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ABSTRACT ARTICLE HISTORY
The purpose of this research is to investigate the use of cross-hedging in Received 7 December 2023
the South African soybean market, by using the JSE BEAN contract as a  Accepted 3 September 2024
cross-hedge instrument for the JSE SOYA contract. The research study
involves a detailed assessment of the data, which includes the use of C >

. . ¥ ross-hedging; futures
stationarity tests such as the Phillips-Perron and Augmented contract hedging; hedge
Dickey-Fuller, as well as the Johansen co-integration approach to efficiency; ECM; GARCH;
analyse long-term relationships between the variables. To evaluate the back-testing
efficiency of cross-hedging strategies, three distinct hedging models are
used: the ordinary least squares (OLS) model, error correction model JEL CLASSIFICATION
(ECM) and EC-GARCH. The results demonstrate that these models CODES
produce significant hedge ratios. Through back-testing and the Q14; CO1; €58
application of hedging strategies, it is determined that the JSE BEAN
contract holds the potential to serve as a cross-hedge for the JSE SOYA
contract in the South African soybean market. This study provides
useful information for market participants and model selection in the
context of cross-hedging.

KEYWORDS

1. Introduction

Commodity trading and derivatives play an important role in the soybean market by providing
essential risk management tools and facilitating effective price discovery (Pirrong 2014). The signifi-
cance of commodity trading extends beyond mere transactions; it serves as a crucial platform for
market participants, such as soybean producers, buyers and speculators by enabling them to
manage price risk effectively. This management is accomplished by the strategic use of derivatives
such as futures and options contracts, which not only protect against negative price movements, but
also a more predictable income stream and thus reducing the risk of financial losses (Roche 2020).
Additionally, commodity trading improves market liquidity and allows effective price formation
through the interaction of supply and demand factors. In general, the availability and use of deriva-
tives in soybean commodity trading enhances market stability, bolsters risk management capabili-
ties and improved overall efficiency, benefiting all stakeholders involved in the soybean value
chain (Zheng and Wang 2013; Ranganathan and Ananthakumar 2014; Raucci et al. 2019). It is
however important to note that there also exists literature that presents alternative views on the
benefits of futures trading in the context of soybean commodity trading. According to Mitchell
(2010) the relationship between soybean futures contracts and market efficiency highlights the
instability and unpredictability of trading rules, implying that derivatives can occasionally contribute
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to market volatility. Gayatri et al. (2023) show empirical evidence that a restriction on futures trading
resulted in severe disruption in the spot market, negatively impacting price discovery and risk man-
agement. Liccardo (2013) highlighted the dual role of derivatives in potentially stabilising markets,
but also by introducting new risks. This illustrates the complex impact derivatives have on financial
stability across different markets. Further research is needed to explore these differences in more
detail to better understand the conditions that influence the effectiveness of derivatives in commod-
ity trading.

Building upon the importance of risk management, cross-hedging emerges as a valuable risk
management strategy widely adopted in commodity trading to mitigate the price risk associated
with specific commodities when direct hedging instruments are not available (Aven, 2016) or are
less efficient (Zainudin and Mohamad 2021; Olson, Vivian, and Wohar 2019). Cross-hedging involves
using a related futures contract that exhibits a similar price behaviour, although not an exact match,
to the underlying commodity being hedged (Anderson and Danthine 1981). Successful cross-
hedging depends on factors such as a strong positive or negative correlation, accurate estimation
of the hedge ratio and the ability to maintain a stable hedge ratio over time (Eaker and Grant
1987). In less efficient markets, the lack of liquidity and market depth, compounded by structural
market issues (Mongi and Dhouha 2016) such as logistical constraints, can lead to challenges in
finding a direct hedge. Cross-hedging becomes a valuable tool in such scenarios, allowing market
participants to leverage positively correlated assets to manage risk (Ankirchner et al,, 2012). The
ability to use cross-hedging in these markets not only provides a risk management solution but
also enhances market functionality by introducing additional trading strategies. Moreover, cross-
hedging can contribute to improved profitability versus no hedging or using an ineffective direct
instrument. By reducing the volatility of cash flows and protecting against adverse price movements,
businesses can stabilise their financial performance. Junttila et al. (2018) illustrate this through the
commodity market-based hedging against stock market risk, using crude oil and gold as examples
during times of financial crisis. The strategic use of cross-hedging allows firms to lock in favourable
prices, thus improving the predictability of profits. Chang and Wong (2002) confirmed the potential
for cross-hedging to enhance profitability across different financial instruments. Cross-hedging
serves as a robust risk management strategy in less efficient markets, offering a means to mitigate
risk and enhance profitability.

The literature supports the notion that cross-hedging is not only a theoretical concept but a prac-
tical tool that has been successfully implemented across various market conditions and asset classes
(Anderson and Danthine 1981; Woo, Horowitz, and Hoang 2001; Vukina & Anderson, 1993; Kim et al.,
2015; Ran, 2007). Cross-hedging provides additional benefits to agricultural derivative markets. It
allows exposure to markets that do not have specific hedging mechanisms, assisting in the manage-
ment of price changes in unsupported commodities (Fernando and Anderson 2022). It also allows for
the selection of appropriate risk management instruments based on correlation and historical pat-
terns. This adaptability enables customised risk management techniques based on market con-
ditions and personal preferences (Fernando and Anderson 2022). Cross-hedging also benefits
agricultural markets by increasing liquidity, promoting efficient price discovery and minimising infor-
mation asymmetry (JSE 2023a). In general, this improves the dynamics of the market by increasing
the accuracy and fairness of the market. Furthermore, it provides a cost-effective risk management
strategy, particularly when direct hedging choices for certain assets are few or expensive (Fernando
and Anderson 2022).

