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Abstract. This study examines the price-discovery role of the Malaysian crude
palm oil (CPO) spot and futures (FCPO) markets from January 2023 to June
2025, focusing on disruption episodes, the 2023 floods, and the B40 biodiesel
mandate implemented in Indonesia. Using daily data, the analysis applies Johan-
sen cointegration, Vector Error-Correction Models (VECM), Granger causality,
the Information Share (IS) of [23], and robustness checks via VECM—-GARCH.
Whole-sample results indicate a dual mechanism: futures act as the primary
venue for information arrival, while spot prices restore long-run equilibrium.
Hasbrouck’s IS attributes about 75% of innovations to spot, underscoring its an-
choring role. Sub-period results reveal regime dependence: spot leads in floods,
futures dominate in B40 biodiesel mandate and tranquil periods, though IS con-
sistently tilts toward spot. Overall, the findings confirm a futures-led, yet spot-
anchored, process, with leadership varying across regimes. The results carry im-
plications for policymakers, hedgers, and traders navigating Malaysia’s palm oil
markets.

Keywords: Price discovery, Crude palm oil (CPO), Crude Palm Oil Futures
(FCPO)

1 Introduction

Futures markets perform two vital functions in commodity economies: risk manage-
ment and price discovery. By providing a forward-looking trading mechanism, they
allow participants to hedge exposures and incorporate new information into prices more
quickly than physical markets. This role is supported by theory and evidence showing
that futures are typically more liquid, cheaper to trade, and more responsive to news
than spot markets [15, 17, 18, 23, 41].

Palm oil is the world’s most traded edible oil and is central to Malaysia’s economy,
accounting for a large share of exports and government revenues. Malaysia is the sec-
ond-largest producer and exporter globally, after Indonesia, supplying about 25% of
world output, while Indonesia contributes over 55%. Together, the two countries dom-
inate the international market, shaping global price formation and policy debates [16,
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34]. Palm oil’s dual nature, storable but semi-perishable, makes it especially sensitive
to both supply and demand shocks.

Malaysia’s palm oil market is structured around two pricing venues: the thinly
traded crude palm oil (CPO) spot market, with daily reference prices published by the
Malaysian Palm Oil Board (MPOB), and the actively traded FCPO futures contract on
Bursa Malaysia Derivatives, widely used for hedging and speculation. The interaction
between these two markets determines how efficiently information is transmitted into
prices. Recent disruptions provide a natural setting to examine this process. In early
2023, severe floods in Peninsular Malaysia damaged plantations, disrupted harvesting,
and constrained supply. This negative supply shock drove spot prices to an average of
RM 4,200 per tonne in February/March 2023. By contrast, the Indonesian B40 biodiesel
mandate, implemented in January 2025, created a positive demand shock by requiring
40% palm oil blending into diesel. This absorbed large volumes for domestic use, tight-
ening export availability, and lifting Malaysian spot prices to an average of RM 4,950
per tonne between January and June 2025.

Both events sharply widened the basis', signaling tension in the price discovery pro-
cess. During the floods, the basis averaged RM 51.9, and under the B40 biodiesel man-
date, it surged to RM 146.9, compared with only RM 5.6 in non-event periods, con-
sistent with cost-of-carry fundamentals. Such persistent backwardation reflects intense
spot demand pressures and limited arbitrage, raising the question of whether FCPO
retained its informational leadership or whether CPO temporarily became dominant.
This shows both markets must be analysed together, rather than assuming futures al-
ways dominate.

While price discovery has been extensively studied in soybeans, wheat, and corn [5,
24, 42], evidence on palm oil is limited. Earlier Malaysian studies [2, 20, 28] generally
found cointegration between CPO and FCPO, with FCPO leading in short-run adjust-
ments while CPO anchored long-run values. However, these studies focused on stable
periods and did not examine how natural, or policy shocks reshape the process. This
study addresses this gap by investigating whether CPO spot and FCPO futures share a
long-run equilibrium consistent with the cost-of-carry framework, and by identifying
which market adjusts when disequilibria arise. It also examines whether FCPO leads in
short-run information assimilation and how leadership shifts across disruptions and
tranquil periods.

This paper contributes in three ways. First, it extends the agricultural price discovery
literature by focusing on palm oil, an under-researched but globally important com-
modity. To our knowledge, this is the first study to explicitly compare natural and policy
disruptions, providing rare evidence on how different shocks shape discovery.

! The basis is defined as Spot — Futures. A positive basis indicates backwardation (FCPO < CPO).
A negative basis reflects contango (FCPO > CPO). A wider positive basis signals stronger spot
anchoring, while a narrow or negative basis reflects cost-of-carry conditions where futures dom-
inate price discovery [15, 18].
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Second, it reconciles results across complementary econometric frameworks.
VECM and Granger causality capture dynamic adjustment and directional flows of in-
formation, while Hasbrouck’s Information Share attributes variance contributions to
each market. By incorporating VECM—GARCH, the study also accounts for volatility
clustering, a feature prevalent in commodity markets [7, 36]. Finally, it offers practical
insights. For policymakers, the findings assess whether biofuel mandates affect FCPO’s
benchmark efficiency. For hedgers, refiners, and traders, they clarify when reliance on
futures is justified and when spot signals must also be monitored, especially under back-
wardation and market stress.

