
ECON3430 Managerial Economics
Lecture 11, Semester 2, 2015
Cameron Murray

Topic 10: Real options and uncertainty
Additional material: Real options in organ markets

What is a ‘real’ option? 
The first answer requires us to briefly revisit the fundamental difference between risk and 
uncertainty. Where as a framework of risk analysis allows one to estimate probabilities of a 
particular outcome, a framework of real options allows one to explore the value of flexibility to 
respond to new information and opportunities as the may arise over time. Options are rights (or 
opportunities) but not obligations. They can be exercised or they can expire, when the option is not 
longer available. 

“Real options analysis is a strategic tool. It entails a cross-organisations exercise designed 
to lay out options, discover the risks, and determine the range and reach of managerial 
flexibilities.”

While analysis of financial options is not the topic this week, the basic ideas are the same between 
real investment and management decisions, and financial decisions. 

Call Option
The right but not the obligation to buy an asset at a specified strike price on or by and certain future 
date. Some options have a fixed expiry date (these are known as European options), which others 
can be exercised at any time prior to the exercise date (known as American options). 

Put Option
The right but not the obligation to sell an asset at a specified strike price on or by and certain future 
date (the expiry or maturity).

Economic functions of options
Historical development of arrangement that look like modern options stem from the risks of 
seasonal agricultural production, where crop yields and market prices couldn’t be well-known in 
advance. Farmers and merchants liked to price stability that came with the creation of call options 
on the farmer’s produce (recall that price stability is signalling function that helps to coordinate 
production activities). 

Rice farmers in 17th century Japan would create and sell a call option to merchants/traders at the 
beginning of the season. For the farmer this would price them with an current income to pay their 
labourers, but if the option is exercised because the price at the time of harvest is above what 
prevails in the market, they will lose that additional income. 

For merchants, buying the option upfront would remove the risk of having to pay a much higher 
price at harvest time.  You can see how risks are shared by using the option compared to where 
there is only a spot market at the time of harvest. Take a scenario where a farmer expects, under 
normal conditions to sell 100bags of rice at $50 a bag ($500 revenue at harvest time). But 
depending on the weather the market price at harvest time may be $100 a bag, or $10 a bag. If a 
merchant is willing to pay $180 for a call option to buy from the farmer at $50 at harvest time, than 
the payoff to the farmer under the three scenarios is 
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If each outcome has a 1/3 probability than the expected value under (A) is $533 and (B) is $546, 
yet the variance of (B) is much lower. 

Notice that to make assessments or analyse the potential effects of real options it is necessary to 
make assumptions about the distribution of future possible outcomes. Although options analysis is 
commonly referred to as being a method for studying uncertainty proper (as in Knightian 
uncertainty discussed last week), in practice it is merely a more advanced type of sensitivity 
analysis on identifiable future alternative with known quantifiable probabilities. 

Options in management decisions
Management options have very similar characteristics to financial options that deal only with 
agreements over the timing and price of transactions. 

The fundamental characteristics of management decisions that make them have the characteristics 
of real options are:
1. Uncertainty rather than risk
2. Irreversibility
3. The ability to delay choices

The characteristics mean that there is value premium to a flexible investment program above a 
fixed and unchanging investment program. For example, rather than implementing a company 
wide change to new equipment in one go, delaying that investment decision to run a pilot program 
in one area of the company will improve the information about the likely success of the whole 
investment, but also introduce the option to not invest at the completion of the pilot.  Because the 
investment in new equipment is irreversible once completed (that is, the costs of that investment 
cannot be recovered completely by selling it), and the choice is able to be delayed, the 
management opportunities are much different to what can be considered under standard economic 
theory.

The basic real options in management decisions centre around delay and reversibility, and the size 
basic options can be summarised as

Some examples should help clarify these ideas, though note that these are not mutually exclusive 
options - deferring investment often also captures an option to switch, or investment in something 
different at a later date. 