In the context of the soybean market, market participants can engage in cross-hedging by using
futures contracts for other crops, such as maize or sunflower seed, that demonstrate a robust corre-
lation with soybean prices. By adopting this approach, market participants can safeguard themselves
against adverse price movements in soybeans, even in the absence of a dedicated soybean futures
contract, although they should be mindful of basis risk and the need for a strong correlation between
the hedged commodity and the futures contract being hedged (Pennings and Meulenberg 1997).

South Africa has an active and successful soybean futures contract.



AGREKON (&) 321

This alternative strategy not only facilitates effective risk mitigation and provides market partici-
pants with a valuable tool to manage their soybean price exposure.

South Africa’s soybean production, while still minor in comparison to other countries, has experi-
enced a remarkable surge in recent years. According to DALRRD (2021), production soared to
approximately 2.33 million tonnes in the 2021/22 season, a substantial increase from the modest
output of around 210,000 tonnes in the early 2000s (see Figure 1). This increase is attributed to
a confluence of factors, including heightened demand, ideal weather conditions and technological
breakthroughs (Viatte 2001). Moreover, Van der Linde (2023) further emphasised the pivotal role of
ongoing technical progress in propelling the domestic soybean sector’s productivity gains and
expansion, highlighting the significance of commercialising genetically modified (GM) cultivars,
promoting crop rotation benefits and strategically investing in crushing capacity. Summer grain
input costs in South Africa also impacted farmers’ decisions; for example, rising fertiliser prices
can shift attention to soybeans, which require less fertiliser and potentially yield better returns
(Erickson et al. 2009). This was evident with the large increase in the area planted in the 2022/
23 marketing season due to the sharp increase in fertiliser prices, as indicated in Figure 1. As a
result of market dynamics, this shift may boost soybean supply, as indicated by the increase in pro-
duction during the 2022/23 marketing season. South Africa is a major producer and consumer of
soybeans in Africa, with production almost nine times greater than three decades ago (USDA 2021).
The surge in production corresponds to an expansion in cultivated hectares, rising from just over
134,000 hectares in 2000/01 to more than 1,148,000 hectares in 2022/23 (CEC 2002, 2023; SAGIS
2023).

South Africa’s demand for soybean products has recently increased, due to purported health
benefits and limited domestic crushing capacity (Van der Vyver, Nordier, and Verwey 2018;
Nordier 2021). According to estimates, soybean consumption is divided into three sectors: 88.7%
for oil and oilcake production, 10.1% for animal feed (particularly in the broiler and egg industries)
and 1.2% for human consumption (DALRRD 2021). Most animal feed formulas continue to use
soybean oil cake as the principal protein source (SAGL 2022; AFMA 2023). South Africa, a net impor-
ter of soybeans previously, experienced its first large deep-sea export in the 2022/23 marketing
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Figure 1. Soybean production, area planted and demand in South Africa. Source: CEC (2002), CEC (2023), SAGIS (2023).
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season, signalling a shift in the country’s trade dynamics (SAGIS 2023). This movement represents a
possible shift from a net importer to a more export-oriented economy, reflecting changes in pro-
duction and trading patterns.

South Africa’s soybean market is deregulated (Van Zyl et al. 2001; Vink and Schirmer 2002; Vink
2003; Nordier 2021), with prices for soybean freely traded on the Agricultural Products Division of
the JSE. Parity prices define the price ranges between which soybean prices move. Import parity
reflects the cost of importing soybeans, whereas export parity prices reflect the price at which
South Africa can competitively export (Geyser 2013). When the local supply of soybeans is
greater than the domestic demand, prices tend to trade lower. To stimulate demand and increase
market opportunities, South Africa must find importers willing to buy our soybeans. Logistical
restrictions in deep-sea ports might cause local soybean prices to fall below export parity levels,
causing prices to fall further until prices are competitive enough for exports from alternative
ports, via Mozambique as an example. These difficulties in capitalising on export parity prices
have a negative impact on farming profitability and diminished investment incentives, introducing
risks to the supply chain (Voora et al., 2020).

When a crop trades for long periods below export parity, several risks are created for the supply
chain, including reduced profitability, a decreased incentive to invest in production (Voora et al.,
2020), the risk of reduced quality of the old crop and reduced storage space as the old crop is rede-
livered through the silo receipt system (Delouche et al., 1973; McDonald, 1999; Vikhe, 2016; Guo
et al., 2022; Koskosidis et al., 2022). Furthermore, lower prices may also lead to a reduction in invest-
ment in research and development of new soybean varieties, which could impact the long-term via-
bility of the industry (Voora et al., 2020). In general, the risk of prices trading below export parity
highlights the importance of ensuring that South African soybean farmers receive fair prices for
their crops to maintain a sustainable and profitable industry.

