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Time-varying relationship between Ukrainian
corn and world crude oil prices

Abstract. Corn belongs to the most important feed and industrial grains in the world being utilized for
bioethanol production. Ukraine does not produce biofuels and does not pursue an active renewable energy
policy. However, due to significant share of exports, corn prices in Ukraine can be shaped under the influence
of biofuel policies pursued by developed countries, as well as under the influence of world energy markets.
Therefore, the aim of the paper is to investigate the mechanisms linking Ukrainian export corn prices
with Brent oil prices, as well as to quantitatively assess the nature of this relationship. We were especially
interested in possible time-varying relationship between the prices. The price analysis was carried out on
the basis of monthly data for the period 2001-2020 with the use of rolling correlation technique and rolling
causality tests.

The results of this research indicate on time-varying co-movements of Ukrainian corn and Brent crude
oil prices. The strongest positive correlations and significant bidirectional causality were observed
in 2007-2011. However, in most of sub-periods there were no significant relationships between these prices.
Among factors strengthening the price linkages are the low corn-oil price ratios, dynamic increase of corn
utilized for ethanol production and depletion of the world corn stocks. The conducted analysis confirmed that
changes in biofuel demand in other countries can affect Ukrainian corn market due to horizontal integration
of grain markets worldwide. Biofuel policy reforms in the EU aiming at decreasing mandatory blending of
conventional biofuels in favor of advanced biofuels can lead to decrease in demand for corn in Ukraine after
2021, leading, in turn, to further weakening of linkage between corn and crude oil prices.

Keywords: Corn; Crude Oil; Brent; Bioethanol; Biofuel; Price Transmission; Time-Varying; Causality;
Energy Policy
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KaHAMAAT EKOHOMIYHUX HAaYK, OOLLEHT,

HauioHanbHMin yHiBEpCUTET BiOpPECYPCIB | NPMPOAOKOPUCTYBaHHS YkpaiHn, Kuis, YkpaiHa

AnHaMi4dHi B3aEMO3B’A3KN MK YKPaiHCbKUMM LiiHaMKn

Ha KyKypyA3y Ta CBiTOBMMU LiHaMU Ha HadTy

AHoTauiqa

HaciHHS KyKypya3u BUKOPUCTOBYETBLCS AK Y IKOCTI LLiIHHOro KOPMY, Tak i A8 NPOMUCIIOBUX Linen, 3okpemMa
BMPOOHMLTBa GioeTaHony. YkpaiHa He BUpoOnsie GionanbHe Ta HE MPOBOANTL akTUBHOI NONITUKM Y cdepi
BIAHOBMIOBaNbHUX Axepen eHeprii. OgHaK Yyepes 3Ha4yHy YacTKy eKCnOPTY LjiHW Ha KyKypya3y B YkpaiHi
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MOXYTb GOPMYBaTUCS NiA, BIIMBOM MOJIITUKM LWOAO0 Gionannea, ska NnpoBoANTbCA PO3BUHEHMMM KpaiHaMu,
a TaKOX CBITOBUX EHEPreTUYHUX PUHKIB. Y LLbOMY KOHTEKCTI METOIO HaLLOi CTaTTi € 4OCIAXEHHA MEXaHI3MIB,
L0 NOB’A3YI0Thb YKPAIHCbKi €KCMOPTHI LiHM Ha KyKypyA3y 3 LiHaMn Ha HadTy mapku Brent y cBiTi, a Takox
KinibKiCHa OLLiHKa XxapakTepy AaHOro B3aeMo3B’a3ky. OcobnmBy yBary Hamu nNpuaiiEeHo OLiHLL MOXJ/IMBOIO
3B’A3KY MiX LiiHaMWM B 3aN1€XHOCTI Bif, Yacy. AHani3 LjiH NPOBOANBCS Ha OCHOBI LLLOMICSYHUX AaHWX 32 Nepios,
2001-2020 pp. i3 3acTOCYBaHHSIM METOAMKUN KOB3HOT KOPEssL|i Ta KOB3HMX TECTIB Ha BUABNEHHS MPUYMHHO-
HaCNiOKOBMX 3B’ AA3KiB.

