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Abstract

The paper examines volatility transmission from crude oil market to agricul-
tural commodities like wheat, corn, cotton and soybeans. We find that the
volatility transmission from crude oil to agricultural commodities exhibits
sudden changes over a study period. We also examine whether the sudden
changes in volatility influence the observed sudden changes in volatility trans-
mission from crude oil to agricultural commodities. Our results indicate the
observed sudden change in volatility transmission mechanism is not influ-
enced by sudden changes in volatility series.
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1. Introduction

Crude oil prices have shown wider fluctuations and have experienced higher vo-
latility in last many decades. Crude oil plays important role in industrial produc-
tion, transportation, and many other sectors and indirectly influences the econ-
omy as well. The inflation-adjusted crude oil prices exhibit sudden change dur-
ing 2005 due to Iraq war. The behaviour of crude oil prices experiences sudden
change soon after 2005. In 2006, events like Iraq war, Israel war, Lebanon war
and other geographical tensions pushed up the crude price to $75 per barrel. In
2007, the ongoing problems in Turkey, subprime crisis in the US took up the
price to $92.22 per barrel. The crude oil prices reached its peak of $147.02 per
barrel in mid of 2008. However, in next few months, crude oil prices exhibited
heavier decline and price dropped to around $100 per barrel by the end of De-
cember 2008. During 2010, crude oil prices exhibit fluctuations between $70 and

$88 per barrel. The political and macroeconomic events linked to oil producing
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countries like Libya, Yemen, Egypt and Bahrain again pushed the oil prices above
$100 in 2011 and 2012. From 2013 onwards, high production of shale by the US,
low demand of the oil in China and Europe and uninterrupted production of the
oil by OPEC members put the oil price on the downturn and in 2015 it was
fluctuating around $60 per barrel.

Crude oil is considered to be the most important commodity in term of its
daily traded value and consumption and is known to be the life-blood of the
given economy. Hence, it is important to examine the characteristics of crude oil
price changes. Crude oil is part of the production function of many commodities
including agricultural commodities. In one way or the other, crude oil prices al-
so influence the price changes in agricultural commodities (Mitchell [1]). More-
over, commodities like soybeans, sugar and corn can be used for the production
of bio-ethanol and bio-diesel which can act as a substitute for crude oil, hence,
the crude oil prices can be considered to be linked with agricultural commodities
prices (Chang and Su [2]). The production of these bio-fuels depends on the
supply of raw materials (corn, soybeans) which affect the sensitivity of price
changes of these commodities with respect to price changes in crude oil (Schmid-
huber [3]). Commodities like natural rubber and manmade fibres have an alter-
native in the form of synthetic rubber which is one of the by-products of crude
oil.

The prices of many important agricultural commodities have shown an upward
trend during the period 2006 to mid of 2008. In the mid of 2008 when the crude
oil prices were at the peak, the prices of major agricultural commodities were also
at the record high level. This also highlights the presence of inter-linkages be-
tween crude oil prices and agricultural commodities prices. Moreover, the fluc-
tuating agricultural commodities prices will always remain a cause of concern to
regulators, government, consumers, and traders.

The fluctuating crude oil prices significantly influence the economy of both
oil exporting and oil importing countries by impacting different sectors of the
economy. The growth in commodity markets around the globe has also provided
immense opportunities to global investors, speculators and traders. Now, inves-
tors and other market participants have started using commodities in their port-
folios for hedging and risk management (Baffes and Hanitis [4]). Such use of
commodities as an asset in portfolio significantly influences the integration rela-
tionship between agricultural commodities and crude oil (Nazlioglu et al [5]).

