Energy Derivatives

Final Exam

Professor Pirrong

Spring, 2017
Answer all of the following questions.  Show your work for partial credit; no credit will be given unless your answer provides supporting calculations or explanations.  When written answers are required, make your responses as succinct and legible as possible.  This is a take home exam, and it is expected that you not discuss it with anyone except me, including your fellow class members.   Good Luck!
1. It is 19 April, 2017.   Some time back, a bank sold a “range forward” to an oil producer. From the perspective of the oil producer, the range forward is equivalent to a position consisting of: (a) a long call on 100,000 barrels of July WTI crude oil struck at $53/bbl; (b) a short position in 100,000 barrels of July WTI crude oil futures; and (c) a short put on 100,000 barrels of July WTI crude oil futures struck at $43/bbl. (From the bank’s perspective, of course, its positions are exactly the opposite.) The July WTI crude oil futures price is currently $52.68/bbl. The producer entered the deal on November 11, 2017, when the price of July WTI futures was $48/bbl. The volatility of July crude oil is (and was on 11/11/16) 35 percent (annualized). The relevant interest rate at all times is 1.5 percent. The options expire on 15 June, 2017.
1. How much did the producer have to pay (or did it receive) for the range forward on 11/11/2016? What is the value of the range forward to the bank today?  (5 points).
1. What is the current delta of the range forward to the bank?  What is the current gamma of this range forward to the bank?  What is the current vega of this range forward to the bank? (5 points)

1. The bank’s risk manager is very worried about the riskiness of this position.  Explain in words why this position is very risky to the firm given the current price of July crude oil futures. Would the bank’s risk manager be as worried if the price of July WTI crude oil was $44.50? Why or why not?  A couple of sentences should suffice. (5 points)

1. In response to the risk manager’s concerns, the banks crude trader wants to buy volatility/convexity.  Specifically, he has an opportunity to buy some July crude oil calls expiring on 15 June with a strike price of $50.  How many barrels of these calls must the trader buy in order to eliminate the gamma of the bank’s position in the range forward?  How much will the dealer pay to buy this amount of calls? (5 points)

1. What is the delta of the gamma-hedged position you derived in e. above?  What position in oil futures must the trader put on to set the delta of the position equal to zero?  What is the vega of the gamma and delta hedged position?  (5 points)

2. It is 19 April, 2017.  July Natural Gas futures are currently trading at $3.357/MMBTU.  The interest rate is 1.25 percent.  The volatility of the July futures is .35.  The NG futures options expire on 25 June 2017.  Use the binomial model with eight time steps to determine the price of an American put on July NG futures struck at $3.40.  What is the delta of this put as of 19 April?   How would you replicate a short position in this put?  If the futures price rises, will you buy or sell futures as part of your replication strategy?  How would you hedge a long position in this put?  (20 points)

3. It is 19 April, 2017.  Options July crude oil expire on 15 June, 2017.  July crude oil futures are currently trading at $52.55 /barrel.  The interest rate is 1 percent (annualized). July crude oil calls struck at 52.50 are trading at $2.38/bbl.  July crude oil puts struck at 52.50 are trading at $2.08/bbl.  Is there an arbitrage opportunity if the options are European?  If so, how much money will you make per barrel when exploiting it?  What transactions should you undertake to realize this arbitrage profit? Is there an arb opportunity if the options are American?  (10 points)

4. If the Black model is correct, what should be the relation between the strike price on options on a futures contract (such as on natural gas future) and the volatilities implied by the prices of these options?  What relation between strike and implied volatility is typically observed in reality?  Provide a brief explanation of what can account for the observed strike-implied volatility relation.  Why might the “smile” “smirk” towards the “call wing”?  Why might it “smirk” towards the put wing?  (10 points)

5. It is 19 April, 2017.  The July Crude Oil futures option expires on 15 June, 2017.  The interest rate is 1.25 percent.  The current July futures price is $52.55.  A July put struck at $54 is selling at $2.85.  What is the implied volatility on the put?  A July put struck at $51 is trading at $1.74.  What is its implied volatility?  Assuming the Black model is correct, identify an arbitrage opportunity and indicate how you would exploit it.  (10 points)

