread, as it suits existence of integration among 

price series. Toda and Yamamoto (1995) procedure uses a modified Wald test for 

restrictions on the parameters of the VAR(k) model. This test has an asymptotic chi-

squared distribution with k degrees of freedom in the limit when a VAR[k+d(max)] is 

estimated. Two steps are involved with implementing the procedure. The first step 

includes determination of the lag length (k) and the maximum order of integration (d) of 

the variables in the system. Measures such as the Schwartz's Bayessian Information 

Criterion (BIC) and Akaike Information Criterion (AIC) can be used to determine the 

appropriate lag structure of the VAR. Given VAR(k) selected, and the order of 

integration d(max) is determined, a level VAR can then be estimated with a total of 

p=[k+d(max)] lags. The second step is to apply standard Wald tests to the k VAR 

coefficient matrix to make Granger cause inference. 

 This analysis contributes to grains spot-futures price adjustment literature by 

using three most popular specifications to detect their asymmetric price adjustment: 

linear asymmetric ECM, the autoregressive threshold ECM, and the ECM with threshold 

cointegration.   

4.3.1 Linear Asymmetric ECM  

 Once the series are found to be of the same integration of order 1, I(1), we test for 

cointegration relationship to examine whether they form a linear combination which is 

stationary, or I(0). To test the pair-wise cointegration relationship between spot and 
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futures prices, this study employed Engle-Granger two-step cointegration method. The 

Engle-Granger two-step procedure considers first the relationship between spot and 

futures prices in levels: 

                                                                                                         (4.1) 

       is spot price of the old crops (e.g., corn to soybeans), and          is 

nearby futures market price. When the time series data on the two prices are non-

stationary, the estimation using Ordinary Least-Squares method (OLS) could result in 

spurious regression. According to Engle and Granger (1987), when a residual    provided 

by estimation is stationary, the estimated result is not spurious but represent cointegrated 

relations.   

 The ADF statistic then can be used to test whether the residuals,    , are stationary. 

If this is the case, the relevant series are said to be cointegrated. Then equation (4.1) can 

be considered a steady-state relation to be included in an ECM of the following form: 

                    
 
                

 
             

                                       
 
                

 
                   (4.2) 

 Where   indicates the first difference operator,   ,   ,    and    denote the short-

run coefficients of spot and futures lagged difference, and       and          are speed 

adjustment parameter for spot and futures equations, respectively. 

  In above expressions, the price adjustment relationship between spot and futures 

is assumed to be symmetric, as the parameter is constant no matter prices are rising up or 

falling down. Granger and Lee (1989) extended the ECM specification to the case of 

asymmetric adjustments. In order to allow for asymmetries, cointegration residuals and 
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first difference short-run parameters are decomposed into positive and negative values. 

The detection of basic asymmetric price transmission mechanism  is as follows: 
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 Where  s are the intercept terms,         
  ,            

  ,         
  , and 

           
   are lagged difference for positive changes in spot, futures, and negative 

changes in spot and futures, respectively. The error correction term ECT is estimated by 

linear regression in (4.1). Based on cointegration relationship, the lagged cointegrating 

residuals are split into positive and negative parts,     and     are adjustment speed 

parameters in positive and negative cases, respectively. 

 

4.3.2  Threshold Autoregressive ECM 

 Above asymmetric price transmission mechanism is based on linear error 

correction approaches. Moreover, an implicit assumption of above method is that every 

small deviation from the long-run equilibrium will lead instantaneously to error 

correction mechanisms. Following the seminal threshold approach introduced by Tong 

(1983), threshold cointegration extends the linear cointegration case by allowing the 

adjustment to occur only after the deviation exceed some critical threshold, and thus is 
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particularly plausible  in the presence of adjustment costs (Azzam 1999) or stickiness of 

the prices. To implement this, a standard ECM in equation (3) is added a TAR 

mechanism to become the TAR-ECM specification. While the threshold parameter is set 

to zero in the classic linear asymmetric ECM, it is consistently estimated using the TAR-

ECM. 

 This study employed a two-regime threshold autoregressive (TAR) cointegration 

method to examine the error correction mechanism with thresholds. Both threshold 

autoregressive (TAR) and momentum threshold autoregressive (MTAR) error correction 

models are applied in this case. 

 If a price adjustment process is asymmetric, the Threshold Autoregressive (TAR) 

model, proposed by Enders and Granger (1998), which is based on Engle and Granger 

(1987), needs to be used to avoid estimation bias. In this model, co-integration test is 

conducted by equation (4.4): 

 

                                                            
 
                             (4.4) 

 

                                                     
















1

1

0

1

t

t

t
if

if
I

　　　　

　　　　　

 

                                         (4.5) 

     is called Heaviside indicator and the definition is shown in equation (4.5). 

Suppose that       is bigger than the threshold  , adjustment of this period is shown in 

      . If       is smaller than the threshold  , adjustment of this period is shown in 



 
 

77 
 

      . When       is hold, it means that the adjustment process is symmetric and, in 

this case, equation (4.5) can also represent equation (4.2). 

 Under equation (4.4), the necessary and sufficient condition for the stationary 

residual series can be shown in the following equation (4.6): 

 

                                                                                                   (4.6)  

 

 In equation (4.6), a null hypothesis (       ) under no existence of co-

integration can be examined through F-test modified by Engle and Siklos (2001) and 

Wane et al.(2004). If there is co-integration, normal F-test can be used to examine the 

null hypothesis on symmetric adjustment process (     ). 

 In addition to the TAR model, Momentum-Threshold Autoregressive (M-TAR) 

model have been used. It is sometimes suggested that M-TAR model is more suitable 

than TAR model for the analysis on perishable products such as foods. The TAR model is 

designed to capture potential asymmetric "deep" movements in the residuals, while the 

M-TAR is useful to take into account sharp variations in residuals (Enders and Granger, 

1998). M-TAR model can be expressed as follows:  
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 In this study, estimations are made using both TAR and M-TAR model to 

examine the asymmetric price relations between spot and futures. 
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4.3.3 Threshold VECM 

 Balke and Fomby (1997) proposed application of threshold error correction 

methods in univariate settings. Lo and Zivot (2001) and Bec and Rahbek (2004) extended 

their approach to a multivariate threshold cointegration model with a known 

cointegrating vector. Hansen and Seo (2002) proposed a maximum likelihood procedure 

for estimating multivariate threshold error-correction model when the cointegrating 

vector is known. 

