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Abstract 13 

This study examines how speculative and hedging sentiments influence the returns and 14 

volatilities of energy futures markets. We construct speculative and hedging sentiment 15 

indices based on the weekly data of fund and commercial positions of four energy futures: 16 

crude oil, heating oil, gasoline, and natural gas, traded on the New York Mercantile Exchange 17 

(NYMEX) from 15 January 2013 to 5 February 2019. Our study demonstrates that 18 

speculative sentiment generates greater market fluctuations in the energy futures markets 19 

than hedging sentiment; and, further, speculative sentiment stimulates a reversal effect on 20 

the returns of crude oil futures. Moreover, speculative sentiment exerts positive systemic risk 21 

compensation on the four futures’ returns, whereas hedging sentiment alleviates volatilities 22 

in the energy futures markets. Most notably, distinguishing it from the leverage effect in 23 

stock markets, the speculative sentiment in the energy futures markets is influenced more by 24 

good than by bad news; while hedging sentiment exhibits emotional neutrality, as opposed 25 

to its impact on stock markets as reported in the literature. Additionally, the positive hedging 26 

sentiment in crude oil futures demonstrates significant systemic risk compensation, whereas 27 

the three other futures do not have an influence, confirming the prevalence of speculation in 28 

hedging transactions in crude oil futures. Our further analysis shows cross-market volatility 29 

spillover effects, among which speculative sentiment inherent in crude oil futures causes 30 

volatility spillovers to the three other futures, while hedging sentiment has no such effect. 31 

Our study has implications for o 32 

verseeing international energy futures markets, providing regulators with evidence that will 33 

facilitate the development of effective strategies to strengthen market supervision. 34 
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Returns and volatilities of energy futures markets: 44 

The roles of speculative and hedging sentiments  45 

1. Introduction 46 

During the last two decades, increasing global energy demand and energy trade volumes 47 

between countries have resulted in greater volatility in the international energy market (He 48 

et al., 2018). A large number of studies have been devoted to analysing this phenomenon 49 

from within the rational expectations framework (e.g., Caldara et al., 2019; Chen and Xu, 50 

2019, Yu et al., 2019). Since Baker and Wurgler (2006), studies increasingly seek 51 

explanations from a behavioral perspective (Kim et al., 2014; Huang et al., 2015). This strand 52 

of research has focused on the examination of the returns and volatilities of the energy 53 

futures market from the point of view of investors’ sentiment (Deeney et al., 2015; Du et al., 54 

2016; Qadan and Nama, 2018). However, very few studies have considered investors’ 55 

sentiment from the perspectives of different types of investor. Investors in futures markets – 56 

comprising mainly speculators and hedgers 1 - vary in terms of their financial strength, 57 

product cognition, risk management and investment experience, which leads to differing 58 

impacts of speculative and hedging behaviors on market returns and volatilities (Wang, 2002; 59 

Ji et al., 2019). Against a background of turmoil in current global energy markets, caused by 60 

wars, financial crises, and the gradual shift from fossil-based fuels to sources of renewable 61 

energy, research into energy market volatilities and the part played by investors could not be 62 

more timely, and will provide vital evidence for market makers and regulators. Therefore, 63 

in this study we examine how the speculative and hedging sentiments of investors influence 64 

the returns and volatilities of energy futures markets. 65 

Speculators in energy futures have similar characteristics to those in other financial 66 

markets, such as stock markets (Yu et al., 2019). They utilize large investment funds and 67 

commodity index funds, and manage futures funds for leveraged trading, or even short-68 

selling, to earn speculative profits. Therefore, speculators in the energy futures market 69 

 
1 According to the U.S. Commodity Futures Commission (CFTC), categories of trader in the futures and 

options markets include speculators, hedgers and arbitrageurs. With the fast development of modern financial 

markets and the improvement of the regulatory system, the number of arbitrageurs in the futures market has 

decreased. In comparison, speculators and hedgers have gradually come to dominate the market (Wang, 2002; 

Ji et al., 2019). 
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employ similar transmission mechanisms with respect to market returns and experience high 70 

levels of volatility as investors in stock markets do, and thus their influence on the energy 71 

futures market is arguably similar to that of investors on stock markets. For instance, 72 

Büyükşahin et al. (2011) apply Granger Causality tests to examine the relationship between 73 

speculators and crude oil prices, and show that changes in crude oil prices will cause changes 74 

in speculative positions; while Ji et al. (2019) demonstrate that in the crude oil futures market, 75 

investor sentiment, when analyzed by type of trader, is highly correlated with market returns.  76 

However, hedgers in the energy futures market differ significantly from those seeking 77 

speculative gains. They are primarily participants in the commodity industry chain of the 78 

futures market, or may be consumers, using futures contracts for risk hedging to avoid losses 79 

to be caused by spot market price fluctuations. Thus, hedgers in the energy futures market 80 

tend to be highly concentrated in the airlines industry and some energy product 81 

manufacturers, and their demand for hedges in the energy futures market is therefore 82 

relatively predictable, enabling other investors to base their judgments on their behavioral 83 

propensities and investment preferences. Moreover, as a contract reaches maturity and the 84 

expiry date approaches, hedging will cause the futures contract prices and spot prices to 85 

converge. Consequently, in theory, the effect of hedging sentiment on the energy futures 86 

market may not be as significant as that of speculative sentiment, which distinguishes it from 87 

the influence exerted by speculators on the futures market. Yang and Wan (2010) observe 88 

that hedgers in metal futures have no significant impact on the market. Moreover, it may be 89 

the case where some speculators engage in speculation in the name of hedging, which would 90 

add noise to the market perception of hedgers’ behavior. 91 

Therefore, it is important to investigate and compare speculative sentiment and hedging 92 

sentiment in the energy futures markets. To do so, we employ fund and commercial positions’ 93 

data from the U.S. Commodity Futures Trading Commission (CFTC) to construct two types 94 

of speculative sentiment and hedging sentiment indicators, which is similar to the approach 95 

of the COT index2.  96 

 
2 The COT index is also called as commitments of Traders Index. COT index = (current net amount-minimum 

net amount) ÷ (maximum net amount-minimum net amount). Current net is current difference between net 

position of commercial and speculative groups; Minimum net is minimum difference between net position 
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Further research demonstrates that sentiments play an important role in generating 97 

information spillovers, influencing price returns of crude oil futures (Ji et al., 2019). Other 98 

studies show that information is transmitted between the crude oil, heating oil, gasoline and 99 

natural gas futures markets (Hammoudeh et al., 2003; Du et al., 2011; Antonakakis et al., 100 

2014; Baruni et al., 2015). As a result, the sentiment of the energy futures market may have 101 

heterogeneous impacts on different energy futures markets and cross-market impacts on each 102 

market’s returns and volatilities. Thus, we select data on crude oil, heating oil, gasoline and 103 

natural gas from the New York Mercantile Exchange (NYMEX) energy futures market 104 

between 15 January 2013 to 5 February 2019 to examine the heterogeneous nature of the 105 

energy futures market, focusing on these four energy futures platforms to analyze how 106 

information is transmitted between them. Additionally, we study the impact of sentiment on 107 

the futures market from the following three perspectives.  108 

First, we examine the impact of speculative and hedging sentiments on the risk-return 109 

relationship respectively. As discussed above, speculators in the energy futures market are 110 

very similar to those in the stock market, which leads us to hypothesize that the former exert 111 

a similar influence on the returns and volatilities of futures markets as the latter effect in the 112 

stock market (Baker and Wurgler, 2006; Stambaugh et al., 2012; Kim et al., 2014; Huang et 113 

al., 2015; Aboody et al., 2018). In contrast, hedgers in energy futures markets help to 114 

stabilize the market by reducing the fluctuations of returns and limiting opportunities for 115 

profit-taking. Our empirical results confirm the influence of speculative sentiment on returns 116 

in the heating oil, gasoline, and natural gas futures markets to be negative, and that 117 

speculative sentiment in the four energy futures will significantly increase market volatilities, 118 

which is consistent with the behavior of a stock market. Moreover, similar to Ji et al. (2019), 119 

we find that the effect of hedging sentiment on the returns of the four energy futures markets 120 

(crude oil, heating oil, gasoline, and natural gas) is not significant, suggesting that hedging 121 

sentiment alleviates the volatility of the energy futures markets, in contrast to the activities 122 

 
of business and speculative group; Maximum net amount is maximum difference between net position of 

commercial and speculative groups; Net position is the number of open positions in a given group minus  the 

number of open positions. 
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of speculators, who engage in speculation to earn profits. However, we identify an interesting 123 

phenomenon, revealing that speculative sentiment first exerts a negative effect on returns in 124 

the crude oil futures market, followed by a positive reversal effect. The crude oil futures 125 

market has higher financial attributes than the three other futures markets (Basak and 126 

