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A B S T R A C T

Crude oil prices are thought to be causally related to global food prices. The present paper ex-
amines the short and long-run dynamic linkages between crude oil prices and world food prices,
using monthly data for the period January 2000–December 2015. The relationship between the
two series is investigated in both the linear and asymmetric framework accounting for the pres-
ence of structural breaks as well as for possible asymmetries. In the linear framework, the findings
support a unidirectional causal relationship running from oil to food prices. However, in the
asymmetric framework, there is evidence of long-run feedback effects. This study extends the
literature on the global relationship between food and oil prices, accounting for possible asym-
metric causal effects. The obtained evidence could be valuable to policy designation for both the
food and energy industry.
1. Introduction

Global food prices have been rising over the last 15 years. Crude oil prices have also shown an upward trend during the same period.
The increasing co-movements between the world oil and food prices have raised the interest to further investigate the dynamic linkages
between food prices and oil prices (see Figs. 1 and 2). The investigation of the transmission of oil prices to food prices and the interaction
between these two markets has always attracted the attention of policy makers and market participants. High prices of agricultural
commodities are expected to have a negative effect on a considerable share of population in poor and developing countries since
agriculture constitutes the largest sector in these economies (Nazlioglu, 2011). Moreover, oil and food price volatility causes macro-
economic instability and deteriorates the living conditions particularly in developing countries where poor people spend most of their
income to buy food (Zhang et al., 2010). Headey and Fan (2008) also stress the special concern of food and oil rises and its negative
impact on the poorer.

Consequently, the results of the empirical research may provide important implications for the relevant energy and food policy
designation, as well as for areas such as poverty and trade.

The interaction between the energy and the food market is further affected by the so-called “financialization” of commodities.
According to this view, institutional investors and funds invest into commodity future markets in order to diversify and as a result, their
actions may have an effect on commodity prices (Basak & Pavlova, 2016). In their study, Basak and Pavlova (2016) argue that com-
modity prices dynamics followmainly a shock in the fundamentals of the economy (demand and supply) and an effect of financialization
which serves as a transmission mechanism of outside shocks to commodity prices.
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Fig. 1. Log of Food Price Index (fpi), 2000–2015.
Source: The Bloomberg – FAO

Fig. 2. Log of Crude Oil Price Index (wti) 2000–2015.
Source: The U.S. Energy Information Administration (spot prices)
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The influence of financialization of commodities on food and oil prices has triggered debates with regard to preventing speculation in
international food prices. Tadasse et al. (2016) argue that volatility in international food prices driven mainly by speculative behaviours
in energy and commodities markets could have serious implications especially for the poor, increasing at the same time economic
uncertainty and lowering investment. In the same study, the authors stress the importance of adopting policies to reduce extreme food
price volatility confirming the close linkages between financial and commodity markets.

Generally, crude oil prices are thought to have direct effect on food prices. According to the traditional oil price transmission
channel, a rise in oil prices results in higher food prices by increasing costs of production through its impacts on inputs (Nazlioglu,
2011). Alternatively, an increase in oil prices results in the growth of corn and soybean based biofuels production that increases demand
for these agricultural commodities and consequently raises the agricultural commodity prices (Chen et al., 2010).

So far, the previous empirical evidence on the food and oil prices nexus has remained inconclusive (Cheng & Cao, 2019). This fact
might be attributed to the following reasons: Firstly, the majority of the empirical studies have applied linear models. Interestingly,
many macroeconomic variables present nonlinear properties, especially in the area of business cycles (Falk, 1986; Neftci, 1984).
Considering that oil and food prices are driven by the economic activity they could also be expected to exhibit nonlinearities. More
specifically, in the presence of asymmetry, the response of food prices to positive shocks in oil prices may be different from the response
to negative shocks. This fact implies that the use of linear models which are not capable to capture asymmetric effects may provide
misleading evidence. These considerations justify the recent turn to the implementation of asymmetric frameworks. Secondly, another
possible reason might be the presence of significant structural breaks in the evolution of the examined series, which are responsible for
the distortion of the integration properties of the variables of interest, resulting in unreliable inference. Thirdly, the investigation of the
aforementioned relationship using different sample periods and countries (Cheng & Cao, 2019).

