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FINANCIAL ECONOMICS | RESEARCH ARTICLE

Speculative ratios and returns volatility in the 
South African white maize futures market
Ayesha Sayed1* and Christo Auret2

Abstract:  This paper examines the relationship between trading activity and 
returns volatility in white maize futures listed on the South African Futures 
Exchange (SAFEX) and investigates the impact of speculative activity on volatility. 
Returns volatility is estimated using a GARCH (1,1) model. Trading activity changes 
are observed by computing two negatively correlated ratios from daily trading 
volume and open interest. The dynamic relationship between volatility and trading 
activity is explored over the period April 2000 to May 2022 using a vector autore-
gressive framework. The paper examines not only the Granger-causality between 
speculative and hedging ratios and volatility but also assesses their interactions 
through variance decomposition and impulse response functions. The first ratio, of 
volume to open interest, is used to capture speculative market activity; and 
the second, a ratio of the change in open interest to volume, is used to reflect the 
activity of hedgers. The results shed light on the effectiveness of targeting spec-
ulators for regulation in grain futures markets, while also contributing to the vera-
city of price limits in effectively moderating volatility.

Subjects: Agricultural Economics; Quantitative Finance; Investment & Securities 

Keywords: speculation; hedging; maize futures; returns volatility; trading volume; open 
interest; price limits

1. Introduction
Maize is among the most significant agricultural commodities grown. Two varieties of maize are 
produced, with yellow maize predominantly used for livestock feed and biofuels like ethanol; and 
white maize reserved for human consumption, especially in Africa and Central America (Ranum 
et al., 2014).

In South Africa, maize is not only the largest locally produced field crop but is also the staple 
food for the majority of the population with white maize consumption exceeding 4 million tons on 
average annually (Auret & Sayed, 2020). South Africa is also the main emerging market for price 
discovery of maize in Africa, with white maize being the largest and most traded futures contract 
listed on the South African Futures Exchange (SAEFX). SAFEX is also the only exchange globally 
where white maize future contracts are traded, as all other maize future contracts relate to the 
yellow maize variety instead.

The volume of white maize future contracts traded on SAFEX over the last 20 years has 
surpassed 16 million (Sayed & Auret, 2019). According to a report by the United States 
Department of Agriculture on World Agricultural Supply and Demand Estimates (USDA), South 
Africa (together, with the US, Argentina, Brazil, Russia, and Ukraine) is one of the leading exporters 
of maize globally, with exports of 3.8 million metric tons (mmt; USDA WASDE, 2022).
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Futures markets provide a platform for price discovery and risk management and cater for two 
opposing types of market participants: hedgers and speculators. Hedgers are identified as the 
commercial participants in a futures contract and are often the farmers, food producers and end- 
users, with a sincere interest in trading the underlying asset. Speculators, in contrast, are defined 
as non-commercial traders who, although provide critical market liquidity, are seen merely as day 
traders, participating predominantly to make a profit. Given the link between spot and futures 
markets and the implications that agricultural derivatives have on food security, it is broadly 
accepted that futures markets should primarily serve and act in the best interests of the commer-
cial end-users, i.e. the hedgers.

The role and impact of speculators has long been contested. One school of thought maintains 
that speculators are necessary as they provide the liquidity needed to hedge the risks of commer-
cial traders (Berg, 2011). The other doctrine paints them as villains, responsible for the unprece-
dented levels of rising food prices and associating them with market manipulation and futures 
markets squeezes. The financialization hypothesis accused speculators of artificially driving up 
commodity prices beyond levels supported by market fundamentals, subsequently increasing price 
volatility (Haase et al., 2016). This financialization and the rapid growth of commodity index fund 
investments observed between 2004 and 2008 resulted in a significant surge in open interest 
(Domanski & Heath, 2007). These open interest positions were predominantly held by speculators 
with no commercial interest to produce or consume commodities. Several non-governmental 
organizations (NGOs) therefore accused speculators of contributing to the 2007–2011 global 
food crises by gambling on food prices via commodity derivative instruments (Chadwick, 2018).

What followed was the implementation of several regulatory tools on futures exchanges, tasked 
with curbing the influence of speculators in commodity markets and on prices. In the U.S., the 
Dodd-Frank Wall Street Reform and Consumer Protection Act of 2010 directed the Commodity 
Futures Trading Commission (CFTC) to impose position limits that would prevent individual traders 
from holding more than a specified number of futures contracts at a time (Berdell & Choi, 2018). 
This, in turn, would prevent excessive speculation and market manipulation. Furthermore, price 
limits that would constrain the range of price volatility allowed in a specific futures contract over 
a single trading day, were also imposed. The CFTC argued that limits on the size of speculative 
positions in futures markets were necessary because they protect futures markets from excessive 
speculation that can cause unreasonable or unwarranted price fluctuations (NAMC, 2009).

While the impact of the financialization of commodities was not as intricately examined in South 
Africa as it was in the U.S., South Africa, and its maize market in particular, also observed 
unprecedented price spikes that raised concerns. Many academics and practitioners argued that 
concentrated market participants were irresponsibly taking out large speculative positions in order 
to corner the market and drive futures prices away from fundamentals. In response, South Africa 
also imposed position and price limits on SAFEX. However, this was initially only done for white 
maize futures given its importance as a regional supplier of maize and its price discovery mechan-
ism. On the 1st of July 2003, the Johannesburg Stock Exchange (JSE) instituted position limits for 
speculative positions on SAFEX-traded white maize futures contracts in order to prevent individual 
market participants from cornering the market (NAMC, 2009). And on the 30th of November 2007, 
the JSE implemented price limits1 for white maize futures in order to constrain market manipula-
tion and curb excess-volatility linked to speculation (Sayed & Auret, 2018).