The core objective of this study is to examine the behaviour of volatility spil-
lover between agricultural commodities (wheat, corn, cotton and soybeans) and
crude oil. We estimate the dynamic volatility spillover coefficients to highlight
the evolutionary characteristics of the volatility spillover and to examine the im-
pact of market crashes and crises on sudden changes in this evolutionary beha-
viour of volatility spillover. The sudden changes in volatility spillover effect may
be related to the presence of contagion from crude oil to agricultural commodi-
ties. In this paper, we also test whether the sudden changes in volatility spillover

from crude oil to agricultural commodities is actually contagion or not.
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The rest of the paper is structured as follow: Section 2 presents a literature re-
view. Section 3 provides data description, research methodology used in the pa-
per and some preliminary analysis of data. Sections 4 and 5 present empirical

results and final conclusions, respectively.

2. Literature Review

Various studies have been conducted to analyze the co-movements in agricul-
tural commodities prices and crude oil prices. Using monthly data of Crude oil,
copper, gold, wheat, cotton, cocoa, lumber and cocoa, Pindyck and Rotemberg
[6] find strong correlation between crude oil and other agricultural commodities
and highlight that the correlation is mainly influenced by herding in these com-
modity markets. Palakas and Varangis [7] also make use of monthly data of
crude oil, silver, wheat, coffee, cotton, lead, copper and rubber to examine co-
integration relationship among them and find strong evidence of co-movement
in these commodities. Baffes [8] used annual data to analyze the impact of crude
oil price on 35 internationally traded commodities for a period of 45 years rang-
ing from 1960 to 2005 and find that crude oil prices have long run impact on
prices of agricultural commodities. Campiche ef al. [9] used weekly data for a
period from 2003 to 2007 to examine cointegration relationship among Crude
oil prices and corn, sorghum, sugar, soybeans, soybean oil, and palm oil and find
no long run relationship between crude oil and agricultural commodities prices.
Using monthly data of Crude oil, corn, soy meal, and pork, Zhang and Reed [10]
highlighted that crude oil prices show weak relationship with the agricultural
commodities. Harri, Nalley and Hudson [11] and Chang and Su [2] examine the
volatility spillover from crude oil futures to corn futures and find that volatility
spillover from crude oil to corn are mainly significant during the periods of cri-
sis and crashes in markets. Alghalith [12] and Chen ef a/ [13] also find signifi-
cant impact of return volatility in crude oil prices on return volatility of agricul-
tural commodities. Gohin and Chantret [14] find a negative relationship be-
tween crude oil prices and agricultural commodity markets. However, Gilbert
and Morgan [15] obtained opposite findings as crude oil prices negatively im-
pact the agricultural commodity prices. Using co-integration approach, Saghaian
[16] and Alom et al [17] observed strong correlation between crude oil prices
and agricultural commodities prices. However, Mutuc et a/. [18] and Zhang et al.
[19] find no direct correlation between crude oil prices and agricultural com-
modities prices. Moreover, Kaltalioglu and Soutas [20] did not find any evidence
of volatility spillover from crude oil to agricultural commodities. Cha and Bae
[21] and Du et al [22] find significant evidence of volatility spillover from crude
oil to agricultural commodities. Serra [23] finds significant evidence of volatility
spillover between crude oil, bioethanol and sugar prices in Brazilian market.
Nazlioglu and Soytas [24] examine the dynamic relationship of 24 agricultural
commodities prices with crude oil prices using panel data analysis and find
strong positive impact of fluctuations in crude oil prices on prices of agricultural

commodities. On the other hand, Reboredo [25] finds weak impact of crude oil
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prices on agricultural commodities prices. Using multivariate GARCH approach,
Gardebroek and Hernandez [26] examine the volatility spillover from crude oil
market to agricultural commodity market but find no significant evidence of vo-
latility spillover.