This paper attempts to explore the dynamic linkages between crude oil prices and world food prices, using monthly data for the
period January 2000–December 2015 and provide more insights concerning this nexus. In particular, our effort focuses on addressing
the following issues:

Firstly, we account for the presence of possible structural breaks. It is widely accepted that the presence of significant structural
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breaks due to shocks in the international market or structural policy changes may distort the integration properties of the variables of
interest, resulting in unreliable inference (Trachanas & Katrakilidis, 2013). Consequently, this leads to misspecified dynamic re-
lationships and spurious results. Gregory and Hansen (1996) argue that not examining for the presence of possible structural break in the
long-run relationship, may result in the non-rejection of the null hypothesis of no cointegration between two variables even though a
long-run relationship may actually exist.

Secondly, we aim at enriching the existing literature on the food and oil price nexus by identifying the direction of the causal linkages
between oil prices and food prices. Unlike most of the previous empirical studies, our paper relaxes the assumption of symmetry in the
relationship between global food and oil prices. In this direction, we contribute to the relevant discussion by applying the ASARDL
(Asymmetric Autoregressive Distributed Lag) model, aiming at a more clear insight and robust inference concerning asymmetric causal
effects. This model has been widely used for several areas (Fousekis et al., 2016; Katrakilidis& Trachanas, 2012) in the past but only to a
limited extend regarding the oil and food prices nexus (Ibrahim, 2015; Zmami & Ben-Salha, 2019).

Thirdly, our analysis is founded/grounded on the comparative examination of the relationship under both the linear and the
asymmetric framework and provides valuable inference for the tasks involved in economic policy making. Under the linear framework,
the empirical findings support a unidirectional causal relationship running from oil to food prices. However, under the asymmetric
framework and contrary to the majority of the relevant empirical evidence, the results reveal bidirectional causality in the long-run.

Our paper is structured as follows. Section 2 provides a brief literature review of the causal relationship between oil and food prices.
Section 3 introduces the data set and the econometric methodology implemented. Our empirical results are reported in Section 4.
Finally, the last section provides a brief summary and concluding remarks.

2. Review of the literature

The causal linkages between oil prices and food prices have been extensively investigated empirically in the past. The previous
empirical research focuses mainly on the generally expected impact of oil prices on food prices. Alternatively, the “neutrality hy-
pothesis” is under examination implying the existence of no causality between oil prices and food prices. The body of the relevant
literature can be divided in two main groups, according to the reported evidence against any causal linkage.

The first group of studies provides evidence for unidirectional causality running from oil prices to agricultural commodity prices
(Baffes, 2007; Chen et al., 2010; Hameed& Arshad, 2008; Nazlioglu, 2011; Pala, 2013). More specifically, Baffes (2007) investigates the
impact of crude oil prices on the prices of 35 commodities over the 1960–2005 period. The pass through of crude oil prices to the
non-energy commodity prices is estimated 0.16. Hameed and Arshad (2008) examine the relationship between petroleum and vegetable
oils prices (palm, soybean, sunflower and rapeseed oils prices) in the world market over the period 1983–2008 and find a unidirectional
long-run causal relationship running from petroleum to each of the vegetable oils prices. Further evidence is provided by Chen et al.
(2010) for the case of crude oil and grain prices. More particularly, they study the crude oil price effect on the global grain prices for
corn, soybean, and wheat for the period 2005–2008. The results attribute significant contribution of crude oil price changes to grain
price changes. Nazlioglu (2011) provides evidence of a non-linear relationship between oil and agricultural prices and of nonlinear
unidirectional causality running from oil to corn and to soybean prices for the period 1994–2010. However, in the linear framework, no
causal relationship between the oil prices and the agricultural commodity prices is found, supporting the aforementioned neutrality
hypothesis. Ibrahim (2015) applies an NARDL model in order to investigate the relationship between food and oil prices for Malaysia
using annual data from 1971 to 2012. The results provide evidence of an asymmetric long run relation between the food price and oil
price with the positive changes in the oil price appear to be significantly related to positive changes in the food prices. Zmami and
Ben-Salha (2019) investigate empirically the impact of oil prices on international food prices between January 1990 and October 2017
using nonlinear ARDLmodeling. Their results provide evidence of the presence of asymmetries since they find that positive shocks on oil
prices affect food price index in the long run.

