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[. INTRODUCTION

Various studies on co-movement in commodity marketge presented contradicting results. The linkages
between energy and agricultural markets have rceateived increased attention and have often been
attributed to biofuels albeit with only questioral@mpirical evidence. The complexity of these issared the
narrow perspective of the analyses make it diffibel the market participants, and especially pohekers, to
see the ‘forest for the trees.’ In this study weterapt to take a more holistic perspective on thesaes.
Furthermore, we make more direct use of the adgantd the price discovery role of futures markér®ugh
which supply and demand shocks and price spillobetaeen markets can be determined. In terms cfdbpe
of the analysis, we are able to presebetoreandafter perspective by looking at two periods, namelydhe
before and after the massive introduction of bitfuMore importantly, not only does this approacovies
insight on whether linkages between markets change longer time periods, it also offers us a reat
comparison of the linkages between energy and@grial markets before and after the exponentiatipction
of biofuels.

In concreto, we analyze the relationships betweedecoil and agricultural commodities cocoa, coffesn,
soybeans, soybean oil, wheat, rice, sugar butgakb Gold is included in the analysis due to &gresentative
nature. It has been and still is the most imporpeatious metal and thus plays a unique role asra sef value
particular in times of political and economic urte@rties (Aggarwal and Lucey, 2007). Thus it iSroportance
to analyze the cointegration relationship and daysaf crude oil and gold futures to interpret thgnamics of
the commodity futures markets in a macroeconommtecd.

The paper is structured in the following manner.the literature review section we attempt to offer
comprehensive overview of previous studies to pnetthe framework of our study. In the methodologgti®on
we discuss the techniques used in our analysissé€fprently, data construction and the rationalenethe
selected time periods are presented. In the foligwection we present and discuss the resultbelfirtal part
concluding remarks and recommendations are offered.

II. LITERATURE REVIEW

Pindyck and Rotemberg (1990) introdute excess co-movement hypothéBiGH) between commodity
prices, arguing that due to herd behavior in fim@nmarkets the prices tend to move together. Raland
Varangis (1991) scrutinizes Pindyck and Rotemberg&ilts in a working paper for the World Bank. ridgi
cointegration techniques developed by Engle andh@aa (1987b) they argue that there is no excess co-
movement between various commodities. Nonethekbgy, find 14 out of 42 pairs to exhibit excess co-
movement and acknowledge that there are problertis thve used framework such as the non-reciprodity o
cointegration between X— X, and % — X;: and due to autocorrelation in their sample whighld lead to
misspecifications. Deb and Triverdi (1996) find weaidence of excess co-movement within the franrkweb
univariate and multivariate GARCH(1,1) models. GagR009) use concordance correlation to confutélEC
Ai and Chatrath (2006) use quarterly inventory aadsést data for wheat, barley, corn, oats, and ey,
from January 1957 to September 2002 to fit a daetailibrium model. Dismissing the claim of exaessco-
movement they ascribe much of the co-movementtonwon tendencies in demand and supply factors. In
contrast to the studies cited above, we take a moasced approach on co-movement between comnmditie
Foremost, the concept ekcessco-movement is a relative one and requires a pdinéference. We are more
concerned about parallel movement of prices betwmenmodities futures and whether these relatiosship
change over time, without making statements on npialeexcessiveness of the relationships. We aealyz
whether commodity future prices are linked to thiegof crude oil resulting in a co-movement betweeude
oil and a series of commodity futures prices. Femttore, if a herd behavior in financial marketsliservable,
futures markets should reflect this behavior duth®inherent nature of the speculative instrumesitsce the
volume of trades of crude oil futures surpassesangr commodity effortless, we focus on paired emegnts
between crude oil futures prices and a series é¢wtural commodities and gold.



The main driver for the expansion of the oil markah be traced back to the change of oil industrdQi70s
(Reynolds and Kolodziej, 2007). The nationalizatiminExploration and Production (E & P) in major oll
producing countries decoupled the upstream and slogam (i.e. refining and distribution). The magok
companies lost access to large volumes of equityyecoil and thus were forced to buy large quastiéiearm’s
length from the national oil companies. Conseqyeritie global oil market expanded swiftly. Companie
started to sell and buy oil outside their netwankl @ doing so stimulating the growth of the phgsimarket.
Decades of this system root the current situatitere only a fraction of produced oil by the majmralso
refined in their network.