 Our empirical investigation builds on a two-regime bivariate threshold 

cointegration specification proposed by Hansen and Seo (2002): 

     

             
 
                                        

 
    

                      +                                             (4.9) 

 Where           
 
 is a vector of prices for spot and futures market, respectively, 

     is an indicator function depending on the size of the deviation from the long-run 

equilibrium in the previous period          relative to the threshold parameter    ,    

and   are 2×1 vectors of intercepts,     and     are 2×2 matrices of constant parameters 

representing short-run responses, and    and    are 2×2 diagonals matrices representing 

speed of adjustment to the long-run equilibrium in the first and second regimes, 

respectively, k is the number of lags and    are i.i.d. Gaussian disturbances. This 

specification assumes that when deviations from the long-run equilibrium are not 

sufficiently large with respect to the threshold parameter (regime 1), then the price 
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transmission process is defined somewhat differently from the alternative case (regime 2). 

In particular, the speed if adjustment parameters   are assumed to have lower values in 

the non-adjustment regime (regime 1) and potentially could be even insignificant. 

 In the context of this study, the threshold VECM specification is shown as: 
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 (4.10) 

 The algorithm for the threshold vector error-correction model (TVECM) 

estimation procedure contains three steps. The first step consists of testing for stationarity 

and cointegration using ADF and Johansen (1991) tests, respectively. In the second step, 

the series that are integrated of order one are used in a standard linear error-correction 

model. In the final step, the TVECM is estimated for the cointegrated series. For this 

purpose, the threshold parameter   is determined using the following selection criteria: 

                                                         
 

 
             

  
                                  (4.11) 

 Once the value of   that minimizes (4.11) is chosen, an additional restriction that 

each regime should contain at least a pre-specified fraction of the total sample      is 

imposed on this grid search procedure: 

                                                                       (4.12) 
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 The statistical significance of the threshold paramter   (the nuisance parameter) 

contains elements of non-standard inference. Therefore, the p-values are calculated using 

SupLM test and the bootstrapping techniques proposed by Hansen and Seo (2002).  

 Using the TVECM approach for rolling sub-samples enables us to observe the 

evolution of transaction costs bands over different time intervals. Our argument is that the 

more integrated the markets are, the smaller the transaction costs band should be, taking 

other parameters constant. Therefore, diminishing dynamics of transaction costs band 

over time is considered as evidence in favor of the gradual integration of financial 

markets in EMU member states. 

Table 4.2 Stationarity Test Results for Spot and Futures Prices 

Variable 

DF-GLS  Zivot-Andrews 

Level 1st Difference  Level 1st Difference 

Corn      

 Nearby Futures -1.926 -12.182***  -3.125 -24.831*** 

 Corn Spot -2.041 -13.289***  -3.577 -24.769*** 

Soybeans  

 Nearby Futures -2.449 -13.669***  -3.518 -25.328*** 

 Soybeans Spot -2.177 -13.662***  -3.000 -23.266*** 

Note: Optimal lag length was determined by Schwarz's Information Criterion. *10% significant level, ** 5% 

significant level, *** 1% significant level 
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4.4 Empirical Results 

 Since both corn and soybean price series exhibit non-stationary time series feature, 

traditional Engle-Granger causality test is proved to be invalid and we instead apply 

Toda-Yamamoto (1995) causality test to examine the causality relationship between spot 

and futures prices. As shown in Table 4.3, Chi-squared statistics in Wald test show that 

the p-value for accepting the null hypothesis of corn futures not Granger causing spot 

price is only 7.2e-06, whereas the p-value for accepting the null that corn spot price does 

not Granger cause futures price is 0.078, higher than 0.05. Thus it is more likely that corn 

futures Granger causes corn spot price, but not the other direction around. Meanwhile, p-

values indicate that the null that soybeans futures and spot prices do not Granger cause 

each other is rejected at 5% significant level. Thus for soybeans, spot and futures prices 

have a bi-directional causal relationship. This answers the question for most grain spot-

futures price relationship literature in that corn futures has a price discovery role and 

soybean local and global market prices mutually influence each other in Ontario market. 

The reason behind the unidirectional causal relationship in corn and bi-directional causal 

relationship in soybean spot-futures prices might be attributable to differences in 

transaction cost between corn and soybeans, as low transaction costs can lead a shorter 

contract to be the price leader, and thus spot prices can be price leading if the 

convenience yield is high enough. 
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Table 4.3 Toda-Yamamoto Granger Causality Test Results 

Test Statistics 

Corn  Soybeans 

Futures->Spot Spot->Futures  Futures->Spot Spot->Futures 

Chi-squared 47.8*** 20.8  23.9*** 21** 

 (7.2e-06) (0.078) (0.013) (0.033) 

  Note: Values in parentheses are p-values, the null hypothesis for Futures->Spot is futures does not 

Granger causes spot prices, *** denotes 1% significant level, ** 5% significant level 

 To test the cointegrating relationship between spot and futures prices, this study 

uses both Engle-Granger and Philips-Ouliaris cointegration tests. As shown in Table 4.4, 

statistics for Engle-Granger test indicate the null hypothesis of no cointegration is 

rejected at 1% significant level for both corn and soybeans spot-futures pair-wise series. 

Philips-Ouliaris test also suggests spot and futures prices are cointegrated at 1% 

significant level. This study uses vector error correction model to estimate the symmetric 

spot-futures price relationship. The lag order is also selected based on BIC criterion. As 

shown in Table 4.5, the error correction term adjustment parameter       is significant at 

10% level. In the error correction term, spot and futures prices have a long-run positive 

relationship. The coefficient before logged futures price is proximately equal to 1, which 

is in line with spot-futures price arbitrage theory. 
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Table 4.4 Engle-Granger and Philips-Ouliaris Cointegration Test Results 
Test Statistics Corn Soybeans 

Engle-Granger test    

Tau3 -4.637*** -7.212*** 

Phi2 7.177*** 17.340*** 

Phi3 10.755*** 26.01*** 

Philips-Ouliaris   

Philips-Ouliaris standard -46.226*** -81.102*** 

 (0.01) (0.01) 

Note: Values in Parentheses are p-values *** 1% significant level, ** 5% significant level, * 10% 

significant level 

 

Table 4.5 Vector Error Correction Model Estimation Results 

Variable 

Long-Run  Short-Run 

     Trend                        

Corn ECT:                     

Nearby Futures -0.022* 8.1e-07  -0.038 0.271*** 

Corn Spot -0.065*** 6.1e-07    0.324***   -0.098* 

Soybeans ECT:                     

Nearby Futures 0.030* 1.4e-06  0.074 0.188*** 

Soybean Spot -0.054*** 1.4e-06  0.297*** 0.005 

    Note: * 5% significance level. ** 1% significance level. *** 0.1% significance level. 

