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Abstract: Threshold cointegration is introduced as an econometric technique to model the impact of
trade disruptions on spatial price transmission in commodity markets so that market participants
and policy makers can understand the global impact of trade disruptions on prices. The threshold
cointegration technique that is employed is flexible in that it allows the number of thresholds and
their location to be determined endogenously and the threshold variable to be exogenous to the
system. We innovate on the threshold cointegration technique by selecting a measure of trade
disruptions as the threshold variable. This innovation can be used for any commodity market that
is spatially connected due to arbitrage; however, to illustrate its usefulness we apply the technique
to trade disruptions for canola traded between Canada and China using weekly data between 2014
and 2019 and find that canola trade disruptions between Canada and China impacted global price
transmission and resulted in market fragmentation.
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1. Introduction

Trade disruption in commodity markets is not rare. For example, there was a disrup-
tion of wheat traded between the US and Canada in the early 1990s (Alston et al. 1994) and
between the US, EU, and Australia in the late 1990s (Balzer and Stiegert 1999). Similarly,
trade disruption of beef and pork traded between the US and Canada took place in the
early 2000s (Rude et al. 2006, 2007) and there has been longstanding disruptions of apples
traded between New Zealand and Australia (Higgins and Dibden 2011) and softwood
lumber traded between the US and Canada (Boyd and Krutilla 1987). Reasons for the trade
disruptions listed as examples include quotas, domestic subsidies, boarder closures due
to bovine spongiform encephalopathy (BSE), country of origin labelling and biosecurity.
These examples highlight the importance of having an appropriate model to investigate
the impact of trade disruptions on spatial price transmission in commodity markets so that
market participants and policy makers can understand the global impact on prices.

This paper introduces threshold cointegration as an econometric technique to model
the impact of trade disruptions on spatial price transmission in commodity markets and
applies threshold cointegration to trade disruptions of canola traded between Canada
(currently the world’s largest canola exporter) and China (currently the world’s second
largest canola importer and Canada’s largest buyer). The application of threshold cointe-
gration to investigate spatial price transmission in commodity markets has been used to
investigate wholesale coarse rice in Nepal and India (Sanogo and Amadou 2010), black
and white pepper in Malaysia (Sephton 2011) and wheat and flour prices in Afghanistan
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(Hassanzoy et al. 2017). Each study includes a single threshold. We improve on previ-
ous threshold cointegration applications by employing a flexible threshold cointegration
technique that allows the number of thresholds and their location to be determined endoge-
nously and the threshold variable to be exogenous to the system. We innovate on previous
threshold cointegration techniques by incorporating trade disruptions into the model as
the threshold variable. To illustrate the usefulness of this innovation to market participants
and policy makers we apply the innovation to recent trade disruptions for canola traded
between Canada and China.

The remainder of the paper is structured as follows: Section 2 provides details on a
specific threshold cointegration technique that allows an exogenous measure of trade dis-
pute to be incorporated as a threshold variable. Section 3 applies the method to investigate
the impact of trade disruptions between Canada and China on price transmission in global
prices of canola. Section 4 discusses the data, results of the application, and limitations.
Section 5 concludes.

2. Method

The first step in the threshold cointegration technique is to investigate the order of
integration1 of each series using unit root or stationarity tests such as the augmented Dickey
Fuller (ADF) unit root test (Dickey and Fuller 1979, 1981). Arltová and Fedorová (2016)
provide a helpful guide for selecting the most appropriate test given the properties of
the underlying time series. If the series are found to be integrated of the same order,
the threshold cointegration technique of Sephton and Mann (2013) can be applied. The
mathematical representation of the threshold cointegration technique is:

Yt = β1 + β2Trendt + β3Xt + εt

∆εt = δ1εt−1 I(Pt−1 < τ1) + δ2εt−1 I(τ1 < Pt−1 < τ2) + δ3εt−1 I(τ2 < Pt−1)+

∑
p
i=1 αi∆εt−i + νt

where:

• Yt and Xt are the canola price ratios.
• Pt is the proportion of total Canadian canola exports that are imported by China.
• τ1 < τ2 are the thresholds that divide observations in to the bottom, middle and

top regimes.
• I( ) is the Heaviside indicator function.
• ∆ is the difference operator.

The top equation is the long run relationship between the canola price ratios. The
bottom equation is the threshold cointegration test which builds on the traditional coin-
tegration test of Engle and Granger (1987). The threshold cointegration test is similar to
the Engle and Granger (1987) approach in that it examines the residual series from the
long run relationship. If thresholds exist (for expository purposes, we assume that there
are two thresholds, denoted by τ1 and τ2), they examine the null hypothesis of δ1 = δ2 =
δ3 = 0 against the alternative that they are not jointly zero. If thresholds do not exist the
equation collapses and becomes equivalent to that of Engle and Granger (1987) with a null
hypothesis of no cointegration. Inference for threshold cointegration tests use residual
block based bootstrapping.