At the same time, the price volatility of crude pilices prompted hedging needs for market partitgpa
causing the growth of the largest derivative market commodities. The most notable price rallyithout a
doubt the rally of oil prices in late 2007 — ea2Q08 followed by a rapid collapse in mid-2008. Timancial
crisis has been blamed for this erratic price beinasf crude oil (Zhanget al, 2009). Kesicki (2010) offers a
more detailed picture of the most recent oil paaege. In parallel, commodities prices seem ta¥olthe crude
oil price and ostensibly its volatility to some ent. Consequently the question arises whetherdhmayvement
is merely a short-run phenomenon opposed to alpamabvement of price series.

The excessive price fluctuations induce additiant@rest resulting in various studies and econanalyses
in order to understand the influences and afteceffeBiofuels draw a great deal of attention inastiempt to
link the energy markets and agricultural commosi{{f€ampicheet al, 2007; Francisco and Augusto, 2009;
Harri et al, 2009; Hertel, 2010; Peri and Baldi, 2010; Tyrg909; Yuet al, 2006). Even though the authors
often conclude that a noticeable link is presermivben energy markets and agricultural commoditresugh
biofuels no clear-cut evidence can be providedpiiicymakers. Since our analysis encompasses tveela
comparison of a period with negligible biofuel puation and a period with relatively large produntid may
offer insight on the potential linkage of biofublstween agricultural and energy markets.

Energy prices affect world economies and markeatsutih profuse manners. Higher energy prices cascade
down to increased production costs in the mid- Emd) term. Consequently, processing and transpomtat
follow (von Braunet al, 2008). In addition to direct impacts of changiegergy prices the commodities
markets are affected through macro-economic eff@@tshin and Chantret, 2010). Uri (1996) indicated t
effect of changes in the price of crude oil on agitural employment in the USA between 1947 andb1@8ng
Granger Causality. Lardic and Mignon (2008) studikd long-term relationship between oil prices and
economic activity, proxied by GDP, for the US, Gorope and Euro area economies. While rejectinglsial
cointegration, they find evidence for asymmetriéntegration between oil prices and GDP indicatihgtt
rising oil prices seem to retard aggregate econoacitvity further than falling oil prices stimulati.
Correspondingly, He (2010) established a cointegratelationship between real futures crude oitesi and
global economic activity, using the Kilian indexrude oil markets even seem to affect, be it throagh
irregular relationship, the stock markets (Cin€@Q2, Ghouri, 2006; Miller and Ratti, 2009; Papapetr2001).
Various other studies suggest that crude oil pritge a statistically significant effect on econoractivity
(Adrangi et al, 2001; Berumenét al, 2010; Brown and Yucel, 2001; Costantini and Meyt2010; Fofanaet
al., 2009; Hamilton, 2009a; Hamilton, 2009b; Hanab@2€®9; Hsing, 2007; Huaret al, 1996; Jayaraman and
Choong, 2009; Jiao and Ma, 2006; Joaeal, 2004; Odusami, 2010; Oladosu, 2009; Papapet@Qd ;Rafiqg
et al, 2009; Reynolds and Kolodziej, 2007; Zagaglia, ®0This paper complements these studies through
investigation of direct linkages between crude anld agricultural futures. In addition, our studyalyses
whether certain relationships change over londie®g periods.

The effects of energy prices and crude oil in patéir on commodities futures seem to be complicatet
multifaceted. Gohin and Chantret (2010) measurddhg-run impact of energy prices on world agrictéd
markets including macro-economic linkages. By ipooating a general equilibrium (GE) model they fiad
significant relationship. Besides identifying a pioe relationship due to the cost push effectytfied that the
introduction of the real income effect may impInpegative relationship between world food and engiriges.
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Baffes (2007) argues that if crude oil prices remtagh then the food commodity price boom is expedb
continue much longer. Plourde and Watkins (1998hmare crude oil volatility to a series of commasiti
Their results imply that short-term price volayiliof various commodities, among which are wheat goid,
has tended to be lower than that for oil. Howetentolatility of crude oil does not seem to beeacloutlier.

