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What we do in this course

What determines the price of financial securities?

Stocks (Part 1)

Bonds (Part 2)

Derivatives

Forwards and Futures (Part 3)

Options (Part 4)

Important for:

Market participants (money managers, traders, sales, quants, etc., and
individual investors): the “buy side”

Issuers of securities (corporations, entrepreneurs, governments, investment
bankers): the “sell side”
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Part 1: Stocks

5/59



Overview

Today and next class

1. Stock basics ⇐=

2. Dividend Discount Model

3. Present Value of Growth Opportunities

4. Price-Earnings ratio

5. Market efficiency
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Simplified balance sheet of a firm
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Financial markets’ sizes

Values in trillion US $

GDP Stocks Bonds Derivatives
World 111.3 114.5 120.6 699.5* / 33.2**
USA 30.5 44.7 52.1
Euro area 16.4 5.6 21.1
China 18.7 13.2 21.7
Japan 4.2 6.7 12.1
Germany 4.3 2.3 4.1
France 3.2 2.8 5.1
UK 2.6 2.8 4.4

* notional value / ** netted
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Stockholders’ rights

(stockholder = shareholder = equity holder)

1. Ownership rights

The firm belongs to stockholders (unless it is bankrupt)

Stockholders approve the firm’s important decisions

Stockholders hire and fire managers

2. Residual cash-flow rights

The firm pays suppliers, employees, tax authorities first

. . . then creditors (banks, bondholders)

. . . whatever is left can be distributed as dividends to stockholders

Stockholders have limited liability
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Historical Perspective: Dutch East India Company
In the modern times the first well-documented stock market activity is for
Verenigde Oostindische Compagnie (VOC) shares (1606) that were traded on
the Amsterdam Exchange
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Historical Perspective: VOC Stock Prices
Price movements for VOC shares (source: The Origins of Value, Goetzmann
and Rouwenhorst, 2005, p. 172)
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Apple Inc. Share
Common stock (shares, equity) entitles to pro-rata ownership in the
limited-liability corporation:
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Apple Inc. Share Prices
The value of a company’s shares will depend on how successfully the managers
choose and implement the right projects among the many that are available
(source www.finance.yahoo.com):
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Apple Inc. Stock’s Returns
The return to AAPL shares if held since IPO on 1980.12.12 is ... :
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Bankruptcy

Stockholers are residual claimholders: If the bankrupt company is liquidated,
common stockholders are the last in-line (after bondholders, employees, tax
authorities, suppliers) to receive any remaining asset sale proceeds.
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Market Capitalization vs. Book Value

Prices of shares traded in the stock market represent the market value of
the equity capital that is booked on the balance sheet:

Book value = equity capital booked on the balance sheet

Book value of the common shares is determined by accounting rules

Market capitalization = number of shares × price of one share → what
determines how much stock market investors are willing to pay for a stock?
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Market Capitalization vs. Book Value
Example: Apple

As of 2025.10.17 Apple Inc. has 14.84 billion (14.81 billion in “free-float”)
shares outstanding with book value of equity of 65.83 Billion $ in last
quarter’s balance sheet: what was Apple’s market cap on that day?
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Overview

1. Stock basics

2. Dividend Discount Model ⇐=

3. Present Value of Growth Opportunities

4. Price-Earnings ratio

5. Market efficiency
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Valuing a stock

Example A stock is selling today for P0 = e100. The analysts expect that the
company will pay a dividend of D1 = e5 in exactly one year. You expect to sell
the stock right after the dividend payment in one year at a price of P1 = e110.

Question 1 What is your expected holding period return?
Expected HPR = expected profit

initial investment

=
E[D̃1]

P0︸ ︷︷ ︸
dividend yield

+
E[P̃1]− P0

P0︸ ︷︷ ︸
cap. gain (or loss)

= 0.05 + 0.1 = 15%

Note that: a) Expected HPR has two components: capital gain (or loss) + dividend yield

b) Neither is guaranteed! Your realized return may be different from your

expected return

Question 2 Should you buy this stock?
Cannot answer, as it depends on the riskiness of the stock: need
to compare this expected HPR to the required rate of return.
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Valuing a stock

Quick review from Financial Economics:

In the Capital Asset Pricing Model (CAPM), the expected return is given by

k = rf + β(E[R̃M ]− rf )

rf : risk-free rate

β: systematic risk of the investment = part of the risk that cannot be
eliminated by holding a diversified portfolio

E[R̃M ]− rf : equity risk premium = expected excess return on the market
portfolio (remember “excess return” means return minus risk-free rate)

NB: there exist other asset pricing models besides CAPM that we could use to
determine k (see upper level finance classes)
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Valuing a stock
Suppose the risk-free rate is 3%, the stock has a beta of 1.4, and the expected
excess return on the market is 10%

Question 3 Should you buy this stock?

