Bulletin

When the facts change, I change my mind.
What do you do?
How real options analysis improves decision-making
Standard techniques used to appraise commercial and government investments often ignore
the value of flexibility to adapt investment strategies as circumstances change. Misvaluation of
this kind can result in suboptimal investments being chosen. This problem can be particularly
acute for infrastructure projects, which typically involve large sunk costs and uncertainty over
long asset lives. Real options analysis addresses this shortcoming by valuing flexibility explicitly,
thereby promoting better decision-making.

Making decisions under uncertainty
The 6th of June 1944 marked the beginning of the
Battle of Normandy, a decisive turning-point in World
War II that led to the liberation of Western Europe.
Under General Dwight D. Eisenhower’s bold plan,
160,000 Allied troops would cross the English Channel

under cover of darkness, land on several beaches in
Northern France and push deep into German-held
territory. The Normandy landings remain the largest
seaborne invasion ever recorded, and one of the
most successful Allied campaigns during World War II.
However, the whole endeavour was nearly scuppered
by the most mundane of things: bad weather.
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The landings were originally planned for the 5th of
June. However, it became clear by the 4th that heavy
winds and rough seas would make the audacious
landings impossible. Meteorologists advising
Eisenhower forecast that conditions would improve
sufficiently by the 6th for the invasion to proceed. The
Allied Commander wisely heeded the advice to delay,
changed plans that had taken months of meticulous
preparation—and the rest, as they say, is history.
Flexibility when making decisions is valuable not just
in military strategy. All of us adjust our plans in
response to changing circumstances and new
information—whether that entails taking a different
route home from the usual one to avoid traffic, or
more life-changing choices, like whether to buy a
house when the outlook for the property market is
highly uncertain.
Commercial and public investment decisions are no
exception. Businesses and governments making
major investment choices often do so in the face of
significant uncertainty about the future. Rarely are
the investment choices completely fixed. Investment
plans can often be adapted—for example, by waiting
to see what happens rather than taking a decision
now, or by pursuing a different investment strategy—
when confronted with new information that affects
the value of the investment.

Worse still, what happens if two competing
investment options are being considered side-by-side,
but one presents the investor with more (or different
kinds of) flexibility than the other? How are those two
options to be compared on a like-for-like basis?
Unless the flexibility is valued quantitatively, there is
every chance that the two investment opportunities
will not be compared on a level playing field, and the
wrong (i.e., value-destroying) investment may
inadvertently be selected.

The value of flexibility: a simple
example
Figure 1 presents a simple example, which shows
that when faced with uncertainty, flexibility to
respond to new information can increase the value of
an investment.
Figure 1: An example of the value of waiting to invest

Bizarrely, even though many investors do in practice
change their behaviour in response to new
information, the techniques typically used to value
investments ignore this flexibility. For example,
standard Net Present Value (NPV) analysis used in
commercial investment appraisals and cost-benefit
analysis (CBA) used to assess the net public benefits
of government investments generally assume fixed
investment plans that cannot be revised, regardless
of how circumstances change.
If the flexibility to change investment strategies is
valuable—and it can be materially so in many
situations—then standard NPV analysis and CBA will
understate the value of investments. Investors who
realise this often resort to ad hoc, qualitative
judgment in order to take account of the value of
flexibility—usually an excellent way to make bad
decisions.

Source: Frontier Economics

Consider two investment options available to an
investor.
Under Option 1, the investor can invest at Time 0 at a
cost of $10 million. The investment will provide a
guaranteed cash flow of $1.25 million at Time 1.
However, the cash flows at Time 2 (and thereafter)
are uncertain: with equal probability they will either
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rise to $2 million, or fall to $0.5 million. This
uncertainty resolves only at Time 1. Under Option 1,
this occurs after the investment decision has been. If
the investor takes Option 1, the expected NPV of the
investment (at a constant discount rate of 10%) would
be $2.5 million.1
Note that the expected NPV represents the average
outcome, given that there is a 50/50 chance of cash
flows from Time 2 onwards increasing or falling
significantly. If the investor is unlucky and cash flows
drop, then the actual NPV of the investment would be
-$6.59 million. The investment would have turned out
to be a very bad one.
Under Option 2, the investor could—in recognition of
uncertainty about the future—wait until Time 1 and
choose to invest only if the cash flow at each point in
time increases to $2 million. This would mean giving
up a guaranteed cash flow of $1.25 million at Time 1.
However, in exchange, the investor can avoid an
outcome where the cash flow drops significantly and
forever to $0.5 million, producing a loss-making
investment. If the investor takes Option 2, the
expected NPV of the investment would be $4.55
million—significantly higher than under Option 1,
where the investment would occur immediately
regardless of future uncertainty.2 By selecting Option
2, the worst the investor can do is avoid losses by not
investing if the cash flows decline.
The difference in the NPVs under Options 1 and 2,
$2.05 million, represents the economic value of
flexibility (the ‘option value’) to change the investment
strategy in response to new information.

