REAL OPTIONS MATERIALS FOR CLASSROOM USE

This document contains three parts. The first part is an introduction to real options for students who have studied traditional capital budgeting but have little or no background in derivatives. It is drawn from the article “Getting Up To Speed With Real Options Analysis: Basics,” by Patrick Larkin, Baeyong Lee, and Abdoul Wane, which appears in Fall 2005 issue of the Midwestern Business and Economic Journal. The second part contains examples of how to solve real options using binomial spreadsheets and is drawn from the article “Getting Up To Speed With Real Options Analysis: Examples,” by Patrick Larkin, Baeyong Lee, and Abdoul Wane, which appears in Spring 2006 issue of the Midwestern Business and Economic Journal. The third part is drawn from the article “Hollywood Tycoon: A Real Options Simulation Game” by Patrick Larkin, Baeyong Lee, Abdoul Wane, and Thomas G.E. Williams, which appears in the Summer, 2006 issue of the Journal of Financial Education. It contains the instructions for using the game in class. Our reason for posting the document in this form is that some instructors may wish to use it as a self-contained unit on real options. This is a teaching document, not an academic paper, but references are included. All of the spreadsheets that are referred to here are available as free downloads at http://faculty.uncfsu.edu/plarkin/. To get teaching notes for the simulation game, e-mail Pat Larkin at plarkin@uncfsu.edu. Only instructors are eligible to receive the teaching notes.
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1. AN INTRODUCTION TO REAL OPTIONS

1.1 Calls and Puts

Options are a type of derivative security. They are classified as derivatives because their value can be derived from the value of some other asset, such as a share of stock. The other major types of derivatives are futures and swaps. Call options give investors the right, but not the obligation, to purchase a given asset at some specified price (called the exercise price, or the strike price) over a specified time frame. For example, at the time of this writing General Electric Stock is trading at $31.70 per share. It is possible to buy a call option on the Chicago Board Option Exchange (CBOE) that conveys the right to buy the stock for $35.00 at any time before the close of trading on Friday, December 17th, 2004 (the time of expiration) for a price of $.50. The $.50 required to buy the option is called the option premium. Since it would not be profitable to exercise the option now (who wants to buy a stock for $35.00 when it can be purchased in the market for $31.70?) it is said to be “out of the money.” If the stock price goes above $35.00 between now and expiration, then the call will be “in the money.” Since this call option can be exercised at any time before expiration, it is referred to as an American call. In contrast, European options can only be exercised on the date of expiration. In some cases, it is advantageous to exercise the option early. This means that American options are always at least as valuable as European options that are otherwise identical. However, it is not the case that options should always be exercised if they are in the money. Since the call option holder’s downside exposure to the stock price is limited, it is usually better to wait and see if the stock price goes even higher. If the stock price of GE is at, say, $37.00 on November 1st and the call holders want to lock in a profit, then they can usually sell the option for a higher price than the $2 that they could earn through exercising the option. The exception to this, for call options, occurs when the stock is due to pay a large dividend before expiration. This will cause a predictable fall in the stock price at some point in the future that may make current exercise more attractive than holding the option to expiration and hoping for a large enough increase in the stock price to offset the planned dividend. Besides the current price and expected future dividends on the underlying asset (the GE stock in this example) and the strike price of the option, the other factors that affect option prices are the time to expiration, the expected volatility (standard deviation) of the stock price, and the risk-free rate of interest. The greater the time to expiration and the volatility per unit of time, the greater is the chance that the stock price will go “deep into the money,” and thus the greater the option price. While greater time to expiration and volatility also entail the risk of the stock going deep out of the money, option investors are not as concerned with this possibility. In our example, it doesn’t make any difference to the call investors if GE’s stock price ends up at $34.99 or $0 at expiration; in either case the call will expire worthless. The risk-free interest rate also has a positive affect on call prices. Calls allow investors to control part or all of the upside of the underlying asset without tying up the funds required to purchase the asset. Call investors must tie up only the funds necessary to purchase the call, in our example $.50. Buying a call and investing in risk-free bonds can be thought of as an alternative to buying the stock, and this alternative becomes more attractive at higher interest rates.


Put options give investors the right, but not the obligation, to sell a given underlying asset at a specified strike price over a specified time frame. As with call options, put options can be either American or European, but most traded options on financial assets, whether calls or puts, are American. As of this writing, it is possible to purchase a put option on GE stock with a strike price of $35.00 that expires at the close of trading on December 17th, 2004, for $3.90. This put has a much higher price than the corresponding call discussed above because it is already well in the money. If the option investors exercised now, they would have a profit of $3.30. The $3.30 is sometimes referred to as the “intrinsic value” of the option, while the additional $.60 is referred to as the “time value.” The put has time value because there is a chance that it may go even deeper into the money before expiration. As with the call, the greater the volatility of the stock and the time to expiration, the higher the time value of the put. However, in contrast to the call, there is an upper limit on the potential value of the put. If the stock price goes to $0.00, then the put will have reached its maximum value of $35.00. It is sometimes optimal to exercise a put option early when the price of the underlying asset is very low (it doesn’t necessarily have to fall to zero) because the gain from investing the funds realized from exercising the put and selling the asset is greater than the potential gain from the price of the underlying asset falling even further. For this reason, the risk-free rate of interest has a negative correlation with the value of the put; higher rates increase the opportunity cost of waiting to realize the proceeds from exercising the put and selling the underlying asset. Of course, since they decrease the value of the underlying asset, expected dividends increase the value of put options.

Options are important in all areas of finance. In addition to listed stocks, call and put options are traded on stock indices, currencies, interest rate futures, and a wide range of other financial assets. Corporate securities such as convertible bonds and convertible preferred stock contain embedded options that are valued using techniques similar to those used to value options on listed stocks. Employee stock options and warrants are call options that are issued by companies on their own stock, often as “sweeteners” to lure capital or skilled labor at more attractive current rates. These securities differ from exchange-listed calls in that their exercise creates more shares of the underlying stock, which results in dilution of the claims of existing shareholders. Equity in a levered firm (a firm that has debt outstanding) can itself be thought of as a call option on the value of the firm, where the strike price is the upcoming debt payment and the underlying asset is the present value of the firm’s future cash flows. Due to limited liability, if the expected present value of the future cash flows is less than the debt service at expiration (the date that the debt payment is due) then the stockholders may simply choose to “walk away” and leave the firm to the creditors. 

1.2  Real Options

Myers (1984) first used the term “real options” to describe corporate investment opportunities that resemble options. He proposed that the value of a firm could be divided into the value of its assets in place and the value of these “future growth options.” Growth options are also frequently referred to as expansion options. For example, the relatively high stock market valuation enjoyed by discount airlines such as Southwest in recent years can only be partially attributed to the present value of profits expected from existing routes. The option to invest in additional planes and other assets and expand into new routes accounts for the remainder of that value. Discounted cash flow techniques such as expected net present value (NPV) work well for valuing assets in place, but not so well for valuing growth options. The standard presentation of NPV suggests that investment opportunities must be framed as “now or never”, decisions that require an “all or nothing” commitment. In reality, management often has considerable flexibility on when to enter or exit a project, and on the scale of the initial and subsequent commitments to make to the project. The value of this flexibility is best captured by “real options analysis,” the application of option pricing techniques to capital budgeting. Traditional NPV systematically undervalues most investments. Real options analysis allows us to arrive at more accurate valuations of managerial flexibility, or strategic value, that facilitate better investment decisions than we would arrive at using standard NPV analysis. Though real options analysis represents an improvement over standard NPV, it is not productive to think of real options analysis and NPV as competitors. As we will see, standard NPV calculations are usually included in a real options analysis. It is more productive to think of real options analysis as a means of obtaining a more accurate estimate of NPV. 

