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Testing market efficiency of crude palm oil futuresto
European participants
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MTT Agrifood Research Finland, Economic Research Wnmaitxing.liu@mitt.fi.

Abstract

Palm oil is the most consumed and traded vegetsildein the EU and the world. Increasing non-foczksi for

vegetable oils in especially feedstock of biofualsecent years have caused the price volatilityige in both EU
and global market. The most efficient pricing aide palm oil (CPO) is to found on Bursa Malaysia (BMand it

provides by far the world’s most liquid palm oilrtoact. The goal of this study is to investigate ClRtDres market
efficiency of BMD for the European participants waakelivery location in EU. Both Johanson cointegratest and
Vector Error Cointegration Mechnism (VECM) are coaigd to test long-run and short-run efficiency testthe

European spot market and four different futuregdasting horizons that are one week, two weeks nwrgh and
two months. Evidence suggests that a long-run ibguin relationship exists between the futures @rmd spot
price for all forecasting horizons. The unbiasedregdutures price with respect to the spot pricéhie long-term can
be approved for all but the forecasting periodwed tweeks. Furthermore, the short-term efficiencpdtiesis is
rejected for the forecasting periods of one week @mvo month but is approved for the forecastingqukyr of two

weeks and two months.

Keywords: CPO, BMD, efficiency, futures, cointegration, VECM.

1. Introduction

Palm oil is a form of edible vegetable oil obtairfegim the fruit of the oil palm tree. It is the vid's
biggest vegetable oil crop, accounted for 22% efwtlorld’s oil and fats production ahead of soybeikn
Palm oil is the leading vegetable oil traded in itternational markets. Palm and soybean oils taget
constitute around 68% global edible oil trade vadumwith palm oil constituting 78%. Over 90% of the
world’s palm oil exports are produced in Malaysialdndonesia. Traditionally, palm oil is still mbst
used in the manufacture of food products, howewethe recent years, the non-food uses for vegetabl
oils in especially biodiesel are expected to becam@creasingly important factor in future demafile

EU imports 17.9 percent of Malaysian palm oil asdherefore a significant market for Malaysian palm
oil.1

Using biofuels have potential advantages: lessnii@gse gas emissions, increasing the sources of
income employment in rural areas and most impdstagiversifying fuel supply sources. In general,
biofuel can be produced from a large number ofcaditiral commodities. First, there is the group of
conventional or “first —generation” biofuels whialse grins, roots and tubers and vegetable oils as
feedstock. Today, global biofuel consumption is d@ted by ethanol which is derived primarily from
sugar, maize and other starchy crops. biodieselgugegetable oils as feedstock comes only second.
However, in EU the biodiesel is growing strongempared to ethanol with a current level of more tBan
million tons of biodiesel while ethanol productionEurope is about 3 million tonne. The main cdst o
producing biodiesel comes from the cost of feedstbtEU and Finland the production of biodieseiye
much relies on two kinds of feedstock: vegetabldroainly rapeseed oil) and palm oil. Rapeseedad
been the major feedstock in production of biodi@s&U due to the high level of public support po®d

in EU countries. In Finland, most feedstock usedhayonly biodiesel plant build by Nestel Corparati

is mainly palm oil imported from Malaysia and In@ésia. In 2007, Nestel Corporation built the biggest
biodiesel refinery in Singapore due to the closeafion to the palm oil producing countries. As a
substitute and competitor of other vegetable aildeé Palm Oil (CPO) is of many unique features Whic
is not be able to be substituted by other vegetaibl&eeing Figures 2, we may agree that “In theeace

of public support, rapeseed based biodiesel shooldbe competitive even on a long term basis”
(Thoenes, 2006). In fact, during the last decade vegetable oil price especially rapeseed oilephas
doubled due to the strong growth in demand of llsfuMeanwhile, EU palm oil imports have already
doubled during the 2004-2006 period, mostly to stlie for rapeseed oil diverted from food to fuel

! http://www.palmoiltruthfoundation.com/index.php@pt=com_content&task=view&id=409&Itemid=300



uses. With respect to filling future gaps in EU doail supplies, continuing expanding the diversain
domestic rapeseed oil into fuel uses would remainstrained by the limitations of the Blair House
agreement (with a maximum production of 1 millimnnes of soybean meal equivalent on set aside
land). Despite the 9 million ton increase in oitbgeoduction projected until 2014, the EU will cionte

to remain a large net importer of oilseeds and tadge oils (F.O.Lidchts, 2008) There is a growirentl

of importing more palm oil in the future for theeusf production of biodiesel. Therefore, the prade
palm oil is becoming very important issue in thalgsis of biodiesel price. How has the palm oikpri
behaved historically and how the palm oil m in doies like Malaysia affects the palm oil price IWVE
becomes very interesting (See Figure 1.)

(Insert Figure 1 here)

In general, agricultural producers, traders anckotharket participants apply futures prices to dast
price in the future in order to assist in makingidien today (Schroeder and Goodwin 1991; Cartelr an
Mohapatra, 2008). Thus, unbiased and efficientragumarket provides unambiguously greater income
risk insurance than perfect price stabilization\iKery and Stiglitz, 1989). For CPO, commaodity fetsr
trading in Malaysia called Bursa Malaysia DerivaiBMD) since 1980 has been acted as an efficient
price discovery and hedging mechanism for the palnmdustry and other agricultural commodities in
Malaysia (Fatimah at al., 1994). However, whethéures market in BMD to an EU or a Finnish
biodiesel industry is efficient is unknown and nelad research on it.

