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Abstract 

 One key purpose of futures markets is allowing firms to trade contracts which will 

change in value in the opposite direction of the value of the product which the firm 

produces. This process, known as “hedging”, allows firms to decrease their risk of large 

losses. Cross-hedging occurs when a firm tries to hedge a product with a futures 

contract which is tied to a different product. In this paper, I examine the viability of cross 

hedging sunflower seeds with soybean meal and soybean oil, as well as sorghum with 

corn. The suitability of these commodities for cross-hedging has not been thoroughly 

studied recently, despite their substantial role in the U.S. and world economy. I used 

historical data to determine how closely changes in the given futures prices are linked to 

changes in the spot prices of sorghum and sunflower seeds. Using two different hedge 

intervals, I found that corn provided an effective hedge against sorghum, while soybean 

meal and soybean oil failed to adequately hedge against sunflower seeds. I also found 

that longer hedge intervals improved hedge effectiveness. These results inform hedgers 

on the quality of the hedging strategies, and shed insight into sorghum and sunflower 

seed markets. 

 

 

 

 

 

 

 



Introduction 

 In this paper I examine the various models and assumptions that allow 

researchers to construct an effective hedge for simple direct and cross hedges. I also 

determine the effectiveness of such hedging scenarios using the data and methods of 

HedgeSmart, an automated price-risk management software program. 

 Domestically and internationally, sorghum is a major agriculture product, and is 

regarded as one of the five most important cereal crops in the world. In 2017, the U.S. 

produced 12.7 million metric tons (or 480 million bushels) of sorghum, for a total value 

of $1.5 billion. Its price is closely linked to corn, which is a vastly larger volume crop, 

with the 487 million metric tons produced in 2017 in the U.S. creating $47 billion in value 

(USDA, NASS). Both commodities are grown under similar conditions and have a large 

role as feed for livestock and as biofuels (Norwood and Lusk, 2008; Barnaby). 

Therefore, as substitutes, their prices have a high correlation. If sorghum prices were to 

rise, demand would increase for corn, causing corn prices to rise correspondingly.  

 Because sorghum is a relatively small crop and because it is a close substitute 

for corn, sorghum futures contracts are not traded. Furthermore, the liquidity of corn 

futures make it difficult for a sorghum contract to survive as hedgers avoid illiquid 

markets. In this paper, I examine how well sorghum hedgers can reduce their risk by 

using corn futures contracts, the standard instrument for sorghum hedging. This 

strategy is examined over two common hedge horizons.   

 Sunflower seed is a more minor commodity than sorghum. Little literature exists 

on methods for managing the price risk involved in sunflower seed sales and 

purchases, although one paper indicates that soybean meal and soybean oil futures 



may provide some risk reduction. I will compare sunflower seed hedging in soybean 

meal to sunflower seed hedging in soybean oil under multiple hedge horizons to see 

which instrument is more effective and compare these results to results reported in 

previous literature. 

 My key findings are: Soybean meal and soybean oil are not effective hedges for 

sunflower seeds, while corn is an effective hedge for sorghum. I draw these conclusions 

based on the 𝑅2 levels for the three hedges, and the statistical significance of the 

conclusions.  

 

Literature Review 

 One of the key objectives of any market enterprise is to minimize risk. Risk can 

result from a variety of sources such as damage or loss of physical assets, loss of key 

personnel, loss of customers due to public relations mishaps, and changes in the 

profitability of operations due to price change. Regardless of source, these risks create 

financial risk to the firm. Businesses which utilize raw commodities and their by-

products (along with a variety of other businesses) are especially exposed to price risk. 

These firms can use futures markets to decrease their exposure to this risk. This is 

done by buying or selling a standardized contract which precisely specifies conditions 

for delivery of a commodity. These specifications include date of delivery and grade of 

the commodity and are traded at a fixed, agreed upon price. In this manner, any gain or 

loss a party faces due to changes in the price of a commodity can be offset to some 

degree by changes in the price of the futures contract they have purchased (Dahlgran, 

2017).  