The study uses daily CPO spot prices from MPOB and FCPO futures settlement
prices from Bursa Malaysia Derivatives for the period January 2023-June 2025. The
sample covers 556 trading days, classified into three regimes: floods (36 days), the B40
biodiesel mandate (93 days), and non-events (427 days). While this structure captures
both natural and policy shocks, a key limitation is that MPOB spot prices are survey-
based reference quotes rather than exchange-traded prices and thus do not reflect intra-
day market adjustments. As a result, the futures market is typically more efficient in
incorporating new information, reinforcing the need to assess FCPO alongside CPO.

The results show that price discovery in the Malaysian palm oil complex operates
as a futures-led but spot-anchored process. Across the whole sample, futures lead in
Granger causality, while the spot market adjusts to restore long-run equilibrium.
Hasbrouck’s Information Shares, however, attribute roughly 75% of efficient price in-
novations to spot, reflecting its anchoring role. The subperiod analysis reveals regime
dependence. During the 2023 floods, spot led to short-run causality, transmitting supply
shocks to futures. Under the B40 biodiesel mandate, futures retained short-run infor-
mational leadership, but spot absorbed long-run deviations. In tranquil periods, futures
dominate short-run dynamics, although IS remains tilted toward spot. Together, the
findings confirm that while futures typically lead in information assimilation, spot
prices anchor equilibrium, with leadership shifting under shocks.

The remainder of the paper is structured as follows. Chapter 2 reviews theoretical
and empirical literature on price discovery in commodity and palm oil markets. Chapter
3 presents data and econometric methodology. Chapter 4 reports the results for the
whole sample and subperiods, including robustness checks. Chapter 5 concludes with
key findings, implications, and directions for future research.

2 Literature Review

2.1  Theoretical Foundations of Price Discovery

Price discovery is a central function of futures markets, describing how dispersed in-
formation on weather, production, inventories, and policies is consolidated into prices
that guide producers, traders, and policymakers. In Malaysia, the crude palm oil (CPO)
spot market provides benchmark prices for physical trade, while the futures contract on
crude palm oil (FCPO), traded on Bursa Malaysia Derivatives (BMD), has become the
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global reference for hedging and trading palm oil. Bursa itself describes FCPO as the
leading price discovery centre for palm oil worldwide.

The theoretical foundations of price discovery rest on three key pillars: the cost-of-
carry model, the Efficient Market Hypothesis (EMH), and market microstructure. The
cost-of-carry model links spot and futures prices through storage, financing, and con-
venience yields. [41] First formalized the theory of storage, showing that when inven-
tories are abundant, futures exceed spot (contango), whereas under tight stocks, the
convenience yield dominates, leading to backwardation. [15] demonstrated that under
cost-of-carry, futures can serve as unbiased forecasts of spot prices, though deviations
arise during inventory stress or when risks are significant. Palm oil, while storable, is
semi-perishable and influenced by both food and biofuel demand, making its spot—fu-
tures relationship especially sensitive to inventory conditions and policy interventions.
The Efficient Market Hypothesis [14] argues that asset prices fully reflect available
information. Applied to futures, this implies contract prices should provide efficient
forecasts of spot prices at maturity. Tests of unbiasedness [15] therefore double as as-
sessments of both forecasting accuracy and efficiency. From a market microstructure
perspective, [18] demonstrated that futures often lead spot because they trade on cen-
tralized, liquid exchanges that react quickly to news, whereas physical spot markets
adjust more slowly. Later studies of agricultural commodities confirm this tendency,
with futures markets absorbing information faster than spot markets, particularly during
volatility spikes [24].

Econometrically, when spot and futures are cointegrated, the Vector Error Correc-
tion Model (VECM) is the appropriate framework to separate short-run adjustments
from long-run equilibrium. [23] advance this literature with the Information Share (IS)
measure, which decomposes permanent innovations in the standard efficient price and
attributes them to each market. A higher IS indicates more decisive leadership in price
discovery. The method accommodates correlated innovations but produces bounds ra-
ther than single estimates. Finally, market participation and technology also matter. [25]
shows that the financialisation of commodities, driven by index funds and electronic
trading, has generally deepened liquidity and strengthened benchmarks rather than un-
dermining them. Futures, therefore, remain central to discovery, though their domi-
nance may be tested under localized stress such as weather shocks or policy interven-
tions.

Overall, theory suggests that futures dominate short-run discovery due to liquidity
and trading advantages, while spot markets anchor long-run values through storage and
convenience yields. Futures leadership, however, can shift with inventories, efficiency,
and institutional changes.

2.2 International Evidence

International evidence essentially confirms the theoretical expectation of futures lead-
ership. In grains and oilseeds, [42] show that soybean and corn futures dominate short-
run discovery, while spot provides the long-run anchor. In energy and metals, [5] find
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futures lead oil and gold markets using standard factor models. For agricultural com-
modities more broadly, [24] demonstrate that futures consistently incorporate infor-
mation faster than spot, especially during volatility episodes. Cross-commodity spillo-
vers also matter. [6] show volatility transmission between butter, palm oil, and crude
oil, confirming palm oil’s integration into wider food and energy systems. These studies
suggest a general pattern: futures dominate short-run discovery due to superior trading
mechanisms, but spot retains long-run relevance by reflecting physical fundamentals.

2.3  Malaysian Evidence on CPO and FCPO

Malaysian studies broadly confirm cointegration between CPO spot and FCPO futures,
though findings on leadership are mixed. [2] finds stronger futures leadership after the
FCPO contract became Shariah-compliant, likely reflecting broader participation. [26]
report that FCPO Granger-causes spot, though trading activity itself was insignificant.
[39] documents bi-directional causality, suggesting spot can occasionally influence fu-
tures.

