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THE ESSENCE OF ARBITRAGE
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VARIANTS OF ARBITRAGE

= In pure arbitrage, you invest no money, take no risk and walk
away with sure profits.

= You can categorize arbitrage in the real world into three
groups:
= Pure arbitrage, where, in fact, you risk nothing and earn more than
the riskless rate.

= Near arbitrage, where you have assets that have identical or almost
identical cash flows, trading at different prices, but there is no
guarantee that the prices will converge and there exist significant
constraints on the investors forcing convergence.

= Speculative arbitrage, which may not really be arbitrage in the
first place. Here, investors take advantage of what they see as
mispriced and similar (though not identical) assets, buying the
cheaper one and selling the more expensive one.



PURE ARBITRAGE

= For pure arbitrage, you have two assets with identical cashflows
and different market prices makes pure arbitrage difficult to
find in financial markets.

= There are two reasons why pure arbitrage will be rare:
= Identical assets are not common in the real world, especially if
you are an equity investor.

= Assuming two identical assets exist, you have to wonder why
financial markets would allow pricing differences to persist.

= If in addition, we add the constraint that there is a point in

time where the market prices converge, it is not surprising
that pure arbitrage is most likely to occur with derivative assets
— options and futures and in fixed income markets, especially

with default-free government bonds.



FUTURES ARBITRAGE

= A futures contract is a contract to buy (and sell) a specified
asset at a fixed price in a future time period.

= The basic arbitrage relationship can be derived fairly easily for
futures contracts on any asset, by estimating the cashflows on two
strategies that deliver the same end result — the ownership of the
asset at a fixed price in the future.
= In the first strateqgy, you buy the futures contract, wait until the end

of the contract period and buy the underlying asset at the futures
price.

= In the second strategy, you borrow the money and buy the
underlying asset today and store it for the period of the futures
contract.

= In both strategies, you end up with the asset at the end of the
period and are exposed to no price risk during the period —in
the first, because you have locked in the futures price and in the
second because you bought the asset at the start of the period.



A STORABLE COMMODITIES

F* = SI(1 + 1) + ki)

IfF>F* IfF<F*

Time Action Cash Flows Action Cash Flows
Now: L. Sell futures contract. 0 1. Buy futures contract. 0

2. Borrow spot price at nsk-free rate, S 2. Sell short on commodity. S

3. Buy spot commaodity. =) 3. Lend money at risk-free rate. =)
Atr 1. Collect commodity: pay storage cost. ~Skt 1. Collect on loan. -S(1 +r)y

2. Deliver on futures contract. F 2. Take delivery of futures contract,  —F

3. Pay back loan. =S(1 +r) | 3. Retun borrowed commodity;

collect storage costs. +Skt

Net cash flow = F-SI(1+r)+ki]>0 Si(1+r)+ki|-F>0

Key inputs

F* = Theorctical futures price
F = Actual futures price

S = Spot price of commodity

Key assumptions

r = Riskless rate of interest (annualized)
1 = Time to expiration of futures contract
k = Annualized carrying cost, net of convenience yield (as % of spot price)

1. The investor can lend and borrow at the riskless rate.
2. There are no transaction costs associated with buying or selling short the commodity.
3. The short seller can collect all storage costs saved because of the short selling.




B. STOCK INDEX FUTURES

F=8l+r-y)
I I
IfF>F* If F<F*
Time Action Cash Flows Action Cash Flows
Now: 1. Sell futures contract. 0 1. Buy futures contract. 0
2. Borrow spot price of index at S 2. Sell short stocks in the index. S
nsk-free rate. 3. Lend money at risk-free rate. -
3. Buy stocks in index. -85
o2 . 1. Collect on loan., ~S(1 +ry
Atr 1. Collect dividends on stocks. ~S[(1+yY=1) 2. Take delivery of futures contract, ~F
2. Dclwcry on futures contract, F 3. Return borrowed stocks:
3. Pay back loan, ~S(1 +rf pay forgone dividends. =SI(1 +w)y=1]
L+r=y)-F>0
Net cash flow = F-S(1+r-y/Y=>0 s ’
Key inputs
F* = Theoretical futures price r = Riskless rate of interest (annualized)
F = Actual futures price ¢ = Time to expiration of futures contract
S = Spot level of index v = Dividend yicld over lifetime of futures contract (as % of current index level)

Key assumptions

1. The investor can lend and borrow at the niskless rate,

2. There are no transaction costs associated with buying or selling short stocks.
3. Dividends are known with certainty.



STOCK INDEX FUTURES WITH MODIFIED
ASSUMPTIONS. ..

Modified Assumptions

1. Investor can borrow at ry (r > r) and lend st r, (r, < r)

2. The transaction cost associated with selling short is 7, (where ¢, 1s the dollar transaction cost), and the transaction cost associated
with buying the stocks in the index is 1.