The expansion options possessed by Southwest Airlines can be thought of real call options. The underlying asset in this case is not a share of stock, but the present value of the net cash inflows from opening up a new route. The strike price is the present value of the fixed costs involved in setting up the new route, which may include the purchase or leasing of new airplanes, among other outlays. This is sometimes referred to as the initial investment in capital budgeting. The volatility of the project is the standard deviation of the present value of the project’s net cash inflows. The risk-free interest rate and time to expiration have the same interpretation with real options that they do with stock options. However, with real options setting the time to expiration is not always a straightforward exercise. It may even be tempting to state that a real option never expires, but this is seldom advisable. Competition often shortens the effective time to expiration of real options. For example, the value of Southwest’s option to expand through introducing new routes may be diminished by the emergence of other discount carriers who are well positioned to duplicate their business model. Dividends on the real option consist of the present value of any cash outflows from the underlying project that the firm misses out on if they don’t initiate the project immediately. Since the value of the project falls after these cash flows are paid, they decrease the value of the call option on the project in the same way that they reduce the value of a call option on a share of stock. Refer to table 1.1 for an overview of the relationship between real options on capital budgeting projects and listed stock options, and a summary of the determinants of option values discussed above. 

While growth options are analogous to financial call options, another important type of real option, known as an abandonment option, is modeled as an American or European put. If the underlying asset is marketable, then the firm may salvage some value from a failed project through liquidation. For example, when a long-haul trucking firm is evaluating the decision to purchase an additional truck, the value of the project is enhanced by the option to sell the truck at the market price. If the value of the future cash flows that can be earned from operating the truck falls below the strike price, which is the liquidation value of the truck, then the trucking firm can gain by exercising the put option. Similarly, some projects contain an option to scale down the investment without entirely abandoning it. Another particularly important type of real option that is similar to a call is the option to delay a project. Ingersoll and Ross (1992) show that when the decision to undertake a project can be delayed, it should be delayed unless the project is so far in the money that the gain from immediate exercise outweighs the gain from waiting to see if the value of the project becomes greater over time. Many projects contain more than one type of real option. It many cases, by undertaking a project the firm is giving up the option to delay and purchasing options to expand, to abandon, and to scale down. This implies that many investment opportunities should be valued as a combination of a currently available project using standard NPV and a collection of real options using option-pricing techniques. For example, a retail clothing chain may launch a new store concept in one or two “test markets.” The value of the launch consists of the NPV of the stores in the test markets plus the value of the growth (or expansion) option to extend the chain if the pilot stores succeed plus possibly options to scale down or abandon the stores in the test markets if the pilot stores are not successful. In many cases we can value the options embedded in a project separately and add them together to get the total option value. This is true as long as one option is not dominated by the others. For example, if our analysis determines that the pilot clothing stores have almost no chance of failing so completely over the time frame of the project that we would abandon them, then the abandonment option is dominated by the expansion and scale down options and thus its value should not be included in our valuation of the project. Other types of investment opportunities consist of portfolios of real options that cannot always be valued separately and aggregated.
 Examples include certain types of switching options, such as the option to shut down and restart a mine or the option to vary the inputs to a manufacturing process. Two other more complex types of options are rainbow options and compound options. Rainbow options are options with more than one underlying source of uncertainty. An oilfield project may involve uncertainty about both the price of oil and the quantity of oil in the ground. Compound options are essentially options on options. For example, developing a new shaving system may involve a series of irreversible investments that must follow one another in sequence. The first phase may be design, the second testing, and the third making the necessary expenditures to set up a new production line and fund the initial marketing campaign. If design is the first phase, testing the second and production planning and marketing the third, then investing in testing is equivalent to purchasing a call with an exercise price equal to the cost of the initial production and marketing costs, and investing in design is equivalent to purchasing a call on that call. 

Of course all of the options described above will not always be present in a meaningful sense in every investment opportunity. Only firms with the potential to exploit an identifiable competitive advantage have real expansion options. For a successful firm with a proven business model like Southwest, the options to expand is likely to be in the money or near the money and to have substantial value. In contrast, for the major U.S. carriers, options to open up new routes are likely to be so far out of the money that their value is likely to be close to zero. For real options analysis to be meaningful, it is also necessary that some degree of uncertainty, flexibility, and irreversibility exist in the underlying project. If there is no uncertainty that can potentially be resolved through time, then we might as well simply apply standard NPV to the project and make an immediate decision to accept or reject. Flexibility is important so that managers can respond to the resolution of uncertainty. If a development firm purchases a tract of land in an urban area, there may be option value in waiting to see if rents on local apartment houses increase before building. However, this value would not be present if the land was purchased from the city with the stipulation that it be developed immediately. The requirement that the investment in the underlying asset be at least partially irreversible may seem to conflict with our assertion that real option analysis is best suited for valuing flexibility. In standard NPV analysis, it is generally assumed that the investment is completely irreversible, while real options analysis allows for the possibility of investment and disinvestment in stages. If the investment is completely reversible, management possesses almost complete flexibility in deciding whether to own the asset or not at any given point in time. This tends to make the calculation of option value trivial. A completely reversible investment carries very little risk, and thus is unlikely to be an investment that allows management to use their expertise to create shareholder value. In practice, most major investments in fixed assets or intangible assets are at least partially irreversible. While there may be an option to abandon, the present value of the strike price or liquidation value is usually less than the present value of the investment required to enter the project. An example of an investment that is not irreversible is an investment in building up working capital. 

1.3 Valuing Real Options

We recommend a four step process for finding the value of an investment opportunity using real options analysis. The first step is to frame, or define, the opportunity and identify the embedded options and their parameters. This step can be quite complex if we are dealing with investments that resemble “exotic” options, such as compound options or rainbow options. Second, we must find the value of the parameters of the options. As we will see, this step will usually also involve finding the NPV of the underlying project. Third, we use an option pricing model to value the options and then determine the total NPV of the project. The fourth step is to evaluate our estimated value using qualitative tools and sensitivity analysis. In part two we provide examples that illustrate the complete valuation process. In the remainder of this section we concentrate on some of the more challenging aspects of the process, including estimating the value of the underlying asset and its volatility, and choosing the best option valuation model.  

When attempting to value an asset, it is desirable to base our valuation on market prices. So, if the underlying asset is an oil field project, we may simply multiply the number of barrels of oil in the ground at the project site by the futures market price of a barrel of oil and subtract variable extraction costs per barrel to get the value of the underlying asset. If fixed and variable costs and the quantity of oil are known with certainty, then we may use the standard deviation of oil prices for the volatility. This should give us reasonable estimates of project value and volatility because oil is traded in highly liquid and well organized markets. If the value of the project’s net cash inflows does not depend on the value of a traded asset such as oil, then we should attempt to identify a market comparable with equivalent risk and expected future cash flows that are proportional to the expected future cash flows from our project. For example, a Las Vegas casino chain that is contemplating investing in a riverboat casino may determine that 25% of a publicly traded firm that operates four similar riverboat casinos is the project’s comparable. The Las Vegas firm would then estimate the value of the future cash inflows from the riverboat project as 25% of the market capitalization of the riverboat firm, and the volatility of the underlying as the unlevered volatility of the return on the riverboat firm’s stock. Unlevered volatility is calculated as the volatility of equity multiplied by the ratio of equity to total capital. While it is frequently not possible to reliably identify a market comparable, this method can give us valuable information at times. For example, see Nichols (1994) for an interview with Merck CFO Judy Lewent in which she describes how the firm used the volatility of a portfolio of Biotech stocks to estimate the volatility of drug development projects underway at Merck. When it is not possible to explicitly identify a comparable, the usual practice, which you are probably familiar with, is to estimate the cash flows associated with the project and to discount them back to the present using a risk-adjusted discount rate that we believe reflects the return that our investors would require on the project if it were an actively traded asset. Managers approach the valuation this way because they realize that investors compare the value of cash flows from real projects with similar opportunities available in the financial markets. If we accept the validity of this approach, which is of course simply standard NPV analysis, then we have satisfied all of the theoretical conditions necessary to value real options on underlying projects whose values are not derived from traded assets or through explicitly identifying comparables.
 In summary then, we should base the value and volatility of our underlying asset on market values if possible, but shouldn’t be afraid to estimate them ourselves if necessary.