Pavlova, 2016), and therefore when speculative sentiment rises, speculators in the crude oil 127 

market tend to buy futures contracts in large quantities, raising prices and decreasing returns. 128 

Subsequently, speculators sell off for arbitrage, causing futures prices to fall and returns to 129 

rise. This renders the impact of the relationship between speculative sentiment and market 130 

returns in the crude oil futures market at first negative and then positive, indicating a reversal 131 

effect. This original finding provides market traders with a novel investment insight. 132 

Second, we investigate the asymmetric impacts of both speculative and hedging 133 

sentiments on information transmission. From the market news’ perspective, we examine the 134 

leverage effect of speculative and hedging sentiments. The non-renewability of energy and 135 

the imbalance between supply and demand induces speculators in the energy market to be 136 

less risk-averse and more optimistic about market prospects. They tend to be influenced more 137 

by good than by bad news, which differs from the leverage effect observed in the stock 138 

market (Braun et al., 1995; David and Rao, 2011; Koulakiotis, 2015). However, hedgers, 139 

such as airlines, often need to carry out essential hedging business in the futures market, 140 

suggesting that hedging sentiment is affected less by market news, regardless of whether it 141 

is good or bad, and that its emotional impact is therefore neutral. From the investor sentiment 142 

perspective, we analyze the influence of the positive and negative sentiments of speculators 143 

and hedgers upon fluctuations in the energy futures market. In recent years, many companies 144 

have speculated, to their cost, by investing in hedges in this market. For example, in 2018, 145 

Sinopec incurred a huge loss in trading energy futures to this effect. Indeed, engaging in 146 

speculation in the form of hedging is one of the primary causes of such losses, since 147 

commercial positions are not based on carefully considered trading plans, with the 148 

consequence that speculative positions are mixed in with hedging positions in the energy 149 

futures market, creating uncertainty in perceptions of the intrinsic reality. Therefore, the 150 

positive and negative sentiments of hedgers may have differing effects on market 151 
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fluctuations, depending on how they are affected by the speculative positions adopted. 152 

Empirical analysis demonstrates that speculative sentiment in these four energy futures is 153 

influenced more by good news than by bad, and that the effect of hedging sentiment is not 154 

significant because it tends to be neutral, which distinguishes it from the leverage effect 155 

observed in traditional financial markets, where the impact of bad news on sentiment is 156 

greater than the impact of good news. Moreover, positive hedging sentiment in crude oil 157 

futures significantly increases market volatilities, whereas negative hedging sentiment does 158 

not, signifying that in the crude oil futures market speculators are concealing their activities 159 

under the guise of hedging. This suggests that there are some hedgers, among the wider 160 

population of genuine hedgers, who engage in speculation while evading the scrutiny of 161 

regulators. 162 

Finally, we examine the cross-market impact of the two investor sentiments in four 163 

energy futures markets. It is evidenced that speculative investors select preferred assets for 164 

their own portfolios, which are a combination of different types of futures. The returns and 165 

volatilities of each energy futures would also affect selections for the portfolio and hence 166 

speculative sentiments in other markets. In contrast, hedgers tend to choose those energy 167 

futures that can offset risks in spot markets, generating lesser cross-market impacts. Our 168 

empirical results reveal that speculative sentiment in the crude oil futures markets has 169 

significant cross-market volatility spillovers, affecting the heating oil, gasoline, and natural 170 

gas markets, demonstrating that the crude oil futures differ from the three other futures. 171 

Earlier studies show that the crude oil futures market generates significant information 172 

transmission with respect to the heating oil, gasoline, and natural gas futures markets (Ewing 173 

et al., 2002; Hartley et al., 2008; Aloui et al., 2014; Wang et al., 2016). When speculative 174 

sentiment in the crude oil futures market increases, volatilities in the three other energy 175 

futures markets will also increase, as the risks of the energy futures market as a whole will 176 

increase. In contrast, hedging sentiment in the four futures markets does not have cross-177 

market volatility spillovers. Some hedgers, such as airlines and energy product 178 

manufacturers, have relatively stable and predictable demands, their anticipated trading 179 

patterns enable other investors to develop expectations and investment preferences. In 180 
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addition, the energy futures market is dominated by powerful speculators, including large 181 

fund companies and institutional speculators, so that hedgers cannot play a significant role 182 

in influencing market spillover effects. Therefore, hedging sentiment will not increase 183 

market volatilities, nor generate cross-market spillover effects in the energy futures markets. 184 

The structure of the rest of the paper is organized as follows: Section two discusses the 185 

literature review and hypothesis development. Section three discusses research methods and 186 

empirical approaches. Section four presents and discusses the empirical results. Section five 187 

concludes and offers recommendations.  188 

2. Literature review and hypothesis development  189 

Research shows that speculators in the energy futures market are very similar to those 190 

in the stock market, buying low and selling high in order to profit from intermediate spreads 191 

(Baker and Wurgler, 2006; Huang et al., 2015). Therefore, speculators in the energy futures 192 

market utlilize transmission mechanisms that generate similar impacts on market returns to 193 

those in the stock market (Stambaugh et al., 2012; Kim et al., 2014; Aboody et al., 2018). 194 

This suggests that the relationship between speculative sentiment and returns for the energy 195 

futures market are consistent with observed stock market behaviors, which displays a 196 

negative relationship. Further, with respect to individual energy futures, speculative 197 

sentiment in the crude oil futures significantly increases market volatilities and exerts 198 

positive systemic risk compensation (Ji et al. (2019). With an increase in speculative 199 

sentiment, speculators buy and sell in large quantities, generating frequent market 200 

transactions and large price fluctuations.  201 

However, hedging activities are motivated by the desire to reduce risk (Johnson, 1960), 202 

and therefore hedgers differ significantly from speculators in their behaviors (Wang, 2002; 203 

Ji et al., 2019). Hedgers in the energy futures market, such as airlines and some energy 204 

product manufacturers, have fixed objectives, so their demand for hedging business in the 205 

energy futures market is relatively predictable, which enables other investors to have 206 

confidence when they develop expectations and investment preferences. In particular, when 207 

contract maturity is imminent and an expiry date approaches, hedging transactions will lead 208 
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to a convergence of futures contract prices and spot prices. Moreover, the energy futures 209 

market is dominated by powerful speculators, such as fund companies and speculative 210 

institutions, making it impossible for hedgers to play an influential role in determining 211 

market returns and volatilities. 212 

Research shows that the behavior of speculators in the energy futures market is very 213 

similar to speculators’ behavior in the stock market, since both seek to buy low and sell high, 214 

making large gains from intermediate spreads (Baker and Wurgler, 2006; Huang et al., 2015). 215 

Therefore, speculators utilize similar transmission mechanisms of market returns to those in 216 

the stock market (Stambaugh et al., 2012; Kim et al., 2014; Aboody et al., 2018). This 217 

suggests that the relationship between speculative sentiment and market returns should be 218 

consistent with the traditional stock market, demonstrating a negative relationship. 219 

Furthermore, Ji et al. (2019) show that speculative sentiment in the crude oil futures market 220 

can significantly increase market volatilities and exert positive systemic risk compensation. 221 

When speculative sentiment increases, speculators in the energy futures market buy and sell 222 

in large volumes, generating frequent market transactions and large price fluctuations.  223 

Therefore, we expect speculators and hedgers to have different impacts on the risk-224 

return relationship in the energy futures market. Arguably, speculative sentiment will 225 

increase fluctuations in the energy futures market and hence positive systemic risk 226 

compensation; whereas hedgers reduce speculation and limit opportunities for earning profit 227 

and hence may relieve the market volatilities induced by speculators. Based on the foregoing 228 

discussions, we propose our first hypothesis as follows: 229 

H1A:  Speculative sentiment is negatively correlated with energy futures market 230 

returns. The negative relationship is likely to differ across the four energy 231 

futures markets. 232 

H1B:  Hedging sentiment is likely to alleviate volatilities in the energy futures 233 

markets.  234 

Further, traditional fossil fuel-based energy is scarce and non-renewable, which has led 235 

to an imbalance between supply and demand in the traditional energy market (Liu et al., 236 
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2019). As a consequence, speculators in the energy futures market are less risk-averse and 237 

more optimistic about market prospects. Therefore, when speculators learn of good news, 238 

they will buy a large number of futures contracts; but when speculators hear bad news, they 239 

may not sell many contracts, preferring to believe that market prospects are favorable, and 240 

may even continue to buy. In effect, they inclined to be influenced more by good news, which 241 

differs from the leverage effect of the stock market where bad news has a greater influence 242 

than good news (Braun et al., 1995; David and Rao, 2011; Koulakiotis, 2015). Furthermore, 243 

with an increase in positive/negative speculative sentiments, market speculators will buy/sell 244 

many futures contracts, increasing market trading volumes and causing frequent price 245 

fluctuations, which is also consistent with the effect of speculative sentiment in the stock 246 

market. 247 

As discussed in H1B, hedgers in the energy futures market have fixed objectives, such 248 

as those exhibited by airlines and some energy product manufacturers. In order to smooth 249 

the effect of price fluctuations in the energy spot market, they often take on hedges in the 250 

futures market, suggesting that hedging sentiment is less affected by market news, regardless 251 

of whether it is good or bad, because decisions to buy or sell are more emotionally neutral. 252 

