CHAPTER 3
ARBITRAGE AND FINANCIAL DECISION MAKING


Valuing Decisions

The objective is to make decision that increase the value of the firm. While the idea seems simple enough, real scenarios are often complex and involve many of the functional groups, i.e. marketing (revenue increase from marketing campaign), economics (increase in demand from lowering price), OB (impact on productivity from change in management structure), strategy (determine competitor’s response to change in price), and operations (manufacturing costs after change in equipment).

Analyzing Costs and Benefits

First the costs and benefits must be identified and then quantified. The costs and benefits must be compared in a common unit. For example, it is meaningless to compare 400oz of silver to 100oz of gold. These metals must be converted to the cash value, which can be compared.

Using Market Prices to Determine Cash Values

Goods trade in a competitive market, that is a market where goods can be bought and sold at the same price, which determined the cash value of the good. With competitive markets, the value of the good will not depend on a person’s preference/opinion. Given that investment decisions have a cash value, we can determine if an investment is beneficial. This is known as the valuation principle:

The value of an asset to a firms is determined by its competitive market price. The benefits and costs are determined using market prices and when the value exceeds the cost, the decision will increase the market value of the firm.

When Competitive Market Prices are not Available

When market prices are not available then the valuation principle can’t be used. For example, groceries may be bought at the posted price but can’t be resold at a higher price. Because the price changes the market value does not exist.


Interest Rates and the Time Value of Money

For most financial decisions, cost and benefits occur at different times. Usually costs are incurred upfront and the benefits are reaped in the future.


The Time Value of Money

In general, a dollar today is worth more than a dollar in the future. Therefore if the estimated benefits are $105 in the future and the current cost is $100 the project may not be beneficial as the cost in the future could be more than $105. Alternatively, the benefit in today’s value could be less than $100.

The Interest Rate: An Exchange Rate across Time

By borrowing money from the bank we can exchange money in the future for money today. The rate at which we can exchange that money is determined by the interest rate. Like an exchange rate allows currency exchanges, an interest rate allows for future and current money exchanges.

We define the risk-free interest rate (rf) as the interest rate at which money can be borrowed/lent without any risk over a certain period. We can exchange (1 + rf) dollars in the future per dollar today. (1 + rf) is referred to as the interest rate factor for risk free cash flows. The risk-free interest rate depends on the demand and supply of lent/borrowed money. The risk-free rate is the point at which the demand and supply are equal.

Example: A project requires a $100,000 investment today and creates a benefit of $105,000 in one year. At a 7% annual interest rate, is this investment worthwhile?

FV = PV*(1+r)t

Value of Investment in One Year:

FV = PV*(1+r)		=> Cost = 100,000*(1+0.07) = 107,000
If the $100,000 investment remains in the bank for a year it would accrue to $107,000. Thus, a benefit of $105,000 resulting in one year from would result in a $2,000 loss.

Value of Investment Today:

PV = FV/(1+r)t 		=> Benefit = 105,000/(1+0.07) = 98,130.84
This computation leads to the calculation of the net value: 100,000 – 98,130.84 = -1,869.16. In other words, the investment would pay $100,000 for something that is worth $98.130.84.

While both methods yield the conclusion that the investment is a bad decision, one indicates a loss of $2,000, while the other only shows a loss of $1,869.84. That is because the values are in different point in time. The future value of the investment is -$2,000, while the present value of the investment is -$1,869.16. Sure enough, if the -$1,869.16 (present) accrues interest for one year it is equivalent to the future value: (-1,869.16)*(1+0.07) = $2,000.

The value of money in the future is less than the value today. Therefore, the future money is discounted to the present. This is known as the discount rate and expressed as:

Discount rate = 1 / 1+r

At an annual interest rate of 7% thus, the discount rate is 1/1.07 = 0.9345. In other words, $1 today is worth 94 cents one year from now.


Present Value and the NPV Decision Rule

Net Present Value

When the value of a benefit or cost in terms of today’s cash are computed it is referred to as the the present value. The difference between a project’s present value of benefits and present value of cost is the net present value (NPV). If we represent the present value of beneficial cash flows as positive and the present value costs as negative, then the net present value is the present value of all cash flows.

Example: In exchange for $500 today, you will receive $550 in one year with an annual interest rate of 8%. What I the NPV?

