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Abstract 
The financial risk analysis of commodity markets has become an increasingly important issue in 
the recent decade. However, studies about commodities portfolio diversification benefits are 
limited. An analysis of commodities as a portfolio (rather than a single asset) should generate more 
interest from investors since the portfolio enhances single asset due to diversification benefit. This 
paper investigates the diversification benefits and consequences of portfolio in financialized 
commodity markets. Using eight financialized commodities at different data frequencies (daily, 
weekly and monthly) to construct seven equally weighted portfolios, we calculate portfolios value-
at-risk (VaR) and expected shortfall (ES). Then, we perform back testing at 99 percent, 95 percent 
and 90 percent VaR levels. We find that on average commodities portfolios tend to have less 
accurate VaR and higher number of returns that are lower than ES. We conclude that even though 
portfolios have diversification benefits such as reducing risk and capital requirements, there are 
also unintended consequences. 
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Contribution of this paper to the literature 
This paper contributes to the literature in twofold. First, this paper extends further previous research on 
commodity volatility modeling by considering commodity portfolio volatility rather than single 
commodity volatility. Second, it offers new perspective of investigating portfolio VaR and ES in 
commodity markets. 

 

1. Introduction 
The financial risk analysis of commodity markets has become an increasingly important issue in the recent 

decade. One of the reasons is that a dramatic increase in the investments of commodity markets (Basak and 
Pavlova, 2016). They realize huge price increases and prices fluctuations in the commodity markets. Another paper 
by Casassus and Dufresne (2005) also documents a tremendous growth in commodity derivatives markets. 
Specifically, according to Daskalaki and Skiadopoulos (2011) there is a $9 billion increase in commodity 
investments from 2006 to 2009.  

Furthermore, Irwin and Sanders (2011) note that there are more than $100 billion invested from 2004 to 2008 
in the commodity futures markets. Basu and Miffre (2013) also reports that there is a huge increase from $18 
billion in 2003 to $250 billion in 2010 for commodities institutional investments.  

Overall, we can conclude that there are more investors putting their money in commodity markets in the last 
decade. This is called financialization of commodity markets (see further in (Stoll and Whaley, 2010; Tang and 
Xiong, 2012)).  

However, studies about commodities portfolio diversification benefits are limited. Existing studies about risks 
in commodity markets are limited to modeling volatility (Jacks et al., 2011; Vivian and Wohar, 2012; Creti et al., 
2013). Another works investigating Value-at-Risk (VaR) in commodity markets are merely from a single asset 
perspective instead of a portfolio perspective.  

For example, Cabedo and Moya (2003) quantify market risk using various VaR methods in the oil market. 
Another paper by Giot and Laurent (2003) evaluates the performance of several VaR models relevant in metals, 
energy and agriculture markets. Hung et al. (2008) use extended GARCH models to analyze the performance of 
one-day-ahead VaR estimates in five energy markets. None of them analyze portfolio diversification benefits and 
consequences of a portfolio consisting of several commodities.  
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Indeed, an analysis of commodities as a portfolio (rather than a single asset) should generate more interest 
from investors since the portfolio enhances single asset due to diversification benefit (Edwards and Liew, 1999; 
You and Daigler, 2013). If we refer to a classical paper from Markowitz (1952) we will note that portfolio risk (i.e. 
variance) is named as an undesirable thing.  

Therefore, a rational investor will prefer a portfolio combination so that the portfolio risk is reduced. When 
explaining about portfolio diversification benefits, we often provide a standard example: combining stocks with low 
correlations to construct a portfolio. Mathematically, we know that the portfolio risk (i.e. standard deviation) will 
be reduced. 

 In commodity markets we will also expect the reduced commodity portfolio risk. However, there is another 
question about the commodity portfolio risk measures. As the commodity portfolio standard deviation decreases, 
the commodity portfolio risk measures are also expected to decrease. However, how about the portfolio VaR and 
expected shortfall (ES)? Are there something unexpected consequences of the commodities portfolio? This is a 
research question that we would like to unmask in this paper. Therefore, this paper mainly explores the benefits 
and consequences of having commodities as a portfolio instead of a single asset. 

This paper contributes to the literature in twofold. First, this paper extends further previous research on 
commodity volatility modeling by considering commodity portfolio volatility rather than a single commodity 
volatility. Second, it offers new perspective of investigating portfolio VaR and ES in commodity markets. This 
complements existing literature examining portfolio VaR in foreign exchange market (Chen et al., 2007) and stock 
and index markets (Lin and Ko, 2009; Goh et al., 2012; Palomba and Riccetti, 2012; Chen and Tu, 2013).  

While there are recent works by Ghorbel and Trabelsi (2014) and Siburg et al. (2015) investigating portfolio 
VaR from energy markets, this paper differs from their works by developing various portfolios consisting of 
selected commodities and focusing on the diversification benefits and consequences of commodity portfolios. 

The remainder of the paper is organized as follow. Section 2 provides a brief discussion about commodity 
markets and portfolio VaR and ES. Section 3 explains the method. Section 4 describes the data and discusses the 
empirical results. Section 5 concludes and provides suggestions for future research. 
 

