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Lecture 4

 Basis Relationships

 Absence of Arbitrage

 Cash and Carry Arbitrage

 Covered Interest Arbitrage
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Basis Relationships
Generally, basis is the difference between two 

prices

 Study of basis relationships was important in 
analysis of derivative securities prior to the 
financial futures ‘revolution’ (see Lecture 1)

 Hieronymous, The Economics of Futures 
Trading (1977) is an excellent example of the 
traditional approach
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Types of Basis
Reading RSD, p.191-200

 Location Basis, e.g., the Vancouver-Thunder 
Bay Canola basis (see Fig. 3.6-7)

 Quality Basis, e.g., Columbian-Brazilian coffee 
basis (see Fig. 3.5)

 Maturity Basis and Delivery Basis
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Fig 3.5 
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Basis Definitions
 The Basis:  F(t,T) - S(t)
 The Futures Basis:  F(t,T) - F(t,N)

Notice that as t changes, then the carrying 
charges embedded in the basis will decline 
due to the reduction in (T-t) while the 
carrying charges in the futures basis will not 
decline because (T-N) does not change
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More on the Futures Basis
 Definitions Applicable to the Futures Basis

 Contango:  F(t,T) - F(t,N) > 0
Example: Gold
 Backwardation: F(t,T) - F(t,N) < 0
Example: Tbonds
Do not confuse this with the Normal 

Backwardation Hypothesis for the Yield curve
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More Basis Definitions
 The Future Basis:  F(0,T) - S(T)

also could be F(1,T) – S(1)

Unlike the other types of basis, there is no 
agreed upon terminology for this basis.  

This basis has to do with the accuracy of the 
forward/futures price as a predictor of the 
future spot price. (Reading RSD, p.165-171)



Jump to first page

Absence of Arbitrage
 What is an arbitrage?

An arbitrage opportunity is defined here as: a 
riskless trading strategy that generates a 
positive profit with no net investment of 
funds.

Key words: riskless and trading strategy. 
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No Arbitrage Condition
 A fundamental theoretical requirement of 

pricing in financial markets is that there is 

NO ARBITRAGE OPPORTUNITIES

In terms of the profit function, this condition is 
expressed as πarb < 0 (can also be a weak inequality)
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Some Possible Confusions
 Do not confuse the No Arbitrage Condition 

where πarb < 0 with the profit function for a 
speculative trade where π(1) > 0 is the desired 
result.

 The arbitrage profit function is time dated as 
Barb(0) to reflect all variables in the profit 
function being known at t=0 (needed for 
riskless trading)
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Types of Arbitrage
 The type of arbitrage that is most important in 

the analysis of derivative securities is the cash 
and carry arbitrage.

 Other types of arbitrage include:
Triangular Arbitrage  (RSD, p.237)
Geographical Arbitrage – price of goods in 

different locations differ only by the cost of 
purchasing and transporting, e.g., cement.
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History of Arbitrage
 On the history of the concept and definition of 

arbitrage see Poitras, Early History of 
Financial Economics 1478-1776, p.243-7.

 The word arbitrage has a Latin root, e.g., 
‘arbitrio’ in Italian and initially referred to 
trading strategies aimed at profiting from 
differences in exchange rates.

 Arbitrage was active in 16th C. Antwerp and 
has roots in antiquity.
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Cash and Carry Arbitrage
 Reading: RSD, p.213-220.

 The Cash and Carry Arbitrage is the 
fundamental arbitrage applicable to 
derivative securities traded on storable 
commodities.

 Key Point: there are two arbitrages for any 
derivative contract – the short arbitrage
and the long arbitrage.
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The Case of Gold 
 The short and long arbitrages are referenced to the 

position in the spot commodity

 The long gold arbitrage (RSD, p.216) involves 
borrowing money to buy gold and simultaneously 
selling the gold for forward delivery

 Solving the profit function for the long arbitrage gives:
F(0,T) < S(0) {1 + r(0,T)}. 
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More on the Gold Arbitrage
 The long arbitrage provides an upper bound on 

gold forward prices while the short arbitrage 
provides a lower bound

 Solving the profit function for the short arbitrage:
F(0,T) > S(0) {1 + i(0,T)}

Notice that i(0,T) is an investing rate and r(0,T) is 
a borrowing rate
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Cash and Carry Arbitrage 
Condition for Gold

 Under perfect markets assumptions, lending 
and borrowing rates will be equal (i = r) and the 
short and long arbitrage restrictions reduce to 
the cash and carry arbitrage condition for gold:

F(0,T) = S(0) {1 + r(0,T)}

Gold forward/ futures prices will be in contango. 
Examine the NYMEX/COMEX prices on CME 
website (also RSD, Fig. 4.1, p.217)
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Solving for the Gold Futures-Futures 
Condition