Pegynstatm npoBedeHOro Hamu OOCHIOXEHHA CBigyarb MPO AMHaMIYHI CYMICHI PyXyM YKPaiHCbKUX LijiH
Ha KyKypyasy Ta CBiTOBUX HadTOBMX LiH Mapku Brent. HalcunbHiwa no3mtmBHa Kopensuis i 3HavyHa
[ BOHanpaBfieHa NPUYNHHICTb B3aEMO3B’A3KiB cnocTepiranack y 2007-2011 pp. OaHak y 6inbLIOCTi nepioais
He CnocTepiranocs CyTTEBUX 3B’A3KiB MiX AaHUMM LiHaMu. Cepen, YMHHUKIB, SIKi MOCUITIOIOTb LLIHOBI 3B’A3KN,
MOXHa BigMITUTU HN3bKe CNiBBIAHOLWEHHS LijiH Ha KYKYPYA3Y Ta HadTy, ANHAMIYHE 3POCTaHHS BUKOPUCTAHHSA
KYKYpya3u Ans BUpoOHMLTBA eTaHOJy, a TakoX 3HMXXEHHS CBITOBUX 3anaciB KyKypya3u.

MpoBeneHnin aHania NigTBEPAMB TE, L0 3MiHM B NONNTI Ha 6ionanmBo B iHLWMX KpaiHax MOXYTb BMIMHYTU Ha
YKPAiHCbKUI PUHOK KYKYPYA3M Yepe3 ropm30oHTasIbHY IHTErpaLito pUHKIB 3epHa B YCbOMY CBITi. MMoniTnyHi
pedopmu woao bionanmea B EC cnpssMOBaHi Ha 3MeHLLEeHHs 000B’A3KOBOI AOMILLKM 3BMUYaliHOro bionanmea
Ha KOPWUCTb Bionanmea APYroro NOKoMiHHA. Taka cuTyauiss MOXe MPU3BECTU A0 3MEHLLEHHS MOMUTY Ha
Kykypyasy B YkpaiHi nicna 2021 poky, L0 B CBOIO Yepry CnpusaTMMme noaasblloMy NOCiabneHHo 3B’ 93Ky
Mi>X LiHaMW Ha KYKYpPYA3y v cupy HadTy.

KniouoBi cnoea: kykypynsa; cupa Hadta; Hadpta Mapkm Brent; 6ioetaHon; 6ionanneo; LiHOBa peakujs;
OMHaMIYHICTb; NPUYNHHNI 3B’A30K; eHEpPreTuyHa nonitmka.
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KaHAMOAT 9KOHOMUYECKMX HAaYK, OOLLEHT,

HaumoHanbHbI yHMBEPCUTET OMOPECYPCOB 1 MPUPOAOMNONIL30BaHMSA YKpanHbl, Knes, YkpanHa
AnHaMuyeckne B3aMMOCBSA3N MeXAY YKPaNnHCKUMUN LLeHaMu