Hedging studies reinforce FCPO’s importance. [39] finds FCPO provides the most
effective hedge for physical CPO, though spot sometimes leads in long-run adjustments.
[46] Similarly, confirm FCPO’s leadership but highlight the role of energy futures as
cross-hedges for CPO. [35] find modest hedging effectiveness, and that dynamic
GARCH models yield more effective hedge ratios. [20] add that hedge effectiveness
weakens during crisis periods, suggesting regime sensitivity. Research on trading ac-
tivity and volatility has also expanded. [43] shows that unexpected trading volume in-
creases FCPO volatility, while open interest plays a stabilising role. [37] confirm that
long-run efficiency holds even under structural breaks, with asymmetric adjustments
restoring equilibrium. [44] document time-varying co-movements across vegetable oils.
Together, these findings highlight palm oil’s integration into both agricultural and en-
ergy markets.

A key limitation of much Malaysian research is methodological. Many studies stop
at cointegration and Granger causality, providing only partial evidence of discovery.
Hasbrouck’s IS remains rarely applied despite its international prominence. Moreover,
sample sizes are often small, and few studies consider regime dependence. Conse-
quently, while FCPO leadership is generally established, the robustness of its role under
stress remains uncertain.

2.4  Regime Dependence and Recent Shocks

Recent events highlight why regime analysis is essential. The 2023 floods disrupted
harvesting and milling, reducing supply and driving spot prices sharply higher. This
suggests that, at least temporarily, spot markets may have led to discovery. The 2025
B40 biodiesel mandate, implemented in Indonesia, boosted domestic demand, absorb-
ing large volumes of CPO and widening the basis (the difference between spot and
futures prices). Spot prices adjusted more quickly than futures, indicating a temporary
rebalancing of discovery in favour of the physical market, despite FCPO remaining the
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global benchmark. These episodes show that while futures dominate in tranquil condi-
tions, spot markets can assert leadership during natural or policy disruptions. Yet no
Malaysian study has systematically examined discovery across such regimes.

2.5  Gaps in Literature

The existing literature reveals three critical gaps. First, prior studies on CPO and FCPO
do not distinguish between regular and disruptive regimes, overlooking how shocks
may alter the dynamics of price discovery. Second, the application of Hasbrouck’s In-
formation Share (IS) remains limited in Malaysian research, despite its widespread
adoption internationally as a robust measure of market contribution to permanent price
discovery. Third, questions of policy relevance remain largely unexplored, particularly
whether FCPO retains its benchmark credibility under periods of stress, an issue of
direct significance for hedgers, regulators, and global market participants.

2.6  Contribution and Hypotheses

This study seeks to fill these gaps by examining the price discovery between CPO spot
and FCPO futures under regular and disruptive regimes; the 2023 floods and the 2025
B40 biodiesel mandate. Using VECM, Granger causality, Hasbrouck’s IS, and VECM—
GARCH, it evaluates market leadership and tests whether FCPO retains its benchmark
role under stress. The hypotheses are: (H1) CPO and FCPO are cointegrated, consistent
with cost-of-carry; (H2) FCPO leads short-run discovery while CPO anchors the long
run in regular periods; (H3) spot temporarily leads during floods due to supply shocks;
and (H4) spot gains short-run influence under the B40 mandate, though FCPO remains
the global benchmark. While theory and evidence generally show that futures dominate
short-run discovery and that spot anchors the long run, mixed Malaysian findings and
the lack of regime analysis leave gaps. This study addresses these by systematically
applying advanced metrics to assess FCPO’s benchmark role across regimes.

3 Data and Methodology

3.1 Data

This study employs daily data on the Malaysian crude palm oil (CPO) spot market and
the crude palm oil futures contract (FCPO), covering the period from 1 January 2023
to 30 June 2025. The raw dataset initially contained 912 calendar days. After excluding
weekends, Malaysian public holidays, and non-trading days, and after merging spot and
futures prices by date to retain valid pairs, the final sample consists of 556 trading-day
observations.

CPO spot prices are sourced from the Malaysian Palm Oil Board (MPOB), which
publishes daily delivered prices in Ringgit Malaysia (RM) per tonne. The spot market
is not exchange-traded, and the MPOB fixing occurs once daily without intraday ad-
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justments. In contrast, FCPO settlement prices are obtained from Bursa Malaysia De-
rivatives (via investing.com). Each FCPO contract represents 25 tonnes of crude palm
oil and is quoted in RM per tonne.

FCPO trades Monday—Friday in two-day sessions (10:30—12:30; 14:30-18:00) and
Monday-Thursday, in an after-hours session (21:00-23:30) that overlaps EU/US trad-
ing. Unlike the OTC physical (spot) market, FCPO offers centralized, extended trading
hours, making it a plausible leader in price discovery, though trading is session-based
rather than truly continuous. To capture disruption effects, the sample is divided into
three subperiods:

¢ Floods (Feb—Mar 2023): 36 trading days

e B40 Biodiesel Mandate (Jan—Jun 2025): 93 trading days

e Non-event periods: 427 trading days

This segmentation enables comparison of price dynamics across standard and dis-
ruption regimes. This distinction is essential because natural shocks (such as floods)
and policy-driven interventions (such as the B40 biodiesel mandate) may affect infor-
mation flow and market efficiency differently. The descriptive statistics (Table 1) and
plots (Figure 1) illustrate the behaviour of CPO and FCPO prices and returns across
these subperiods.