The South African soybean market requires effective hedging strategies to manage price risk and
ensure profitability. The JSE BEAN contract, a cash-settled agreement based on the Chicago Mercan-
tile Exchange (CME) bean contract, offers a possible alternative. This article critically assesses its suit-
ability and effectiveness as a cross-hedging solution. Specifically, it investigates whether the JSE
BEAN contract may be seamlessly integrated into complete risk management strategies that are con-
sistent with global trading activity, particular in volatile markets. Furthermore, this study seeks to
establish the JSE BEAN contract’s ability to provide tailored risk mitigation measures, which could
improve profitability and stabilise prices for South African soybean producers engaging in a
variety of commodity and currency trading activities. The analysis of cross-hedging is necessitated
by observations that the JSE SOYA contract sometimes trades below export parity levels, implying
that it may not respond appropriately and timely to changing market conditions, highlighting the
need for a different hedging approach. A comparison analysis of the JSE BEAN and SOYA contracts
will also be performed to determine their various contributions to generating higher risk-adjusted
returns.

The JSE BEAN contract is chosen as a cross-hedge for the JSE SOYA contract for several reasons.
Firstly, the JSE BEAN contract is essentially the CME soybean contract traded in Rand terms. It offers
local market participants exposure to the CME market dynamics without the additional burden of
hedging against currency risk. As the contract is traded in Rand, it simplifies the financial operations
for local market participants and aligns their investment more closely with economic factors.
Additionally, the JSE BEAN contract is cash settled only. This feature eliminates any potential
impact that logistical constraints might have on price movements as the contract is solely
focused on financial outcomes based on the commodity’s price movements. Finally, the underlying
asset of the JSE BEAN contract, being tied to the CME soybean futures contract, reflects the market
sentiments worldwide. This makes it an ideal tool for cross-hedging, as it responds to global agricul-
tural supply and demand shifts and other economic factors that influence soybean prices. Possible
limitations of using international contracts as hedging instruments are possible low liquidity of the
contract or that the contracts may not accurately reflect local import parity or industry prices,
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Figure 2. May contract volumes for JSE SOYA and JSE BEAN contracts. Source: JSE (2023b, 2023c).

impacting their effectiveness in managing price exposure (Van der Vyver, Barnard, and Nordier 2022).
Figure 2 shows the volumes traded for the JSE BEAN and JSE SOYA May contracts from 2019 to 2023.
Although the volume of the JSE BEAN contract is very low, it does show a marked increase over
time, suggesting that liquidity in the contract is improving.
The study is structured as follows. The second section provides an overview of the extant litera-
ture. The third section 3 describes the data and the methods used. The fourth section presents
empirical findings, while the fifth section acts as the study conclusion.

2. Literature review

Cross-hedging is a risk management strategy applied when direct hedging is not available or
when the direct hedging instruments do not align with the hedger’s risk exposure (Miller 1982).
This technique involves using futures or forward contracts for related commodities which
exhibit correlated price movements (Hieronymus 1977; Rahman, Turner, and Costa 2001) which
could potentially lead to beneficial outcomes under specific market conditions. One of the first
formal studies of cross-hedging was undertaken by Anderson and Danthine (1981), who
suggest its usage across various futures markets. It was worth noting that, at the time, empirical
findings were not used to cross-validate the stated theoretical justifications. It is important to note
that cross-hedging should be considered when traditional alternatives are inadequate or misa-
ligned with the hedger’s specific risks. Cross-hedging could be considered a complementary strat-
egy of particular relevance when traditional instruments like the JSE SOYA contract cannot fully
address unique market dynamics or specific risk profiles. While this is not a superior strategy by
any means, it is crucial in cases where the JSE SOYA contract’s scope cannot effectively handle
complex or atypical risks.

Furthermore, cross-hedging allows the use of futures contracts to hedge cash commodities that
cannot be delivered according to the terms of the futures contract, thereby accommodating dispar-
ities in location and quality among the cash and futures commodities (Miller 1985). Cross-hedging, in
its most basic form, involves using futures contracts for a single commodity to hedge against a cash
commodity position, while multiple cross-hedging involves hedging a cash commodity position with
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futures contracts involving two or more distinct commodities (Elam, Miller, and Holder 1986;
Rahman, Turner, and Costa 2001). Cross-hedging necessitates speculation in the relationship
between cash and futures prices for distinguished commodities, as opposed to direct hedging,
which involves speculation in the relationship between cash and futures prices for the same com-
modity (Hieronymus 1977; Elam, Miller, and Holder 1986). Absolute price risks are substituted by rela-
tive, or basis, price risks in both direct and cross-hedging.

2.1 Cross-hedging agricultural products

In risk management, cross-hedging techniques using futures contracts for agricultural commodities
have been extensively studied. Brinker, Parcell, and Dhuyvetter (2007, 2009) found that cross-
hedging distiller dried grains (DDGs) with soybean meal futures were more effective than conven-
tional techniques (Penone, Giampietri, and Trestini 2021). Franken and Parcell (2011) demonstrated
that composite hedges using futures of maize and soybean meal improved the effectiveness of the
hedge for fish meal. Similarly, Rahman, Turner, and Costa (2001) identified soybean meal futures as a
viable cross-hedging mechanism for cottonseed meal.

Buhr (1996) noted the trend of feeding Holstein steers to slaughter weights, highlighting benefits
like growth uniformity and carcass composition. Elam and Donnell (1992) found that maize futures
could reduce cow ration expenses by up to 54%. Hayenga and DiPietre (1982a, 1982b) showed live
hog and cattle futures that effectively hedged wholesale pig and beef cuts, while Rout, Das, and Rao
(2021) explored agricultural market price discovery and hedging mechanisms.

