
 

 

EC334 Topics in Financial 
Economics 

Lecture 1: Introduction 

–Topics and readings 

–Real options 

–Efficient markets 



Some reading (living document) 

Useful text   

– Copeland, Weston and Shastri ( “CWS”) 

Other sources (on course web page and slides) 

– Journal references  

– Gale notes from NYU Stern School of Business 

– Lecture notes on specific topics on web page 
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Outline and readings 
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options and efficient markets) 
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Weeks Topic Elements and reading 
1-3 A. Basics 1. Real options (CWS 9) 

a. Valuing simple real options 
b. Valuing compound options 

2. The efficient markets hypothesis (CWS 10-11) 
a. Market efficiency and the value of information 
b. Rational expectations 
c. Testing the EMH 

3. Hidden information and Hidden Actions (CWS 12) 
a. Basic problem 
b. Contract theory 
c. Signalling 

4-5 B. Corporate 

Financial 

Policy 

1. The role of the CFO and other executives (CWS 13) 
2. Capital structure – the first Modigliani-Miller Theorem (CWS 15) 
3. Pay-out policy (CWS 16) 

6-8 C. Applying 

the 

theory 

1. Choice of projects by firms – (risk-shifting, debt overhang) 
2. Executive compensation and managerial effort 
3. Competition and efficiency 
4. Changes in structure including M&A (CWS 18) 

9-10 D. Topics 1. Automated financial markets 
2. The wisdom of crowds? Pricing uncertainty 



Additional readings (suggested – read at least 2) 

R Copeland, Weston and Shastri, Financial Theory and Corporate Policy, Chaps. 14-15 (some terms 
explained in ch 13). 

R Myers (2001) “Capital Structure” The Journal of Economic Perspectives, Vol. 15, No. 2. (Spring, 
2001), pp. 81-102.  

S Allen, F. and D. Gale, (1988) “Optimal Security Design,” Review of Financial Studies 1, 229-263. 

S Arrow, K. (1964) “The Role of Securities in the Optimal Allocation of Risk-Bearing,” Review of 
Economic Studies 31, 91-96. 

S Ekern, S. and R. Wilson (1974) “On the Theory of the Firm in an Economy with Incomplete 
Markets” Bell Journal of Economics 5, 171-80. 

S Grossman, S. and O. Hart (1979) “A Theory of Competitive Equilibrium in Stock Market 
Economies,” Econometrica 47, 293-329. 

S Hart, O. (1975) “On the Optimality of Equilibrium when the Market Structure is Incomplete,” 
Journal of Economic Theory 11, 418-43. 

S Hellwig, M. (1981) “Bankruptcy, Limited Liability, and the Modigliani-Miller Theorem,” American 
Economic Review 71, 155-70. 

S Merton, R. (1990) “The financial system and economic performance,” Journal of Financial Services 
Research 4, 263-300. 

S Stiglitz, J. (1969) “A Re-Examination of the Modigliani-Miller Theorem,” American Economic 
Review 59, 784-93. 
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Background 

Definitions: 

– Corporation 

– Corporate finance 

– Assets 

Basic valuation methods 

– PDV 

– Mean-variance 

Basic asset pricing 

– CAPM 

– OPM/APM 

– Black-Scholes, Binary option 
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Definitions 

Corporation: Economics and Econometrics private lessons 
– A legal entity (can trade property, make contracts, sue or be sued) 

– Shared ownership (allows diversification) 

– Limited liability (allows protection of personal assets) 

– Transferable ownership (allows share trading –long life, contestability of 
management, managerial monitoring, information exchange) 

Other forms: 
– Sole proprietorship (cheap, personal income tax, unlimited liability, 

limited life, equity) 

– Partnerships (general or limited, cheap, ltd life, hard to trade, raise 
money) 

Corporate finance is: 
– Capital budgeting decisions –types and proportions of real investments 

corporation chooses; 

– Capital structure –financial instruments used to finance investment; and 

– Investor decisions and their impact on asset rates of return and therefore 
cost of capital to corporations. 
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Basic assets  
An asset is a claim on money linked to specific dates t, states of nature or 
conditions 𝜔 ∈ Ω and (sometimes) places. 

An Arrow security is one unit at a given date, place and state 

All assets are bundles of Arrow securities 

Equity - Common and preferred stock  

– The claim secures access to dividend payments (usually per share) on specific 
(regular or extraordinary) dates 

– The claim also entitles the owner to vote on some issues (ranging over investment 
decisions, executive pay, corporate ownership…) 

– The claim can be sold for capital gains/losses 

Debt – corporate bonds, fixed-income securities 

– The claim entitles the owner to periodic fixed payment (interest) and/or a terminal 
payment on a given date 

– The claim is enforced by law: if the firm does not pay, it is bankrupt 

Bank debt 
– Like corporate debt, but generally not traded 

– Short term, sometimes renegotiable 

Derivatives – generic term for compound assets 
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Real option analysis 

A firm is: 

• A set of assets traded on financial markets; 

• A set of projects; 

• A network of contracts; 

• A presence in ‘real’ markets; 

• A series of decisions made by individuals 

These each allow us to place a ‘value’ on the firm; these 
should all be consistent, even if they are not the same. 
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Net Present Value of the firm 

The value of the firm is the expected net present discounted 
value of the returns to its activities – this can be linked to the 
value of owning the firm (equity) 

Which activities will the (management of the) firm choose? 

‘Net Present Value (NPV) rule’: 
– Firm estimates future revenues, discounts at a suitable rate (weighted 

average cost of capital), subtracts investment and other costs 

– Pick projects that offer a positive NPV. 