The issue of estimating volatility is so important in real options analysis that it warrants further discussion. First, we must keep in mind that because options allow us to control the potential upside of an asset with limited exposure to the downside, higher volatility increases option prices. This is the opposite of the case with other assets. Other factors equal, increases in volatility tend to increase systematic risk and thus reduce asset prices. When the underlying asset is traded, or if a comparable can be reliably identified, it is generally not difficult to find published estimates of its volatility or to calculate it ourselves based on published price histories. In the more common case where we have to estimate the volatility of the underlying asset ourselves, things become more complicated. If we have undertaken similar projects many times in the past, then we may be able to use the standard deviation of the outcomes of these projects as our volatility estimate. Some authorities, such as Copeland and Antikarov (2001), recommend running a full simulation of our NPV spreadsheet model using state of the art commercial software, and calculating the standard deviation of the values of the underlying asset based on the simulation output. There is no doubt that in many cases much can be learned about a project from a well-run simulation. However, Michelson and Weaver (2003) point out some possible problems with simulation. First, if the distributions of the variables in the model and the correlations between them are unclear, simulation is difficult to implement with any degree of confidence. Second, the proper implementation of simulation requires a range of skills in the analyst that can be costly to acquire. Michelson and Weaver (2003) propose an alternative method to calculate volatility that is easy to implement in Excel and is based on standard NPV calculations. Another possible alternative to a full scale simulation is a limited simulation using only one or two variables, such as market size and market share, performed with the functions already available in Excel or with an add-in program such as Simtools. See Appendix A for a partial list of resources available for real options analysis. The list includes several free Excel-based valuation tools available for download on the internet. After we have arrived at an estimate of volatility, it can be useful to compare it to some benchmark in the financial markets, even if we were not able to explicitly identify a comparable for the project. For example, if a relatively small semiconductor firm estimates that the volatility of a new product launch is less than the published volatility of Intel common stock after adjusting for leverage, then they may want to revisit their estimation process. We should also perform a sensitivity analysis to determine how much our estimate of the value of the option would be off if our estimate of volatility is incorrect. If the value of the option is extremely sensitive to small changes in volatility and we are not confident in our volatility estimate, then of course we cannot be confident in our valuation. Finally, we should realize that most option pricing models assume that volatility is constant throughout the life of the option. While this may not be a completely realistic assumption, it is also often a difficult one to improve on in practice. The best that we can often do is to actively monitor the project through time and revise our volatility estimate if circumstances dictate.    

Once the value and volatility of the underlying asset and the other option parameters have been estimated, we apply an option-pricing model to determine the value of the real option. The first reliable option-pricing model was derived by Black and Scholes (1973). The Black-Scholes formula can be used to obtain the value of European call options on non-dividend paying assets. The value of the European put with identical parameters can be inferred from the call value. Merton (1973) developed an option pricing formula for dividend-paying assets and made other significant contributions to the development of option pricing theory. Merton and Scholes won the Nobel Prize in Economics for their contributions to derivative pricing in 1997. Fischer Black died in 1995. Cox, Ross, and Rubinstein (1979) built on the insights of Black and Scholes (1973) and others to develop the binomial option-pricing model. The binomial model is simpler to understand and explain than the Black-Scholes model, is more versatile, more widely used in practice, and is capable of generating the same results as the Black-Scholes model in situations where either model may be used. Arnold and Crack (2000) extended the binomial model to yield additional probabilistic information about the option that cannot be obtained directly from the Cox, Ross, and Rubinstein (1979) model. Spreadsheets for both binomial models are available at the author’s website listed in Appendix A. We will leave the decision on whether or not to delve into the mathematics of the binomial model used in the spreadsheets to readers or their instructors. Helpful references on calculating option values with the binomial model are also included in Appendix A, and the spreadsheets themselves contain descriptions of the calculations that appear on the individual “sheets.” The mathematics of the Cox, Ross, and Rubinstein (1979) spreadsheet are slightly simpler to understand, but as we are more concerned here with the insights provided by the spreadsheet than the mathematics, we will use the Arnold and Crack (2000) spreadsheet in the example problems that we present in section three. It should be noted that since the binomial trees in the spreadsheets are limited to 52 steps, the spreadsheets do not give precise option values. However, the spreadsheets give option values that are precise enough for most real options applications. For example, the estimated value of the European put option in the first example presented in part 2 is 0.61% greater than the theoretically correct value obtained from the Black Scholes model. While the theoretical value of this option is easy to obtain with the Black Scholes model, this is not the case with most other real options. The binomial spreadsheets could be modified to yield precise estimates of option values by if enough steps were added. This is a less labor-intensive process if an assembly language program is used, but one of our objectives here is to make the valuation process as transparent as possible.    

To value an option, it is necessary to specify the process that governs changes in the value of the underlying asset. For stock options, it is usually assumed that the value of the underlying asset moves according to a “random walk” so that small percentage changes in the value of the underlying asset are normally distributed. This is also the most common assumption made when valuing real options and is the assumption that we follow here. There are at least two possible objections to this assumption. First, it implies that the value of the underlying asset can never be negative. This is not a problem with stock options because of limited liability, but if we define the underlying asset in our real options analysis as the net cash inflows from the project, it is possible that this value could be negative. This will be the case for a project when the estimated present value of variable costs exceeds the estimated present value of revenues. The second possible objection is that there may be discrete “jumps” in the value of the underlying asset that are not well represented by a random walk process. Fortunately, the binomial model presented here can be modified to account for either jumps in asset prices or the possibility of the price of the underlying asset being negative. In addition, the unmodified version of the binomial model that we use here will often give a good estimate of option value even when its assumptions are not satisfied exactly.
 As Friedman (1953) argues, it isn’t necessary for the assumptions of a model to be completely realistic in order for the model to be useful. A map of New York for example is not a completely realistic representation of the city, but in most cases it will be useful in getting a pedestrian from Lincoln Center to the Empire State building. Another implication of the random walk assumption is that the volatility parameter is actually the estimated standard deviation of the natural logarithm of the value of the underlying asset. For relatively small standard deviations, this value is close to the coefficient of variation of the project (the standard deviation divided by the expected present value) but the difference can be significant as the standard deviation gets larger. The standard deviation of the natural logarithm of a variable is not equal to the natural logarithm of the variable’s standard deviation. Percentage standard deviations can be converted into standard deviations of natural logarithms in Excel using solver, but it may be easier to convert project values to natural logarithms before estimating their standard deviations.