Sayed and Auret (2018) investigated the efficacy of price limits in white maize futures contracts 
by testing four distinct hypotheses over the period March 2010 to December 2017. Testing the 
volatility spillover hypothesis, the authors found evidence that price limits resulted in heightened 
volatility on the trading days following limits. For the delayed price discovery hypothesis, the 
results showed that price limits prevented rational and informed trading which kept futures prices 
from efficiently reaching their equilibrium. The authors also found support for the liquidity inter-
ference hypothesis, as a sharp reduction in trading volume was observed when limits were in 
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effect, followed by an intense reversal once they were lifted. Finally, support for the gravitation or 
magnetic effect was found. This showed that the anticipation of an impending price limit caused 
prices to accelerate towards their limit prematurely, proving price limits to be self-fulfilling and 
disruptive to trading activity. Overall, price limits were found to be ineffective for white maize 
futures in curbing excess-volatility, and instead amplified volatility and impaired liquidity. In their 
conclusion, the authors recommended that the South African futures market adopt the weekly 
Commitment of Traders (COT) reports available in the U.S., as this split in open interest data would 
allow the necessity of price limits to be empirically investigated, an important pre-requisite to 
testing its effectiveness.

Much of the uncertainty surrounding the role of speculation and whether it destabilizes futures 
markets can therefore be resolved by defining excess-speculation. Working (1953) was the first to 
note that speculation and hedging in commodity markets are intricately intertwined. He argued 
that speculation is limited to the overall hedging volume. Working (1953, 1960) proposed 
a speculative index to measure excess-speculation. His “T” index is based on the notion that 
a certain number of speculative positions is needed to balance the hedging positions of commer-
cial traders as their long and short positions might not exactly offset each other.2 The index has 
a minimum value of 1.00 when the level of speculation equals hedging need and a value above 
1.00 when speculative positions exceed those of commercial traders (hedgers)—an indication of 
excess-speculation. According to Working (1953) therefore, speculators correct imbalances in 
futures markets by providing critical market liquidity to complete the contracts of commercial 
traders. Speculative activity only becomes destructive when there is a surplus of net long positions 
being held by non-commercial traders. This surplus creates artificial demand in the market and in 
so doing wrongly pushes up the price of the futures contract, simultaneously increasing the price 
of the underlying commodity. This was reiterated by Robles et al. (2009), who argued that excess- 
speculation in commodity futures markets not only increases futures prices, but through arbitrage 
opportunities, also increases spot prices above levels justified by supply and demand 
fundamentals.

The necessary data source required to compute Working’s T-Index, and thus excess-speculation, 
are the COT reports obtainable from the CFTC. These reports are available on a weekly basis and 
split open interest data into long and short commercial (hedging) positions as well as long short 
non-commercial (speculative) positions.

To date, the split of open interest data on SAFEX into commercial and non-commercial partici-
pants remains unavailable. Given the absence of these data, alternative methods to measure 
excess-speculation is required. Speculative and hedging ratios that make use of trading activity 
variables, such as trading volume and open interest, have been put forward to address this gap. 
According to Bohl et al. (2018) the rationale behind these ratios lie in the assumption that hedgers 
hold their positions for longer periods, whereas speculators mainly try to avoid holding their 
positions overnight.

The objective of this paper is to measure speculative and hedging ratios for the South African 
white maize futures market, given the absence of COT reports, while also analysing its impact on 
returns volatility. The paper makes use of daily volume, open interest and closing price data for 
South African white maize futures contracts over the period April 2000 to May 2022. In addition to 
measuring speculative and hedging activity, this paper also investigates the relationship between 
speculative ratios and returns volatility using a vector autoregressive (VAR) framework, which 
explores not only Granger-causality between the variables but also assesses their interactions 
through variance decomposition and impulse response functions.

While most studies often employ volume and open interest data to proxy for liquidity and 
market depth respectively, this paper uses volume and open interest to estimate speculative 
and hedging trading activity. The daily trading volume used in this paper accounts for the portion 
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of trading activity that has taken place in a specific contract over a specific trading day, while the 
daily open interest determines the number of outstanding contracts at the end of a specific 
trading day. Drawing from the argument of Working (1960) that only excess-speculation is detri-
mental to futures price volatility, the speculative ratio in this paper highlights the dominance of 
speculative activity beyond that required to fully offset hedging demand (i.e. relative to open 
interest).

The paper’s contribution highlights the need for commitment of trader reports in emerging 
futures exchanges. Access to this data is vital to empirically assess the efficiency of futures 
markets in the presence of new policies and regulations.

A significant relationship between speculative activity and returns volatility in the South African 
white maize futures market would justify the imposition of circuit breakers in agricultural futures 
markets. However, if excess-speculation is found to have an immaterial role in the influence of 
returns volatility in South African white maize futures, this questions the use of price and position 
limits and whether they hinder the efficient functioning of the very markets they are entrusted to 
serve.

The paper is organised as follows: Section 2 presents a brief literature review on the develop-
ment of speculative ratios, Section 3 and 4 detail the data and methodology used, Section 5 
analyses the results, Section 6 discusses the results, with Section 7 concluding.

2. Literature review
The rationale behind using trading activity variables to estimate and separate hedging and spec-
ulation stems from the ability to distinguish between traders based on their intention to trade as 
well as their holding period. Carret (1930) suggests that motive is the best way to distinguish 
investment from speculation. He linked the investor to the economics of the business, and the 
speculator to the price, defining their motives as the purchase or sale of commodities in expecta-
tion of profit. Market participants that trade with the intention of making a profit with no 
commercial interest in the underlying commodity are therefore seen as the speculators; while 
hedgers are believed to trade with the intention of managing their risk as they have a sincere 
commercial interest in the underlying commodity. With regard to using contract holding periods to 
distinguish between trader types, hedgers are believed to hold their contract positions for more 
than one day while speculators are believed to be day traders. This theory is supported by Cornell 
(1981) and Garcia et al. (1986), who observed data for major agricultural commodities traded on 
the Chicago Board of Trade (CBOT) and found daily volume to range between 20% and 30% of 
open interest, while the daily change in open interest was often not more than 1 to 2% of total 
open interest. This observation illustrates that while contracts have a high daily turnover, the 
number of contracts in existence remains relatively the same. Speculators being defined as short- 
term or day traders are further supported by Borgards and Czudaj (2022).