Question 4 What is the fair value V0 (for Value as of date t=0) of the stock
(i.e., the stock price such that the expected return is as given by
the CAPM)?

21/59



Some Limitations of CAPM Model

CAPM relies on several key assumptions:

Frictionless markets and “perfect” information
Investors are rational and care about financial payoffs only
Can you think of more?

Moreover, accurate measurement of CAPM quantities (e.g., β) is not easy
in practice

While easy and intuitive, CAPM assumptions (needed for the theoretical
derivation) are unlikely to hold in real life.

Example: Suppose that investors not only care about financial payoffs but
also about ESG criteria

ESG =Environmental, Social, and Governance
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Example: CAPM and ESG

Consider a 1-year investment in two stocks S (“Solar Energy”) and O (“Oil
Producer”), each with (hypothetical) β = 1, an expected dividend in year 1
of E[D̃1] = €2.5, and an expected price E[P̃1] = €10.

Assume an expected equity market return of E[R̃M ] = 25% and a risk-free
rate rf = 2%. Use CAPM to determine price at t=0!

Now, suppose the actual price of Solar is higher than the price of Oil , i.e.,
PSolar
0 = 11€ > POil

0 = 9€

How to make sense of it?
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Example: CAPM and ESG (Ctd.)

Price difference could be due to ESG preferences:

Investors value Solar above fundamental value, because it’s “green”

Investors value Oil below fundamental value because it’s “brown”

Suppose that on top of the regular dividend E[D̃1] investors derive
“emotional dividend” E[Demo,Solar ] from holding the green Solar stock and
E[Demo,Oil ] from holding the brown Oil stock.

The CAPM with this additional (emotional) dividend would imply

PSolar
0 = 11€ =

E[D̃1 + Demo,S ] + E[P̃1]

1 + k
=

12.5€ + E[Demo,S ]

1.25

We calculate: E[Demo,S ] = 1.25€ . How to calculate E[Demo,O ]?

Answer E[Demo,O ] = −1.25€
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Example: CAPM and ESG (Ctd.)

The introduction of a theoretical/hypothetical “emotional” dividend is a
way to account for investors’ ESG preferences when the effects of such
preferences cannot be directly measured

Alternatively: One could account for ESG preferences via the discount rate
k. Left as optional exercise.

Calculate the dividend yield: E[D̃1]
P0(S)

= 2.5€
11€ ≈ 23% < E[D̃1]

P0(O) =
2.5€
9€ ≈ 28%

“Dirty”, “sin”, or “brown” stocks often have higher dividend yield.
Example: while S&P500’s dividend yield is 1.17% (Nasdaq’s 1.23%) British
American Tobacco’s dividend yield is ≈ 6.6%

Calculate the expected holding period return,
E[D̃1+P̃Solar

1 ]

PSolar
0

and
E[D̃1+P̃Oil

1 ]

POil
0

for

both stocks? Which stock has higher EHPR?

Key takeaway: Investor ESG preferences challenge key assumptions of
CAPM model. However, CAPM model can be modified to accommodate
investor ESG preferences. How to do such modelling in the best way is still
subject to debate.
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Dividend Discount Model (DDM)

Problem with the previous HPR formula: how do we determine E(P̃1)?

follow same logic: E(P̃1) =
E(D̃2)+E(P̃2)

1+k → V0 =
E(D̃1)
1+k + E(D̃2)+E(P̃2)

(1+k)2

and again, and again, indefinitely:

V0 =
E(D̃1)

1 + k
+

E(D̃2)

(1 + k)2
+ · · ·+ E(D̃T )

(1 + k)T
+ · · ·

This is the Dividend Discount Model (DDM)

The fundamental value V0 of a stock does not depend on your holding
period (e.g., whether you hold it for 1 year, 2 years, or forever)

To calculate V0 using DDM you need to specify a scenario for the dividend
schedule
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Constant Growth Dividend Discount Model (CGDDM)
Simplest scenario: dividends grow at a constant rate g
The DDM becomes

V0 =
(1 + g)D0

1 + k
+

(1 + g)2D0

(1 + k)2
+ . . .+

(1 + g)TD0

(1 + k)T
+ . . .

And if k > g , using the annuity formula with infinite horizon

V0 =
D1

k − g
=

(1 + g)D0

k − g

The DDM with a constant growth rate of dividends (g) is called Gordon’s Model
g ≥ k cannot happen. Why?
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The Constant Growth Dividend Discount Model
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Example
Hi5 Inc. has just paid an annual dividend of e2.5 per share. You expect the
dividend to grow at 5% per year indefinitely. Given its riskiness, you require an
expected return of 12% on this stock.
Q1 What is the value of Hi5’s stock?

Q2 The company is financed with 1 million shares outstanding. What is the
market capitalization of Hi5?