2. Theoretical Background 
2.1. Commodity Markets 

Routledge et al. (2000) provide a brief summary about the properties commodity markets that are different 
from standard financial assets (like bonds and stocks).  

They document that: i) commodity futures prices tend to decrease with time-to-delivery, ii) commodities prices 
are mean reverting and strongly heteroskedastic, iii) the term structure of commodity forward price volatility tends 
to decrease with contract horizon, iv) strong seasonality in price levels and volatilities. Furthermore, Casassus and 
Dufresne (2005) argue that time varying risk in commodity markets is substantial. Therefore, we should 
incorporate this time varying risk when working on commodity markets. 

In the first paragraph of the introduction section, we discuss about the financialization of commodity markets. 
In this part, we limit the financialized commodities in our terminology. First, we examine and compile literatures 
(Nakaso, 2011; Plantier, 2012; Baker, 2015) discussing financialized commodities. Then, we document that oil, 
natural gas, gold, silver, copper, corn, wheat and soybean are the most discussed commodities. Therefore, those 
commodities are the financialized commodities we refer to. 

 

2.2. Portfolio VaR and ES 
Basically, the portfolio VaR and ES are similar to a single asset VaR and ES. The difference is only calculating 

the portfolio standard deviation. In a single asset, we just calculate the standard deviation of the asset returns and 
then calculate the VaR and ES In a portfolio, it needs a bit more procedure since we have to calculate the standard 
deviation of the portfolio returns (this becomes complex when the portfolio consists of more than two assets). After 
obtaining the standard deviation of the portfolio returns, we can calculate the portfolio VaR and ES. 

Portfolio VaR is the left tail of a portfolio return explaining the minimum losses of a portfolio during a trading 
period at a given confidence interval. Suppose a portfolio VaR is negative 10 percent for a weekly trading period at 
95 percent confidence interval.  

This means that the portfolio is expected to suffer loss at least 10 percent for 5 weeks for every 100 weeks 
trading period. Thus, we expect that there would be five losses more than 10 percent during the two years (104 
weeks) weekly periods. 

However, the VaR measure (both in single asset and portfolio) has a problem as a risk measure because VaR 
violates the subadditivity principle (Hull, 2007; Danielsson, 2011). An alternative risk measure that is subadditive is 
ES (see the proof in Artzner et al. (1999)). ES is an expected tail loss when a VaR limit is violated. 
 

3. Methodology 
3.1. Portfolio Standard Deviation, VaR and ES 

We can calculate the variance of an equally weighted portfolio,   
 , consisting of n-assets using the formula 

below.  
                                           

  
                   [             ] [

             

   
             

] [

  

 
  

]                    (1) 

This paper use Equation 1 to calculate weighted portfolio variance,   
 . Where w is a row matrix containing 

equal weight of n-assets and       is a covariance matrix of return series of n-assets. The portfolio standard 
deviation is the square root of the portfolio variance we obtain from Equation 1. 
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 An equally weighted portfolio is the equal weight of n-assets. Thus, if a portfolio consists of two assets, the 
equal weight would be 0.5 for asset 1 and 0.5 for asset 2. A portfolio consists of four assets would have 0.25 for 
asset 1, 0.25 for asset 2, 0.25 for asset 3 and 0.25 for asset 4.  

In this paper, an asset refers to a financialized commodity. We calculate the possible combinations of 
commodities portfolio in order to find the combination with the minimum commodities portfolio standard 
deviation. For instance, 2 commodities portfolio means that there are trials of combination between commodity 1 
and commodity 2 up to 28 attempts. 3 commodities portfolio means that there are trials of combination among 
commodity 1, commodity 2, and commodity 3 up to 56 attempts. And so forth until 8 commodities portfolio. Table 
1 demonstrates the possible trials of 2, 3 and 4 commodities portfolios from 8 commodities. 

Number 1, 2, 3,…, and 8 refers to each commodity: oil, natural gas, gold, silver, copper, corn, wheat, and 
soybean respectively.  After obtaining portfolio’s standard deviation, a portfolio VaR can be calculated as follow 
(Hull, 2007; Danielsson, 2011): 

        
                                                                (2 ) 

In the Equation 2, σp denotes the portfolio’s standard deviation, N-1(X) is the inverse cumulative normal 
distribution at X confidence level. A portfolio ES can be calculated as follow (Danielsson, 2011): 

 

       
         

     
                                                  (3 ) 

In the Equation 3, σp denotes the portfolio’s standard deviation, ϕ and Ф are the normal density and 
distribution, respectively, at X confidence level. 
 

3.2. Backtesting  
Backtesting is the procedure to compare the ex-ante (estimated) VaR with the ex-post (realized) return. The 

commodity portfolio VaR is estimated from the data during in-sample-period. We use 10 years rolling (moving) 
window to update the portfolio covariance matrix.  

Then, we perform the backtesting during out-of-sample period to measure the VaR accuracy of the commodity 
portfolio. In this procedure, we can observe how many VaR violations occur in each portfolio combination VaR 
during the out-of-sample period. 
 

4. Empirical Analysis 
4.1. Data 

Our sample includes eight financialized commodities: crude oil, natural gas, gold, silver, copper, corn, wheat 
and soybean. The choice of the commodities is motivated by our focus on financialized commodities that are most 
mentioned (Nakaso, 2011; Plantier, 2012; Baker, 2015). Table 2 elaborates further those commodities. 
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Table-1. The possible trials of 2, 3 and 4 commodities portfolios from 8 commodities. 