3.2 Preliminary Analysis: Unit Root and Cointegration Framework

To prevent spurious inference, we test for stationarity of CPO spot and FCPO futures
prices using complementary procedures [10, 33]. If both series are integrated of order
one, I (1), we apply Johansen’s cointegration test [29, 30]. Evidence of cointegration
justifies a Vector Error Correction Model (VECM) to capture long-run equilibrium and
short-run adjustments.

3.3 Methodology

The cost-of-carry relation implies that CPO spot and FCPO futures prices share a stable
long-run equilibrium, with deviations corrected by arbitrage. Empirically, this mani-
fests as cointegration, making the Vector Error Correction Model (VECM) the appro-
priate framework [12, 15, 17, 29, 30, 31].

Let

ve =[] M

where p; and pf are the logarithms of CPO spot and FCPO futures prices. If there ex-
ists a cointegrating vector f such that 'y, is stationary, the VECM with p lags is:

Ay, = af'y,q + Z?:_f 1Ay 1 + & 2

where @ = (as, ap)’ are the error-correction loadings (ECT), t; capture short-run dy-
namics, and &, = (g7, €)' are the innovations with covariance matrix 3. Expanding by
market:
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Ap; = as(B'ye-1) + Zf;f ViSA}’t—1 + EEq, (€))

Apf =ap(B'ye-1) + Z?:_ll ViFAYt—l + Stf 4

If ag # 0 and ap = 0, the spot market adjusts while futures dominate in price discov-
ery; conversely, if &g = 0 and ap # 0 spot leads. The cointegration rank is determined
by Johansen’s trace and maximum eigenvalue tests, while lag length is selected by AIC,
SIC, and HQIC [3, 22, 38].

Before looking at price discovery, we first check that the VECM model is well spec-
ified. We test the residuals for autocorrelation [8, 21], normality [27], and volatility
clustering [11]. Once the model passes these checks, we move on to price discovery
measures, the Granger Causality Test, and Hasbrouck’s Information Share.

Granger causality tests assess short-run predictive dynamics between spot and fu-
tures returns, defined as:

e = Apg,rf = Apf (5)
Futures leadership is tested via
e =p+ Z?:l Giriy + Zf:l 01y + 1y (6)
with null Hy: 6; = -+ = 8, = 0. Rejection implies that futures return predicts spot re-
turns. Conversely, spot leadership is tested via
=ut Zf:l ¢iri_y + Zf:l 0,15 + v, (6)

with the same null. Rejection implies that spot returns predict future returns.

Hasbrouck’s IS decomposes the variance of VECM innovations (from Eq. 2) to
measure each market’s contribution to the standard efficient price. With the Vector
Moving Average (VMA) representation,

Ve = Z?:o Wie,_j, Y(1) = ZT:O ¥, (7

and Cholesky factorization ), = GG', the variance of the permanent innovation is ) =
Y(1)GG'WY(1)'. The share attributable to the market i is

_ (e} P(1)6)?
IS; = —=— — (®)

where e; selects market i. Because IS depends on ordering, we report upper and lower
bounds and use midpoints for interpretation [5, 23]. Because the return series often
exhibit volatility clustering, we extend the VECM by adding a bivariate GARCH model.
The BEKK (1,1) specification [13, 32] is:

H,=C'C+A'®A+B'H,_,B ©9)

where H, is the conditional covariance matrix, C is upper triangular, and A and B cap-
ture ARCH and GARCH effects, allowing volatility spillovers [7, 40]. Estimation uses
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quasi-maximum likelihood with robust errors. For robustness, 1S; is recomputed from
the VECM-GARCH innovations. The VECM, Hasbrouck IS, and VECM—GARCH are
estimated for the full sample (1 January 2023-30 June 2025) and for sub-periods: (i)
floods, (ii) B40 biodiesel mandate, and (iii) non-event periods. The cointegration vector
is normalized to the cost-of-carry relation (= (1, —1) with an intercept), with robust-
ness checks under alternative normalizations. Standard errors for IS; bounds are ob-
tained via the moving-block bootstrap. Estimates and diagnostics are presented in
Chapter 4 (Sections 4.2—4.3) corresponding to the full sample and sub-periods.

4 Results & Findings

4.1 Descriptive Statistics

Figure 1 shows CPO spot and FCPO futures prices (Panel A) and returns (Panel B) with
disruption windows shaded. Panel A shows close co-movement (correlation = 0.98) and
higher volatility during disruptions, especially under the B40 biodiesel mandate [19].
Panel B indicates volatility clustering, with sharper FCPO swings reflecting futures’
greater responsiveness [4, 7]. Table 1 shows that both markets have slightly negative
means, negative skewness, and excess kurtosis, implying downside risk and fat tails [9].
Volatility peaks for FCPO in B40 (2.04%) and for CPO in floods (1.76%). Largest
losses also occur in these periods: —7.32% for FCPO (B40) and —5.55% for CPO
(floods).

Panel A: Prices with Event Windows Indonesia Biodiesel Mandate (Jan - Jun 2025)
FCPO CcPO

«— Floods (Feb - Mar 2023)

RM per tonne

Panel B: Returns with Event Windows

FCPO cro |

Daily log retum (%)

Date

Fig. 1. Daily CPO spot and FCPO futures prices and returns. Panel A shows close co-movement
with higher volatility in disruption periods; Panel B displays volatility clustering with larger
FCPO swings.

Table 1. Descriptive statistics for FCPO and CPO returns with sub-periods.