Ha KYKypy3y ¥ MUPOBbIMU LleHaMu Ha HedTb

AHHOTaUMA

CemeHa Kykypy3bl UICNONb3YIOTCS Kak B KQYECTBE LLEHHOI0 KOPMA, Tak U HanpaBsioTCs A5 MPOMbILLIEHHbIX
Luenen, B 4aCTHOCTU Npou3BOACTBA BMO3TaHOMA. YKpamHa He Npous3BoaMT BUOTOMMBO U HE MPOBOAMUT
aKTUBHOW NOANTUKM B chepe BO30OHOBASEMbIX UCTOYHMKOB 3Heprun. OgHako n3-3a 3HAYUTENBHOW 40N
3KCMopTa LEHbl Ha KyKypy3y B YKpanHe MOryT (pOpMmMpOBaThCS NOA BAUSHUEM MNONUTUKN B OTHOLLUEHUN
fvoTonavea, NPOBOAUMON PasBUTLIMU CTPaHaMM, a TakxXe MUPOBBLIX IHEPreTUYECKUX PbIHKOB. B aTOoM
KOHTEKCTE Lenbilo Hallel cTaTbM SBASETCH MCCNefoBaHWe MEexXaHM3MOB, CBS3bIBAOLWMX YKPAUHCKUE
3KCMOPTHbIE LieHbl Ha KYKYpPYy3y C MUPOBbLIMU LieHaMu Ha HedTb Mapku Brent, a Takxe konnyecTtBeHHas
OUEHKa xapakTepa AaHHoM B3ammMocBa3n. Ocoboe BHMMaHMe HaMu yOeneHo OugHKe BO3MOXHOW CBSA3U
MeXay LieHamMn B 3aBMCUMOCTU OT BPEMEHN. AHANN3 LLEeH NPOBOAUIICS HA OCHOBE €XEMECSYHbIX AAHHbIX
3a nepwuop 2001-2020 rr. ¢ NpMMEHEHNEM METOAMKN CKOMb3ALLEN KOPPENALUM N CKOMb3SLWMX TECTOB HA
BbISIBIEHNE NPUYNHHO-CNELACTBEHHbIX CBA3EMN.

Pesynbtatel NMpoOBEAEHHOrO HaMu WCCNeAoBaHUS CBUAETENbCTBYIOT O AWHAMUYECKUX COBMECTUMBbIX
OBVKEHUSIX YKPAMHCKMX LEH HA KYKYPy3y M MUPOBBLIX HEDTAHBIX LLeH Mapkm Brent. Hanbonee cunbHas
NONOXUTENbHAS KOPPEensumMs W 3HauyMTeNbHasa [OByHanpaBieHHas MNPUYMHHOCTL B3aMMOCBSI3EN
Habnmoganacek B 2007-2011 . OgHako xe B OOMbLUMHCTBE NMEPUOAOB HE HabnaaNoCh CyLLECTBEHHbIX
cBsA3en mexay atumMm ueHamu. Cpeauy ¢pakTopoB, KOTOPbIE YCUNMBAIOT LLEHOBbIE CBA3U, MOXHO OTMETUTh
HMU3KOE COOTHOLUEHWE LEH Ha KYKypy3y U HedTb, AMHAMUYHbLIA POCT MCMONb30BAHUSA KYKYpy3bl O/
NPOM3BOACTBA 3TAHONA, @ TAKXE CHUXEHNE MUPOBbIX 3anacoB KyKypy3bl.

MpoBeneHHbIN aHanM3 NoaTBepans TO, YTO M3MEHEHUS B CMPOCE Ha OGMOTOMAMBO B APYrMX CTpaHax
MOTYT MOBMMATb HA YKPAMHCKNIA PbIHOK KYKYPY3bl HEPE3 FOPU30HTasIbHYIO MHTErPaLMIO PbIHKOB 3€pHa BO
BceM mwupe. MNMonntuyeckne pedopmbl OTHOCUTENBHO GuoTonamea B EC HanpaBneHbl Ha yMEHbLUEHVE
06s13aTeNIbHON NpUMecK 0ObIYHOro BMOTOMIMBA B NONL3Y GUOTOMNIMBA BTOPOI0 NOKONIEHUS. Takas cuTyaums
MOXET NPMBECTUN K YMEHbLLEHMIO CNpOca Ha Kykypy3y B YkpaunHe nocne 2021 roga, 4to B CBOIO o4epenb
OyneTt cnocobCcTBOBaTH AaNibHENLLEMY OCIA0NEHUIO CBA3M MEXAY LleHaMM1 Ha KYKYPY3Y U CbIpyio HEDTh.
KnioueBble cnoBa: Kykypy3a; cbipasi HedpTb; HedpTb Mapku Brent; 6uoataHon; 6GuoTonnmMeo; LEeHoBas
peakumsi; BUHAMUYHOCTb; NPUYMHHAs CBA3b; SHepreTnyeckas noanTuka.
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Zmienna w czasie zalezno$¢ miedzy ukrainnskimi cenami