Futures market efficiency implies that futures eniill totally reflect the expected future spotagariwith
random risk error terms. It indicates that all neormation is immediately incorporated into the
expectations about future prices. The aim of thigyis to test the efficiency of (BMD) futures rkat in
crude palm oil sector for the participants in EUh éfficient futures market can provide effectivgrsils
for the spot market price in EU and minimize thbiteage possibility of a speculator. Thus the fatur
price could reflect the equilibrium value for bathppliers and buyers in the market (Wang and Ke,
2005). The study could provide EU policy maker #rraative other than market intervention through
policies; show oilseed producers if BMD futures kedrprovide a reliable forecast of spot price ia th
futures, which may allow them to effectively manalyeir market risks in advance; If the futures t@st
power is low, then decision making based on suckctsts will be adversely affected. At last, thislg
could give a view to traders of palm oil, in whittfey are able to see if there is arbitrage oppdytun
this particular market.

2. Previous research and methodology review

Market efficiency has been very popular in bothotie¢ical and empirical research in the contextithiee
financial assets (Dwyer and Wallace 1992, Alexart®99) or of commodities (Brenner and Kroner,
1995, McKenzie and Holt, 2002). Various futures kets have been tested throughout the years, but
theses studies have mainly focused on developedodity markets such as CBOT (Bigman et al. 1983,
Liu, 2005) and NYMEX (Ripple et. al., 2005) for tleerresponding commodity products (Carter and
Mohapatra, 2008, Switzer and El-Khoury, 2006, Wangd Ke, 2005, Peroni and McNown, 1998). Only
few studies have dealt with the developing markets.instance, Wang and Ke in 2005 run the efficyen
tests of agricultural commodity futures market<Cinina. Many studies have focused on the interaction
between commodity futures prices and spot pricethénsame market with respect to different products
(Singh and Shanmugam, 2007). The efficiency ofregumarket of palm oil products is rare. Fatimah et
al in 1994 examined the forward pricing efficierafithe local CPO futures market to the local trader
which they concluded that BMD futures market isicéht. The futures market for a commodity is
considered to be efficient, when the n-period fesurate (Ft, n) is equal to the future ready r&te ).

The efficient market ensures that the averagerdifiee between futures rate with n day maturity thed
subsequent ready rate n days later is zero. THereliice, if any, represents both the futures rate's
forecasting error and the opportunity for gainl@ms) from open positions in the market” (KumarQ2p
However, there has not been too much studied ircéise when the spot market and futures market are
located in different markets. In our case, whenghsicipants are Europeans and the futures mamket
located in Malaysia.



One way of testing market efficiency is based anrésearch of Fama (1970), and further developed by
Tomek and Gray (1970), Leuthold and Hartman(19@ay Martin and Garcia (1981). The form of the
tests is called weak form market/speculative magKiatiency:

Sim =+ BFuin TE (1).

Here, St and represent cash price and futures price in respedtrepresents the time before contract

maturity date; n refers to the contract periods;and # are the parameters, afid is an error with the
classical properties of a zero mean and constainge. In this form, market efficiency requiresitth
futures prices should be unbiased predictors afréuspot prices. Therefore, simple empirical tedts

market efficiency are based on tests of the joj«pidMesisa =04=1 in equation (1). Rejection of the
restrictions imposed to the parametérsand# means that either the market is inefficient cisk-free
arbitrage exists in futures markets.

Nevertheless, this approach is widely criticizednleglecting the long-term tandem between the spat a
futures price, thus the empirical tests turn oftewontradicting results. The other reason of the
contradicting results by using equation (1) is tbien the price series in commodity market are not
stationary (Beck, 1994), then the standard stedistiests of simply regression analysis as (1) rete
reliable (Elam and Dixon, 1988; Yang et. al 20@yen though the stationarity problem could be ablve
by differencing the price series of equation (Haiisen and Hodrick, 1980), the result of such smpl
regressing is still misspecified if cointegratioalationship between the future and spot price gxist
(Mckenzie and Holt, 1998).

If spot and futures prices are both non-statioramng require differencing to make them stationary,
cointegration technique (Engle and Granger, 198 Widely used due to the fact that asset price al&a
characterized by stochastic trends (Crowder et2@D3). Johansen (1991) and Johansen and Juselius
(1990) further developed statistical procedureagi&rror Correction Model (ECM) for testing fomig-

run market unbiasedness. This approach has beatywetommended (Lai and Lai, 1991). The results
of future market efficiency using have been unckeadl remain somewhat confusing. Many confirm the
efficiency of futures market especially in storabtenmodity futures markets such as grain (Rausser a
Carter, 1983), livestock (Covey and Bessler, 199&tenbery and Zapate, 1993; Garcia et. al, 1988 )
energy (Coppola, 2008), and financial futures markgeitch and Tanner; Hafer and Hein), others
conclude that futures prices are not efficient dasters of future spot prices, many of which ingase

in non-storable commodities (Purcell and Hudsor85195chroeder and Goodwin, 1991). There are
various reasons for the failure of finding cointggrn relationship between cash and futures, ss¢hree
series properties of the cost of carry (Yang e@Q1). Even though ECMs provide a convenient ttmls
distinguish futures market efficiency in long rundashort run unbiasedness, it is not convincing in
estimating the short-run efficiency through the eioal estimation of an ECM alone, Thus out-of-
sample forecasting performance of ECM to futuressys recommended. (Mckenzie, 2003)