Trial 2 commodities portfolio  Trial 3 commodities portfolio  Trial 4 commodities portfolio  

  
Commodity 

1 
Commodity 

2   
Commodity 

1 
Commodity 

2 
Commodity 

3   
Commodity 

1 
Commodity 

2 
Commodity 

3 
Commodity 

4 

1 1 2 1 1 2 3 1 1 2 3 4 
2 1 3 2 1 2 4 2 1 2 3 5 
3 1 4 3 1 2 5 3 1 2 3 6 
4 1 5 4 1 2 6 4 1 2 3 7 

… 
  

  … 
 

  … 
    26 6 7 54 5 6 8 68 4 5 7 8 

27 6 8 55 5 7 8 69 4 6 7 8 
28 7 8 56 6 7 8 70 5 6 7 8 
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Table-2. Eight financialized commodities in our sample. 

Commodity Remarks 

Oil Crude oil-WTI 
Gas Natural gas-Henry Hub 

Gold Gold Bullion 
Silver Silver, Handy Harman 

Copper LME-Copper 
Corn Corn No.2 

Wheat Wheat No.2 
Soybean Soybean meal 

 
We use the in-sample period from January 1, 2000 to December 31, 2009 and the out-of-sample period from 

January 1, 2010 to December 31, 2015 (10 years of in-sample period and 6 years out of sample period). Our focus is 
financialized commodity markets. Therefore, we start the in-sample period at the time when the commodities 
entered financialization era and been identified to possess special properties. According to Rossi (2012) and Tang 
and Xiong (2012) the time is 2000. We end the in-sample period at 31-Dec-2009 to maintain consistency of 10 
years period in many empirical finance works (see Ledoit and Wolf (2008)). We perform the stability tests in our 
yearly sub-sample analysis during the 6 years out-of-sample period. Furthermore, we use different data frequencies: 
i) daily, ii) weekly and iii) monthly in our sample since we want to obtain a robust finding. A robust finding is 
necessary because of data availability problem in the commodity markets (Narayan et al., 2013). 
 

Table-3. Descriptive statistics of daily price change for eight financialized commodities. 

Commodity Oil Gas Gold Silver Copper Corn Wheat Soybean 

Panel A: All sample period (from 1-January-2000 to 31-December-2015) 
Mean 0.01% 0.00% 0.03% 0.02% 0.02% 0.01% 0.01% 0.01% 

Standard deviation 2.41% 4.25% 1.13% 1.93% 1.72% 1.91% 2.50% 2.77% 
Minimum -17.09% -56.95% -10.16% -12.98% -10.36% -12.11% -22.59% -80.55% 
Maximum 16.41% 62.27% 6.87% 13.66% 11.73% 10.89% 13.87% 78.35% 

Range 33.51% 119.23% 17.03% 26.65% 22.08% 23.00% 36.45% 158.90% 
Number of observation 4,174 4,174 4,174 4,174 4,174 4,174 4,174 4,174 

Panel B: In-sample period (from 1-January-2000 to 31-December-2009) 
Mean 0.04% 0.04% 0.05% 0.04% 0.05% 0.03% 0.02% 0.02% 

Standard deviation 2.65% 4.64% 1.16% 1.89% 1.86% 1.97% 2.61% 1.77% 
Minimum -17.09% -56.95% -7.14% -12.80% -10.36% -12.11% -22.59% -14.19% 
Maximum 16.41% 62.27% 6.87% 13.66% 11.73% 10.89% 11.15% 13.13% 

Range 33.51% 119.23% 14.01% 26.46% 22.08% 23.00% 33.74% 27.32% 
Number of observation 2,609 2,609 2,609 2,609 2,609 2,609 2,609 2,609 

Panel C: Out-of-sample period (from 1-January-2010 to 31-December-2015) 
Mean -0.05% -0.06% 0.00% -0.01% -0.03% 0.00% 0.00% 0.00% 

Standard deviation 1.95% 3.49% 1.08% 1.98% 1.45% 1.80% 2.32% 3.92% 
Minimum -11.13% -27.02% -10.16% -12.98% -7.82% -9.32% -15.22% -80.55% 
Maximum 9.90% 37.81% 5.43% 7.73% 6.68% 9.31% 13.87% 78.35% 

Range 21.02% 64.83% 15.59% 20.72% 14.50% 18.63% 29.08% 158.90% 
Number of observation 1,565 1,565 1,565 1,565 1,565 1,565 1,565 1,565 

 
Table 3 reports the descriptive statistics of daily return for eight financialized commodities. The descriptive 

statistics include the mean, standard deviation, minimum, maximum, range and the number of observation of each 
commodity. Panel A reports the descriptive statistics from January 1, 2000 to December 31, 2015 (all sample 
periods), Panel B reports the descriptive statistics from January 1, 2000 to December 31, 2009 (in-sample period) 
and Panel C reports the descriptive statistics from January 1, 2010 to December 31, 2015 (out-of- sample period).  