Investigating the dynamics between price returns volatility, volume and open interest in futures 
markets sheds light on the price effects of speculation and hence on market regulation. Trading 
volume has often been used as a proxy for speculative activity (Rutledge, 1979) and speculators / 
day-traders (Kumar & Pandey, 2010); while open interest is an important indicator of futures 
trading activity and has been used as a proxy for hedger’s opinions (Kamara, 1993), hedging 
demand (Chen et al., 1995), market depth (Bessembinder & Seguin, 1993) and hedgers (Kumar & 
Pandey, 2010).

Rutledge (1979) was one of the first to proxy for speculation using trading volume. He argued that 
changes in daily trading volume are largely a measure of variations in speculation, as hedgers’ 
positions only make up a small proportion of daily trading volume. In his study on the relationship 
between volume and price variability, Rutledge examined 136 different futures contracts for 13 
commodities during the mid-1970s using causality tests developed by Sims (1972). He also argued 
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that evidence of causality running from trading volume to price variability (volatility) would strongly 
support the need for tighter controls and regulation on speculative trading. Rutledge found that trading 
volume represented primarily a response to, rather than a cause of, movements in price variability.

Similar to Rutledge (1979), Garcia et al. (1986) examined the lead-lag relationships between 
trading volume and price variability (volatility) for selected futures contracts of corn, wheat, 
soybeans, soybean oil and soybean meal. Contrary to Rutledge, however, was the authors’ use 
of alternative measures of price variability (volatility) and volume. While Rutledge (1979) measured 
volatility as the absolute value of the percentage change in daily closing prices, and volume as the 
number of trades in a day; Garcia et al. (1986) proposed four different measures for volatility and 
two for volume. Measures of price variability included the change in daily closing prices, the 
percentage change in daily closing prices, the daily price change—taken as high minus low as 
well as an adjusted price range. For volume, the number of trades in day was used as well as 
a ratio examining daily volume relative to the level of open interest. According to Garcia et al. 
(1986) the total volume of contracts traded daily relative to the size of open positions at the end of 
the day reflected the relative importance of speculative behaviour. Their results found neither 
a discernible pattern between trading volume and price variability, nor between lead-lags and 
price trends.

Ap Gwilym et al. (2002) modified the speculative ratio of Garcia et al. (1986) by examining daily 
volume relative to the absolute change in open interest. The authors argue that the daily change in 
open interest more accurately reflect the activity of hedgers than simply the level of open interest. 
This adjusted open interest is further supported by Lucia and Pardo (2010) who outline the draw-
backs of the speculative ratio of Garcia et al. (1986). According to Lucia and Pardo (2010), trading 
volume is a flow variable measured over a specific period, for instance, a trading day, whereas 
open interest is a stock variable measured at the end of a trading day. The ratio therefore relates 
a flow variable that refers to a specific trading day to a stock variable measured at the end of that 
same trading day, making it inadequate for following the speculative activity of traders over time. 
Lucia and Pardo (2010) acknowledged that the ratio by Ap Gwilym et al. (2002) was able to 
discriminate between day trades (short-term speculation) reflected in daily trading volume. 
However, they also criticized the ratio’s lack of ability to distinguish between those days when 
the newly taken positions that are held overnight outnumber the liquidation of old positions. To 
this end, Lucia and Pardo (2010) defined an additional speculative ratio as the change in open 
interest to volume. A positive number here indicate that the number of opened positions is greater 
than the number of liquidated positions with a negative number indicating the opposite.

The two ratios predominantly employed in the literature to measure speculative and hedging 
activity remain the two developed by Garcia et al. (1986) and Lucia and Pardo (2010) respectively. 
For instance, Lucia et al. (2015) made use of these two ratios when they examined December 
futures contracts from the European Climate Exchange (ECX) of the Intercontinental Exchange 
Group (ICE) with deliveries between 2005 and 2020. Using the two measures combining volume 
and open interest data, they explored the relative importance of speculative versus hedging 
activities in the European carbon market and found high degrees of speculative behavior. In 
addition, Bohl et al. (2018) analysed the impact of speculative activity, proxied by these same 
two speculation and hedging ratios, in order to investigate whether speculative activity in Chinese 
futures markets for agricultural commodities destabilized futures returns over the period 2003 to 
2017. Their results showed that the amount of speculative activity in relation to hedging activity 
contained information about changes in futures volatility. Specifically, they found short-term 
speculation to have a statistically significant and positive impact on returns volatility. Their results 
using the hedging ratio were inconclusive, however, and did not confirm in the majority of cases 
the findings of the speculative ratio.

While most studies to date have used these speculative and hedging ratios in the equity, energy 
and currency futures markets (predominantly in the United States), this paper employs these 
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measures in an emerging agricultural futures market, specifically, for South African white maize 
futures.

To the best of the authors’ knowledge, no paper to date has investigated speculation in South 
African white maize futures, despite it being the most liquid contract traded on SAFEX, and despite 
SAFEX employing price and position limits in grain futures contracts to curb excess-speculation. 
This paper therefore contributes to the literature by estimating speculative and hedging ratios for 
South African white maize futures, as well as by assessing their impact on returns volatility.

3. Data
The objective of this paper is to empirically investigate the impact of speculative activity, as 
proxied by trading activity variables, on returns volatility in South African white maize futures 
contracts listed on SAFEX.