3. Data

The data used in the study consist of two timeesei®ne is weekly European cash price, collected an
cross-checked with trading agents by oilworld2 gvEhursday during year 2001 and year 2007. The
price is referred to the CIF forward price of thearest shipment at north-west European harborgeefo
tariffs and taxes3; the other is daily futures @ridata on crude palm oil (CPO) listed in BMD in

Malaysia. The futures contracts in BMD include spwminth and the next 5 succeeding months, and
thereafter, alternate months up to 24 months ah€hae.futures price is daily based spot month price
listed in BMD. Both prices use USD/metric ton as timit. Original data of futures price are valuéd o

2 Thanks www.oilworld.orgto provide the data
3 Since the spot price is for delivery within thédwing one month, the cash price at the date niagcthe futures prices is not
necessary at the same date. Thus, please notaétzdsh price series used in the paper represtradx$t available data set



Malaysian currency Ringgit, and the exchange ratevéen Ringgit and US dollar is daily data provided
by Forex Trading4

In this study, spot price is sampled on a montldgi& every third week of each month from October,
2001 to August, 2007 to present the maturity spatep and correspondingly CPO one month futures
prices and two months futures prices during 200d 2007 are sampled. Futures market efficiency is
tested for two-month horizon of two-month contrantl for three horizons of one-month contract pigor
contract maturity: 1 week; 2 weeks and 1 month.réfage three reasons why one month and two month
contracts were chosen: Firstly, preliminary analysi data indicated that in terms of volume andnope
interest, one month and two month contracts werst mttively traded contracts. Secondly, the praatict
period from 1 week till two month can clearly séée length of forecasting period could differertbe
result of efficiency test. Thirdly, delivery periad the cash prices is approximately one month, @ret
month futures contract matches the cash pricebake Taking the forecasting period of one montaras
example (See Figure 2), futures price with one-imdatecasting period is taken on 16th of Octobiest(f
trading day of one-month contract in October), espondingly the spot price is taken at the matuldtie
after one month, which is the closest date befbee 15th of November, when the futures contract
becomes matured. Using the same contract of on¢hnfiatuires, the futures price with forecasting péri

of one week is taken then one week before the ibvamte, and the forecasting period of two week is
taken two weeks before the maturity date.

Therefore, there are one cash price series andlsdrhgures price series, in which it consists wb t
month futures contract and one month futures coningth forecasting periods of one week, two week
and one month. Constructing the pooled data seriggs way provided us with price series constptirf

71 observations. Figure 1 plots the graph of f@leced price series, in which the vertical ax espnts
the price/metric ton and the horizontal ax represeantract maturity time. To stabilize the dake $pot
and futures prices are converted to logs and displan Table 1, labeled by LBMD 1wk _futures, LBMD
2wks_futures, LBMD 1m_futures, LBMD 2m_futures drf8ipot price EU.

(Insert Table 1 here)

4. Methodology and results

As discussed earlier, error-correction model comgato the classic equation (1) provides more
satisfactory methods for efficiency test especiallythe applications in circumstances where daga ar
non-stationary. Thus in this chapter, the firsgetaf test is to examine stationarity propertiesthaf
univariate time series of futures and spot pricé @sult is displayed and explained in chapter root
test. Then it is followed by cointegration testngd-term efficiency test and short-term efficiency.

4.1. Unit root test

If the both price series of futures and spot are-stationary and integrated with the same ordem th
cointegration technique provides a suitable mettothvestigate the long-term and short-term market
efficiency tests. Therefore, the first of stagetiod research is to examine stationarity propedfethe
univariate time series of futures and spot price.

Several procedures exist to test for the presefhaeib root in time series data. The most commonly
applied is the Augmented Dickey and Fuller (ADF){&% and a test developed by Kwiatkowski-Phillips-
Schmidt-Shin (KPSS) (1992). While the ADF test estathe null hypothesis of non-stationarity or the
presence of a unit root, the KPSS test definetostaity as the null. The Monte Carlo simulations b
Schwert (1989) showed that the ADF tests have lowgs and are sensitive to the choice of lag-length.
The unit root tests are known to have low powebf@ms in small samples, particularly, if the series
include structural breaks (Kwiatkowski et al.1992ybourne & Newbold 2000). As a result, rejecting
the null hypothesis does not necessarily imply ptzee of a unit root. The KPSS tests, on the other
hand, have good power properties in identificatbmnit root for the series with. Since neithertuoiot
tests are without some statistical shortcoming$giims of size and power properties, two altereatinit
root tests are applied to statistically determihe btrder of integration of the time-series used in
cointegration analyses.

4 See. http://lwww.oanda.com/convert/fxhistory



The results of unit root test including both inggtand linear trend are listed in Table 2. All ARF test
results cannot reject the null hypothesis of nditarity at 5% significant level. In the KPSS t&D
2m_futures reject the null hypothesis of statidyaat 5% level when intercept and linear time trame
included, but it cannot rejected as the criticdugaextends to 10%. Combining ADF and KPSS unit roo
tests together, we can draw a prudent conclusiah dh the price series are non-stationary in level
Furthermore, unit root tests on the first diffeneigcprices are also performed. The results showaisfitst
differencing is adequate to render the seriestgiatry’, which indicate that each of the price series is
I(2). (Insert Table 2 here)

4.2. Cointegration Test

Given that the cash and futures prices are botktationary and (1), Johanson’s cointegration
techniques (Johanson 1991, 1995) can be useéntfidthe long-term cointegration relationship
between two prices. Johansen'’s tests is conduietedgh vector error correction model (VECM)
specified as follows