Take the case of a property developer. They own a piece of land but are not certain whether to 
build an apartment building or an office building. After they commit to the construction of one of 
these projects they cannot reverse there decision and build the other one instead. If their site is 
within an area undergoing a town planning review that might allow them to build either an 
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Farmer income $100 $50 $10

(A) No option $1000 $500 $100

(B) Sell $180 call option $680 $680 $280

Option to defer Wait until further information reduces market risk

Option to abandon Dispose of an unprofitable project

Option to switch Change inputs, outputs or production method

Option to grow Leave open larger investment opportunities in the future

Option to stage Break up investment into incremental steps



apartment building or an office building with more storeys, they may choose to do nothing now and 
wait for this review to determine their best choice. This here is an option to switch to between 
projects once new information is at hand.

After the planning review that same property developer seeks a government approval to build an 
apartment block. They don’t yet commit to a construction contract, because this is an irreversible 
decision, whereas a new building approval can be sought for a different project at very little cost. At 
this point they look to find buyers of their proposed apartments before construction begins. By 
selling before construction they keep the option to abandon open if the market is not as strong as 
they had anticipated. 

This same developer has also decided to only sell one of the two buildings that are proposed to be 
constructed on the site, and is building the total project in stages.  Again, this allows for flexibility 
should the market, the regulations, or other factors change between the first and second stage. 
Perhaps in 2 years time when the first stage is built it will be most profitable to build an office tower 
as the stage two building instead of an apartment. By staging the project that option to switch is 
also maintained. 

Option trees and binomial analysis
The binomial option model is a type of scenario analysis that assumes that in the next period of 
time, say until the next milestone of a project is reached, the value of our asset either goes up or 
down, and then again goes either up of down in the succeeding period. Each happens with a 
probability q or 1-q, respectively, with q < 1. The value of the call on that asset will be the maximum 
of zero or uS0 - K in the upward state or, in the downward state, the maximum of zero or dS0 - K, 
as shown below. The notation uS0  means the upward possible State of the world possible after S0 , 
while dS0  is the downward possible payoff State of the world after S0. So u is a number reflecting 
the change from S0, so say if u is 1.2, than the value at S1 is 1.2 x S0. The same for d, although d is 
typically less than 1. K is the cost to acquire the asset at the time period, which might be the cost of 
investing in a particular type of plant and machinery, or a building. The simplest representation of a 
binomial tree is below. 

Expected value of that asset at time t1
The value of an asset is a function of the probability q of achieving the best case scenario and 1-q 
of achieving the worst case scenario, designated uS0 and dS0 respectively. S denotes a ‘state of 
the world’ and the subscript the time at which that state of the world is known. It is also know as the 
expected value, or expected State of the world, Se.

V = Se  = [q . uS0 + (1-q) . dS0]

The expected value of the call option at time t1 is 
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t0 t1

S1 = uS0     Cu = max(uS0 - K1,0)

1 - q

q

S1 = dS0      Cd = max(dS0 - K1,0)
S0



C = [q . Cu + (1-q) . Cd]

where Cu and Cd are the new values after the strike, which in this case is the cost of investing a t1 
to obtain the option value.

Call option value at t0
The value of the call option today, that is the value of the investment above its costs simply 
because of having the option to do it, is simply a matter of discounting but the firm’s internal 
discount rate (rWACC) over the time until the option can be exercised.

C0 = [q . Cu + (1 - q) . Cd] / (1 + rWACC)t

Multiple options
Choosing different paths in an option tree can lead to a large array of potential outcomes. The way 
these can be analysed if by starting at the end of each branch and working backwards to assess 
the value of future options at each alternative point amongst current options. In the diagram below 
the new option that arises (say, the option to expand) comes with uS0. and must be incorporated 
as part of the value at that point. 

The above table summarises the key elements of binomial option analysis, and how the relate to 
analysis of stock (share) price movements. 