 As well as minimizing risk, a rational agent would also like to increase their 

expected profits. Johnson (1960) established a portfolio model with futures as part of 

the portfolio.  The agent’s utility is a linear function of the mean and variance of profit 

and Johnson established that futures holdings can be used to reduce price risk. 

In practice, futures prices do not move in perfect lockstep with the prices of the 

commodities they represent. Ederington (1979) found that, risk minimization may 

involve having a larger cash position than futures, rather than having equal quantities of 

each. Finally, there are many commodities with a large role in the economy that do not 

have futures contracts associated with them. We can already clearly see that 

constructing a hedge can be a challenging balance of matching actual data with 

theoretical models. 

 Today, we have the technology to access historical data on futures and 

commodity prices, as well as common formulas for utility maximization which apply to a 

wide variety of industries. Since nearly all businesses share the goal of reducing risk 

through hedging, it makes sense to try to automate the process of constructing a hedge. 

This is exactly what Roger Dahlgran is working towards accomplishing using his 

HedgeSmart website and app. HedgeSmart tries to “encompass the widest possible 

variety of hedging scenarios. Based on the user-provided input, the algorithm queries a 

comprehensive price database and passes the data to the hedge ratio estimation 

component. Hedge ratios are computed in accordance with the standard portfolio theory 

of hedging” (Dahlgran, 2017).  

 Sorghum is primarily used for livestock feed, but plays a major role in ethanol 

production and as a food source in the developing world (Tejada, 2012). Despite this 



major role in the U.S. and world economy, sorghum does not have an associated 

futures contract available for hedgers. This is due to the failure of a sorghum futures 

contract when it was previously available; most sorghum producers opted to trade the 

corn contract due to its higher liquidity (Barnaby).  

 Corn futures are still considered to be a good hedge for sorghum today. 

Quantitative analysis of corn futures’ effectiveness, however, is limited in recent years. 

A 1987 study by Witt, Schroeder and Hayenga found that, using a three month hedging 

interval, sorghum cash price changes and corn futures price changes had an 𝑅2 of 0.76, 

constituting an effective hedge.  

 48.5 million metric tons of sunflower seeds were produced worldwide in 2017, at 

a value of $389 million (National Sunflower Association), of which 983,720 came from 

the U.S. (USDA, NASS). The seeds are mainly produced for their oil, which accounted 

for 8-11% of world vegetable trade from 2000-2009. Also, 25% of sunflower seed is 

used as birdseed (Ash, 2017). Due to its use in vegetable oil production, we would 

expect soybean oil futures to provide a better hedge than soybean meal futures for 

sunflower seed buyers/sellers. In the only sunflower seed cross-hedging study I could 

find, the author found that soybean oil was a somewhat effective hedge, with a risk 

reduction of between 0.02 and 0.73, depending on the year. The same study compared 

the hedge effectiveness of soybean oil with soybean meal, finding that soybean oil was 

more effective in six out of seven years. The study did not find that any of the futures 

contracts or alternative vehicles could consistently provide a strong risk reduction, since 

all 𝑅2 were below 0.6 on average (Wilson, 1989). 

 



Model 

 I constructed three different hedging scenarios in order to understand how hedge 

ratios are best determined and how their effectiveness varies depending on the hedge 

interval. Two hedges involved soybean meal and soybean oil futures contracts, with 

sunflower seeds as the commodity to be hedged. The other hedge used corn futures to 

provide a hedge for sorghum. These three scenarios are examples of cross-hedges, 

where the commodity does not have a corresponding futures contract available to trade. 

Cross-hedges are interesting to study because they can have a wide range of optimal 

hedge ratios and hedge effectiveness, depending on how the price movements are 

correlated. 