However, Wu and Li [27] find significant volatility spillover from crude oil to
corn and ethanol market. Mensi et al [28] examine the dynamic linkages be-
tween energy market and agricultural commodities (mainly grains) and find
evidence of significant linkages between these markets. Wang et al [29] examine
the influence of crude oil price shocks on agricultural commodities before and
after crisis of 2007-08 and find that the impact of crude oil prices on agricultural
commodities prices are higher during the post-crisis period. Jiang, Marshand
Tozer [30] examine the volatility transmission from crude oil to corn and find
that this market interlink ages depend on ethanol-gasoline consumption ratio.
Fernandez-Perez, Frijns and Tourani-Rad [31] examine the contemporaneous
interactions among energy (oil and ethanol) and agricultural commodities (corn,
soybean, and wheat) in the United States using structural VAR model which in-
corporate the impact of heteroskedasticity and find evidence of unidirectional
contemporaneous impact from crude oil to the agricultural commodities.

Most of the previous studies examine the volatility and information spillover
from crude oil to agricultural commodities. Under the influence of various crashes
and crises, this interrelationship may not remain structurally stable and most of
the earlier studies fail to highlight this. In this study, we highlight that the time
varying volatility spillover from crude oil to agricultural commodities does not
remain statistically constant but exhibit occasional sudden changes which high-

lights the evidence of contagion.

3. Data and Methodology
3.1. Data

We use open, high, low and close prices data to estimate unbiased Rogers and
Satchell [32] range based volatility estimator. Data of near month futures of
wheat, corn, cotton, soybeans and crude oil have been taken for a period from
Jan 2006 to April 2015. We use West Texas Intermediate (WTTI) crude oil futures
traded on the New York Mercantile Exchange (NYMEX). All data have been
obtained from the Bloomberg database. Bloomberg is the highly renowned and
trusted database for the area of economics and finance and is accepted world-

wide for fetching real time data.

3.2. Rogers and Satchell (1991) Range Based Volatility Estimator

Rogers and Satchell [32] derive an extreme value estimator for the unconditional
variance of an asset price which has the attractive property that it remains un-
biased for any value of the drift. Suppose O, H, L, and C, are the opening, high,

low and closing prices of an asset on day & Define:
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—Io&
X = got-

Suppose varx denotes the usual estimator of &, ie.

varx=—1_ i(x -4y (1)
I
where
A1
H= WZ

Let u, =2b —x and v, =2c, —X,, define the extreme value estimator varux
and varvx:

1 u, — X,
varux = WZ( 5 ] (2)

n=1

n=1

NV - X,
varvx = Z( j @)
Hence the unbiased extreme value estimator of variance as proposed by Rog-
ers and Satchell [32] is given by:

var ux + var vxX
5 .

In this paper, we propose the use of varuxvx in place of &’ to detect struc-

(4)

var uxvx = avg {var ux, var vx} =

tural breaks in the variance of the time series.

3.3.Inclan and Tiao’s (IT) [33] ICSS Algorithm

We apply Inclan and Tiao [33] approach to detect sudden changes in volatility
estimator. Suppose ¢, is a time series with zero mean and with unconditional
variance . Suppose the variance within each interval is given by TJ-Z, where
j=0,1,---, Nyand N;is the total number of variance changes in 7 observations,
and 1<k, <k, <---<ky <T are the change points.

ol =1, for l<t<x

ol =17 for x <t<xk,
ol =1% for K, <t<T.

In order to estimate the number of changes in variance and the time point of
each variance shift, a cuamulative sum of squares procedure is used. The cumula-
tive sum of the squared observations from the start of the series to the & point

in time is given as:
2
C.=24 (5)

where k =1,---,T . The D, (IT) statistics is given as:
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Dk=[&]—$,k=l,~--,T with D, =D, =0 6)

C;
where Cis the sum of squared residuals from the whole sample period.
If there are no sudden changes in the variance of the series then the D, statis-
tic oscillates around zero and when plotted against &, it looks like a horizontal
line. On the other hand, if there are sudden changes in the variance of the series,

then the D, statistics values drift either above or below zero.