‘Rate of return (RoR) rule’: 
– Firm estimates ‘internal’ rate of return associated with a project 

– Pick projects with rate of return above cost of investing (market) 

– Our tutors are available in Central London, North London, Manchester, 
Birmingham, Oxford, Bristol, Cambridge, Liverpool, Newcastle, Cardiff, 
Reading, Durham, Exeter, Surrey, Leicester, Lancaster, Sheffield 
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Objectives and rules 
Rules for managers of (all-equity) corporations  
– [Management and control are separated: the shareholders may have 

very different views as to what the firm should do] 

– Corporate governance problem: making managers maximise NPV? 

– Maximisation of NPV should not depend on intertemporal preferences  
• The Fisher separation theorem asserts that a corporation will maximise its present 

value, regardless of the preferences of its shareholders.  

• The theorem therefore separates management's "productive opportunities" from 
the entrepreneur's "market opportunities“ 

We shall examine the relationship between the ‘real’ and 
‘market’ values of the firm 

Econometrics tutor Durham, Economics tutor Manchester 
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Advantages of NPV 

Consider a project with the following cash flows: 
 
 
 
 

Comparing rate of return opportunities 
– The Internal Rate of Return (IRR) is the rate that makes discounted cash flow zero 

– This is 4.6% 

– Suppose the market interest rate (opportunity cost of capital) = 10% 

Should the firm pursue this project? 
– Natural answer is “no” because the IRR is less than the opportunity cost of capital 

– But the NPV of the discounted cash flow (DCF) is positive (= +£14). 
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Actually, the value is non-monotone: 
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IRR is: 

• harder to use than rate of return or NPV 

• better for e.g. internal planning 

• the opportunity cost of a project is the IRR of the best unfunded project. 



Real Options 

[Much will be familiar from the treatment of financial 
options in EC333, for those who have taken that] 

Net present value (NPV) analysis vs. decision trees 

The value of flexibility 

Valuing simple real options 

Valuing compound and switching real options 

Tutoring in Sheffield, Lancaster is valuable option 
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Real (and financial) options 

A simple example – a project that can be 
expanded if it goes well. 

Another example – a project that can be 
deferred 

Finance Tutor London 

Investment Tutor London and Cambridge 

Real Estate Investment tutors  
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Example 1.1: a Simple Project 
 A project will have a value of £160M or £62.5M within a 

year, depending on the state of the economy, with equal 
probabilities 
 
 
 
 
 
 

 Assumptions: 

 The risk adjusted discount rate is 11.25%, giving a project value of £100 

 The risk free rate is 5%. 
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£100 M 

£160 M 

£62.5 M 

0.5 

0.5 



Option to Expand 

Suppose that the project capacity can be expanded by 50% next year at 
an additional cost of £50M.  

With this option, the project becomes 
– First number = don’t expand, second number = expand 

– Optimal choice in green): 

 

 

 

 
 
 

 

Does this option add value to the project? 
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Max{£160 M, 1.5*(£160 M)-£50 M} = £190 M 

Max{£62.5 M, 1.5*(£62.5 M)-£50 M} = £62.5 M 

0.5 

0.5 
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Risk Free Portfolio 
We can separate the option to expand from the project as show below. In 
this case, the option to expand adds £30 M in one year if the economy 
improves and zero otherwise. 
 
 

 

 

 

 

 

 

 

Create a portfolio composed of the project and n copies of a call option (C): 

 = 100 + 𝒏 ∗ 𝑪.  
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£100 M 

£160 M 

£62.5 M 

0.5 

0.5 

Original project 

£30 M 

£0 M 

0.5 

0.5 

Expansion option 



Risk Free Portfolio 

The value of the portfolio next year will be: 
 
 
 

 

 

To make this risk free, pick n to make returns the same for ‘good’ and ‘bad’ states.  

This lets us compute n:  £160𝑀 +  𝑛 ∗ £30 𝑀 = £62.5 𝑀, or 𝑛 = −3.25 

The PV of the portfolio is therefore  = 100 − 3.25 ∗ 𝐶 

This portfolio is risk-free, so we should discount it at the risk free rate (5%);  

This lets us compute C: 

£100 𝑀 − 3.35 ∗ 𝐶 =
£62.5 𝑀 

1.05
 

𝐶 = £12.45 𝑀 

The total value with the option is the project value (£100 𝑀) plus this: £112.45 𝑀 
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£100 𝑀 + 𝑛 ∗ 𝐶 

£160𝑀 +  𝑛 ∗ (£30 𝑀) 

£62.5 𝑀 

0.5 

‘good’ 

0.5 

‘bad’ 
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Example 1.2 
Consider an investment that pays +£100 or -£120 with equal probability 

– the expected value is negative (
£100

2
−

120

2
= −£10) so this should be rejected. 

Now consider a 2-period investment in the following tree: 
 
 
 
 
 
 
 

This has the same total potential profits (£100) and losses (£120) 

The expected value is 
2

3
∗ (−£10) +

1

3
£10 +

2∗£90

3
+

−£110

3
= £4.44 

Why is this different? 
– The first period lets you try the investment with relatively small stakes - (no payoff after a bad draw on the 

first go = quit); this is adaptive behaviour 

Option types - how can you use learning about risky investments? 
– Expand or shrink the investment size  

– Extend or truncate the time-frame 

– Delay decision 

Anything else? The knowledge is most valuable if only you know it. 
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+£10 

-£10 

+£90 

-£110 
Probability 2/3 

Probability 1/3 
Probability 2/3 

Probability 1/3 



Example 1.3: A real option 
Suppose a firm can borrow 𝐼0 = £1600 at 𝑊𝐴𝐶𝐶 =  10% to invest in a 
project (borrowing takes place in period 1) 

If the project succeeds, it generates 𝑅1 = £300 per year forever 

If it fails it will generate 𝑅2 = £100 per year forever 

It has a p% chance of succeeding 
  

𝑁𝑃𝑉1  =  

−𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 + 𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑝𝑟𝑒𝑠𝑒𝑛𝑡 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑓𝑢𝑡𝑢𝑟𝑒 𝑐𝑎𝑠ℎ 𝑓𝑙𝑜𝑤