na kukurydze a Swiatowymi cenami ropy naftowej

Streszczenie

Kukurydza nalezy do najwazniejszych zb6z paszowych i przemystowych na swiecie wykorzystywanych
do produkcji bioetanolu. Mimo tego, ze Ukraina nie produkuje biopaliw i nie prowadzi aktywnej polityki w
zakresie energii odnawialnej, ze wzgledu na znaczacy udziat eksportu, ceny kukurydzy na Ukrainie moga,
ksztattowac sie pod wptywem polityki biopaliwowej krajow rozwinietych, a takze pod wptywem swiatowych
rynkéw energii. W tym kontekscie celem naszych badan jest ocena mechanizmow tgczgcych eksportowe
ceny ukrainskiej kukurydzy z cenami Swiatowymi ropy Brent, a takze ilosciowa ocena charakteru tego
zwigzku. Szczegolnie interesuje nas mozliwa ewolucja tej zaleznosci w czasie. Analize cen przeprowadzono
na podstawie danych miesiecznych za lata 2001-2020 z wykorzystaniem techniki korelacji kroczgcej oraz
kroczacych testow przyczynowosci.

Wyniki badan wskazujg na zmieniajaca sie w czasie wspotzmiennos$¢ cen ukrainskiej kukurydzy i ropy Brent.
Najsilniejsze dodatnie korelacje i istotna dwukierunkowa przyczynowos$¢ zostaty zaobserwowane w latach
2007-2011. Jednak w wiekszosci podokreséw nie byto istotnych zaleznosci miedzy tymi cenami. Czynnikami
wzmachniajgcymi powigzania cenowe sg, niskie relacje cen kukrurydzy do ropy naftowej, dynamiczny wzrost
wykorzystania kukurydzy do produkciji etanolu oraz niski poziom $wiatowych zapaséw kukurydzy.
Przeprowadzona analiza potwierdzita, ze zmiany popytu na biopaliwa w innych krajach mogg wptyng¢ na
ukrainski rynek kukurydzy ze wzgledu na przestrzenng integracje swiatowych rynkow zboz. Reformy polityki
biopaliwowej w UE zmierzajgce sie do obnizenia udziatu biopaliw konwencjonalnych na rzecz biopaliw
zaawansowanych mogg doprowadzi¢ do spadku popytu na kukurydze na Ukrainie po 2021 r., prowadzgc do
dalszego ostabienia powigzan miedzy analizowanymi cenami.

Stowa kluczowe: kukurydza; ropa naftowa; ropa Brent; bioetanol; biopaliwo; transmisja cen; zmienna w
czasie przyczynowosc¢; polityka energetyczna.

1. Introduction

Agriculture plays an important role in providing raw materials not only for food and feed but
also for industrial sectors. A relatively new direction of utilization of agricultural commodities is for
production of renewable energy, biofuels among them. Fast expansion of ethanol and biodiesel
production was enhanced by active government policies. Developed countries implemented va-
rious biofuel policies based on such incentives as mandatory blending, tax reductions, and in-
vestment subsidies. Rationale for biofuel policies is quite manifold and includes such elements
as increased world demand for energy, energy security concerns, alternative use of crop pro-
duction surpluses and environmental arguments such as reduction of greenhouse-gas emissions
(HLPE, 2013; Wright, 2014).

The increasing share of biofuels in liquid fuels is evident over time. Expanded biofuel produc-
tion and its use have created an additional demand for grains, sugar cane and oilseeds. This led to
concerns that agricultural markets, even in countries that don’t produce biofuels, could be more
closely linked to the oil market. However, this problem is less and less discussed in the literature,
which may indicate that the impact of biofuels on agri-food prices is decreasing over the time.