 To assess the asymmetric price relationship between spot and futures prices, first, 

the linear asymmetric price relationship is shown in Table 4.6. As indicated in         
 , 

        
 ,      

 , and      
 , spot-futures prices adjustment is quicker when prices go up 

than when they fall down. From   ,   ,   , and   , the short-run impact of differenced 

lagged futures on spot  price in corn is greater when in positive price movement than in 

negative price movement, and the same is true for the short-run impact of differenced 

lagged spot on futures price in corn.  
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Table 4.6 Linear Asymmetric Price Transmission Results 
 Corn Soybeans 

   -0.131 0.086 

   -0.017 -0.019 

   0.162* 0.320*** 

   0.300*** 0.142** 

   0.270*** 0.085 

   0.292*** 0.388*** 

   -0.020 -0.142 

   -0.014 0.160** 

        
  -0.034* 0.057** 

     
  -0.057*** -0.051** 

        
  -0.09 -0.025 

     
  -0.077** -0.055** 

         0.003 0.00006 

      0.002 0.003 

Note: * 5% significance level. ** 1% significance level. *** 0.1% significance level. 
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Figure 4.3 Lag and Threshold Selection of Corn Spot-Futures Autoregressive 

Threshold (TAR) Cointegration 
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Figure 4.4 Lag and Threshold Selection of Soybean Spot-Futures Autoregressive 

Threshold (TAR) Cointegration 
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Figure 4.5 Lag and Threshold Selection of Corn Spot-Futures Momentum 

Autoregressive Threshold (M-TAR) Cointegration 
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Figure 4.6 Lag and Threshold Selection of Soybean Spot-Futures Momentum 

Autoregressive Threshold (M-TAR) Cointegration 
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 In addition, this study used both threshold autoregressive (TAR) and momentum 

threshold autoregressive (M-TAR) cointegration methods. The threshold values for corn 

and soybeans spot-futures relationship in threshold autoregressive (TAR) models are 

selected based on both AIC and BIC, as shown in Figure 4.3 and 4.4. Similarly, the 

threshold values for corn and soybeans spot-futures relationship in momentum threshold 

autoregressive (M-TAR) models are selected based on both AIC and BIC, as shown in 

Figure 4.5 and 4.6. The threshold value for corn and soybeans spot-futures threshold 

autoregressive (TAR) model is -0.09 and 0.03, respectively. And the threshold value for 

corn and soybeans spot-futures momentum threshold autoregressive (MTAR) model is 

0.169 and 0.379, respectively. Based on the threshold value of -0.09 and 0.03, the 

selected lag order in TAR model is 2 and 1 for corn and soybeans. Based on the threshold 

value of 0.013 and 0.009, the selected lag order in M-TAR model is also 2 and 1 for corn 

and soybeans, respectively. 

 Based on above threshold and lag order selection procedures, the estimated results 

of corn and soybeans by threshold autoregressive model (TAR) are shown in Table 4.7. 

Similarly, the estimated results of corn and soybeans by momentum threshold 

autoregressive model (M-TAR) are shown in Table 4.8. The  statistic values of    and    

are significant at 5% level.   
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Table 4.7 Threshold Autoregressive Regression Results of Corn and Soybean 
 Corn Soybeans 

   -0.037*** -0.108*** 

   -0.085 -0.044** 

  -0.011 -0.044** 

         0.973*** 1.007*** 

   0.344*** 0.198*** 

   -0.165*** - 

Lags 2 1 

  -0.09 0.03 

Note: Lags are determined by Schwartz Information Criterion * 10% significance level. ** 5% significance 

level. *** 1% significance level. 

 

                          

Figure 4.7 Grid Search for Threshold in Threshold VECM of Corn 
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Figure 4.8 Grid Search for Threshold in Threshold VECM of Soybean 
 

 Positive and negative APT are defined as follows according to Meyer and 

Cramon-Taubadel (2004). When futures market price is increased or decreased, the 

positive APT is defined that the reaction of local market spot is faster in increased price 

scenario than in decreased price scenario. The negative APT definition is that the reaction 

in the local spot market price is faster when decreased than when increased. According to 

the definition in the TAR and M-TAR model, when          , negative discrepancies 

from the equilibrium error adjust more rapidly than positive discrepancies. This implies 

that a shock that decreases margins adjusts more rapidly than a shock that increases 

margins. That is, the price transmission exhibits downward rigidity, which is called 

positive APT. In contrast, when          , the negative APT exists. In the context of 

corn and soybeans spot-futures relationship, it is observed from Table 4.7 and Table 4.8 
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that                   and                    in the corn spot-futures case. 

Thus positive asymmetric price transmission exists in corn spot-futures price adjustment 

relationship. Similarly, as          , the negative asymmetric price transmission exists 

in soybeans spot-futures relationship. Therefore, local corn spot market price is faster 

when increased than when decreased in response to global futures price fluctuations in 

the positive APT scenario. In contrast, local soybeans spot market price is faster in 

decreased price scenario than in increased price scenario when facing global futures price 

changes. There are several potential reasons for the asymmetric price response to global 

futures price for corn and soybeans spot. First, from local corn demand perspective, the 

newly developed stable corn demand from ethanol facilities may lead to a faster response 

of local corn spot price when price increases than when price decreases, thus local 

farmers could take advantage of global corn price hike and get a higher profit premium 

when facing strong demand for corn. An impressive figure is that Canada produces 462.3 

million gallons ethanol in 2011, accounting for 33% of Ontario provincial corn 

production level since level 2011. However, soybeans in Ontario is mainly solely for 

crushing and export and still keeps a strong momentum as a big supplier in Canada, and 

what is more, more planting land has been substituted by corn for increased corn demand 

from local ethanol production, thus soybeans is faster in decreased price scenario than in 

increased price scenario when facing global futures price changes. 

 Table 4.9 shows the threshold vector error correction model (TVECM) result. The 

threshold for corn and soybeans estimations are -0.101 and 0.058, respectively. The 
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short-run impact of corn futures on spot price is bigger when error correction term is 

below than threshold than when error correction term is higher than threshold.  

Table 4.8 Momentum Threshold Autoregressive Regression Results of Corn and 

Soybean 
Parameter Corn Soybeans 

   -0.0004 -0.059 

   -0.052*** -0.019*** 

  -0.011 -0.011 

         0.973*** 0.973*** 

   0.334*** 0.294*** 

   -0.173*** - 

Lags 2 1 

  0.013 0.009 

Note: Lags are determined by Schwartz Information Criterion * 10% significance level. ** 5% significance 

level. *** 1% significance level. 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

94 
 

Table 4.9 Threshold VECM Estimation Model Results of Corn and Soybean 
Parameter Corn Soybeans 

         0.298 0.178** 

            0.101 -0.077 

         0.324*** 0.669*** 

            -0.082 0.296*** 

         -0.083 -0.027 

            0.321*** 0.165 

         -0.173 0.025 

            0.067 0.305 

       -0.131 -0.013 

          -0.057 0.014 

       -0.077*** -0.002 

          -0.040*** 0.137*** 

  -0.101 0.058 

                                                       

Note: * 10% significance level. ** 5% significance level. *** 1% significance level. 