−𝐼0 + 
𝑅1 ∗ 𝑝 + 𝑅2 ∗ 1 − 𝑝

1 +𝑊𝐴𝐶𝐶 𝑡−1

∞

𝑡=1

=
𝑅2 + 𝑝 𝑅1 − 𝑅2 1 +𝑊𝐴𝐶𝐶

𝑊𝐴𝐶𝐶

−1600 + 
300 ∗ 𝑝 + 100 ∗ 1 − 𝑝

1 + 10% 𝑡−1

∞

𝑡=1

2200 ∗ 𝑝 − 500

 

From the period 0 perspective (when the decision is made) NPV is 

𝑁𝑃𝑉0 =
𝑁𝑃𝑉1

1 +𝑊𝐴𝐶𝐶
;  

at 𝑝 = 50% this is £545.5 > 0  

The project increases shareholder wealth if 𝑝 > 22.7%  
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Option to defer 
Now suppose the firm can defer the decision for a year 
– it will have to pay more (𝐼𝑑 = £1800)  

– It gets to see whether the project will succeed before deciding 

The firm will only invest if the project will succeed – what happens to NPV? 

𝑁𝑃𝑉1  =  

𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑝𝑟𝑒𝑠𝑒𝑛𝑡 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑓𝑢𝑡𝑢𝑟𝑒 𝑐𝑎𝑠ℎ 𝑓𝑙𝑜𝑤 − 𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡

𝑝 ∗  
𝑅1

1 +𝑊𝐴𝐶𝐶 𝑡−1

∞

𝑡=1

− 𝐼𝑑 + 1 − 𝑝 ∗ 0 = 𝑝 ∗
1 +𝑊𝐴𝐶𝐶 ∗ 𝑅1

𝑊𝐴𝐶𝐶
− 𝐼𝑑

simplifying, we get 𝑝 ∗  
300

1 + 10% 𝑡−1

∞

𝑡=1

− 1800

In other words, 𝑝 ∗ 1500

 

The value as of date 0 is therefore 𝑁𝑃𝑉0
𝑑=

𝑝∗1500

1+𝑊𝐴𝐶𝐶
 

This is bigger than the value without the deferral option unless the project is 
almost certain to succeed (i.e. the extra investment cost is not justified). 

Note that the value of this option does not depend on 𝑅2. 

The difference between  𝑁𝑃𝑉0
𝑑 and 𝑁𝑃𝑉0 is the value of flexibility. 
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What are real options? 
Financial options (e.g. European puts and calls) also have a deferred decision (the 
exercise decision) – the value of flexibility is measured in terms of the expected 
gain from not buying or selling today at the exercise price (if it was available) 

Real options are derived from an underlying – a physical asset whose value is 
affected by management decisions 

The underlying for a financial option is another security 

Financial options have no direct connection with the firm (they can be created as 
side bets between any party and a counterparty on the other side of the market)  

The tale of Thales (2nd C BCE): 
– He expected a big harvest of olives and offered his life savings to the owners of oil presses in exchange 

for the right to rent their presses at the normal rate; 

– They expected a normal harvest and hoped to a) keep Thales’ savings and b) rent their presses out at 
the normal rate as well 

– Thales was right, however, and insisted on renting the presses (which they needed) at the ‘normal’ 
rate and renting them back to the owners at an extortionate rate! 

What was the underlying risky asset?  

Not the harvest, but the rental price of the presses 
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Example 1.4a: computing WACC 
To illustrate, consider a situation like that on slide 21 where you do not know the 
WACC; you only know that the risk-free rate of interest is 𝑟𝑓 = 5% 
  

Project pays 𝑅1 = £200 (good state) or 𝑅2 = £80  (bad state) with equal probability 

Investment is 𝐼0 = £125 

Using e.g. CAPM, you might look for a firm with a beta whose systematic risk is similar 
to that of the project, making assumptions about the tax rate, market risk premium, 
capital structure and risk-adjusted cost of debt 

You could also look for an ‘equivalent’ traded security whose returns are perfectly 
correlated with those of the project  

– Suppose you found one, priced at £24, which paid £40 on the up side and £16 on the down side 

– 5 units of this will yield the same pay-out as the project in both states of nature 

– Therefore, the PV of the project must equal 5*£24=£120  

– The net present value is £120 –  £125 = −£5  by the law of one price 

We can work out the WACC in this way: 

𝑁𝑃𝑉 + 𝐼0 = £120 =
.5 ∗ £200 + .5 ∗ £80

1 +𝑊𝐴𝐶𝐶
 𝑠𝑜

𝑊𝐴𝐶𝐶 = 16.7%
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Note: put-call parity 
No-arbitrage: portfolios that always have the same payoff at time T 
must have the same value at any prior time; 

– Suppose one portfolio was cheaper at t < T. You could purchase (long) 
the cheaper portfolio and sell (short) the other. At T, the overall portfolio 
would have value 0 for any value of the share price (assets and liabilities 
cancel out). Profit at t is thus riskless profit, violating no arbitrage. 

Consider a call and a put with strike K expiring at T on a stock 
that pays no dividend. Assume there is a bond paying £1 at T. 
Bond price may be random but must equal 1 at maturity. 
– Stock price =S(t) at t; buy call C and sell put P as above: payoff is S(T)-K 

– Make another portfolio by buying one share and borrowing K bonds 

– These have the same payoff at T so S(t)-K*B(t,T)=C(t)-P(t) 

– So call (C), put (P), bond (B) and stock (S) have this relation; knowing any 
3 of these allows you to calculate the fourth. 