According to Table 3, the daily returns range from 0.00 percent for gas to 0.03 percent for gold during all 
sample period, range from 0.02 percent for wheat and soybean to 0.05 percent for gold and copper during in-sample 
period and range from negative 0.06 percent for gas to 0.00 percent for gold and grains (corn, wheat and soybean) 
during out-of-sample period. We can see that gas tends to have the least average daily return while gold tends to 
have the highest average daily return. The volatilities of daily returns range from 1.13 percent for gold to 4.25 
percent for gas during all sample period, range from 1.16 percent for gold to 4.64 percent for gas during in-sample 
period and range from 1.08 percent for gold to 3.92 percent for soybean during out-of-sample period. We can see 
that gold is the least volatile commodity while gas is the most volatile commodity. However, if we see the range, 
soybean has the highest range (159 percent) while gold has the lowest range (17 percent). Therefore, gold is 
consistently reported as the least volatile commodity while gas and soybean is reported as the most volatile 
commodity based on standard deviation and range values. 

Table 4 lists the selected commodities to form our portfolio. The selection is based on the trials procedure as 
reported in the Table 1. Our portfolios consist of 2 commodities (P2), 3 commodities (P3), 4 commodities (P4), 5 
commodities (P5), 6 commodities (P6), 7 commodities (P7) and 8 commodities (P8) for daily (Panel A), weekly 
(Panel B) and monthly (Panel C) series. According to the portfolio theory, the portfolio will gain diversification 
benefit at the most when the correlation among the assets is the lowest. Therefore, we choose the commodities in 
our portfolios based on the lowest portfolio standard deviation. 
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Table-4. Detailed combination of commodities in our portfolio consisting of 2, 3, 4, 5, 6, 7 and 8 commodities for daily, weekly and monthly 
series. 

Equally weighted commodities 

Panel A: Daily portfolio 

P2 Gold Soybean 
      P3 Gold Corn Soybean 

     P4 Gold Copper Corn Soybean 
    P5 Gold Silver Copper Corn Soybean 

   P6 Oil Gold Silver Copper Corn Soybean 
  P7 Oil Gold Silver Copper Corn Wheat Soybean 

 P8 Oil Gas Gold Silver Copper Corn Wheat Soybean 

Panel B: Weekly portfolio 

P2 Gold Soybean 
      P3 Gold Copper Soybean 

     P4 Gold Copper Corn Soybean 
    P5 Gold Silver Copper Corn Soybean 

   P6 Gold Silver Copper Corn Wheat Soybean 
  P7 Oil Gold Silver Copper Corn Wheat Soybean 

 P8 Oil Gas Gold Silver Copper Corn Wheat Soybean 

Panel C: Monthly portfolio 

P2 Gold Soybean 
      P3 Gold Copper Soybean 

     P4 Gold Copper Corn Soybean 
    P5 Gold Silver Copper Corn Soybean 

   P6 Oil Gold Silver Copper Corn Soybean 
  P7 Oil Gold Silver Copper Corn Wheat Soybean 

 P8 Oil Gas Gold Silver Copper Corn Wheat Soybean 

 
Table-5. The average of standard deviations of commodities and portfolios returns for daily, weekly and monthly series. 

Commodity / Average standard deviation 

Portfolio Daily Weekly Monthly 

Oil 2.43% 5.66% 9.91% 
Gas 4.17% 8.86% 18.88% 
Gold 1.22% 2.74% 5.25% 
Silver 2.12% 4.78% 10.11% 

Copper 1.95% 4.02% 9.01% 
Corn 2.08% 4.62% 10.34% 

Wheat 2.76% 5.54% 12.30% 
Soybean 2.01% 3.83% 6.71% 

Average commodity 2.34% 5.01% 10.31% 

P2 1.19% 2.34% 4.08% 
P3 1.12% 2.33% 4.53% 
P4 1.09% 2.43% 5.08% 
P5 1.14% 2.92% 5.47% 
P6 1.17% 2.64% 5.54% 
P7 1.20% 2.67% 5.81% 
P8 1.23% 2.73% 6.07% 

Average portfolio 1.16% 2.58% 5.23% 

 

4.2. Commodities Volatility and Portfolio Volatility 
Table 5 reports the average of standard deviations of commodities and portfolios returns for daily, weekly and 

monthly series. As expected, we see the diversification benefits here. The average standard deviation of return 
series for each commodity as a single asset ranges from 1.22 percent to 4.17 percent (daily), from 2.74 percent to 
8.86 percent (weekly) and from 5.25 percent to 18.88 percent (monthly). The average standard deviation of return 
series for each portfolio combination range from 1.09 percent to 1.23 percent (daily), from 2.33 percent to 2.92 
percent (weekly) and from 4.08 percent to 6.07 percent (monthly). The average standard deviations of return series 
for all commodities are 2.34 percent (daily), 5.01 percent (weekly) and 10.31 percent (monthly) while the average 
standard deviations of return series for all portfolios are 1.16 percent (daily), 2.58 percent (weekly) and 5.23 percent 
(monthly). Overall, we can conclude that there is diversification benefit here, the reduced risk when the 
commodities are bundled as a portfolio rather than just a single asset. Another implied diversification benefit is the 
reduced capital requirement. The capital requirement is normally calculated using VaR approach (see Jorion 
(2007)). Therefore, the lower standard deviation is associated with lower capital required. 
 