By contrast, the second group of empirical studies reports results in line with the so called “neutrality hypothesis” (Nazlioglu, 2011),
suggesting that no causality between agricultural commodity prices and oil prices exists (Mutuc et al., 2010; Nazlioglu & Soytas, 2011;
Reboredo, 2012; Yu et al., 2006; Zhang & Reed, 2008; Zhnag et al., 2010). In particular, Yu et al. (2006) examine the long-run causal
relationship between major edible oil prices used in biodiesel production, including soybean, sunflower, rapeseed, and palm oil and
investigate the dynamic linkages between these vegetables and crude oil prices. They report not significant influence of crude oil price
on edible oil prices over the period 1999–2005. Zhang and Reed (2008) examine the impact of the world crude oil price on corn, soy
meal and pork prices in China for the period from 2000 to 2007 and conclude that the world crude oil prices has an insignificant impact
on the selected agricultural prices. Mutuc et al. (2010) find no evidence with respect to the influence of oil prices on agricultural prices in
the long-run, using cotton prices in the U.S. and oil prices in the international market for the period from 1976 to 2008. Specifically, they
report that oil prices account for 3% of the variability in the cotton prices over the selected period. Further evidence in favor of the
“neutrality hypothesis” is provided by Zhnag et al. (2010) for the period 1989–2008. More particularly, examining the impacts of
biofuels (ethanol, gasoline, and oil) on global agricultural commodity prices (corn, rice, soybeans, sugar, and wheat) they find no direct
long-run causal relationship between the series. Nazlioglu and Soytas (2011) reaffirm the validity of the neutrality hypothesis for the
case of Turkey covering the period 2004–2010. The results show that oil price and exchange rate shocks have no impact on the Turkish
agricultural prices (wheat, maize, cotton, soybeans, and sunflower). Reboredo (2012) support the neutrality hypothesis for the case of
oil price changes and key agricultural commodity prices (corn, soybean and wheat) using weekly data from January 1998 to April 2011.

Apart from the two main groups of the relevant literature, there is also a limited number of studies with contradictory results. Barsky
and Kilian (2002) and Kilian (2009), studying U.S., argue that causality is not well defined and oil price increases coincide with periods
of increased global economic activity. Furthermore, a more recent study of Baumeister and Kilian (2013) supports the view that
3
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increased food prices might cause higher oil prices. Specifically they argue that a rising agricultural activity and farm income in
developing countries results in higher demand for farm machinery and oil as an input in farm production. So, increased demand
attributed mainly to common macroeconomic determinants could cause higher agricultural commodities and oil prices. The study of
Pala (2013) provides evidence for two directional causality between crude oil price index and food price index, using monthly data from
1990 to 2011 and applying Johansen Cointegration test and Granger Causality by VECM. The results indicate that in the long run there is
a two way causal relationship between crude oil and food prices, while in the short-run horizon, there is Granger causality running from
food price to crude oil for the full sample. Cheng and Cao (2019) support the existence of a nonlinear causal relationship between crude
oil price and food price indices at the global level. They argue that, in high oil price regimes, changes in food prices have a significant
impact on changes of crude oil prices reflecting an expanded demand for biofuels and speculative movements in the agricultural
commodities market.

Finally, Natanelov et al. (2011) examines the price movements between crude oil futures and a series of agricultural commodities
and gold futures and finds a bidirectional causal relationship between crude oil futures prices and some commodities futures prices
attributed to political and economic uncertainties.

Summing up, the existing empirical evidence referring to the relationship between oil and food prices remains rather mixed and
apparently there is a limited number of research efforts accounting for nonlinearities. Proceeding in this direction, the present paper
aims to enrich the existing literature by examining for possible structural breaks and exploring for asymmetric linkages between the
examined series.

3. Data and methodology

3.1. Data

The two variables of interest are world oil prices and world food prices. We approximate the global oil prices index by using the West
Texas Intermediate (WTI) spot price, measured in dollars per barrel and obtained from the U.S. Energy Administration databank.1

The world food price index has been obtained by the Bloomberg databank and sources from FAO. It consists of the average of five
commodity group price indices (meat price index, dairy price index, cereals price index, vegetable oil price index, and sugar price index)
weighted with the average export shares of each of the groups.

All data are monthly, not seasonally adjusted price series, covering the period from January 2000 to December 2015 for a total of 192
observations. Our variables are transformed into logarithmic form. Specifically, lfpi stands for the log of Food Prices Index and lwti for
the log of Crude Oil Prices Index.