Taken the above studies into account, it is deélgurprise that crude oil futures might have apauot on the
prices of other commodity futures markets. As nwered before, if herd behavior is present in the rooudity
futures markets, crude olil futures is seeminglyr@ppr starting point for analysis. However, theiotthat
traders, for no apparent reason, take similar jpositfor different commodities is a stern premisee which
we are not prepared to make. In the light of thevabwe base our analysis upon the fact that coddwright be
a catalyst for traders to make decisions aboutr thesitions on other commodity markets. Due to the
complexity of inter-relations between crude oil aragious commodities and the whole economy, traneght
excessively transfer price movements from one ntaxkéhe other. That being said, trading behaviaghtn
change in different economic environments. We gitetm uncover potential changes in trading behasiwd
linkages between markets through a simple setugrantework of our analysis.

. METHODOLOGY
Johansen co-integration

In the case of non-stationarity of the time-seroeéntegration provides appropriate statisticahteques
to investigate if there is a statistically signéit relationship between the non- stationary tieres. Therefore
we test the price series for stationarity at theslleand consequently at their first differencestiine series
econometrics, it is said that prices are integratiedrder one denoted ty~I(1) and prices are integrated of
order zero denoted yP,~1(0). When price series are found to be non-stationtithe level but stationary at
their first difference cointegration test may beplegd. The cointegration procedure is based upon an
unrestricted vector autoregressive (VAR) model Hjgec in error-correction form (Johansen (1988) and
Johansen and Juselius (1990)):

k-1
AX, = X, + z [ AX_j + @D, + v, (1)
i=1

Where X includes all n variables of the model which ai€1), the II, I} and® are parameter matrices to be
estimatedD, is a vector with deterministic elements (constirend and dummy) ang is a vector of random
errors which follow a Gaussian white noise procdsguation (1) implies that there can never be any
relationship between a variable with a stochasénd,[(1) and a variable without a stochastic treif@). So,
if AP.~I(0), thenl will be a matrix of zeros, except when a lineambination of the variables iR is
stationary. The Johansen test for cointegratiotuat@s the rank (r) of the matiik If r = 0, all variables are
I(1) and thus not cointegrated. In case 0 < r ¢hre exist r cointegrating vectors. In the thiege, if r = N all
the variables are 1(0) and thus stationary, and @mybination of stationary variables will be statoy.Il
represents the long response matrix and is deisdtle product of two matricesandp’, of dimension (g x r)
and (r x g) respectively. THematrix contains the long-run coefficients of tleéntegrating vectorsy is known
as the adjustment parameter matrix and is sinolanterror correction term. The linear combinapAx .« of
this matrix will be 1(0) in the case where the tgrseries are cointegrated. In other words, if @k = r = K,
the variables in levels are stationary meaning tlmaintegration exist; if rankl = r = 0, denoting that all the
elements in the adjustment matrix have zero valherefore, none of the linear combinations ardastaty.
According to the Granger representation theorenglgEand Granger, 1987a), when K > 0 and rank d¢f) <
K, there are r cointegrating vectors or r statigndnear combinations of the variables. The Johanse
cointegration method estimates flHematrix through an unrestricted VAR and tests wletine can reject the
restriction implied by the reduced rankldf Two methods of testing for reduced rankibfre the trace test
and the maximum eigenvalue, respectively:
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Atrace = —T Z In (1 _izi) (2)

i=r+1

Amax(,r+1) = =TIn(1 —A;;) (3)

Where,); is the estimated values of the ordered eigenvadbémined from the estimated matrix and T is the
number of the observations after the lag adjustmére trace statistics test the null hypothesis tiiia number

of distinct cointegrating vectors (r) is less thanequal to r against a general alternative. Theximme
eigenvalue tests the null that the number of cgnatitng vectors is r against the alternative ol rceintegrating
vectors.

Causality from vector error correction model (VECM)

The existence of cointegration in the bi-variati@atienship implies Granger causality at least ire on
direction which under certain restrictions can &ésted within the framework of Johansen cointegnalip the
Wald test (Dolado and Lutkepohl, 1996; Mosconi &idnnini, 1992). If then matrix in the cointegration
matrix (IT) has a complete column of zeros, no casual relstip exist since no cointegrating vector appeaars i
that particular block. Pair wise causal relatiopstan be represented through the following equation

AXl,t Xl,t—l

M oy A AX1t-x] | [Vat
AXz.t] = [Hz] + [0(2] (X1e-1 — BXz, t-1) + As AXZ,t—l] + - Ag sz't_k] + [VZt] (4)

Parameters contained in matriceg rAeasure the short run causality relationship, eNhik the cointegrating
parameter that characterizes the long run equihibrrelationship between the series. Through equ&d9,
three possibilities for long-run causality may Hentified, i)o; # 0, az2# 0; ii) a1 = 0,02# 0, and iii)oy # 0, ap =
0. The first case indicates bi-directional caugalithile the second and third imply uni-directiocalisality.