CPO FCPO
Whole Floods B40 Non- Whole Floods B40 Non-
Sample event  Sample event
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Mean -0.011 0.172  -0.264  0.028 -0.013  0.183 -0.232  0.018
Std Dev 1.389  1.762 1.537 1.315 1.667 1.928  2.038  1.550
Min -5.546  -5.546 -4.022 -4.849 -7.315 5280 -7.315 -4.782
Max 6.575 3.807 4.630  6.575 7.287  3.690 3.662  7.287
Skewness -0.162  -0.976  0.066 -0.068 -0.223  -0.409 -0.797  0.072
Kurtosis 4.883 5193 3.630 5321 4326 3.802 3.810 4.230

Notes: Floods (Feb—Mar 2023) = 36 trading days; B40 Biodiesel Mandate (Jan—Jun 2025) = 93
trading days; Non-event periods = 427 trading days.

Table 2. Tests of mean and variance differences in CPO & FCPO return across sub-periods.

CPO FCPO
Floods vs B40 vs Floods  Floods vs B40vs  Floods
Non-event Non-event vs B40 Non-event Non-event vs B40
Mean p-value 0.6348 0.0912%* 0.1971 0.6208 0.2661  0.2482
Variance p-value 0.0738 0.0252** 0.7893 0.1796  0.0026***  0.6161

Notes: The table reports t-tests for mean equality and Levene’s tests for variance equality be-
tween event and non-event sub-periods, as well as between floods and B40. Significance levels
are denoted as *** p <0.01, ** p <0.05, * p <0.10. Results show no significant mean differ-
ences except for CPO during B40 vs. non-events (p <0.10). Variance differences are significant
for CPO (* p <0.05) and FCPO (** p < 0.01) in B40 vs. non-events, but not in floods vs. non-
events or in floods vs. B40.

Equality tests (Table 2) show no mean differences across subperiods except CPO
in B40 vs. non-events (p<0.10), while variances are higher under B40. These patterns
fit storable commodity behaviour [15, 17] and motivate econometric analysis. The
ADF and KPSS tests (Table 3) confirm that both series are I (1) [10, 33]. Johansen’s
trace test (Table 4) finds one cointegrating vector, confirming a long-run equilibrium
between spot and futures [29, 30] and supporting the use of the VECM.

Table 3. Unit root tests for CPO and FCPO

CPO Level FCPO Level CPO Ist Diff ~ FCPO 1st Diff

ADF Statistic -1.83 -2.13 -20.79 -22.69
ADF p-value 0.367 0.234 0.000%** 0.000%***
KPSS Statistic 1.51 1.36 0.09 0.07
KPSS p-value 0.010** 0.010** 0.1 0.1

Notes: ADF null = unit root; KPSS null = stationarity. *** p<0.01, ** p<0.05, * p<0.10.
Sample: 556 trading days.

Table 4. Johansen trace test (det_order=0, kA=2)

Null Hypothesis Trace Statistic 5% Critical Value Decision
=0 29.59 15.49 **  Reject HO — at least 1 vector.
r<1 3.41 3.84 Do not reject — rank = 1

Notes: One cointegrating relationship between CPO spot and FCPO futures; hence, VECM
is appropriate. ** p<0.05.
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4.2  Whole-sample Analysis

VECM Estimates and Granger Causality. Table 5 shows VECM estimates for the full
sample. For all lag criteria (AIC, HQIC, SBIC), selecting VAR (1) reduces the model
to pure error-correction with no short-run lags. The ECT is negative and significant in
the spot equation (—0.201, s.e. 0.028) but insignificant in futures (0.035, s.e. 0.035),
implying disequilibria are corrected mainly by spot, while futures do not adjust. In
Granger terms, futures drive the long-run relation, but spot restores equilibrium. This
accords with commodity futures literature: cash markets often anchor long-run equilib-
ria, though futures lead short-run assimilation [15, 17, 41]. Malaysian studies echo this:
[2] and [37] found FCPO futures lead short-run transmission, but spot dominates long-
run adjustment. Model fit is modest (R? = 0.085 spot; 0.001 futures), typical of noisy
daily data. Diagnostics indicate no serial correlation, reject normality, and reveal ARCH
effects in spot residuals, justifying a VECM—-GARCH model.

Hasbrouck's IS. Table 6 shows Hasbrouck’s Information Shares. Midpoints allocate
~75% of efficient innovations to spot and 25% to futures, consistent with VECM evi-
dence that spot anchors the long-run equilibrium. Similar results appear in [2], who
found FCPO futures drove short-run dynamics while spot retained long-run weight.

Table 5. Whole-sample VECM Estimates (ECT-only)

Equation ECT (o) Std. Error R?
Alcpo (Spot) -0.2011*%* 0.02791 0.08571***
Alfcpo (Futures) 0.03498 0.035 0.0007

Notes: Reported coefficients are error-correction terms (ECT, a) with standard errors in pa-
rentheses; significance at ***p <0.01, **p <0.05, *p <0.10; lag criteria (AIC, HQIC, SBIC)
select VAR (1), implying a VECM with kA = 0; R? values indicate explanatory power based
on daily data.

Table 6. Hasbrouck’s Information Share (Whole Sample)

IS (Spot to Futures IS (Futures to Spot IS Midpoint

ordering) ordering)
Spot (CPO) 0.5118 0.9906 0.7512
Futures (FCPO) 0.4882 0.0094 0.2488

Note: Full IS bounds are [0.51, 0.99] for spot and [0.01, 0.49] for futures; midpoints are re-
ported for ease of interpretation.

