Finance Theory I


Introduction

· Objective of managers is always maximize firm’s current market value

· The firm’s risk will be reflected in its market value and shareholders can always unload any undesirable risk in the market
· Evaluating a business boils down to valuation of its assets

· An asset is defined by its cash flow (CF)

· Two important characteristics of CF: timing and risk

· Value of assets (CFs) are determined by financial markets

· Cost of capital: Expected return on equivalent investments in financial markets

· Absent market frictions and capital constraints, the cost of capital does not depend on the amount of cash that a firm has on hand
· Present value: Value of CF is its expected value discounted at the opportunity cost of capital, which adjusts for both time and risk

Present Value

· FV = (1+r)t x PV

· PV = FVt / (1+r)t
· APR (Annual Percentage Rate) vs EAR (Effective Annual Rate)
· APR semi-annual:
EAR = (1 x APR/2)2-1

· APR monthly:
 
EAR = (1 x APR/12)12-1

· APR k-compound:
EAR = (1 x APR/K)K-1

· Annuity:


PV= A x (1-1/(1+r)t)/r

· Growing annuity:

PV= A x 1/(r-g) x (1-((1+g)/(1+r))t)

· Perpetuity:

PV= A/r

· Growing perpetuity: 
PV= A/(r-g)

· Mortgage:


Total payment – down payment = M/(r/12) x (1-1/(1+r/12)t)
[r= APR monthly, t= # of months]

Fixed Income

· Definition: Fixed-income securities are financial claims with promised cash flows of fixed amount paid at fixed dates
· Classification

· Bill:

maturity ≤ 1 year

· Notes:

1 year < maturity ≤ 10 years

· Bonds:

10 years < maturity

· Valuation

· Time value

· Risks … Inflation, credit, timing (callablity), liquidity, currency

· Spot Interest Rate rt: current (annualized) interest rate for maturity date t
· rt is for payments only on date t
· rt is different for each different date t
· Discount Bonds (zero coupon bonds, STRIPS): Bt= 1/(1+rt)t
· Coupon Bonds (a portfolio of discount bonds):
Bt= C1/(1+r1) +…+ CT-1/(1+rT-1)T-1 + (CT+P)/(1+rT)T
· Yield-to-Maturity (YTM):

Bt= C1/(1+y) +…+ CT-1/(1+y)T-1 + (CT+P)/(1+y)T
· Forward Interest Rates:

ft= Bt-1/Bt-1= (1+rt)t/(1+rt-1)t-1 -1

· Duration (D): the weighted average of the maturity of individual cash flows, with the weights being proportional to their present values. Duration of a single STRIP is its maturity.






D= 1/B x Σ(CFt/(1+y)t x t)

· Modified Duration (MD): relative price change with respect to a change in yield






MD= (Bold- Bnew)/(Bold x Δy)

MD= D/(1+y)




Hedging of interest rate risk = make MD as 0
· Credit risk:

· Promised YTM: the yield if defaults does not occur

· Expected YTM: the probability-weighted average of al possible yields

· Default premium: difference between promised YTM and expected YTM

· Bond risk premium: difference between expected yield on a risky bond and yield on a risk-free bond of similar maturity and coupon rate

Common Stocks

· Important characteristics: residual claim, limited liability, voting rights
· Dividend Discount Model: 

P0= EQ \* jc2 \* "Font:Verdana" \* hps11 \o\ad(\s\up 10(∞),Σ)(Dt/(1+r)t)
where rt=r

· Constant Growth (Gordon Model): 
P0= D1/(r-g)= (1+g)/(r-g) x D0


d (dividend yield) = D1/P0= r-g
· P0: price

· D0: current dividend

· g: dividend growth rate

· r: expected return

· Multiple-Stage Growth:

	
	Sales growth
	EPS growth
	Margin
	Payout ratio

	Growth stage
	High
	High
	High
	Low

	Transition stage
	Moderate
	Moderate
	Moderate
	High

	Maturity stage
	Stabilize
	Stabilize
	Stabilize
	Stabilize


· Payout ratio:

dividend/ earnings = DPS/ EPS = p
· Retained earnings:
RE = earnings – dividends

· Plowback ratio:

RE/ total earnings = b
· Book value:

BV = cumulative RE

· Return on book equity (ROE): earnings/ BV = EPS/ BVPS

· Growth rate:

g = ROE x b
· Cost of capital:

r = 1/PER
using PER for mature companies in the same business
· Earnings per share:
EPS1 = D1/p
· Growth stocks?