3.2. Econometric methodology

Testing for the integration properties of the variables is considered as the standard first step when applying the cointegration
framework. Three types of unit root tests are complementary used, namely the Kwiatkowski et al. (1992), the Vogelsang and Perron
(1998) and the Saikkonen and Lütkepohl (2000, 2002) test. In case of having identified all series as non-stationary, and none of them is
I(2), we proceed with testing for cointegration.

More particularly, the linear ARDL approach to cointegration (Pesaran et al., 2001; Pesaran & Shin, 1999) is implemented, since it
can be applied irrespective of the regressors’ order of integration which only in case of I(2) series computed F statistics turn invalid.

Under the ARDL cointegration framework, we estimate the following two equations:

Δlcpit ¼ a0 þ
Xp

i¼1

a1iΔlcpit�i þ
Xq

i¼0

α2iΔlwtit�i þ θ1lcpit�1 þ θ2lwtit�1 þ et (1)

Δlwtit ¼ β0 þ
Xp

i¼1

β1iΔlwtit�i þ
Xq

i¼0

β2iΔlcpit�i þ θ3lwtit�1 þ θ4lcpit�1 þ ut (2)

The acceptance of the null hypothesis of no cointegration in each equation (actually, lack of a long-run causal relationship) implies
that the coefficients of the lagged level variables are jointly equal to zero, that is θ1 ¼ θ2 ¼ 0 and θ3 ¼ θ4 ¼ 0 respectively for the two
equations.

Additionally, in order to account for possible sources of nonlinearities, such as the presence of structural breaks, a test for multiple
breaks is implemented by means of the Bai and Perron (1998, 2003) test. If this is the case, appropriate dummies (impulse and stability)
are included in the equations following the proposed breakpoint identification.

Next, a linear ARDL model with dummies is used in order to test for cointegration. The optimal lag structure of the unrestricted error
correctionmodel is chosen based on the Akaike Information Criterion (1981). The cointegration test applied on the unrestrictedmodel is
1 The index of West Texas Intermediate (WTI) is widely employed in empirical research as a proxy for international oil prices since it is highly
correlated to other global oil price indices, e.g. the Crude Oil (petroleum) Monthly Price Index provided by the World Bank (https://www.
indexmundi.com/commodities/?commodity¼crude-oil). The particular index consists of three price indices, namely, crude oil, average spot price
of Brent and Dubai, and West Texas Intermediate, equally weighed. The correlation coefficient is found 0.9958.
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a modified F test of the null hypothesis that the coefficients of the lagged level variables are jointly equal to zero.
Given that existence of asymmetries may distort the evidence of cointegration, we next proceed with the asymmetric ARDL coin-

tegration approach (Shin et al., 2011) as an asymmetric extension to the ARDL model of Pesaran and Shin (1999) and Pesaran et al.
(2001) is adopted, in order to capture both long run and short run asymmetries.

The following asymmetric long-run equation is specified, following Pesaran and Shin (1999), [47] Pesaran et al. (2001); Schorderet
(2003) and [49] Shin et al. (2011):

yt ¼ βþxþt þ β�x�t þ ut (3)

where βþ and β�are the long-run parameters and xt is a kx1 vector of regressors decomposed as:

xt ¼ x0 þ xþt þ x�t (4)

where xþt and x�t are partial sums of positive and negative changes in xt :

xþt ¼
Xt

i¼1

Δxþt ¼
Xt

i¼1

max ðΔxi; 0Þ (5)

x�t ¼
Xt

i¼1

Δx�t ¼
Xt

i¼1

min ðΔxi; 0Þ (6)

Parameter βþ captures the long run relation between the two variables increases whereas β� captures the long run relation between
the two variables reductions.

In an ARDL frame we obtain an unrestricted asymmetric error correction model of the form below:

Δyt ¼ ρ yt�1 þ θþxþt�1 þ θ�x�t�1 þ
Xp�1

j¼1

ϕjΔyt�j þ
Xq

j¼0

ð πþ
j Δx

þ
t�j þ π�

j Δx�t�jÞ þ et (7)

for j ¼ 1, …, q, where p, q are the lag orders and θþ ¼ �ρβþ and θ� ¼ �ρβ� are the long-run multipliers.
Our analysis proceeds as follows (Fousekis et al., 2016):
Model estimation by standard OLS. Use of the bounds-testing procedure advanced by Pesaran et al. (2001) and Shin et al. (2011),

which refers to the joint null, �ρ ¼ θþ ¼ θ� ¼ 0. Examination of long-run symmetry θ ¼ θþ ¼ θ�, using the Wald Test, and finally the
examination of short-run symmetry