VECM-GARCH. ARCH effects in spot residuals suggest heteroskedasticity. A
VECM-GARCH (1,1) was estimated, filtering spot residuals with univariate GARCH
and treating futures as homoscedastic. Adjustment coefficients (a_spot ~ —0.201%***;
o_fut~0.035, n.s.) match the baseline, confirming unaffected long-run inference. Table
7 shows that shocks raise short-term volatility (a = 0.082, p<0.05), persistence is high
(B=0.902, p<0.01), and a+f = 0.984 indicates stationarity but strong volatility cluster-
ing, typical in commodity spot markets [7].
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Table 7. GARCH (1,1) Estimates for Spot Residuals (Whole Sample)

Parameter Estimate
® (constant) 0.000013***
o (ARCH) 0.082%%*
B (GARCH) 0.902%*%*
a+p 0.984

Notes: Estimates obtained by maximum likelihood from a GARCH (1,1) model applied to spot
residuals of the VECM. Significance levels: *** p < 0.01, ** p < 0.05, * p < 0.10. The high
persistence (a+f = 0.984) indicates volatility clustering, but stationarity is preserved (o < 1).

Hasbrouck's Information Shares (GARCH-adjusted). Table 8 shows IS from stand-
ardized VECM—-GARCH residuals align with the baseline: spot contributes ~73% vs.
75% previously, confirming its long-run dominance is robust to conditional heteroske-
dasticity.

Table 8. Hasbrouck Information Shares after GARCH Standardization (Whole Sample)

IS (Spot — Futures) IS (Futures — Spot) IS Midpoint
Spot (CPO) 0.995 0.473 0.734
Futures (FCPO) 0.005 0.527 0.266

Notes: Information Shares computed following [23] using standardized VECM—-GARCH re-
siduals. Bounds are based on alternative Cholesky orderings; midpoints are reported for in-
terpretation. Results are consistent with baseline IS (Table 6), confirming robustness of the
spot market’s dominance in long-run price discovery.

Across all models, results indicate a future-led, yet spot-anchored, process. FCPO fu-
tures absorb new information, while CPO spot corrects disequilibria and anchors the
long run. Hasbrouck IS confirms spot dominance in efficient innovations, and VECM—
GARCH shows that volatility clustering does not change this. Thus, futures lead short-
run assimilation, while spot dominates long-run equilibrium [2].

4.3  Sub-sample Analysis: Normal vs Disruption Periods

VECM Estimates. Subperiod estimations selected higher kA values between one and
nine, reflecting smaller sample sizes, stronger volatility clustering, and regime-specific
persistence. This outcome is consistent with the AIC criterion, which favours richer
dynamics in shorter samples, while tranquil and disrupted regimes require different ad-
justment speeds.

Subperiod t Wald F p Wald F p

N) kA o(spot) Ha_spot) o (fu) (o_fut)  fut—spot fut—spot spot—fut spot—fut
Floods (36) 9 0.106%*  2.180%*  0.233%** 4870*** 3.510% 0.070 4.860%** 0.034
B40 (93) 7 -0.108**  -2.480** 0.117 1.600  5.560%** 0.000 1.700 0.124
Non-event 1 -0.220%**  3.01***  (0.363*  3.820% 22.050%** 0.000 0.070 0.794
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Notes: o = error-correction coefficient. Wald tests are block exogeneity tests of short-run Granger causality. Significance
levels: *** p<0.01, ** p<0.05, * p<0.10.

Table 9 presents the VECM and Granger results for the floods, B40, and non-event
periods. During the floods, both spot (0.106**) and futures (0.233***) equations ad-
justed significantly, with a more substantial correction in futures. However, Granger
tests indicate short-run causality from spot to futures (p=0.034), showing that cash
prices incorporated supply shocks first and transmitted them to futures [19]. Under the
B40 biodiesel mandate, only the spot equation adjusted significantly (—0.108*%*), while
the futures adjustment was insignificant. Nevertheless, Granger tests show strong cau-
sality from futures to spot (p<0.001), suggesting that futures retained informational
leadership in the short run. In non-event periods, both spot (—0.229***) and futures
(0.363***) equations adjusted, but short-run causality flowed only from futures to spot
(p<0.001), confirming futures dominance in tranquil conditions [2]. ARCH-LM diag-
nostics reveal no heteroskedasticity in floods and B40, but significant ARCH effects in
futures residuals during non-events.

Table 10 shows ARCH-LM tests. ARCH effects appear only in non-events, warrant-
ing a VECM-GARCH (1,1) check. For floods and B40, with no ARCH, GARCH esti-
mates match baseline VECM, confirming homoskedasticity. In non-events, futures re-
siduals show significant ARCH (p=0.019). Yet, the VECM—GARCH finds that both
markets adjust in the long run, with short-run causality from futures to spot, consistent
with other commodity futures evidence [5].

Table 10. ARCH-LM diagnostics (ECM residuals)

Subperiod ARCH-LM Aln spot p Aln spot ARCH-LM Aln fut p Aln fut

Floods 10.800 0.374 5.790 0.833
B40 8.950 0.536 5.100 0.885
Non-event 10.630 0.387 21.280** 0.019

Notes: LM statistics are based on Engle’s ARCH test (10 lags). Significance levels: **

Hasbrouk's IS. Table 11 shows Hasbrouck IS results. In floods, futures’ share is un-
certain (0.02—0.53), but the midpoint of 0.28 indicates spot dominance. Under B40, the
future’s midpoint is 0.30, again favouring spot despite VECM/Granger evidence of fu-
tures leadership. In non-events, IS is clear: 12% futures, 89% spot. These results align
with [2] and [37], who report IS often favours spot in Malaysia even when futures lead
dynamically.

