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Summary
J&L Railroad, a major Class 1 freight railroad, operates over 2,500 miles through the West and the Midwest.  The 1980 Staggers Rail Act, which deregulated the railroad industry by easing merger/acquisition restrictions, permitted private contracts, and allowed companies to set rates, opened the industry to free market competition.  Trains today transport freight nearly four times further per gallon of fuel than trucks, providing a competitive advantage in efficiency.  However, railroads are vulnerable to fuel price volatility.  
Fuel prices have historically increased as a percentage of sales for J&L since 2001.  Long-term customer contracts, which fix shipping rates, have limited the industry’s pricing flexibility, leading to compressed profit margins during periods of high fuel costs.  In early 2008, diesel prices rose to historical highs, compressing margins.  Although fuel prices dropped to a four-year low by early 2009, diesel prices started to rebound leaving J&L Railroad to evaluate fuel hedging strategies as futures markets projected fuel prices to rise.  Despite an increase in revenue, the company’s operating income fell by 11%, driven by rising diesel costs.  The board concluded that continued exposure to unhedged fuel-price risk was unacceptable.  
J&L Railroad cannot rely on fixed price contracts with fuel suppliers due to the threat of breach of contract from their suppliers.  As J&L Railroad faces the worry of rising fuel costs, CFO Jeannine Matthews is tasked with presenting the most efficient solution to limit the company’s risk.  This solution must protect margins without introducing more risk.  Several hedging strategies are available to J&L to manage this exposure.  Matthews estimates the company will need approximately 17.5 million gallons of diesel fuel per month (210 million gallons over the next year).  The company’s exposure to diesel price volatility can be mitigated by option contracts and heating oil futures on the New York Mercantile Exchange (NYMEX).  While NYMEX does not offer diesel fuel futures, they do offer futures on heating oil, which is highly correlated to diesel fuel.  The company can also outsource risk management to Kansas City National Bank (KCNB), which offers customized derivatives (swaps, caps, floors, collars) linked to heating oil prices.  
NYMEX vs. KCNB
J&L Railroad should hedge its diesel fuel exposure using NYMEX heating oil futures instead of KCNB’s swaps because of (1) liquidity concerns, (2) upfront costs, and (3) counterparty risks.  
First, KCNB’s swaps are locked to a fixed date and cannot be sold on an exchange, making it difficult to exit or adjust positions if market conditions change.  In contrast, NYMEX futures offer higher liquidity, allowing for more managed exposure since NYMEX futures can be easily traded.  If J&L wished to exit an unfavorable position, the bank in a favorable position would not allow cancellation.  
Second, KCNB swaps involve upfront costs.  NYMEX futures require a 5% initial margin on future, which is recovered at maturity if the price does not change.  However, when the price does change, one party in the contract gets margin called to put up more money to maintain the contract.  If J&L bought a futures contract and prices went down, the amount paid on the margin call would be offset by the amount saved from fuel costs.  The margin required to maintain a hedge with futures contracts is not a cost since it is used to pay if the contract becomes unfavorable, or it is recovered in a favorable position at maturity.  Conversely, KCNB requires an up-front, non-refundable payment that is a cost of hedging.  
Third, KCNB is exposed to counterparty risk because the swap is not on an exchange.  If the bank were to fail or to decide not to pay, any benefit from the hedge would disappear. Hedging through NYMEX shifts counterparty risk to the exchange’s clearinghouse, which guarantees contract performance and effectively removes default risk.  
In addition, J&L Railroad should hedge with NYMEX call options rather than KCNB’s cap and floor options.  The bank bases its cap options on monthly average prices rather than daily spot settlements.  Because KCNB’s derivative pricing is privately offered, there is a hidden spread and margin embedded into the premium, meaning the company would not know exactly how much it is paying over fair market value.  While NYMEX call options are priced transparently in a public market, KCNB’s option pricing lacks visibility, making true cost assessment difficult.  Furthermore, KCNB caps and floors are locked instruments, making it costly and operationally difficult to exit early if needed.  In contrast, NYMEX calls can be freely bought or sold, providing the company with much greater flexibility.  Given the lack of transparency, limited liquidity, and exposure to counterparty risk, KCNB’s derivatives are not an effective hedging tool compared to NYMEX options.
The Model
	The best way to hedge from fluctuations in fuel prices is to use a combination of futures and call options on futures.  Our model to determine the best mixture of futures and call options includes the following drivers: gallons of diesel fuel needer per month of 17.5 million, the current diesel spot price of $1.367 per gallon and heating oil spot price of $1.357 per gallon, and a beta of heating oil to diesel of 0.896.  If the expectations for fuel needs changes from 17.5 million gallons per month, our model must be run again to find the new best hedging mixture.  The beta was obtained by finding the covariance of the price changes in heating oil and diesel prices and the variance of price changes in diesel.  It shows how much the price of heating oil changes with the price of diesel and is used to calculate beta-weighted delta.  
[image: ]	The goal of the model is to attain a delta as close to zero as possible while minimizing the cost of hedging.  This is done by entering futures contracts and buying and selling call options.  All hedging is assumed to be done immediately.  The optimal mix is generated algorithmically using solver with the constraint on portfolio beta-weighted delta of ±0.001.  The total amount spent on diesel fuel for the month is negative delta and must be offset completely by futures and calls.  Since the future spot price is needed to calculate the amount spent on diesel, we generate random variables spread across a normal distribution under four scenarios: up, down, way up, and way down.  The means and standard deviations for each scenario have been calculated using data from movements in the heating oil spot price.  The up and down scenarios have been selected from the periods that are relatively smooth, and the way up and way down scenarios have been selected from the periods of greatest change.  Random price changes are generated 30 thousand times each month for each scenario to ensure a normal distribution of potential future spot prices.  The Monte Carlo simulation for scenario is run separately, and then our strategy is applied to each.  Overall, the model is run [image: A graph showing oil price