Data was obtained from Bloomberg and daily closing prices for the active contract, quoted in 
Rands/ton, were used to estimate returns and volatility. Daily trading volume and open interest for 
South African white maize futures contracts were used to estimate the speculative and hedging 
ratios. As outlined by Bohl et al. (2018), to investigate the effects of speculative activity on 
volatility, empirical analyses should be conducted on data with at least a daily frequency. The 
sample period ran from 18 April 2000 to 18 May 2022 with a total of 5 550 observations.

3.1. Defining speculative and hedging ratios
The speculative ratio uses trading volume and open interest data as defined by Garcia et al. (1986) 
measuring the relative dominance of speculative activity in a contract analysed in comparison to 
the hedging activity. This ratio, if multiplied by 100 is interpreted as a percentage per trading day 
and is undetermined when volume and open interest are equal to zero. This volume to open 
interest ratio can take any positive real number, including zero and is defined as: 

SpecRatiot ¼
TVt
OIt

(1) 

The hedge ratio based on the different trading behaviour of speculators and hedgers is defined 
by Lucia and Pardo (2010). This ratio differs from the one above as it is a hedging ratio, which 
gauges the relative dominance of hedging activity relative to speculative activity. This ratio is 
dimensionless with a positive number indicating that the number of open positions is greater than 
the number of liquidated positions, a negative number indicating that the number of liquidated 
positions are greater than the number of open positions and a number of zero indicating that the 
total number of open and closed positions are equal. Palao and Pardo (2012) further elaborate that 
a hedge ratio with a value close to either one or minus one indicates low speculative activity, while 
a value close to zero indicates relatively high speculative activity. The ratio is calculated as the 
daily change in open interest to daily trading volume and is defined as: 

HedgeRatiot ¼
OIt � OIt � 1ð Þ

TVt
(2) 

In each of the ratios defined above, TVt represents the trading volume for day t which captures 
all trades for a particular day executed during a specified day; and OIt represents open interest 
for day t which describes all positions of that contract neither equalised by an opposite futures 
positions not fulfilled by the physical delivery of the commodity or by cash settlement.

3.2. Estimating volatility
Given the volatility clustering observed in Figure 1, which plots the daily returns from South African 
white maize futures closing prices; as well as the mean and median returns of 0 observed in 
Table 1, this paper employs the GARCH model of Bollerslev (1986). Excess kurtosis is also observed 
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in the returns as can be seen from Table 1, indicating that returns for South African white maize 
futures may be prone to extreme values on either side as its distribution is leptokurtic. To this end, 
a student’s t-distribution was used when estimating the model. Similar to Auret and Sayed (2020), 
the volatility of South African white maize futures is modelled as: 

rt ¼ σt2t (3) 

where σt is the time-varying volatility and ϵt is an i.i.d. random error that is independent of σt. 

A GARCH (1,1) model with the following conventional parameter restrictions are fitted to model σt. 

where: 

σ2
t ¼ ωþ ar2

t� 1 þ βσ2
t� 1 (4) 

and volatility in South African white maize futures contracts is measured using the fitted time- 
series of the standard deviation from this model and is plotted in Figure 2.

3.3. Preliminary data analysis
Table 1 displays descriptive statistics for the closing prices, returns, volatility estimated in Equation 
3, trading volume, open interest, the speculative ratio, estimated in Equation 1 and, the hedging 
ratio, estimated in Equation 2. The mean and median values for open interest are both higher than 
for trading volume at 8 051 and 6 153, respectively, versus 1 402 and 1 0 67. The mean closing 
price for South African white maize futures is shown as R2 020/ton with the maximum reaching R5 
296/ton. Figure 3 plots the daily closing prices of South African white maize futures over the full 
sample period and shows that the maximum high values occurred over the 2014–2016 period. 
According to Walt (2016) the South African agricultural sector was burdened with the worst 
drought recorded in 104 years between 2014 and 2016. Furthermore, Sayed and Auret (2018) 
found that this period was also characterised by a high frequency of price limit hits in South African 
white maize futures contracts.

Table 1 also shows that the mean, median, and standard deviation of returns is zero. The daily 
mean and median of volatility is 2%, reaching a maximum of 16% in March 2014, when the effects 
of the drought at the time became apparent and increased volatility.

The speculative ratio is computed from Equation 1 and measures the relative dominance of 
speculative activity relative to hedging activity, i.e., the excess-speculation in the South African 

Figure 1. Daily returns of South 
African white maize futures.
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white maize futures market. This ratio if multiplied by 100 can be interpreted as a percentage per 
trading day. Table 1 shows the mean and median of this ratio as 0.322 and 0.168, respectively. This 
illustrates that there is a positive presence of excess-speculation in the South African white maize 
futures market with a daily average of 32.2% of speculative activity relative to hedging activity. 
This can also be seen visually in Figure 4, which plots the speculative ratio.

The hedge ratio, although dimensionless, indicates low speculative activity for values close to 
either one or minus one and high speculative activity for values close to zero. Table 1 shows the 
mean hedge ratio as −0.124, with a median of −.08, implying high speculative activity as well. This 
ratio is plotted in Figure 5.

The preliminary analysis of the speculative and hedge ratios confirms a high speculative activity 
over the sample period and assert that excess-speculation is present in the South African white 
maize future market. Whether or not this excess-speculation can significantly explain or affect 

Figure 2. Volatility in the South 
African white maize futures 
market.

Figure 3. South African white 
maize futures daily closing 
prices.

Sayed & Auret, Cogent Economics & Finance (2023), 11: 2160127                                                                                                                                    
https://doi.org/10.1080/23322039.2022.2160127                                                                                                                                                       

Page 9 of 21



returns volatility can only be confirmed through the vector autoregressive (VAR) methodology 
presented next.