Recent research includes Pennings and Meulenberg (1997) on market depth-cost risk, Barrera,
Canén, and Sanchez (2020) on cross-hedging electrical derivatives with agricultural products and
Samal and Das (2023) on aluminium futures in India. Bieroth (2010) used live cattle futures to
reduce beef price volatility, and Naeem et al. (2021) found that cryptocurrencies offered downside
risk hedging for commodities (Nekhili and Sultan 2022; lyer 2022). Woo, Horowitz, and Hoang
(2001) focused on electricity forward contracts for cross-hedging (Maitra et al. 2022). Tan (2002)
investigated currency cross-hedging for jet fuel using crude and heating oil (Susilo et al. 2020).

Hedging airline fuel remains contentious. Morrell and Swan (2006) and Hashim and Shunmugam
(2009) offered varying views on its effectiveness. Adams and Gerner (2012) and Berghdfer and Lucey
(2014) examined jet fuel cross-hedging with mixed results (Rout, Das, and Rao 2021). Brooks, Davies,
and Kim (2007) demonstrated cross-hedging strategies for equities, while Zainudin and Mohamad
(2021) assessed cross-hedging between UK and global stock index futures.

While there have been few studies analysing commodity cross-hedging in South Africa, such as
the study by Van der Vyver, Barnard, and Nordier (2022) which found that SAFEX contracts do not
fully reflect local market conditions and suggested that crushers might consider using contracts
from Argentina as a hedge against price risk.

2.2 Hedging model

Cross-hedging strategies have developed over time to include methodologies such as Ordinary Least
Squares (OLS)-regression, Error Correction Model (ECM), and EC-ARCH and/ or GARCH models (Behm
2013).

Initially, linear OLS regressions were important in estimating optimal cross-hedging by comparing
spot price fluctuations to futures prices, resulting in the minimum variance hedge ratio (MVHR)
(Clark, Lesourd, and Thiéblemont 2001). This regression approach, influenced by Johnson (1960),
Stein, Goss, and Yamey (1961), Ederington (1979) and expanded by Figlewshi (1984), faced criticism
for nonstationary data. However, Nelson and Plosser (1982) demonstrated that employing nonsta-
tionary-level data in regressions could yield misleading outcomes. Benninga, Eldor, and Zilcha
(1983) addressed this with a log price difference model.
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The failure of the OLS regression to account for co-integration led to a downward bias in hedge
ratios, known as under-hedging (Hill and Schneeweis 1981; Cecchetti, Cumby, and Figlewski 1988;
Ghosh 1993; Lien 1996). Ghosh (1993) introduced ECMs to address this, with a focus on short-
term dynamics and long-term equilibrium (Ghosh 1993; Ghosh and Clayton 1996). Static hedging
models, despite their simplicity, fail to consider the time-varying nature of spot and futures
returns (assumption of a timeless relationship among spot and futures). Autocorrelated errors in
static models, leading to a subsequent decline in statistical efficiency, can be addressed using
Cochrane-Orcutt transformation and vector autoregression (VAR) (Lien and Tse 1999; Bradburn
et al. 2003).

Dynamic models like GARCH (Engle 1982; Bollerslev 1986) address the time-varying relationships,
but may overestimate variance (Wei, Wang, and Huang 2011). Realised volatility (RV) (Anderson and
Bollerslev 1998; Koopman, Jungbacker, and Hol 2005) and realised covariance (Rcov) matrices from
high-frequency data provide unbiased estimators but have practical limitations (Barndorff-Nielsen
and Shephard 2004; Barndorff-Nielsen et al. 2011; Zhang 2011). The realised MVHR (RMVHR) by Mar-
kopoulou, Skintzi, and Refenes (2016) uses high-frequency data, but its applicability in diverse
markets like South Africa remains unknown (Miao et al. 2017).

3. Econometric methodology and data
3.1 Methodology

Cross-hedging is a risk management strategy that involves taking positions in futures or forwards of
related commodities when direct derivatives are unavailable. Effective cross-hedging requires a
strong correlation between spot and futures (or forward) prices. Johnson (1960) stressed the variance
of portfolio returns as a key metric in assessing portfolio risk, noting that establishing the optimal
hedge ratio involves minimising the variance of portfolio returns.

The futures price of a commodity at time t are represented as F; (i.e., BEAN futures price), while S;
denotes the current spot price of the underlying (i.e., SOYA-spot price). Assuming a constant var-
iance-covariance matrix for portfolio returns over time, one can express the returns in a manner con-
sistent with Glen and Jorion (1993) and Mun and Morgan (1997) when dealing with the return from a
cross-hedged position.

Rr:AS[—hAFr (1)

where h denotes the static ratio of the commodity; AS; denotes the change in spot price S; (i.e.,
SOYA) or the 1st log difference, S;.1 — S:at time t; and AF; denotes the 1st log difference of the
futures price, Fr.1 — F; (i.e.,, BEAN). The variance of R; is:

Var(Ry) = Var(AS,) + h*Var(AF,) — 2hCov(AS;, AF;) )

The minimum variance of R; is achieved by computing the first derivative of Equation (2) concern-
ing the hedge ratio and subsequently setting this derivative to zero:

dVar(R;)
dh
The terms within Equation (3) can be reorganised accordingly:

_ Cov(AS;, AF)
T Var(AFy)

= 2hVar(AF;) — 2hCov(AS;, AF;) =0 (3)

*

(4)

The parameter h* denotes the minimum variance hedge ratio (MVHR), in Equation (4), and accord-
ing to Hsu and Chen (2014), this is the most used hedge ratio and is deemed optimal for minimising
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variability in portfolio returns. Furthermore, since the correlation coefficient of AS; and AF; is:
_ Cov(AS;, AFy)
P = SD(AS,) SDIAF,)

where SD(AS;) and SD(AF;) denotes the standard deviations of AS; and AF;, respectively. Therefore,
the optimal hedge ratio in Equation (4) is equivalent to:
_ SD(AS)
~ PSD(AR,)

(5)

*

(6)

The objective of the article is to assess the optimal hedge ratio, exploring h* estimated by various
econometric models.