AI-generated content may be incorrect.]120,000 times.  
[image: ]	The model divides the hedging strategy into twelve one-month periods to correlate with the maturity of futures contracts.  Since futures all have a delta of one, and do not have a premium, the model assumes that the contract with the lowest strike price is entered into for each month.  The table to the right shows that the strike prices increase as the maturity increases, signaling the market expectations for heating oil prices to go up.  The lowest strike price for each month is always the futures contract that expires at the end of said month, so that will be the contract purchased.  The futures’ deltas are weighted with the 0.90 delta and size of 42.00 thousand gallons, resulting in a beta-weighted delta of 37.64 thousand for each contract relative to the price change in diesel spot price.  
	For the call options, we calculate the delta for each using the Black-Scholes formula, then calculate the theta of each one.  A call option with an expiration date prior to the start date of any month will not be used.  Only calls that expire in or after the month are used, so that the call will be resold in the market.  To determine the price of a call at the time of sale, we take the spot price of heating oil at that time, as randomly generated, and subtract the strike price to determine intrinsic value.  If the option expires in the month which is being hedged, the time value is zero.  If it does not expire, the daily theta is multiplied by the number of days between the dates that the call is bought then sold and subtracted from the beginning time value premium.  
[image: ][image: ]	After the random variables are generated, solver is used to find the best combination of futures and calls.  The tables below show how many futures to enter at which maturities, and which calls are bought at specified expirations and strike prices.  
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	Our optimal hedging strategy provides the results in the tables above based on the 30,000 normal distribution random variables.  A negative cost of hedging is a gain in the two upward scenarios.  From these results, we are slightly overhedged, benefitting from upward price changes and losing on downward price changes.  Our average true cost of hedging ranges from $(2.8) million to $2.6 million in extreme cases, or between -0.6% and 1.6% of the total amount we spend of diesel fuel in those scenarios.  However, this strategy was made to yield the optimal result for all scenarios based on their likelihood.  In the last 8 years, the spot price was on a trend up for about 65.6% of the time, a down trend for about 17.7% of the time, and about 8.3% of the time for the other two. Given these weights, the weighted average true cost of hedging over 120,000 scenarios on a normal distribution is $(0.024) million, only 0.006% of the total amount spent on diesel in that scenario of $342.8 million.  This shows that our strategy provides an immaterially low cost for its level of protection from the fluctuation in diesel fuel prices.  
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image3.emf
Maturity Strike

29-May-09 $1.386

30-Jun-09 $1.414

31-Jul-09 $1.443

31-Aug-09 $1.472

30-Sep-09 $1.502

30-Oct-09 $1.533

30-Nov-09 $1.563

31-Dec-09 $1.593

29-Jan-10 $1.614

26-Feb-10 $1.626

31-Mar-10 $1.629

30-Apr-10 $1.638
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Maturity Strike Contracts

29-May-09 1.386            440              

30-Jun-09 1.414            410              

31-Jul-09 1.443            396              

31-Aug-09 1.472            340              

30-Sep-09 1.502            380              

30-Oct-09 1.533            265              

30-Nov-09 1.563            358              

31-Dec-09 1.593            98                

29-Jan-10 1.614            289              

26-Feb-10 1.626            465              

31-Mar-10 1.629            465              

30-Apr-10 1.638            465              
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Strike 28-Jul-09 25-Sep-09 24-Nov-09 26-Jan-10 27-Apr-10

1.36              1                   5                   -                -                -               

1.40              -                -                1                   -                -               

1.45              -                4                   -                -                -               

1.50              118               -                -                -                1                  

1.55              -                -                -                2                   1                  

1.60              -                176               -                -                -               

1.65              -                -                11                 28                 13                

1.70              -                8                   229               368               1,362            
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Way DownCost of Hedging% of Total

Average 2,653.08                1.59%

Std. Dev. 1,073.70                0.99%

Max 5,441.88                9.33%

Min (6,545.21)              -1.13%

Median 2,779.48                1.44%
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Way Up Cost of Hedging% of Total

Average (2,841.36)              -0.59%

Std. Dev. 1,541.50                0.26%

Max 1,083.05                0.39%

Min (11,253.19)            -1.45%

Median (2,730.61)              -0.61%
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Down Cost of Hedging% of Total

Average 1,990.21                0.91%

Std. Dev. 646.73                    0.41%

Max 4,093.73                3.30%

Min (2,488.76)              -0.57%

Median 2,038.78                0.88%
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Up Cost of Hedging% of Total

Average (544.27)                  -0.09%

Std. Dev. 1,372.02                0.35%

Max 3,086.10                1.77%

Min (10,249.38)            -1.38%

Median (315.44)                  -0.09%
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  Mean Std. Dev.

Up 3.38% 7.60%

Down -3.12% 7.01%

Way Up 6.86% 6.03%

Way Down -5.74% 13.14%


