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Linkage of grain prices in Ukraine 
with the world crude oil prices

Abstract
Over the past decade, we have observed an increased use of renewable energy sources based on agricultural commodities. 
It is stimulated by a wide range of political tools in developed countries and leads to the linkage of agricultural markets with 
energy markets even in the countries which do not have own peculiar policies regarding renewable energy. In this context, the 
purpose of the paper is to assess the linkage between corn and wheat prices in Ukraine and Brent crude oil prices. The price 
analysis was carried out on the basis of monthly data covering the period between January 2001 and December 2018 with the 
use of ARDL-ECM models and bound tests approach. The obtained results indicate time varying relationships between the 
Ukrainian grain prices and the world crude oil prices. The strongest price linkage was observed between 2008 and 2013, a period 
characterised by a substantial increase in bioethanol production, low grains inventory levels and high crude oil prices. 
It should be noted that reaching planned mandatory blending levels in most countries promoting biofuel policy and relatively low 
crude oil prices does not constitute a motivation to increase the use of cereals for biofuel production. The increase of stocks in 
the world grain markets also contributes to reducing the strength of price connections. 
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Зв’язок цін на зерно в Україні зі світовими цінами на нафту
Анотація. Протягом останнього десятиліття спостерігається збільшення використання відновлюваних джерел енергії на 
основі сільськогосподарської сировини. У розвинених країнах це стимулюється широким спектром політичних заходів 
та призводить до збільшення зв’язків між сільськогосподарськими та енергетичними ринками навіть у тих країнах, які не 
мають власної політики щодо відновлюваних джерел енергії. У даному контексті метою статті є оцінка зв’язку між цінами 
на кукурудзу й пшеницю в Україні та цінами на нафту марки Brent. Аналіз цін проведено на основі щомісячних даних із 
використанням моделей ARDL-ECM та граничного тестування.
Отримані результати свідчать про часові коливання зв’язків між українськими цінами на зерно та світовими цінами на 
нафту. Найбільш високий зв’язок між цінами спостерігався в період 2008–2013 рр., який характеризувався значним 
збільшенням виробництва біоетанолу, низьким рівнем запасів зернових та високими цінами на нафту. 
Ключові слова: зерно; нафта; біопаливо; цінова реакція; ARDL-ECM.
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1. Introduction
In the last decade, there has been an increasing empha-

sis on the use of renewable energy sources (RES) as an alter-
native to conventional fossil energy resources. RES include 
biofuels, production of which is based on agricultu ral com-
modities such as sugar cane, cereals or oilseeds. The dy-
namic development of biofuel production is grounded in en-
vironmental issues (Kretschmer et al., 2012), high world ener-
gy prices (de Gorter et al., 2013) and downward trends in  real 
prices of agricultural products (Tyner, 2010; Wright,  2014). 
The gene ral belief is that RES could be an opportunity for the 
development of agriculture and the increase of agricultural 
producers’ incomes (Makarchuk et al., 2007).

Grains demand for biofuel production is one of the main 
factors underlying price linkage between agricultural and 
crude oil markets. The second channel linking both markets 
is via input costs (Potori & Stark, 2015). The dynamic growth 
of agricultural raw materials used for biofuels was reflected 
in the increase in the level and volatility of world agricultu-
ral commodity prices (Abbot, 2013; Galchynska et al., 2015; 
Wright, 2014). Due to globalisation, decisions of main world 
biofuel players have heavily affected agricultural and food 
prices in the countries that didn’t support biofuel production 
and consumption (Lagi et al., 2011; HLPE, 2013). 

Ukraine is one of such countries, where biofuel produc-
tion, in particular ethanol, doesn’t play any important role, 
despite the adoption in 2009 low promotion of the produc-
tion and use of biofuels (Verkhovna Rada of Ukraine, 2009). 
Ukraine is one of the major producers and exporters of 
grains in the world and Ukrainian grain prices are signifi-
cantly linked with world prices (Götz et al., 2012; Goychuk & 
Meyers, 2014). Therefore, we expect that the linkage bet-
ween the grain prices and crude oil prices in Ukraine is  also 
visible. The main question is the nature of such linkages and 
their strength over time. We could not find any research as-
sessing the impact of crude oil prices on Ukrainian grain 
prices. In this context, the study attempts to fill this gap and 
makes a contribution to the knowledge by providing evalua-
tion of the linkage of corn and wheat prices in Ukraine with 
the world crude oil prices.