3.1.1 Model I: ordinary least squares (OLS)

The relationship between S; and F; can be formulated in a manner that includes &;, under the
assumption that &; exhibits homoscedasticity, lacks serial correlation and maintains independence
and identical distribution over time, represented by a mathematical model:

St =g+ o< Fr + g (7)

where g; exhibits homoscedastic, serially uncorrelated and distributed independently and identically
over time. However, these assumptions do not match the time series price data used in this study.
The assumptions regarding the error term in the statistical model become problematic when applied
to financial time series data, given the challenges posed by changing volatility, autocorrelation, non-
stationarity and fat tails. These features, such as varying volatility in financial markets, autocorrelation
in price movements and nonstationarity involving changing mean and variance, violate critical
assumptions like constant error term variance and serially uncorrelated errors. Furthermore, the fre-
quent occurrence of extreme events in financial data deviates from the normal distribution assump-
tion for the error term. As a result, these issues render the assumed error term characteristics
inappropriate for accurately modelling the relationship between variables in this study (Tsay 2005;
Hamilton 2020).

However, to derive the MVHR, as described in Equation (4) the 1°* difference of S; and Fy, are taken.
For simplicity, the equation below is used, with the spot being hedged by a single futures contract
expiring at t:

ASt:a—l—BAFrl-ut (8)

where S; refers to the daily log returns of spot; F; refers to the daily log returns of futures;
up ~ i.i.d N(O, 0?) refers to the residual series; and @ is variance minimising and equivalent to the
value of h*, i.e,, the hedge ratio.

The efficiency of the cross-hedging tool is determined by the explanatory power estimated
from Equation (8). If the model can account for 100% of the total variation in spot
price changes, any additional costs incurred due to an increase in spot prices are entirely
offset by gains from the long futures position. Within the empirical aspect of this research
study, particular attention is paid to measures of explanatory power, such as the R? or log-likelihood
value.

3.1.2 Model Il: error correction model (ECM)

The simplicity of Equation (8) ignores the long-term relationship between the spot price and the
futures price, which can lead to excessive differencing. The R*-value, often used to evaluate the
effectiveness of hedging and compare different hedging instruments, assumes stability and
ignores co-integrating relationships between the respective variables. Ghosh (1993) recommends
ECMs to improve precision, leveraging co-integrating relationships among spot and futures
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prices, for superior forecasting and insights into the rate at which variables adjust or revert to
equilibrium. This estimate allows hedgers to assess the expected time frame for deviations
between spot and futures prices to normalise, offering valuable information for informed
decision-making.

The subsequent error correction model (ECM) can be employed once confirming the presence of
a co-integration relationship (Asteriou and Hall 2021):

AS, = oC + ﬁAFt + /\8f71 + Z ‘ykAthk + Z SIASt—1 + Ut (9)
k i

where g;_; denotes the error correction term, which is derived from a regression of InS; on F;; B
denotes the optimal minimum variance hedge ratio; A denotes the adjustment parameter, which
is the rate at which short-term deviations approach the long-term equilibrium (i.e., as the magnitude
of A increases, the sensitivity of the S; to the prior period’s departure from the long-term equilibrium
amplifies); and v, and §; denotes the measurement of short-term dynamics resulting from lagged
changes in spot and futures prices.

In contrast to simple regression, the ECM framework incorporates the autoregressive structure of
spot and futures price fluctuations (Brooks 2002). Compared to a simple regression setup, the
explained variation of spot price fluctuations and the accuracy with which the hedge ratio is pre-
dicted are typically substantially higher.

3.1.3 Model Ill: EC-GARCH

In both the OLS and the ECM models, persistent heteroskedasticity within the error term impacts
standard error accuracy. Financial asset prices show clustered volatility due to specific exogenous
events, showing prolonged periods of high or low volatility. Recognising this clustering volatility
increases the accuracy of the hedge ratio estimation. To address this, Engle (1982) developed the
Autoregressive Conditional Heteroscedastic (ARCH) model, which accounts for both mean and con-
ditional variance, offering a more comprehensive representation of the volatility structure and is
given by:

ASI’ = oC 4+ :B'I AFt + Z ykAFt—k + Z 6[A5t_1 + (VF3
k i

ue ~ iid N, o?)
o‘r2 =ap+ a1uf_1 (10)

Bollerslev (1986) expanded upon the ARCH farmwork, enabling the conditional variance to follow
an autoregressive moving average process. In this approach, the variance of the residuals is
influenced by both prior values of the squared residuals and ad lagged terms of the variance. The
resulting specification, known as the Generalised Autoregressive Conditional Heteroscedasticity
(GARCH) model, was further refined by Baillie and Myers (1991) as GARCH (p,q):

p q
o=+ Y aul + Y yor an
i=1 i=j

where i aqu?_, refers to as an ARCH term; and Xq: yj07_; refers to the GARCH term.