 

4.5 Conclusion 

 This study seeks to examine the asymmetric price transmission relationship 

between local corn and soybeans spot and global crop futures price during 1996-2014. 

Local corn and soybeans spot exhibit a non-stationary trend in the event of large scale 

local ethanol production, which provides a unique perspective to identify the impact on 

local crop spot from global futures market fluctuations. By employing Toda-Yamamoto 

Granger Causality test, we find that corn futures Granger causes spot price by single 
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direction, while soybean spot and futures prices mutually Granger cause each other. By 

applying Philips-Ouliaris and Engle-Granger bivariate cointegration test, the cointegrated 

relationship is identified in both corn and soybeans spot-futures price series, and a 

symmetric price error correction mechanism is detected. Moreover, when examining the 

asymmetric price adjustment relationships, this study employs both linear asymmetric 

price transmission and nonlinear threshold autoregressive (TAR) asymmetric price 

transmission methods to completely evaluate the asymmetric relationship between local 

spot and global futures for corn and soybeans. The linear asymmetric price transmission 

test shows that corn spot price goes up more quickly following futures price than it falls 

down. The threshold autoregressive method indicates that a positive price transmission 

exists between local corn spot and global corn futures, whereas a negative price 

transmission is found between local soybeans spot and global futures. Noticeable 

difference on demand and supply conditions between local and global crop market is well 

attributable to such result, as relative corn demand in local market is large as compared to 

soybeans market owing to relatively large scale local ethanol production. Moreover, 

abundant relative corn and soybeans supply in Ontario also contribute to the asymmetric 

price adjustment.   
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Chapter 5  -FUEL, FEED, AND FOOD PRICE LINKAGE IN THE 

ERA OF ETHANOL EXPANSION 

5.1 Introduction 

World grain prices have been in an exceedingly volatile trend since 2005. 

Chicago corn futures price rose up from $2 since October 2006 and reached historically 

record level of $8.03 on August 2012. Soaring grain prices arouse concerns that it could 

put noticeable feed cost pressure on livestock industry (Tejeda and Goodwin, 2009) and 

subsequent human food sector. 

Recent studies have attributed the hiking grain prices to various factors. In the 

short run, these factors include low productivity owing to adverse weather conditions, 

such like droughts in Eastern Europe in 2010, as well as in United States in 2012 (Chang 

et.al., 2012), and speculative demand for agricultural commodities from financial markets 

(Baffes and Haniotis, 2010); In the long run, excessive food demand from emerging 

economies with growing economic income and increased population (Enders and Holt, 

2012), sharply increased demand for corn from ethanol production in the United States to 

fulfill  biofuel mandates (Chen, et. al., 2010), and the weakening of the US dollar (Abbott 

et. al., 2008) are thought to contribute to the grain prices surge.  

 Among above factors, ethanol expansion caused by new biofuel policies and 

hiking oil prices are best regarded to explain for grain price jumps since 2005 (Wright, 

2014). Traditionally, surging crude oil is weakly linked with grains on the supply side 

either by directly adding up input prices such like fertilizer and transportation cost 
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(Hanson, et. al., 1993; Taheripour and Tyner, 2008), or by indirectly impacting local 

grain prices via exchange rate (Harri, et. al., 2009). With introduction of ethanol, recent 

oil price spikes and biofuel mandates result in strengthening the demand for ethanol and 

hereby exert upward pressure on grain prices on the demand side (Balcombe and 

Rapsomanikis, 2008).  

Vast studies concentrated on fuel-food time series price linkages in the U.S. 

market through ethanol as a nexus. Common approaches divide ethanol price 

transmission into short and long run impacts. In the short run, fixed production factors 

including limited amount of arable land, corn demand shock resulting from oil price spike 

and ethanol production or adverse weather, and structural change due to renewed biofuel 

policies including biofuel mandates and banned use of MTBE, might deviate grain 

market demand and supply from pre-ethanol equilibrium, while in the long run, potential 

farm level responses include changes in crop mix, crop rotation and management, 

livestock management, and cropland expansion, might be well adjusted for local market 

changes and pull back grain prices into new equilibrium level. 

However, results regarding the influence of biofuels on commodity prices are not 

universal (Headey and Fan, 2010; Abbott, 2012). Zhang et. al. (2010) indicated in the 

cointegration test that no long-run relationship between fuel and agricultural commodity 

prices were detected, although long-run equilibriums exist within the energy prices 

among crude oil, gasoline, and ethanol, and agricultural commodities among corn, 

soybean, wheat, and rice. Causality test also suggest a lack of short-run relationships. 

These results revealed that agricultural commodity prices do not appear to be directed 
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through fuel-price activity. Saghaian (2010) revealed in cointegration test that there exists 

a stationary, linear cointegrating relationship among corn, soybean, wheat, oil, and 

ethanol series, yet directed acyclic graphs showed no links between the energy and 

agricultural sectors, rejecting the hypothesis that instability in the energy sector causes 

instability in the agricultural sector. Cha and Bae (2011) used SVAR model and indicated 

that oil price shock steadily raised ethanol demand for corn as an alternative fuel, 

increasing corn prices in the short term. However corn market gradually stabilized in the 

long run as feed and export demand for corn decreased to adjust for oil price shock on 

ethanol demand.  Similar results are reached by Qiu et. al. (2012), showing decentralized 

markets will mitigate the persistence of price shocks from increased biofuel production 

and ethanol market shocks do not spill over into grain prices in the long run. Serra et. al. 

(2011) found an increase in energy prices causes an increase in corn prices through the 

ethanol market. In addition, corn price increases also generate ethanol price increases due 

to rising feedstock cost for ethanol production.  

To analyze impact of biofuel on food crisis during 2007-2008, Kristoufek et. al. 

(2012) decomposed the time period into two sub-periods: pre-crisis period and post-crisis 

period, by using  minimal spanning trees and hierarchical trees, they suggested that in 

short-term, ethanol is weakly connected with other commodities, while in the medium-

term, the biofuels network are more intercorrelated. And price connections are much 

stronger for the post-crisis period than pre-crisis period. This is consistent with Du and 

McPhail (2012), who found a strengthened corn-ethanol relation in the more recent 

subsample period after the identified change point. 
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Compared to studies on oil-ethanol-grain price relationships to solve for food 

versus fuel debate, relatively few studies included livestock sector into the price linkage 

to understand how energy price would impact feed cost and resulted livestock and food 

prices. Tejeda and Goodwin (2009) studied dynamic price relationship between corn, 

soybean, feeder and fed cattle prices in both pre-mandate and post-mandate periods. 