2. REAL OPTIONS VALUATION EXAMPLES

2.1 A Project with Embedded Expansion and Abandonment Options

Assume that we are executives at a large publicly traded lodging chain and are considering an opportunity to develop a vacation resort on federal land adjacent to a popular national park. The estimated cost of building the resort is $50 million and construction would take one year. The government is offering two incentives if we are willing to build the resort and operate it for a period of 30 years. First, the government is willing to buy the resort back from us at the end of the second year after opening (three years from the current date) for a price of $40 million. Second, at any time between the beginning of construction until the end of the second year after opening (again, three years from the current date), we may use adjacent land to double the size of the resort. The second phase of the resort would be identical to the first phase, and would also cost $50 million and take one year to build. Contractually, exercising the expansion option does not necessarily kill the abandonment option; we may still decide to sell phase 1 to the government at the end of the second year after opening even if we have built or are building phase 2. Assume that we have to make a decision in the present on whether to build phase 1 or not, and if we decide to accept the project, construction will begin immediately. This is equivalent to saying that our option to delay on phase 1 is about to expire. We begin by framing the project and identifying the major sources of risk and flexibility involved. We are assuming that we are experienced in supervising the construction of resort hotels and are very confident in our cost estimates. The primary risks involved in the project then are related to market demand and are at least partially driven by the state of the regional and national real estate markets and the overall health of the economy. To value the investment opportunity, the firm must find the NPV of the resort project and the value of the expansion and abandonment options embedded in it. The expansion option can be classified as an American call, while the abandonment option is analogous to a European put. We begin by finding the NPV of the project without the options attached. Assume that the risk-free rate is 5%, and the yield curve is flat. Based on our analysis of the non-diversifiable risk of comparable projects undertaken by our firm and other firms in the industry, we use the CAPM to determine that 5% is an appropriate risk-premium for this type of project. This implies that the appropriate risk-adjusted discount rate is 10%. If we estimate that the resort will produce net incremental after-tax cash flows of $5 million per year beginning one year after the opening, the estimated present value of the project as of the current date is equal to   $47,134,572/1.1 = $42.850 million. As the present value of the estimated future net cash flows is less than the required investment, the NPV of the project is negative before the option value is accounted for.

Calculating the NPV of the resort project yields most of the information needed to find the value of the options on the project. While the underlying asset for the expansion option is actually the present value of the net cash flows from the second phase of the resort, we will assume that since the investment in the second phase is the same as the original investment, the value of the cash inflows from the second phase will also be the same as the value of the cash inflows from the original project. Next, we must estimate the volatility of the underlying asset. Assume that a simulation of our valuation model yields an estimated volatility of 35%. In comparison, the estimated volatility of the net cash inflows from similar projects undertaken by our firm in the past is 39%, and the average unlevered volatility of hotel industry stocks is 31%. We therefore conclude that 35% is a reasonable estimate of volatility for the underlying project. We now have the information that we need to value the options embedded in the project. We will begin with the expansion option. Make sure that you are in the sheet labeled “input-output” in the Arnold and Crack (2000) spreadsheet. The spreadsheet is capable of valuing some types of compound options. Since we are valuing an option on a project, and not on another option, type “no” (without the quotes) in the cell for compound options. Then, scroll down in column B of the spreadsheet until you get to the range of cells where the investments required for a compound option are entered. Make sure that each of these cells contains a value of $0, or “N/A.” Next, type “American” (without the quotes) to indicate the type of the expansion option. Enter the date that the decision on the project must be made for the current date, and the date of the expiration of the option three years later as the expiration date. The option has a life of three years because it expires two years after phase 1 of the resort opens, and construction on phase 1 will take 1 year. Enter $42.850 as the current value of the underlying, $50 as the strike price, 35% as the volatility of the underlying, and 10% as the discount rate for the underlying asset. Since we do not miss out on any cash flows from phase 2 by delaying, there are no dividends on the underlying asset. Of course the potential 30 years of cash flow from phase 2 has more value received sooner rather than later, but this has been accounted for by discounting its value back to the present at the risk-adjusted discount rate. Scroll down column A of the spreadsheet to the range of cells where dividends are entered, and make sure that each of these cells contain a value of $0, or “N/A.” The spreadsheet calculates an American call value of $10.110 million. Though the option is out of the money, it still has considerable value because there is a good chance that it will go into the money in the next three years. The spreadsheet also calculates the value of a put option that has the same parameters, but this result is not relevant to our valuation. We will value the abandonment option separately.

The spreadsheet calculates the expected value of the call at expiration and the implied discount rate on the call. We are able to obtain these values for European options and non-dividend paying American calls. Recall that if the underlying asset does not pay dividends, it is never optimal to exercise an American call early. It is problematic to estimate the expected expiration value and implied discount rate of an option that may be exercised before expiration. The implied discount rate of 19.09% is the correct discount rate that we would need to know to estimate the value of the expansion option using standard NPV analysis. Unfortunately, there is no way to know this discount rate without first solving for the value of the option using option pricing techniques, such as the binomial model that we have employed. This is the major reason why real options analysis is superior to a simple decision-tree approach. It’s usually not difficult to model managerial flexibility using decision trees, but decision trees do not help us to evaluate the risk involved in investing in an option. While it is not necessary to know the correct option discount rate to find the value of the option, it can be useful to know the option discount rate if we want to correctly evaluate our investment decisions on a risk-adjusted basis at a later date. This is particularly true for firms that utilize a performance measure such as EVA. Why then is the discount rate on the expansion option so much higher than the discount rate on the underlying project? Recall from our discussion of calls on listed stocks that buying a call and some risk-free bonds is an alternative to buying the stock. This means that a call option is equivalent to a leveraged position in the underlying asset.
 It is well known that leverage multiplies both the diversifiable and non-diversifiable risk of an asset. Increases in non-diversifiable risk will of course imply a higher required rate of return. There are also circumstances in which diversifiable risk can be important. Notice that the spreadsheet indicates that there is a 52.20% chance that the expansion option will finish in the money, implying that the value of the underlying asset will increase enough in three years to make it optimal to build phase 2 of the resort. This means that there is a 47.80% chance that the option will expire worthless, implying a loss of 100% of the option premium. While in general we should base our investment decisions on the value of the project and the options, which do not depend on diversifiable risk, there are circumstances in which knowing the probability of success can contribute to effective investment decision-making. For instance, if the investment required to exercise an option is so high that failure could lead to bankruptcy, we should consider the affect of bankruptcy on the value of other projects and options available to the firm. Finally, it is important to note that the estimated discount rate and probability of success will only be correct if our estimate of the risk-adjusted discount rate for the project is correct. Given that we put our faith in our estimate of the risk-adjusted discount rate when we accept or reject the project, we can put an equal, but not greater, amount of faith in the estimated discount rates and probabilities of success for the options given by the model. 

 Next, we apply the model to the valuation of the abandonment option. Since we can only make the decision to abandon at expiration, the abandonment option should be modeled as a European put with three years until expiration. The present value of the underlying asset, its volatility, and the risk-free rate will be the same as for the expansion option. The strike price will be $40 million, the price that the government has agreed to repurchase the resort for. Entering the appropriate inputs, the estimated value of the abandonment option is $5.559 million. Notice that the expected value of the put at expiration is only $4.763 million, which is less than its current value. This implies that the correct discount rate for the put is –5.25%. Why is the discount rate for the put negative? The answer is that the put allows us to hedge our investment in the project. If the project does well, the put will be worthless, but if the project does poorly, the put caps our potential losses. Since the beta of the project is positive, a derivative such as the expansion option that is positively correlated with the project will also have a positive beta, while a derivative that is negatively correlated with the project will have a negative beta. If the beta is negative enough to offset the risk-free rate in the CAPM equation, the required rate of return on the asset will be negative.