Furthermore, in recent years, many companies have used hedging as a form of speculation 253 

in the energy futures market, with the consequence that some speculators, misrepresenting 254 

themselves as hedgers, are concealed among the population of bona fide hedgers. The 255 

inclusion of such speculators among hedgers will increase market trading, leading to an 256 

increase in speculative sentiment. Thus, positive hedging sentiment has a similar effect on 257 

the market as speculative sentiment, which may significantly increase market volatilities. 258 

Further, the impact of negative hedging sentiment may not be as significant. As a result, we 259 

expect the symmetry of the reactions of speculative and hedging sentiments to market 260 

information to be different. Positive speculative sentiment and negative speculative 261 

sentiment may both significantly increase the volatility of the energy futures market and 262 

generate systemic risk compensation for futures markets’ returns; whereas hedging 263 

sentiment may not be significantly affected by market news. Based on the foregoing 264 

discussions, we propose our second hypothesis as follows: 265 
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H2A:  Speculative sentiment in the energy futures markets is likely to be affected more 266 

by good than by bad news. 267 

H2B:  Positive hedging sentiment is likely to increase market volatilities, while 268 

negative hedging sentiment is unlikely to increase market volatilities. 269 

Further, existing research has shown that crude oil, heating oil, gasoline, and natural 270 

gas futures markets are interconnected (Ewing et al., 2002; Hartley et al., 2008; Aloui et al., 271 

2014; Wang et al., 2016; Yu et al., 2019). Moreover, speculators frequently buy and sell 272 

futures contracts in the futures market, which increases market price volatilities, causing 273 

volatility spillovers among energy futures in the futures market. Thus, speculative sentiment 274 

may have cross-market volatility spillover effects. 275 

However, hedgers are different from speculators who frequently trade to earn profits. 276 

As hedging sentiment rises and speculative sentiment falls, speculative behavior and 277 

transaction frequency will decrease, thereby reducing price fluctuations. Hedging sentiment 278 

somewhat alleviates price volatilities, which will also reduce volatility spillover effects on 279 

other energy futures markets. This arguably suggests that the cross-market volatility 280 

spillover effect may not be significant with hedging sentiment. We argue that speculative 281 

sentiment and hedging sentiment will generate different cross-market spillover effects. 282 

Based on the foregoing discussions, we propose our third hypothesis as follows: 283 

H3A: Speculative sentiment is likely to have a significant cross-market volatility 284 

spillover effect among the four energy futures markets. 285 

H3B: Hedging sentiment is unlikely to have a significant cross-market volatility 286 

spillover effect among the four energy futures markets. 287 

 288 

3. Research design and methods  289 

3.1. Data and sample  290 

We obtain the financial data from the Wind database and the Straight Flush database 291 

for the period from 15 January 2013 to 5 February 2019. We extract the energy future data 292 

from weekly position reports issued by the New York Energy Futures Trading Commission . 293 
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In alignment with the classification of the investor account of the U.S. New York Energy 294 

Futures Trading Commission, we collect fund positions and the commercial positions of 295 

crude oil, heating oil, gasoline, and natural gas from the New York Mercantile Exchange 296 

(NYMEX).  297 

We have 2,544 observations of short and long positions for constructing speculative 298 

and hedging sentiments; and 1,272 observations of the daily closing price for constructing 299 

weekly average returns for our empirical analyses.   300 

3.2. Construction of investor sentiment 301 

The number of positions is an intuitive reflection of investor behavior (Zhu et al., 2018; 302 

Nikolay and lbrahim, 2018). Using positions to build investor sentiment can provide a more-303 

intuitive understanding of trader actions than the number of long or short contracts. We 304 

construct the investor sentiment index according to energy futures traders’ weekly funds 305 

positions and the commercial positions of the NYMEX, as specified in equation (1) below3.  306 

                                                          SIit
j =

OI
it
j

−min(OI
it
j )

max(OI
it
j )−min(OI

it
j )

                                                    (1) 307 

where 𝑆𝐼𝑖𝑡
𝑗

  is the sentiment of investor i in market j at time t, where i includes 308 

speculators and hedgers, and j represents crude oil, natural gas, heating oil, and gasoline 309 

futures, respectively; 𝑂𝐼𝑖𝑡
𝑗
 is the position of investor i in market j at time t; 𝑚𝑖𝑛(𝑂𝐼𝑖𝑡

𝑗 ) and 310 

𝑚𝑎𝑥(𝑂𝐼𝑖𝑡
𝑗

) refer to the minimum and maximum positions held by different investors during 311 

the sample period. 𝑆𝐼𝑖𝑡
𝑗

 reflects the behavior of investors in the futures market. When the 312 

number of positions of investors increases, this indicates that both long and short positions 313 

are opening. Thus, market investors are increasingly interested in the contract, which shows 314 

that investor sentiment is high. Conversely, when the volume of positions decreases, it 315 

indicates that both long and short positions are leaving the market, and investors’ interest in 316 

the contract is reduced, signifying that investor sentiment is declining. The index reflects 317 

 
3 Equation (1) constructs investor sentiment index based on the current overall position and the historical 

maximum.  
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changes in the sentiment of different investors in the energy futures market, quantifying 318 

investor sentiment between different futures markets and facilitating comparisons. The 319 

sentiment index is similar in nature to other sentiment indices in the financial markets and is 320 

widely accepted by futures market makers (Wang, 2002; Yang and Wan, 2010; Ji et al., 2019). 321 

3.3. The relationship between investor sentiments and market returns of the energy 322 

futures markets 323 

The interaction between investor sentiments and the market is principally reflected in 324 

market returns and volatilities (Wang et al., 2016; Liu et al., 2017; Chen and Xu, 2018; Chen 325 

et al., 2019; He et al., 2019). Previous investor sentiment has an impact on current futures 326 

market returns; for instance, investor sentiment is often used to predict future market returns 327 

(Deeney et al., 2015; Du et al., 2016; Qadan and Nama, 2018). Based on this, our study 328 

focuses on the relationship between investor sentiment in different time periods and energy 329 

futures market returns. In addition, macroeconomic fluctuations, which are a “basic factor” 330 

directly affecting the cash flow of futures markets (Yan et al., 2004; Chen et al., 2019), also 331 

have an impact on energy futures market returns, which is consistent with the behavior of 332 

traditional stock markets. When macroeconomic fluctuations rise or fall, transactions in the 333 

futures market will increase or decrease accordingly, affecting market prices and returns. 334 

Therefore, we utilize money supply (M2) as a proxy indicator for macroeconomics to study 335 

the additional explanatory power of speculative sentiment and hedging sentiment on energy 336 

futures returns, which is consistent with related studies (Andoh and Chappell, 2002; Malkiel 337 

and Quandt, 2012; Chen et al., 2019). The OLS regression equation is specified as follows: 338 

                                                      𝑅𝑡
𝑗 = 𝛼0

𝑗 + 𝛽0
𝑗 𝑆𝐼𝑡−𝑖

𝑗 + 𝛿0
𝑗𝐷𝑀2+𝜇𝑡

𝑗                                              (2) 339 

where 𝑅𝑡
𝑗
 is the return of energy futures market j; 𝑆𝐼𝑡

𝑗
 is speculative sentiment and 340 

hedging sentiment of energy futures market j 
4; DM2 is the growth rate of money supply M2. 341 

Before we carry out the regression analysis, we, first of all, test the stability of each 342 

 
4 Since the investor sentiment variables are often not stable, we use investor sentiment changes ∆SIt

𝑗
 instead 

of investor sentiment 𝑆𝐼𝑡
𝑗
. Therefore, the investor sentiment in our analysis is the investor sentiment change 

∆SIt
𝑗
. 
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variable. Since investor sentiment variables are often unstable, we use investor sentiment 343 

changes instead of investor sentiment. We perform the unit root test, and the results are 344 

reported in Table 1. The results show that all variables are significantly stable at the 1% level, 345 

which indicates that all variables can be used in the regression. Moreover, the investor 346 

sentiment index of the energy futures market has a volatility aggregation effect. Given this 347 

phenomenon, we adopt the TGARCH model by taking account of the short-term effect of 348 

futures markets’ returns and the asymmetric effects of investor sentiments that good news 349 

and bad news have different impacts. Thus, we adopt the ARMA-TGARCH-M (1,1) model 350 

for this study. 351 

Insert Table 1 here. 352 

Because the investor sentiments indices of energy futures present a high level of 353 

volatility and aggregation, we apply the conditional heteroscedastic model to take into 354 

account of the residual term of the linear regression model. Given the short-term inertia 355 

effect of returns, whereby the returns of the previous period have an impact on the returns 356 

of the later period; and the asymmetric impact of investor sentiments on market returns, 357 

whereby good news and bad news have different effects on market returns, we adopt the 358 