Q3 An investor offers to sell Hi5 stock at e30/share. What might be going
on?
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DDM: life cycle considerations

Many firms do not pay dividends: Tesla Netflix

Question 1 What is the value of their equity?
The assumption of constant growth rate of dividends is not
appropriate for these stocks. They have positive value because
the investors expect that they will eventually pay dividends at
some point in the future. As a result we need to consider
different scenarios of dividend schedules for these stocks →
Multi-Stage Growth DDM.

Suppose that the dividends will be zero until date td , at which
point in time the company will initiate dividends. Then, the
DDM becomes:

V0 =
0

1 + k
+

0

(1 + k)2
+. . .+

0

(1 + k)td−1
+

Dtd

(1 + k)td
+

Dtd+1

(1 + k)td+1
+

Dtd+2

(1 + k)td+2
+. . .

[See also the Problem 2 in problem set on stocks.]
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Multi-stage growth DDM

Let’s go a step further: you expect the dividends to go through different stages

During early stages of their lives, companies tend to grow very fast. As
their product matures, the growth slows down

ABC has just paid a dividend of e2. The dividends are expected to grow at a
rate of 30%/year for the next three years and then, to settle to the industry
average rate of 5% per year forever. The stock’s required rate of return k is
18% per year.
[Let’s drop E(·), the expectations operator, to simplify the writing:]

Question 1 What is today’s stock price? [Hint: At what t can we apply the Gordon’s
formula?
Gordon’s formula doesn’t apply as of t=0, because growth rate isn’t
constant, but it does apply as of t = 3 as g settles to industry avg. of 5%:

P3 = 1.05xD3
k−0.05

= 35.50e

Now we can calculate price as of t=0:

P0 = D1
1+k

+ D2
(1+k)2

+ D3+P3
(1+k)3

= 2×1.3
1.18

+ 2×1.32

1.182
+ 2×1.33+35.50

1.183
= 28.90e
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Applying What We Have Learned

The simple models that we have learned can be used to gain intuition on the
stock market developments.

Two examples from Prof. Johan HOMBERT’s Blog:

Were stock prices too high before Covid-19?

Did the stock market over-react to Covid-19?
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Present Value of Growth Opportunities
Growth opportunities arise if the company retains some of its earnings and
invests them in new projects

The retention ratio or plowback ratio (b) is the proportion of earnings per
share (EPS, or Et) that is reinvested in new projects

The dividend payout ratio (1− b) is the proportion of earnings per share
paid out as dividend (i.e., Dt = Et × (1− b))

If new projects have returns on investment (or returns on equity) of
ROEnew project, then the growth rate of the company’s earnings is:

g = b × ROEnew project

Why? If assets in place in year t generate Et forever, then earnings at t +1:

Et+1 = Et + b × Et × ROEnew project

⇒ Earnings’ growth rate:

g =
Et+1 − Et

Et
= b × ROEnew project

NB: Et reflects economic earnings, i.e., net of any effects of the
depreciation of assets (cf., Financial Economics class, Chapter 1)
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Present Value of Growth Opportunities

We can decompose the firm’s stock price P0 into two components

P0 = Pno growth
0 + PVGO0

Pno growth
0 is the price that would prevail if the company were to distribute

all its earnings (after maintaining existing assets) and would not grow
(b = 0 ⇒ g = 0):

Pno growth
0 =

E1

k

PVGO0 is the Present Value of Growth Opportunities as of date t = 0: it is
the difference between the actual value of the stock as of t=0 and its
hypothetical value (as of t=0) under the scenario that the firm distributed
all of its earnings (after maintaining its assets in place) and as a result did
not grow (since no new investment is being made).
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Example to illustrate: P0 =
(1−b)E1

k−b×ROE
FatCat Co. has expected earnings per share of E1 = e4. Its required rate of
return is 10% per annum.
Q1 If FatCat pays out all earnings as dividends forever, what is its fundamental

value? per share

Now, suppose FatCat’s management undertakes new projects generating returns
on investment of 16%/year, after increasing its retention ratio from 0 to 25%
Q2 What is FatCat’s new dividend payout ratio?

Q3 What is FatCat’s growth rate? per year

Q4 What is FatCat stock’s new fundamental value and PVGO?

PVGO0 = V0 − V No-growth
0 = 50− 40 = 10 e per share
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Can PVGO be negative?
Bad capital budgeting decisions can generate PVGO0 < 0
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Example
Motsla is majority-owned by the state. The CEO appointed by the government
invests in politically visible but economically irrelevant projects with ROE = 5%
per year. Investors require a rate return of k = 14% per year. In one year from
now, Motsla will pay D1 = 2 e/share out of earnings E1 = 5 e/share.
Q1 What must be the stock price of Motsla?

Q2 What is the present value of growth opportunities (PVGO) of Motsla?