 The standard method of modeling a hedge is given by the equation 𝛥𝑆𝑡 = 𝛼𝑋 +

𝛽𝛥𝐹𝑡 + 𝜀𝑡. Any change in the spot price, 𝑆𝑡, of a commodity can be accounted for by 

changes expected by the market, given by 𝛼𝑋, changes proportional to a change in the 

futures price, 𝛽𝛥𝐹𝑡, and an unexplained error term 𝜀𝑡. While this model can be applied to 

hedging scenarios which utilize several different futures contracts, I only looked at 

simple hedges, where there is only one contract being used.  

𝛽 is the hedge ratio, and is one of the key parameters in analyzing a hedging 

scenario. The hedge ratio tells a hedger how large of a futures position they should hold 

if they are trying to minimize their risk. A hedge ratio of 1 indicates that it is optimal to 

hold one unit of the futures contract for every unit of the commodity you plan on 

purchasing or selling. The units must be standardized across commodities, so weight or 

volume are often useful units. If 𝛽 < 1 (or > 1), the size of your futures contract should 

be smaller (or larger) than the size of your anticipated commodity transaction. This 



hedge ratio can be viewed as a constant, or as varying with time. The difficulty in 

treating the hedge ratio as a time-varying number is that there are a wide variety of 

complex methods which analysts can use to determine the hedge ratio (Abdulnasser 

and Roca, 2006). Computing a static hedge ratio is still an effective way to help 

businesses choose a hedging strategy.  

Once the optimal hedge ratio has been established, hedgers need to know how 

much risk their firm is still taking on. The principle way of measuring hedge 

effectiveness is by using the 𝑅2 statistic, which indicates the square of the correlation 

between futures prices and spot prices given a certain hedge ratio. 𝑅2 = 1 −
𝛴(𝑦−�̂�)2

𝛴(𝑦−𝑦)2 

gives the equation for hedge effectiveness, where y is the change in the spot price, 𝑦 −

�̂� = 𝑦 −  𝛼𝑋 + 𝛽𝛥𝐹𝑡 is the change in spot price corrected for the outcome in the futures 

position, and 𝑦 − 𝑦 is the change in the spot price corrected for the expected change in 

the spot price.  

Since corn is often considered a good hedging instrument for sorghum, I would 

expect to see a high 𝑅2, although there is not much recent historical data on precisely 

how effective the hedge might be. Soybean oil and soybean meal have less evidence of 

providing a good hedge for sunflower seeds, so I expect their 𝑅2 to be lower than that of 

the corn-sorghum hedge. Finally, I expect longer hedge horizons to have a higher 𝑅2, 

since long term movements in prices will have more time to impart a large effect on the 

data relative to short term fluctuations. 

 

 

 



Data 

 To study possible hedging strategies, I use the spot prices of sorghum and 

sunflowers, collected from the USDA’s website. Sorghum prices come from an average 

of the high and low daily price measurements of sorghum in Western Kansas. These 

prices are given in dollars/Cwt, where Cwt = 100 lbs. Sunflower seed prices are also 

averages from daily high and low prices, and are based on seeds in Eastern Colorado / 

Southwest Nebraska, Colorado. The units are dollars/Cwt.  

Corn prices were measured in cents/bushel, soybean meal in dollars/short ton, 

and soybean oil in cents/pound. In order to trade a futures contract, there is a standard 

associated quantity of the commodity which the trader agrees to buy/sell. In the case of 

corn, this is 5,000 bushels. Prices for the futures contracts came from Roger Dahlgran’s 

HedgeSmart database. The statistics in table 1 refer to the price series utilized in the 

study prior to sampling at four or 13 week intervals. 

I took sample spot and futures prices starting on an arbitrary Wednesday toward 

the beginning of the dates for which data was available. Since all hedge intervals were 4 

or 13 week periods, the data I sampled always fell on a Wednesday. The terminal date 

for a given hedge interval became the start date for the next interval. Using Wednesday 

prices is ideal because Federal holidays are unlikely to fall on Wednesdays, and 

because prices would be relatively unaffected by major weekend events. 