To analyze for short-run causality we apply the dualst with the null hypothesis that the joint cdmition of
the lags of endogenous variables is not equal to. 2é the null is cannot be rejected it impliesathhe
respective endogenous variables can be treatedogemous in the system. In case of bi-variate nsdbke
Johansen cointegration equation (1) can be rewradse

k1 k2

AXqe=p, + Z B,AX 1 + Z BAXz—j + 0, ECT g + 8¢y (5)
i=1 i=1
k1 k2

Mooty + ) BbXog i+ ) BAXoe +RECTe, 42 (6)
im1 i=1

where, X and X%, are time series (of prices) and ECT is the ermrection term. We test the short run
causality through equations (5) and (6), by exangrhe significance of all lagged dynamic terms.

Threshold Cointegration

Threshold cointegration allows for the extensionhef classical case of linear cointegration. THastthent
from equilibrium may take place only after the dein exceeds a certain threshold. Through theppetive
of economic theory, the assumption of non-lineamtyy not be valid in the presence of transacti®isc(Balke
and Fomby, 1997) or certain policies (Lo and Zi2@01) that may influence and buffer markets uthid
deviations exceed a certain threshold. Threshaladt@gration analysis may indicate that once astiokl level
is surpassed, prices will adjust back to a longeagquilibrium.

Following Hansen and Seo (2002) a two-regime ttolelstointegration model takes the form



_ (BaXe+ e if BXeg Sy
AR = {B'z Xt w if BXey >y O

wherey represents the threshold parameter. EquatiocafyYpe written as
AX; = B’y Xeo1(B)d1c(B,Y) + B2 Xem1(B)d2e(BY) + pe  (8)

with d;((B,y) =1 (if B'Xi—; < vy) and d,:(B,y) =1 (ifB'X—; > y) and with coefficient matrices 1B
and B determining the dynamics in the two regimes. Besithe coingrating vectd, all coefficients are
permitted to switch between the two regimes.

Hansen and Seo note that the threshold effectlyscomsistent ifd < P(B'X;_; <y) < 1, otherwise the
model would reduce to a linear cointegration modkls constraint is imposed by assuming

My <P(BXe1 <v) <1-m5 (9)

wheremn, > 0 is a trimming parameter. In the empirical applmatt, = 0.05 to ensure sufficient sample
variation for every alternative af. The estimation of model (8) is conducted thromgdiximum likelihood,
under the assumption of iid Gaussian errors.

The Hansen and Seo (2002) threshold model hasuthéypothesis of no threshold against the altéveat
hypothesis of linear cointegration. However, in analysis we are interested to apply thresholdtegmation
model in case we cannot find linear cointegratiSeo (2006) offers a test which would complement our
analysis and enables us to conclude on the coneystef the results. In his paper, Seo offers a ¢ésto
cointegration versus threshold cointegration baseda Band - Threshold Vector Error Correction Model
(TVECM) as specified in equation (8):

AXy = 8;(Y)dit(B,y) +8,(¥)dac(B, V) + n(y) + p1(WAXq + -+ Pg(V)AX(_q + &(y) (10)

whereg is aqgth-order polynomial in the lag operator defined as ¢, — ...— ¢,. For a detailed description
we refer to Seo’s (2006) paper.

DATA

The data used in the empirical analysis comprisestinty futures prices of crude oil, cocoa, coffeern,
soybeans, soybean oil, wheat, rice, sugar and gjalting July 1989 until February 2010. Monthlyces for
the nearest futures contracése analyzed. To account for the problem of coingadisparate price units, the
data is indexed based on the price of August 189®&ch commodity respectively. Previous studies@n
movement have only focused on lengthy periods vérs¢ decades. In contrast, after analyzing forftile
period, we break down our sample in 2 periods. 8aseversatile information we chose January 200thas
breakpoint for our analysis. Various reasons mapdignd the structural change of price movemen®0iR,
such as depreciation of US dollar, global inflationl supply manipulation by OPEC and various géitipal
events (Zhang and Wei, 2010). Furthermore, thigkpeint allows us to analyze whether exchange-trade
funds (ETFs), which bind a basket of commoditiesséhan influence on the co-movement of prices. dgino
the Quarterly Index Investment Dataports of the Commodity Futures Trading Commis$®FTC) one can
observe increase in momentum of the ETFs from 2€08jing from $12 billion and growing steadily tp 10
$200 billion in 2008 and more recently to $160ibiilin 2010.