However, they failed to directly investigate the transmitted linkage on feed grain and 

livestock prices from crude oil and ethanol prices. 

Furthermore, an overwhelming majority of price transmission studies dwell on 

U.S. market, which accounts for more than 50% of world ethanol production and serves 

as an ethanol and feed grains price maker in global market. The rest of studies examine 

price linkages either on EU or Brazil, which have rather weak connections with US 

market owing to either geographic distance or different feedstock types for ethanol 

production. In contrast, No related studies so far has done systematic research on fuel-

feed-food price linkages in Ontario, the largest ethanol producing province in Canada and 

one of the most competitive livestock producer in North America. 

The primary objective of this paper is to investigate the vertical price linkage 

between crude oil, ethanol, corn, livestock markets (cattle and hog), and food (beef and 

pork) markets in Ontario local market.  

The remainder of the paper is organized as follows. Section 2 provides a 

description of data, Section 3 discusses the methodology, Section 4 analyses the 

empirical results, and Section 5 gives some concluding comments. 
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5.2 Data   

The data set used in the empirical analysis comprises monthly prices of crude oil, 

gasoline, ethanol, corn, cattle, hog, beef and pork in Ontario from January 1997 until 

December 2014, with 216 monthly observations for each time series. To account for the 

problem of comparing disparate price units, the data is indexed based on the price of 

January 1997 for each commodity respectively. Monthly crude oil price is obtained from 

U.S. Energy Information Administration (EIA) using Cushing, Oklahoma crude oil 

futures contract 1 price in US dollars per barrel. To make crude oil prices consistent with 

other Canadian prices, the crude oil price is adjusted for exchange rate before it is 

indexed. Canadian ethanol price is obtained from OECD-FAO Agricultural Outlook 

database measured in Canadian dollar per gallon (C$/gallon).  Gasoline price is obtained 

from Statistics Canada (Table 326-0009). Corn price is sourced from University of 

Guelph Data Resource Centre using local old crop spot prices in Chatham, Ontario, as 

Chatham is the crop market centre in southwestern Ontario region. Slaughter cattle and 

hog prices in Ontario are collected from Statistics Canada monthly farm product prices 

(Table 002-0043). Grain corn price is measured in C$/bushel, while cattle and hog prices 

are measured in Canadian dollar per hundred weight (C$/cwt). The price series of energy 

fuels during 1997-2014 period are shown in Figure 5.1. Corn, cattle and hog price indices 

are shown in Figure 5.2, while beef and pork prices during the same period are shown in 

Figure 5.3. 
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Figure 5.1 Crude oil, Gasoline, and Ethanol prices [01/1997-12/2014] 

 

                 

Figure 5.2 Corn, Cattle, and Hog prices in Ontario [01/1997-12/2014] 
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As shown in Figure 5.1, adjusted crude oil, gasoline, and ethanol prices indicate a 

strong co-movement trend. Crude oil price rose up since 1997, reached the highest level 

in June, 2008, and experienced the sharp price drop in January, 2009 and November, 

2014. Ethanol and gasoline prices are relatively less volatile compared to crude oil price. 

As indicated in Figure 5.2, corn went through the highest price increase in July 2011 and 

June 2012. Figure 5.2 also shows that both cattle and hog prices maintained at a stable 

level until a sharp price increase in 2014, which is also reflected in beef and pork price 

trend as illustrated in Figure 5.3. 

Table 5.1 Summary Statistics of  Variables 
Variable Mean Std. Deviation Max Minimum 

Crude oil 1.884 0.810 4.015 0.514 

Gasoline 1.577 0.465 2.478 0.857 

Ethanol 1.615 0.547 3.168 0.796 

Corn 1.085 0.355 2.169 0.611 

Cattle 1.262 0.257 2.231 0.563 

Hog 0.814 0.185 1.458 0.245 

Pork 1.001 0.097 1.341 0.816 

Beef 1.637 0.329 2.441 0.982 

 

Table 5.2 Pearson Correlation Matrix of Fuel, Feed and Food Commodities 
Variable Crude oil Gasoline Ethanol Corn Cattle Hog Beef Pork 

Crude oil 1.000 - - - - - - - 

Gasoline 0.947 1.000 - - - - - - 

Ethanol 0.871 0.872 1.000 - - - - - 

Corn 0.613 0.701 0.573 1.000 - - - - 

Cattle 0.278 0.476 0.275 0.343 1.000 - - - 

Hog 0.215 0.378 0.248 0.308 0.585 1.000 - - 

Beef 0.796 0.867 0.721 0.550 0.567 0.342 1.000 - 

Pork 0.476 0.636 0.471 0.408 0.656 0.718 0.745 1.000 
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Figure 5.3 Beef and Pork prices in Ontario [01/1997-12/2014] 

  

 The correlation coefficients in Table 5.2 confirm the highly correlated price 

relationship between crude oil, gasoline, and ethanol prices, with crude oil and gasoline 

prices gaining the highest correlation (0.947). The correlation coefficient between ethanol 

and corn is 0.573. And ethanol is weakly correlated with hog and cattle prices, with no 

more than 0.28, which indicates a weak connection between ethanol and agricultural 

commodities in the whole period. 

 

5.3 Empirical Method  

5.3.1 Stationarity Test 

 The order of integration was tested for all the energy fuel and agricultural 

commodity prices. This study used two types of tests to check for the stationarity of time 
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series: the Elliott et al. (1996) DF-GLS test and Zivot-Andrews (1992) unit root test. 

Elliott et al (1996) proposed an efficient test by modifying the Dickey-Fuller test statistic 

using a generalized least squares (GLS) rationale. The lags length in the ADF test was 

selected by Schwarz Bayesian Criterion (SBC) and the null hypothesis is that there exists 

a unit root in the examined time series against the alternative hypothesis of a trend 

stationary series. As Perron (1989) points out that conventional unit root tests may have 

defects when there is a break in the deterministic trend function, we also use Zivot-

Andrews test to assess stationarity by allow for potential structural break. The Zivot-

Andrews (1992) test is a unit root test in which the breakpoint is estimated rather than 

fixed a priori, as in Perron (1989). In the Zivot-Andrews stationary test we allow for one 

break in the trend. 

 

5.3.2 Structural Break Test 

 The foundation for assessing structural breaks is concerned with testing deviation 

from stability in the ordinary regression model 

         
              (5.1) 

 If there are m breakpoints, the coefficients would shift from one stable regression 

relationship to a different one. In this case, there will be m+1 segments in which the 

regression  coefficients are constant, and the model can be rewritten as 

       
        (i=    +1,...,   , j=1,..., m+1)    (5.2) 

 where j denotes the segment index. As in practice the breakpoints are rarely given 

exogenously, the structural change test in essence is to estimate the breakpoints by 
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minimizing the residual sum of squares (RSS) of the equation above, and more 

specifically is to compute a triangular RSS matrix, which gives the residual sum of 

squares for a segment starting at observation i and ending at i' with i<i'. The distribution 

function used for the confidence intervals for the breakpoints is given in Bai (1997). 