2. Brief Literature Review
Biofuel demand becomes more and more important 

part of the balance sheet of grains in the world (Schmitz & 
 Meyers, 2015). Policy decisions in the biofuel era have led to 
the competition of grain and oilseeds demand for food, feed 
and energy purposes (McPhail & Babcock, 2012; Kretschmer 
et al., 2012). Thus, state policies have resulted in the increa-
sing links between agrifood markets and the energy mar-
kets (Tyner, 2010; Wright, 2014). According to some authors, 
crude oil prices and energy prices are probably the main 
factors determining the growth of food prices during the so 
called food crisis (de Gorter et al., 2013; Wright, 2014).

Most researchers indicate that in recent years world 
crude oil prices have influenced agricultural crops produc-
tion and prices (Abbot, 2013; Zafeiriou et al., 2018). The 
 linkage between crude oil prices and agricultural commo-
dity pri ces is reflected by the existence of long-run econo-
mic relationships, price co-movement or granger-causality 
(Katrakilidis et. al., 2015). M. Bakhat and K. Wurzburg (2013) 
indicate that increased biofuel use created new links between 
prices of foods and crude oil, especially for those agrifood 

products that have been used for biofuel production. On the 
other hand, in some authors’ opinion, biofuels have not been 
the most dominant contributor to the agrifood price inflation 
(Zilberman et al., 2013). 

The nature and strength of price links strongly depend on 
the period being analyzed (de Gorter et al., 2013, Tyner, 2010). 
W. Tyner (2010) and M. Hamulczuk & C. Klimkowski (2012) 
have found that correlations between prices of grains and oil 
in the USA and Poland have changed from negative to posi-
tive along with biofuel introduction. D. Kumar (2017) points 
that existing volatility spillover from crude oil to agricultu-
ral commodities does not remain stable but exhibit multiple 
structural breaks. 

3. Purpose
The paper aims at presenting an econometric analysis 

showing the nature of the linkage of the Ukrainian grain pri-
ces with the world crude oil prices. The empirical analysis of 
monthly price series is carried with the use of the ARDL-ECM 
framework attempted at finding time varying relationships 
bet ween crude oil and grains prices. 

4. Data and methods
To analyse the linkage between grain prices and crude 

oil prices, we used a monthly price series data cove ring 
the period between January 2001 and December 2018 
(Figure 1). Wheat and corn price series express procure-
ment prices in Ukraine, whereas oil price series is for Brent 
crude oil. All variables were expressed in USD. The source 
of data was the FAOSTAT (corn and wheat) and the World 
Bank (crude oil).

To test stationarity of time series, we applied the Augmen-
ted Dickey Fuller (ADF) test (see Enders, 2010). The empirical 
analysis of the price linkage was carried out with the use of 
the bound test and ARDL-ECM model (Pesaran et al., 2001). 
The applied procedure has several advantages over the con-
ventional co-integration testing because it can be used re-
gardless of whether the underlying series are I(0), I(1) or even 
fractionally integrated. An unrestricted ARDL-ECM model was 
specified:

 (1)

where: 
Yt, Xt are dependent and independent variables, respectively; 

0 is drift component; 
t is white noise errors; 
i and i represent short run dynamics; 
1 and 2 is long-run relationship. 

The lag length of the model (p, q) was chosen according to
AIC. 

The existence of a long-run relationship among the va-
riables was tested basing on F-test statistic. The null hypo-
thesis of no cointegration (H0: 1= 2= 0) is tested against an 
alternative, assuming the presence of cointegration among 
the variables (H1: 1≠ 2≠ 0). The calculated F-test statistic 
values are compared with two sets of critical values accor-
ding to Pesaran et al. (2001). If the F-statistic is below the 
lower bound critical value, then the null hypothesis of no 
co-integration cannot be rejected. If the F-test statistics ex-
ceeds the upper critical value, then the null hypothesis of no 
co-integration can be rejected. If the computed F- statistic 

Связь цен на зерно в Украине с мировыми ценами на нефть
Аннотация. В течение последнего десятилетия наблюдается увеличение использования возобновляемых источников 
энергии на основе сельскохозяйственного сырья. В развитых странах это стимулируется широким спектром политических 
мер и приводит к увеличению связей между сельскохозяйственными и энергетическими рынками, даже в тех странах, 
которые не имеют собственной политики по возобновляемым источникам энергии. В данном контексте целью статьи 
является оценка связи между ценами на кукурузу и пшеницу в Украине и ценами на нефть марки Brent.
 Анализ цен проведен на основе ежемесячных данных с использованием моделей ARDL-ECM и предельного тестирования.
Полученные результаты свидетельствуют о временных колебания связей между украинскими ценами на зерно и 
мировыми ценами на нефть. Наиболее высокая связь между ценами наблюдалась в период 2008–2013 гг., который 
характеризовался значительным увеличением производства биоэтанола, низким уровнем запасов зерновых и высокими 
ценами на нефть.
Ключевые слова: зерно; нефть; биотопливо; ценовая реакция; ARDL-ECM.
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falls between the lower and upper bounds, then the results 
are inconclusive.