πþ
i ¼ π�

i for all i ¼ 1; :::; q or
Xq

i¼0

πþ
i ¼

Xq

i¼0

π�
i

Deriving the asymmetric cumulative dynamicmultiplier effects of a unit change in xþ
t and x�

t , respectively, on yt :where βþ and β� are
the asymmetric long-run coefficients calculated as below:

βþ ¼ � θþ= ρ

and

β� ¼ � θ�= ρ

respectively.
Accounting for asymmetries in the relation of crude oil prices and food prices our models can be specified (testing in both directions),

as below:

Δlfpit ¼ ¼ constant þ ρ lfpit�1 þ θþ1 lwti
þ
t�1 þ θ�1 lwti

�
t�1 þ

Xp�1

i¼1

ϕjΔlfpit�i þ
Xq

i¼0

πþ
1; iΔ lwtiþt�i þþ

Xq

i¼0

π�
1; iΔlwti

�
t�i þ et (8)

Δlwtit ¼ constant þ ρ lwtit�1 þ θþ1 lfpi
þ
t�1 þ θ�1 lfpi

�
t�1 þ

Xp�1

i¼1

ϕjΔlwtit�i þ
Xq

i¼0

πþ
1; iΔ lfpiþt�i þ

Xq

i¼0

π�
1; iΔlfpi

�
t�i þ ut (9)

In order to select the final ARDL lag structure, we are based on a general-to-specific approach (Katrakilidis & Trachanas, 2012). The
preferred specification, is chosen by starting with max p ¼ max q ¼ 12 and dropping all insignificant stationary regressors.

4. Empirical findings

The results of the unit root tests are presented below in Table 1. All three tests indicate that the series of the food price index is
5
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nonstationary in levels and turns stationary in first differences. Similarly, the series of oil price index is found nonstationary in levels and
stationary in first differences.

Having established that the examined series are integrated of order one, I(1), we proceed with testing for possible cointegration.
Initially, we apply the ARDL approach to cointegration in the linear framework. In particular, in the first step we apply the so called F-
bounds tests on the lagged level terms of equations (1) and (2) based on a modified F statistic.

Table 2, below, presents the results of the bounds test for cointegration. The test provides evidence in favor of the rejection of the null
hypothesis of no long-run causal effect from lwti to lfpi (the computed F statistic equals 10.22, which exceeds the 95% upper bound
critical value) for the ARDL (5,4) model with Δlfpi as the dependent variable following equation (1). On the contrary, in case of the ARDL
(2,0) model with Δlwti as the dependent variable following equation (2), the evidence is in favor of the non-rejection of the null hy-
pothesis of no long-run causal effect from lfpi to lwti (the computed F statistic equals 2.04, which is smaller than the 95% upper bound
critical value).

However, it is commonly accepted that the existence of possible significant break points over the examined time period could be
responsible for the distortion of the cointegration inference. To account for this possibility, we first apply the Bai-Perron tests of Lþ1 vs L
sequentially determined breaks which are able to endogenously detect the presence of statistically significant structural changes. The
test results, reported below in Table 3, reveal three such significant break dates, detected only in one direction and identified on July
2003, August 2010 and July 2013, particularly.

In the next step, dummies (impulse and stability) are constructed and included in equation (1) following the proposed breakpoint
identification in order to incorporate the effect of structural changes in the examined relationship. The linear ARDL model with dummies
is used to test for cointegration having Δlfpi as the dependent variable.

In Table 4, we report the estimates of the bounds test for cointegration with respect to the above respecified ARDL model following
the breakpoint identification. The null hypothesis implies that the coefficients of the lagged level variables are jointly equal to zero. The
results reveal statistically significant evidence in favor of the existence of a long-run causal relationship between the examined variables.
The computed F statistic equals 9.50, which exceeds the upper 95% bound critical value (5.73).

The final step in our analysis refers to the implementation of the asymmetric ARDL cointegration approach (Shin et al., 2011) which
is an asymmetric extension to the ARDL model of Pesaran and Shin (1999) and Pesaran et al. (2001). The purpose is to capture possible
asymmetric effects in the long and short-run time horizon that could not be identified through a linear specification.

Our results concerning the dynamic estimation of series adjustments are presented in Tables 5 and 6. In order to select the final ARDL
specification for each case, we follow the general-to-specific approach. The preferred specification, is chosen by starting with max p and
max q ¼ 12 and dropping all insignificant stationary regressors.