Based on the algorithm described in Bai and Perron (2003) for simultaneous estimation 

of multiple breakpoints, we use the structural test to determine endogenous breakpoints 

that could influence the subsequent cointegrating relationships among price series. 

 

5.3.3 Cointegration Test 

Two kinds of cointegration tests are adopted in this study. The first cointegration 

test is the Johansen cointegration test that is based on Vector Autoregressive Regression 

model (VAR), Johansen cointegration test is widely applied to examine both bivariate 

and multivariate co-integrating relationship.  

As discussed by Engle and Granger (1987), a linear combination of two or more 

non-stationary series that share the same order of integration may be stationary, if the 

linear combination of these series is stationary. If such a stationary linear combination 

exists, the series are said to be cointegrated and long-run equilibrium relationships exist 

in economics sense. Although there may be short-run developments that can cause series 

to deviate, there is a long-run equilibrium relation represented as a linear combination, 

which ties the individual price series together. 

An assessment to energy prices connection could explain the long-run price 

linkage between fossil fuel and biofuel, as gasoline is distilled from crude oil, and ethanol 



 
 

106 
 

is a substitute for gasoline. In addition, ethanol-feed-livestock prices connection could 

contribute to a better understanding on whether ethanol, feed grain, and major livestock 

prices have co-movement relationships. Moreover, energy-feed-livestock-food price 

linkage could contribute to examine a complete price chain relationship between energy 

and agriculture, and to assess how energy prices are transmitted towards livestock feed 

and human food sector via newly introduced ethanol as a nexus. 

Based upon vector autoregressive (VAR) model, this study chooses the optimal 

orders of lag that minimize Bayesian information criterion (BIC), as the results of 

Johansen tests are sensitive to the order choice (Bahmani-Oskooee and Brooks, 2003). 

Meanwhile, this study uses Johansen’s trace statistic method to select ranks of 

cointegrating relationships. 

 

 

 

5.4 Empirical Results 

 Table 5.3 shows the result of both DF-GLS test and Zivot-Andrews test on both 

the level and first difference of monthly prices of nine commodities. we find that all 

energy prices (crude oil, gasoline, and ethanol) reject the null hypothesis of unit root both 

at the level and the first difference at 1% significant level in DF-GLS test, and they also 

reject the null hypothesis of unit root at the level at 5% significant level in Zivot-

Andrews test. These results indicate that crude oil, gasoline, and ethanol prices are all 

integrated of order 0, i.e., I(0), in 1997.1-2014.12 period. In particular, since the 



 
 

107 
 

alternative hypothesis for Zivot-Andrews test is stationary series with structural break in 

trend, this suggests there could be structural break in these price series. 

 Meanwhile, for the rest of the variables, DF-GLS test fails to reject the null 

hypothesis of unit root at 10% significant level in corn, cattle, pork and beef prices. It 

also fails to reject the null hypothesis of unit root at 1% significant level in hog price. 

However, DF-GLS test rejects the unit root null hypothesis in all their first difference 

data at 1% significant level. These results suggest all agricultural commodity time series 

are integrated of order 1, i.e., I(1), and this is also confirmed by Zivot-Andrews test with 

similar results on the these series. 

 Since Zivot-Andrews test indicates potential structural breaks in energy price 

series, this study uses structural break test introduced by Bai and Perron (2003) to 

identify the time that potential structural breaks occurred during 1997.1-2014.12 period. 

For simplicity we just consider a single structural break among these series. Table 5.4 

presents the structural break test result, and we find that crude oil price indicates its 

structural break point in February 2005, and both gasoline and ethanol prices point to the 

structural break point at mid-2005, when US started to become world's largest ethanol 

producer. In such case, we choose May 2005 as the structural break point for as energy 

price structural break time, and break down the whole time period into two sub-periods: 

one is the pre-ethanol period (1997.1-2005.4) and the other is the ethanol-boom period 

(2005.5-2014.12). By analyzing the price transmission in the two sub-periods separately 

we can get price cointegration results in both periods and make comparison. 
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 In the sub-period 1997.1-2005.4, both DF-GLS and Zivot-Andrews test results 

presented in Table 5.3 show that crude oil, gasoline, and ethanol prices are found to be 

nonstationary. In the ethanol-boom period (2005.5-2014.12), although DF-GLS test reject 

the unit root at 5% level in three energy series, Zivot-Andrews test fails to reject the null 

at 10% level except ethanol, indicating that energy prices contain unit root after allowing 

for structural break. Both DF-GLS and Zivot-Andrews tests also indicate non-stationarity 

for other price series in both sub-periods.   

 

Table 5.3 Stationary Test of Energy, Feed, and Food Price Series 

                  

Note: Lag order is selected by Schwartz Criterion (BIC) in both DF-GLS and Zivot-Andrews tests. 

***denotes rejection of null hypothesis at 1% level, ** denotes rejection of null hypothesis at 5% level, 

*denotes rejection of null hypothesis at 10% level. 
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Table 5.4 Structural Break Test Result in Energy Prices 
Variable RSS BIC Break Point 

Crude oil 37.109 254.015  98  (2005.2) 

Gasoline 13.416 34.249 101 (2005.5) 

Ethanol 12.377 16.849 102 (2005.6) 

Note: Break points are in parenthesis. 

 

 Table 5.5 presents the bivariate cointegration test results. During 1997.1-2005.4 

period, the Trace statistics indicates that there is only one bivariate cointegrating 

relationship among crude oil, gasoline, and ethanol prices. The bivariate cointegration 

only exists between crude oil and gasoline. Weak exogeneity test suggests that crude oil 

price is exogenous and unidirectionally causes gasoline price in the long-run 

cointegrating relationship. The long-run cointegrating vector also confirms that crude oil 

pushes up gasoline in the long-run at 1% significant level. However, based on trace 

statistics, we fail to find cointegrating relationships between either gasoline and ethanol 

or crude oil and ethanol, which implies that there is a weak price co-movement 

relationship during pre-ethanol period. In addition, as Trace statistics fail to reject the null 

hypothesis of no cointegration, it is also found that there is no cointegrating relationship 

between ethanol and corn prices. This indicates the price linkage between energy and 

feed crop is not established before ethanol is widely introduced into Ontario. As for the 

feed-livestock price relationships, it is also found that corn price pushes up both cattle 

and hog prices, although the coefficients of corn in the long-run cointegrating vectors is 

not significant. The weak exogeneity tests also confirm the single-direction causality in 
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the long-run from corn to cattle and hog prices. In the price relationships between 

livestock and meat sector, we only find the cointegrating relationship between hog and 

pork prices, but there is no price adjustment linkages between cattle and beef. 