ARMA-TGARCH-M (1,1) model, according to the AIC and SC criteria, as follows: 359 

                             𝑅𝑡
𝑗 = 𝐶0 + 𝛽0SIt

𝑗 + 𝛾0 𝑅𝑡−1
𝑗 + 𝛿0 (𝜎𝑡

𝑗)2 + 𝜏0DM2 +  ε𝑡                             (3) 360 

             (𝜎𝑡
𝑗
)2 = 𝐶1 + 𝛽1휀𝑡−1

2 + 𝛾1 휀𝑡−1
2 𝑑𝑡−1 + 𝛿1𝜎𝑡−1

2                   (4) 361 

where 𝑅𝑡
𝑗
 is the return of market j at time t; (𝜎𝑡

𝑗)2 is the volatility of the rate of return 362 

of market j at time t; 𝐶0 and 𝐶1 are the constant terms of the mean and variance equations, 363 

respectively; DM2 is the growth rate of money supply, M2; ε𝑡 is the residual value of the 364 

mean estimate and obeys the Gaussian distribution; 𝛽0 is the impact of investor sentiment 365 

on market returns; 𝑑𝑡−1 is the virtual variable; 𝛾1 휀𝑡−1
2 𝑑𝑡−1 is an asymmetrical effect term, 366 

which captures the asymmetric impact to be caused by good news and bad news in the market 367 

on the fluctuation of market returns. 368 
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3.4. The relationship between positive and negative investor sentiments on fluctuations 369 

of the energy futures markets 370 

The prevalence of “taking speculation in the name of hedging” in the futures market in 371 

recent years (Yang and Wan, 2010) has caused hedging sentiment in the energy futures 372 

market to be abnormally high. It is widely observed that positive hedging sentiment is mixed 373 

in closely with speculative sentiment, making it difficult to distinguish between speculative 374 

behavior and hedging behavior. To investigate the effects of the positive sentiment and 375 

negative sentiment of speculators and hedgers on volatilities of energy futures markets, we 376 

add investor sentiment fluctuations, (SIt
j )

2
, and investor sentiment dummy variables, 𝐷𝑡−1

𝑗
, 377 

to the ARMA-TGARCH-M (1, 1) model in equation (5) and equation (6), respectively, as 378 

follows: 379 

                            𝑅𝑡
𝑗 = 𝐶0 + 𝛽0𝜎𝑡

𝑗 + 𝛾0 𝑅𝑡−𝑖
𝑗 +𝛿0SIt

𝑗 + 𝜏0 DM2 + ε𝑡                                   (5) 380 

(𝜎𝑡
𝑗
)2 = 𝐶1 + 𝛽1휀𝑡−1

2 + 𝛾1 휀𝑡−1
2 𝑑𝑡−1 + 𝛿1𝜎𝑡−1

2 + 𝜏1(SIt
j)

2
𝐷𝑡−1

𝑗
+ 381 

                                                              𝜑1(SIt
j )

2
(1 − 𝐷𝑡−1

𝑗
)                                                   (6)  382 

where (SIt
𝑗 )

2
  represents the volatility of investor sentiments5 . We set the dummy 383 

variable 𝐷𝑡−1
𝑗

 =1 when SIt
𝑗 > 0, and 𝐷𝑡−1

𝑗
 =0 when SIt

𝑗 ≤ 0. 𝜏1  and 𝜑1   represent the 384 

impact of positive investor sentiment and negative investor sentiment on market volatilities. 385 

All the other variables are the same as in equations (3) and (4). 386 

 387 

3.5. The cross-market impact of investor sentiments and fluctuations of the four energy 388 

futures markets  389 

Crude oil, heating oil, gasoline, and natural gas futures markets, which account for a 390 

large proportion of trading volumes in the energy futures market, are heterogeneous and 391 

interconnected (Ewing et al., 2002; Hartley et al., 2008; Aloui et al., 2014; Wang et al., 2016). 392 

In addition, the price of energy futures markets have fluctuated greatly, and trading risks 393 

 
5 The average of investor sentiment changes is close to zero; therefore, the variance of investor sentiment 

changes can be approximated as (∆SIt

𝑗 )
2
. 
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have also increased, creating obvious cross-market spillover risk in recent years. Therefore, 394 

we select crude oil, heating oil, gasoline, and natural gas futures markets for our study. 395 

To examine the cross-market spillover effects of sentiment in the four energy futures 396 

markets (Arouri et al., 2012), we adopt vector autoregressive (VAR). The VAR model is 397 

specified as follows: 398 

                                𝜎𝑡
𝑗 = 𝑐0 + ∑ 𝛽0

𝑖=𝑛

𝑖=0

𝑆𝐼𝑡−𝑖
𝑗 + ∑ 𝛾1

𝑖=𝑛

𝑖=1

𝜎𝑡−𝑖
𝑗 + 휀0                                         (7) 399 

where 𝜎𝑡
𝑗
  is the volatility of the rate of return of market j at time t; 𝑆𝐼𝑡−𝑖

𝑗
  is the 400 

speculative sentiment and hedging sentiment of the energy futures market j; i is the lag order, 401 

which is determined according to the information criteria. 402 

Table 2 presents descriptive statistics of speculative and hedging sentiments in the crude 403 

oil, heating oil, gasoline, and natural gas energy futures markets, based on fund positions 404 

and commercial positions, as well as energy futures market returns. The statistics show that 405 

the mean of speculative sentiment, hedging sentiment and market returns of the energy 406 

futures market is small, because it is close to zero in the three cases. Energy futures returns, 407 

however, fluctuate significantly. This is largely due to the increased fluctuations in energy 408 

futures prices in recent years. In respect of the skewness of the variables, the sentiment 409 

indices are left-biased in most cases, while market returns are right-biased in all cases. 410 

Furthermore, based on the kurtosis statistics reported in Table 2, the distributions of energy 411 

futures returns are characterized by leptokurtic and fat-tail6. The J-B statistic shows that the 412 

futures returns are significantly deviated from the normal distribution at the 5% significance 413 

level.  414 

Insert Table 2 here. 415 

Further, Figure 1 presents the distinctive patterns of the speculative sentiment and 416 

hedging sentiment of the four energy futures markets. Figure 1 clearly shows that the 417 

 
6 The kurtosis assesses the data distribution. The kurtosis of the normal distribution is 3. the kurtosis of each 

energy futures return series is greater than 3, as in Table 2. 
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speculative sentiment of the four energy futures markets generally demonstrates an upward 418 

trend from 2013 to 2018, which starts to decline after 2018. This trend is largely because 419 

international oil prices have risen rapidly in past years and had already reached a high level 420 

before 2018. In order to earn greater profits, OPEC oil-producing countries have 421 

significantly increased production to offset the supply shortage caused by U.S. sanctions on 422 

Iran ’s oil exports7. However, the United States surprised the market by suddenly granting 423 

exemptions to eight major importing countries, causing a surge in oil supplies and a sharp 424 

drop in oil prices8. Furthermore, international trade frictions, such as that between China and 425 

the United States, exacerbate world economic instability (Yan and Amp, 2019; Yu et al., 426 

2020). As a result, speculative sentiment of the international energy futures market quickly 427 

declines. Further, it is interesting to observe that the speculative sentiment in the crude oil 428 

market is higher than that of the heating oil, gasoline and natural gas markets, indicating that 429 

the financial attributes of the crude oil futures market are higher than the three other markets, 430 

as suggested by Basak and Pavlova (2016).  431 

However, the hedging sentiment of the crude oil futures market carries a similar pattern 432 

to speculative sentiment after 2018. Some speculators, who have not been identified by 433 

regulators among the hedgers, are engaging in speculation “in the name of hedging” in the 434 

crude oil futures market (Yang and Wan, 2010). This suggests that hedging sentiment in the 435 

crude oil futures market is mixed with speculative sentiment. Furthermore, the hedging 436 

sentiment of the three other energy futures markets does not exhibit a significant trend. 437 

Insert Figure 1 here. 438 

4. Empirical results and discussions  439 

4.1. The relationship between investor sentiments and market returns of the energy 440 

futures markets  441 

The interaction between investor sentiment and the market is principally reflected in 442 

the impact on market returns and volatilities (Chen and Xu, 2018; Chen et al., 2019; He et 443 