For each terminal date, I found the associated futures contract which was closest 

to maturity (also known as the “nearby”). I then looked at the change in the price of that 

contract from the start date to the terminal date. Next, I had to convert the units to a 

standard metric. For example, I divided changes in sunflower seed prices by 112, to 



convert them to $/pound, then multiplied by 100 to find cents/pound, which corresponds 

to the units for soybean oil futures. 

 

Table 1: Summary statistics for spot and futures prices 

 Corn futures Soybean 
Meal 
futures 

Soybean Oil 
futures 

Sorghum Sunflower 
Seeds 

Units Cents/Bushel $/Short 
ton 

Cents/Pound $/Cwt $/Cwt 

Minimum 198.5 152.2 18.9 2.05 8.25 

Maximum 795 525.2 65.8 13.95 30.5 

Number of 
Observations 

221 179 178 227 182 

Mean 386.2 300.5 36.97 6.03 17.42 

Standard 
Deviation 

160.9 91.52 11.89 2.90 6.17 

 

Table 2 shows the computational procedure employed. I calculated changes in 

futures (ChgF) and spot prices (ChgS). The “Nearby1” column lists the nearby contract 

for the date in the “date1” column. The price of the contract on the dates in the “date0” 

and “date1” column is listed under the “F0” and “F1” columns, respectively. In this 

example, I compared soybean meal spot and soybean meal futures prices. 

 

 

 

 

 



Table 2: Data treatment example for a four week soybean meal hedge. 

 

 

 

 

 

 

 

 

 

 

 

 



Results 

 Figure 1 shows the relationship between changes in sunflower seed prices and 

nearby soybean oil futures prices, sampled every four weeks from 2003-2016 (n=174). 

The x-axis corresponds to sunflower seed price changes, in cents per pound, while the 

y-axis corresponds to nearby soybean oil futures price changes in cents per pound. A 

line of best fit for the data has the equation Y = 1.146X - 0.06630.  

 

 

Figure 1: 4-week changes in the price of sunflower seed versus the nearby soybean oil 

futures contract. 

 

 

 



Figure 2 shows the relationship between changes in sunflower seed prices and 

soybean meal futures prices, sampled every 13 weeks from 2003-2016 (n=52). The x-

axis corresponds to sunflower seed price changes, in cents per pound, while the y-axis 

corresponds to soybean meal futures price changes in cents per pound. A line of best fit 

for the data has the equation Y = 0.301X + 0.446. 

 

 

Figure 2: 13-week changes in the price of sunflower seed versus the nearby soybean 

meal futures contract. 

 

 

 

 

 



Figure 3 shows the relationship between changes in sorghum prices and corn 

futures prices, sampled every 4 weeks from 2000-2017 (n=221). The x-axis 

corresponds to sorghum spot price changes, in cents per bushel, while the y-axis 

corresponds to corn futures price changes in cents per bushel. A line of best fit for the 

data has the equation Y = 0.981X – 2.256. As compared to figures 1 and 2, figure 3 

shows a tighter “fit” of the points about the regression line. This tighter fit is represented 

as a higher 𝑅2 and, as will be seen, a greater hedging effectiveness. 

 

Figure 3: 4-week changes in the price of sorghum versus the nearby corn futures 

contract. 

 

 

 



 Table 3 summarizes the findings of this study. This table shows the results for 

hedging sorghum in the corn futures market and sunflower seeds in either the soybean 

meal or soybean oil markets for four and 13-week time horizons. The two primary 

hedging statistics are the hedge ratio (𝛽) and hedge effectiveness (𝑅2). Although there 

is no official cutoff for what constitutes an effective hedge, in practice having an 𝑅2 of 

over 0.8 is considered “highly effective”. With n > 30 for all hedges, there are also 

enough data points for the results to be statistically reliable (CME Group). 

 

Table 3: Summary of sorghum and sunflower seed hedging results. 