Table 5.5 Johansen Bivariate Cointegration Test Results 

 Note: P-values are in brackets, ***denotes rejection of null hypothesis at 1% level, ** denotes rejection of 

null hypothesis at 5% level, *denotes rejection of null hypothesis at 10% level. 

Price Pairs Trace Test Cointegrating Relationship Long-Run 

Causality 

 Rank r Trace 

Statistics 

  

1997.1-2005.4      

Crude Oil-Gasoline 0 38.369*** Gasoline-0.466Crude Oil-0.63 -0.03 -4.64 

 r  ≤ 1 0.319                [0.001] [0.972] [0.001] 

Gasoline-Ethanol 0 10.846 No Cointegration - - 

 r  ≤ 1 0.038    

Crude Oil-Ethanol 0 6.887 No Cointegration - - 

 r  ≤ 1 0.074    

Ethanol-Corn 0 8.177 No Cointegration - - 

 r  ≤ 1 3.101    

Corn-Cattle 0 18.130** Cattle-0.458Corn-0.793 1.63 -2.65 

 r  ≤ 1 6.535           [0.333] [0.104] [0.008] 

Corn-Hog 0 17.268** Hog-0.109Corn-0.688 -0.05 -3.30 

 r  ≤ 1 6.496        [0.778] [0.961] [0.001] 

Cattle-Beef 0 8.205 No Cointegration - - 

 r  ≤ 1 1.634    

Hog-Pork 0 20.655*** Pork-1.121Hog-0.078 2.73 -2.26 

 r  ≤ 1 2.214         [0.001] [0.006] [0.024] 

2005.5-2014.12      

Crude Oil-Gasoline 0 16.181** Gasoline-2.475Crude 

Oil+4.308 

1.60 3.52 

 r  ≤ 1 2.920               [0.001] [0.109] [0.001] 

Gasoline-Ethanol 0 18.674** Ethanol-0.138Gasoline-1.785 -2.38 -3.57 

 r  ≤ 1 3.921             [0.590] [0.017] [0.001] 

Crude Oil-Ethanol 0 26.706*** Ethanol-0.050Crude Oil-1.924 -1.78 -3.61 

 r  ≤ 1 12.893             [0.788] [0.076] [0.001] 

Ethanol-Corn 0 25.359*** Corn-5.222Ethanol+9.479 4.80 1.24 

 r  ≤ 1 3.446          [0.001] [0.001] [0.214] 

Corn-Cattle 0 4.752 No Cointegration - - 

 r  ≤ 1 0.194    

Corn-Hog 0 10.311 No Cointegration - - 

 r  ≤ 1 3.094    

Cattle-Beef 0 18.463** Beef-0.850Cattle-0.790 0.48 -3.93 

 r  ≤ 1 2.530        [0.001] [0.631] [0.001] 

Hog-Pork 0 31.464*** Pork-0.852Hog-0.335 3.18 -3.87 

 r  ≤ 1 2.117        [0.001] [0.001] [0.001] 
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Table 5.6 Multivariate Cointegration Test Results 

Note: P-values are in brackets, ***denotes rejection of null hypothesis at 1% level, ** denotes rejection of 

null hypothesis at 5% level, *denotes rejection of null hypothesis at 10% level. 

 During 2005.5-2014.12 period, however, Trace statistics reject the no 

cointegration null and indicate the bivariate cointegrating relationships in each energy 

price pair among crude oil, gasoline, and ethanol prices. The coefficient is significant in 

the crude oil-gasoline long-run cointegrating vector, yet is insignificant in both gasoline-

ethanol and crude oil-ethanol relations. The long-run causality tests indicate crude oil 

price causes gasoline and ethanol prices. In contrast to pre-ethanol period, we find that 

there is one cointegrating relationship between corn and ethanol prices. The long-run 

Price Pairs Johansen 

Cointegration 

Cointegrating Relationship 

 Rank r Trace 

Statistics 

Decision 

1997.1-2005.4      

Oil-Gasoline-Ethanol 0 26.846 Not cointegrated 

 r  ≤ 1 7.277  

Oil-Ethanol-Corn 0 15.614 Not cointegrated 

 r  ≤ 1 6.979  

Oil-Ethanol-Corn-Hog 0 40.064 Not cointegrated 

 r  ≤ 1 15.041  

Oil-Ethanol-Corn-Cattle 0 32.353 Not cointegrated 

 r  ≤ 1 15.199  

Oil-Ethanol-Corn-Hog-Pork 0 64.867 Not cointegrated 

 r  ≤ 1 38.221  

Oil-Ethanol-Corn-Cattle-Beef 0 49.073 Not cointegrated 

 r  ≤ 1 25.479  

2005.5-2014.12      

Oil-Gasoline-Ethanol 0 32.099** Cointegrated 

 r  ≤ 1 15.294  

Oil-Ethanol-Corn 0 35.680*** Cointegrated 

 r  ≤ 1 17.962  

Oil-Ethanol-Corn-Hog 0 58.616*** Cointegrated 

 r  ≤ 1 27.164  

Oil-Ethanol-Corn-Cattle 0 43.306 Not cointegrated 

 r  ≤ 1 19.632  

Oil-Ethanol-Corn-Hog-Pork 0 92.897*** Cointegrated 

 r  ≤ 1 41.210  

Oil-Ethanol-Corn-Cattle-Beef 0 73.444** Cointegrated 

 r  ≤ 1 42.513  
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causality test indicates corn price causes ethanol price in the long-run, which is consistent 

with some other findings (Natanelov et al., 2013). In the case of ethanol market, since 

ethanol demand is government mandated and the supply is restricted by the current local 

ethanol capacity level, corn price responds more to corn supply and demand shocks from 

sources other than corn demand from ethanol. In this case, local corn price fluctuation in 

the ethanol-boom period is not yet resulted from local ethanol production, but from 

shocks in global futures market, and it in turn influence the local ethanol price by pushing 

up feedstock cost.   

 In Table 5.5 we fail to find bivariate cointegrations between corn and livestock 

prices, which indicates corn price does not contribute to cattle and hog price increase 

during ethanol-boom period. But there is cointegrated price linkage between livestock 

and meat for both cattle and hog, and livestock price increases meat price in the long-run 

at 1% significant level. 