6. Is the following statement true, false, or uncertain?: “My firm hedges its purchases of Middle Eastern and Nigerian oil cargoes by selling Brent futures and forwards.  Because we never make delivery of Brent crude against these contracts, the decline in the production of Brent crude oil doesn’t have an adverse impact on us.”  Make sure you explain your reasoning.  (5 points)

7. Is the following statement true, false, or uncertain?:  “Since I trade futures contracts that are cleared through the CME clearinghouse, I don’t care about the financial condition of my brokerage firm, whether it engages in proprietary speculative trading, or the riskiness of its other customers’ positions.”  Explain your reasoning.  (5 points)

8. Is the following statement true, false, or uncertain?:  “The cost of hedging depends on the how closely correlated are the price of the futures I use to hedge and price movements in the broader stock and bond markets.”  Explain your reasoning.  (5 points)

9. Explain briefly why short, out-of-position hedgers suffer as the result of squeezes.  (5 points)

10. The initial margin for NYMEX May WTI futures is $2200.  The maintenance margin level is $2000.  At the beginning of the day, you were short 1 WTI futures contract, and you had $2100 in your margin account.  Today, the WTI price rises $.23/bbl.  How much margin money must you pay before trading opens tomorrow? (Each contract is for 1,000 bbl.).  (5 points)

11. You have done extensive research, and have found that speculators are net long the January 18 NG futures contract.  Do you expect the January 18 NG price to drift up or down between now and the end of December (when the contract expires)?  Explain your reasoning. (5 points)

12. In 2018, regulations will eliminate the use of high sulfur fuel oil in ocean ships. Most carriers will utilize low-sulfur gasoil instead. How would the announcement of this regulation affect: (a) gasoil inventories; (b) fuel oil inventories; (c) the spot price of gasoil; (d) the spot price of fuel oil; (e) the spread between June 2018 gasoil forwards and spot gasoil; and (f) the spread between June 2018 fuel oil forwards and spot fuel oil. Explain your reasoning. (10 points)

13.  It is 19 April 2017.  You observe the following data:
	
	NYMEX NG
	Chicago City Gate
	DF

	201801
	3.654
	3.894
	0.986842

	201802
	3.608
	3.828
	0.983564

	201803
	3.516
	3.546
	0.980296

	201804
	2.968
	3.018
	0.977039

	201805
	2.898
	2.818
	0.973793

	201806
	2.917
	2.797
	0.970558

	201807
	2.937
	2.807
	0.967333

	201808
	2.942
	2.744
	0.96412

	201809
	2.916
	2.779
	0.960917

	201810
	2.936
	2.766
	0.957724

	201811
	2.982
	3.061
	0.954542

	201812
	3.117
	3.246
	0.951371


The first column is the delivery month (201801 meaning January, 2018, etc.); the second column is a forward price for delivery at the Henry Hub; the third column is the forward price for delivery at the Chicago City Gate; the last column is a discount factor.   Assume you can trade forwards for each of the delivery months at each of the locations at the prices quoted above.

You contact a market maker who is currently quoting a calendar 2018 basis swap (Chicago City Gate) at a bid of +.02 and an offer of +.03.  Each month January 18-December 17 this swap pays the difference between the Chicago City Gate monthly NGI index price and the NYMEX last day settle for that delivery month, minus the fixed price.  For instance, if you buy the swap, the January NG futures settles at $2.00, the Chicago index is $3.00, your cash flow is 3-2-.03=.97/MMBTU.  If you had sold the swap, your cash flow is 2-3+.02=-.98/MMBTU.  

The Chicago City Gate forwards for which prices are quoted above pay the difference between the NGI index price and the forward price (for a forward purchase—the reverse for a forward sale).  

Identify an arbitrage opportunity.  To exploit this opportunity, should you buy the basis swap from the market maker, or sell it to him?  To execute the arbitrage, what should you do in the NYMEX NG futures market (buy or sell?) What should you do in the Chicago City Gate forward market (buy or sell?).  If you trade 30,000 MMBTU/month, how much money will you make at the market maker’s expense?  Show your work.  (35 points)