Commodity Futures 
Contract 

Hedging 
Period 

n 𝛽 𝑅2 p-value 

Sorghum Corn 4 weeks 221 0.981 0.827 <0.0001 

Sorghum Corn 13 weeks 68 1.048 0.875 <0.0001 

Sunflowers Soybean 
Meal 

4 weeks 176 0.177 0.016 0.095 

Sunflowers Soybean 
Meal 

13 weeks 52 0.301 0.085 0.036 

Sunflowers Soybean 
Oil 

4 weeks 174 1.146 0.168 <0.0001 

  

 For each hedge, 𝛽 corresponds to the slope of the line of best fit, as seen in 

figures 1-3. The different hedging scenarios can be classified into three categories: 

excellent, minimally effective, and somewhat effective. 

 These results indicate that corn futures provided an effective hedge for sorghum, 

using both a four week and a 13-week hedging period. The effectiveness, 𝑅2, ranges 

from 0.8-0.9, and the p-values are below 0.0001. The low p-value indicates that there is 



virtually no chance that the correlation between change in futures prices and change in 

spot prices is random. 𝛽 ≈ 1 for both hedging periods, indicating that a naïve 1-1 hedge 

is optimal for risk reduction.  

For both sunflower seed hedges using soybean meal, the correlation with 

sunflower seeds is slightly positive. 𝑅2 ranges from 0.016-0.085, meaning that there is a 

potential variance reduction of 1.6% - 8.5%. The p-values tell us that during the four and 

13-week hedges, the price changes have 9.5% and 3.6% chances, respectively, of 

being uncorrelated. 𝛽 is very low for these hedges, between 0.1 and 0.3. Soybean meal 

futures appear ineffective for hedging sunflower seeds in comparison to soybean oil. 

Finally, the four week sunflower seed and soybean oil hedge was somewhat 

effective, with an 𝑅2 of 0.168. Although this risk reduction is not high enough to be 

considered effective, the p-value is <0.0001, which tells us that the two commodities are 

definitely correlated. This low p-value makes this scenario is intriguing, because 

sunflower seed hedgers can be certain that they will have some level of risk reduction 

by using soybean oil futures, even if that reduction is low. 

One noteworthy overall trend is that the 𝑅2 values were higher when using a 13 

week hedging period as opposed to a four week hedge. This effect is consistent with 

other hedging studies that find increases in hedge effectiveness associated with longer 

hedge horizons. The p-values for the longer hedge intervals, however, were lower, 

potentially as a result of having fewer data points to work with.  

 

 

 



Conclusions 

 The 𝑅2 values tell businesses how much they can expect the variance of their 

losses/gains to decrease if they purchase futures using the recommended hedge ratio, 

𝛽. For example, consider a commodity which is expected to increase in price by 5 

cents/bushel during some time interval and the variance of the commodity’s price 

change is 25 cents/bushel. If a firm hedges their anticipated sale with a vehicle which 

yields an 𝑅2 of 0.64 with the commodity, the variance of the firm’s overall position will 

decrease to 25(1-0.64) = 9. This means that their standard deviation has dropped from 

√25 = 5 to √9 = 3. From this we can compute the probability of various losses. 

Unhedged, the probability of any loss is 16%, while a firm using the hedging strategy 

described above would greatly reduce this possibility, since there would only be a 4.7% 

chance of incurring a loss. For a firm buying or selling sorghum, the 𝑅2 of 0.8-0.9 of a 

corn futures hedge would allow for an even greater risk reduction.  

One key limitation in this study was that there were occasionally missing futures 

prices on the terminal dates of a hedging interval. The two intervals starting and ending 

on the dates with missing prices were omitted from the regression, since there would 

not be a pair of price changes to correspond to one another. This was problematic 

because a large movement in the futures price may have occurred during the intervals, 

while the spot prices could have increased at a later date.  

 Additional studies are needed to assess viable hedging vehicles for sunflower 

seeds. The only major study on the hedging prospects for this commodity was 

conducted in 1989. Soybean oil appeared to be a more effective hedge for sunflowers in 

the 1989 paper (Wilson, 1989) than in my study, raising the question: what has changed 



in the past 30 years in these two markets? The sunflower market is relatively thin, 

however, so practical applications of future studies may be limited.  
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