3.4. Heterogeneous Autoregressive (HAR) Model

The HAR model proposed by Corsi [34] uses the principle of Heterogeneous
Market Hypothesis to approximately capture the heterogeneity in the market
which can be due to different kind of market participants with short (daily),
medium (weekly) and long-term (monthly) investment horizons. The HAR model
for the RS estimator is given as:

Log (RS)\") = &, + ey Log (RS )

)+ &, Log(RS)™ +a,Log (RS)"™ +¢, (7)

where Log(X _RS )Ei) is the lagged daily Log (RS) estimator of the given agri-

cultural commodity, Log(X _RS ) ZLog (X _RS )( i) is the lagged weekly

1
T2
lagged monthly volatility component. We include lagged volatility component of

volatility component and Log(X _ RS) Log(X RS)( is the

WTT in the above model to examine the spillover effect.
Log(X _RS) = &, +a;Log (X _ RS)()+a Log(X _RsS)" ®
8
+ayLog(X _RS)™ + B,Log(WTI _RS)" +4

We have used MATLAB software to perform the analysis.

3.5. Descriptive Statistics

Table 1 presents the summary statistics of Log(RS) of the data considered in this
study. On average, wheat appears to be highly volatile than other commodities
and volatility in soybeans prices is the least. The volatility of volatility (the stan-
dard deviation of Log(RS) estimator) is the highest for cotton, however, the vo-
latility of volatility is quite comparable across all the given commodities. The
volatility of wheat and cotton are negatively skewed and all commodities volatil-
ities exhibit significant excess kurtosis. Significant values of Jarque-Bera statistic
indicate that the Log(RS) of the given commodities do not follow the normal
distribution exactly. However, the smaller values of skewness and kurtosis high-
light that the distribution of Log(RS) can be approximately Gaussian. We high-
light this by plotting histogram in Figure 1. The significant values of the Ljung
Box statistic (Q(ZO)) indicate significant autocorrelation in Log(RS) series up
to 20 lags. Significant ARCH(10) statistic indicate the presence of ARCH effect
in Log(RS) series of the given commodities.

Table 2 presents the correlation matrix for the given Log(RS) series. Wheat,
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Table 1. Descriptive statistics.

Wheat Corn Cotton Soybeans WTI
Mean 1.072 0.868 0.518 0.414 0.994
Median 1.090 0.815 0.559 0.336 0.943
Min —4.470 -1.951 —-7.056 -2.470 —3.888
Max 5.764 4.959 4.044 4.029 5.189
Stdev 1.010 0.986 1.297 0.966 1.041
Skewness -0.143 0.238 —0.544 0.380 0.345
Kurtosis 4.341 2.896 4.493 3.240 3.650
JB test 184.230° 23.199° 334.394% 62.194% 88.028"
(0.000) (0.000) (0.000) (0.000) (0.000)
Q(20) 4428.369" 4432.020° 3608.105" 4474.883" 15369.452°
(0.000) (0.000) (0.000) (0.000) (0.000)
ARCH(10) 525.701* 448.847* 323.893" 519.909* 1252.773"
(0.000) (0.000) (0.000) (0.000) (0.000)

* represents significant at 1% level of significance. The terms in parenthesis represent p-values.

~ Density 04~ Density
0.4/ whea A —com ATTHY
L . g L I I -
-5.0 25 0.0 25 5.0 2 0
04 Density ~ Density
" [—_cotton| - 0.4H——soybeans|  fF5-
0.3 I i N
0.2 0.2
0.1~ i
7\4 Ll 1 L 7\ M 1 11 S R e | ) A [
-75 -5.0 -2.5 0.0 25 50 3 -2 -1 0 1 2 3 4
~ Density
0.4H—wt] &N
02
L T - L
-4 6

Figure 1. Histogram with kernel density of Log(RS).
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Table 2. Correlation matrix.

