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Motivation
 “Financialization” of commodity futures markets. 

 Dramatic increase in non-hedger trading activity in commodity futures markets starting 
around 2004. => Bubbles? ΔPrice discovery? ΔRisk-sharing?

 Cheng and Xiong (2013) survey.

 Debate over factor structure in commodity futures returns
 Bakshi, Gao and Rossi (2013). Yes

 Szymanowska, de Roon, Nijman, and van den Goorbergh (2014). Yes

 Daskalaki, Kostakis, and Skiadopoulos (2014). No

 Availability of high-frequency data of high quality since around 2004
 We can assess factor structure in realized volatility paralleling recent work in equity 

markets by Chen and Petkova (2012), and Kelly et al. (2014). 

 We can construct realized beta with the stock market.



Research Questions
1. What are the stylized facts of daily commodity futures (CF) returns and 

volatility? (next slide)

2. Is there a strong factor structure in CF returns? No

3. Do the realized stock market betas of CFs with the stock market vary 
significantly over time (here: 2004 – 2014)? Yes

4. Does the ratio of CF volatility explained by the stock market vary significantly 
over time? Yes

5. Is there a strong factor structure in CF volatility? Yes

6. Is the stock market strongly related to the common component of CF 
volatility? Yes



Stylized Facts (SFs)
1. Daily realized commodity futures volatility has very high persistence.

2. The log of realized commodity futures volatility is close to normally distributed.

3. Weak evidence of a factor structure in daily commodity futures returns (excl. meats.)

4. The factor structure in daily commodity futures volatility is much stronger than the 
factor structure in returns.

5. Little evidence of a time-trend in the degree of integration across commodity futures 
markets during the 2004-2014 period.

6. The strong common factor in commodity volatility is strongly related to stock market 
volatility.

7. Commodity betas with the stock market were high during 2008-2010 but have since 
returned to a level close to zero.

8. Commodity futures returns standardized by expected realized volatility are closer to 
normally distributed than the returns themselves but still display leptokurtosis.



Data and Cleaning
 From TickData we have intraday futures observations on more than 60 different 

commodities. We analyze more than 750 million trades.

 Focus on the 1/1/2004-31/12/2014 period. “Post-Financialization.”

 We restrict attention to commodities that are traded in either Chicago or New 
York during the entire period.

 We use Gorton, Hayashi and Rouwenhorst (2012) classification: 
1) energy, 2) metals, 3) grains, 4) softs, 5) meats.

 We choose the three most actively traded commodities within each type.

 S&P500 E-Mini futures data to proxy for the stock market.

 TickData’s proprietary algorithmic data filters. 

 Algorithm in Barndorff-Nielsen, Hansen, Lunde and Shephard (2009).





 Fig. 1: Daily closing prices for 15 
commodities and S&P500 (grey). 
Normalized. 

 Much heterogeneity across (and within) 
types. Same y-axis scale within types.



 Fig. 2: Number of ticks (black, left axis), 
volume (grey, left axis), and dollar
volume (dashed, right axis). Log-scales.

 “Financialization” (yearly averages).

 Numbers for “most active” only.  

Narrow 6 hour trading window for meats until June 2016



 Fig. 3: Daily trading 
hours (curly line). 

 The widest feasible 
estimation window is 
used for Rvol
computation.

 For Rcov, the estimation 
window corresponds to 
the overlap in trading 
hours between the 
commodity and the 
S&P500 E-mini.



Realized Measures

 5-minute Realized volatility (RVol) with subsampling on 1-
minute grid. 

ARMA(1,1) on log RVol to generate expected log RVol.

 Realized covariance (RCov) with S&P500 using 2-scale 
estimator again. 

.

Overnight adjustment using optimal weights on intraday and 
overnight volatility as in Hansen and Lunde (2005).



Fig. 4: Autocorrelation function of daily 
log-realized volatility.

SF1: log RVol is extremely persistent.



Fig. 5: QQ-Plot of daily log-realized 
volatility.