Therefore, the goal of the research is to find the nature of mentioned linkages and theirs strength
over time in Ukraine. Ukraine’s choice is dictated by two factors. First of all, Ukraine does not ap-
ply any effective biofuel supportive policies and is not significant consumer of biofuels. Secondly,
there is practically no research in this regard for the Ukrainian market.

2. Brief Literature Review

Most of studies suggest that biofuel policies shifted world agricultural prices upward. Along
with introduction of biofuels agro-food prices started to be more correlated with crude oil pri-
ces (HLPE, 2013; Tyner, 2009). Gozgor and Kablamaci (2014) using panel model confirmed po-
sitive impact of crude oil prices on agricultural commodity prices. Saghaian (2010) indicates
that crude oil prices Granger cause corn, soybeans, and wheat prices. Empirical evidence of
Katrakilidis et al. (2015) also supports the existence of significant causal effects revealing strong
interdependencies among the examined markets. Findings of Zafeiriou et al. (2018) confirm that
crude oil prices affect the prices of agricultural products used in the production of biodiesel, as
well as of ethanol, validating the interaction of energy and agricultural commodity markets. Still,
they indicate that biofuels cannot be substituted for crude oil and protect economies from ener-
gy volatility.

However, some of researchers indicate that introduction of biofuels had only a slight impact on
agro-food prices. In the case of Zilberman et al. (2013) biofuels have not been the most dominant
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contributor to the recent food price inflation and different biofuels have different impacts on food
prices. Therefore, the literature review does not give a clear answer, whether biofuels production
has impact on agricultural commodity prices and whether there is a substantial linkage between
crude oil and agricultural markets. The nature of the mechanism linking agricultural markets with
crude oil market and results of empirical research in this domain are ambiguous. They depend
heavily on the period analyzed and methodology used. This was partially confirmed by Hamulc-
zuk et al. (2019) who showed time-varying relationship between Ukrainian grain prices and world
crude oil prices.

The majority of research in this field concerns countries directly involved in the produc-
tion and use of biofuels. In contrast, Ukraine, one of the leading producers of grains world-
wide, doesn’t use biofuels in domestic market. It has not own policy supporting biofuel pro-
duction but due to possible international trade connections we can expect the positive lin-
kage of Ukrainian grain prices with world crude oil prices. Theoretical basis of price transmis-
sion process is explained by the Law of One Price (LOP). The level of grain prices in Ukraine
mostly depends on external factors however. Ukraine is a price taker of the world wheat prices
(Goychuk & Meyers, 2014). Arnade and Hoffman (2016) found a similar evidence for corn pri-
ces. Due to horizontal price transmission mechanism, biofuel policies implemented in the US,
the EU or Brazil may indirectly influence grain prices in countries which do not implement their
own policy instruments, like Ukraine.

3. Purpose

The objective of this paper is to investigate time-varying nature of relationship between Ukrai-
nian export corn prices with world crude oil prices. The specific objectives of the study include: the
characteristics of corn and bioethanol markets, the presentation of theoretical premises of links
between corn and crude oil markets and empirical assessment of the nature of price linkages bet-
ween world oil prices and Ukrainian export corn prices.

In the empirical part we have focused on potential time-varying relationships. The examination
of monthly price series in 2001-2020 was carried out with the use of rolling correlation and rolling
causality test. The empirical research is one of the very few which focuses on linkage between
crude oil and grains prices in Ukraine.

4. Results

Bioethanol and corn markets - trends and figures

One of the key agricultural commodities used for bioethanol production worldwide is corn. In
2010-2017 bioethanol use constituted 17% share in the total corn utilization in the world (feed
use was 58%). From 2010 to 2018 the corn production was characterized by an upward trend
both in the Ukrainian market and in the largest producer and exporter countries (Figure 1).
The annual growth rate of world production of corn in a given period was 3.9%. The highest
average annual growth rate of production in the analyzed period was in Ukraine and amoun-
ted to as much as 12.8%. For the next decade global maize production is projected to grow
by 193 million tons to 1 315 million tons, with the largest increases in China, the United States,
Brazil, Argentina, and Ukraine systems (OECD-FAQ, 2020). According to OECD-FAO outlook
(2020), Ukraine’s production will be sustained by the cultivation of high yielding domestic varie-
ties grown in rain-fed systems.