Wheat Corn Cotton Soybeans WTI

Wheat 1.000 0.522 0.254 0.413 0.336
Corn 0.522 1.000 0.247 0.532 0.339
Cotton 0.254 0.247 1.000 0.232 0.220
Soybeans 0.413 0.532 0.232 1.000 0.307
WTI 0.336 0.339 0.220 0.307 1.000

corn and soybeans show nearly similar correlation with crude oil (greater than
30%). However, cotton, on average, exhibits 22% correlation with respect to
crude oil.

Figure 1 shows the histogram of Log(RS) of the given commodities with ker-
nel density. The distribution of Log(RS) series appear to be nearly Gaussian.

4. Empirical Results

First we examine the volatility spillover effect from crude oil to agricultural com-
modities based on full sample analysis. Next, we perform moving sub-sample
analysis to examine the evolution of volatility spillover from crude oil to agri-
cultural commodities and look forward to see the reason of observed breaks in

volatility spillover mechanism from crude oil to agricultural commodities.

4.1. HAR model Estimation

Table 3 presents the parameter estimates of the given HAR framework for the
full sample. The lagged daily, weekly and monthly volatility components of all
the commodities are positive and significant at 1% level of significance.

Results indicate that the monthly and weekly volatility components have
major impact on current volatility of the given commodities in comparison
to lagged daily volatility component. The lagged daily volatility component of
crude oil is positive and significant at conventional levels of significance for all
the given commodities. However, the influence of crude oil volatility component
is the highest for corn followed by wheat, cotton and soybeans. This may be re-
lated to relationship between crude oil and bio-fuels produced from corn. The
adjusted R is the highest for wheat followed by corn, soybeans and cotton.
Overall, our findings indicate that the HAR model appropriately captures the
volatility spillover effect from crude oil to the given agricultural commodities for
whole sample. Next, we will analyze the structural stability of the volatility spil-
lover using time varying volatility spillover analysis. If we observe any structural
breaks in volatility transmission mechanism, then we will look forward to ex-
amine if these structural breaks in volatility spillover represent contagion or these
are due to increase in volatility during crashes and crisis, that is, heteroskedas-

ticity.
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Table 3. Parameter estimates of HAR model.

Wheat Corn Cotton Soybeans
a, 0.158* 0.108* 0.077* 0.031
(0.035) (0.031) (0.033) (0.024)
a, 0.084" 0.147* 0.173* 0.0817
(0.025) (0.025) (0.026) (0.025)
a, 0.265" 0.119* 0.193* 0.206"
(0.049) (0.047) (0.047) (0.049)
o, 0.450* 0.528" 0.450° 0.534*
(0.051) (0.050) (0.049) (0.052)
Pa 0.059* 0.070* 0.047* 0.043*
(0.019) (0.019) (0.023) (0.018)
Adj R 0.294 0.293 0.268 0.286
F-stat 243.707 243.501 214.157 234.477

* and * mean significant at 1% and 5% levels of significance.

4.2. Volatility Spillover from Crude Oil to Agricultural
Commodities over Time

We make use of moving window (of 250 observations) to re-estimate the HAR
model so as to extract the spillover parameter estimates from crude oil to agri-
cultural commodities. These time-varying spillover coefficients are plotted with
95% confidence band. We make use of robust stand errors to generate 95% con-
fidence band. Figure 2 reports the plots for time varying volatility spillover effect
from crude oil to the given agricultural commodities with 95% confidence band.
The solid line represents the volatility spillover parameter estimates and cor-
responding dashed lines represent the 95% confidence band. The straight lines
represent whole spillover parameter estimate with 95% confidence band. Results
clearly indicate that the time varying volatility spillover effect from crude oil to
agricultural commodities do not remain stable and exhibit wider variations over
the given time period. We observe significant jumps in volatility spillover me-
chanism during the period 2010-2011 for wheat; during 2008, 2010 and 2014 for
corn; during 2007-08 and 2014 for cotton; and during 2008 and 2013-14 for soy-
beans. The structural breaks in volatility spillover mechanism are observed dur-
ing the periods when time varying volatility spillover confidence band violates
the whole sample volatility spillover confidence band. The periods of 2007-08
can be related to the period of global financial crisis. The period of 2010-2014
can be related to European debt crisis and wars in various Middle East countries.
Opverall, our findings indicate the presence of structural breaks in volatility spil-
lover from crude oil to the agricultural commodities during various turbulent
periods. These structural breaks in volatility spillover parameters can be related

to the presence of contagion.
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Figure 2. Time varying volatility spillover.