SF2: log RVol close to normally 
distributed.



• Fig. 7: Daily expected log-realized 
volatility from ARMA(1,1). 

• S&P500 in grey. 

• More commonality than in returns?
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The average R2 is 55% for volatilities versus 24% for returns.



Time-Varying Integration?

 We follow Pukthuanthong and Roll (2009):
 Regress the return on each commodity on first 10 PCs each year.

 Compute the 10 PCs annually using only the remaining 14 commodities.

 Plot annual adjusted R2 from regression.

 Results robust to using different number of PCs in the regression.

 We conduct same analysis on expected RVol.



Fig. 8: Time-varying market integration 
in returns (black) and expected 
volatility (grey).

SF5: No obvious time trend in 
integration. 



Commodity Futures and the Stock Market

 Regress each commodity PC on S&P500 to obtain a 
orthogonalized PCs.

 Regress the return for each commodity on S&P500 return 
and on first four orthogonalized PCs.

 Do the same for realized commodity log volatility with 
S&P500 log volatility.



Average R2 is 25%.

Average R2 is 55%.



Realized beta and Systematic Risk Ratio
 Realized beta is simply: 

 Systematic risk ratio is defined as:

 Interpret SRR as the commodity i variation that is explained by the market’s.

 Expected values of both using ARMA(1,1)s.

𝑅𝛽𝑖,𝑡 =
𝑅𝐶𝑜𝑣𝑖,𝑡

𝑅𝑉𝑆&𝑃500,𝑡

0 ≤ 𝑆𝑅𝑅𝑖,𝑡: =
𝑅𝛽𝑖,𝑡

2 ∙ 𝑅𝑉𝑆&𝑃500,𝑡

𝑅𝑉𝑖,𝑡
≤ 1



Fig. 9: Expected daily realized beta with 
the stock market clearly dynamic.
(75% and 90% bootstrapped confidence bands).

SF7: Several betas were large during and after 
financial crisis but have declined again.



Fig. 10: Expected daily systematic 
risk ratio with the stock market.
(75% and 90% bootstrapped confidence bands).



Fig. 11: Threshold correlations between 
commodity and stock market returns.
(Implied Gaussian threshold correlation in dashed line). 



Fig. 12: Threshold correlations between 
commodity and stock market expected 
log realized volatility. 
(Implied Gaussian threshold correlation in dashed line).



Extensions in Progress

• Study the relationship between emerging stock markets and commodity 
markets.

• Assessing the impact of time-to-delivery and seasonality on commodity 
volatility.

• Investigating macro drivers of commodity volatility and beta.

• Checking robustness on sub-periods.



Commodities and MSCI Emerging Markets I
Daily Closing Prices

61% return correlation



Commodities and MSCI Emerging Markets II
Daily Expected Log Rvol



Commodities and MSCI Emerging Markets III
Daily Expected Beta

S&P Market Beta Peak

Smaller beta than for S&P



Commodities and MSCI Emerging Markets IV
Daily Expected SRR



log(RV) vs. the number of days until next roll. 

Volatility does not appear to be systematically 
different close to the roll-date (no Samuelson).



Summary
1. Daily realized commodity futures volatility has very high persistence.

2. The log of realized commodity futures volatility is close to normally distributed.

3. Weak evidence of a factor structure in daily commodity futures returns (excl. meats.)

4. The factor structure in daily commodity futures volatility is much stronger than the 
factor structure in returns.

5. Little evidence of a time-trend in the degree of integration across commodity 
futures markets during the 2004-2014 period.

6. Strong common factor in commodity volatility largely driven by stock market vol.

7. Commodity betas with the stock market were high during 2008-2010 but have since 
returned to a level close to zero.

8. Commodity futures returns standardized by expected realized volatility are closer to 
normally distributed than the returns themselves but still display leptokurtosis.



Appendix



Figure 13: QQ Plot of Daily Stock Return 
Shocks. 

SF8: Return shocks still leptokurtotic.