Table 11. Hasbrouck IS bounds (baseline VECM, with midpoints)

Sub- VAR FutlS  FutlS FutMid- SpotIS SpotIS  Spot Mid-
period  lags Ay Lower  Upper point Lower Upper point
Floods 6  0.020 0.530 0.280 0.470 0.980 0.730
B40 1 0.160 0.440 0.300 0.560 0.840 0.700
Non- 50080  0.150 0.120 0850  0.920 0.890

event
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Notes: IS = Hasbrouck information share; bounds are derived under two Cholesky or-
derings. Midpoints provide heuristic summaries.

VECM-GARCH (1,1). Based on Table 9, ARCH-LM tests show no conditional het-
eroskedasticity during Floods and B40. VECM—-GARCH error-correction terms match
baseline VECM, confirming homoscedastic specification. For Floods, baseline
a_spot=0.106 (p<0.05) and o_fut=0.233 (p<0.01), while GARCH estimates are 0.104
and 0.231. Under B40, baseline a_spot=0.108 (p<0.05), a_fut=0.117 (n.s.); GARCH
values are —0.107 and 0.115. Near-identical results show long-run inference unaffected,
o no separate table is reported.

Table 12 shows that futures residuals exhibit significant ARCH effects. The variance
dynamics are consistent with the baseline GARCH results, where the GARCH term is
about 0.88—0.91 (Table 7), indicating strong persistence. The robustness check in Table
12 gives a similar B (0.9333), confirming this pattern. Conditional heteroskedasticity
does not change the main conclusion: in calm periods, long-run adjustment occurs in
both markets, but short-run causality runs only from futures to spot.

Table 12. VECM-GARCH (1,1) robustness (Non-event futures equation)

Parameter Estimate Std Error
® 0.0179 0.0194
o 0.0652 0.0286
B 0.9333 0.0232
at+p 0.9985 -

Notes: Estimates obtained by quasi-maximum likelihood. Significance based on robust stand-
ard errors.

Hasbrouck's IS (GARCH-adjusted). Table 13 shows GARCH-adjusted IS for the
non-event period: futures contribute 9-16% (midpoint 13%), spot 84—91% (midpoint
87%). Results match the baseline (futures 12%, spot 89%), confirming spot’s domi-
nance is robust to conditional heteroskedasticity. Sub-sample results confirm regime
dependence. In floods, spot leads futures in the short run, reflecting supply shocks. Un-
der the B40 mandate, futures lead in short-run causality, but spot handles long-run ad-
justment. In non-events, futures dominate short- and long-run dynamics. Across all pe-
riods, however, Hasbrouck’s IS favours spot, reflecting methodological differences:
VECM and Granger capture dynamic adjustment, while IS attributes variance based on
residual covariance and once-daily MPOB spot prices [23].

Table 13. Hasbrouck IS under VECM—-GARCH (Non-event, CCC-GARCH)
IS (Lower) IS (Upper) IS (Midpoint) 5th—95th Percentile

Futures 0.09 0.16 0.13 [0.06-0.12], [0.13-0.22]
Spot 0.84 0.91 0.87 [0.78-0.87], [0.88—0.95]
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Notes: Values are averages across time-varying IS estimates computed by GARCH-filtered
residuals using CCC-GARCH covariance. Bounds are derived under alternative Cholesky or-
derings; midpoints are reported as heuristic summaries. Futures and spot IS sum to unity by
construction.

Overall, sub-sample evidence reinforces the whole-sample duality: futures dominate
short-run assimilation, while spot anchors long-run equilibrium. Leadership is regime-
dependent, spot gains in natural shocks, and futures in policy-driven and tranquil set-
tings.

4.4  Discussion of Findings

Results indicate a dual price-discovery mechanism in the Malaysian palm oil market.
Over the full sample, VECM estimates indicate that spot prices bear the burden of equi-
librium correction, while futures do not adjust. Granger causality from the error-correc-
tion term confirms that futures drive spot in the long run, consistent with futures as the
main channel of information assimilation. By contrast, Hasbrouck’s IS attributes about
three-quarters of efficient price innovations to the spot market, suggesting that equilib-
rium values are more closely tied to spot innovations. These findings align with palm
oil evidence [2] and the broader commodity literature, which show that spot markets
anchor long-run equilibria [15, 41].

Sub-sample analysis highlights the regime dependence of this process. During the
2023 floods, both spot and futures adjusted significantly, but short-run causality ran
from spot to futures, reflecting the immediacy of supply shocks in the cash market.
Under the B40 biodiesel mandate, futures led short-run causality while spot corrected
long-run deviations, implying that policy interventions diluted but did not eliminate
futures’ role. In tranquil periods, futures strongly led spot in the short run, but
Hasbrouck’s IS still attributed most of the variance to spot. This supports evidence that
natural shocks strengthen spot markets, while futures retain leadership under policy-
driven or stable conditions [19].

Taken together, these findings reconcile apparent tensions between econometric
measures. VECM adjustment terms and Granger causality highlight futures as leaders
in short-run information assimilation, whereas IS assigns greater variance contributions
to spot. This divergence reflects methodological differences—dynamic causality versus
variance decomposition—and the institutional structure of the Malaysian market.
MPOB spot prices are survey-based and reported once daily, which may outweigh spot
innovations in variance-based methods compared with continuously traded futures that
incorporate information intraday.