['-‘,. "(S?'.H) v r,,—j)’
Fr=(S-t)(1 +r,-yY
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IfF>F.* IFF<F*

Time Action Cash Flows Action Cash Flows
Now: 1. Sell futures contract. 0 1. Buy futures contract. 0

2. Borrow spot price at ry,. S+, 2. Sell short stocks in the index, S-1,

3. Buy stocks in the index. -S-1, 3. Lend money at 7, ~(S-1)
Atr I. Collect dividenden stocks. SI(I+yy-1) 1. Collect on loan. (S=t )Nl +r)

2. Deliver on futures contract. F 2. Take delivery of futures contract. —F

3. Pay back loan. (St N *+rp) 3. Return borrowed stocks;

pay forgone dividends. SI(1 +yY-1)

Net cash flow = F-(S+1)(1 +ry-yy>0 St +r,~yY=-F>0

Fi = Upper limit for arbitrage bound on futures prices F, = Lower himit for arbitrage bound on futures prices



C.T BOND FUTURES

| F=(-PrO(1+ry |

IfF=>F* IfF<F*
Time Action Cash Flows Action Cash Flows
Now: 1. Sell futures contract. 0 1. Buy futures contract. 0
2. Borrow spot price of bond at S 2. Sell short Treasury bonds, A
risk-free rate, 3. Lend money at risk-free rate. )
3. Buy Treasury bonds, -S
1. Collect on loan, S(1+ry
Untl 2 1. Collect coupons on bonds: invest. PVC(L +rY 2 Take dch\cfy of futures contract, -
2. Deliver cheapest bond on contract. F 3. Return borrowed bonds:
3. Pay back loan, ~S(1 +ry pay forgone coupons with interest  —PVC(1 +rY
(S-PVOY(L + 1)~ F>0
Net cash flow = F-(S-PVOY(1 +r)Y>0
Key inputs

F* = Theoretical futures price
F = Actual futures price
S = Spot level of Treasury bond

Key assumptions

r = Riskless rate of interest (annualized)
¢ = Time to expiration of futures contract
PVC = Present value of coupons on bond during life of futures contract

1. The investor can lend and borrow at the riskless rate,
2. There are no transaction costs associated with buying or selling short bonds.




D. CURRENCY FUTURES

Forward Rate Mispricing

If futures price > Spot price (1+ US $
rate — Swiss Franc rate) = $1.10
(1+.02-.01) = $1.1109

Example: If futures price = $1.12

If futures price < Spot price (1+ US $
rate — Swiss Franc rate) = $1.10
(1+.02-.01) = $1.1109

Example: If futures price = $1.105

Actions to Take Today

1. Borrow the spot price ($1.10) in
the U.S. domestic markets @ 2%.

2. Convert the $1.10 into a Swiss
franc at spot price.
3. Invest the Swiss francs @ 1%.

4. Sell futures contract on Sfr for
proceeds for Sfr investment @ $1.12

1. Borrow a Swiss franc @ 1%.

2. Convert the Swiss franc into
dollars at spot rate of $1.10.

3.Invest $1.10 in the U.S. market @
2%.
4. Buy a futures contract on Sfr for

proceeds on U.S. $ investment @
1.105.

Actions at Expiration of Futures
Contract

1. Collect 1.01 Sfr on Swiss franc
investment.

2. Convert 1.01 Sfr into dollars at
futures price of 1.12.

1.01 x1.12=1.1312

3. Repay dollar borrowing with
interest.

1.10 x 1.02 = $1.1220

Profit = $1,1312- $1.220 = $0.0090
1. Collect on dollar investment.
$1.10 x 1.02=91.122

2.Convert $1.122 into Swiss francs
at futures price of $1.105.

$1.122/1.105 $/Sfr = 1.0154 Sfr

3. Repay Sfr borrowing with interest.
1x1.01 =1.01 Sfr

Profit = 1.0154 Sfr — 1.01 Sfr = 0.0054
Sfr
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FEASIBILITY OF FUTURES ARBITRAGE

= In the commodity futures market, for instance, Garbade and
Silber (1983) find little evidence of arbitrage opportunities
and their findings are echoed in other studies. In the
financial futures markets, there is evidence that indicates that
arbitrage is indeed feasible but only to a sub-set of investors.

= Note, though, that the returns are small even to these large
investors and that arbitrage will not be a reliable source of
profits, unless you can establish a competitive advantage on
one of three dimensions.

= You can try to establish a transactions cost advantage over other
investors, which will be difficult to do since you are competing with
other large institutional investors.

= You may be able to develop an information advantage over other
investors by having access to information earlier than others. Again,
though much of the information is pricing information and is public.