4. Methodology
Assessing lead-lag relationships between speculative activity and returns volatility helps clarify 
whether excess-speculation is driving volatility, or if instead amplified volatility is attracting and 
increasing speculative trading activity in the South African white maize futures market. Similar to 
Bohl et al. (2018), the dynamic relationship between returns volatility and trading activity is 
investigated using the following vector autoregressive framework (VAR) framework: 

RatioSpec;Hedge
t ¼ a2;t þ ∑

k

i¼1
b2;tRatioSpec;Hedge t� i þ ∑

k

i¼1
c2;t σ2 t� i þ #t (5) 

where σ2
t is the estimate of volatility described in Equation 4 above, Ratiot

Spec is the speculative 
ratio from Equation 1 and, Ratiot

Hedge is the hedge ratio from Equation 2. The residuals of the 
regression, which are assumed to be mutually independent and individually i.i.d. with zero mean 
and constant variance, are represented by εt and #t. The VAR framework is often used for 
forecasting systems of interrelated time-series as well as to assess the dynamic impact of random 

Figure 4. Speculative ratio.

Figure 5. Hedge ratio.
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disturbances on the system of variables. Each of these variables are dependent on their own 
lagged values as well as on the lagged values of the corresponding variable.

This study examines lead-lag relationships through Granger (1969) causality tests, and through 
forecast error variance decompositions. According to Sims (1972, 1980), the statistical significance 
of economic variables as determined through Granger causality tests is not exhaustive, and should 
therefore be complemented with an impulse response analysis and forecast error variance decom-
position. Sims (1980) argues that this produces additional insights beyond the Granger-causality 
tests, such as, the direction of the causal relationship as well as the strength of the causal 
relationship. Impulse response functions and variance decompositions are therefore also esti-
mated and analysed.

Pesaran and Shin (1998) propose a generalized impulse response analysis and generalized 
forecast error variance decomposition (GFEVD) technique for unrestricted and cointegrated VAR 
models. Their revised technique does not require orthogonalization of shocks and is invariant to 
the ordering of the variables in the VAR making it superior in exploring the interrelationships 
between economic variables like the ones defined in Equation 1, (Equation 2) and (Equation 4).

Similar to Yang et al. (2005), Let Zt represent a vector including several economic variables. The 
vector Zt can then be modelled as an infinite moving average process, such that: 

Zt ¼ ∑
1

i¼0
Ciεt� i; t ¼ 1;2; . . . ; T (6) 

The GFEVD for the vector can then be defined as: 

θij nð Þ ¼
σ� 1

ii ∑n
l¼0 e0iCl�ej
� �2

∑n
l¼0 e0iCl�C0lei
� � ; i; j ¼ 1;2; . . . ;m (7) 

and reveals to what degree variation in a certain variable can be explained by shocks or innova-
tions from other variables in the same system, thereby quantifying the relative importance one 
variable has in influencing another variable. In this paper, the relative importance of speculative 
activity on returns volatility will be assessed.

4.1. VAR estimation
The first step in specifying a VAR model is to choose the appropriate lag length. This paper 
evaluates five different criteria in this regard, namely, Likelihood Ratio (LR), Final Prediction Error 
(FPE), Akaike Information Criteria (AIC), Schwarz Information Criteria (SIC) and Hannan-Quinn 
Information Criteria (HQ) to determine the optimum lag lengths for the VAR model. The optimum 
lag length was determined by minimising the Schwarz Information Criteria (SIC). As daily data is 
used, the maximum lag length was set at 20 to represent a maximum of four trading weeks. The 
results for the optimal lag lengths of the VAR models for at least 10 lags are shown in Table 2. For 
both VAR frameworks, estimated in Equation 5, i.e. volatility and the speculative ratio, and volatility 
and the hedge ratio, the optimum lag length was 3. To cater for the presence of residual serial 
correlation, Lagrange Multiplier (LM) tests are also conducted for a maximum of 3 lags. These 
results are displayed in Table 3. The VAR model for volatility and the speculative ratio shows no 
presence of serial correlation, while the VAR model for volatility and the hedge ratio shows no 
serial correlation at 3 lags.

4.2. Unit root tests
Granger-causality tests require that the variables used are stationary. As a pre-requisite therefore, 
unit-root tests are carried out in order to determine the order of integration. The augmented 
Dickey and Fuller (1979) tests are conducted on the levels of the data in order to test the null 
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hypothesis that a time-series, yt has a unit root (is integrated of order 1) against the alternative 
hypothesis that it is I(0) or stationary. These results are displayed in Table 4, and confirm that each 
series concerned (volatility, the speculative ratio and the hedge ratio) are stationary at the 1% 
level of significance.

4.3. Granger–causality tests
Granger-causality tests are used to test the lead-lag relationships between returns volatility and 
the speculative and hedge ratios. Granger (1969) proposed a time-series-based approach where 
x is a cause of y a cause of y if adding lagged valued of x improves the explanation of y. According 
to Gelper and Croux (2007) a time-series is said to Granger-cause another series if it has incre-
mental predictive power when forecasting it. This test will therefore determine if speculative 
activity (in excess of hedging demand) causes returns volatility in a forecasting sense. Granger- 
causality estimates a standard F-test and the null hypothesis is that the speculative ratio does not 
Granger-cause returns volatility, and vice versa. The hypothesis is rejected if coefficients of the 
lagged values are jointly significantly different from zero. The Granger-causality tests are 