! Crude Oil (Brent), CB; Cocoa (lvory Coast), CC;ffée (Colombian), KC; Sugar (#11/World Raw), SBtercontinental Exchange (ICE)
Corn (No. 2 Yellow), C-; Soybeans (No. 1 Yellow); Soybean Oil, BO; Wheat (No. 2 Soft Red), W-; &k{®lo. 2 Rough) RRChicago Board of
Trade (CBOT)part of CME Group
Gold, GC: New York Mercantile Exchan@dYMEX) part of CME Group
2 http:/imww.cftc.gov/MarketReports/IndexInvestmeatBindex.htm
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Next to that, our analysis may shed some light@m the ethanol market’'s growth, induced by polcyhe
past decade, might affect the co-movement of caibdand agricultural commodities such as corn, seyis
and soybean oil. Past studies using cointegratiethoas seem to come short in offering convincirgylts.
Campiche (2007) examined the co-variability betweerde oil prices and corn, sorghum, sugar, soyhean
soybean oil, and palm oil prices during 2003-20@dugh Johansen cointegration tests. The analggealed
no cointegrating relationships. Only after fragnmegtthe full period into 2006-2007 times period sesn and
corn prices were found to be cointegrated with erad. Yu (2006) analyzes weekly data between 12036
of soybean oil, sunflower oil, rapeseed oil, palih (8S$/ton) and crude oil (US$/barrel). Cointegat
analysis of 2 commodities with differing units maresent spurious results. Since ethanol produstiarted to
increase exponentially from 2002 onward, our anslgéthe before and after period will provide armalear
picture of a potential link between the markets. $ake of simplicity we will refer to the 1989M0DTOMO02
period as the full period; the 1993M11-2001M12 péras the first period ; and 2002M01-2010M02 as the
second period.

IV. RESULTS AND DISCUSSION

To determine whether the series are stationaryAtlgmented Dickey-Fuller (ADF) test and the Phslip
Perron (PP) test are carried out. For all timeesetfie tests point to the existence of one unit I{d9*. Thus,
the difference of each time series can be regaadesfationary. In order to identify a possibleugfice of crude
oil on various commodities, each time series wasegawith crude oil, providing us with 9 bivariasgstems.
Since the time series are integrated of the sarderocointegration techniques can be used to determ
whether a stable long-run relationship exists betweach pair. Johansen's tests for cointegrat@pexformed.
The VAR specification is estimated by applying doel2 lags. The Likelihood Ratio (LR) criterion was
utilized to select optimal lag length.

Tables 1. shows summary results for the full per®889-2010), first period (1993-2001) and second
period (2002-2010) respectively. The trace and mara eigenvalues tests are based on likelihood fedia
the estimated restricted VAR model. Table 1 oflesimmary of the results comparing the three aeslyghe
results indicate that cocoa, wheat and gold anetegiated over the full period, which implies ttie prices of
these commodities move together with crude oihim long run. The results of the first and secomibdeare
consistent with the full period for cocoa, wheat agold. In the first period, we observe cocoa, sayis,
soybean oil, wheat, corn and gold futures to betegrated with crude oil futures. In the secondqoer
however we only observe coffee besides cocoa, warehgold, to be cointegrated with crude oil. Thatrast
between the first and second period is remarkatdefather analysis seems to be required.

Table 1: Summary of the bi-variate Johansen cointegtion rank tests

1989 - 2010 Period 1993-2001 Period 2002-2010 Period

Crude Oil vs r=1 r=1 r=1
Cocoa not rejected not rejected not rejected
Rough Rice rejectel rejectel rejectel
Soybeans rejected not rejected rejected
Soybean Oil rejected not rejected rejected
Wheat not rejected not rejected not rejected
Corn rejected not rejected rejectel
Coffee rejected rejected not rejected
Suga rejectel rejectel rejectel
Gold not rejected not rejected not rejected

% Detailed results are available on request



The coffee market exhibits opposite traits. It se¢nat in the second period the coffee futureseprfollow
crude olil futures. This change of price movemenay tme attributed to the coffee market liberalizatiavhich
began in the ‘90s and continued throughout thedke¢akiyama, 2001).