Next, we add the values of the expansion and abandonment options to the value of the underlying project to obtain the total value, or NPV, of the investment opportunity. It is appropriate to add the option values because neither option dominates the other. The expansion option adds value because it allows us to exploit a favorable outcome for the original project, while the abandonment option adds value because it provides a hedge against a poor outcome. At the end of three years, it is possible that we may choose to expand the project (52.20% chance), to abandon it (36.99% chance), or to simply operate the project at its initial scale for 30 years (10.81% chance). The value of the net cash inflows from the project on its own was $42.850 million. When we add the option values of $10.110 million and $5.599 million, we get a total present value of $58.519 million. Subtracting the required initial investment of $50 million, the project now has an NPV of $8.519 million, after accounting for the value of flexibility. Note that in this case we cannot explicitly identify the option premiums because the required investment of $50 million covers the cost of building phase 1 of the resort and building the resort automatically grants us the options to expand and abandon, according to the terms of the deal. 

While our best estimates indicate that the resort project should be accepted, as a final step it is advisable to examine our valuation more closely. Myers (1984) advocates using qualitative tools from strategic planning as a check on the results obtained from our financial analysis, and vice-versa. One possibility would be to apply a SWOT (strengths, weaknesses, opportunities, threats) analysis to the project. We will assume here that no compelling qualitative argument exists that calls our analysis into question. Next, we should at minimum conduct a sensitivity analysis to gauge the impact of our volatility estimate on our valuation. Table 2.1 displays the results of a sensitivity analysis that measures the affect on NPV of using our high, low, and most likely estimates of volatility for each option embedded in the project. If we use 31%, the average volatility of hotel stocks, as our low estimate we get an estimated NPV of the investment opportunity of $6.408 million. Our high estimate of 39% is derived from the volatility of similar projects that we have undertaken in the past, and yields an estimated NPV of $10.666 million. We are probably being a little conservative by using the volatility estimate of 35% derived from our simulations, but we may not want to rely on an estimate from past projects if we only have a limited amount of data to work with. Regardless, it is clear that small changes in estimated volatility do not change our decision to accept the project. While our investment in phase 1 of the project is irreversible, it is important that we actively monitor the project in order to ensure that we make the correct exercise decisions on the options. While these decisions will take place only at the end of year three in this example, in more complex examples early exercise may be optimal. The decision tree sheets in the spreadsheets indicate the correct decision at each point in time when early exercise or abandonment is possible. Copeland and Tufano (2004) argue that one of the biggest obstacles to the effective adoption of real options analysis is the lack of proper incentives within companies to make the right, though sometimes difficult, decision on when to exercise an option, when to abandon, or when to simply wait for better conditions to develop.

2.2 A Project with Dividends

In this section we value the opportunity to invest in an underlying asset that is yielding cash payments that are analogous to dividends on common stock. Assume that a firm has developed and patented a new product, and is evaluating whether or not to make an additional investment of $1 billion to cover the marketing and fixed production costs necessary to launch the product. Assume that the patent has a life of 17 years, the expected present value of the future cash flows from the product, net of variable production costs, is $800 million, and we believe that these cash flows will be received in equal increments over the life of the patent. The implies that the project has a constant cash flow or dividend yield of 1/17 or 5.88% per year. While it is not necessary for the yield to be constant, our spreadsheet models require that dividends be proportional to the value of the underlying asset. If this assumption is not appropriate, then it is relatively easy to construct a binomial spreadsheet that allows for fixed dollar dividends. In most cases the assumption of proportional dividends will provide a reasonable valuation. While in the previous example the investment opportunity was framed as a “now or never” project with embedded expansion (American call) and abandonment (European put) options, this opportunity is analogous to a dividend-paying American call. It is similar to an American call because we assume that we may make the decision to launch the product at any time over the 17 year life of the patent.  

Our next steps are to identify the parameters of the option and then use the Arnold and Crack (2000) spreadsheet to solve for the option value. Assume a risk-free rate of 8%, a standard deviation of 30%, and a discount rate of 13% for the underlying asset.  Given that the cash flows from the project are received at the end of each year for 17 years, and that the spreadsheet contains a total of fifty-two time steps, we enter the “dividend yield” of 5.88% every third time period in the range of cells under the dividend label in column A of the spreadsheet. In other words, enter 5.88% after time period 3, 6, 9, and so on, up to time period 51. Next, enter “no” in the cell for compound options, and “American” in the cell for option type. Then enter the other input variables discussed above. The spreadsheet gives a call option value of $217.408 million. This tells us that even though the project is currently “out of the money,” the option to undertake it at some time in the future still has considerable value. Since we have already paid the cost, or option premium, to develop the patent, the NPV of the investment opportunity is also $217.408 million. Due to accounting rules, since the patent was developed internally this value would not be reflected on the firm’s balance sheet, but if we have done our analysis correctly, it should be reflected in the market price of the firm’s stock. The spreadsheet calculates a value of $291.441 million for a put option with the equivalent parameters. The put value is higher because the put is already in the money. The fact that it is possible that either the call or the put could be exercised early makes it problematic to calculate an inferred discount rate for the options. However, the spreadsheet does calculate that there is a 64.54% chance that the call will be finish in the money. The interpretation of this probability for a dividend paying American call is that there is a 64.54% chance that at some point before or at expiration the value of the underlying asset will be greater than the strike price and the option will be exercised. Recall however that the option will not automatically be exercised when the value of the underlying exceeds the strike price. The sheet labeled “call decision” in the Arnold and Crack (2000) spreadsheet displays a decision tree indicating under what scenarios the option should be exercised. A nice feature of the spreadsheet is that it is easily updated as the parameters of the option change through time. By entering the current date in the “beginning date” cell, the user can update the decision trees to give the optimal exercise decision at the current time. Of course altering the date will decrease the time to expiration and reduce the value of the option, other things equal. The user may also need to alter the schedule of dividends when altering the effective dates for the option.

The final step in a real options analysis should be to analyze the “reasonableness” of our estimate. As discussed above, two ways to do this are to attempt to explain our results with qualitative techniques from other business disciplines and to apply sensitivity analysis. If business judgment or strategic analysis rejects the conclusion of the real options analysis, then managers should be asked to identify where the analysis goes wrong. If parameters such as volatility have been incorrectly estimated, then a sensitivity or scenario analysis can be revealing. Another possibility is that the problem may have been framed incorrectly. The project may not even have real option value. In this example the project does seem to possess the characteristics necessary to have option value. We assume that some irreversible investment must be made in fixed production and marketing costs, that the demand for the product is uncertain, and that management has the flexibility to wait until the optimal time to enter the project. Finally, since the patent provides a protected market position, it is clear that there is a great deal of potential for the underlying project to have a positive net present value at some point in the future.    

2.3 A Compound Option

In this section we demonstrate how to use the Arnold and Crack (2000) spreadsheet to value the compound option example presented in Copeland and Tufano (2004). In the example, a chemical company is considering a multi-stage investment in a new plant. The value of the plant, if it existed today, would be $1 billion. An investment of $60 million is required immediately for permitting and other preparations. This first stage will take one year. At the end of the year, the firm has the option to invest $400 million to complete the design of the plant. If this second stage investment is made, then the firm may, at any time over the following two years, choose to make a final, third-stage investment of $800 million to build the chemical plant. One way to frame the problem is to think of the final investment of $800 million as the exercise price of an American call option to build the plant, and think of the second stage investment of $400 million as the exercise price of a European call option on that American call option. The initial $60 million investment could then be thought of as the option premium on the compound option. 