P
AY, =Y, + WX, + > [AY, +¢ )
i=1
where Y, here is an(2x1) vector of I(1) dependent variables (cash and éstyarices); X, is a vector
of deterministic variables such as linear trend sealsonal trend etc. In our case we include litread
as the clear upward linear trend can be visualimed Figure 1. AY, =Y, —Y,_;; & denotes a2x1)

vector of innovations, assumed to be serially uratated with zero mean and constant variaddeW,
and I are the coefficient matriced.1 is a matrix of the formll = af', where @ and [ are both

(2xr) matrices of full rank. 8 containing ther cointegrating relationships is called a cointegugti

vector and@ carrying the corresponding adjustment coefficiénteach of ther vectors is called as a
loading factor. Thus, the cointegrating relatiopstén be determined by examiniiig, i.e. the rank of

M equals the number of cointegrating vectors (Jaans990).r < n, wheren is the number of price
series, which is two in this study. In practicehdosen (1988) proposed two sequential likelihodid ra

tests to determine the cointegration rank, whica @ace statistic denoted biR and maximum

eigenvalue statistic denoted tyR . . The trace statistics is shown in function (3)

LR, (r [K) =T Y In- 4) @,

i=r+l
where/1i denote the i-th largest eigenvalue of the makfixin function (2). The maximum eigenvalue

statistic tests the null hypothesis ptointegrating relations against the alternative®1 cointegrating
relations. This test statistic is computed as fionc{3):

LR o (1 [r +1) =-TIn(1-A4,,;) = LR, (r [K) = LR, (r +1|k) 4),
forr=0, 1, 2....., k-1.

In details, Johanson tests according to equatipar(8 (4) could test both unrestricted model (wigmd)
and restricted model (without trend). Thus, thé fesfutures and cash market cointegration, wimer2,

becomes the test for the null hypothesis:0 andr =1 with trend and without trend, starting without

trend. If I =0 is rejected andl =1 cannot be rejected, then cointegrating relatisfisund between the

futures and spot market. Otherwisef iEQ cannot be rejected, then there is no cointegratlationship
between the futures and cash market.

The result of Johanson tests is listed in TablaKkaike Information were used to determine the optim
order of lags (numbreof p), it suggest that the best specificatiopis 1 for two weeks, one month and

® The unit root test results of first difference ace reported but are available upon request.



two month forecasting periodp=3 for one week forecasting periods. Both Trace ia-Eigen test
statistics result suggest that cointegration retesihip between futures and spot price is foundifstgnt
for all the forecasting period with linear trenccluded at 1% significant level. Therefore, long-run
equilibrium relationship is confirmed between CP&®t price in the EU and futures price in BMD for
all the investigated forecasting periods.

(Insert Table 3 here)

Cointegration relationship between the CPO futued spot prices only satisfies a necessary conditio
for market efficiency (Hakkio and Rush, 1989, Sefuter and Goodwin 1981Zapata and Fortenbery,
1996). Given cointegration relationship, the markiciency requires still two conditions: Longre
efficiency and short-term efficiency tests. (Caed Mohapatra, 2008; Alizadeh and Nomikos, 2004).
To be able to separates out the short-term andtinng components, error correction model derivednfr
(2) is used here.

p-1

DY, =a(BY,y+ Bo+ Bl) + @y + D LAY, + &
i=1

where, here is an(2x1) vector of I(1) dependent variables (spot and &&urices). Equivalent to

®).

Y., O’,B'Yt_l is considered as long-term equilibrium componeat,it represents long-term
p-1
cointegration relations. Short-run compon@ [ AY,_, infunction (5) is the same as function (2),
i=1
measuring short-term adjustment component. Thesefficiency tests can be carried out through eser
of hypothesis tests on the parameters on (5). tbduclarify the vector form, function (5) couleé b
represented as follows.

spot spot ot
Ayt — aSpOt (['8 '8 ] t-1 +ﬂ +18t) + %sp
A futures a spot /= futures futures 0 1 futures
yt futures yt_l
B spot
Ay
spot
AV
spot & spot spot 4« futures 4 futures futures spot
11 Y12 TP 11 12 "'¢1i AYt—u +e
spot pspot  pspot g futures p futures g futures A futures t
21 22 2i 21 22 2i yt—l
futures
Ay,
futures
Ay~ ]
(6) .

® Check (Carter and Mohapatra, 2005)



4.3. Long-term efficiency tests

According to function (6), normalized cointegrativgctors (normalization on spot prig8) contains the

long-run equilibrium of the cash and futures palrices; loading factord determines the speed of
adjustment toward long-run equilibrium. If the vald@ is close to zero, it means that it takes a long
period of time for the series to revert to theinderun equilibrium after a shock. The results @&ahand

[3 for are listed in Table 4.

The cointegrating coefficien8 on the futures price series for all the forecasperiods from one week

to two month are likely to be close to -1 and digantly different from zero at 5% level, which isfies
the necessary condition of the hypothesis of ussidstures prices. However, all of values of thediog
factor @ on futures series and the values@f on spot price series for the forecasting pericd knan
one month turn significantly positive at 5% sigeoéit level. These results imply that for the fosticey
periods less than one month in a long-term futpreee and spot price interact closely with eacteoih
adjustment toward equilibrium after a shock. Irstbase, both the futures price and spot price atay
equal role in correcting the disequilibrium thatisated from previous period’s deviation in thegaun.
The insignificant figures of on spot price series for the forecasting periodsre month and two
month suggest firstly that for these two forecagtperiods, the futures price plays a major role in
adjustment toward equilibrium after a shock; setgritie spot price does not adjust significantlyttie
equilibrium when a short-run shock comes cross.