More particularly, Table 5 provides the estimates of the asymmetric ARDL specification with respect to lfpi and, in the lower panel of
the table, reports the Wald Tests conducted in order to test for both long- (WLR) and short-run (WSR) symmetries. The FPSS statistic tests
the null hypothesis of no cointegration, Lþ and L- are the long-run multipliers associated with positive and negative changes.

Respectively, Table 6 provides the estimates of the asymmetric ARDL specification with respect to lwti and reports the Wald Tests
conducted in order to test for both long-run (WLR) and short-run (WSR) symmetries.

Considering the above findings and generalizing, we notice the following:
As for the linear case of cointegration, the results reveal statistically significant evidence in favor of the existence of a long-run causal

relationship, solely running from oil prices to food prices.
Regarding the asymmetric case of cointegration, the results reveal statistically significant evidence in favor of the existence of a long-

run causal effect between the examined variables in both directions. Thus, in contrast to the linear framework, the estimates provide
evidence in favor of the rejection of the null hypothesis of no cointegration also in the equation of lfpi.

The Wald test for long-run (WLR) symmetry suggests the rejection of the null hypothesis of long-run symmetry between the positive
and negative components of each one of the examined variables. More specifically, for the food price index components the Wald test is
found 13.5936 (p-value equals 0.000), while for the oil price index components is found �3.2390 (p-value equals 0.000).

The Wald test for short-run (WSR) symmetry suggests the non-rejection of the null hypothesis of short-run symmetry between the
Table 1
Testing for unit Roots.

Series KPSS Vogelsang and Perron Saikkonen and Lütkepohl

Statistic Statistic (Break date) Statistic

level (trend and intercept)
Lfpi 0.3367 �4.3730 (2012M01) 0.42
Lwti 0.2825 �3.6673 (2013M11) 1.25
1st difference (trend and intercept)
Δlfpi 0.1183*** ¡5.8576*** (2013M01) 7.83**
Δlwti 0.0704*** ¡11.2280*** (2008M12) 54.23***

Note: Vogelsang and Perron (1998) and Saikkonen and Lütkepohl (2002): The null hypothesis is rejected for values that fall below the critical values
(null hypothesis: lfpi or Δlfpi has a unit root). The KPSS (1992) test differs from the other unit root tests described here in that the series is assumed to
be (trend-) stationary under the null hypothesis.
***1% significance level.
**5% significance level.
*10% significance level.
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Table 2
Bounds Tests for cointegration.

Dependent variable ARDL model specification F-Statistic 95% lower bound 95% upper bound 90% lower bound 90% upper bound

Δlfpi (5,4) 10.22 4.94 5.73 4.04 4.78
Δlwti (2,0) 2.04

Note: The ARDL specifications were selected based on the Akaike Information Criterion. The maximum lag was set to 5.

Table 3
Multiple breakpoint tests.

Break Test F-statistic Scaled F-statistic Critical Value Break dates

(lfpi) ARDL (5,4)
0 vs. 1 * 19.1957 211.1528 27.03 1 2003M07
1 vs. 2 * 3.1085 34.1943 29.24 2 2010M08
2 vs. 3 * 4.3872 48.2594 30.45 3 2013M07
3 vs. 4 1.6697 18.3674 31.45
(lwti) ARDL (2,0)
0 vs. 1 3.3852 13.5410 16.19 No break

Note: Bai-Perron tests with breaking variables according to ARDL (5,4). Maximum breaks 5, Sig. Level 0.05, Test statistics employ HAC covariances
(Bartlett kernel, Newey-West fixed bandwidth) assuming common data distribution. *Significant at the 5% level.

Table 4
Bounds Tests for cointegration.

Dependent variable ARDL model specification F-Statistic 95% lower bound 95% upper bound 90% lower bound 90% upper bound

Δlfpi (5,4) with dummies 9.50 4.94 5.73 4.04 4.78

Note: ARDL (5,4) model with dummies includes three impulse dummies as fixed regressors: di2003m07, di2010m08, di2013m07.The ARDL specifi-
cations were selected based on the Akaike Information Criterion. The maximum lag was set to 5.
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positive and negative components of each one of the examined variables. For the food price index components the Wald test is found
�0.947 (p-value equals 0.344), while for the oil price index components is found �0.731 (p-value equals 0.465).