· A stock of companies that have access to growth opportunities:

Yes
· A stock of companies with ROE higher than the cost of capital:

Yes
· A stock with growing EPS, dividends, assets:



No

· A stock with EPS, DPS growth slower than required rate of return:
maybe

· PV of growth opportunities:
PVGO = NPV1/(r-g) = P0-EPS1/r

· Price earnings ratio: 

P/E ratio (PER) = P0/EPS1 = 1/r+PVGO/EPS1
· Calculation of PVT:

· Perpetual-growth DCF

· P/E multiplier
· P/BVPS multiplier

· Choose T to be when PVGO goes to zero, then PVT = FCFT+1/r

Capital Budgeting

· Working Capital (WC) = Inventory + A/R – A/P
· Cash flow (after tax) = Profit (pre-tax) x (1-tax rate) + (depreciation x tax rate)
· Cash flow (after tax) = Profit (after tax) – change in inventory
· Investment in the past: forget it in PV (sunk cost), but don’t forget its depreciation
· Alternatives to NPV

	
	Definition
	Good when…
	Problems

	Payback Period
	The minimum s so that

CF1+CF2+…+CFs≥-CF0
	· Simple decision making preferred
· Capital market is not accessible
	· Ignores CF after the payback period
· Ignores discounting

	Profitability Index (PI)
	PI= PV/-CF0= PV/I0
*PV is simple sum of CF (nominal)
	· There is only one cash outflow at time 0

· Only one project is under consideration
	· Scales projects by their initial investments

	IRR
	The r that satisfies

0=CF0 + CF1/(1+r) + CF2/(1+r)2 +… CFt/(1+r)t
	· Cash outflow occurs only consecutive years from 0

· Only 1 project is under consideration
· Opportunity cost of capital is the same for all periods
	· Missing scale factor

· Shorter payback is preferred regardless of the total return


Introduction to return and risk
· IID (independently and identically distributed)
· Estimated rt = log(Pt/ Pt-1)

· Advantage: Future return distribution can be estimated from the past, is consistent with information-efficient market

· Weakness: Return distribution may change over time, returns may be serially correlated and may not accumulate linearly over time

· Related Statistics

· Corr[x,y] = σxy/ σxσy, -1< Corr[x,y] <1
· Var[ax] = a2Var[x] = a2σ2x
· Var[ax+by] = a2σ2x + b2σ2y +2(ab)σxy
Portfolio Theory

· Risks = systematic risks + non-systematic risks

· Systematic risk: common to most assets, non-diversifiable, portfolio risk
· Non-systematic risk: specific to individual assets, diversifiable
· Calculation of portfolio risk and return

	
	rp
	σ2p

	2 assets
	ω1r1+ω2r2
	ω21σ21+ω22σ22+2ω1ω2σ12

	3 assets
	ω1r1+ω2r2+ω3r3
	ω21σ21+ω22σ22+ω23σ23+ 2ω1ω2σ12+2ω1ω3σ13+2ω2ω3σ23

	n assets equally weighted
	(r1+r2+…+rn)/n
	(1/n)2 x (sum of all entries of covariance matrix)

	n assets
	Σωiri
	Σωiωjσij = (1/n)(ave. variance) + (n2-n)/n2 (ave. COV)


· As number of assets becomes very large:
· Contribution of variance terms goes to zero

· Contribution of covariance terms goes to “average covariance” and risks unique to individual stocks do not matter