– Online financial economics, econometrics tutors available in London, 
Manchester, Nottingham, Cardiff, Yale, Princeton 
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Example 1.4.b: The value of waiting, 1 

Consider a deferral option to wait till the end of period 1 to invest the £125 

– In the good state we will invest - net payoff of £75 = £200 - £125 

– In the bad state we won’t invest - net payoff of £0 

These payoffs are not perfectly correlated with the ‘equivalent security’ or 
the original project, since the magnitudes are different. 

We use the put-call parity principle to create a portfolio matching the 
deferral option: 

– M shares of the ‘equivalent security’ and 

– B riskless bonds that cost £1.00 today and pay back £(1+rf) next period 

– Let mg and mb be the multiples of value V0 paid by the underlying (the project) in 

its good and bad states, resp. – in other words 𝜇𝑔 =
£40

£24
=

5

3
 and 𝜇𝑏 =

£16

£24
=

2

3
. 

– The portfolio pays 

𝑉𝑔 = 𝑀 𝜇𝑔𝑉0 + 𝐵 1 + 𝑟𝑓 = £75

𝑉𝑏 = 𝑀 𝜇𝑏𝑉0 + 𝐵 1 + 𝑟𝑓 = £0
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Example 1.4.b: The value of waiting, 2 

This gives 2 equations in the 2 unknowns M and B. Solving, we get 

𝑀 =
𝑉𝑔 − 𝑉𝑏

𝜇𝑔 − 𝜇𝑏 𝑉0
=

£75 − £0

5
3−

2
3 ∗ £24

= 3.125

𝐵 =
£75 − £125

1 + 0.05
= −£47.62

 

By the law of one price, the value of the portfolio must equal the 

value of the call option, so the value of the project with deferral is  

𝑉𝑑 = 𝑀𝑉0 + B = 3.125 ∗ £24 − £47.62 = £27.38 

Therefore, the option value of deferral  is £27.38 − −£5 = £32.38 
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Differences between NPV and RO 
Discounting the future 
– NPV uses a constant discount rate (WACC) for all future cash flows;  

– RO disregards cash flows that would be avoided under optimal decision rules, and evaluates 
projects by constructing replicating portfolios which produce exactly the same pattern of 
returns as the optimally-managed project in every state. 

Choosing a delay period 
– NPV analysis treats the decision to delay by one period, two periods, etc. (say) as mutually 

exclusive – you have to decide at the outset how long to delay for and choose the optimal 
precommitted delay.  

– Under RO you construct a decision tree, start at the end and work backwards 

– The RO value is higher than any of the fixed-period NPV values; under RO there are no 
mutually exclusive alternatives, just a single value for the American Call (the right to defer) 
and state-contingent rules for when (if at all) to invest. 

– Intuitively, an option must always be worth at least as much as the underlying risky asset; as a 
result, the cash flows from the option must be discounted at a higher rate. 

But RO is more than just a decision tree 
– Decision tree analysis payoffs are discounted at the same discount rate (WACC or 𝑟𝑓) 

– In RO, the replicating portfolio and the law of one price effectively produce a sequence of risk-
adjusted rates – because at each stage the risk changes! 

– https://econtutor.com/ 
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Example 1.5: Changing risks, changing rates 

Let’s extend the previous example by adding one more period, this will let us 
compare Real Option and Decision tree approaches 

First, consider holding the equivalent security for two periods instead of one;  

– we will get a new ‘draw’ of the state before period 2;  

– discounting at WACC = 16.7% in each period, we see that this is worth 

– In period 0: £24 

– In period 1: 
• £40 (good state) with 50% probability 

• £16 (bad state) with 50% probability 

– In period 2: 
• £66.7 with probability 25% (two good draws) 

• £26.7 with probability 50% (one good and one bad draw) 

• £10.7 with probability 25 (two good draws) 
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Changing risks, changing rates – an example, 2 
If the required investment (£125, or the exercise price of the option) is the same 
whenever the decision to invest is made, we get the following decision tree: 
– Note: if we use the riskless rate of interest, the decision tree would be worth £67 (NPV = £55 at WACC) 

– Both this and the previous approach are wrong, since the choice of discount rate reflects an arbitrary 
assumption about riskiness. 

– The first ‘compare’ number is the value of investing, the second is the value of deferring for one more period 

 

 

 
Compare £75 to £80.9 
so defer to period 2 

Compare -£45 to £3 
so defer in period 2 

Compare £208.3 to 0 
so invest in period 2 

Compare £8.3 to 0 
so invest in period 2 

Compare -£71.7 to 0 
so abandon option 

WACC: 33.9% 

WACC: 38.3% 

WACC: 33.6% 

Bad (Prob = 50%) 

Good (Prob = 50%) 

Good (Prob = 50%) 

Good (Prob = 50%) 

Bad (Prob = 50%) 

Bad (Prob = 50%) 
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Compare -£5, £31.4: 
so defer to period 1 



How did we get the payoffs in the tree? 
Each of the (state-dependent) values is computed by constructing a replicating portfolio using 
the equivalent security (recall that the equivalent security is worth exactly 20% of the project) 

Consider the shaded box on the previous slide 

Choose between 

• exercising the call (investing £125 for a net payoff of £200-£125 = £75) or  

• deferring (keeping option open) for a value of £80.90 - How do we get this?  

• If we defer, then in the final period (see slide 6 for values of equivalent security) 

• In the top state the project is worth £333.3 (think of this as 5* the £66.7 that one unit of the equivalent security is worth); the 
exercise price is £125; the net return (£208.3) is bigger than the £0 from letting the option lapse so we would invest. 