4.3. Back-Testing Result 
Table 6 reports the results of back-testing VaR commodities and portfolios for eight financialized commodities 

and seven combination portfolios at different VaR levels (99 percent, 95 percent and 90 percent) and at different 
out-of-sample periods (1 year, 2 years, 3 years, 4 years, 5 years, and 6 years) for daily (Panel A), weekly (Panel B) 
and monthly (Panel C) return series. The reported numbers are the number of VaR violations. A VaR violation 
occurs when a return (usually negative) is smaller than left-tailed VaR limit in the designated confidence level. In 
the right column after soybean commodity and P8, we report the average number of VaR violations for eight 
commodities and seven portfolios, respectively. 

In the Panel A (daily series), we can see that the average numbers of VaR violations for portfolios are lower 
than the average numbers of VaR violations for commodities. The results are consistent for all different out-of-
sample periods. However, these consistent results are for the VaR 99 level only. For the VaR 95 and 90 levels, most 
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of the average numbers of VaR violations for portfolios are higher than the average numbers of VaR violations for 
commodities. This indicates that even though commodities portfolio generates another benefit of having more 
accurate VaR, unfortunately, the benefit is applicable only in 99 percent VaR. 

We obtain similar results in the Panel B (weekly series). The average numbers of VaR violations for portfolios 
are lower than the average numbers of VaR violations for commodities only for the VaR 99 level only for weekly 
series. For monthly series (Panel C), the reduced VaR violations for portfolio are only applicable at certain out-of-
sample period for the VaR 95 level. For the rest, most of the average portfolios have higher numbers of VaR 
violations. This indicates that the portfolio diversification benefit of having more accurate VaR only comes at VaR 
99 level for weekly series and somewhat at VaR 95 level for monthly series. 

Table 7 reports the numbers of returns that are lower than ES of eight financialized commodities and seven 
combination portfolios at different VaR levels (99 percent, 95 percent and 90 percent) and at different out-of-
sample periods (1 year, 2 years, 3 years, 4 years, 5 years, and 6 years) for daily (Panel A), weekly (Panel B) and 
monthly (Panel C) return series.  

In the Panel A (daily series), we also see that the average numbers of returns that are lower than ES for the 
portfolios are less than the average numbers of returns that are lower than ES for the commodity. The results are 
consistent for all different out-of-sample periods. However, these consistent results are for the 99 percent 
confidence level only and even slightly worse than the results of backtesting VaR 99 Table 6 Panel A because there 
is a worse result for portfolio. For the 95 and 90 percent confidence levels, most of the average numbers of returns 
that are lower than ES for portfolios are bigger than the average numbers of returns that are lower than ES for 
commodities. Again, this indicates that both VaR and ES measures confirm that commodity portfolio possess 
unexpected consequence by having, on average, less accurate VaR and more left-tailed returns that below the ES. 

We obtain similar results in the Panel B (weekly series). The average numbers of returns that are lower than 
ES for the portfolios are less than the average numbers of returns that are lower than ES for the commodity only 
99 percent confidence level. For monthly series (Panel C), the reduced average numbers of returns that are lower 
than ES portfolio are only applicable at certain out-of-sample period for the 95 percent confidence level. For the 
rest, most of the average portfolios have higher average numbers of returns that are lower than ES. This indicates 
that the portfolio diversification benefit based on ES measure is only applicable at 99 percent confidence level for 
weekly series and somewhat at 95 percent confidence level for monthly series. 

Overall, we can see that even tough commodities portfolios possess diversification benefit of having lower risk, 
the lower risk somewhat becomes contradictory since the VaR position will be less conservative. This enables 
possibilities of having left-tailed return violating VaR limit. Our finding is also confirmed by our ES analysis. 
Therefore, we can see both benefits and unintended consequences of commodities portfolio. The benefits are 
lowering risk and reducing the capital requirements (because of lower VaR), as reported in the Table 5. On the 
other hand, the portfolio also has less accurate VaR and more returns that are lower than ES, as reported in the 
Table 6 and Table 7, respectively. 

 

5. Conclusions 
This paper investigates the benefits and consequences of portfolio in financialized commodity markets. We use 

eight financialized commodities at different data frequencies (daily, weekly and monthly) to construct seven equally 
weighted portfolios. Our choice of commodities in forming the portfolios is based on the minimum value of 
portfolios standard deviation among possible portfolio combinations. We use moving average for obtaining 
portfolios covariance and then calculating the portfolios standard deviation. After that, we calculate portfolios VaR 
and ES. Finally, we perform back testing VaR and calculate the number of returns that are lower than ES at 99 
percent, 95 percent and 90 percent VaR levels. 

We demonstrate that the average standard deviation of the portfolios are smaller than the average standard 
deviation of the commodity. This mean that commodities bundled as a portfolio have lower risk than commodity as 
a single asset. This also implies that investors will require fewer capital when investing in commodity portfolio 
rather than investing in commodity as a single asset. Therefore, reducing risk and capital requirement are the 
diversification benefits of financialized commodities portfolio. 