Table 2. VAR estimation
VAR estimation for model with Volatility and Spec. Ratio

Lag LogL LR FPE AIC SIC HQ
0 12,527.77 NA 3.70e-05 − 4.530114 −4.527721 4.529280

1 18,886.59 12,710.74 3.71e-06 − 6.828422 −6.821242 6.825918

2 19,008.62 243.8374 3.56e-06 − 6.871109 −6.849142 6.866936*

3 19,014.00 10.74676 3.56e-06 − 6.870608 −6.854854* 6.865766

4 19,015.43 2.863364 3.55e-06* − 6.871680* −6.849139 6.863169

5 19,018.71 6.548040 3.56e-06 − 6.870420 −6.844092 6.861239

6 19,024.11 10.77159 3.560–06 − 6.870926 −6.839810 6.860076

7 19,026.81 5.381897 3.56e-06 − 6.870455 −6.834553 6.857936

8 19,029.22 4.812759 3.56e-06 − 6.869881 −6.829192 6.855693

9 19,031.04 3.616286 3.560–06 − 6.869091 −6.823615 6.853233

10 19,032.35 2.615874 3.57e-06 − 6.868119 −6.817856 6.850592

VAR estimation for model with Volatility and Hedge Ratio
Lag LogL LR FPE AIC SIC HQ
0 19,048.04 NA 3.54e-06 −6.875827 −6.873437 −6.874994

1 25,538.56 12,974.02 3.40e-07 −9.217532 −9.210363 −9.215032

2 25,671.33 265.2957 3.25e-07 −9.264019 −9.252070 −9.259852

3 25,729.25 115.6864 3.19e-07 −9.283483 −9.266754* −9.277650

4 25,742.80 27.06680 3.180–07 −9.286933 −9.265424 −9.279433*

5 25,748.72 11.81578 3.17e-07 −9.287627 −9.261338 −9.278460

6 25,760.00 22.50189* 3.16e-07* −9.290253* −9.259185 −9.279421

7 25,763.54 7.065668 3.17e-07 −9.290088 −9.254241 −9.277589

8 25,765.64 4.183680 3.17e-07 −9.289401 −9.248775 −9.275236

9 25,768.32 5.341250 3.17e-07 −9.288925 −9.243518 −9.273093

10 25,769.34 2.026750 3.178–07 −9.287848 −9.237662 −9.270349

* indicates lag order selected by the criterion 
LR: sequential modified LR test statistic (each test at 5% level) 
FPE: Final prediction error 
AIC: Akaike information criterion 
SC: Schwarz information criterion 
HQ: Hannan-Quinn information criterion 
Source: Authors’ calculation from research data 
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complemented by the Block Exogeneity Wald Tests where the dependent variable is returns 
volatility and the two independent variables are the speculative and hedge ratios, respectively. 
Once again, the null hypothesis here tests that the speculative or hedge ratio does not Granger- 
cause returns volatility.

4.4. Variance decomposition
The variance decomposition is the next test that assists in interpreting the VAR model and is 
a widely used method for examining the relative effects of variables (Kim & Patel, 2017). 
Lütkepohl (2010) defines variance decomposition as a classical statistical method in multi-
variate analysis that uncovers relationships among a large set of variables. He further asserts 
that forecast error variance decomposition is effective for interpreting the relationships 
between variables described in VAR models. Variance decomposition measures the percen-
tage of the forecast error of one endogenous variable that is explained by other variables, 
and is used to assess the relative importance of the speculative ratio and hedge ratio on 
returns volatility.

4.5. Impulse response functions
Finally, impulse response functions are examined to test whether the causal relationships are 
positive or negative and to examine the interactions between the variables in the VAR 
system. This test simulates the impact of a shock to one variable in the system on the 
conditional forecast of another variable (Kumar & Pandey, 2010). Sims (1972, 1980) 
encourages the use of variance decomposition and impulse response functions to comple-
ment the Granger-causality test, as he argues that it may be misleading to depend solely on 
the statistical significance of economic variables determined by Granger-causality. According 
to Pesaran and Shin (1998), an impulse response function measures the time profile effect of 
shocks at a given point in time on the (expected) futures values of variables in the system. 
They describe an impulse response as the outcome of a conceptual experiment in which the 
time profile of the effect of a hypothetical shock is compared with a base-line profile. Impulse 

Table 3. LM residual serial correlation tests
VAR model for Volatility and Spec. Ratio

Lags LM-Stat Prob.
1 2.61811 0.6236

2 2.817931 0.5887

3 4.663452 0.3236

VAR model for Volatility and Hedge Ratio
Lags LM-Stat Prob.
1 24.70611 0.0001

2 36.17377 0.0000

3 50.33682 0.1704

Source: Authors’ calculation from research data 

Table 4. Unit Root Tests
ADF tests with constant 

(level)
ADF tests with constant & 

trend
Volatility −13.6082*** −13.6315***

Spec. Ratio −36.7449*** −36.7545***

Hedge Ratio −20.4112*** −20.9610***

Note: *** denotes significance at 1%. Source: Authors’ calculation from research data 
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response functions are therefore used to analyse the impact of a change in one variable 
(returns volatility/speculative or hedge ratio) on another variable (speculative or hedge ratio/ 
returns volatility).

5. Analysis of results

5.1. Granger–causality test results
Table 5 presents the results of the Granger-causality tests. Significant unidirectional causality, 
at the 1% level, is found from the speculative ratio to returns volatility. Therefore, one can 
argue that the excess-speculation from trading activity does indeed affect volatility in the 
South African white maize futures market. Bidirectional, or feedback causality, is found 
between the hedge ratio and volatility, with the hedge ratio Granger-causing returns volatility 
only at the 10% level of significance; and returns volatility Granger-causing the hedge ratio at 
the 1% level of significance. One can deduct from Table 5 therefore that speculative trading 
activity has more of an influence on returns volatility than hedging activity. As a complement 
to this test, the Block Exogeneity Wald test was also carried out with volatility as the 
dependent variable and the speculative and hedge ratios as the independent variables. The 
results, shown in Table 6, are significant at the 1% level, and reinforce that speculative 
activity leads returns volatility, while the hedge ratio is not found to lead or influence returns 
volatility.