The threshold cointegration technique of Sephton and Mann (2013) endogenously
determines both the number of thresholds and their locations using an information criteria
loosely following Gonzalo and Pitarakis (2002). Here we allow for as many as three thresh-
olds, and as few as zero. This threshold cointegration technique is unique because it allows
the threshold variable to be exogenous to the system. However, the threshold variable
must be stationary. If the threshold variable is not stationary in levels, one can use its first
difference. This parallels the TAR and MTAR models by Enders and Siklos (2001). We use
the proportion of total Canadian canola exports that are imported by China as the threshold
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variable. If the procedure chooses two thresholds, they may be symmetric about zero, but
this decision is not determined a priori—the data determine the number of thresholds and
their locations. While this approach could choose a specification similar to the traditional
band-TAR model described by Balke and Fomby (1997), it is very flexible and has been
shown to have desirable size and power properties. For further details on the threshold
cointegration technique and its properties please refer to Sephton and Mann (2013).

3. Application to Canola Trade Dispute

The Canadian market for canola, or rapeseed as it is referred to in international
discussions, is highly reliant on the movement of seed from Canada to Asia. Canola protein
is not regarded as a premium protein source, but its oil brings a premium because of its
high smoking point and low saturated fat. Canada and Australia are the only countries
with significant surplus in canola production, with Canada exporting around 10 million
metric tonnes and Australia exporting 2 million metric tonnes. Africa and South America
do not trade significantly in the market and the EU is a net importer. For most of the last
decade the EU did not import food ready canola from Canada because of its genetically
modified organism (GMO) food regulations. Canada found enough demand from Asia and
the US while Australia created two marketing chains so that it could meet the non-GMO
demand from the EU. Since 2020 Canada has been moving more canola to the EU as supply
for the biodiesel market.

Over the past decade there have been several trade disruptions for canola traded
between Canada and China, most being attributed to noncompliance with China’s plant
health requirements that has led to a ban on canola imports from two major Canadian
canola exporters. Cardwell and Brewin (2019) and Wells and Slade (2021) provide specific
details of the 2019 trade disruptions with the ensuing WTO dispute consultation. Some
attribute the trade disruptions to geopolitics including Meng Wanzhou’s extradition and
Dalai Lama’s visit to Canada. No matter the cause, the trade disruptions impacted the
flow of canola globally. We apply threshold cointegration to model the impact of trade
disruptions on price transmission in global prices for canola.

Cardwell and Brewin (2019) suggested that the impacts of the trade dispute depend
on the ability of China to replace exports with other suppliers. The Food and Agricultural
Organization of the United States (2021) reports Canada had a drop in exports from 10.5
to 8.6 million metric tonnes from 2018 to 2019 while Asia had a drop in imports from
9 million metric tonnes to 7.1 million metric tonnes. With exports from Australia totalling
1.6 million metric tonnes, it is possible that all of Australia’s exports shifted away from
the EU toward Asian markets. However, with the major drop in the size of Asia’s import
demand, it appears that to some extent the world trade patterns have shifted to be more
alike the virtual autarky option in Cardwell and Brewin (2019) than the relatively low
impact scenario of all Chinese imports being supplied by other markets.

This application investigates the impact of trade disruptions between Canada and
China on price transmission in global prices for canola between 2014 and 2019 by testing
for threshold cointegration between two price ratios: Vancouver/Rouen and Vancou-
ver/Kwinana. The Vancouver price represents the price in Canada, the Rouen price
represents the price in the EU, the Kwinana price represents the price in Australia. The
Kwinana price is that for GMO canola and trades at a discount to non-GMO canola. The
proportion of total Canadian canola exports that are imported by China is used as the
threshold variable and ranges between 0.080 and 0.597. The most recent trade disruption is
visibly obvious in Figure 1.
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Figure 1. Proportion of Total Canadian Canola Exports that are Imported by China.

4. Data and Results

The empirical application incorporates weekly data from the Tuesday of each week be-
tween September 30, 2014 and December 3, 2019. Canola prices for Vancouver, Rouen and
Kwinana are from Leftfield Commodity Research (2020) and converted to USD before cre-
ating the Vancouver/Rouen and Vancouver/Kwinana price ratios. The threshold variable
is a proportion with the quantity of Canadian canola exported to China in the numerator
and the quantity of Canadian canola exported to all destinations in the denominator using
monthly data from Statistics Canada (2021). Monthly data for the threshold variable is
converted to weekly data by filling each Tuesday with its respective monthly value.

Table 1 provides summary statistics for the canola price ratios and the proportion
of total Canadian canola exports that are imported by China. Both the the mean and
the standard deviation for the Vancouver/Rouen price ratio are higher than the Vancou-
ver/Kwinana price ratio. Figure 2 depicts the canola price ratios; the Vancouver/Rouen is
larger than the Vancouver/Kwinana price ratio for all observations except September 30
and October 14, 2014. The spread between the canola price ratios varies throughout the
time period, with an ocular inspection revealing the spread increases during periods of
trade disruptions as measured by the proportion of total Canadian canola exports that are
imported by China. The correlation between the spread and trade disruptions is −0.793.