 
7 The discussion is available at https://www.sohu.com/a/252266140_488177. 

8 The discussion is available at https://finance.sina.com.cn. 

https://finance.sina.com.cn/
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al., 2019). In this study, we examine the additional explanatory power of speculative 444 

sentiment and hedging sentiment on energy futures market returns based on macroeconomic 445 

M2 growth rate change, as shown in equation (2). The results are reported in Table 3. 446 

Insert Table 3 here. 447 

Different from existing studies (e.g., Ji et al. (2019), we examine the influence of 448 

investor sentiment on the energy futures market in different time periods. Our investigation 449 

generates an interesting finding that the relationship between speculative sentiment and 450 

returns in the crude oil futures is negative at first and then turns positive, demonstrating a 451 

reversal effect (𝛽0 = -16.2337, t= -3.4323; 𝛽1 = -18.6507, t= -3.9746; 𝛽2 =14.2526; t= -452 

2.9457). This phenomenon is largely due to the higher speculative financial attributes of the 453 

crude oil futures caused by speculators’ behavior (Basak and Pavlova, 2016). When 454 

speculative sentiment rises, speculators in the crude oil futures market tend to buy futures 455 

contracts in large quantities, which raises prices and decreases returns. Subsequently, 456 

speculators quickly sell off for arbitrage, causing futures prices to fall and returns to rise. 457 

Such a reversal effect does not accord with the negative relationship between sentiment and 458 

returns in the stock market (Baker and Wurgler, 2006; Stambaugh et al., 2012; Kim et al., 459 

2014; Aboody et al., 2018), providing novel insights for market traders in their investment 460 

decision making. In contrast, the influence of speculative sentiment of the three other futures, 461 

i.e., heating oil (𝛽0= -10.8922, t= -2.1680), gasoline (𝛽0= -13.3203, t= -2.3808), and natural 462 

gas (𝛽0= -4.3125, t= -1.8910), on the returns of energy futures is consistent with its impact 463 

on the stock market, showing a significant negative relationship. 464 

However, the effect of hedging sentiment on the returns of the above four energy futures 465 

markets is not significant. Since hedgers in the energy futures market have fixed objectives, 466 

as in the case of airlines and some energy product manufacturers, their demand for hedging 467 

business in the energy futures market is relatively predictable. Therefore, the hedging 468 

transactions of the energy futures market means that the number of futures contracts needing 469 

to be traded in a certain period is relatively fixed, enabling other investors to develop sound 470 

expectations and investment preferences. As a date of maturity draws near, as a consequence 471 
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of the hedging behavior, futures contract prices and spot prices converge. Moreover, the 472 

energy futures market is dominated by powerful speculators, including fund companies and 473 

speculative institutions, so that hedgers have been unable to exert any real influence on the 474 

futures market. Consequently, even if hedging sentiment changes, its effect on futures market 475 

returns is insignificant, which is also consistent with other related research (Yang, 2010; 476 

Bohl et al., 2011; Xu and Wan, 2015). On the other hand, the impact of speculative sentiment 477 

on the energy futures market is more significant (Wang, 2002; Kaufmann and Ullman, 2009; 478 

Ji et al., 2019). Finally, although 𝛿0 is not significantly positive, it still indicates a positive 479 

relationship between macroeconomic and energy futures market returns. 480 

Since financial time series mostly exhibit a heteroscedasticity problem caused by 481 

volatility aggregation, before using the GARCH model, the ARCH-LM is used to test 482 

whether there is an ARCH effect in the residual sequence of (3), and the results are shown 483 

in Table 4. 484 

Insert Table 4 here. 485 

As can be seen from Table 4, the residual sequence test statistic is significant at the 99% 486 

significance level, indicating that the residual sequence has a high-order ARCH effect. In 487 

order to obtain the unbiased estimation of the residual term, the residual term of the linear 488 

regression model is modelled by the conditional heteroscedasticity model in our analysis. 489 

Many previous studies use the GARCH model to examine the impact of investor 490 

sentiment on market volatilities. However, since investors in the energy futures market are 491 

classified as either speculators or hedgers, good news and bad news are anticipated to 492 

influence investor sentiments differently. On the one hand, due to the non-renewability and 493 

the supply and demand issues of energy, speculators in the energy futures market are more 494 

motivated and optimistic about the market, more willing to believe that there is good news 495 

in the market, and more easily influenced by good news. On the other hand, hedgers in the 496 

energy futures market (such as airlines) often need to undertake necessary hedging because 497 

they have a long-term need for energy and need to avoid losses due to energy spot price 498 

fluctuations. Hedging sentiment is less affected by market news, whether it is good or bad, 499 
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because it is more emotionally neutral. We adopt the TGARCH-M model to examine the 500 

different effects of good news and bad news on these two types of sentiments in the energy 501 

futures market. The results are presented in Table 5. 502 

Insert Table 5 here. 503 

The results of Table 5 demonstrate that speculative sentiment in the four energy futures 504 

markets has a positive systemic risk compensation for market returns, which will increase 505 

market volatilities (Crude Oil: 𝛿0=3.8146, z=2.9349; Heating Oil: 𝛿0=1.4265, z=2.6805; 506 

Gasoline: 𝛿0=0.9133, z=1.9133; Natural Gas: 𝛿0=1.6335, z=2.7506). Ji et al. (2019) have 507 

made the same observation in respect of the crude oil futures markets. Moreover, speculative 508 

sentiment generates a greater impact on market fluctuations than hedging sentiment, which 509 

is consistent with other studies (Kaufmann et al., 2009; Wang et al., 2016). Furthermore, 510 

speculative sentiment on the four energy futures markets is significant when 𝛾1  00, 511 

indicating that speculative sentiment is more affected by good than bad news, which differs 512 

from the contention with respect to the leverage effect of stock markets that bad news causes 513 

greater market volatilities than good news (Braun et al., 1995; David and Rao, 2011; 514 

Koulakiotis, 2015). We conjecture that because traditional fossil fuel energy is scarce leading 515 

to an imbalance of supply and demand of non-renewables, speculators in the energy futures 516 

market are less risk-averse and more willing to believe that the futures market offers high 517 

prospective profits. When speculators hear good news, they will buy a large number of 518 

futures contracts; but when they hear bad news, they may not sell many contracts; instead 519 

hold on to them in the belief that market prospects are good, and may even continue to buy. 520 

In contrast, 𝛾1 , representing the hedging sentiment of the above four futures markets, is not 521 

statistically significant. Hedgers, such as airline companies, often take offsetting positions 522 

to eliminate the volatility associated with the price of the underlying assets in the futures 523 

market, and therefore are affected less by market news, whether it is good or bad, 524 

demonstrating emotional neutrality. 525 

 526 

 527 
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4.2. The relationship between positive and negative investor sentiments and 528 

fluctuations in the energy futures markets 529 

In recent years, it is widely observed that companies have increasingly carried out 530 

hedging businesses in the energy futures market, which has led to a rapid rise of hedging 531 

sentiment (Yang and Wan, 2010; Ji et al., 2019). However, the hedging transactions of many 532 

companies have suffered enormous losses, which induces investors to question whether 533 

these companies are using hedges as speculative instruments. Arguably, when speculative 534 

sentiment is mixed with hedging sentiment, hedging sentiment is anticipated to abnormally 535 

high and positive. Therefore, we introduce the positive and negative sentiments of 536 

speculators and hedgers9 to the TGARCH-M model and examine the extent to which their 537 

effects on the energy futures markets differ. The results are reported in Table 6. 538 

Insert Table 6 here. 539 

The results show that the positive speculative sentiment, 𝜏1, has a significant impact 540 

on the market volatility of the four energy futures. However, only the positive hedging 541 

sentiment of the crude oil futures market significantly increases the volatility of the energy 542 

futures market (Crude Oil: 𝜏1 =387.7932, t=3.4723), which is similar to the impact of 543 

speculative sentiment on the crude oil futures market. In contrast, both positive and negative 544 

hedging sentiments in the three other futures markets are not significant, indicating that 545 

positive hedging sentiment in the crude oil futures market is mixed in closely with 546 

speculative sentiment. These are the evidence to signify that there are some speculators, 547 

unidentified by regulators, among the wider population of hedgers. Their ability to 548 

misrepresent speculation as hedging indicates the ineffectiveness of monitoring and controls 549 

in the crude oil futures market, strongly suggesting that the regulatory authorities should 550 

strengthen regulation and supervision without delay. 551 

4.3. The cross-market impact of investor sentiments in the energy futures markets 552 

Due to sharp price fluctuations in the energy futures market in recent decades, trading 553 

 
9 When the change in investor sentiment is greater than 0, it is defined as positive; otherwise it is negative.  
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risk in the energy futures market has significantly increased (Bu and He, 2011; Jing et al., 554 