5.2. Variance decomposition results
The variance decomposition results in Table 7 reiterate the independence of the speculative ratio 
relative to volatility that was observed with Granger-causality. Specifically, it shows that variations 
in the speculative ratio are produced almost entirely by its own lagged values, with volatility 
having at most a 0.07% role. Volatility on the other hand, has almost 3% of its forecast error 
variance explained by an exogenous shock in the speculative ratio. The variance of the hedge ratio 
is also almost entirely independent of volatility as can be seen in Table 7. At most, volatility 
explains 0.77% of its variance. The hedge ratio on the other hand, explains up to 0.34% of 
volatility’s variance, which once again reiterates the results of the Granger–causality test, that 
the hedge ratio does indeed impact volatility.

Table 5. Granger-causality tests
Null hypothesis Obs. Lags F-Statistic p-value
SpecRatio does not 
Granger-cause 
Volatility

5547 3 13.5060*** 0.0000

Volatility does not 
Granger-cause 
SpecRatio

1.2869 0.2770

HedgeRatio does 
not Granger-cause 
Volatility

5547 3 2.0929 * 0.0989

Volatility does not 
Granger-cause 
HedgeRatio

5.4685*** 0.0009

Note: F-Statistics for the Granger-causality tests for each variable within each of the VAR models is presented. The lag 
lengths are based on SIC. * denotes statistical significance at the 10% level. *** denotes statistical significance at the 
1% level. 
Source: Authors’ calculation from research data 
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5.3. Impulse response function results
To confirm whether the causal relationships from the Granger-causality tests are positive or 
negative, the impulse response functions are examined next. These can be seen in Figures 6 and 
7. Shocks are defined as one standard deviation and are regarded over a period of 20 trading days. 
From the top left graph of Figure 6, it is clear that a simulated shock in the speculative ratio has 
a positive and significant impact on volatility that persists for the full trading month. It should be 
noted, however, that this impact, although positive, is quite small. A shock in volatility, however, 
does not have a significant impact on the speculative ratio, once again, reinforcing the results from 
the Granger–causality test. The response of volatility and the speculative ratio to innovations on 
itself are also positive and significant and in the case of volatility, persists for the full trading 
month. Finally, Figure 7 illustrates the impulse response functions of the VAR framework for the 
hedge ratio and volatility. The response of volatility to a shock in the hedge ratio is negligibly 
different from zero and not significant; while the response of the hedge ratio to an innovation in 
volatility is slightly positive and only significant for the first 2 days. Similarly, to the VAR framework 
for the speculative ratio and volatility, own innovations in volatility and the hedge ratio yield larger 
and more significant responses. It is clear, therefore, that most of the volatility observed in South 
African white maize futures is explained by its own lagged values, and that speculative activity in 
this market has a negligible, although positive and significant, impact.

6. Discussion of results
Prior to the VAR analysis employed in this paper, speculative and hedging ratios were computed to 
assess the overall level of speculative activity present in the South African white maize futures 
market. The mean of the speculative ratio reported in Table 1 was 0.322, representing a daily 
average of 32.2% of excess-speculation present in the South African white maize futures market. 
By comparison, Bohl et al. (2018) reported a mean of 0.48 on their speculative ratio for corn futures 
traded on the Dalian Commodity Exchange (DCE). Therefore, while still considerably high, the 
average daily level of excess-speculation in maize futures listed on SAFEX is smaller when com-
pared with the level observed corn futures listed on DCE. Bohl et al. (2018) assert that Chinese 
agriculture futures markets are among the most fast paced and rapidly developing markets in the 
world, with trading behaviour discerned as highly speculative. The findings from this paper there-
fore add to the argument that emerging agricultural futures markets exhibit high levels of spec-
ulative trading activity.

Earlier studies that proxy for speculation and hedging in futures markets, used trading volume 
and open interest alone, respectively (Rutledge (1979), Chen et al. (1995), and Kumar and Pandey 
(2010)). The speculative ratio in this study, however, measures the residual speculation in excess of 
that necessary to meet hedging demand. This paper therefore does not test if all speculation is 
detrimental, but instead if excessive speculation influences returns volatility. This distinction is 
important to reiterate when comparing the results of this paper to the results of similar studies. 
The Granger-causality and impulse response function results confirm unidirectional causality from 
the speculative ratio to returns volatility in SAFEX-traded white maize futures. This result is 
reinforced by the Block Exogeneity Wald test. These results contribute to the arguments of 

Table 6. VAR Granger Causality/ Block Exogeneity Wald Tests
Dependent variable: Volatility

Excluded Chi—sq df Prob.
SpecRatio 35.56385 3 0.0000

HedgeRatio 1.373485 3 0.7118

All 41.87972 6 0.0000

a

Source: Authors’ calculation from research dat 
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Working (1953) and Robles et al. (2009), who assert that only speculation in excess of hedging 
demand contributes to heightened volatility. Speculators therefore remain an intrinsic part of 
futures markets necessary to maintain liquidity and efficiency.

In addition to contributing to the risk management function of futures markets, these results also 
contribute to their price discovery function. In reviewing the examination of futures and spot prices, 
Tonin et al. (2020) outline the dispute that futures prices destabilize spot markets through speculation. 
According to the variance decomposition results in Section 5.2, volatility has less than 3% of its forecast 
error variance explained by a shock in the speculative ratio. This finding then contests the notion that 
the impact of speculation on volatility in white maize futures is considerable enough to destabilize spot 
maize prices and impair price discovery in this market.3 Hence, while the role of speculation has been 
analysed as a trigger for futures price returns volatility (Penone et al., 2022), significant evidence to 
corroborate speculation as a strong determinant of volatility has not been found.