Under cointegration relationship, two important divions for the long-term efficiency test of futsre
prices are also required for efficiency test: am¢he futures prices should be unbiased forecéstash
prices, and the other is that futures prices shbeldveakly exogenous of the spot price in the lang-

Long-run unbiasedness of futures price implies ttie coefficients of the long-run vectof =

(,BSDOt , ,Gfutures) = (1, -1) specified in equation (6). Weak exogjgnof futures price means that futures

oil prices as exogenous is based on the assumibtidrit is the price of futures oil that determirsgmot
prices in EU, and the changes in futures prices mép directly to spot prices whilst changes intspo
prices are not thought to feeding back to futuméseg. In other words, the futures price shouldilspot
price. Thus, the weak exogeneity test can be exadnly imposing restriction on the parameters of the

assumptiond ¢ =0 and @, # 0 in. At last long-run unbiasedness and weak exdgetest are

estimated though joint hypothesis testg3of(1,-1) anda e =0 -

The results of two conditions are listed in Tablanél Table 5. From Table 4, the hypothesis tegfef

(1,-1) cannot be rejected at 5% significant lewal dll the forecasting periods but for the foreicast
period of two weeks. The result supports that BMinpoil futures price as an unbiased predictotttier
European spot price in the long-run for most okéasting periods. For forecasting period of two kyee
the evidence is not significant. However, many edgthat the unbiasedness hypothesis may be tamstro
to imply market efficiency. Especially when the idety location is far from exchange market, the
existence of transaction cost such as risk premétransportation cost and insurance cost will edhs
rejection of 5= (1,-1) (Wang and Ke, 2005).

(Insert Table 4 and Table 5)

The weak exogeneity hypotheses test results aeel lis Table 5. The weak exogeneity can be fourtd on
in the forecasting period of one month for spot@riOnly the result for the forecasting period wb t
week rejects the exogenity hypothesis for both st futures prices at 5% significant level. Others
found long-term weak exogeneity of spot price. feoecasting period of two week, spot price and riesu
price interact with each other in order to be ablegeach a long-run equilibrium. Thus, there is aot

clearly real price leader between two price serlescomparison, the assumptior®;, .=0 and
Q oot #0 are rejected for both forecasting period of oreeky one month and two month, which

suggest that for these forecasting periods, thé @pee that leads the futures prices in the lomg-in
short, the weak exogeneity hypothesis test resulgggest two things: One is the rejection of weak



exogeneity hypothesis for the forecasting periodvad weeks; the other is the evidence of the weak
exogeneity of spot price instead of futures pricethe forecasting period of one week, one month an
two month. These two implications together with ghevious result shown in Table 3 suggest that CPO
futures price is not weakly exogenous with resp@cEPO spot price of EU. Thus it is inconsistenthwi
an efficient market under which the futures pricewd lead spot price.

Table 5 displays also the results that combine kathk exogeneity hypotheses and unbiasedness tests.
For all of the forecasting periods but forecastiagiod of two week, the hypotheses of long-run weak
exogeneity of spot price and unbiasedness canjeatee at 5% significant level. It further implitsat in

the long-term, it is the spot price lead the fusypeice. For the forecasting period of two weekyéhis no
price leader. All of the result suggest that theredeed market inefficiency in the long-run, tdeise of
market efficiency may be caused by the far distabetaveen the futures market and delivery location.
Noticeably, the price discovery function of a fitsirmarket for the European participants is weakéyed

the fact that the spot market information in EUslbave a large impact on the future market in BMD.

4.4. Short-term efficiency tests

Apart from long-term equilibrium test, short-terrffi@ency test may tell us about the direction of

causality of futures prices to spot prices or gpaes to future prices. The test can be carrigdhoough
spot futures

hypothesis tests on if the lagged explanatory béiaoefficients” ¥  and ¢2i equal to zero. If the
futures market is efficient, the coefficient of ¢ggl spot and futures prices difference should mot b
significant, i.e. the past information of eithertutes market or spot price cannot be provide any
forecasting power in the current spot/futures ice

The result of short-term efficiency test is shown Tiable 6. Regarding the impact on changes in
futures/spot prices from lagged differenced fornspét/futures prices, the results are mixed. Imithet
for the forecasting period of one week, bivaridtersrun causality is found significant in bothelitions
—i.e. lagged difference spot prices affecting fesuprices and lagged differenced futures priciestifig
differenced spot prices; for the forecasting periddwo week and one month, however, no short-run
causality is found in either way — i.e. lagged eliffinced spot prices and differenced futures psbesv

no interaction between each other in the short-fonthe forecasting period of two months, shor-ru
causality is found significant only in one way &g wsignificant level is extended to 10%— i.e. kdjg
differenced spot prices affecting differenced fatuprices but not the other way around. The imjitina

of results above can be listed as follows: Firsfty, the forecasting period of one week, whichhie t
shortest in this study, the result shows that bwetsrun interaction between futures prices and ppices
were significant and exist in rather long periodg(3). It indicates that short time before the casit
matured time, the speculation and over trading wWehabecome likely increasing, thus the past
information becomes useful for predicting the cotrgpot/futures price, which bring inefficiencyarthe
market. Thus the futures market during this timéhmshort-run is the most inefficient. Seconflby,the
forecasting period of two month, it shows thathe short-run the futures prices lead movementken t
spot price, but the spot price does not lead therds price. Thus the market in short-run stillsexi
inefficiency, however, the magnitude of inefficignis much smaller than the forecasting period af on
week. Thirdly, for the forecasting period of twoeks and one month, the hypotheses of both the dagge
spot price differenced terms in the futures equatind the lagged futures price differenced terrthen
spot equation are jointly zero cannot be rejectetthe 1% significant level . The results suggeat il

the relevant information from past prices is inaygied into current futures prices, which is caesit
with the short-run efficiency hypothesis, thus foeures contracts for the forecasting periods ob tw
weeks and one month are found efficiency for theogean participants in the short-term. Noticeafaly,
the forecasting period of two month, both long-teand short-term efficiency test suggest that that sp
price in EU lead the futures price. It clearly ineglthat at least for the forecasting period of tm@nths
the futures market BMD for the European participams not behave as an efficient market, thusallee r
of the futures market BMD as a price discovery ganbe played properly.