= You may find a quirk in the data or pricing of a particular futures
contract before others learn about it.
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OPTIONS ARBITRAGE

= Options represent rights rather than obligations — calls
gives you the right to buy and puts gives you the right to sell.
Consequently, a key feature of options is that the losses on an
option position are limited to what you paid for the option, if
you are a buyer.

= Since there is usually an underlying asset that is traded,
you can, as with futures contracts, construct positions that
essentially are riskfree by combining options with the
underlying asset.
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|. EXERCISE ARBITRAGE

= The easiest arbitrage opportunities in the option market
exist when options violate simple pricing bounds. No
option, for instance, should sell for less than its exercise value.

= With a call option: Value of call > Value of Underlying Asset — Strike
Price

= With a put option:Value of put > Strike Price — Value of Underlying
Asset

= You can tighten these bounds for call options, if you are
willing to create a portfolio of the underlying asset and the
option and hold it through the option’s expiration. The
bounds then become:

= With a call option: Value of call > Value of Underlying Asset —
Present value of Strike Price

= With a put option:Value of put > Present value of Strike Price —Value
of Underlying Asset
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2. PRICING ARBITRAGE (REPLICATION)

= A portfolio composed of the underlying asset and the riskless
asset could be constructed to have exactly the same cash flows
as a call or put option. This portfolio is called the replicating
portiolio.

= Since the replicating portfolio and the traded option have the
same cash flows, they would have to sell at the same price.

= If they do not, you can buy the cheaper one and sell the more
expensive one, effectively locking in the profits, with no risk
involved.
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JA. ARBITRAGE ACROSS OPTIONS:
PUT-CALL PARITY

= You can create a riskless position by selling the call, buying the put and
buying the underlying asset at the same time.

Position Payoffs at t if S*>K Payoffs at t if
S*<K

Sell call -(S*-K) 0

Buy put 0 K-S*

Buy stock S* S*

Total K K

= Since this position yields K with certainty, the cost of creating this position
must be equal to the present value of K at the riskless rate (K e-rt).

S+P-C =K e-rt
C-P=S-Ke-rt



3B. MISPRICING ACROSS STRIKE PRICES AND
MATURITIES

= Strike Prices: A call with a lower strike price should never sell
for less than a call with a higher strike price, assuming that they
both have the same maturity. If it did, you could buy the lower
strike price call and sell the higher strike price call, and lock in
a riskless profit.

= Maturity: A call (put) with a shorter time to expiration should
never sell for more than a call (put) with the same strike price
with a long time to expiration. If it did, you would buy the call
(put) with the shorter maturity and sell the call (put) with the
longer maturity (i.e, create a calendar spread) and lock in a
profit today.
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FIXED INCOME ARBITRAGE

= Fixed income securities lend themselves to arbitrage more
easily than equity because they have finite lives and fixed
cash flows. This is especially so, when you have default free
bonds, where the fixed cash flows are also guaranteed.

= For instance, you could replicate a 10-year treasury bond’s
cash flows by buying zero-coupon treasuries with
expirations matching those of the coupon payment dates on
the treasury bond.

= With corporate bonds, you have the extra component of default
risk. Since no two firms are exactly identical when it comes
to default risk, you may be exposed to some risk if you are
using corporate bonds issued by different entities.
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DOES FIXED INCOME ARBITRAGE PRY?

= Grinblatt and Longstaff, in an assessment of the treasury strips
program — a program allowing investors to break up a treasury
bond and sell its individual cash flows — note that there are
potential arbitrage opportunities in these markets but find
little evidence of trading driven by these opportunities.

= A study by Balbas and Lopez of the Spanish bond market

examined default free and option free bonds in the Spanish market
between 1994 and 1998 and concluded that there were arbitrage

opportunities especially surrounding innovations in financial
markets.

= The opportunities for arbitrage with fixed income securities are
probably greatest when new types of bonds are introduced —
mortgage backed securities in the early 1980s, inflation- indexed
treasuries in the late 1990s and the treasury strips program in the
late 1980s. As investors become more informed about these
bonds and how they should be priced, arbitrage opportunities
seem to subside.



DETERMINANTS OF SUCCESS AT PURE ARBITRAGE

= The nature of pure arbitrage — two identical assets that are
priced differently — makes it likely that it will be short lived. In
other words, in a market where investors are on the look out for
riskless profits, it is very likely that small pricing differences will
be exploited quickly, and in the process, disappear. Consequently,
the first two requirements for success at pure arbitrage are access
to real-time prices and instantaneous execution.

= It is also very likely that the pricing differences in pure
arbitrage will be very small - often a few hundredths of a
percent. To make pure arbitrage feasible, therefore, you can add
two more conditions.
= The first is access to substantial debt at favorable interest rates, since it

can magnify the small pricing differences. Note that many of the
arbitrage positions require you to be able to borrow at the riskless rate.

= The second is economies of scale, with transactions amounting to
millions of dollars rather than thousands.
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