The'@ARCH model is extensively applied to m&del volatility in financial time series. In particular,
the GARCH model offers enhanced efficiency and mitigates the risk of overfitting the data (Brooks
2002). In the context of this research study, the selected model is characterised by an order of
GARCH (1,1), which signifies the inclusion of an ARCH term and one GARCH term within the
model structure.

0’% = ap + a1uf_1 + ’ij"tz_j (12)
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Due to the probable coexistence of a shared long-term stochastic trend in spot and futures price
variables, alongside the presence of heteroscedastic residuals in the aforementioned models, a
GARCH model incorporating error correction is preferred. Specifically, the EC-GARCH (1,1) models
are defined as follows (Asteriou and Hall 2021):

Ast = oC 4+ B'I AFt + 628r71 + Z 'ykAFr,k + Z (SiASf,1 + Ut
k i

ur = viay; ve ~ N(O, 1)
0’? = ag + (11U3_1 + yjaf_j (13)

The EC-GARCH model confers the advantage of incorporating the consideration of conditional
variance into an enhanced error-corrected model. To elaborate, the EC-GARCH specification outlined
in Equation (13) concurrently addresses both the volatility within the time series process and the
enduring association between S; and F;.

3.1.4 Hedging effectiveness

Traditionally, assessing hedge effectiveness relied on the adjusted-R®> derived from regression
models, with the slope coefficient acting as the optimal hedge ratio. Accepted benchmarks often
show a correlation coefficient of 0.90 or an adjusted R-squared of 0.80 or more (Finnerty and
Grant 2002). However, as Juhl, Kawaller, and Koch (2012) point out, there is disagreement on how
these regression models should be configured, given the challenges they pose in terms of overfitting
and interpretation. With more regressors and more sophisticated models, utilising adjusted-R* for
gauging hedge effectiveness appears inadequate. Ghosh (1993) employed the adjusted-R? to deter-
mine the optimal hedge ratio, while Adams and Gerner (2012) used the logarithmic likelihood
measure to choose models and hedge ratios. Recognising potential misunderstanding, this study
calculates hedge effectiveness individually for each model. To address this, a “R* analog method”
(Juhl, Kawaller, and Koch 2012) method generates R? individually for each model. The R? can be inde-
pendently calculated for the models using the following:

SSE*
SST*

where SSE* denotes the error sum of errors of squares that quantifies the overall variability present
within the time series (AS; — BInF;); B denotes the optimal hedge ratio ascertained through
regression model; and SST* denotes the total sum of squares, quantifying the overall variation in
AS; around its mean. This method mentioned above would facilitate precise comparisons across
various models, offering a more accurate assessment of hedge effectiveness compared to prior
research (Juhl, Kawaller, and Koch 2012).

The primary objective of employing a hedge strategy is mitigation of risk. While this study gives
numerous hedge ratios, empirical verification is essential. Thus, this study backtests two of Dreyer’s
(2020) ten hedging strategies to evaluate the effectiveness of cross-hedging the SOYA with the BEAN
contract. This evaluation centres on risk reduction and profitability assurance as key metrics to deter-
mine effectiveness of these strategies, in addition to seeing whether the BEAN contract can deliver a
better return.

R? Analogue = 1 — (14)

3.2 Data

This study gathered historical data for near-month futures contract prices (SOYA-spot price) and the
corresponding prices of the cross-hedge instrument, JSE BEAN futures prices (BEAN). Daily time
series data from 15 June 2010 to 13 September 2023 were sourced from Refinitiv (formally known
as Thomson Reuters Financial and Risk) (Refinitiv 2023), and the official website of the JSE (2023b,
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Table 1. Johansen (1991) co-integration test results (Tr and L-max statistic).

Hypothesised Trace statistic 0.5 critical value t-prob.
Horr=0 1961.61 15.49 0.00*
Horr <0 872.46 3.84 0.00*
Hypothesised L-max statistic 0.5 critical value t-prob.
Horr =10 1089.15 14.26 0.00*
Horr <0 872.46 3.84 0.00*

*Rejection at the 95% confidence level.
Max-eigenvalue and Trace’s test indicates two co-integrating equation(s) at the 5% significance level.

2023c). To ensure a comprehensive dataset, a dual-sourcing approach was adopted, as neither data-
base independently contained the complete dataset. The integration of data from both Refinitiv and
the JSE resulted in a total of 3305 observations for each variable under study. To address the issue of
missing data, a rigorous examination of specific dates was conducted. An average formula was
applied to estimate values for the missing data on specific dates, providing a balanced and represen-
tative dataset for analysis.

In the realm of time-series analysis, it is imperative to undertake multiple tests on the data for
precise model specification. These analyses encompass the Augmented Dickey-Fuller (ADF), Phil-
lips-Perron (PP) test and Kwiatkowski-Phillips-Schmidt-Shin (KPSS) test.

o Testing for stationarity: The ADF, PP and KPSS tests are used in time-series analysis. ADF and PP
look for unit roots, while KPSS seeks stationarity. Type Il errors (Brooks 2002) can be mitigated by
using both unit root and stationarity checks. The optimal lag amount for these evaluations is
determined by the Schwartz Information Criterion (SIC).

o Confirming stationarity: If the data are not stationary, undergoes conversion using a log-first
difference transformation. Through this transformation, the nonstationary level data is changed
into a stationary series. Both level data and log-difference data should be used for the stationarity
and unit root of one test (Asteriou and Hall 2021).