The next step is to identify the parameters of the option and enter them into the Arnold and Crack (2000) spreadsheet. First, enter “yes” in the cell for compound options, and “American” in the cell for option type. As the option to build the plant expires in three years, enter the current date as the beginning date, and the date exactly three years in the future as the expiration date. The problem assumes that the risk-free rate is 8%, the value of the underlying asset is $1 billion, and the standard deviation of the value of the underlying asset is 18.23%. Next, enter the final investment of $800 million as the exercise price. Recall, however, that two prior investments are required before the investment in building the plant can be made. Scroll down column B to the range of cells under the label “investment” and enter the $60 million investment required at time zero. Enter the $400 million investment in design required at the end of year one, which corresponds approximately to period 17 in the spreadsheet. Since the value of the project will not decline due to cash payouts over the life of the option, make sure that all of the cells under “dividends” in column A contain “0%,” or “N/A.” Enter 10.83%, the discount rate assumed by Copeland and Tufano (2004), for the discount rate of the underlying asset.  

The spreadsheet calculates a value of $73.353 million for the compound call option, compared to a value of $71 million calculated by Copeland and Tufano (2004). The difference can be explained by the fact that Copeland and Tufano (2004) use a simple three-step binomial model for illustrative purposes, while the Arnold and Crack (2000) spreadsheet contains fifty-two time steps. Since the $73.353 million call value is greater than the $60 million option premium, we conclude that this investment opportunity has a positive NPV of $13.353 million. This would seem to imply that we should invest in the project. However, note that the spreadsheet calculates that the probability of the call option finishing in the money is only 7.06%, given the assumption of a 10.83% discount rate on the underlying asset. In all likelihood we will end up abandoning the project before the chemical plant is built, but after investing at least $60 million, and possibly an additional $400 million. While managers should generally concentrate on expected NPV and not the probability of loss, this result may be significant if losses of this magnitude are likely to have an adverse affect on the firm’s other investment opportunities. The Arnold and Crack (2000) extension of the binomial model allows managers to obtain this important probabilistic information about potential projects that contain real options. While these probabilities depend on having the correct risk-adjusted discount rate for the project, in many cases we must assume that we have the correct discount rate in order to find the present value of the underlying asset. In the current example, the probability of the option finishing in the money is not very sensitive to small changes in the discount rate of the underlying asset. Again, as there is a significant probability that the compound option may be abandoned before expiration or exercised early, it is problematic to calculate the expected value of the call at expiration and the inferred discount rate on the call. The spreadsheet calculates a value of $0 for a compound put option with equivalent parameters. In general, options on risky assets should have non-zero values. In the case of this compound put option however, abandonment will be the optimal decision under all possible price paths for the underlying asset, assuming a lognormal random walk process. In other words, the value of the chemical plant can never get low enough to justify the series of investments that would be required to keep the compound put option alive. The probability that the put option will finish in the money is thus 0%. Finally, as we have discussed strategies for analyzing our estimated values in the above examples, we will omit discussion of this important final step here.    

3. DIRECTIONS FOR “HOLLYWOOD TYCOON” SIMULATION GAME


The game spreadsheet can be downloaded at http://faculty.uncfsu.edu/plarkin/. The class should be divided into four groups. Each group represents a film studio owned by a major media conglomerate. The optimal size of each group is four or five students, but the game can be played in smaller or larger classes. For very large classes the best approach is to run multiple games outside of class time, posting the results online. Each studio must make three decisions and enter two sets of bids in the game, so playing the game outside of class will require students to submit information to the instructor on five separate occasions. The instructor should post the results of each bid or decision online for each out of class game. The game can be played in class in one fifty minute class period, provided that students have been briefed on the rules and have prepared for the game by answering the pre-game questions that are available in the teaching notes. Playing the game in class requires very little work by the instructor. Since the keystrokes required from the instructor are well explained in the game spreadsheet, we do not specify them in the following description of the game. 

The filmmaking process can be divided into two phases. The pre-production phase entails the acquisition and development of the script, casting, production planning, and other activities. In the game we assume that pre-production takes two years and costs $2 million for all films. The production phase of filmmaking involves the actual filming of the script and is where most of the money is spent. For convenience we include editing and other activities sometimes classified as “post-production” in the production phase. While it is possible for a real film studio to abandon the project part of the way through either pre-production or production, we assume in the game that both pre-production and production require irreversible investments. There are many possible business arrangements that can exist between studios, independent producers, talent, and other parties that can result in the production of a film. We assume that studios either buy all rights to the film when they make the original $2 million investment and then complete pre-production and production “in-house,” or they buy the rights to produce a film that has already completed pre-production from an independent producer. Table 3.1 displays the relevant film-specific data for the films that each studio may consider. Table 3.2 contains data that are common to all film projects. Expected opening weekend box office receipts, abbreviated E(OBO) in Table 3.1, are the major source of uncertainty that drives the overall value of the film investments. The standard deviation in Table 3.1 is the estimated standard deviation of the natural logarithm of the opening weekend’s box office receipts. The negative cost is the fixed production cost of the film, before the costs of prints and advertising (P&A). As noted in Table 3.2, P&A expenses add an additional $29 million to the budget of each film, regardless of negative costs. Note that each studio’s portfolio of in house projects is identical in terms of cost and the expected value and standard deviation of the opening box office receipts, though the projects have different names and are likely to perform differently at the box office, due to the random component of the game. We assume that each studio has arrived at their estimates of expected box office receipts and standard deviations by analyzing the performance of a large sample of comparable past projects and applying their business judgment. Notice also that the quantitative characteristics of the projects offered by independent producers differ from the in-house projects. 


Tables 3.3 and 3.4 summarize the steps involved in playing the game. As the game begins, each studio has reached a decision point. Executives must “green light” at least three films that have completed pre-production. Each studio has a budget of $541 million for the game. Studios bid on each independent project, and these projects are awarded to the high bidders. The bids should be written down before class and handed to the instructor at the beginning of class. Studios may choose to bid $0 on some or all of the independent projects. The minimum bid on each of the independent projects is the total production cost, which is the negative cost plus $29 million for prints and advertising. The negative cost is the cost required to produce a film “negative,” that can then be used to make “positive” prints.  After the winning bidders are announced, studios complete their investment decisions for round 1 by indicating which of their in-house projects they plan to invest in, if any. We then learn the opening weekend box office receipts and NPV of the film investments. The box office results are drawn randomly from a lognormal distribution with a mean and standard deviation equal to the expected opening box office and standard deviations that appear in Table 3.1. The NPV is simultaneously calculated using a model that relates opening weekend box office receipts to subsequent cash flows, and the appropriate risk-adjusted discount rate (RADR). We assume that the RADR is the same for all film projects, though their standard deviations differ. Exhibit 3.1 summarizes the model for estimating cash flows to the film projects. We also assume that each studio’s marginal tax rate is 0%. This simplifies the NPV calculation and is not entirely unrealistic if we assume that the parent firm anticipates reporting losses in the future.