Gold futures are found to be cointegrated with erod futures throughout the full period. Our rdswdre
consistent with previous studies (Zhang and Wel,020For two markets, rough rice and sugar, the results
indicated no trace of linear cointegration. Thegtouice futures market is relatively new comparethe well-
established futures markets for corn, wheat, agdessms and rice industry participants have refaiwdte rice
futures market as a thinly traded futures marketK®hzie, 2002). It seems that in case of rough, tice
futures market seem to exhibit problems unrelatedh&croeconomic factors. Sugar futures seem to have
guasi-independent movement from crude oil. Furshedy is required to analyze that specific market.

Consequently, Table 2 integrates the estimatelseoparameter estimates; the speed of adjustmenttfre
estimated Johansen VAR (restricted VAR model);stsefor the cointegrating vector and the speed of
adjustment. The main highlight of the results @& thll period is the relatively larger parametetiraate ) of
gold —crude oil pair. This implies that crude aildagold are strongly linked. The estimates of th&t period
are consistent, with soybean having a relativelyelop. The linkage between soybeans is expected to be
relatively weaker than with soybean oil. For theosel period, the main observation is that fhestimate for
coffee is relatively small. Figure 7 confirms tiia¢& movement between crude oil and coffee futigeslatively
weak. The error correction estimates are fairlysestent throughout the 3 analyses. The ECT for golthe
full period is relatively small, which confirms tistrong relationship between the two commoditieghk first
period we observe that ECT of soybeans and soybikairs is relatively larger. ECT of coffee modelthe
second period is relatively larger, which is cotesis with the previous results and the contexhaf market.

Once cointegration between time series is estaishis of interest to analyze for causality otlea
cointegrating pair. Long run causality from theireasted Johansen VECM is analyzed through a likeliho
ratio (LR) test by restricting the disequilibriumr@ term. Table 3 presents the results of thests.t&he results
of the first period indicate that cocoa, soybeargat, corn, sugar and gold futures precede crildetores. In
case of soybean oil we find bi-directional caugaliiowever the probability level of soybean inflagmg crude
oil is 0.08. It may seem out of the ordinary fonde oil futures price to bed by other commodities. However,
one must keep in mind that causality indicates mwemhan one series preceding the other. In tbkeatiire
review section we have established that crude dep are linked with the economies and that theepr
movements of crude oil could be supply or demandedr Thus our results indicate that in the firetipd
crude oil price movements were mainly demand driaseth mainly pushed by economic activity. The resaft
the second period are more muddled with crudeubilrés preceding cocoa and gold futures, while whad
coffee futures precede crude oil futures. This iegpl more chaotic situation in the market, whiclyrbe
attributed to political and economic uncertainties.

Corn, soybeans and soybean oil seem to seize dbamovement with crude oil after 2002. Scrutinizing
pltted price data shows that besides the peak 08 20ese commodities futures do not seem to haslesa
relationship with crude oil. Nonetheless, due toveli@oments in the past decade linked to biofuel
implementation, it is of interest to look closetarthese three bivariate systems. Since the Johatese,
investigates linear cointegration it is appropriedeconsider asymmetric cointegration for thesespaiansen
and Seo (2002) offer a model to test for threshmohtegration. The null hypothesis of the testimedr
cointegration, versus threshold cointegration. @ereg that we rejected the hypothesis of linglhéansen)
cointegration it is likely that we might a prioindl results for threshold cointegration. To keep anoalysis
consistent, we implement the Seo (2006) test, thighnull of no-cointegration versus threshold tagnation.
Consequently, we implement the Hansen and Seo J200@el to obtain the threshold values for the ificamt
pair(s). We use data between January 2000 and &gt2010 for the threshold cointegration analysis.

Table 4 shows the results of the test of no conatémn versus threshold cointegration. We obsenae anly
in case ofcrude oil — corn paimo cointegration can be rejected at a signifitevel. These results seem to be
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consistent with general expectations that intesacbetween crude oil and corn is relatively stroripeough
the biofuel production linkage. Furthermore, it gldlbnot come as a surprise that linear cointegnati@s
rejected for crude oil - corn bivariate system. drad Zivot (2001) notice that cointegration is notirid for
goods subject to policy intervention. Simple cadtions with the 2010 data from Food and Agricultéalicy
Research Institute (FAPRI) indicate that 32% ofltddS corn production corn was allocated to ethanol
production. Furthermore, 98% of total ethanol paigin was dependent on corn. The biofuel markednis
artificial market and its production was mainly ioged by governments. The Energy Policy Act of 2005
established the renewable fuel standard startidgodtion gallons in 2006 and rising to 7.5 bitian 2012. The
Energy Independence and Security Act of 2007 dstaddl a renewable fuel standard totaling 36 bilgaiions
(1billion biodiesel) by 2022.