For the purposes of this course we are ignoring a lot of the technical analysis that goes with option 
pricing in finance, which is often irrelevant or simply cannot translate to internal management 
decisions due to the need to quantify uncertainty into risk and adopt a hedging portfolio. We simply 
look at the basics of how laying out potential options can change the strategic analysis of your 
investment decisions. 

In practice applying this type of analysis requires many assumptions and judgements about exactly 
what the future options might be, what the probability of any of the identified options really is, and 
so forth? Did you identify all the possible options? Are you missing some (yes, always)? Does that 
matter? In practice managers must often resort to rules of thumb and gut feelings about which way 
to proceed, but by maintaining flexibility as a general rule they can often eliminate being stuck in 
many of the downside options. 
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Examples of binomial analysis 
Delay investment
Here there is a very simply option tree - invest now at a cost of $84, with the expected annual 
dividend of $10, and a risk free rate of 10%. Next year the dividend will either be $5 or $15 with 
50% probability each and you will still be able to invest at $84 then.

If we invest now we get in expectation an NPV of: 10/0.1 - 84 = 16
which is the results of capitalising the $10 annual income stream at 10% (10/0.1) and subtracting 
the current cost to acquire that income stream. Using NPV naïvely like this suggests it is profitable 
to invest now. However…

The NPV at t1 of each option is: uS0 15/0.1= 150 Cu = max(-34 , 0) = 0
dS0 5/0.1 = 50 Cd = max(66 ,0) = 66
Se 100
K 84

The easy way to do this analysis is to take the expected value of the call and discount to today, 
which is

[(0.5 x 0) + (0.5 x 66)]/1.1 = 33/0.1 = $30

This is an NPV of the option to delay, which is higher than the NPV to invest now (which was $16), 
so it is better to delay. 

The main reason for the difference is that an option is a right, but not an obligation to invest. Notice 
that if the income flow falls to $5 a year after you have invested today, you no longer have the 
option to avoid that outcome. 

Switching option
A developer looks to judge whether it is worth waiting in order to maintain the option to switch 
between building an apartment building or office building on their site. 

The relevant information is:
• You are the developer from the earlier discussion.
• You own a site that is only allowed to have residential development but think there is a 40% 

change to town planning regulations in two years time that will allow office buildings.
• You estimate an office building will cost $150 in two years time, the same as an apartment 

building
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• However you expect prices of the office building to be $300 in two years time, while the 
apartment building only $250 in two years time.

• Building an apartment building today would have cost $130 and sell for $240.
• The firm’s WACC is 17%. 

The question is whether the costs of holding for two years exceed the value of the option to build in 
two years. 

A. The value of building now
Here will simply subtract the current revenues from costs for an apartment built now. 

Value of A  = 240 - 130 = $110

B. The value of the option to delay
In the above binomial tree we look at whether the value of the option to delay by two years exceed 
the value of developing now (i.e. $110). 

The value of the call a the “up” and “down” states is calculated by uS0 - K = 150, and dS0 - K = 
100.

We take the expected value by weighting by the probabilities and discounting back two years at the 
firms cost of capital.

C0 = [(0.4 x 150) + (0.6 x 100)] / (1.17)2 = (60 + 60)/1.369 = 87.66

Since the value of the waiting two years (the value of the call option, C0) is less than the value of 
developing today, it is best to develop today. 

However if the cost of delaying is lower, meaning that the firm’s WACC is lower, than it may be 
better to delay. And we can incorporate sensitivity analysis of this type into the analysis. 

We can ask the question, what WACC would make it optimal to delay? We do this be assigning the 
value of the call to be the value of building now (C0 = V of option A) and solve for rWACC.

110 = 120 / (1+rmax)2 ⇒  rmax = √1.09 - 1 = 0.044 or 4.4%

Expansion option
Here we look at a two stage project, such as a pilot project or some other staging or incremental 
investment. Here the rWACC = 15% and each stage takes one year. 
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Here the first stage costs $18 to implement, but if successful then it allows an expansion project o 
go ahead at a cost of $85 at t1, which has the expected outcomes as shown.