Real options analysis
Real options analysis (ROA) is a technique that allows
the systematic quantification of the economic value of
flexible decision-making. Unlike standard NPV
analysis or CBA, ROA recognises that investors can
alter the way a project is rolled out as circumstances
change and calculates the value of the project under
different possible investment strategies rather than a
single, fixed strategy.
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Examples of flexibility in decision-making that ROA
can account for include the options to:

• delay investment until uncertainty is resolved;
• roll the investment out sequentially to see how
each stage pans out before progressing to the
next;

• change course, expand or downsize as new
opportunities and risks crystallise; and

• abandon/exit if conditions turn unfavourable.
ROA has two main advantages over standard NPV
analysis and CBA:

• Firstly, ROA can provide a more accurate valuation
of potential projects by accounting explicitly for
the fact that the investment strategy can be
modified in response to changing circumstances.
This removes the need to account for the value of
flexibility qualitatively and reduces the risk of
selecting a suboptimal investment.

• Secondly, ROA allows the identification of the
value-maximising investment strategy. This is
because ROA involves mapping out all the feasible
future pathways for an investment, in response to
changing circumstances, and then finds the
pathway that would maximise the value of the
investment. This value-maximising pathway
represents the optimal investment strategy, given
the present understanding of how the future
might unfold.

When is flexibility valuable?
A key insight from the ROA literature is that the value
of flexibility can be particularly large if:

• There is significant uncertainty over the future
payoffs (e.g., cash flows, social costs/benefits) from
the investment. If future outcomes are easy to
anticipate, then planning would be
straightforward, and there would be little need to
modify the investment strategy over time. In this
context, uncertainty refers to the variability of
possible future outcomes. The larger the range of
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possible future outcomes, the greater the
uncertainty faced by investors, and the greater will
be the value of flexibility.

• The investment decision is irreversible (or is very
costly to reverse). If investment decisions can be
undone easily, then investors could simply
withdraw from the investment without incurring a
significant loss. However, if the cost of the
investment is sunk once made, then investors
cannot exit without suffering a loss. Generally, the
larger the sunk cost involved, the greater will be
the value of flexibility.
This means ROA can be particularly useful when
valuing infrastructure investments—such as: roads,
rail lines, ports, airports, water networks, desalination
plants, water recycling plants, telecommunications
networks, mining and exploration assets, gas
pipelines, electricity grids and power stations.
This is because infrastructure investments tend to be
long-lived (so economic conditions can change
materially over the life of such assets), and typically
involve billions in sunk costs.

The NBN: an application of ROA
With a forecast peak funding requirement of $51
billion,3 the National Broadband Network (NBN)
represents the largest infrastructure project ever
undertaken in Australia.
Given the size of the project, it is astonishing that the
Rudd Labor government, which pledged to deliver the
NBN, refused to conduct a CBA to assess its merits.4
Indeed, the Federal Communications Minister at the
time argued that the benefits of the NBN to Australia
were self-evident, and that conducting a CBA would
be a “waste of time, waste of effort, waste of money.”5

of the population with broadband speeds of up to
100 megabits per second. The ambitious choice to
build fibre to the premises was intended to deliver a
network with sufficient capacity to last for
generations, but also involved the highest
construction costs.6
The decision to roll out fibre to the premises was
particularly controversial because it was unclear in
2009, when the plan was first announced, that there
would be sufficient future demand to justify the
broadband speeds and build costs associated with a
fibre to the premises network. Whether fibre to the
premises would be truly worthwhile depended on
what sort of applications would emerge, and how
consumers would choose to use broadband services,
in future. However, the government of the day
pressed on with its plans for a “Rolls-Royce” NBN as
though such speeds would definitely be required,
regardless of the uncertainty over future demand. No
account was taken of the option to delay or to build
gradually.
When Labor lost the 2013 general election, the
incoming Coalition government commissioned a CBA
of the project. That study assessed the net benefits to
taxpayers of three options for rolling out the NBN. It
concluded that, against the base case scenario of
halting the project immediately:

• A rollout using hybrid-fibre coaxial and fibre to the
node to 93% of premises, without any government
subsidy, would provide the highest incremental
net benefit of $24 billion;

• A multi-technology mix rollout using a
combination of fibre to the premises, fibre to the
node, hybrid-fibre coaxial, fixed wireless and
satellite solutions would deliver incremental net
benefits of approximately $18 billion; and

The most contentious aspect of Labor’s NBN plan was
a commitment to deliver fibre to the premises to 93%

3

NBN Co on track for 2020 completion, NBN Co press release, 31
August 2018

5

ARN, Election 2010 Exclusive: Face-to-face with Senator Stephen
Conroy, 19 August 2010.