2018; Ji et al., 2019). Moreover, crude oil, heating oil, gasoline, and natural gas futures 555 

markets are interconnected (Ewing et al., 2002; Hartley et al., 2008; Aloui et al., 2014; Wang 556 

et al., 2016), which may lead to spillovers of investor sentiment in the energy futures market. 557 

To test this possibility, we examine the cross-market volatility effects of speculative 558 

sentiment and hedging sentiment in four energy futures markets, and the results are reported 559 

in Table 7. 560 

Insert Table 7 here. 561 

Table 7 reports the VAR regression results on the cross-market volatility spillover 562 

effects of speculative sentiment and hedging sentiment of the four energy futures markets. 563 

The lag order is determined at the second order through the information criteria of AIC and 564 

SIC, and therefore we use lag 2 in the regression. This indicates that the cross-market impact 565 

of speculative sentiment and hedging sentiment is significant only in the short term. Table 7 566 

further shows that the speculative sentiment of the crude oil futures market generates a 567 

positive cross-market volatility spillover effect on the three other markets (Heating oil: 568 

5.4472, t=2.2597; 8.0812, t=3.3797; Gasoline: 14.4039, t=3.1927; Natural gas: 5.0203, 569 

t=1.8597). These results indicate that with the increase of speculative sentiment in the crude 570 

oil futures market, volatility in other energy futures markets will increase and hence the risks 571 

of the energy futures market will also increase. However, the cross-market volatility effects 572 

of speculative sentiment in the three other futures markets are not significant, mainly because 573 

the financial attributes of the crude oil futures market are higher than the three other energy 574 

futures markets (Basak and Pavlova, 2016), which determines significant spillover effects of 575 

crude oil futures on other energy futures. In contrast, hedging sentiment 576 

(𝑆𝐼𝑡𝑎𝑜 −1 and 𝑆𝐼𝑡𝑎𝑜−2) has no significant cross-market volatility spillover effect onto the four 577 

energy futures markets. This is significant evidence to suggest that the energy futures market 578 

is dominated by large fund institutions (Yang and Wan, 2010), so that hedgers cannot fully 579 

play a part in influencing the impact of cross-market spillover (Krista and Schwarz, 2012).  580 

 581 
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5. Conclusion 582 

This study investigates the different effects of speculative sentiment and hedging 583 

sentiment on returns and volatilities of energy futures markets. We construct speculative and 584 

hedging sentiment indices based on the weekly data of fund and commercial positions of 585 

four energy futures: crude oil, heating oil, gasoline, and natural gas, traded on the New York 586 

Mercantile Exchange (NYMEX). We find the relationship between speculative sentiment 587 

and market returns in crude oil futures to be first negative and then positive, exhibiting a 588 

reversal effect, which is different from the negative relationship of the three other energy 589 

futures. Moreover, speculative sentiment exerts positive systemic risk compensation on the 590 

four energy futures returns, which is consistent with the impact of speculative sentiment on 591 

stock markets; whereas the effect of hedging sentiment on the returns of the four energy 592 

futures is not significant, suggesting that hedging sentiment alleviates volatilities in the 593 

energy futures markets. 594 

Further, we examine the leverage effect of speculative sentiment and hedging sentiment. 595 

Speculative sentiment in the four energy futures markets is affected more by good than by 596 

bad news, which is different from the leverage effect observed in stock markets, to the effect 597 

that bad news exerts a stronger influence than good news (Braun et al., 1995; David and Rao, 598 

2011; Chen et al., 2019). However, companies whose profits depend upon price stability, 599 

such as airline companies, often need to undertake precautionary hedging against possible 600 

losses caused by energy price fluctuations; and hence, hedging sentiment is less affected by 601 

market news, regardless of whether it is good or bad, demonstrating emotional neutrality. 602 

Furthermore, the positive hedging sentiment in crude oil futures exhibits significant systemic 603 

risk compensation, whereas the three other futures do not have an influence, confirming the 604 

prevalence of speculation in hedging transactions in crude oil futures. These findings are 605 

clear evidence that speculators engage in hedging in the crude oil futures market, and the 606 

regulatory authorities should therefore strengthen their control of such behaviors. In this 607 

respect, our study reveals the need for regulatory measures to reinforce the standardization 608 

of position management in the futures market. This can be achieved by establishing effective 609 

and separate risk control systems for speculative and hedging positions, arguably by utilizing 610 
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the margin and position limit systems. Moreover, there needs to be a formal process for the 611 

approval of hedging accounts, and regulators should insist on a risk-description for hedging 612 

position exemption. 613 

Finally, our study demonstrates that speculative sentiment inherent in crude oil futures 614 

causes positive volatility spillovers to the three other futures, while speculative sentiment in 615 

the three other markets exerts no cross-market spillover effects. In addition, hedging 616 

sentiment causes no significant cross-market volatility spillover effects between the four 617 

energy futures markets. Our spillover analysis thus provides persuasive and valid evidence 618 

that regulators must strengthen supervision of the crude oil market to ensure that it is not 619 

destabilized by those intent upon earning short-term, speculative profits at the expense of 620 

long-term, dedicated investors.  621 
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Table 1. Unit root test 765 

Variable ADF value Significance level  

1% 5% 10% 

SS𝑦𝑦 -5.0330*** -3.4518 -2.8709 -2.5718 stationary 

SH𝑦𝑦  -4.3789*** -3.4518 -2.8709 2.5718 stationary 

SS𝑞𝑛𝑦  -4.6770*** -3.4520 -2.8710 -2.5719 stationary 

SH𝑞𝑛𝑦  -7.0032*** -3.4517 -2.8708 -2.5718 stationary 

SS𝑞𝑦  -10.1961*** -3.4515 -2.8707 -2.5717 stationary 

SH𝑞𝑦  -4.5912*** -3.4518 -2.8709 -2.5718 stationary 

SS𝑡𝑟𝑞  -6.1650*** -3.4519 -2.8709 -2.5718 stationary 

SH𝑡𝑟𝑞  -6.1286*** -3.4519 -2.8709 -2.5718 stationary 

𝑅𝑦𝑦  -6.8734*** -3.4521 -2.8710 -2.5719 stationary 

𝑅𝑞𝑛𝑦  -7.7085*** -3.4520 -2.8710 -2.5719 stationary 

𝑅𝑞𝑦  -8.2908*** -3.4519 -2.8709 -2.5718 stationary 

𝑅𝑡𝑟𝑞  -9.0015*** -3.4517 -2.8708 -2.5718 stationary 

Notes: This table reports the stationarity of each variable used in this study. 𝑆𝑆𝑦𝑦, 𝑆𝐻𝑦𝑦 , 𝑆𝑆𝑞𝑛𝑦 , 𝑆𝐻𝑞𝑛𝑦 , 𝑆𝑆𝑞𝑦 , 766 

𝑆𝐻𝑞𝑦 , 𝑆𝑆𝑡𝑟𝑞 and 𝑆𝐻𝑡𝑟𝑞 refer to the speculative sentiment of crude oil futures; the hedging sentiment of crude 767 

oil futures; the speculative sentiment of heating oil futures; the hedging sentiment of heating oil futures; the 768 

speculative sentiment of gasoline futures; the hedging sentiment of gasoline futures; the speculative sentiment 769 

of natural gas futures; and the hedging sentiment of natural gas futures, respectively. 𝑅𝑦𝑦 , 𝑅𝑞𝑛𝑦 , 𝑅𝑞𝑦  and 770 

𝑅𝑡𝑟𝑞  refer to the return of crude oil futures, the return of heating oil futures, the return of gasoline futures, and 771 

the return of natural gas futures, respectively. ***, **, and * indicate confidence levels at 1%, 5% and 10%, 772 

respectively. 773 

  774 
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Table 2. Descriptive statistics 775 

Notes: This table reports the summary statistics of speculative sentiment, hedging sentiment and returns of the 776 

four energy futures markets. 𝑆𝑆𝑦𝑦 , 𝑆𝐻𝑦𝑦  , 𝑆𝑆𝑞𝑛𝑦  , 𝑆𝐻𝑞𝑛𝑦  , 𝑆𝑆𝑞𝑦  , 𝑆𝐻𝑞𝑦  , 𝑆𝑆𝑡𝑟𝑞  and 𝑆𝐻𝑡𝑟𝑞  refer to the 777 

speculative sentiment of crude oil futures; the hedging sentiment of crude oil futures; the speculative sentiment 778 

of heating oil futures; the hedging sentiment of heating oil futures; the speculative sentiment of gasoline futures; 779 

the hedging sentiment of gasoline futures; the speculative sentiment of natural gas futures; and the hedging 780 

sentiment of natural gas futures, respectively. 𝑅𝑦𝑦  , 𝑅𝑞𝑛𝑦  , 𝑅𝑞𝑦   and 𝑅𝑡𝑟𝑞   refer to the return of crude oil 781 

futures, the return of heating oil futures, the return of gasoline futures, and the return of natural gas futures, 782 

respectively. ***, **, and * indicate confidence levels at 1%, 5% and 10%, respectively. 783 