After learning how well each film has performed, studios have the option to expand their investment in the film by purchasing additional advertising and making prints available for a wider release. We refer to this as the “P&A option.” Of course this option is normally only exercised if the film has strong opening box office numbers. In round two of the game studios announce which films they would like to exercise the P&A option on. The price of exercising this option is $24 million for all films, paid at the end of year 1. The incremental cash flow that will be earned by an expanded release is determined by a drawing from a lognormal distribution with standard deviation equal to the standard deviation of the opening weekend box office receipts from the original film project and mean equal to the value given by the equation that appears in panel B of Exhibit 3.1. We assume that these cash flows are received at the end of year 2. Though in reality the benefits from an expanded release are likely to be realized over a long time frame, we assume that the equation gives the value of these benefits discounted back to the end of year 2. Films that performed well at the box office will have a greater chance of earning substantial incremental cash flows from an expanded release. Note that it’s the actual performance of the film revealed in round 1 that matters, not its expected performance. The incremental cash flows from an expanded release are negatively related to the cost of the film. The $24 million required to invest in an expanded release must come out of the studio’s $541 million budget. Therefore executives may want to keep some funds in reserve after round 1, so that they will have sufficient funds to exercise P&A options. The $541 million budget controlled by each studio is enough to produce all five in-house films and give each an expanded release, though executives may choose a different strategy for utilizing available funds.


In round three studios have the opportunity to initiate sequels of the projects that they have produced. We assume that the decision to make the sequel is made at the end of year 1, and that the decision is irreversible. First, each studio announces which sequels they wish to produce. Then, sequel rights that are left unexercised are bid on. Studios submit any bids to the instructor and the highest bids gain the sequel rights. The proceeds from sales of sequel rights are credited to the studio that had previously owned the rights as cash inflows at the end of year 1. Sequel rights must be purchased out of each studio’s original $541 million budget. However, the costs of the sequels themselves are not counted against the budget. We assume that the parent firms to the studios would make the funds available to produce sequels of successful films. In the case of the P&A option, we assume that a quick decision has to be made and that the studio would not have time to obtain more funds. Of course any funds invested in sequel production can reduce the studio’s total NPV created if they do not earn a return at least equal to the risk-adjusted discount rate. An irreversible decision to invest in the sequel must be made at the end of year 1, so the cost of the sequel investment should be discounted back to that time. The pre-production cost of $2 million for the sequel must be paid at the end of year 1, while the production costs (negative cost and mandatory P&A cost) can be paid at the end of year 3. We assume that the production costs for the sequel would be the same as the production costs of the original film if the sequel were entering production at time 0, but that production costs (negative costs and mandatory P&A costs) grow at a rate of 8% per year. The incremental cash inflow from the sequel is determined by drawing from a lognormal distribution with standard deviation equal to the standard deviation of the opening weekend box office receipts from the original film and mean equal to the value obtained from the equation in panel B of Exhibit 3.1. As with the P&A option, we assume for simplicity that these cash flows are all received at the end of year 2. 


After the results of the sequel investments are learned, the game spreadsheet calculates the total NPV created by each studio, measured as of year 0. The winning studio is the studio that has created the most NPV. Implied option discount rates obtained from the Arnold and Crack (2000) spreadsheet are used to discount the net values of the option investments from the end of year 1 back to year 0. Funds left unused at the end of the game are assumed to have been returned to the parent company and don’t have any affect on NPV created.   

TABLE 1.1: OPTION MAPPING

	Variable Symbol
	Variable

Description
	Stock Option
	Real Option
	Affect on Call Price
	Affect on

Put Price

	S
	Price of Underlying Asset
	Current stock price
	PV of net incremental cash inflows from project
	(+)
	(-)

	X
	Strike Price

(Exercise Price)
	Strike price

(Exercise Price)
	Fixed cost of committing to project (call); liquidation value of project (put).
	(-)
	(+)

	(
	Volatility
	Standard deviation of stock price
	Standard deviation of PV of net incremental cash inflows from project
	(+)
	(+)

	RF
	Risk-Free Rate
	Rate on T-bill or note with maturity closest to option maturity
	Rate on T-bill or note with maturity closest to option maturity
	(+)
	(-)

	T
	Time to Expiration


	Time until the option expires
	Time until the project is no longer available
	(+)
	(+)

	D
	Dividend
	Dividend yield on stock
	Cash Flows to project that the firm “misses out on” from delaying the project
	(-)
	(+)


TABLE 2.1: SENSITIVITY ANALYSIS OF PROJECT VALUE TO VOLATILITY

	Volatility
	Project Value
	Expan. Option
	Aban. Option
	Total NPV

	(=31%
	$42.850M
	$8.958M
	$4.650M
	$6.408M

	(=35%
	$42.850M
	$10.110M
	$5.559M
	$8.519M

	(=39%
	$42.850M
	$11.265
	$6.551M
	$10.666M


TABLE 3.1: INDIVIDUAL FILM DATA

	Film Name
	Number
	Studio
	Genre
	Neg Cost
	Std. Dev. 
	E(OBO)

	Murder by Algorithm
	1
	1
	Myst/Thriller
	$59.074
	20.00%
	$14.283

	WACC’d
	2
	1
	Comedy
	29.537
	70.00%
	8.320

	The Great Cicada Massacre
	3
	1
	Action/Ad.
	88.611
	80.00%
	17.334

	T-Rex Saves the Milky Way
	4
	1
	Sci Fi/Fant
	59.074
	50.00%
	13.451

	My Windswept Heart
	5
	1
	Drama
	29.537
	40.00%
	8.875

	The Dividend Puzzle
	6
	2
	Myst/Thriller
	59.074
	20.00%
	14.283

	Bride of Bulk Man
	7
	2
	Comedy
	29.537
	70.00%
	8.320

	The Adventures of Bulk Man
	8
	2
	Action/Ad.
	88.611
	80.00%
	17.334

	Bulk Man Unbound
	9
	2
	Sci Fi/Fant
	59.074
	50.00%
	13.451

	Amnesia in the Afternoon
	10
	2
	Drama
	29.537
	40.00%
	8.875

	Dial NPV
	11
	3
	Myst/Thriller
	59.074
	20.00%
	14.283

	What Women Want Men to Want
	12
	3
	Comedy
	29.537
	70.00%
	8.320

	The Samurai Bondsman
	13
	3
	Action/Ad.
	88.611
	80.00%
	17.334

	What Men Want Women to Want
	14
	3
	Sci Fi/Fant
	59.074
	50.00%
	13.451

	The Fall of the House of Bernie
	15
	3
	Drama
	29.537
	40.00%
	8.875

	The Black/Scholes Affair
	16
	4
	Myst/Thriller
	59.074
	20.00%
	14.283

	Living with the Warden
	17
	4
	Comedy
	29.537
	70.00%
	8.320

	The Great Spreadsheet Fiasco
	18
	4
	Action/Ad.
	88.611
	80.00%
	17.334

	Empire of the Moon
	19
	4
	Sci Fi/Fant
	59.074
	50.00%
	13.451

	The Modigliani Factor
	20
	4
	Drama
	29.537
	40.00%
	8.875

	The Capital Structure Puzzle
	21
	Ind
	Myst/Thriller
	59.074
	40.00%
	14.560

	Do You Take Bearer Bonds?
	22
	Ind
	Comedy
	29.537
	30.00%
	9.984

	Revenge of the Sidekicks
	23
	Ind
	Action/Ad.
	88.611
	50.00%
	20.523

	The Matrix Inverted
	24
	Ind
	Sci Fi/Fant
	59.074
	60.00%
	14.283

	Hamlet in the Hills
	25
	Ind
	Drama
	29.537
	40.00%
	9.568


E(OBO) is the expected value of the film’s opening weekend box-office revenues. Neg Cost is the fixed cost of producing a single negative of the film. The minimum total cost of producing the film will be the negative cost plus $29 million for prints and advertising. Std. Dev. is the standard deviation of the natural logarithm of the expected value of the film’s opening weekend box-office revenues.

