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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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KaHanaaT eKOHOMIYHUX HayK, AOLIEHT,

HaujioHanbHui yHiBepcuteT 6iopecypciB i NpMPOROKOPUCTYBaHHSA YkpaiHn, Kuis, YkpaiHa

lFanb4yuHcbka 0. M.

KaHOMaaT eKOHOMIYHUX HayK, AOLEeHT, HauioHanbHWi yHiBepcuTeT 6iopecypciB i NPUPOAOKOPUCTYBaHHs Ykpaiiu, Kuis, Ykpaina
3B’A30K LiiH Ha 3epHO B YKpaiHi 3i cBiTOBUMM LiHaMmu Ha HacTy

AHoTauisi. [NpoTAroMm 0CTaHHBOro JECATUNITTS CNOCTEPIraeTbCs 36iNbLUEHHSA BUKOPUCTAHHSA BiLHOBMNIOBAHNX O)Kepes eHeprii Ha
OCHOBI CiflbCbKOrocnoaapchbKoi CUPOBUHN. Y PO3BNHEHNX KpaiHax Le CTUMYSIIOETECA LWMPOKMM CMEKTPOM MONITUYHUX 3axoAiB
Ta NpU3BOaUTb A0 36iMbLUEHHS 3B’A3KIB MiXK CiflbCbKOroCnoAapChKMMN Ta EHEPreTUHHUMM PUHKaMU HaBITb Y TUX KpaiHax, siKi He
MatoTb BIaCHOI MONITUKNM LLOAO BiJHOBIOBAHMX OyKepen eHeprii. Y 4aHOMy KOHTEKCTI METOIO CTaTTi € OLiHKa 3B’A3KYy MiX LiiHamMu
Ha KyKypya3y 1 nweHuuio B YkpaiHi Ta uiHaMmu Ha HadTy Mapku Brent. AHani3 LjiH NpoBeAeHO Ha OCHOBI LLIOMICAYHMX JaHuX i3
BUKopucTtaHHAM mogenein ARDL-ECM Ta rpaHnyHOro TecTyBaHHs.

OTpuMaHi pe3ynsTati cBigyYaTb NPO YaCoBi KOMBaHHS 3B’A3KIB MiXK YKPAIHCbKMMU LjiHaMW Ha 3epHO Ta CBITOBUMM LiHamy Ha
HadTy. Hambinbll BUCOKMIA 3B’A30K MK LiHamu cnocTtepirascs B nepiog 2008-2013 pp., KMl xapakTepunsyBaBCsi 3HA4YHUM
36iNbLUEHHAM BUPOOHULTBA 6i0eTaHoNy, HU3bKUM PiBHEM 3anaciB 3epHOBUX Ta BUCOKUMM LiiHaMWN Ha HadTy.

KniouoBi cnoBa: 3epHo; HadTa; 6ionanueo; uiHoea peakuisi; ARDL-ECM.
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ECONOMICS AND MANAGEMENT OF NATIONAL ECONOMY

CBs3b LieH Ha 3epHo B YKpauHe C MMPOBbIMU LieHamMu Ha HeTb

AHHOTaumsa. B TeyeHne nocnegHero pecsatunetus HabnNtogaeTcsl yBeMYeHNe NCMNoNb30BaHNsS BO30OHOBSIEMbIX NCTOYHNKOB
3HEepPrnn Ha OCHOBE CETbCKOXO3SINCTBEHHOMO Chbipbs. B pasBuTbiX CTpaHax 3To CTUMYIMPYETCS LUMPOKMM CMEKTPOM MNONNTUYECKNX
Mep ¥ NPUBOQNT K YBEIMHEHUIO CBA3EN MEXY CENbCKOXO3ANCTBEHHBIMU 1 S3HEPrETUHECKUMU PbIHKaMU, AaXXe B TeX cTpaHax,
KOTOpbl€ HE UMEIOT COBCTBEHHON MOMAUTVKM MO BO3OOHOBNSEMbIM UCTOYHMKAM 3Heprui. B gaHHOM KOHTEKCTe uenbto ctaTbu
SIBNSETCA OLEHKA CBA3U MEXIy LieHaMn Ha KyKypy3y U MLUeHWLy B YKpanHe 1 LeHamn Ha HedpTb Mapku Brent.

AHann3 LeH NpoBefeH Ha OCHOBE EXXEMECSHHbIX AaHHbIX C ucnonb3oBaHnem mogenein ARDL-ECM v npegenbHOro TectnposaHmst.
[Mony4yeHHble pe3ynbTaTbl CBUOETENBCTBYIOT O BPEMEHHbIX KonebaHus CBA3el MexXOy YKPauHCKMMM LeHamy Ha 3epHO U
MUPOBbLIMU LieHaMn Ha HedpTb. Hanbonee BbicoKas CBA3b Mexay LeHamu Habnoganack B nepuog 2008-2013 rr., KOTOpbIi
XapakTepusoBascs 3Ha4YMTeNbHbIM YBEIMYEHNEM NPON3BOACTBA 61MO3TaHONA, HU3KUM YPOBHEM 3aMnacoB 3ePHOBbIX U BbICOKUMU

LeHamn Ha He(Tb.

KnroueBble cnoBa: 3epHo; HepTb; 6MOTONNNBO; LieHoBas peakuusi; ARDL-ECM.

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 agricultural 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 general 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 (G6tz 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 prices 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
between 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 covering
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 1(0), I(1) or even
fractionally integrated. An unrestricted ARDL-ECM model was
specified:

P
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. i —i
i=1 i

. . Yt— +7 Xt— +g, (1)
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where:

Y,, X, are dependent and independent variables, respectively;
¢, is drift component;

£, is white noise errors;

¢, and a, represent short run dynamics;

T, and T, 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 (HO: m,= T,= 0) is tested against an
alternative, assuming the presence of cointegration among
the variables (H1: 1,# m,# 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
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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

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
structural 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 value
at the 10% significance level.
At the 5% significance level,
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 variables. 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 model
are October 2010, June 2013 and February 2016. Global
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 envisage
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

Hamulczuk, M., Makarchuk, O., & Galchynska, J. / Economic Annals-XXI (2019), 175(1-2), 40-44

42



of no cointegration between 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 period
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 prices
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

Source: Own calculations

ECONOMICS AND MANAGEMENT OF NATIONAL ECONOMY

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

Tab. 3: The estimates of unrestricted ARDL models and bound test

for cointegration in different subsamples

Source: Compiled by the authors

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. Reaching
the 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 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
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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- make it possible to assess the interconnection between the
tionships. Further study may be related to the inclusion of the world crude oil prices and the Ukrainian cereal prices more
world grain and bioethanol series into the models, which will accurately.
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