 784 

 785 

 786 

 787 

 788 

 789 

Variable Mean Median Maximum Minimum Standard 

deviation 

Skewness Kurtosis J-Bera value 

SS𝑦𝑦  0.001091 0.000988 0.2137 -0.27622 0.05269 0.126018 6.612043 172.0737*** 

SH𝑦𝑦  0.001469 0.002261 0.1012 -0.10083 0.036325 -0.09899 3.187988 0.97831 

SS𝑞𝑛𝑦  0.000174 0.000648 0.1168 -0.22908 0.045192 -0.67177 5.919946 135.597*** 

SH𝑞𝑛𝑦  0.000817 -0.00358 0.2033 -0.22397 0.06519 0.099604 3.029412 0.532203 

SS𝑞𝑦  0.000657 0.000809 0.1398 -0.18671 0.048415 -0.44936 4.549661 42.1200*** 

SH𝑞𝑦  0.000698 0.006165 0.1525 -0.19058 0.057991 -0.18816 3.090781 1.966937 

SS𝑡𝑟𝑞 -0.00094 -0.00542 0.2241 -0.25833 0.065667 0.02506 3.793217 8.2911*** 

SH𝑡𝑟𝑞  0.001699 9.94E-05 0.1144 -0.12881 0.039564 -0.23479 3.627333 8.05954*** 

𝑅𝑦𝑦  0.000371 -0.50727 23.4199 -18.305 6.058544 0.534826 4.434679 42.0323*** 

𝑅𝑞𝑛𝑦  0.004937 -0.28391 24.4288 -18.1707 5.509032 0.418322 5.499834 91.2075*** 

𝑅𝑞𝑦  0.013996 -0.55256 36.5454 -28.1732 6.7729 0.46329 6.599177 181.2907*** 

𝑅𝑡𝑟𝑞  -0.05517 -0.00695 32.1236 -30.6688 7.976462 0.062704 4.954172 50.3280*** 
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Figure 1. Speculative sentiment and hedging sentiment in four energy futures markets 790 

Notes: This figure presents the dynamic trends of speculative sentiment and hedging sentiment in the crude oil, 791 

heating oil, gasoline, and natural gas energy futures markets for the period of 15 th January 2013 – 15th January 792 

2019, respectively. 793 

 794 

  795 
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Table 3. Regression results of the impact of investor sentiments on energy futures market 796 

returns 797 

 Speculative sentiment Hedging sentiment 

 𝑅𝑦𝑦 𝑅𝑞𝑛𝑦 𝑅𝑞𝑦 𝑅𝑡𝑟𝑞 𝑅𝑦𝑦 𝑅𝑞𝑛𝑦 𝑅𝑞𝑦 𝑅𝑡𝑟𝑞 

𝛽0 -16.2337*** 

(-3.4323) 

-10.8922*** 

(-2.1680) 

-13.3203*** 

(-2.3808) 

-4.3125** 

（-1.8910） 

3.0727 

（0.4376） 

5.0425 

(1.4373) 

1.5315 

（0.3206） 

9.8056 

（1.2085） 

𝛿0 0.0440 

(0.1279) 

0.2696 

(0.8583) 

0.1706 

(0.4550) 

0.3787 

（0.8591） 

0.1887 

(0.5349) 

0.2581 

(0.8155) 

0.2245 

（0.5858） 

0.3190 

（0.7161） 

𝛽1 -18.6507*** 

(-3.9746) 

-4.9406 

(-0.9799) 

-5.8775 

(-1.0401) 

-8.4677* 

（-1.7513） 

0.0761 

(0.2225) 

6.0803 

(1.7274) 

6.7579 

（1.3680） 

13.8432* 

(1.7304) 

𝛿1 0.0761 

(0.2225) 

0.1807 

(0.5732) 

0.1819 

(0.4808) 

0.4810 

（1.0949） 

1.7361 

(0.3504) 

0.2801 

(0.8851) 

0.3690 

（0.9310） 

0.4496 

(1.0265) 

𝛽2 14.2526*** 

(2.9457) 

-6.4031 

(-1.2694) 

-0.0120 

(-0.0021) 

5.5474 

（1.1450） 

6.2277 

(0.8395) 

5.0019 

(1.4264) 

0.9001 

（0.0188） 

8.6967 

(1.0811) 

𝛿2 0.3450 

(0.9756) 

0.1724 

(0.5466) 

0.2001 

(0.5291) 

0.3886 

（0.8847） 

0.0607 

(0.1627) 

0.1492 

(0.4717) 

0.2018 

（0.5257） 

0.4011 

(0.9136) 

𝛽3 11.4758* 

(1.6536) 

-0.0158 

（-0.0031） 

-6.5930 

(-1.1639) 

0.1375 

（0.0283） 

2.9557 

(0.4150) 

2.1609 

（0.6093） 

0.2976 

（0.0605） 

8.1911 

(1.0162) 

𝛿3 0.1940 

(0.5562) 

0.1854 

（0.5130） 

0.1334 

(0.34990 

0.3433 

（0.7781） 

0.2077 

(0.5775) 

0.1549 

(0.4818) 

0.1724 

 （0.4356） 

0.3296 

(0.7480) 

Notes: This table reports results of the impact of speculative sentiment and hedging sentiment on energy futures market 798 

returns. 𝛽𝑖 (i=0, 1, 2, 3) is the coefficient of influence of investor sentiment on energy futures market returns . 𝛿𝑖 799 

(i=0, 1, 2, 3) is the coefficient of influence of macroeconomic variable DM2 on energy futures market returns. 𝑅𝑦𝑦 , 800 

𝑅𝑞𝑛𝑦 , 𝑅𝑞𝑦  and 𝑅𝑡𝑟𝑞  refer to the return of crude oil futures, the return of heating oil futures, the return of gasoline 801 

futures, and the return of natural gas futures, respectively. The t value statistic is in parentheses. ***, **, and * indicate 802 

confidence levels at 1%, 5% and 10%, respectively. 803 

 804 

  805 
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Table 4. ARCH-LM test 806 

Variable F statistic Is there an ARCH effect? 

𝑅𝑦𝑦  Speculation 23.0757*** Yes 

Hedging 22.5456*** 

𝑅𝑞𝑛𝑦  Speculation 28.8988*** Yes 

Hedging 32.2221*** 

𝑅𝑞𝑦  Speculation 48.1808*** Yes 

Hedging 48.7159*** 

𝑅𝑡𝑟𝑞  Speculation 74.0116*** Yes 

Hedging 68.0106*** 

Notes: This table reports the results of the ARCH effect in market returns. 𝑅𝑦𝑦 , 807 

𝑅𝑞𝑛𝑦 , 𝑅𝑞𝑦  and 𝑅𝑡𝑟𝑞  refer to the return of crude oil futures, the return of heating 808 

oil futures, the return of gasoline futures, and the return of natural gas futures, 809 

respectively. The F value statistic is in parentheses. ***, **, and * indicate 810 

confidence levels at 1%, 5% and 10%, respectively. 811 

 812 

  813 
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Table 5. TGARCH-M (1, 1) model results of investor sentiments and energy futures 814 

market returns  815 

Speculative sentiment  Hedging sentiment  

𝑅𝑦𝑦 𝑅𝑞𝑛𝑦 𝑅𝑞𝑦 𝑅𝑡𝑟𝑞 𝑅𝑦𝑦 𝑅𝑞𝑛𝑦 𝑅𝑞𝑦 𝑅𝑡𝑟𝑞 

 Mean equation       

𝛽0 -9.9850*** 

（-2.4693） 

-21.6956*** 

(-5.4300) 

-16.1889*** 

（-3.9624） 

-6.7483 

（-1.1130） 

3.3297 

（0.5856） 

3.0800 

（1.2467） 

2.9447 

（0.8191） 

6.2398 

（0.7622） 

𝛾0 0.1230** 

（2.1988） 

0.1058** 

(2.2580) 

0.0132 

（0.2216） 

0.0315 

（0.4390） 

0.1558*** 

（2.6464） 

0.0934* 

（1.8159） 

0.0854 

（1.4528） 

0.0050 

（0.0774） 

𝛿0 3.8146*** 

(2.9349) 

1.4265*** 

（2.6805） 

0.9133** 

(1.9133) 