In order to solve this, all values must be converted to present terms. Therefore, the $550 future benefit must be discounted to the present term:

PV = 550/(1+0.08) = 509.26

Next, the initial $500 must be subtracted to calculate the project’s net present value:

NPV = $509.26 - $500 = $9.26

As long as NPV is positive, the decision will increase the value of the firm and is a good decision.

The NPV Decision Rule

When making an investment decision, take the alternative with the highest NPV. Choosing this alternative is equivalent to receiving its NPV in cash today.

The NPC decision rule implies that any projects with a positive NPV should be accepted because it is equivalent to receiving the NPV cash value today. Projects with a NPV of 0 or a negative will reduce the wealth (or have no impact in the case of 0) of investors and should not be accepted.





NPV and the Individual’s Consumption Preferences

We may have personal preferences regarding when we want to consume and therefore, receive the cash. This leads to the first separation principle, the separation of the individual’s consumption preferences from the optimal investment decision:
Regardless of our consumption preference, NPV should always be maximized first. We can then borrow or lend money through time to match our consumption preference. In other words, our preferences regarding consumption spending are separate from our optimal investment decision.



Arbitrage and The Law of One Price

Arbitrage

The practice of buying and selling equivalent goods in different markets to take advantage of a price difference is known as arbitrage. Any of these situations, which are made without an investment risk, are known as arbitrage opportunities. For instance, an ounce of gold may trade at the NYSE for $1,800 and at the London Stock Exchange for $1,700. A profit of $100 could be made without risk. These opportunities are like “money lying on streets” and quickly disappear once spotted. In a normal state of affairs, no arbitrage opportunities exist; this is called a normal market.

Law of One Price

Whenever equivalent investments trade at two different prices in competitive markets buyers and sellers will profit immediately. This will equalize prices. As a result, prices will not differ (for long). This is also known as the Law of One Price:

If equivalent investment opportunities trade simultaneously in different competitive markets, then they must trade for the same price in both markets.

A useful benefit of this law is that when computing present values, the price of a good of any competitive market can be used.


No-Arbitrage and Security Prices

Investment opportunities trading in competitive market are known as a financial security, or simply security.



Valuing a Security with the Law of One Price

The law of one price states that the price of equivalent investment opportunities should be the same. Therefore, when trying to find the price of an investment we can look at the price of similar investments. This process is easy when dealing with risk-free investments/securities.

One example of risk-free securities are bonds. Suppose a bond will return $1,000 in one year at a risk-free interest rate of 5%. What should be the price of the bond?

Consider an alternative investment that would generate the same cash flow as the bond security. Suppose the money is invested in a bank with the same risk-free interest rate. How much would we need to invest today to receive $1,000 in one year?

PV = 1,000 / (1+0.05) = 952.38

Thus, if we invest $952.38 today, we would receive $1,000 one year from now. We now have two ways of receiving the same cash flow, (1) buy the bond, or (2) invest $952.38 at a 5% risk-free interest rate. Because the transactions produce the same cash flows, the Law of One Price implies that in a normal market, they must have the same price. Hence,

Price(Bond) = $952.38

Arbitrage Opportunities with Securities

If the bond of the previous example was trading at a different price than its actual value then an arbitrage opportunity exists. Take the bond from the previous example. How could we profit if the bond is selling at $940?

We can buy the bond for $940 and borrow $952.38 from the bank. In both instances the cash flow one year from now would be +/- $1,000, yet today, we would profit $12.38:

	
	Cash Flow (Undervalued bond)

	
	Today
	One Year

	Bond
	-$940
	+$1,000

	Borrowing
	+$952.38
	-$1,000

	Net Cash Flow
	+$12.38
	0



When the bond is overpriced the arbitrage strategy involves selling the bond and investing enough of the proceeds to generate the money needed to cover the par value at maturity. Consider a bond that is prices at $960.



	
	Cash Flow (Overpriced Bond)

	
	Today
	One Year

	Bond
	+$960
	-$1,000

	Invest
	-$952.38
	+$1,000

	Net Cash Flow
	+$7.62
	0



When the strategy involves selling the bond does that mean that only the current owner can sell the bond? No. It is possible to sell a security that you do not own by performing a short sale. A short sale involved borrowing the security from someone and later buying the security back or paying the owner the cash flow he/she would have received. For example, we could short sell the bond above by promising the owner to pay $1,000 in one year’s time.