• In the middle state the project is worth £133.3 (= 5*£26.7) and the exercise price is £125; the net return (£8.3) still beats 
letting the option lapse, so we would again invest 

Now, using the payoffs from the previous slide, form a replicating portfolio (M shares of the 
equivalent security, B risk-free bonds) as before: 

𝑀𝜇𝑔𝑉1 + 𝐵 1 + 𝑟𝑓 = £208.30 = 𝑉𝑔𝑔

𝑀𝜇𝑏𝑉1 + 𝐵 1 + 𝑟𝑓 = £8.30 = 𝑉𝑏𝑔
 

• This can be solved for M and B: M can be thought of as the hedge ratio; the numerator is the change in 
the option’s value between the two states of nature and the denominator is the change in value of the 
equivalent security between the two states; 5 units will hedge the call (make it riskless) 

𝑀 =
𝑉𝑔𝑔 − 𝑉𝑔𝑏

𝜇𝑔 − 𝜇𝑏 𝑉1
=
£208.3 − £8.3

5
3
−
2
3

∗ £40
= 5

𝐵 =
£208.3 − £333.3

1 + 0.05
= −£119.1
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Pricing the option 
To prevent arbitrage, the present value of the replicating portfolio must be worth 
the same as the option.  

We know the prices of the two securities in the portfolio (£40 for the security and 
£1 for the bond) so the value at the beginning of the period is: 

𝑀𝑉1+ 𝐵 = 5 ∗ £40 − £119.1 = £80.9 

We repeat this process for each node in the decision tree to price each of the 
options they represent. 

Since the probabilities, the payoffs and the values (which obey the law of one 
price) are all known, we can also compute the risk adjusted discount rates for 
each node. 

Consider the decision node in the shaded box on slide 29 (as used in slide 30): we 
have 

𝑁𝑃𝑉 + 𝐼0 = £80.90 =
.5 ∗ £208.30 + .5 ∗ £8.30

1 +𝑊𝐴𝐶𝐶
 𝑠𝑜

𝑊𝐴𝐶𝐶 =
£108.3

£80.9
= 33.9%

 

 The risk of an option always exceeds that of the underlying asset, so cash flows 
from the option must be discounted at a higher rate than the underlying. 

 

EC334 - 2018 - Lectures 1 and 2 (real options and efficient markets) 31 



Real Option vs. decision tree analysis 
Decision trees allow for adaptive behaviour; the decision at each node is 
conditioned on prior outcomes 

However, decision trees allow multiple outcomes at each node with 
associated probabilities; by contrast real options models typically allow 
only two alternatives (e.g. ‘invest’ or ‘delay’) and suppress probabilities 
(determined by optimal behaviour assumptions) 

In addition, decision trees generally use the same (risk-adjusted) discount 
rate at each node; RO models allow discount rates to vary across branches 
of the tree (that’s the ‘real’ part – the decisions take place in real time, 
not thinking time) 
– For example, the discount rate used to evaluate payoffs and the associated cost of capital 

(WACC) in the business case for HS2 should be different if oil prices (thus the costs of 
competing transport modes) are high or low 

– When evaluating environmental policy options; an option that leaves future generations 
with more control of their own destiny (more flexibility) should discount their utility more 
steeply than one that limits their choices 
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What’s wrong with NPV and decision theory approaches? 

In practice, managers often accept projects with negative NPV: 

they may attach value to flexibility – which is ruled out by NPV 

we will see other reasons (debt overhang, personal kickbacks) later in the 
module 

There are at least 5 options available for any ‘real’ project: 
– American expansion option - expand the investment if it is doing well (‘American’ means there 

is not a fixed ‘decision date’, just an upper limit)  

– American extension option - extend project life if it is doing well 

– contraction option - shrink the project if it is doing badly 

– abandonment option - abort the project if it is doing badly 

– deferral option - delay the decision 

NPV ignores these; because each of them can avoid a loss, npv undervalues 
every project (unless other parties are involved) 

This is related to discounting – riskier payoffs are discounted more steeply 
(they may not occur) 

Learning lets us limit (downside) risk and expand (upside) potential gains 
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Where do we find the ‘equivalent security’? 

We assumed that we could find or construct a security 
portfolio that would match optimal project return 
patterns exactly – this is extremely unlikely, so we could 
use the present value of the project itself (ruling out any 
subsequent decisions) as the equivalent asset, implicitly 
assuming it could be traded on a market - this is the MAD 
(marketed asset disclaimer) assumption (CWS ch 9.3.C) 

We also assumed the no-arbitrage principle – that’s why 
we could construct replicating portfolios 
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A simpler approach: risk-neutral probabilities 

Till now, we use ‘real’ probabilities and 
discount by the ‘real’ (risk-adjusted) 
opportunity cost of committing capital 
(the WACC); 

A simpler approach is to discount by the 
riskless rate and compute ‘risk-neutral 
probabilities’ that make the project 
riskless. 

Also covered in EC333 
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Example 1.6: risk neutral probabilities 

We can adjust for risk using the risk adjusted discount rate (assume 10%). 
  

The value of the project is: 

 

𝑃𝑉 =
.5 ∗ £70 + .5 ∗ £40

1.1
= £50 

 
 

We can also adjust for risk by using the risk free rate (5%) and adjusting the probability to p.  

The value of the project is: 
 

𝑃𝑉 =
𝑝 ∗ £70 + 1 − 𝑝 ∗ £40

1.05
= 50 

 

The two formulations must give the same value; this implies  
 

𝑝 =
£50 ∗ 1.05 − £40

£30
= 0.41667 

EC334 - 2018 - Lectures 1 and 2 (real options and efficient markets) 

Consider a risky project, which will generate cash flows next year of £70 or £40 

with equal probability. 