« Cointegration analysis: After the establishment of stationarity, the cointegration with the soybean
spot price is evaluated. Cointegration denotes the interdependence of two series that are
influenced by similar causes. By examining the error term from an OLS regression, the Johansen
cointegration approach (Johansen 1991) validates this interdependence. Nonstationary variables
are indicated by a lack of co-integration, whereas co-integration series produce stationary error
terms (Johansen 1991).

The assessment of stationarity of the error term was examined using the PP- and ADF tests. The results
of the PP and ADF tests for all price levels and the respective log differences are not recorded here.
However, the author can provide detailed test results on request. Table 1 of the Johansen cointegration
test, on the other hand, shows the rejection of nonstationarity in the error term, indicating cointegration
of the soybean futures price. Therefore, the inclusion of an error specification is deemed justified.

4. Empirical results
4.1 Hedge ratios

The OLS-model analysis demonstrates a significant coefficient for the MVHR, quantified by the hedge
ratio of 0.84, but falls short of the conventional 80% threshold typically indicative of high hedge
effectiveness (Juhl, Kawaller, and Koch 2012). A high adjusted-R? (47%) implies that SOYA variability
is explained by changes in BEAN, suggesting that the fluctuations in the SOYA-spot price (prices of
the near-month futures contracts) can be accounted for by the changes in prices of JSE BEAN futures
contracts The correlation between prices of May BEAN futures contracts and SOYA near-month
futures contracts, establishing BEAN as a dependable indicator of SOYA-spot price fluctuations.
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Table 2. Summary of hedging model estimates.

Model I: OLS Model Il: ECM Model Ill: ECM with GARCH errors
Constant 0.25 (1.12) —0.03 (0.00) 0.15 (0.83)
AF; 0.84 (0.02)* 0.84 (0.02)* 0.80 (0.00)*
AF_4 —0.40 (0.00)* 0.04 (0.31)
AF_, —0.19 (0.00)* 0.06 (0.13)
AS 4 0.23 (0.00)* —0.06 (0.00)*
AS; 5 0.13 (0.00)* —0.08 (0.00)*
&1 —1.33 (0.00)* 0.09 (0.33)
C - - 44.64 (0.00)*
ARCH - - 0.08 (0.00)*
GARCH - - 0.91 (0.00)*
Adj. R? 0.47 0.49 0.47
Log-likehood —18436.39 —19507.90 —18019.10
ARCH LM 31.42 (0.00)* 31.70 (0.00)* 0.86 (0.3545)

Note: p-Values are included in parentheses.
*Significance at the 1% and 5% levels, respectively.

However, the ARCH-LM test detects heteroskedasticity as well as the model’s inability to capture the
long-run relationships between SOYA- spot and JSE BEAN futures prices. Using an ECM corrects this,
improving accuracy and dynamics representation.

The findings derived from the ECM reveal that the hedge ratio remains consistent, mirroring the
hedge ratio calculated through the straightforward OLS estimate presented in Table 2. The determi-
nation of the lag length was guided by the AIC and SIC, favouring the use of four lags. Although the
adjusted-R? value of 0.49 exhibits an improvement, it remains elusive to surpass the 80% threshold
indicative of high effectiveness. Moreover, while the log-likelihood value exhibits a decrease to
19,507.90 in comparison to the OLS estimates, indicating a better model fit, the persistent presence
of heteroskedasticity is affirmed through the ARCH-LM test.

The EC-GARCH model (Table 2) has a hedge ratio of 0.80, which is lower than the preceding two
models. Elevated log-likelihood (—18,019.10) and adjusted-R2 (0.47) confirm previous findings. Both
the ARCH and GARCH parameters are significant (p =0.00), indicating that volatility persists. The
cumulative value of the coefficients for the ARCH and GARCH parameters (0.084761 +0.914151)
approximated unity, signifying a high degree of persistence in conditional variance shocks (high per-
sistent volatility). GARCH outperforms ARCH in terms of forecasting during episodes of increased
volatility. Notably, As = —1.19 and Af = —1.19, imply that the JSE BEAN- futures price (F;), adjusts
more rapidly that JSE SOYA-spot price S; to the prior deviations from the long-term equilibrium.

4.2 Hedge effectiveness

Evaluation of hedge effectiveness in these three models using the application of the “R? analogue
method” (Juhl, Kawaller, and Koch 2012). This method compares the hedge portfolio relative to the
unhedged position, and then deducts this ratio from one, with greater ratios indicating lower effective-
ness. The hedge effectiveness results are outlined in Table 3 and show that hedge ratios and -effective-
ness measures differ across models. The OLS model has a hedge ratio of 0.84 and a corresponding
hedge effectiveness of 0.47, implying that approximately 47% of the overall variations in portfolio
returns are mitigated through the hedging process. Similarly, the ECM has a hedge ratio of 0.84,

Table 3. Estimated hedge ratios and hedge effectiveness.