· Frontier portfolio

· Minimize σ2p = ΣΣωiωjσij, subject to Σωi = 1 and Σωiri = rp
· With a risk free asset, frontier portfolios are combinations of risk free asset and tangent portfolio
· Including more assets improves the frontier
CAPM
· Diversify to eliminate non-systematic risk. 
· Hold only the risk free asset and the tangent portfolio (=market portfolio)
· ri – rF = αi + βiM (rm – rF) + εi, where

· βiM : an asset’s systematic risk. Assets with higher betas are more sensitive to the mkt. Assets with the same beta don’t necessarily have the same risk. βiM = σim /σ2M
· εi : an asset’s non-systematic risk.
· ri : estimated return of specific asset i. ri – rF = Δrp/ Δωi
· rF : return from a risk free asset
· αi : return in excess of its risk-adjusted award according to CAPM (should be zero)

· Return to risk ratio (RRR) = marginal return/ marginal risk = ri – rF/ (σip /σp)

· Total risk = systematic risk + non-systematic risk: Var[ri] = β2iMVar[rM] + Var[εi]
· Relation between an asset’s risk premium and its market β is called “Security Market Line (SML)”
· CAPM explains the relation between returns and beta well in long run (from 1931 to 2005), but does not seem to work well over the last 30 years.

· APT: ri – rF ≈ b1i(r1 – rF) + … + bKi(rK – rF)
· bKi is asset i's loading of factor k. Factors describe systematic risk (e.g. SMB factor)
· Assuming αi and εi are zero

Forwards and Futures
· Commitment to purchase at a future date a given about of an asset at a price agreed on today
· Payoffs determined by prices of the underlying asset. Zero net supply.

	Forward contracts
	Future contracts

	· Custom tailored

· Traded OTC (not on exchanges)

· No money changes hands until maturity

· Illiquidity

· Non-trivial counter-party risk
	· Standardized (underlying asset, Q, T)

· Traded on exchanges

· Gains/losses settled daily – marked to market

· Guaranteed by the cleaning house

· Margin account required as collateral


· Price

· Commodity: F ≈ H = (1+rF)TS0 + FV (net cost of storing) or F ≈ H = (1+rF- y^)TS0, where y is net convenience yield
· Contango: S0 < F, rF > y

· Backwardation: S0 > F, rF < y (e.g. crude oil)

· Financials: F ≈ H = (1+rF- d)TS0, where d = annual dividend yield

· Hedging … commodity price risk, stock market risk, interest rate risk
Options
· Options are rights, not obligations. The payoff of an option is never negative
· Key elements

· Underlying asset and its price: S

· Exercise price (strike price): K

· Expiration date (maturity date): T

· European (only on expiration day) or American (on or before)
· Payoff diagrams

	Call option (right to buy)
	Put option (right to sell)
	Other basic payoffs
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· Price bounds: max[S-KB, 0] ≤ C ≤ S
· Put-Call Parity: C+K/(1+r)T = P+S
· ITM (In the money): S>K,
ATM (at the money): S=K,
OTM (out of the money): S<K

· Early exercise of American options

	
	Call option
	Put option

	Without dividends
	Never exercise early
	Can be optimal

	With dividends
	More likely
	Less likely


· Binominal option pricing model: PV(CF) = aS + b = (quCFu + qdCFd)/R
	1) Stock and bond price follow binominal process
	2) The security to be priced has payoff
	3) Replication portfolio
	4) Binominal valuation formula

	S ---u*S (upside)

     -d*S (downside)

R = 1+rF
	Payoff:

  - CFu (S-K when call)

  - CFd (max[S-K, 0])
	Solve:

(u*S)a + R*b = CFu
(d*S)a + R*b = CFd
a= hedge ratio, or option delta
	Plug into:

PV(CF) = aS + b


Real Options
· Types of strategic options

· Wait the timing of investments (= American call)

· Make follow-on investments (= American call)

· Termination of projects (= American put)

· Two key elements in strategic options
· New information arrives over time

· Decisions can be made after receiving new information
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