£70 

£40 

0.5 

0.5 

PV 
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Risk Neutral Probability https://econtutor.com/ 

The Risk Neutral Probability (𝑝𝑟𝑛) is the probability that gives the same PV when 

we discount cash flows (𝐶𝐹) using the risk free discount rate (𝑟𝑓) as we got when 

we discounted cash flows using the objective (real) probabilities (𝑝𝑜𝑏𝑗) and 
discounting at the risk-adjusted rate (𝑟𝑅𝐴): 
 

𝑃𝑉 𝐶𝐹, 𝑝𝑟𝑛, 𝑟𝑓 = 𝑃𝑉 𝐶𝐹, 𝑝𝑜𝑏𝑗, 𝑟𝑅𝐴  

𝑝𝑟𝑛can be computed from the existing relationship between the risk-adjusted 
discount rate, the objective probabilities, the cash flows and the Present Value.  

The risk neutral probability method is equivalent to the replicating portfolio 
method and produces the same results, but is easier to manage for complicated 
problems. 

Note: risk-neutral probabilities are not “real” probabilities; they don’t reflect the 
actual odds of any particular cash flow.  They are simply another way of 
determining the project’s market value.  
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Example 1.7: Risk neutral probabilities and options 

This method can also be used to determine the value of a project with options.  
 
 
 
 

The risk neutral probability 𝑝𝑟𝑛 satisfies:  
 

𝑝𝑟𝑛 =
1 + 𝑟 𝑉0 − 𝑉𝑑
𝑉𝑢 − 𝑉𝑑

=
1.05 £100 𝑀 − £62.5 𝑀

£160 𝑀 − £62.5 𝑀
= 0.4359 

 

We can compute the value of the call through: 
 
 
 

𝐶 =
𝑝𝑟𝑛𝐶𝑢 + 1 − 𝑝𝑟𝑛 𝐶𝑑

1 + 𝑟
=
𝑝𝑟𝑛£30 𝑀 + 1 − 𝑝𝑟𝑛 £0

1.05
= 12.45 
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𝑉0 = £100 𝑀 

𝑉𝑢 = £160 𝑀 

𝑉𝑑 = £62.5 𝑀 

𝑝𝑟𝑛 

1 − 𝑝𝑟𝑛 

𝐶0 

𝐶𝑢=£30 M 

𝐶𝑑=£0 M 

𝑝𝑟𝑛 

1 − 𝑝𝑟𝑛 
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Value of the expansion option 
As with example 1.1, we can evaluate an option to expand: 
 
 
 
 
 

𝑉0 =
𝑝𝑟𝑛𝑉𝑢 + 1 − 𝑝𝑟𝑛 𝑉𝑑

1 + 𝑟
=
𝑝𝑟𝑛£190 𝑀 + 1 − 𝑝𝑟𝑛 £62.5 𝑀

1.05
= £112.45 𝑀 

The risk neutral probability approach gives the same results as both the 
replicating portfolio and risk neutral portfolio approaches 

The risk neutral probability is constant throughout the project’s timeline 

In sum, there is a fixed relationship among four variables: cash flows; NPV; risk 
neutral probabilities; and risk free discount rates.  

Given any 3, we can solve for the fourth. 
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𝑉0 

𝑉𝑢 = £190 𝑀 

𝑉0 = £62.5 𝑀 

𝑝𝑟𝑛 

1 − 𝑝𝑟𝑛 
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Example 1.8 Binomial options and Black-Scholes 

A firm can invest in a project over two years.  

Assumptions: 

– The value of the project today is £1,000 

– In one year, the value will be £1,350 or £741, depending on market conditions.  

– In two years, the value will be £1,821, £1,000 or £549. 

– WACC is 15% 

– Risk free discount rate is 7% 

The firm has an option to expand the project by 30% at a cost of £250 in two years.  

What is the value of this option?  

https://econtutor.com/ 
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Solution by Risk Neutral Probability 

Model the underlying asset 
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£1000 

£1350 

£741 

p 

1-p 

£1000 

£549 

£1821 

p 

p 

1-p 

1-p 
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Solving using risk neutral probability 
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£1097.4 

£1521.2 

£766.1 

p 

1-p 

£1050 

£548.8 

£2118.8 

p 

p 

1-p 

1-p 

0 (1 )
0.54045d

u d

V r V
p

V V

 
 



 Model the underlying asset 

 Model the exercise of the options 

 Determine the risk neutral probability 

p that incorporates the project’s risk in 

each node. 

 Solve the binomial tree by rolling 

back the project payoffs discounted at 

the risk free rate.  

 One advantage of this method is that 

in most cases the probability p is the 

same for all the nodes in the project. 
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Advantages 

EC334 - 2018 - Lectures 1 and 2 (real 
options and efficient markets) 

 Both the binomial and the Black-Scholes models can be used to 
value options  

 Black-Scholes only works for a limited set of problems 

 The binomial model is more flexible and allows you to model and 
resolve more, and more complicated practical problems, especially 
American options 

 Solving using risk neutral probabilities is also much simpler than 
solving through the replicating portfolio 
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Efficient markets 

Hire expert economics tutors in London. 

Financial Economics and Econometrics tutors 
for Warwick, LSE, Oxford, Cambridge 
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options and efficient markets) 
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A first glimpse at efficient markets 
A more critical and dubious assumption is that we could describe the 
random process for the value of the underlying objectively and clearly – 
this effectively states that properly-anticipated prices will vary randomly 
(exogenously) 

Of course, returns to projects are not like that at all – they certainly 
do not follow a (Brownian) random walk 

They are typically autocorrelated, mean-reverting, S-shaped, 
leptokurtotic or otherwise ‘exotic’ 

But Samuelson showed that the value to investors in a project (as 
opposed to project returns) do follow a random walk, because the 
current value incorporates all information about expected future 
values; if the current value changes, it must be because new 
information has arrived (from ‘outside’); this is random by 
definition! 
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Informational vs. operational efficiency 

Informationally efficient: 

– Prices respond quickly to new information. 

Operationally efficient: 

– Market works smoothly with limited delays. 