 Table 5.6 further reports the multivariate cointegration results among energy, feed 

and food price series. In the oil-gasoline-ethanol price chain, we fail to find their 

cointegrating relationship during pre-ethanol (1997.1-2005.4) period, but it significantly 

exists in ethanol-boom period. This finding is consistent with the bivariate cointegrating 

relationship in Table 5.4, as there is no bivariate cointegration for crude oil-ethanol and 

gasoline-ethanol series. In addition, we find no cointegration relationship among crude 

oil, ethanol, corn, cattle (hog) and beef (pork) during 1997.1-2005.4 period. However, 

these price series have been in the co-movement relationship during 2005.5-2015.12. 
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This indicates the price linkage among crude oil, ethanol, corn, livestock and meat exists 

since ethanol production is widely spread out in Ontario. 

 

5.5 Conclusion 

Based on fuel energy (crude oil, gasoline, and ethanol), corn, livestock (cattle and 

hog), and food (beef and pork) prices, this study assesses the price transmission from 

upstream fuel energy sector through downstream agricultural commodity sector, with 

ethanol being a nexus. It is found in cointegration tests that suggest long-run co-

integrating relationship in ethanol-boom period (2005.5-2014.12) between traditional 

fossil fuel, biofuel, feed crop and major livestock prices. The vector error correction 

models indicate the price relationship, which is consistent with economic theory. 

However, no evidence is found that such price linkage between energy and agricultural 

sectors exists in the pre-ethanol period (1997.1-2005.4). These findings have significant 

meanings as it indicates in terms of price adjustments among fuel, feed, and food prices 

that energy and agricultural sectors have been linked directly since the introduction of 

large scale ethanol production in Ontario. Moreover, since agricultural prices are more 

likely to be linked with energy prices, it is likely that volatile energy prices could be more 

likely to transmitted down to agricultural sectors and food prices could face more 

volatilities. 
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Chapter 6 -SUMMARY AND CONCLUSIONS 

6.1 Main Conclusion from Chapter 3 

Ethanol production capacity in Ontario increased more than five-fold since 2006. 

The purpose of this study is to examine the impact of such ethanol expansion on local 

corn and soybean basis. Compared to transitory shocks to local market, such as droughts 

and floods, impacts on local grain price is more likely to be "permanent", since openings 

of ethanol plants in nearby region provides local market with year-round stable and 

highly expected corn demand. In such case, demand for corn from nearby ethanol plants 

is more likely to constitute a long-run equilibrium with local crop production and other 

market factors to jointly determine local grain basis level. Although ethanol's impact on 

local basis varies across different markets, empirical results suggest corn basis is 

significantly and positively impacted by local ethanol production both in the long-run and 

short-run. Corn basis is enhanced significantly by nearby ethanol capacity in elevators 

with relatively large nearby ethanol capacity, and moderate livestock corn consumption 

level (around 23-78 million tonnes of annual corn consumption) relative to corn 

production level. However, nearby ethanol capacity in Hensall, Bruce, and Middlesex are 

found to have insignificant impact on corn basis the long-run relationship, and these areas 

all have identical characteristics of large livestock corn consumption level (around 208-

365 million tonnes of annual corn consumption) and Bruce has very negligible ethanol 

capacity nearby. Thus elevators in large livestock inventory levels are less likely to be 

impacted by nearby ethanol production, which is supportive of a view that ethanol 
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production would not have much detrimental impacts on pushing up feed cost where 

livestock inventory is traditionally large.  

Soybean basis is instead driven down by nearby ethanol capacity both in the long-

run. In addition, both corn and soybean basis is less impacted by temporary shock from 

ethanol production shock than long-run relationship. Compared to corn, the impact on 

soybean basis exhibit a weakening trend by local ethanol production. First, soybean is not 

a feedstock for ethanol production, thus there is no direct relationship between local 

soybean price and ethanol production. Second, large demand for corn from nearby 

ethanol plants requires more local acreage be planted for corn production and less 

soybean production, and local elevators are more likely to reserve more storage space for 

corn by shrinking soybean storage space.  

Other factors are also attributable to local corn and soybean basis. Interest rate is 

more likely to negatively impact soybean basis at significant level. Interest rate has 

negative transitional impacts on soybean basis in almost all markets except in Norfolk. 

Diesel cost shows rare significant and positive impact on both corn and soybean basis 

both in the short and long run. Livestock corn consumption has a positive and significant 

long-run impact on corn basis in Chatham, Norfolk, Hamilton, and Winchester. 

 

6.2 Main Conclusion from Chapter 4 

 This study seeks to examine the asymmetric price transmission relationship 

between local corn and soybean spot and global crop futures price during 1992-2013. 

Local corn and soybean spot exhibit a non-stationary trend in the event of large scale 
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local ethanol production, which provides a unique perspective to identify the impact on 

local crop spot from global futures market fluctuations. By applying Engle-Granger 

bivariate cointegration test, the cointegrated relationship is identified in both corn and 

soybean spot-futures price series, and a symmetric price error correction mechanism is 

detected. Moreover, when examining the asymmetric price adjustment relationships, this 

study employs both linear asymmetric price transmission and nonlinear threshold 

autoregressive (TAR) asymmetric price transmission methods to completely evaluate the 

asymmetric relationship between local spot and global futures for corn and soybean. The 

threshold autoregressive method indicates that a negative price transmission exists 

between local corn spot and Chicago corn futures, whereas a positive price transmission 

is found between local soybean spot and Chicago futures. Noticeable difference on 

demand and supply conditions between local and global crop market is well attributable 

to such result, as relative corn demand in local market is not so huge as compared to 

global market owing to relatively small scale local ethanol production. Moreover, 

abundant relative corn and soybean supply in Ontario also contribute to the asymmetric 

price adjustment.   

 

6.3 Main Conclusion from Chapter 5 

Based on fuel energy (crude oil, gasoline, and ethanol), corn, livestock (cattle and 

hog), and food (beef and pork) prices, this study assesses the price transmission from 

upstream fuel energy sector through downstream agricultural commodity sector, with 

ethanol being a nexus. It is found in the cointegration tests that suggest long-run co-
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integrating relationship in ethanol-boom period (2005.5-2014.12) between traditional 

fossil fuel, biofuel, feed crop and major livestock prices. The vector error correction 

models indicate the price relationship, which is consistent with economic theory. 

However, no evidence is found that such price linkage between energy and agricultural 

sectors exists in the pre-ethanol period (1997.1-2005.4). These findings have significant 

meanings as it indicates in terms of price adjustments among fuel, feed, and food prices 

that energy and agricultural sectors have been linked directly since the introduction of 

large scale ethanol production in Ontario. Moreover, since agricultural prices are more 

likely to be linked with energy prices, it is likely that volatile energy prices could be more 

likely to transmitted down to agricultural sectors and food prices could face more 

volatilities. 
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