Ukraine is a country with high potential for agricultural production, where agro-climatic condi-
tions and the high quality of land resources favor the cultivation of cereal crops. Corn along with
wheat has the biggest shares in grain area and production in Ukraine. In 2005/2006 - 2019/2020 MY
the share of the sown area of corn in the total cereal area has doubled. Since 2005/2006 MY pro-
duction of corn has increased by 3.4 times. Both, the increase in area harvested and the rise in
yield have contributed to this growth. Corn productivity has grown by 26% and harvested area
around 2.6 times. A further increase in productivity is possible taking into account the quality of
soils (The Bleyzer Foundation, 2016).

Ukrainian corn prices are closely linked to the world corn prices. One of the key factors deter-
mining the increase in price integration could have been the accession of Ukraine in 2008 to the
World Trade Organization (WTO). It allowed for the strengthening the position of the Ukrainian corn
marketinthe world and led to the increase in Ukrainian and international corn price co-movements.
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Due to positive price trends on the world markets in analyzed period the Ukrainian corn export has
improved significantly. In the last decade it has increased by 7.5 times and in the last five years
by 1.2 times. In 2019/2020 MY the share of corn exports in total production constitutes 85% and
its self-sufficient ratio was 7.0. The increase in world market demand for grains is connected with
good economic situation in the world and development of bioenergy sector. Such a significant
growth was, by the way, an effect of implementation of policy tools supporting biofuel production.
It should be emphasized that Ukraine has used its potential and the situation that had arisen as a
result of the increase in global demand for biofuels, increasing its corn share in the global market,
especially to the EU. The key EU policies that have led to increase in the corn imports from Ukraine
are duty-free quotas granted to Ukraine, as well as implemented energy policies aiming at main-
taining a minimum level of bio-components in transport fuel (Hochman et al., 2017).

Data and methods for the assessment of price linkage

To analyze the linkage between Ukrainian corn prices and world crude oil prices the month-
ly price series from January 2001 till February 2020 were used (Figure 1). Corn price series
(FAOSTAT) express export prices in Ukraine whereas oil price series (World Bank) is for Brent
crude oil. The whole analysis was performed on logarithmic data.

Figure 1:
Monthly price series used in the analysis (USD/tonne and USD/barrel)
Source: Own elaboration based on World Bank and FAO data

Unlike Hamulczuk et. al. (2019) who used the ARDL-ECM model with structural breaks, we fo-
cused on rolling techniques. The co-movements of these prices were examined with the use of
rolling correlation technique and rolling causality tests. The length of the rolling window in both
cases was 48 months.

The value of correlation coefficient according to centered rolling correlation in a period ¢ for a
pair of variables x,and y, was calculated with use of the following formula:

TEE24 5 (xe—%) (Ve—)

e = .
B G022, 09

(1)

Another question we tried to answer was whether world crude oil prices were leading Ukrai-
nian corn prices or vice versa. We have applied Toda-Yamamoto variant of causality test which is
insensitive for stationarity and cointegration assumptions (Toda & Yamamoto, 1995). Two variants
of causality have been tested: Granger causality and instantaneous causality (Granger, 1969). To
test Granger causality two equations were estimated:

+d +d
Ye = Qo + 25):1 aj ye-j + 2?:1 Bjxe—j+ &, (2)

d d
Xe =Yo + 2?21 YjXe—j + Z?:l 8 Ye—j +us, (3)
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where:

a, f, v, 0 are model parameters, yand xare analyzed variables, j=1,2,..., pis alag length, ¢,and
u,are white noise residuals, 4 is maximal order of integration of analyzed processes. For deter-
mining number of p lag length we applied AIC. Testing Granger causality comes down to testing
significance of first p lagged x variable in equation 2 and first p lagged y variables in equation 3.
Null hypothesis, stating that x does not Granger-cause y assumes that g, = ,= ... = f, = 0 against
alternative of these coefficients statistically significant. Null hypothesis, stating tha{ y does not
Granger-cause x assumes thatd, =4,= ... = 5p= 0 against alternative of these coefficients statis-
tically significant.