Q3 What should be the first thing that a politically independent management
do to increase the value to Motsla’s shareholders?
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S&P500 Index P/E ratio

Historical P/E Ratio Average 16.18 (Median 15.06)
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Price-Earnings ratio
The price-earnings ratio P/E is a commonly used financial indicator:

which company has the highest P/E: Amazon, Apple or Meta?

Trailing P/E ratio for S&P500 (based on past 12 months’ earnings)

So, should we use the “trailing” or the “forward” PE Ratio?

When in such doubt, we should go back to our theory models (they exist to
provide guidance & intuition), i.e., in this instance to go back to our simple
CGDDM and ask what happens if g goes up (holding all else constant)?

P0

E1
=

1− b

k − g

Alternatively, all else equal, larger P0/E1 ratios could mean higher PVGO0 :

P0

E1
=

1

k
×

[
1 +

PVGO0

Pno growth
0

]
Why? because:

P0 = Pno growth
0 + PVGO0 = Pno growth

0

[
1 + PVGO0

P
no growth
0

]
= E1

k

[
1 + PVGO0

P
no growth
0

]
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https://finance.yahoo.com/quote/AMZN/key-statistics?p=AMZN
https://finance.yahoo.com/quote/AAPL/key-statistics?p=AAPL
https://finance.yahoo.com/quote/META/key-statistics/
https://www.multpl.com/s-p-500-pe-ratio


FT May 9, 2022: P/E related article
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Practical use of P/E ratio

Another method to value a stock: the “comparables approach“

You observe P/E for listed company A and want to value the stock of
unlisted company B in the same industry ⇒ (P/E of A) × (Earnings of B)

What are the underlying assumptions of the comparables approach?
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Informational efficiency

Definition (Fama (1970)): A market is informationally efficient if all
publicly available information is instantaneously reflected in security prices

Example: Stock price reaction to good news

If the market is informationally efficient, it is impossible to predict future
returns based on currently-available public information.
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Why may financial markets be informationally efficient?

1. “Wisdom of the crowd”

Even if no single investor knows perfectly the fundamental
value of a stock (because future dividends are not known for
sure), the market aggregates information disseminated
among many investors

2. Sophisticated investors

If the price is too low, sophisticated investors will buy the
stock, pushing the price up

Conversely, if the price is too high, sophisticated investors
will sell the stock, pushing the price down (what if not all
such sophisticated investors own the stock? )
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Short selling

A short sale is the sale of a security you don’t own (already described in the
Financial Economics class):
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Short selling
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Short selling
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Short selling bans
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Short selling bans
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Informational efficiency – Examples

Is market efficiency contradicted in the following situations?

Q1 Through the introduction of a complex computer program analyzing past stock
price changes, a brokerage firm is able to predict price movements well enough to
earn a consistent 3% profit, adjusted for risk, above normal market return.

Q2 Crook Inc. was facing a lawsuit brought forward by disgruntled clients. The result
of the lawsuit has just become public this morning before markets open and the
company is liable of a e100 million fine. The stock price of Crook Inc. goes up
by 10% today.

Q3 On average, investors in the stock market this year are expected to earn positive
returns on their investment. Some will earn considerably more than others.
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Testing for informational efficiency

Are financial markets informationally efficient?

Profs. Eugene Fama and Robert Shiller were awarded the Nobel Prize in
2013 for studying this question. . . and coming up with opposite answers!
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Evidence in favor: Market reaction to news

Stock prices around days of bad news (announcement of dividend omission)
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Evidence in favor: Market reaction to news
Stock prices around minutes of CNBC news

55/59



Evidence in favor: Day trading
On average, individual traders cannot beat the market:
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Evidence in favor: Performance of mutual funds

What is a mutual fund?

If the market is efficient, then no matter what public information mutual
fund managers rely on to pick stocks, they cannot generate superior
expected returns (adjusted for risk)
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Evidence in favor: Performance of mutual funds

% of equity mutual funds beating the market
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Evidence in favor: Performance of mutual funds

Maybe only some mutual fund managers are skilled?

A few star fund managers have consistently outperformed the market: e.g.,
Fidelity’s Magellan Fund managed by Peter Lynch beat the market in 11
years out of 13!

How to distinguish skill from luck? → Skill is persistent, luck is not.
However...

Example: Assume 1,000 fund managers invest in the stock market for a
10-year period. In any given year, each manager has a probability of 50%
of outperforming the market. What is the probability that (at least) one
of them outperforms the market 10 years in a row?
= 1− proba none of them outperform the market 10 years in a row

= 1−
(
proba a given fund doesn’t outperform the market 10 years in a row

)1,000
= 1−

(
1− proba a given fund outperforms the market 10 years in a row

)1,000
= 1−

(
1−

(
proba a given fund outperforms the market a given year

)10)1,000

= 1−
(
1− 0.510

)1,000
= 62%
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