(Insert Table 6)



For all the forecasting periods, the residual testkiding serial residual Lagrange Multiplier tés and
White’s heteroskedastic tests also were condu@teel.result is displayed in Table 7. No serial realds
found significant. White's heteroskedastic testdidgate possible heteroskedasticity for the foreagst
period of one week and two weeks, so faland Wald statistics were calculated using White's
heteroskedastic-consistent standand errors.

(Insert Table 7)

5. Conclusion

Palm oil is one of the most important oilseed nithe global market. The growing demand of palm oil
caused by the increasing biofuel consumption aaditfique feature of palm oil as a food oil had idgv
the price of palm oil up during last 5 years utti¢ recession hit the global market at the end08i82
Theoretically, the futures prices are consideredhasbest price discovery mechanism and unbiased
predictor for the expected spot price if the futurearket is efficient. Consequently, futures paréiots
could transfer and hedge the price risk in futuremket in the long-run. Malaysia is the one of the
biggest palm oil producer, and futures of cruderpall listed in Bursa Malaysia Derivatives (BMD) i
considered as the most efficient futures exchaBgeope, as one of the biggest importer of palnhad

no futures market for it, most of the hedging diecis and price prediction are based on the futpriee
listed in BMD. Thus, the purpose of this reseaiioi test the efficiency of the crude palm oil fet
contracts listed in BMD for the European partici{zan

The empirical results in this research show theottygsis of unbiasedness of futures with respettido
spot price cannot rejected for most of tested sasipl the long term, which implies that the CP@ifess
prices in BMD futures market is an unbiased predicf spot price in the long-term. Neverthelesg, th
paper also find the futures market of BMD is stiflt a very efficient market for the European market
The reason is that the research found in both 4bort and long-term efficiency test that the Euape
spot price has strong tendency to lead the CPQdsifprices for many forecasting periods. The rdsult
inconsistent with an efficient market under whibk futures price should lead spot price. It suggtsit

in these cases European participants could usadientage of pricing signaling and even make adpétr
out of it. It also implies that Europe shall beasrmresponsibilities in the development of palmfailires
market. Finally further attention has to be drawntbe price volatility in examining futures market
efficiency. Using price volatility methods may affadditional means to further study the hedging
opportunity in BMD for the European participants.
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Table 1. Descriptive statistics of Spot and futures prices

Spot price_EU 1wk _futures 2wk _futures 1m_futures m_Rutures
Mean 6.124 6.013 5.997 5.975 5.983
Median 6.082 5.940 5.951 5.948 5.953
Maximum 6.697 6.599 6.572 6.547 6.535
Minimum 5.598 5.687 5.468 5451 5.481
Std. Dev. 0.213 0.203 0.209 0.200 0.195
Skewness 0.843 1.225 0.623 0.442 0.481
Kurtosis 4.248 4.337 4.122 4.412 4.334
Jarque-Bera 13.03 23.04 8.31 8.21 8.00
Observations 71 71 71 71 71

Note: Sample period is from October, 2001 to AuQ@§7

Table 2 Unit root tests result

Intercept included Intercept and linear time tréaradduded
Price Series Test statistitfor ADF t test) Test statisticfor ADF t test
Spot price_EU
BMD 1wk _futures -0.32 -0.96
BMD 2wks_futures -0.99 -1.59
BMD 1m_futures -1.09 -1.53
BMD 2m_futures -0.32 -0.93

Test statisticdfor KPSS LM tes  Test statisticd for KPSS LM test
Spot price_EU

BMD 1wk_futures 0.67* 0.14*
BMD 2wks_futures 0.51** 0.14*
BMD 1m_futures 0.52** 0.13*
BMD 2m_futures 0.56** 0.13*

Note:"Critical values at 1%, 5% and 10% are -3.53,-2n8, ®.59 respectively;
2 ADF test hypothesis §1Series has a unit root;

®Critical values at 1%, 5% and 10% are -3.17,-3489 respectively;

“Critical values at 1%, 5% and 10% are 0.21, 0.X6GM2 respectively;

9 KPSS hypothesis ¢4 Series is stationary.

®)Critical values at 1%, 5% and 10% are 0.216, 0&rt50.119.