The results from the variance decomposition show that most of the forecast error variance for 
volatility in maize futures stems from its own lagged values. Forthcoming research, therefore, will 
benefit from decomposing this volatility and analysing its determinants. One such contribution that 
can be extended is Sayed and Auret (2019). In their examination of the South African white maize 
futures market, Sayed and Auret (2019) employed the Dynamic Conditional Correlation (DCC) GARCH 
Model of Engle (2002) to investigate volatility spillover effects between grain futures, currency futures 
and equity futures listed on SAFEX. White maize futures were found to have a persistently strong 
interdependence with yellow maize, wheat, sunflower seeds, and the Rand/US Dollar exchange rate.

Other factors that have been found to affect volatility in agricultural futures include weather and 
macroeconomic fundamentals. More recently, Mitsas et al. (2022) investigated the impact of real- 
time global geopolitical risks, geopolitical acts, and geopolitical threats on commodity futures. 
They found geopolitical threats to have a weak but positive effect on the volatility of corn futures 
listed on the Chicago Mercantile Exchange (CME).

7. Conclusion
The objective of this paper was to estimate proxies for speculative and hedging activity in the 
South African white maize futures market in the absence of COT reports, using ratios estimated 
from daily trading activity data. The first ratio, of volume to open interest, was used to capture 
speculative market activity; and the second, the change in open interest to volume, was used to 
reflect the activity of hedgers. The relative dominance of speculative activity over hedging activity 

Table 7. Variance Decomposition
Explanatory 
variable Day

Speculative 
Ratio Volatility

Explanatory 
variable Day

Hedge 
Ratio Volatility

Volatility 1 0.05 99.95 Volatility 1 0.03 99.97

5 1.25 98.75 5 0.05 99.95

10 2.25 97.75 10 0.20 99.80

15 2.57 97.43 15 0.30 99.70

20 2.69 97.31 20 0.34 99.66

Speculative Ratio 1 100.00 0.00 Hedge Ratio 1 100.00 0.00

5 99.96 0.04 5 99.76 0.24

10 99.95 0.05 10 99.50 0.50

15 99.94 0.06 15 99.32 0.68

20 99.93 0.07 20 99.23 0.77

Source: Authors’ calculation from research data 
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was then examined against returns volatility under a VAR framework testing Granger-causality, 
variance decomposition and impulse response functions. The results confirm a substantial pre-
sence of speculative activity relative to hedging activity in the South African white maize futures 
market for the period April 2000 to May 2022.

The results for the VAR model verify that a positive and significant relationship exists between 
excess-speculation and volatility. The results also reveal, however, that the short-run dynamics 
displayed between speculative activity and returns volatility are negligible in size. It is doubtful 
therefore that speculative activity substantially influences returns volatility to the extent that strict 
position and price limits should remain in place. These findings add to the debate surrounding the 

Figure 6. Impulse Response 
Functions (Speculative Ratio 
and Volatility).

Figure 7. Impulse Response 
Functions (Hedge Ratio and 
Volatility).
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use of price and position limits on the South African white maize futures market. The implications 
of the results are that returns volatility is not being driven predominantly by excess-speculation, 
but still through changes in fundamentals, and that by imposing limits on futures exchanges, 
bona-fide hedging demand is being interrupted and impaired. Restrictive regulation of this nature 
runs the risk of affecting the liquidity and efficiency on futures exchanges that stakeholders such 
as farmers and food producers require in order to manage their risk.

The risk of regulatory tools impeding the efficient functioning of futures market is a debate that 
is common across global exchanges. On 30 January 2020, the Commodity Futures Trading 
Commission (CFTC) approved a “bona fide hedge” exemption to the rule on speculative position 
limits in futures and derivatives markets (Fatka, 2020). Going forward, position limits would be 
capped for traders with real hedging needs in futures markets for commodities such as wheat, 
corn, soybeans, cotton, and cattle, but not for speculators. This ruling recognises that the main 
beneficiaries of efficiently functioning futures markets are the hedgers and that their use of futures 
markets prevents the cost of risk-taking from filtering down to the price consumers pay for food.

The most apparent limitation of this paper is that speculation ratio, as defined by Garcia et al. 
(1986), is dependent on the assumption that hedgers and speculators have different holding 
period lengths and can be distinguished on this basis. However, studies by Wiley and Daigler 
(1998) and Ederington and Lee (2002) have found that hedgers tend to hold their futures market 
positions longer than speculators. These studies, however, are based on evidence found in the 
financial and energy futures markets, and not in agricultural futures. This limitation further 
reiterates the need for futures exchanges, like SAFEX, to make accessible commitment of traders 
reports similar to the CFTC so that the open interest split between commercial (hedgers) and non- 
commercial (speculators) can be more accurately observed and examined.

The USDA WASDE (2022) forecasts world corn production to decline following the reductions 
observed in Ukraine, the United States and China. They argue, however, that these reductions will 
be partially offset by increases in Brazil, Argentina, and South Africa. South Africa as a next 
exporter of maize, therefore, will continue to play an integral part in the global grains market, 
especially as price volatility is expected to increase. The informational efficiency of South African 
maize futures contracts therefore remains of critical importance and future studies will benefit 
from continuing to examine volatility, and its determinants, in this market.
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Notes
1. Price limits are a regulatory tool intended to control 

volatility in a financial market. For a detailed discussion 

surrounding price limits in futures markets see, Sayed 
and Auret (2018).

2. T = 1þ SS
HLþHSð Þ

jif HS � HL
n o

1þ SL
HLþHSð Þ

jif HS<HL
n o

, 
where HS (HL) are hedgers (commercial) short (long) 
positions and SS (SL) are speculators’ (non- 
commercial) short (long) positions.

3. For a detailed account on price discovery in the South 
African white maize futures market, see, Strydom and 
McCullough (2013) and Muroyiwa and Mushunje 
(2018).
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