Model Hedge ratio Hedge effectiveness
OLS 0.84 0.4691
ECM 0.84 0.4910
EC-GARCH(1,1) 0.80 0.4692

Source: Compiled by author.
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albeit with a sightly dismissed hedge effectiveness of 0.49 (49% of the overall variations in portfolio
returns are mitigated through hedging). The EC-GARCH model, on the other hand, displays a slightly
lower hedge ratio of 0.80, but it remains a hedge effectiveness level comparable to the OLS model at
0.47. This shows that, despite a slight loss in ratio, EC-GARCH controls risk as efficiently as OLS. The
findings of Table 3 suggest that there is no single model consistently providing the highest hedge
effectiveness for each commodity, highlighting the need to carefully consider the model choice
when estimating an MVHR. Despite the absence of a clear superior model, the primary objective of
assessing the effectiveness of cross-hedging with the BEAN contract for soybean producers in the
South African market has been confirmed. Although no model outperforms another, the results
affirm that BEAN can be effectively utilised as a cross-hedge instrument. Subsequently, the upcoming
section on back-testing will further validate the accuracy of using BEAN as a cross-hedge to SOYA.

One notable constraint of this study is the efficiency of the JSE BEAN contract in providing
hedging solutions solely at parity levels within South Africa. While the results show that the JSE
BEAN contract provides hedging against immediate price risks, it is less successful at mitigating
price changes between parity levels. This might explain the relatively low R*values obtained
across the models. This indicates that while the models may anticipate price changes to some
extent, they do not fully represent the intricacies of structural price adjustments within the
market. This limitation necessitates the authors to provide a disclaimer stating that, while the JSE
BEAN contract is a useful instrument for managing price risk at a static level, its usefulness declines
when dealing with dynamic shifts between parity levels.

Future research could focus on enhancing the hedging models to account for structural price
movements between parity levels. Different econometric models or adding additional variables to
the existing models might better capture these dynamics and may provide deeper insights.

4.3 Back-testing

This section presents the results of a back-testing analysis conducted on the JSE BEAN and JSE SOYA
contracts, aimed at evaluating the JSE BEAN performance as a potential cross-hedging tool during
periods when the local soybean price approached or fell below export parity price levels. While
similar results were anticipated for import parity levels, this aspect could not be tested. Table 4 pre-
sents the results of the Three-segment strategy, a hedging alternative with short futures contracts
during the production season. According to the Dreyer (2020) process, the crop is divided into
three equal portions to be marketed with short futures sales: one-third during planting (October
to December), one-third post-pollination/flowering (February) and the final third during the
harvest season (April to May). The strategy uses the averages of the futures prices for each respective
period. The table below shows the financial results of this strategy for each production season,
detailing the performance of the JSE BEAN compared to the JSE SOYA as a cross-hedging tool.

Table 4. Comparative three-segment strategy results.

Production year Realised JSE BEAN price Realised JSE SOYA price BEAN performance relative to SOYA
2011 R3 484.65 R3 484.65 Performed at par
2012 R3 773.39 R3 625.44 Outperformed
2013 R4 888.83 R4 717.33 Outperformed
2014 R5 258.22 R5 625.58 Underperformed
2015 R4 159.65 R4 906.38 Underperformed
2016 R5 235.96 R6 300.42 Underperformed
2017 R5 042.98 R5 719.68 Underperformed
2018 R4 763.44 R4 704.15 Outperformed
2019 R4 603.04 R4 737.84 Underperformed
2020 R5 269.91 R6 070.88 Underperformed
2021 R7 225.63 R7 991.65 Underperformed
2022 R8 468.43 R8 306.41 Outperformed

Source: Compiled by author.
Calculations are available upon request from the author.
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The study demonstrated a consistent trend in the performance of the JSE BEAN contract relative
to the JSE SOYA contract, particularly under certain market conditions. Notably, the BEAN contract
outperformed the SOYA contract in instances where the local soybean prices traded at or below
export parity price levels. This indicates that the BEAN contract is more effective as a cross-hedge
during seasons with ample supply, which tends to drive local prices closer to or even below
export parity levels. However, as local soybean prices neared import parity levels, the JSE BEAN con-
tract did not retain its outperformance, showing its limited usefulness in such market conditions.
These findings highlight the JSE BEAN contract’s viability as a cross-hedging instrument under
specific market conditions, offering insight for traders and farmers planning to mitigate price risk
when logistical constraints negatively affect the local soybean price. The practical application of
the JSE BEAN contract has not been evaluated. Future research can aim to determine whether
there exists sufficient liquidity in the JSE BEAN contract to be considered as cross-hedging instru-
ment. Although the author acknowledges that liquidity is currently a challenge, it is anticipated
that this may improve in the near future.

5. Conclusions

The study investigated the effectiveness of the BEAN contract for cross-hedging SOYA price risk
exposure. It employs OLS regression, ECM and EC-GARCH (1,1) for comparative hedging performance
analysis. The traditional use of OLS regression is primarily illustrative, with the ECM being a more
effective model due to its incorporation of long-term relationship of the variables. Determining
an accurate cross-hedge, optimal hedging ratio and appropriate cross-hedging instrument are criti-
cal aspects. An EC-GARCH, considering conditional volatility, characteristics of commodity returns,
improves the model fit. However, despite the endorsement of advance models over OLS in some
research, this research study finds that no model consistently outperforms others in generating
an optimal hedge ratio through comprehensive simulation.

The results obtained from the backtesting approach show a pattern of BEAN outperforming SOYA
during times when the local price traded closer to or below export parity price levels, suggesting that
BEAN can be used as a cross-hedge instrument for SOYA. This approach can assist with the manage-
ment of price risk, by careful analysis and risk management are necessary to make effective hedging
decisions. Additionally, changes in the correlation between BEAN and SOYA prices should be mon-
itored closely to fine-tune the hedging strategy.
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