Table 3. Test for cointegration between the spot and &suarices with linear trend included

LRtl' LRnax
Ho: I = 0 Ho: I =1 Ho: I =0 Ho: I =1
1 week (lag=3) ~ 28.87 2.55 26.32%* 2.55
2 weeks (lag=1)  34.78%* 1.91 32.87%* 1.91
1month (lag=1) 40 5E*+ 1.64 38.90%** 1.65
2 month(lag=1) 32.66*** 1.64 31.02*** 1.64

Note: Critical values are from MacKinnon-Haug-Mitieg1999). (**),(***) represent 5% and 1 %
significance level respectively.
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Table 4.Long-term coefficients in function (5)

p-1
AY, =a(B'Y_ + B, + Bt) + ¢ + Z FAY, + €,

Coefficients Forecasting period Test statistics tatistics
One week -0.13 0.63
a Two weeks 0.60** 2.55
spot One month 0.27 1.16
Two months 0.22 0.97
One week 0.86** 2.69
a Two weeks 1.11%** 6.1
futures One month 0.74x+* 6.97
Two months 0.63*** 6.06
One week 1 -
18 Two weeks 1 -
spot One month 1 -
Two months 1 -
One week -1.15%** -16.60
18 Two weeks -0.89*** -29.59
futures One month -0.95%* -31.09
Two months -0.99*** -25.97

Note. Figures in parentheses are standard errotshlB asterisk (**) and (***) denote variables

significant at 5% and 1% level respectively

Table 5. Test for long-run efficiency

LR test statistics

Hypotheses Forecasting period [P-value]
One week 1.30[0.26]
Long-run unbiasedness of Ho: B=(-1,1) Two weeks 8.24[0.00]
futures price o ' One month 2.36[0.12]
Two month 0.06[0.81]
One week 0.42[0.52]
Long-run exogeneity of spot Ho & 'gwo Weekﬁ 6.%4[[(()).21]]
price ne mont 1.37[0.24
Two month 0.94[0.33]
One week 16.48[0.00]
Long-run exogeneity of He o -0 Two weeks 29.44[0.00]
futures price 0- ™ futures One month 36.86[0.00]
Two month 29.26[0.00]
, One week 1.41]0.49]
'-0”9'][“” weak exogenelly  Hy: Ogy = Two weeks 15.54[0.00]
of spot price an ) )
un%iaspedness B=(-11) One month 4.18[0.12]
Two month 1.10[0.58]
. One week 20.18[0.00]
Longun weak eX00Nelty  Hy: a1 = 0 Twoweeks  3L93[0.00]
of futures price an : '
Two month 30.17[0.00]
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Table 6. Test for short-term efficiency

LR test statistics

Hypotheses Forecasting period [P-value]
One WEEK(iZS) 2319[000]
Futures price does not Two weeks (i=1)
Granger cause spot  Ho: [¢,""®]=0 B 0.89[0.35]
price One month (i=1) 1.17[0.28]
Two month(i=1) 0.83]0.36]
Spot price does not One week(i=3) 24.96[0.00]
o e fifites (65 =0 Two weeks(i=1) 0.001[0.98]
9 o o 1&i One month(i=1) 0.62[0.43]
P Two month(i=1) 2.68[0.10]
Table 7.Residual diagnostic tests
Forecasting period Test result [P-value]
One week 2.10[0.72]
. . Two weeks 0.93[0.93]
LM (4)serial correlation test One month 3.50[0.48]
Two months 3.50[0.48]
One week 41.67[0.49]
. . Two weeks 25.32[0.12]
White's heteroskedastic test One month 19.85[0.34]
Two months 17.99[0.46]

Acknowledgment

I would like to thank Fortum S&étio and OP-ryhm&rosti Haatajan Saéatio for their financial support

Reference

Alexander, C, (1999), Optimal Hedging Using Coirgttdion, Philosophical Transactions of the Royal
Society A 357, 2039-2058.

Alizadeh A, Nomikos, N. K. (2004), Cost of carngusality and arbitrage between oil futures andeank
freight markets Transportation Research Part E: Logistics anti§partation Review, 40(4), p.297-316
Anderson, R.W., and J.P. Danthine. (1981) "Corsdgiteg” Journal of Political Economy 89: 1182-96.
Beck, S.E. (1994). Cointegration and market efficiein commodity futures market. Applied Economics
26: 249-57.

Benniga, S., R. Eldor, and I. Zilcha. (1984). Thati@al Hedge Ratio in Unbiased Futures Markets, The
Journal of Future markets, 4: 155-59.

Bigman, D. Goldfarb and E. Schechtman (1983) , festunarket efficiency and the time content of the
information setsThe Journal of Futures Markets 32 (1983), pp. 321-334.

Brenner, R.J. and Kroner, K.F., (1995). Arbitrageintegration, and testing the unbiasedness hypisthe
in financial marketsJournal of Financial and Quantitative Analysis 30 1, pp. 23-42

Brorsen, B.W., D.W. Buck, and S.R.Koontz. (1998)etiging Hard Red Winter Wheat: Kansas City

versus Chicago” Hournal of Futures Markets, 18:448-

14



Carter C. A. and Mohapatra S. (2008). How Reliavke Hog Futures as Forecasts. American Journal of
Agricultural Economics.

Coppola Andrea (2008). Forecasting oil price movatsie Exploiting the information in the futures
market. The Journal of Futures Markets, Vol.28, N84-56 (2008).

Covey, T., & Bessler, D.A. (1995). Asset Storabilind the Information Content of Intertemporal Bsic
Journal of Empirical Finance, 2,103-15.

Dwyer, D. and M. Wallace (1992), Cointegration atarket Efficiency, Journal of International Money
and Finance, Vol. 11, No. 4 (August), pp. 318-27.

Elam, E., and B.L. Dixon. (1988). examining theidi#y of a test of futures market efficiency. Joakof
Futures Markets 8: 365-72.

Engle, R.F., and Cw.J. Granger. 1987. Cointegraimherror correction: Representation, estimatiah a
testing. Econometrica 55: 251-76.