4.3. Do Sudden Changes in Volatility Impact the Sudden
Changes in Volatility Spillover?

Next, we test whether the presence of structural breaks in volatility explains the
structural breaks observed in volatility spillover from crude oil to agricultural
commodities. We apply Inclan and Tiao’s [33] test to detect structural break
dates in Log(RS) estimator. Figure 3 presents the Log(RS) of all commodities
with volatility regimes. We obtain two volatility regimes in nearly all the given
commodities.

Next, we incorporate the impact of these structural breaks in volatility and
generate break adjusted Log(RS) estimator. Next, we apply HAR framework us-
ing moving windows to examine the impact of structural breaks in volatility on
observed structural breaks in volatility spillover. Figure 4 presents the plots of
time varying volatility spillover from crude oil to agricultural commodities based
on the break adjusted Log(RS). Results indicate that the evolution of volatility
spillover from crude oil to agricultural commodities for the break adjusted data
exhibit similar pattern and characteristics as shown by Log(RS). This indicates
that the structural breaks in volatility series do not explain the structural breaks

in volatility spillover pattern from crude oil to agricultural commodities. This
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Figure 3. Log(RS) with volatility regimes.

supports the evidence of contagion from crude oil to the given agricultural com-
modities during the period of crashes and crisis in markets.

4.4. Policy Implications

Volatility spillover from crude oil to agricultural commodities has several policy
implications from the perspective of policy makers, government, investors, port-

folio managers and risk managers. From the perspective of policy makers and
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Figure 4. Time varying volatility spillover for Log(RS) adjusted for breaks.

government, predicting sudden changes in volatility spillover from crude oil prices
to agricultural commodities can help in designing and implementing the subsidy
measures for a particular commodity. During the periods of turbulence in crude
oil prices, the structure of volatility spillover deviates from its common beha-
viour. This can be helpful to avoid impact of increase in commodities prices
on general public of the country. The findings of the study also have implica-
tions towards portfolio management by optimally including crude oil and agri-
cultural commodities in portfolio to get benefit of diversification. The findings of
the study also have implications towards risk management in the sense of gene-
rating more accurate measure of market risk, that is, Value-at-Risk or expected

shortfall measures.

5. Conclusion

The main objective of this paper is to examine what impacts the observed struc-
tural breaks in volatility spillover mechanism from crude oil to agricultural com-
modities. Using daily data, we first examine the impact of volatility in crude oil
on volatility of agricultural commodities (wheat, corn, cotton and soybeans) based
on heterogeneous autoregressive (HAR) model for whole sample. We find evi-
dence of significant volatility spillover from crude oil to agricultural commodi-

ties based on whole sample analysis. The period of study is influenced by various
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periods of turbulence and evolution of volatility spillover from crude to agricul-
tural commodities may not remain stable. Next, we estimate time varying vola-
tility spillover parameters from crude oil to agricultural commodities and find
that indeed the volatility spillover from crude oil to agricultural commodities
does not remain stable but exhibit multiple structural breaks which can be re-
lated to the evidence of contagion from crude oil to agricultural commodities.
Next, we test whether the structural breaks in volatility can explain the observed
structural breaks in measuring volatility spillover mechanism. Our findings in-
dicate that the structural breaks in volatility do not explain observed structural
breaks in volatility spillover which support the evidence of significant contagion
from crude oil to agricultural commodities during the periods of crashes and
crisis. Further research can be conducted to understand the reasons of structural

breaks in volatility spillover from crude oil agricultural commodities.
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