Determining the No-Arbitrage Price

The above scenarios demonstrate that any bond price other than $952.38 will create in an arbitrage opportunity. The price where no arbitrage opportunity exists is called the no-arbitrage price. Using these principles then, the no-arbitrage price can be identified by (1) determining the cash flows paid out by the security, and (2) determining the present value of these cash flows.

Determining the Interest Rate from Bond Prices

If the price and the present value of a risk-free investment is known, the interest rate of the investment can be found. If a bond sells at a market price of $929.80 and pays $1,000 one year from now, what is the interest rate given that there are no arbitrage opportunities?

1,000 = 929.80(1+r)
1,000/929.8 = 1 + r
r = 0.0755

Thus, if there are no arbitrage opportunities, the risk-free interest rate is 7.55%. In reality, that is how interest rates are actually determined by financial news services.

The NPV of Trading Securities and the Optimal Investment Decision

Should companies think of buying securities as investment decisions? When securities are trading at no-arbitrage prices, we can conclude that the cost and the benefit are equal in a normal market and the NPV will be 0.Every investment has a buyer and a seller. If there was a positive NPV then a negative NPV must exists for the other party. Because investment deals are voluntary, at least one member of the investment would not agree. 
This brings us to the concept that security trading in a normal market is a zero-NPV transaction. Value is neither created, nor destroyed by trading securities in a normal market. Value is created instead by the firms engaging in projects. Securities are not sources of value, but merely adjust the risk and timing of cash flows. This leads to the second separation principle, the separation of the investment and financing decision:
	Security transactions in a normal market neither create nor destroy value on their own. Therefore, we can evaluate the NPV of an investment decision separately from the financing decision or any other security transactions.

In other words, the decision how to finance should not affect the project itself.

[bookmark: _GoBack]Like a pizza: The size of a pizza doesn’t increase in size no matter how often it is divided. Similarly, the value of a company doesn’t increase regardless of the capital structure. Value increases only if leverage increases, thus a company should be structured from 100% debt in theory. In reality, there will be a threshold when too much debt leads to bankruptcy.

Example: A firm wants to invest into a project that costs $10m in upfront cash. The project will return $12m on year from now. The company is considering issuing a security that will pay investors $5.5m in one year. The risk-free interest rate is 10%.Which is the better option?

Option 1: To find out the NPV the $12m must be discounted to the present and subtracted from the cost.

PV = 12 / 1.1 = 10.91,	NPV = 10.91 – 10 = 0.91. The firm creates a profit of $0.91m.

Option 2: The firm raises $5.5m through issuing a security. While the firm benefits from a $12m gain, it must repay the security holders by paying $5.5m. If the firm issues a security that will pay investors $5.5m in one year, we must calculate the present value of the security.

PV = 5.5 / 1.1 = 5. Thus, the security issued is worth $5m today.
In one year, the company will raise $12, but will have to repay investors $5.5. This leaves $6.5m for the firm. This value discounted to the present yields the following:

PV = 6.5 / 1.1 = 5.91.
Given that the company used $5m of its cash reserves (the other $5m was covered by the security) the net present value of the investment under option 2 is as follows:

NPV = 5.91 – 5 = 0.91. The NPV is $0.91m, which is the same result as option 1. This demonstrates that issuing securities will have no impact on the net present value of the investment as explained in the second separation principle.

Valuing a Portfolio

The Law of one price can extended to include packages of securities also known as portfolios. For instance, securities A and B have a cash outflow equivalent to that of the ingle security C. Therefore, security C is equivalent to A and B. This is known as the value additivity principle:

Price (C) = Price (A + B) = Price(A) + Price (B)

This principle shows that no arbitrage opportunity exists and that the portfolio is equal to the sum of its parts. Moreover, this principle has an important implication on the value or price of a firm. The value of a firm is equivalent to the present value of the sum of all of its projects and investments.


The Price of Risk

So far we have considered projects that are risk-free. In many scenarios, cash flows are risky, which can alter the desired outcome.