F.O.Lichts. 2008. World Ethanol &biofuels repor299. Vol.6 No. 16. April 25, 2008

Hakkio, C.S.,and M. Rush Market Efficiency and Qegration: An Application to the Sterling and
Deutschemark Exchange Markets. Journal of IntavnatiMoney and Finance 8: 75-88.

Fama, E.F. (1970). Efficient capital markets: aieavof theory and empirical work, The Journal of
Finance 25, 283-417.

Fatimah, M. A., Zainalabidin M.(1994). In proceegnon Third Annual Congress on Capitalising the
Potentials of Globalization — Strategies and Dymasnof Business Penang: International Management
Development Association and Universiti Sains Malkaygp. 73-92.

Fortenberry, T.R. and H.O. Zapata (1993). An Exatiim of Cointegration Relations between Futures
and Local Grain Markets. Journal of Futures Markess 8, 921-32

Johansen, S. (1991). Estimation and hypothesiingesif cointegrating vectors in Gaussian Vector
Autoregressive Models. Econometrica 59:1551-80.

Hafer and S.E. Hein (1985). On the accuracy of t&mees, interest rate and survey forecasts ddtiofh.
Journal of Business 58, pp. 377-398.

Kumar, Sunil (2004) Price Discovery and Market &éhcy: Evidence from Agricultural Commodities
Futures Markets. South Asian Journal of Management.

Kwiatkowski, D., Phillips, P.C.B., Schmidt, P., &, Y. (1992). Testing the null hypothesis of
stationarity against the alternative of a unit rdéow sure are we that economic time series hawrita
root? Journal of Econometrics , 54, 159-178.

Lai, K.S, and M.Lai. (1991). Acointegration test fmarket efficiency. Journal of futures markets 11:
567-75.

Leitch and J.E. Tanner (1995). Professional ecoadorecasts: are they worth their costdurnal of
Forecasting 14, pp. 143-157.

Leuthold, R.M., and P.A. Hartmann.(1979). A Senisty form evaluation of the efficiency of the hog
futures market. Americal journal of agriculturabaomics 61: 482-9.

Leuthold, R.M., J.C. Junkus, and J.E. Cordier. 2000e theory and practice of futures markets.,

Lexington, MA: Lexington Books.

15



Liu Wilson (2005) Price Relations among hog, cangd soybean meal futures. The journal of futures
markets, Vol.25, No.5, 491-514.

Liu X. (2008) Impact and competitiveness of EUfb@ market — First view of the prices of biofuel
market in relation to the global players. In praliag of EAAE 107th Seminar, January 30-February 1,
2008, Sevilla, Spain.

Martin, L., and P. Garcia. 1981. The price foraupperformance of futures markets for live catthel a
hogs: A disaggregated analysis. Americal Journ@gfcultural Economics 63:209-15.

Mckenzie A.M, Jian B. Djunaidi H, Hoffman L.A. and/ailes E.J. 2003 Unbiasedness and Market
Efficiency tests of the U.S. Rice Futures Marketview of Agricultural Economics. Volume 24, No.2,
page 474-493.

Moschini G. and Lapan H. 1995. The Hedging Rol®pfions and Futures Under Joint Price, Basis, and
Production Risk. International Economic Revigol. 36. No.4. 1025-1049.

Newbery, D.M. G. and Stiglitz, J.E. (1981). The @heof Commaodity Price Stabilization. Clarendon
Press. Oxford.

Purcell, W.D., & Hudson, M.A. (1985). The EcononfRoles and Implications of Trade in Livestock
Futures. In Futures Markets: Regulatory Issues, Ré&ck, ed., American Enterprise Institute for Rubl
Policy Research, Washington.

Rausser, G.C., and C. Carter (1983). Futures M&fiEiency in the Soybean Complex. Review of
Economics and Statistics 65(1983): 469-78.

Ronald Ripple & Imad Moosa, (2005). Futures Matuaihd Hedging Effectiveness - The Case of Oil

Futures' Research Pape®513, Macquarie University, Department of Econ@nic

Peroni and McNown, (1998 on-informative and informative tests of efficigria three energy futures
markets. Journal of futures market.Vol: 18 No. 8, $39-964
Singh N.P. and Shanmugam V.(2007). Convergenceini&s and Spot Prices: A Cointegration

Analysis. The Icfai Journal of Financial Risk Maeatent, Vol. 4, No. 4, pp. 41-47, December 2007
Schroeder and B.K. Goodwin, Price discovery andhtegrration for live hogs (1991). The Journal of
Futures Markets 11, pp. 685-696

Switzer, L.N. and Mario EI-Khoury (2006) Extreme Igftility, Speculative Efficincy and the Hedgying
Effectiveness of the Oil Futures Markets. Jourrddtutures Market. Vol 27, Issue 1: 61-84

Thoenes, P. 2006. Biofuels and Commodity MarkeRatm oil Focus. In proceeding on Agralnforma
Conference “The Impact of biofuels on commodity kgs” Held in Brussels on 24-25 October 2006.
Tomek, W. G. and Peterson, H. H. 2001. Risk Managenn Agricultural Markets: A Reviewlhe
Journal of Futures Markets .Vol 21. No. 10: 953-985

Wang H. and Ke B 2005. Efficincy tests of agrictdfucommodity futures markets in China. The
Australian Journal of Agricultural and Resource Emmics, 49, 125-141.

Yang Jian, Bessler, D. and Leatham D. Asset Stlifatsind price discovery in commaodity futures
markets A new look. Journal of Futures Markets279-300.

Yang, Seung-Ryong, and B. Wade Brorsen. 1992. Neali Dynamics of Daily Cash Prices. American
Journal of Agricultural Economics, 74:706-715.

16