Regarding the long-run dynamics, the long-run coefficients of the asymmetric ARDL models Lþ lwti, L� lwti and Lþ lfpi, L� lfpi are found
significant and positive. In particular, the estimated long-run coefficients of lwtiþ and lwti- are 0.08 and 0.04 respectively. Therefore, we
may conclude that a 1% increase in oil price index results in a 0.08% rise in food prices. Similarly, a 1% decrease in the oil price index
leads to a 0.04% decrease in food prices. The existence of long run asymmetry in the food and oil prices relationship, as documented by
the results, gives support to our asymmetric model selection. It is obvious that the food price index has a different response to positive
and negative changes of the oil price index revealing that the greater effect is sourcing from the positive changes. More particularly, the
impact of positive shocks of oil price index on food price index is almost the double compared to the impact of negative shocks.

Considering the long-run coefficient of the decomposed lfpi, it seems that for a 1% rise of the wti, a positive change of fpi by 0.07% is
needed. Respectively, for a 1% rise of the wti a negative change of fpi by 0.05% is needed. In this case, negative changes in food prices
have greater impact on oil prices compared to the positive changes. Our results indicate that the oil price index has a different response
to positive and negative changes of the food price index with the negative ones to be more influential.

So far, the key-finding of our analysis is the detection of significant bidirectional asymmetric effects between food and oil prices.
When examining the direction from oil prices to food prices, the evidence supports that the positive changes of oil prices have greater
impact on food prices, however, regarding the opposite direction, it is found that the negative changes of food prices have greater impact
on oil prices.

5. Summary and conclusions

We investigate the dynamic linkages between world food and oil prices using monthly data from 2000 to 2015. Our analysis employs
an asymmetric cointegration methodology accounting for the presence of structural breaks. Specifically, the asymmetric Autoregressive
Distributed Lag cointegration technique which permits the exploration of possible asymmetric effects in both the long- and short-run
time horizons is implemented.

In the linear framework, taking into account detected structural breaks, a long-run causality relationship is found running from the
oil prices to the food prices only. This empirical finding is in line with the first group of empirical studies reported.

However, contrary to the majority of the relevant empirical literature but in line with Pala (2013), Baumeister and Kilian (2013) and
Cheng and Cao (2019), in the asymmetric framework, our results reveal the presence of asymmetric long-run effects, in both directions.
There might be feedback mechanisms that result in food prices leading the energy prices. One such mechanism may exist due to the use
of some food items in energy generation. Increased demand for energy may have resulted in significant effects on the commodities
market, which might be further reflected in the oil market driving oil prices to move in the same direction. An alternative explanation
7



Table 5
Dynamic asymmetric estimation of series adjustments.

Dependent variable: Δlfpi

Variable Coefficient Std. Error t-Statistic Prob.

Constant 0.659 0.168 3.908 0.000
lfpi(-1) �0.146 0.037 �3.893 0.000
lwtiþ (-1) 0.012 0.003 3.941 0.000
lwti- (-1) 0.006 0.002 3.451 0.000
Δlfpi(-2) �0.225 0.049 �4.576 0.000
Δlfpi (-3) �0.206 0.040 �5.080 0.000
Δlfpi (-4) �0.195 0.064 �3.028 0.002
Δlfpi (-5) �0.157 0.039 �3.996 0.000
Δlfpi (-6) 0.475 0.059 7.951 0.000
Δlwtiþ (-5) 0.018 0.007 2.456 0.015
Δlwtiþ (-10) �0.016 0.007 �2.118 0.035
Δlwti- (-3) 0.012 0.007 1.661 0.098
di2003m07 �0.007 0.001 �4.377 0.000
di2010m08 0.005 0.001 5.431 0.000
di2013m07 �0.004 0.001 �2.466 0.014
ds2013m07 �0.007 0.001 �3.757 0.000
R2 0.714
χ2 7977 0.092
FPSS 5.358
Lþ lwti 0.088 0.000
L� lwti 0.047 0.000
WLR 13.593 0.000
WSR �0.947 0.344