On the other hand, we find that on average commodities portfolios tend to have less accurate VaR and more 
returns that are lower than ES. Our results are consistent for daily, weekly and monthly series and at different out-
of-sample periods at the most confidence levels. The more accurate of the average commodity portfolios VaR over 
the average of single commodity VaR is reported only at 99 percent VaR level for daily and weekly series (across 
all out-of-sample periods). For monthly series, only few average numbers of commodity portfolio VaR are reported 
to be more accurate than single commodity VaR. We also obtain similar results when performing ES analysis. The 
commodity portfolios tend to have higher average number of returns that are lower than ES compared with single 
commodity. Overall, we find unintended consequences of diversification benefits in commodity portfolios. On one 
side, there are clearly diversification benefits of having lower risk and implying reduced capital requirement in 
commodity portfolio. On the other hand, there are unintended consequences by having less accurate VaR and 
higher number of returns that are lower than ES. 

Our results are based on the standard variance-covariance portfolio volatility method, which could be one of 
our limitations. Investigating portfolio VaR and ES using more advanced volatility methods are encouraged to 
discover other possible diversification benefits and consequences of having commodities in a portfolio rather than 
in a single asset.  
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Table-6. Results of back-testing VaR commodities and portfolios for eight financialized commodities and seven combination portfolios at different VaR levels (99 percent, 95 percent and 90 percent) and at different 
out-of-sample periods (1 year, 2 years, 3 years, 4 years, 5 years, and 6 years) for daily, weekly and monthly return series. 

Panel A: Number of VaR violations - Daily series 

VaR 
level 

Commodity / portfolio 
Oil Gas Gold Silver Copper Corn Wheat Soybean 

AVG 
P2 P3 P4 P5 P6 P7 P8 

AVG 

Out-of-sample period COM P 

VaR 99 

1 Year 0 2 1 6 5 4 5 2 3.13 3 4 3 3 0 2 2 2.52 
2 Years 4 3 10 23 9 9 10 2 8.75 5 7 7 13 6 11 8 8.22 
3 Years 4 3 14 25 9 13 10 2 10.00 6 9 9 15 6 12 9 9.50 
4 Years 4 3 21 29 9 19 11 4 12.50 12 14 11 17 8 14 11 12.44 

5 Years 6 11 21 32 9 20 13 7 14.88 15 15 12 18 10 15 13 14.11 
6 Years 13 13 21 34 11 23 13 10 17.25 18 18 15 21 13 18 16 17.03 

VaR 95 

1 Year 4 5 10 11 11 9 8 3 7.63 4 6 10 11 5 10 6 7.45 
2 Years 13 6 28 37 23 22 23 5 19.63 13 20 25 32 16 24 21 21.33 
3 Years 17 9 35 44 26 28 26 9 24.25 19 29 30 39 19 30 24 26.78 
4 Years 17 10 50 58 27 37 27 18 30.50 31 39 38 48 22 33 26 33.44 
5 Years 26 24 52 62 28 38 32 23 35.63 34 42 40 51 24 36 34 37.08 
6 Years 51 31 58 69 33 43 36 27 43.50 38 48 45 56 27 40 38 41.94 

VaR 90 

1 Year 11 8 21 17 20 16 16 5 14.25 9 17 18 17 10 17 11 14.16 
2 Years 25 10 48 54 44 45 44 10 35.00 29 43 46 48 32 43 34 38.75 

3 Years 36 16 63 67 55 58 54 23 46.50 42 61 64 62 39 56 42 51.56 
4 Years 37 17 87 87 60 73 57 37 56.88 62 80 79 85 48 65 47 65.36 
5 Years 51 36 97 98 64 79 68 51 68.00 67 87 82 92 54 73 62 73.13 
6 Years 86 50 107 111 78 86 79 55 81.50 71 95 91 100 62 83 71 81.81 

Panel B: Number of VaR violations - Weekly series 

VaR 
level 

Commodity / portfolio 
Oil Gas Gold Silver Copper Corn Wheat Soybean 

AVG 
P2 P3 P4 P5 P6 P7 P8 

AVG 

Out-of-sample period COM P 

VaR 99 

1 Year 0 0 0 0 3 1 1 1 0.75 0 0 0 0 0 0 0 0.09 
2 Years 1 0 1 2 5 2 1 1 1.63 1 1 2 1 1 2 2 1.45 

3 Years 1 0 1 2 5 2 1 1 1.63 1 1 2 1 1 2 2 1.45 
4 Years 1 0 3 3 5 5 1 1 2.38 2 1 3 1 1 2 2 1.80 
5 Years 1 2 3 3 5 5 2 1 2.75 2 1 3 1 1 2 2 1.84 
6 Years 2 2 3 3 5 5 2 3 3.13 4 3 5 3 3 4 3 3.52 

VaR 95 

1 Year 1 0 0 2 3 1 2 2 1.38 1 3 2 0 2 1 1 1.42 
2 Years 3 0 3 6 6 6 4 3 3.88 3 6 6 4 7 6 6 5.23 
3 Years 3 0 4 6 6 8 4 4 4.38 4 8 7 4 7 6 6 5.80 
4 Years 3 0 8 8 6 12 5 5 5.88 6 10 10 7 9 7 6 7.61 
5 Years 6 3 9 9 6 13 9 7 7.75 7 10 10 7 10 7 7 8.22 
6 Years 9 4 9 9 7 14 10 10 9.00 10 13 13 9 14 11 10 11.13 