Efficient markets: 

– Informational efficiency. 
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Value of information 
A decision-maker needs information to identify alternatives and consequences 

Better (more precise) information is valuable if it affects decisions or reduces risk 

We will develop a simple model of information to evaluate information to enable us 
to understand how markets produce, process and price information and how (as a 
result) investors do research and make decisions 

A state of nature is a complete description of the world. It belongs to a set of possible 
states; 𝜔 ∈  Ω; the prior probability that 𝜔 is the true state is given by a distribution 
p 𝜔 . Easiest to think of the set of states as the unit interval [0, 1] 

An information structure is a partition Π = Π1, , , Π𝐾 of Ω into different mutually-
exclusive events; if the true state is 𝜔, the person with this information structure is 
told “the true state belongs to one of these events”; call this message 𝐸 𝜔 . 

Partition Π is finer than partition Π′ if every event in Π is a union of events in Π′ - in 
which case, we can also say that Π′ is coarser than Π. 

The individual can then apply Bayes Rule to form a posterior belief about the 
probability that a particular state 𝜔′ is the true state given the message 𝐸 𝜔 . 

𝑝𝑝𝑜𝑠𝑡𝑒𝑟𝑖𝑜𝑟 𝜔′|𝐸 𝜔 =  

𝑝 𝜔′

𝑝 𝐸 𝜔

0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 𝑖𝑓 𝜔′ ∈ 𝐸 𝜔  
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Examples of information structures 
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0 1 0.25 0.6 

0 1 0.25 0.5 

0 1 0.25 0.5 0.6 

0 1 0.25 

Join = coarsest common refinement = pooled information 

Meet = finest common coarsening = common knowledge 

E1 E2 E3 E4 

E1 

E1 

E1 

E2 

E4 

F = E3 or E4 

G = E2 or E3 

H = E2 or E3 or E4 



Key to example 
First partition is {E1, E2, F} – these are the messages 
person 1 could get. 

Second partition is {E1, G, E4} - these are the messages 
person 2 could get. 

Join (pooled information) is {E1, E2, E3, E4} – this is what 1 
and 2 could detect if they share messages 

Meet (common knowledge) is {E1, H} – these events are 
known to each person and each person knows that the 
other knows whether it has occurred, ad infinitum. 
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Value of information formula 
The signal 𝐸 𝜔  has prior probability p 𝐸 𝜔  

For any state 𝜔′, the posterior probability of 𝜔′ given the message 𝐸 is 
denoted p(𝜔′|𝐸) 

𝑈 𝑎, 𝜔  is the utility of taking an action a in state 𝜔 

𝑉0 is the utility of taking the ‘optimal’ action without knowing anything 

The value of the information structure Π is 

𝑉 Π =  𝑝 𝐸 max
𝑎

 p(𝜔|𝐸)𝑈 𝑎, 𝜔

Π𝐾

𝐸=Π1

− 𝑉0 

It measures the increase in expected utility from having access to the 
information in Π and thus being able to adjust action a. 

Note: this is very similar to the real option framework, since the information 
Π gives the individual the right – but not the obligation – to choose different 
actions in different states 

Therefore, the value of information is always (in this simple model) positive 
and finer information is always more valuable. 
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Value of information and market efficiency 
Fama defined an efficient capital market as one where the joint distribution 
of prices given the information used by the market to determine prices at 
time t-1 is the same as the joint distribution if all available information was 
used. 

In other words, 𝑓𝑀𝑘𝑡 𝑃𝑟𝑖𝑐𝑒𝑠𝑡 Π𝑡−1
𝑀𝑘𝑡 = 𝑓 𝑃𝑟𝑖𝑐𝑒𝑠𝑡 Π𝑡−1

𝐹𝑢𝑙𝑙 . 

For the representative investor, cash flow expectations may differ from full 
information expectations, so we need to consider learning. 

If information structures are valuable, they have to tell us something we did 

not know. In an efficient market, even though the full information Π𝑡−1
𝐹𝑢𝑙𝑙 

may indeed contain more raw information than the information used by the 
market (e.g. past prices), the expected price distributions are the same, so 
the extra information is useless. 

This holds net of costs: full information may tell us more, but it will cost 
investors as much as it benefits them. 

There are different versions depending on the information structures 
considered. 
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Why efficiency matters  
The question of whether markets are efficient, and if not, where the 
inefficiencies lie, is central to economic analysis of investment behaviour. 

– If markets are efficient, the market price is the best estimate of value and the 
process of valuation becomes one of justifying the market price. 

– If markets are not efficient, the market price may deviate from the true value and 
the process of valuation is directed towards obtaining a reasonable estimate of 
this value. 

An efficient market need not be perfect (frictionless, perfectly competitive, 
informationally efficient (all information is received freely and 
simultaneously by all investors) and filled with rational utility maximisers) 

In an efficient market, the market price is an unbiased estimate of the true 
value of the investment. 

– This does not mean that market price equals to true value at every point in time; only that 
errors in market prices are unbiased – they can be greater or less than true value, as long as 
these deviations are random (equally likely to be under- or over- valued at any point in time). 

– Any deviations are uncorrelated with any observable variable (e.g. stocks with high or low P/E 
ratios are equally likely to be under- or over-valued) – hence no group of investors can 
consistently find under- or over- valued stocks using any investment strategy 
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Three forms of EMH 
Weak form: current price reflects the information 
contained in all past prices, so charts and technical 
analyses that use past prices alone would not 
consistently outperform the market. 

Semi-strong form: current price reflects the information 
contained in all public information (including financial 
statements and news reports) and no strategy predicated 
on using and massaging this information could 
consistently outperform the market. 