Note.
Estimation uses Heteroscedasticity – Autocorrelation Consistent (HAC) standard errors and covariances.
χ2 denotes LM test for serial correlation.
di2003m07, di2010m08, di2013m07 are impulse dummies. ds2013m07 is a stability dummy.
FPSS denotes the PSS F-statistic testing the null hypothesis of no cointegration, �ρ ¼ θþ ¼ θ� ¼ 0.
At the 5% level of significance, the critical values (bounds) for the FPSS are 4.04 and 4.78 for the upper and lower bound respectively.
Lþ lwti is the estimated long-run coefficient associated with positive changes, defined by βþ ¼ � θþ/ ρ.
L- lwti is the estimated long-run coefficient associated with negative changes, defined byβ� ¼ � θ�/ ρ:
WLR refers to the Wald test for the null of long-run symmetry defined by � θþ/ ρ ¼ � θ�/ ρ.
WSR refers to the Wald test for the null of the additive short-run symmetry condition defined by
Pq

i¼0
πþi ¼ Pq

i¼0
π�i
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could be based on the argument of Barsky and Kilian (2002) that the upward changes in oil prices coincide with periods of increased
economic activity. In this context, food prices might reflect the increased demand in energy driven by the increased aggregate demand.
Alternatively, increased demand attributed mainly to common macroeconomic determinants could cause higher agricultural com-
modities and oil prices (Baumeister and Kilian, 2013). Regarding the short-run time horizon, we find no statistically significant
asymmetric effects in any direction.

Our findings could provide valuable information, substantially helping policy makers to designate more efficient policy measures.
More specifically, regarding the impact of oil prices on food prices, our results show that the food prices are affected more by positive
shocks on oil prices rather than by negative ones. This finding validates the view that there is a necessity for intervention from the
international organizations (FAO, OPEC, WTO) aiming at moderating those impacts at the global level (Zmami & Ben-Salha, 2019).
These organizations would ensure, for instance, that the oil producing countries could provide relatively low oil prices to agricultural
producing countries and at the same time they would benefit from reduced agricultural commodity prices in return.

On the other hand, since our findings further suggest that the oil prices are affected by both negative and positive shocks on food
prices in the long-run, it would be appropriate for the policy designers to focus on reducing excessive price volatility. The impact of
global food prices on crude oil prices could be explained by increases in the demand for biofuels and speculative movements in the
agricultural commodities market (Cheng& Cao, 2019). To this end, government intervention should target either on subsidizing energy
crops or implementing supportive policies for the agricultural prices and production or designing hedging strategies to reduce risk in
commodities and energy markets.
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Table 6
Dynamic asymmetric estimation of series adjustments.

Dependent variable: Δlwti

Variable Coefficient Std. Error t-Statistic Prob.

Constant 0.314 0.099 3.155 0.001
lwti(-1) �0.091 0.031 �2.907 0.004
lfpiþ (-1) 1.137 0.344 3.300 0.001
lfpi-(-1) 1.708 0.501 3.405 0.000
Δlwti(-1) 0.260 0.079 3.268 0.001
Δlwti(-2) 0.130 0.079 1.654 0.099
Δlfpiþ (-1) �4.026 1.693 �2.377 0.018
Δlfpiþ (-12) �3.655 1.810 �2.019 0.045
Δlfpi- 5.611 1.917 2.926 0.003
Δlfpi- (-2) �3.655 1.448 �2.523 0.012
Δlfpi- (-3) �3.424 1.403 �2.440 0.015
Δlfpi- (-6) �4.014 1.806 �2.222 0.027
R2 0.247
χ2 3.028 0.554
FPSS 5.26
Lþ lfpi 12.384 0.000
L� lfpi 18.603 0.000
WLR �3.239 0.001
WSR �0.731 0.465

Note.
Estimation uses Heteroscedasticity – Autocorrelation Consistent (HAC) standard errors and covariances.
χ2denotes LM test for serial correlation.
di2003m07, di2010m08, di2013m07 are impulse dummies. ds2013m07 is a stability dummy.
FPSS denotes the PSS F-statistic testing the null hypothesis of no cointegration, �ρ ¼ θþ ¼ θ� ¼ 0.
At the 5% level of significance, the critical values (bounds) for the FPSS are 4.04 and 4.78 for the upper and lower bound respectively.
Lþ lfpi is the estimated long-run coefficient associated with positive changes, defined by βþ ¼ � θþ/ ρ.
L-lfpi is the estimated long-run coefficient associated with negative changes, defined by β� ¼ � θ�/ ρ:
WLR refers to the Wald test for the null of long-run symmetry defined by � θþ/ ρ ¼ � θ�/ ρ.
WSR refers to the Wald test for the null of the additive short-run symmetry condition defined by
Pq

i¼0
πþi ¼ Pq

i¼0
π�i
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