In testing instantaneous causality we used a modified pairs of equations:

d
yt—ao+2 a])’t 1+2p+ Bjxe—j + &, (4)
V0+Z] 1)/th ]+2] =0 ]yt ]+ut (5)

Null hypothesis, stating that x does not cause y assumes that g = g = ... = # = 0 against alter-
native of these coefficients statistically significant. Null hypothesis, stating that y does not cause
xassumes that J,=4J = ... =J = 0 against alternative of these coefficients statistically significant.
We can see that in instantaneous causality a significance of no-lagged exogenous variable is also
tested. This approach is justified by relatively low frequency data (monthly span of our data) and
possible efficiency of markets revealing in fast flow of price signals due to application of informa-
tion and communication technologies (ICT).

Empirical results

In the first step we have tested for a unit root in the analyzed price series with the use of ADF.
The estimate of 6 parameter for corn price series is -0.027 with tau test statistic on the level -2.38
(model with one lag). Therefore, null hypothesis (assuming non-stationarity of series) cannot be
rejected at 5% and 10% significance levels (p = 0.15). ADF test applied for first differences of corn
price series clearly indicated on stationarity of such transformed data (tau=-9.10 and 6 = -0.654).
Crude oil price series have similar properties. The null hypothesis for levels was not rejected
(tau=-2.12, 6 = -0.039) and it was rejected for first differences (tau = -11.44, 6 = -0.736). There-
fore, we can conclude that both variables are integrated in order 1 (d= 1) in the whole sample.

Keeping in mind that factors underlying strength of linkage between corn and crude oil mar-
kets may evolve over time, in the next step we calculated centered rolling correlations between a
pairs of variables (Eq. 1). It allows us to examine the co-movements of prices series over the ana-
lyzed period, as well as to assess the stability of their relationships. Since our series are not sta-
tionary we have computed such correlations both or logarithmic levels and for first differences of
logarithmic series (Figure 2).

The relationship between corn and crude oil prices is not constant over time. Correlations bet-
ween levels (I) and first differences (d 1) have similar shape but different values. Till 2006 corre-
lations were close to zero or even negative indicating the weak co-movement of corn and crude
oil prices. A substantial increase in correlation could be visible on the graph since 2007 (in fact
since 2005 because each period covers 48 month window), the period when a strong demand for
biofuels has occurred. The highest positive correlation coefficients for prices are for 2007-2011.
Since 2013 we can observe weakening relationship between corn and oil prices in reaction to the
decrease in crude oil prices and fulfilling mandatory blending levels of biofuels with conventional
fuels in the EU and USA.

In the next step we tried to investigate whether crude oil prices are leading Ukrainian corn price
or vice versa. The total number of lags was 3 (p + d) and restrictions were imposed on first two of
them (p = 2). Taking into account that price relationships may vary over time a rolling version of
Granger-causality test was applied. Figure 3 includes centered F statistic for four year windows.
Each value shows output of testing the null hypotheses of no Granger causality for a period of
two years before and two years after a given point. In most of sub-periods there is no significant
Granger causality between Ukrainian corn and world crude oil prices. The only exceptions are
years between 2007 and 2010 (the null: corn prices are not a Granger cause for crude oil prices)
and from mid-2015 (the null: crude oil prices are not Granger cause for corn prices). Surprisingly
in the years of the biofuel boom the Ukrainian corn prices were leading world crude oil prices.
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Obtained results for instantaneous rolling causality coincide with rolling correlations and Granger
causality and are much significant than in Granger causality case. Significant bidirectional cau-
sality is observed in 2007-2011. Moreover, the strength of such linkage is higher than in case of
Granger causality.