Strong form: current price reflects all information, public 
as well as private, and no investors can consistently beat 
the market. 
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Two alternatives to EMH 
EMH assumes that the random value of the underlying can be 
objectively and clearly described, so prices will vary exogenously 
– Fundamentals certainly do not follow a (Brownian) random walk 

– Samuelson argued that value to investors follow a random walk because (if) current 
price incorporates all information about expected future prices it can only be changed 
by new information – viewed as ‘random’ by definition!# 

Alternative 1: The Noisy Market Hypothesis* 
– Prices are not always the best estimate of the true underlying value  

– They can be influenced by: speculators; momentum traders; insiders; institutions. 

– These actors trade for reasons unrelated to fundamental value (e.g. diversification, 
liquidity and taxes).  

– These "noise" trades/shocks can obscure true values and may lead to systematic and 
long-running ‘mispricing’ 

 
# Musgrave, G. (1997) “A Random Walk Down Wall Street” Business Economics 32(2): 74-76. 

* Shleifer, A. and L. Summers (1990) "The noise trader approach to finance" The Journal of Economic Perspectives 4(2): 19-33. 
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Alternative 2: The Adaptive Market Hypothesis* 
Prices reflect as much information as dictated by the combination of environmental 
conditions and the number and nature of "species" in the economy 

– Synthesis of EMH with behavioural economics 

– Uses evolutionary approach (competition + adaptation + selection) to select 
behavioural ‘quirks’ (e.g. loss aversion, overconfidence, overreaction) as ‘fit’ 
heuristics. 

– Species are investor groups (e.g. managers of pension or hedge funds, retail 
investors, market makers, day traders) 

– Many competing species, large profit opportunities, adaptability all raise efficiency 
 
 
 
 
 
 

* Lo, A. (2004) "The Adaptive Market Hypothesis: Market Efficiency from an Evolutionary Perspective" Journal of 
Portfolio Management 5(30): 15–29. 
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Implications of efficiency 
No group of investors should be able to consistently beat the market 
using a common investment strategy. 

An efficient market would also carry very negative implications for 
many investment strategies and actions that are taken for granted -  
– Equity research and valuation would be a costly task that provided no benefits. 

The odds of finding an undervalued stock should be random (50/50). At best, the 
benefits from information collection and equity research would cover the costs of 
doing the research. 

– A strategy of randomly diversifying across stocks or indexing to the market, 
carrying little or no information cost and minimal execution costs, would be 
superior to any other strategy, that created larger information and execution 
costs. There would be no value added by portfolio managers and investment 
strategists. 

– A strategy of minimising trading, i.e., creating a portfolio and not trading unless 
cash was needed, would be superior to a strategy that required frequent trading.  

– Big data analysis would be worthless 
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False implications 
An efficient market does not imply that - 
– stock prices cannot deviate from true value; in fact, there can be large 

deviations from true value, though they must be random. 

– no investor can 'beat' the market in any time period. On the contrary, 
approximately half of all investors, prior to transactions costs, should 
beat the market in any period. 

– no group of investors will beat the market in the long term. Given the 
number of investors in financial markets, the laws of probability would 
suggest that a fairly large number are going to beat the market 
consistently over long periods, not because of their investment strategies 
but because they are lucky, dishonest etc. 

In an efficient market, the expected returns from any 
investment will be consistent with its long-term risk, 
though there may be deviations from these expected 
returns in the short term.  
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Valuation – the market assesses what the firm does 

What does the firm maximise? 

– Under certainty, the present value of the excess of 
revenues over cost (free cash flow) 

– But this is not trivial: opinions and attitudes to risk 
differ and change over time 

– Reasonable people may even disagree 

General rule: maximising stakeholder value – but 
many factors determine what this is, including: 

– Capital structure (balance of asset claims) – who are 
the stakeholders? 

– Tax shield 

– Agency costs 
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Beyond Equity 
• The fundamental model of the stock market 

• Recall EMH: A firm's stock market value is determined by the discounted value of its cash 
flows. 

• This hypothesis rests on idea of arbitrage 

• If it holds, a positive NPV project will increase the value of the firm by the project's NPV. 

• Alternative: technical model based on price dynamics 

• Technical analysts look for cycles 

• These analysts compete with each other  

• This arbitrages away profit opportunities and destroys cycles:  

• It leads to the weak form of the EMH – past prices summarised in current price; price changes 
cannot be predicted. 

• Other versions (analysts looking beyond market price information):  

• Semi-strong: prices reflect all published information 

• Strong: prices reflect all existing information 

• Comment: market – fundamental used to measure bubbles (Bernanke and 
Gertler) 
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Empirical tests of weak form efficiency 
Serial correlation tests – are prices stationary? 

Run tests - does the market show persistence 

Filter tests – can you get excess returns (compared to buy 
and hold) by following a filter strategy: 
– buy if price rises x%;  

– hold till price falls x%;  

– Sell, go short and hold till price rises x% 

– Cover short position and establish a long position 

– Repeat for fixed time period 
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Filter test illustrated 
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Time 

Price 

x 

Buy 

x 

Sell & short-sell 

x 

Close 



Serial correlation test: US stock market (1947-1985, monthly) 
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Run tests 
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Tendencies for losses or gains followed by further losses  

or gains: e.g., +++-+++-+++-, etc. 

Departure from randomness: statistically significant. 



Filter test 
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Empirical tests of semi-strong form efficiency 

Stock split (Fama, Fisher, Jensen, Roll) 

Market anomalies: 

– Day-of-the-week effect (Fri. high, Mon. low) 

– Earnings reports (buy when favourable) 
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Stock split test, 1 
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Stock split test, 2 
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Stock split test, 3 



Empirical tests of strong form efficiency 

Corporate insiders: 

– earn consistently more 

Market specialists: 

– orders book and privileged information 
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Recently… 

As markets approach ideal form (faster, 
wider spread of information, decreased 
transactions costs, better computational 
engines), efficiency tests are being failed 

Explanation 1: Emergence of systemic and 
structural risk 

Explanation 2: complex algorithmic 
interactions 

Explanation 3: systematic irrationality 
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