VaR 90 

1 Year 4 0 1 3 6 6 2 3 3.13 3 4 5 2 4 3 2 3.27 
2 Years 7 0 8 11 10 13 5 4 7.25 6 8 9 6 11 11 8 8.28 
3 Years 8 2 10 12 10 15 5 6 8.50 8 10 11 8 13 12 9 9.94 
4 Years 8 2 14 15 11 20 7 10 10.88 15 12 16 12 18 16 12 13.98 
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5 Years 12 7 17 17 11 22 12 14 14.00 17 12 17 12 21 19 15 15.88 
6 Years 19 13 19 17 15 25 16 17 17.63 20 15 22 15 26 24 20 19.95 

Panel C: Number of VaR violations - Monthly series 

VaR 
level 

Commodity / portfolio 
Oil Gas Gold Silver Copper Corn Wheat Soybean 

AVG 
P2 P3 P4 P5 P6 P7 P8 

AVG 

Out-of-sample period COM P 

VaR 99 

1 Year 0 0 0 0 0 0 0 0 0.00 0 0 0 0 0 0 0 0.00 
2 Years 0 0 0 1 1 1 0 0 0.38 0 1 1 1 1 1 1 0.80 
3 Years 1 0 0 1 1 1 0 0 0.50 0 1 1 1 1 1 1 0.81 
4 Years 1 0 0 1 1 2 0 0 0.63 0 1 2 1 1 1 1 0.95 

5 Years 1 1 0 1 1 3 1 0 1.00 0 1 2 1 1 2 1 1.13 
6 Years 3 1 0 1 1 3 1 0 1.25 0 1 2 1 1 2 1 1.16 

VaR 95 

1 Year 1 0 0 0 0 0 0 0 0.13 0 0 0 0 0 0 0 0.02 
2 Years 1 0 1 2 1 2 2 0 1.13 1 1 1 1 1 1 1 1.02 
3 Years 2 0 2 2 1 2 2 1 1.50 1 1 1 1 2 2 1 1.31 
4 Years 2 0 4 3 1 3 2 1 2.00 3 1 2 2 3 2 1 2.00 
5 Years 2 1 4 3 1 4 3 1 2.38 4 1 3 3 4 3 2 2.80 
6 Years 4 1 4 3 1 4 3 1 2.63 4 2 4 3 5 4 3 3.45 

VaR 90 

1 Year 1 0 1 1 0 1 0 0 0.50 0 0 1 0 0 0 0 0.19 
2 Years 2 0 3 3 1 3 2 0 1.75 1 1 2 2 1 2 2 1.59 
3 Years 3 2 4 4 2 3 2 1 2.63 1 1 3 3 2 3 3 2.33 
4 Years 3 2 7 6 2 4 2 2 3.50 3 2 4 5 3 4 4 3.56 
5 Years 5 3 7 6 2 6 4 4 4.63 4 3 5 6 4 5 6 4.70 
6 Years 8 4 7 6 3 6 6 4 5.50 5 5 6 7 5 6 7 5.81 
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Table-7. The reported numbers of returns that are lower than ES of eight financialized commodities and seven combination portfolios at different VaR levels (99 percent, 95 percent and 90 percent) and at different out-of-
sample periods (1 year, 2 years, 3 years, 4 years, 5 years, and 6 years) for daily, weekly and monthly return series. 

Panel A: Number of returns that are lower than ES - Daily series 

Confidence 
level 

Commodity / portfolio 
Oil Gas Gold Silver Copper Corn Wheat Soybean 

AVG 
P2 P3 P4 P5 P6 P7 P8 

AVG 

Out-of-sample period COM P 

99 percent 

1 Year 0 1 1 2 4 3 3 2 2.00 1 1 1 1 0 2 0 1.00 
2 Years 2 2 6 15 7 6 7 2 5.88 3 2 4 5 4 10 5 4.86 
3 Years 2 2 8 15 7 8 7 2 6.38 3 3 5 5 4 10 5 5.17 
4 Years 2 2 11 17 7 11 8 3 7.63 6 7 6 7 6 12 6 7.20 

5 Years 3 9 11 19 7 11 9 4 9.13 8 8 7 8 7 13 7 8.39 
6 Years 7 11 11 21 8 13 9 7 10.88 11 11 10 11 10 16 10 11.23 

95 percent 

1 Year 0 2 2 7 6 5 5 2 3.63 3 5 5 5 3 5 2 3.95 
2 Years 7 3 15 26 12 13 10 2 11.00 8 11 13 18 10 16 11 12.25 
3 Years 7 4 20 30 12 18 10 3 13.00 11 15 15 22 11 18 12 14.63 
4 Years 7 4 29 38 12 24 11 7 16.50 18 22 18 24 13 20 14 18.19 
5 Years 11 14 30 42 12 25 14 10 19.75 21 24 19 25 15 21 17 20.22 
6 Years 27 18 31 46 14 28 15 14 24.13 25 28 22 28 18 24 21 23.77 