The subsidies offered throughout the productionrcbébiofuels affect the demand and thus the grae
agricultural commodity prices of corn. Due to inflwof government funds in biofuels-production this
reallocation of resources is less dependent orggmmices or the economic situation as a wholehils context
we apply the threshold cointegration methodologycemtrol whether such a situation can be empigcall
verified. The following shows the estimates of M&ECM, with gamma value of 0.38.

(_0.08) ECT., + (—0.07)+( 0.20 —0.10) (ACrude Oilt—l) < 0.38

(ACrude Oilt) _ 0.02 0.02 -0.07 -0.15 ACorng_,
ACorn, /| (—0.09 0.23 0.57 0.58\ (ACrude Oil,_,
( 0.05 ) ECTLi+ (—0.15) + (0.19 0.25) ( ACorn,_, ) > 0.38

The percentage of observation in each regime & &8d 31.7 respectively. Figure 11 shows the gradch
of threshold parametgrand the LM statistics of the ECT values. Keepmgnind that the count of observation
in each regime is not a continuous one we neeckammme the results of the TVECM properly in order t
interpret the threshold cointegration in an ecomonuntext. To find the value of the crude oil priieove
which the corn prices resume co-movement, we needrisider the TVECM results in parallel with thvecps
of the two commodities. In Figure 12 we plot (indd price values of the two commaodities a@tude O1l, of
the TVECM of the upper threshold (i.e. the regimeeve we find threshold cointegration). First ancefoost
we note that between April and July 2004 the figymeces of corn seem to adjust to news of the ggnEolicy
Act of 2005. Especially in futures markets tradensd to adjust their positions as soon as the newsade
public. Furthermore, by looking at Figure 12, inisticeable that between mid 2004 until July 2006 futures
prices of corn do not move together with crudedoié to policy interventions on biofuels. This imsstent
with our results as we do not find linear nor thiedd cointegration. Moreover we find confirmatioh aur
results in Campiche’s (2007) paper. In his analg$i2003-2007 period, cointegration was only foundhe
2006-2007 period. It seems that at a certain poihily 2006 - crude oil futures prices surpassezkrain
threshold (Figure 12) - 75 $/barrel - after whiklh corn market resumed co-movement with crude oil.

V. CONCLUSIONS

This paper offers a comprehensive study on theadat®n between crude oil futures market and cocoa,
coffee, corn, soybeans, soybean oil, wheat, riogars and gold futures markets. To provide insight o
recognizing and analyzing the dynamics of crudefudilres market, gold futures market and the whaige
agricultural commodities markets, the concept ofrmvement (i.e. price cointegration) and price editysof
markets is analyzed. Once more we highlight thatrés prices by definition incorporate all avaitabl
information and thus are more appropriate to idemstupply and demand shocks and price spilloveas tieal
prices. That being said, a similar analysis witlotsprice could yield different results. Furthermoxee
scrutinize two distinct time periods set apart byious economic and geopolitical events. Through rislative
comparison we can make conclusions about evoluhoprice movements without carrying the burden of
making absolute statements.



Through use of cointegration methodologies we hgh@wvn that co-movement of commodity prices is a
temporal concept and should be treated accordifglsallel movement between crude oil and cocoaatdued
gold pairs have been found for the past two decadbih indicates strong linkages between crudeand
these markets. Looking at the two split periodsasately, we find confirmation that coffee exhibite-
movement with crude oil after the liberalizationtlé coffee markets. In case of soybeans, soybéandcorn
especially the results indicate that biofuel pplhas buffered the price relationship between thoaekets and
crude olil futures, be it until crude oil prices [gags a certain threshold level. An in depth foqushe crude oil
— corn relationship through threshold cointegratioethods revealed that biofuel policy buffers the ¢
movement of the two markets until crude oil futupeses rise to a level of 75%/barrel or higher.