1.6335*** 

（2.7506） 

0.2154 

（1.9633） 

0.1234 

（0.8307） 

0.1320

（0.8294） 

0.1249 

（0.4136） 

𝜏0 0.2880 

（1.2810） 

0.3258 

（1.2266） 

0.4363 

（1.4242） 

0.3812 

（0.9479） 

0.2346 

（1.0083） 

0.3555* 

（1.7405） 

0.2608 

（0.8911） 

0.2817 

（0.6889） 

 Variance equation       

𝛽1 -0.0909*** 

（-5.6296） 

-0.0511** 

(-2.1507) 

-0.0139 

（-1.0281） 

0.0402 

（0.4966） 

-0.1149*** 

（-69.0946） 

-0.0869*** 

（-4.5729） 

0.0136 

（0.1275） 

0.1608* 

（1.8814） 

𝛾1 -0.1358*** 

（-4.8855） 

-0.3324** 

(-2.4534) 

-0.2216*** 

（-12.4136） 

-0.0142** 

（-2.1406） 

0.1897 

（1.3123） 

0.1642 

（0.3669） 

0.8477 

（0.9862） 

0.0521 

（1.5230） 

𝛿1 1.0204*** 

(6751.353) 

0.4653*** 

(4.8432) 

0.9218*** 

（44.9450） 

0.5804** 

（2.3044） 

1.0061 

（0.6839） 

1.0675 

（0.1106） 

0.6036 

（0.4576） 

0.7008 

（0.6970） 

Notes: This table presents the results of the impact of speculative sentiment and hedging sentiment on market returns 816 

fluctuations. In the mean equations, 𝛽0 is the coefficient of the influence of investor sentiment on energy futures 817 

market returns. 𝛾0  is the coefficient of the influence of market returns of the previous period on market returns of the 818 

current period. 𝛿0 is the systemic risk compensation coefficient of investor sentiment on energy futures’ returns. 𝜏0 819 

is the coefficient of the influence of macroeconomic variable, DM2, on energy futures market returns. In the variance 820 

equations, 𝛽1 is the coefficient of the influence of the residuals on market volatilities. 𝛾1 is the coefficient of the 821 

influence of news on market returns. 𝛿1 is the coefficient of the influence of previous market volatilities on current 822 

market volatilities. The z-statistics are in parentheses. ***, **, and * indicate confidence levels at 1%, 5% and 10%, 823 

respectively. 824 

. 825 

  826 



34 

 

 827 

Table 6. The impact of positive and negative investor sentiments on the energy futures 828 

markets  829 

 Speculative sentiment Hedging sentiment 

𝑅𝑦𝑦 𝑅𝑞𝑛𝑦 𝑅𝑞𝑦 𝑅𝑡𝑟𝑞 𝑅𝑦𝑦 𝑅𝑞𝑛𝑦 𝑅𝑞𝑦 𝑅𝑡𝑟𝑞 

𝜏1 798.8785** 

(1.7807) 

-2008.446*** 

(-8.6182) 

-613.0688*** 

（-4.4555） 

-855.7333*** 

（-5.9578） 

387.7932*** 

（3.4723） 

-9.6817 

（-0.1499） 

-342.7273 

（-0.5574） 

-303.9257 

（-0.3449） 

𝜑1 -122.1670 

(-1.1682) 

-434.1900*** 

(-10.5437) 

-304.2907*** 

（-3.6614） 

-717.8182 

（-1.4668） 

-169.7004 

（-0.8812） 

87.1613 

（1.1315） 

-936.2740 

（-1.0545） 

-12.4923 

（0.0206） 

Notes: This table reports the results of the impact of positive and negative sentiment on en ergy futures market 830 

volatility.  𝑅𝑦𝑦 , 𝑅𝑞𝑛𝑦 , 𝑅𝑞𝑦  and 𝑅𝑡𝑟𝑞  refer to the return of crude oil futures, the return of heating oil futures, the 831 

return of gasoline futures, and the return of natural gas futures, respectively. 𝜏1 and 𝜑1 represent the impact of 832 

positive investor sentiments and negative investor sentiments on market volatility. The t value statistic is in 833 

parentheses. ***, **, and * indicate confidence levels at 1%, 5% and 10%, respectively. 834 
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Table 7. The cross-market impact of investor sentiments and energy futures market 861 

volatilities 862 

 

Sentiment 

Market volatility 

𝜎𝑦𝑢𝑎𝑛 𝜎𝑞𝑢 𝜎𝑞𝑖 𝜎𝑡𝑖𝑎𝑛 

Crude Oil 

𝑆𝐼𝑡𝑜𝑢−1 6.6797*** 

（2.6954） 

5.4472*** 

（2.2597） 

0.0936 

（0.0206） 

5.0203** 

（1.8597） 

𝑆𝐼𝑡𝑜𝑢−2 8.3882*** 

（3.4125） 

8.0812*** 

（3.3797） 

14.4039*** 

（3.1927） 

-12.8524 

（-1.1851） 

𝑆𝐼𝑡𝑎𝑜−1 -5.2692 

（-1.4865） 

-2.0995 

（-0.6089） 

-7.1611 

(-1.3007) 

2.7854 

（1.5781） 

𝑆𝐼𝑡𝑎𝑜−2 -5.5899 

（-1.5814） 

-7.3456 

（-1.4364） 

-5.5333 

（-0.8529） 

14.6640 

（0.9403） 

Heating Oil 

𝑆𝐼𝑡𝑜𝑢−1 -1.2684  

（-0.4037） 

-3.7739** 

（-1.8354） 

1.3668 

（0.2372） 

-1.9325 

（-0.1360） 

𝑆𝐼𝑡𝑜𝑢−2 -7.1895 

（-0.6575） 

3.8263 

（1.3010） 

5.0231 

（0.9054） 

2.2670 

（0.1657） 

𝑆𝐼𝑡𝑎𝑜−1 -3.4763 

（-1.6494） 

-2.8994 

（-1.5863） 

-0.4565 

（-0.1324） 

-11.1654 

（-1.3132） 

𝑆𝐼𝑡𝑎𝑜−2 -1.4484 

（-0.8749） 

-1.1237 

（-0.6147） 

-6.9787 

（-1.0239） 

-1.2730 

（-0.1497） 

Gasoline 

𝑆𝐼𝑡𝑜𝑢−1 -2.6550 

（-0.8845） 

-1.6772 

（-0.5746） 

-7.0485*** 

（-1.9801） 

2.3511 

（0.1732） 

𝑆𝐼𝑡𝑜𝑢−2 -1.3807 

（-0.4658） 

-1.6364 

（-0.5678） 

-0.8425 

（-0.1550） 

9.0596 

（0.6758） 

𝑆𝐼𝑡𝑎𝑜−1 -1.2664 

（-0.6956） 

1.1179 

（0.5407） 

-2.0839 

（-0.5344） 

-3.8688 

（-0.4023） 

𝑆𝐼𝑡𝑎𝑜−2 -1.6151 

（-0.7451） 

-0.9158 

（-0.4345） 

-0.3569 

（-0.0897） 

-2.5262 

（-0.2576） 

Natural Gas 

𝑆𝐼𝑡𝑜𝑢−1 -2.7124 

（-1.4865） 

-1.8624 

（-1.0497） 

-1.9656 

（-0.5873） 

-9.3002 

（-1.1268） 
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𝑆𝐼𝑡𝑜𝑢−2 -0.2938 

（-0.1602） 

-1.5205 

（-0.8523） 

-5.8613 

（-1.7417） 

-0.5983** 

(-1.9121) 

𝑆𝐼𝑡𝑎𝑜−1 0.1190 

(0.0391) 

-0.7995 

(-0.2691) 

-0.7965 

(-0.1429) 

-0.0937 

(-0.0068) 

𝑆𝐼𝑡𝑎𝑜−2 -0.2609 

（-0.0401） 

-3.5199 

(-1.1630) 

-8.0386 

(-1.4080) 

0.0913 

(0.0065) 

Notes: This table reports the results of the cross-market impact of investor sentiment on the volatility 863 

of energy futures markets. 𝑅𝑦𝑦 , 𝑅𝑞𝑛𝑦 , 𝑅𝑞𝑦  and 𝑅𝑡𝑟𝑞  refer to the return of crude oil futures, the 864 

return of heating oil futures, the return of gasoline futures, and the return of natural gas futures, 865 

respectively. 𝑆𝐼𝑡𝑜𝑢  and 𝑆𝐼𝑡𝑎𝑜 represent changes of speculative sentiment and hedging sentiment, 866 

respectively. 𝜎𝑦𝑢𝑎𝑛, 𝜎𝑞𝑢 , 𝜎𝑞𝑖  and  𝜎𝑡𝑖𝑎𝑛  represent the volatility of crude oil, heating oil, gasoline, 867 

and natural gas markets, respectively. The t value statistic is in parentheses. ***, **, and * indicate 868 

confidence levels at 1%, 5% and 10%, respectively. 869 
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