The study confirms that strength of the linkage between corn and agricultural prices strongly
depends on period being analyzed. Our conclusions are in line with research of Tyner (2009), de
Gorter et al., (2013) or Paris (2018). These authors also indicated the possible time-varying re-
lationships between crude oil and agricultural commodity prices. Hamulczuk et al. (2019) analy-
zing linkage of Ukrainian procurement (not export) corn prices with crude oil prices indicate on
possible structural breaks in 2008 and 2013. They found a strong evidence for co-movements
of crude oil and corn prices only in 2008-2013. In that period, a 1% change in crude oil pri-
ces leads to 0.85% change of corn prices in 12 month horizon. The shape of rolling correlation
coefficients and F-statistics of causality tests (Figures 2-3) strongly confirm the above men-
tioned research results.

To explain such price relationships we need to refer to mechanisms linking crude oil and corn
market. In Figure 4 on the left panel corn demand for biofuel, as well as stock to use ratio in the

Figure 2:
Rolling correlations (48 months)
Source: Own elaboration based on World Bank and FAO data

Figure 3:
Rolling Granger causality and instantaneous causality test results
Source: Own elaboration based on World Bank and FAO data
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Figure 4:
Statistics for world corn market and price ratios for the analyzed prices
Source: Own elaboration based on World Bank, FAO and OECD data

world corn market are presented. The highest correlation coefficients between Brent crude oil and
Ukrainian corn prices are in periods when the highest increase in bioethanol production was ob-
served. In the same time a low stock to use ratio was visible. Right panel in the Figure 4 includes
corn-crude oil price ratio which is an inverse indicator of a free market profitability of bioethanol
production based on Ukrainian corn. The highest co-movements and causality of analyzed price
series are for years when the price ratios were the lowest. Generally high profitability of ethanol
production, low stock to use ratios in corn market and high dynamic of corn use for ethanol have
positive impact on strength of linkage between Ukrainian export corn prices and world crude oil
prices.

5. Conclusions

The goal of the paper was to present the potential links between Ukrainian export corn prices
and Brent crude oil prices, as well as to verify the strength of price co-movements over time. The
results of application of the rolling window correlation technique and rolling causality tests indi-
cate time-varying co-movements of Ukrainian corn and Brent crude oil prices. The strongest po-
sitive correlations and significant bidirectional causality were observed in 2007-2011. In this pe-
riod market and institutional factors favored bioethanol productions. Low stock to use ratios in the
world corn market, high dynamic of corn use for ethanol, depletion of world corn stocks and low
corn-oil price ratios were reflected in strong positive linkage between Ukrainian export corn pri-
ces and world crude oil prices. In the remaining years, correlations between analyzed prices were
much weaker, or even negative. Since 2012, a gradual decrease in co-movements of Brent crude
oil and Ukrainian export corn prices has been observed. Lowering price linkage might be caused
by reaching planned mandatory blending levels of first generation biofuels in most countries pro-
moting biofuel policy. Moreover, relatively low crude oil prices do not constitute the motivation to
increase the use of cereals for biofuel production.

Performed analysis confirmed that changes in biofuel demand in other countries might affect
Ukrainian corn market due to horizontal integration of grain markets worldwide. Biofuel policy re-
forms in the EU aiming at decreasing mandatory blending of conventional biofuels in favor of ad-
vanced biofuels can lead to decrease in demand for corn in Ukraine after 2021. This in turn may
lead to further weakening of linkage between corn and crude oil prices.

The performed analysis has also some limitations related to data used and methods applied.
Especially the quality of monthly corn series in Ukraine is frequently questioned by market experts.
The study might be extended by direct inclusion of ethanol quotations in Europe which is interme-
diate link between crude oil and corn markets. The extension of these studies may include also
the application of more sophisticated method such as non-linear cointegration or switching re-
gime models.
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