Risky vs. Risk-Free Cash Flows

Consider the risk-free rate is 4% and the economy in one year from no has equal probabilities of being weak or strong. An investment in to a risk-free bond will yield $1,100 regardless of economic state, while an investment into a market index will yield wither $800 or $1,400 depending on the state of the economy:

	
	Cash Flow
	

	Security
	Weak Economy
	Strong Economy
	Market Price

	Risk-free bond
	$1,100
	$1,100
	1,057.691

	Market index
	$800
	$1,400
	1,0002



1: PV = FV(1 + r)	PV = 1,100(1+0.04) = 1,057.69
2: Average payout based on equal probabilities: (0.5)(800) + (0.5)(1,400) = 1,100

The average payoff of the index fund is also $1,100, yet investors are only willing to pay 1,000 instead of the same market price as risk-free bonds. In other words, investors will pay less for the riskier investment. Why is that?

Risk Aversion and the Risk Premium

Intuitively investors will pay less to receive $1,100 on average, than to receive $1,100 with certainty. This is because it is naturally harder to lose a dollar in bad times than it is to gain a dollar in good times. The notion that investors are willing to pay less for a riskier investment is known as risk aversion, the degree of which varies among investors. Because investors care about risk, we can’t use the same risk-free rate to compute the present value.

In the risk-free bond example, the return on the investment was 4% (the risk-free rate), since the profit is $100; 100/1057.69 = 4%. When we talk about riskier investments, the return is known as the expected return. Since there are two states of economy in the example, the expected return is based on the probabilities of the returns on each state of the economy:

Strong Economy:
Return = $400		Return in Strong Economy = 400/1000 = 40%

Weak Economy:
Return = -$200	Return in Weak Economy = -200/1000 = -20%

Expected Return = (0.5)(40%) + (0.5)(-20%) = 10%

The investors of the riskier investment will expect a return of 10%, rather than the 4% risk-free interest rate on the bonds. This difference, i.e. 6%, is known as the risk premium. This represents the additional return that investors expect by investing into a riskier investment. The price of riskier investments can’t simply be calculated by discounting the cash flows of the investment. To do so, we must discount the cash flows at a rate that equals the risk-free rate plus an appropriate risk premium.

The No-Arbitrage Price of a Risky Investment

We can utilize the law of one price to determine the price of the index, the risk-free rate, and the expected returns:

	
	Cash Flow
	

	
	Market Price
	Weak Economy
	Strong Economy

	Risk Free Bond
	Unknown
	800
	800

	Security
	Unknown
	0
	600

	Market Index
	1,000
	800
	1400



If we find out the market price of the bond we can determine the market price of the security through the law of one price. The price of the bond is as follows:

PV = FV/(1+r)			PV = 800/(1.04) = $769.23

Given that the price of the bond is $769.23 and the index is priced at $1,000, the security must have a market price of $1,000 - $769.23 = $230.77.

Risk Premiums Depend on Risk

In the above example the security and the market index have their own risk premiums:

Security:
The expected payoff is (0.5)(0) + (0.5)(600) = 300.
The expected return is 300-230.77 / 230.77 = 30%.
Given that the risk-free rate is 4%, the risk premium for the security is 30% - 4% = 26%.

Market Index:
The expected payoff is (0.5)(800) + (0.5)(1400) = 1,100
The expected return is 1,100 – 1,000 / 1,000 = 10%
The risk premium is thus, 10% - 4% = 6%.

The security has a higher risk premium because the return during a weak economy is 0, whereas the gain during a strong economy is 140%.

Risk is Relative to the Overall Market

The risk of a security must be evaluated in relation to the fluctuations of other investments in the economy. A security’s risk premium will be higher if its returns vary with the overall economy. If the returns vary in the opposite direction of the market index, it offers insurance and will have a negative risk premium.

Risk, Return, and Market Prices

Computing market prices for risky investments is equivalent to computing cash flows with the exception that the risk premium is added to the interest rate.

FV = PV(1+rs), where rs is the risk-free rate plus the risk premium.



Arbitrage with Transaction Costs

The examples so far have ignored transaction costs associated with trading securities. There are two fees that traders must assume, (1) broker commission, and (2) the bid-ask spread. The price for buying securities tends to be higher than the price to sell securities.

Example: The bid and ask price for a share of Lululemon are as follows:
Bid: $34.30
Ask: $34.70

It could be said then, that the competitive price for a share of Lululemon is $34.50, but there is a transaction cost of 20 cents. Suppose that an ounce of gold trades in NY for $1,700 and for $1,702 in London and there is a transaction cost of 5$.

No arbitrage opportunity exists, because the $2 profit is eroded by the $5 transaction fee. In other words, as long as the transaction fee is greater than the difference in competitive prices there is no arbitrage opportunity.
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