We can start by looking at the expected value (NPV) of Stage 1 in isolation. 

Stage 1 expected value
(0.5x20) + (0.5x10) / 1.15 - 18 = $ - 4.96
If there was no expansion option than Stage 1 should no be implemented. 

Stage 2 expected value at t1
(0.6x150) + (0.4x70) / 1.15 - 85 = $17.6

Value of call option on Stage 2 at t0
If Stage 1 is unsuccessful the value of the call option to undertake Stage 2 is zero (Cd = 0)
If Stage 1 is a success, the value of the call option is $17.6 (Cu = 17.6)
Since there is a 50% chance of each of those outcomes we weight them and discount back
[(0.5 x 17.6) + (0.5x0)]/1.15 = $7.65

Since the value of Stage 1 is not only the payoff, but the option to expand into Stage 2, we can add 
the present value of that option to the NPV (or expected value) of Stage 1 to calculate an new 
value that include the option. 

V0 = VStage1 + VStage2 Option = -4.96 + 7.65 = $2.7

However, had we not done this project in Stages and done the whole thing at t0, with a cost of $103 
and a 50% of $170, and 50% chance of $80, taking two years, the NPV would be

[(0.5 x 170) + (0.5 x 80)] / (1.12)2 - 103 = 125 / 1.2544 - 103 = $ -3.35

Staging can therefore reduce risks (through the option to not implement the full project)and open 
up more viable investment options.

How does this change the trade-offs in business decisions? 
NPV can be used to account for flexibility if a variety of project when contingencies are all 
compared and weighted with some form of probability assumptions. 
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There has been a long run trend towards using NPV analysis to evaluate firm investment decision. 
It is also worth noting that NPV methods were first refined into a useful method in 1907 by Irving 
Fisher, so companies making decisions prior to that must have used other objectives or 
approximations. Recall earlier that profit maximisation (which is consistent with NPV maximisation) 
is just one of many potential firm objectives. 

But perhaps NPV, while becoming popular, is not the catchall assessment tool for understanding 
business decisions in a world of uncertainty. 

Some final examples of how incorporating an understanding of irreversibility and uncertainty 
changes economic analysis in many unexpected areas. 

Take a look at the reading on organ donation. Here the calls for a market in organs are very 
popular because putting a price on organs may provide economic incentives to donate. But 
because donating an organ is irreversible, analysis of this market is best understood in terms of 
real options. 

If the expected value of donating next year is $200, while the value today is $100, with an 
opportunity cost of 10% than the option to wait is worth $181 compared to the option of donating 
today of $100. Indeed, any time the expected value is rising faster than the discount rate it will be 
optimal to delay. The speculative characteristics of assets market pricing will emerge in organ 
markets. 

Another way the real options view changes analysis is in regulation and planning. A recent 
example in Brisbane is that the government wanted to provide incentives for the Parmalat milk 
bottling plant to relocate from South Brisbane. The incentive provided was to rezone the site for 
higher value uses (like in our example). But what this meant was that it created a new option to 
wait for another rezoning in the future, and the optimal choice became to wait instead of move, 
even though any current project would have a higher NPV. 

Are there other examples you can think of where the irreversible nature of a choice creates a gain 
from delaying and ‘keeping option open’?
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Create a real option to reduce risk 
Think about situations in your own life where you have created a real option to reduce risk of an 
investment. Don’t narrow your thinking to mere economic capital investments, but think about all 
your investments of time, relationships, and so forth. 

Then draw the situation as a binomial (or trinomial if there are more than two options), and assign 
estimates of probabilities to each branch, and analyse how a choice with options differs from an 
exclusive choice between alternative (i.e., commit now to one full branch compared to another full 
branch). 
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