In general we can conclude that mature and wellbdished commodity futures markets exhibit co-
movement with crude oil in the long run. However meast note that policy interventions, changing Wweat
patterns, economic crises, changes in price irieres; geopolitics, and rising global populationt romly
increase uncertainty and volatility, but instigatenge and increase the complexity of price dynaimétween
crude oil and agricultural commodities. By undamngiag better the mechanisms behind these dynaimtter
policy measures could be put in place to optimize stabilize the markets.
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Table 2: Estimates of long run & the speed of thedjustment from ECM

2002-2010 Period

1989 - 2010 Period 1993-2001 Period
Models Regressors Parameter t-test Regressors Parameter t-test Regressors Parameter t-test
estimates estimates estimates
Crude oil- B -0.51** -6.08 B -1.92% 6.81 B 1.86** -4.67
Cocod ECTi1 -0.11* -3.94 ECT. -0.11* 1.72 ECT -0.06** -3.80
Crude oil- B - - B - - B - -
Rough rice ECT1 - - ECT1 - - ECT1 - -
Crude oil- B - - B 1.72** 6.30 B - -
Soybeans ECT:.1 - - ECT.. -0.18** -4.99 ECT, - -
Crude oil- B - - B -0.49%* -4.14 B - -
*kk
gitljybean ECT., ) ) ECT, -0.30 -3.70 ECT. ) )
Crude oil- B -0.30** -395 B 3.21%* 3.66 B 1.15% 2.61
Wheat® ECTi1 -0.11* -3.61 ECT. -0.06** -3.27 ECT. -0.15* -3.62
Crude oil- B - - B 2.25% 4.52 B - -
Sugar ECTi1 - - ECTa -0.11* -3.94 ECT: - -
Crude oil- B -0.25* -3.45 B 3.14* 4.32 B - -
Corn ECTi1 -0.10** -3.58 ECT. -0.07* -3.92 ECT. - -
Crude oil- B - - B - - B 0.30** -8.20
Coffee ECTi1 - - ECTa - - ECTa -0.48** 3.28
Crude oil- B -1.88* -5.69 B 1.63** 4.97 B -0.96** -5.72
Gold® ECTi1 -0.02** -3.35 ECT. -0.14** -4.49 ECT. -0.11* -3.66

** indicates the significance level at 5%

Table 3: Long run causality from Johansen VECM (wekl exogeneity test)
1993-2001 Period

2002-2010 Period

Models Causality test Causality Causality test Causality
A B Decision A B Decision
Crude
3.35* 9.74xx* Cocoa— 14.75%* 0.19 Oil—
Cocoa-Crude Oif (0.07) (0.00) Crude Qil (0.00) (0.66) Cocoa
Rough rice-Crude Oil - - - - - -
Soybeans
1.58 28.85***  — Crude
Soybeans-Crude QOil (0.21) (0.00) Qil - - -
Crude Oil
>
Soybean Oil-Crude 13.56*** 3.10* Soybean
oil® (0.00) (0.08) Qil - - -
0.92 11.62***  Wheat — 251 13.65***  Wheat —
Wheat-Crude Oil* (0.34) (0.00) Crude Qil (0.11) (0.00) Crude Qil
0.24 16.37%* Corn —
Corn-Crude QOil (0.63) (0.00) Crude Qil - - -
0.64 7.78** Coffee —
Coffee-Crude Oil - - - (0.42) (0.01) Crude Qil
0.00 11.79***  Sugar —
Sugar-Crude Oil (0.95) (0.00) Crude Qil - - -
0.35 21.97%* Gold — 13.71%* 1.03 Crude Oil
Gold-Crude Oil* (0.56) (0.00) Crude Oil (0.00) (0.31) — Gold

A indicatesHy:0, =0 vs Hy:ay #0
B indicatedy:a, = 0 vs Hyta, # 0
Parentheses indicate the probability level
¢ indicates that the results derived from modeh@® else is model 2
— indicates unidirectional causality
< indicates bi-directional causality

Table 4: Test of no cointegration versus thresholdointegration (Antonio et al., 2009; Seo, 2006) 1000 bootstrap

Threshold Threshold
Crude Oil - Test Statistic P-value parameter (L) parameter (H)
Corn 29.21** 0.02 0.72 1.94
(26.61)
Soyabeans 19.89 0.12 0.55 1.68
(21.81)
Soyabean Oil 30.73 0.2 0.97 1.75
(35.83)

Critical values (95%) are shown in parentheses thgerespective test statistic
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