TABLE 3.2: COMMON FILM DATA

	RADR for Film Projects:
	8%

	Minimum P&A Investment:
	$29 million

	Additional P&A Investment:
	$24 million

	Studio Capital:
	$541 million

	Pre-Production Costs:
	$2 million

	1-Year Risk-free Rate:
	2%

	2-Year Risk-free Rate:
	2.64%

	Studio Tax Rate:
	0%


TABLE 3.3: SUMMARY OF PLAY BY ROUND

	ROUND 1
	Bid on independent films. 

After independent film rights are awarded, each studio announces the films that they will be producing. Each studio must produce at least three films.

Learn box office results and NPV of each film.

	ROUND 2
	Each studio announces films they would like to exercise P&A option on. 

Learn results of P&A Investments.

	ROUND 3
	Each studio announces which films they would like to make sequels of.

Any unexercised sequel rights can be bid on. Proceeds go to the studio holding the rights.  

Learn results of sequel investments.

Learn the total amount of NPV that each studio created.


TABLE 3.4: SUMMARY OF EVENTS AND CASH FLOWS BY YEAR

	YEAR –2
	-Pre-production begins on first films

	YEAR 0
	-Production begins on first films

	YEAR 1
	-First films open at the box office.

-Studios must make exercise decision on P&A option.

-Studios must make exercise decision on sequel option. They must pay pre-production cost and present value of production cost, which is incurred at end of year 3.



	YEAR 2
	-50% of the cash flows earned by the first film in the first seven years are assumed to be received as a lump sum at the end of year 2.

-The game assumes that all cash flows from P&A option are received at end of year 2.

-The game also assumes that all cash flows from the sequel option are discounted back to the end of year 2, even though the sequel will not open for two more years.

	YEARS 3-8 
	-50% of the first eight years of cash flows from the first film are  received as a 6-year annuity beginning at the end of year 2.



	YEARS 9 TO PERPETUITY
	-30% of the total present value of cash flows from the first film are assumed to be received as a perpetuity beginning at the end of year 8.


EXHIBIT 3.1: CASH FLOW CALCULATIONS

Panel A: First Film

Cash Inflows from First Film: 

Total Domestic Box Office Revenues = 3 * Opening Weekend Box Office Revenues  (1)

Total World Box Office Revenues = 2 * Total Domestic Box Office Revenues
      (2)

Total Revenue from All Sources in First 8 Years = 2 * Total World Box Office            (3)

(additional revenue comes from DVD, television, etc.)

Studio Share of Total Revenue from All Sources in First 8 Years = 50%                       (4)

(the rest goes to theaters, T.V. networks, etc.)
      

Percentage of Total PV of Studio Revenues from Film Earned in First 8 Years = 70%  (5)

Timing of Cash Inflows From First Film:

End of Year 2: 50% of Studio Share of Total Revenues in First 8 Years (Lump-Sum)

End of Years 3-8: 50% of Studio Share of Total Revenues in First 8 Years (Annuity)

End of Year 9 Onward: 30% of PV of Total Studio Revenues (Perpetuity) 

Panel B: Options

P&A Option:

Expected CF’s from Investing in Additional P&A = $24M*OBO*7.2/(Negative Cost + $29M)

CF’s refers to the incremental revenues received from investing in additional P&A. OBO is the actual (not expected) opening weekend box revenues for the film. We assume that these CF’s are received at the end of year 2. We assume that the $24 million investment required to exercise the P&A option is made at the end of year 1. 

Sequel Option:

Expected CF’s from Investing in Sequel = PV of Total CF’s from First Film*(1+ RADR)2
We assume that these CF’s are received at the end of year 2. 

We assume that the cost required to exercise the sequel option is paid at the end of year 1. This cost will be equal to the cost of pre-production plus the PV of the sequel production costs, which are not actually incurred until the end of year 3. 

Sequel Production Costs = Total Production Costs of First Film*(1+RADR)3 
Be sure to include the minimum P&A Costs in Total Production Costs.
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APPENDIX A: RESOURCES FOR REAL OPTIONS ANALYSIS

1. Spreadsheets for the Cox, Ross, and Rubinstein (1979) binomial model and the Arnold and Crack (2000) extension are available at http://faculty.uncfsu.edu/plarkin/. These spreadsheets are not copyrighted. 

2. An excel add-in for simulation and decision analysis is available from Roger Myerson of the University of Chicago. The program may be downloaded at: http://home.uchicago.edu/~rmyerson/addins.htm. The program is free for individual use and may be distributed at academic institutions. The website also contains documents that explain how to perform simulation analysis in excel.

3. The Michelson and Weaver (2003) risk analysis spreadsheet model is available as a free download at: http://helmet.stetson.edu/~smichels/ .

4. Aswath Damodaran’s website at http://pages.stern.nyu.edu/~adamodar/ is one of the most useful finance sites on the internet. It includes spreadsheets for finding the value of many types of real and financial options using Black-Scholes and related models, and data on the volatility of equity and firm values in most industries. In addition to the real options materials, the site contains a tremendous wealth of free material on valuation, corporate finance, and investment analysis.

5. The Chicago Board Options Exchange (CBOE) maintains an excellent website at: http://www.cboe.com/Home/default.asp. The learning center contains options tutorials, while the market data area contains historical stock price volatilities for all firms that have options listed on the exchange.

6. There are at least three techniques for calculating option values using the binomial model. The Cox, Ross, and Rubinstein (1979) method is well explained in Ross, Westerfield, and Jaffe (2005). This text contains excellent coverage of real options. The replicating portfolio technique is presented in Copeland and Tufano (2004). This article is a good choice for a second article to read on real options analysis. See Arnold and Crack (2000) for a description of their method.

7. An interesting book on implementing real options and other valuation techniques in the corporation is Amram (2002). An important intermediate level text that shows how to build binomial spreadsheets to solve a wide range of real options problems is Copeland and Antikarov (2001). We recommend that you purchase the book and solutions manual if you really plan to build your own binomial spreadsheets. Make sure that you get the revised edition. A good advanced textbook on derivatives is Hull (1997).

APPENDIX B: TOP TEN LIST OF TERMS NOT MENTIONED ABOVE

While finance specialists should become familiar with the following important terms and concepts, they have the potential to confuse or “put off” non-financial managers, which may result in finance being shut out of the decision making process for important strategic investments: 

1. Stochastic Calculus

2. Differential Equation

3. Risk-Neutral Valuation

4. Risk-Neutral Probabilities

5. Replicating Portfolio

6. Twin Security

7. Geometric Brownian Motion

8. Finite Difference Method

9. ROA (as an abbreviation for “real options analysis”)

10. The “Greeks”: Delta, Gamma, Vega, Theta, and Rho    










� Trigeorgis (1993) provides a more systematic analysis of the affects of the presence of multiple options on the value of an investment opportunity. 


�Many authors, including Mason and Merton (1985), and Copeland and Antikarov (2001), argue that the assumptions necessary to value a project using standard NPV analysis are sufficient to value options on the project using option-pricing techniques. 


� Copeland and Antikarov (2001) discuss the versatility of the binomial model with the random walk assumption.  


� If C stands for the call, S stands for the stock, and B stands for the bonds, then C+B = S. Rearranging, C=S-B. This implies that owning a call option on a stock is like buying the stock on margin.
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