Table 1. Summary Statistics.

Variable Mean Std Dev Range

Proportion of Total Canadian Canola
Exports that are Imported by China 0.361 0.137 0.517

Vancouver/Rouen Price Ratio 0.945 0.062 0.291
Vancouver/Kwinana Price Ratio 1.046 0.056 0.322

The results from the empirical application are presented in the same order as Section 2:
Method and are followed by a discussion of the limitations. Table 2 contains results from
ADF unit root tests and provides evidence that the price ratios are I(1) (i.e., first difference
stationary) and the measure of trade disruptions is I(0). The results satisfy the necessary
criteria, thus we continue by testing for threshold cointegration.
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Figure 2. Canola Vancouver/Kwinana (blue) and Vancouver/Rouen (black) Price Ratios from 2014
to 2019.

Table 2. Unit Root Test Results.

Variable Level ∆

Proportion of Total Canadian Canola
Exports that are Imported by China −3.150 * NA

Vancouver/Rouen Price Ratio −2.724 −19.846 **
Vancouver/Kwinana Price Ratio −2.819 −19.565 **

Notes: The null hypothesis is a unit root. The deterministic components for level data are constant and trend and for differenced data (∆) is
a constant. The lag length for the unit root tests is selected by the AIC from a maximum of T1/3. Significance at α = 0.10, 0.05 and 0.01
denoted by * and **. ’NA’ indicates we rejected the null hypothesis for the level series.

Figure 3 contains results from the threshold cointegration test and provides evidence
that the price ratios are cointegrated (Seo Test Statistic = 54.24 ***). However, not all four
regimes are cointegrated. This is a unique and telling finding. Within commodity markets it
is common for the middle regime(s) not to be cointegrated because arbitrage of the physical
commodity is not yet profitable due to transportation, insurance, and other transaction
costs and is termed band-TAR by Balke and Fomby (1997). Cointegration is expected
within the top and bottom regimes because arbitrage become profitable when the band is
stretched. Here we find the top three regimes are cointegrated, but the bottom regime is not
cointegrated. This means that during periods of trade disruptions (i.e., when the system
is in the bottom regime) there is no movement back to the long run equilibrium. This
provides evidence that the canola trade disruptions impacted global price transmission and
resulted in market fragmentation. Policy makers need to be aware that the trade dispute
between Canada and China has a ripple effect and impacts canola producers, buyers and
sellers worldwide. An area left for future study is to estimate a threshold error correction
model to investigate which of the series adjust to restore the long run equilibrium and
whether there is a dominant price ratio.
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Figure 3. Threshold cointegration results with threshold variable overlay. Notes: Three thresholds
(0.137, 0.365, and 0.387) were selected using the AIC from a maximum of three. The horizontal
lines are the three endogenously determined thresholds. Test statistics for the null hypothesis of no
cointegration for each regime are provided on the right hand side of the figure. The shaded areas
indicate the time period for which the null hypothesis of no cointegration is rejected. Significance at
α = 0.10, 0.05, 0.01 denoted by *, **, and ***.

Before continuing to the conclusion it is important to discuss limitations. The first
limitation of the innovation is that the measure of trade disruptions must be continuous.
This precludes a binary variable that is equal to 0 for periods without trade disruptions and
1 for periods with trade disruptions. Another limitation is that the threshold cointegration
technique of Sephton and Mann (2013) requires that all variables be integrated of the same
order. If the market for the specific commodity is efficient, this limitation is not restrictive,
however there are many non-exchange-traded commodities that may not be operating in
an efficient market.

5. Conclusions

This paper introduces threshold cointegration as an econometric technique to model
the impact of trade disruptions on price transmission in commodity markets. The threshold
cointegration approach by Sephton and Mann (2013) is novel because it allows between
zero and three thresholds and endogenously selects the optimal number and their location
using an information criteria loosely following Gonzalo and Pitarakis (2002). Thresholds
divide the observations into different regimes based on the size of the threshold variable.
The threshold variable can be any stationary variable. We innovate on the econometric
technique by selecting a measure of trade disruptions as the threshold variable. Results
from the cointegration tests can be used to determine the impact of trade disruptions on
global price transmission. To illustrate its usefulness we apply the econometric technique
to investigate the impact of trade disruptions for canola exported from Canada to China on
global prices for canola. Threshold cointegration results provide evidence that the system
contains three thresholds and is cointegrated, but there is no movement back to the long
run equilibrium during periods of trade disruptions. This finding is indicative of market
fragmentation.
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Note
1 The order of integration is the number of times a series must be differenced to be made stationary and is typically represented by

the letter d and abbreviated I(d).
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