90 percent 

1 Year 2 3 9 11 9 9 6 3 6.50 4 5 9 8 4 8 5 6.19 
2 Years 11 4 25 34 18 21 14 3 16.25 11 18 19 27 13 21 19 18.03 

3 Years 12 6 31 41 19 27 17 6 19.88 15 26 23 33 15 26 22 22.48 
4 Years 12 7 44 52 20 34 18 14 25.13 26 33 29 39 17 28 24 27.64 
5 Years 21 20 45 56 21 35 22 18 29.75 29 35 31 41 19 31 32 30.97 
6 Years 43 27 49 62 25 40 24 22 36.50 33 41 34 45 22 34 36 35.19 

Panel B: Number of returns that are lower than ES - Weekly series 

Confidence 
level 

Commodity / portfolio 
Oil Gas Gold Silver Copper Corn Wheat Soybean 

AVG 
P2 P3 P4 P5 P6 P7 P8 

AVG 

Out-of-sample period COM P 

99 percent 

1 Year 0 0 0 0 1 1 0 1 0.75 0 0 0 0 0 0 0 0.09 
2 Years 0 0 1 2 2 1 0 1 1.63 1 1 1 1 1 1 1 1.45 

3 Years 0 0 1 2 2 1 0 1 1.63 1 1 1 1 1 1 1 1.45 
4 Years 0 0 2 3 2 4 0 1 2.38 1 1 1 1 1 1 1 1.80 
5 Years 0 2 2 3 2 4 0 1 2.75 1 1 1 1 1 1 1 1.84 
6 Years 0 2 2 3 2 4 0 3 3.13 3 3 3 3 3 3 2 3.52 

95 percent 

1 Year 0 0 0 0 3 1 1 2 1.38 0 1 0 0 0 0 0 1.42 
2 Years 1 0 2 2 5 3 1 2 3.88 2 3 2 2 3 2 2 5.23 
3 Years 1 0 2 2 5 3 1 2 4.38 2 3 2 2 3 2 2 5.80 
4 Years 1 0 4 4 5 6 1 2 5.88 3 3 3 2 3 2 2 7.61 
5 Years 2 3 4 4 5 6 3 3 7.75 3 3 3 2 3 2 3 8.22 
6 Years 3 4 4 4 5 6 3 5 9.00 5 5 6 4 5 4 5 11.13 

90 percent 

1 Year 1 0 0 2 3 1 2 2 3.13 1 2 1 0 1 1 0 3.27 
2 Years 3 0 3 6 5 5 4 3 7.25 3 4 4 4 5 4 3 8.28 
3 Years 3 0 3 6 5 7 4 4 8.50 4 4 5 4 5 4 3 9.94 
4 Years 3 0 7 8 5 11 5 5 10.88 6 6 7 6 6 5 3 13.98 
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5 Years 5 3 8 8 5 11 9 6 14.00 6 6 7 6 6 5 4 15.88 
6 Years 7 4 8 8 5 12 9 9 17.63 8 9 10 8 9 8 6 19.95 

Panel C: Number of returns that are lower than ES - Monthly series 

Confidence 
level 

Commodity / portfolio 
Oil Gas Gold Silver Copper Corn Wheat Soybean 

AVG 
P2 P3 P4 P5 P6 P7 P8 

AVG 

Out-of-sample period COM P 

99 percent 

1 Year 0 0 0 0 0 0 0 0 0.00 0 0 0 0 0 0 0 0.00 
2 Years 0 0 0 1 1 0 0 0 0.38 0 1 1 1 1 1 1 0.80 
3 Years 0 0 0 1 1 0 0 0 0.50 0 1 1 1 1 1 1 0.81 
4 Years 0 0 0 1 1 1 0 0 0.63 0 1 1 1 1 1 1 0.95 

5 Years 0 0 0 1 1 1 1 0 1.00 0 1 1 1 1 1 1 1.13 
6 Years 0 0 0 1 1 1 1 0 1.25 0 1 1 1 1 1 1 1.16 

95 percent 

1 Year 0 0 0 0 0 0 0 0 0.13 0 0 0 0 0 0 0 0.02 
2 Years 0 0 0 2 1 1 0 0 1.13 0 1 1 1 1 1 1 1.02 
3 Years 1 0 0 2 1 1 0 1 1.50 0 1 1 1 1 1 1 1.31 
4 Years 1 0 1 2 1 2 0 1 2.00 0 1 2 2 1 1 1 2.00 
5 Years 1 1 1 2 1 3 1 1 2.38 0 1 3 2 1 2 2 2.80 
6 Years 3 1 1 2 1 3 1 1 2.63 0 1 3 2 1 2 2 3.45 

90 percent 

1 Year 0 0 0 0 0 0 0 0 0.50 0 0 0 0 0 0 0 0.19 
2 Years 0 0 1 2 1 2 0 0 1.75 1 1 1 1 1 1 1 1.59 

3 Years 1 0 2 2 1 2 0 1 2.63 1 1 1 1 2 1 1 2.33 
4 Years 1 0 4 2 1 3 0 1 3.50 3 1 2 2 3 1 1 3.56 
5 Years 1 1 4 2 1 4 1 1 4.63 4 1 3 3 4 2 2 4.70 
6 Years 3 1 4 2 1 4 1 1 5.50 4 1 3 3 5 3 2 5.81 
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