Bearing in mind that such relationships might be un-
stable stable over time, we tested the stability of the para-
meters using a CUSUM test. Moreover, to test the para-
meter instability and the structural change in the ARDL-ECM 
 models,  Bai-Perron multiple breakpoint test was applied 
(Bai & Perron, 1998). Three procedures were used to test 
structu ral breaks, each allowing heterogeneous error distri-
butions across breaks. We tested: L+1 vs. L sequentially de-
termined breaks, L+1 vs. L globally determined breaks and 
1 to M globally determined breaks. After assuming structu-
ral breaks, new ARDL-ECM models for each subsample were 
estimated. The whole analysis was summarised by compu-
ting dynamic multipliers which show the amount of informa-
tion each exogenous variable contributes to the endogenous 
variables.

5. Results 
The empirical analysis started with testing unit roots in 

the logarithmic price series. The null hypothesis for crude 
oil price series (assuming non-stationarity) cannot be rejec-
ted at the 5% and 10% significance levels (p = 0.268). The 
null hypotheses for the wheat price series (p = 0.087) and the 
corn price data (p = 0.058) can be rejected at the 10% sig-
nificance level but not at the 5% level. The ADF test applied 
for first differences of all log price series allows us to reject 
the null hypothesis. The inconclusive results of the ADF test 
for the price levels justified the use of the ARDL-ECM frame-
work, which is a robust for non-stationarity assumption, du-
ring testing long run relationships. 

According to AIC, the most suitable models were 
ARDL (1.1) for the wheat-oil analysis and ARDL (2.1) for 
corn-oil modelling. However, the model for wheat-oil was 
subject to autocorrelation. Therefore, it was extended to 
ARDL (2.1). The estimated ARDL (2.1) models for the whole 
sample are presented in Table 1. Errors of these models are 
not serially correlated. Thus, 
we can use them for co-inte-
gration testing. 

The calculated F statistics 
are 5.23 for the first model and 
5.08 for the second model. The 
lower and upper bounds for 
the F-test statistic at the 10% 
and 5% significance levels are 
(4.04, 4.78) and (4.94, 5.73), re-
spectively. In both cases, the 
Wald-test statistics are over 
the upper bound critical va lue 
at the 10% significance le vel. 
At the 5% significance le vel, 
the bound test results are in-
conclusive. Therefore, we can 

conclude that there exist long-run relationships between the 
Brent crude oil series and the grain prices in Ukraine series, 
however only at the 10% significance level. Relaying on the 
ARDL-ECM models, we estimated the long-run relationships 
(Table 1). In the long run, a 1% increase in crude oil prices 
leads to 0.48% and 0.42% increase of wheat and corn pri-
ces, respectively. From Table 3, we can conclude that that 
the adjustment to the long-run relationship is mainly from 
grain prices. Therefore, we can assume that crude oil prices 
are weekly exogeneity for the Ukrainian grain prices. 

The CUSUM test (cumulative sum of residuals) indi-
cates stability of the parameters of both the models which 
validates bound test results. However, the visual price ana-
lysis suggests time varying price co-movements. To ve-
rify this presumption, we applied three versions of the 
Bai-Perron multiple break point test for the models presen-
ted in Table 1. All explanatory variables were used as break-
point va riables. We assume that error distribution may vary 
over regimes. 

The results of the application of three procedures are in-
cluded in Table 2. The sequential procedure indicates three 
breakpoints for the wheat model and two structural breaks 
for the corn model. The remaining two procedures suggest 
two structural breakpoints in both models. According to the 
sequential, the procedure break dates for the wheat mo del 
are October 2010, June 2013 and February 2016. Glo bal 
procedures indicate the break dates in October 2010 and 
December 2014. According to all procedures, the structu-
ral break dates for the corn model are September 2008 and 
September 2013. 