Overall, the Malaysian palm oil market operates in a futures-led, spot-anchored man-
ner. Futures dominate in short-run assimilation of information, while spot innovations
shape long-run equilibrium values. Leadership shifts across regimes: spot gains influ-
ence during natural shocks such as floods, futures dominate in tranquil settings, and
policy interventions like the B40 mandate create hybrid outcomes. For policymakers,
this implies that interventions can weaken the informational role of futures. At the same
time, for hedgers and traders, it emphasizes the need to monitor both markets, futures
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for short-run signals and spot for long-run anchors. Recognizing this dual structure is
critical for understanding information flows under stress and for designing policies and
trading strategies that rely on futures benchmarks.

5 Summary and Concluding Remarks

This study examined price discovery between the Malaysian crude palm oil (CPO) spot
and futures (FCPO) markets from January 2023 to June 2025, using VECM, Granger
causality, Hasbrouck’s Information Share (IS), and VECM—-GARCH. Findings show
a dual mechanism. For the full sample, the VECM indicates that futures adjust to restore
equilibrium, while spot prices anchor long-run values. Granger causality confirms fu-
tures’ short run dominance but IS attributes more efficient innovations to spot [23].
VECM-GARCH robustness shows results are not driven by volatility clustering.

Subperiods reveal regime dependence. During floods, spot led futures due to imme-
diate supply shocks [19]. Under the B40 biodiesel mandate, futures retained short-run
leadership but absorbed long-run deviations, suggesting weaker futures efficiency. In
tranquil periods, futures again led in the short run, while IS continued to give more
weight to spot. Overall, futures dominate short-run assimilation, while spot markets
anchor in the long run, with leadership shifting across regimes.

The findings broadly validate the hypotheses in Chapter 2 and demonstrate that lead-
ership is regime dependent. Cointegration between CPO spot and FCPO futures sup-
ports the first hypothesis, consistent with the cost-of-carry model [12, 29]. In tranquil
periods, futures dominate short-run discovery while spot anchors long-run equilibrium,
in line with [41] storage theory and [15]. The third hypothesis is confirmed during the
2023 floods, when spot-led futures, reflecting immediate physical shocks [19]. The
fourth hypothesis is supported under the B40 biodiesel mandate: futures kept short-run
leadership, but spot gained importance in long-run correction, showing policy diluted
but did not eliminate futures’ role. Overall, futures dominate in standard and policy-
driven regimes, but spot leadership rises in natural disruptions.

These results extend prior Malaysian studies [1] and [39] that emphasized the futures’
role but overlooked structural shocks. By including disruptions, this study shows that
spots can regain leadership, refining earlier evidence. They also align with broader
commodity research: [15] and [18] highlighted futures’ liquidity-driven dominance,
while [5] found that futures are weaker in volatile periods. Thus, Malaysia’s palm oil
market reflects a futures-led, but spot-anchored, pattern, with leadership evolving in
response to shocks.

The findings highlight three considerations for policymakers. First, interventions
such as the B40 mandate can weaken futures’ benchmark role, showing the need to
balance domestic policy with FCPO’s global credibility. Second, natural disruptions
reveal that spot markets have become more informative, underscoring the importance
of transparent, timely data [19]. Third, differences across econometric measures,
VECM, and Granger pointing to futures, IS to spot, indicate that relying on one metric
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may mislead. Regulators should therefore adopt a plural approach, monitoring both
short- and long-run dynamics.

For traders, refiners, and hedgers, the results show the need to follow both markets.
Futures provide timely signals in tranquil and policy-driven conditions, supporting
hedging and speculation [2]. Their dominance, however, weakens during natural shocks,
when spot gives earlier cues of supply stress. Hedgers should thus complement futures
with spot monitoring, while traders can adjust strategies by relying on futures in stable
times and spot during crises. Overall, exclusive reliance on futures is risky under phys-
ical disruptions; integrating spot signals can improve portfolio resilience.

Several limitations of this study warrant consideration. The reliance on daily MPOB
spot prices, which are survey-based and reported once per day, contrasts with the intra-
day adjustment of futures and may account for divergences between VECM/Granger
and IS results [36]. The analysis is further constrained by its focus on two disruption
episodes, the 2023 floods and the B40 biodiesel mandate, which, though significant,
may not capture other shocks such as trade restrictions, energy volatility, or geopolitical
crises, limiting broader generalizability [45]. The bivariate specification of spot and
futures also omits cross-market interactions despite palm oil’s substitutability with soy-
bean oil and sunflower oil and its links to crude oil and exchange rates [17]. Finally, the
econometric methods employed, VECM, Granger causality, IS, and VECM-GARCH,
assume linear and stable relationships; future research could benefit from intraday data
with high-frequency metrics such as the Information Leadership Share [36], broader
datasets, and nonlinear or structural break approaches.

The Malaysian palm oil market exhibits a futures-led, but spot-anchored, price dis-
covery process. Futures dominate short-run information assimilation, while spot prices
anchor long-run equilibrium. Leadership shifts with conditions: spot gains prominence
during natural shocks like the 2023 floods, while futures lead in tranquil and policy-
driven regimes. For policymakers, the findings highlight the need to preserve futures’
benchmark role while ensuring timely spot data during disruptions. For market partici-
pants, they underscore the importance of monitoring both markets to manage risk. For
researchers, the results demonstrate the value of combining econometric methods with
recognition of regime-dependent dynamics. Overall, documenting how discovery
evolves under natural and policy shocks deepens understanding of commodity markets,
where liquidity, fundamentals, and institutional structures jointly shape price formation.
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