4

The government did commission a $25 million ‘implementation
study’ by McKinsey/KPMG. However, the authors of the report
were explicit that they had not undertaken a CBA to assess the
economic and social benefits of the NBN.

6

Labor’s initial estimate of the cost of NBN was just $15 billion.
See BBC, How Australia's A$49bn internet network came to be
ridiculed, 26 October 2017.
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• A fibre to the premises rollout to 93% of premises
(per the original Labor plan) would deliver
incremental net benefits of less than $2 billion.

Figure 2: Net benefits of multi-technology mix
scenario over fibre to the premises scenario with and
without upgrade

The study suggested that Labor had picked the worst
of all rollout options.
A commendable aspect of the CBA—which made it
stand out compared to most other government
CBAs—was that it made some effort to account for
optionality. The CBA recognised that a key uncertainty
was the extent of future growth in demand for highspeed broadband. The study concluded that whilst a
multi-technology mix rollout would offer slower
speeds than a fibre to the premises rollout, it would
allow the NBN to be upgraded at a later date, if
demand turned out to be higher than anticipated.7
The authors of the CBA modelled the net benefits of
having the ability to upgrade later if required, under a
multi-technology mix rollout, instead of building full
fibre to the premises capability upfront. Figure 2
presents the value of the multi-technology mix rollout
over and above the fibre to the premises rollout if:

• the network was never upgraded, even if
consumers’ willingness to pay for high-speed
broadband were to increase over time (the black
curve); and

• the network was upgraded in response to growing
willingness to pay (the dashed red curve).

Source: Independent cost‐benefit analysis of broadband and review of
regulation, Volume II, August 2014, p. 89.

This analysis demonstrated two important things:

• Firstly, once the flexibility to upgrade the network
in response to demand growth had been
accounted for, the multi-technology mix rollout
looked unambiguously better than the fibre to the
premises option. Had this flexibility been ignored,
a multi-technology mix build would have appeared
a worse option than fibre to the premises under a
high willingness to pay scenario (i.e., the black
curve eventually drops below an NPV of $0), when
in fact it was not.

• Secondly, it is possible to extend standard CBA
using ROA to quantify the value of flexibility. The
red curve represents the value to be gained from
following the most flexible investment strategy.
This allows decision-makers to understand in
dollar terms what society would be giving up if a
less flexible strategy (i.e., a fibre to the premises
rollout) were adopted instead, given uncertainty
about the future.

7

The incremental costs of an upgrade is itself a point of
contention. Some critics argue that the multi-technology mix

upgrade path to full fibre to the premises is costly. This would
merely reduce the net benefits of more flexibility.
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Based on these results, the CBA concluded that: 8

Overall the [multi-technology mix ] MTM
scenario has significantly greater option
value than the [fibre to the premises] FTTP
scenario. The MTM scenario leaves more
options for the future open because it avoids
high up‐front costs while still allowing the
capture of benefits if, and when, they
emerge. It is, in that sense, far more ‘future
proof’ in economic terms: should future
demand grow more slowly than expected, it
avoids the high sunk costs of having
deployed FTTP. On the other hand, should
future demand grow more rapidly than
expected, the rapid deployment of the MTM
scenario allows more of that growth to be
secured early on, with scope to then upgrade
to ensure the network can support very high
speeds once demand reaches those levels.

Making us better off

CBAs used to appraise such investments typically
ignore the value that can be gained from changing
the investment strategy in response to new
information. This can result in the value of
investments—particularly those that are long-lived,
exposed to significant future uncertainty and
involving large sunk costs—being mis-estimated. This,
in turn, can lead to suboptimal investments being
selected, at significant cost to shareholders or
taxpayers.
ROA addresses this problem by quantifying explicitly
the value of flexibility, and allowing identification of
optimal investment strategies, thereby improving
decision-making.

Contact Us
Frontier Economics has been providing independent
advice to businesses, regulators and governments for
over 20 years. From offices in Australia and
Singapore, our team has a diverse range of skills and
experiences to support our clients.
To find out more about real options analysis, please
contact:
Dinesh Kumareswaran
T: +61 3 9613 1527

John Maynard Keynes is often credited with saying
“When the facts change, I change my mind. What do
you do, sir?” In fact, the actual source of this quote
was not Keynes, but Paul Samuelson, another famous
economist.
Regardless of who actually said the words, the
sentiment behind them makes intuitive sense to most
of us. We do not go through life following a perfect
linear path, regardless of what life throws at us. We
adapt our plans as circumstances change because
doing so makes us better off.

E: dinesh.kumareswaran@frontiereconomics.com.au
Stephen Gray
T: +61 419 752 260
E: stephen.gray@frontiereconomics.com.au

Commercial and government investment decisions
are much the same. Yet, standard NPV analysis and

8

Independent cost‐benefit analysis of broadband and review of
regulation, Volume II, August 2014, p. 89.

Frontier Economics - When the facts change, I change my mind. What do you do?

6