For further analysis, we determined two structural breaks 
(Table 3). It seems to be in line with our expectations and the 
fact that most procedures of the Bai-Perron test envi sage 
such a solution. All the explanatory variables are regime va-
rying, therefore the models in each subsample can be treated 
as separate. In most of the subsamples, the null  hypothesis 

Tab. 1: Estimates of unrestricted ARDL (2.1) models and bound test for cointegration 
in the whole sample (2001-2018)

Source: Compiled by the authors

Fig. 1: Monthly price series used in the analysis (USD/tonne and USD/barrel)
Source: Compiled by the authors based on the World Bank and FAO data
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of no cointegration bet ween the 
grains series and the crude oil se-
ries cannot be rejected. 

The role of Brent crude oil pri-
ces in determining Ukrainian wheat 
and corn prices appears to be 
clear with regard to Figure 2, which 
portrays a cumulated response of 
grain prices on 1% shock in crude 
oil prices both for the whole pe riod 
and particular subsamples. Two 
graphs represent impulse response 
functions calculated for the uncon-
strained models (Tables 1, 3). Con-
structing the model by removing 
insignificant variables in first diffe-
rences doesn’t significantly modify 
the obtained results.

The estimated impulse re-
sponse functions look pretty simi-
lar for both markets. In the whole 
analysed period (2001-2018), a 1% 
change in crude oil prices leads to 
a 0.41% change in wheat and corn 
prices in a 12-month span. The re-
sponses of grain prices on shocks 
from crude oil prices vary signifi-
cantly between sub-periods. 

In 2001-2008, the 1% increase/de-
crease in crude oil prices lead to ap-
proximately a 0.4% increase/decrease 
in grain prices within 12 months. Such 
a shape of the function may indicate 
that the crude oil shock in this pe-
riod is transmitted first into the cost 
of production and transportation and 
then into grain markets. We observe 
completely different price linkages 
in 2008-2013 (corn) and 2008-2014 
(wheat) with a strong reaction of grain 
prices on crude oil price shocks. A 1% 
change in crude oil prices leads to a 
0.85-0.87 change in wheat and corn 
prices within a 12-month span. In the 
short term, we can even observe over-
reaction of corn prices due to a low 
level of corn stocks. Since 2013 (corn) 
and 2014 (wheat), a very limited im-
pact of crude oil on grain prices has 
been observed. 

6. Conclusions
The purpose of the research was to 

analyse the linkage of Ukrainian grain 
prices with Brent crude oil prices. The 
theoretical framework indicates a pos-
sible impact of world crude oil pri ces 
on grain prices in Ukraine via world 
grain prices. The crude oil-wheat and 
the crude oil-corn linkage in Ukraine 
might be especially evident due to 
a significant share of Ukrainian grain export on the world 
market.

The application of the cointegration bound test proves 
the existence of a long-run relationship between the crude 
oil prices and the grain prices in 2001-2018. The long run 
elasticity of corn prices, with respect to Brent crude oil pri-
ces, is 0.42 whereas the long run elasticity of wheat prices 
is 0.48. The Bai-Perron multiple breakpoint test indicates 
possible structural breaks in 2008 and 2013-2014. The es-
timated ARDL-ECM models confirm the time varying rela-
tionship between the crude oil series and the grain price 
series. 

In 2001-2008, the shocks in crude oil were slowly trans-
mitted to the corn prices, confirming that cost of production 
and transportation are the main channel linking crude oil 

and grain markets. In 2008-2013, we could see evidence of 
strong co-movements of crude oil prices and grain prices, 
which was caused by a rapid increase in biofuel demand, 
depletion of grain stock and relatively high crude oil prices 
increasing profitability of biofuel production.

Since 2013-2014, the price linkages between crude oil 
and grain prices seem to have been insignificant. Rea ching 
the planned mandatory blending levels in most countries 
promoting biofuel policy and, relatively, low crude oil pri ces 
does not constitute a motivation to increase the use of ce-
reals for biofuel production. The increase in stocks of the 
world grain markets also contributes to the reducing strength 
of price connections. 

The extension of this study may include the application 
of the threshold or other regime switching models, which can 

Tab. 2: Multiple breakpoint tests for models from Table 3

Source: Own calculations

Tab. 3: The estimates of unrestricted ARDL models and bound test 
for cointegration in different subsamples

Source: Compiled by the authors
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Fig. 2: Cumulated response of grain prices on 1% change in crude oil prices
Source: Compiled by the authors

be useful when assessing asymmetric and time varying rela-
tionships. Further study may be related to the inclusion of the 
world grain and bioethanol series into the models, which will 

make it possible to assess the interconnection between the 
world crude oil prices and the Ukrainian cereal prices more 
accurately.
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