 In the case of gold, if
F(t,T) = S(t) {1 + r(t,T)} and F(t,N) = S(t) {1 + r(t,N)}
Then dividing F(t,T) by F(t,N) gives:

F(t,T) = F(t,N) {1 + r(t,T-N)}
Where:
1 + r(t,T-N) = {1 + r(t,T)} / {1 + r(t,N)}
For example if 0 to T is 6 months and 0 to N is 3 
months, then 1 + r(t,T-N) is a 3 month interest 
rate that starts at N and matures at T
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Solving for the General Futures-Futures 
Condition with Implied carry (ic(t,T))
 Gold is unusual in having no carry return, either 

pecuniary or a non-pecuniary convenience yield 

 More generally, the relationship between spot and 
futures/forward prices has both carry cost (cc(t,T)) and 
a carry return (cr(t,T))   ic(t,T) = cc(t,T) - cr(t,T)

 This produces the general results:
F(t,T) = S(t) {1 + ic(t,T)}

F(t,T) = F(t,N) {1 + ic(t,T-N)}
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Covered Interest Arbitrage
 The cash and carry arbitrage for currencies is 

given a special name: covered interest 
arbitrage.

 Covered interest arbitrage is based on the 
notion that, in markets where arbitrage is 
active and unrestricted, securities that differ 
only by currency of denomination should 
exhibit fully hedged returns that are 
approximately equal
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History and Background

 Historically, forward trading of currencies was usually 
bundled together with a loan to form a bill of 
exchange – money is borrowed (lent) in one location, 
in a given currency, and repaid (redeemed) in another 
location using a different currency.  Reading: Poitras 
(2000, ch.7)

 Reading on covered interest arbitrage:
History, RSD, p.224-6; Arbitrage Trades, RSD, p.226-40.
(those unfamiliar with CIP go over example on p.227-8).



Jump to first page



Jump to first page



Jump to first page



Jump to first page



Jump to first page

Exchange Rates and the Domestic Country

 To implement the covered interest parity condition it 
is necessary to identify which country is the domestic 
and which is the foreign.  (See RSD, Fig. 4.2)

 Observe that FX rates can be quoted in ratio form either 
as $US/$C = .7497 or $C/US$ = 1.3339 – the currency 
on top in the FX ratio is the domestic currency

 Note: different methods are used to quote the FX rate 
(e.g., in East Asia the convention is reversed).
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The Short Arbitrage Condition

 The short condition refers to borrowing in the 
domestic currency and lending offshore, fully 
covering the currency exposure.

The arbitrage profit function for the short arbitrage:
Bs(0) = F(0,1){$Q/S(0)}(1+r*) - Q (1+r) < 0

Here, r is a borrowing rate and r* is a lending rate.
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The Long Arbitrage Condition

 The long arbitrage involves borrowing offshore 
and investing domestic, fully covering the 
currency exposure.

 The long arbitrage condition is:
BL(0) = Q (1+y) - F(0,1){$Q/S(0)}(1+y*)  < 0

Here y is an investing rate and y* is a borrowing 
rate.
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Foreign Exchange Swaps

 The discussion of covered interest arbitrage 
assumes that the trader will do a spot 
exchange transaction and (simultaneously) a 
forward exchange transaction to cover the 
future currency exposure

 As discussed in Lecture 2 (see RSD, Fig. 1.4) 
in practice, to reduce transactions costs, 
these two trades are done as one trade 
known as a foreign exchange swap.
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Covered Interest Parity

 Observing that the long (short) arbitrage condition 
bounds the forward rate above (below), imposing 
perfect market assumptions produces the covered 
interest parity condition:

F(0,T)  = 1 + r(0,T) S(0)    
1 + r*(0,T)

 Exercise: Solve this equation for r(0,T) on the lhs to 
provide a more revealing connection to the terminology 
‘covered interest parity’.
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Solving for the Covered Parity Condition
The solution demonstrates that the domestic interest rate 
(r(0,T)) is equal to the fully hedged foreign rate interest rate 
(r*(0,T)) where the second term on rhs is the cost of hedge
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Contango versus Backwardation in 
Currency Future and Forwards

For F(0,T) = (1 + 2) F(0,T)
If  r(0,T-N) > r*(0,T-N) then θ > 0 and futures 

price term structure is in contango for CME 
futures prices (where US is the domestic)
Example:  US rates are above Yen rates

If  r(0,T-N) < r*(0,T-N) then θ > 0 and futures 
price term structure is in backwardation
Example:  US rates are below Aussie rates
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Sample Midterm Question #1c)

 On March 1, 1990 the spot and 3 month forward rates 
for the  Canadian dollar (per US dollar) were $1.1922 
and $1.2072 respectively.  What "risk-free" discount
rate on U.S. dollar instruments would be consistent with 
the interest-rate-parity theorem if the 3 month 
(annualized) risk-free rate on Canadian dollar 
instruments was 13.10%?

 Use the CIP equation to solve.  Remember that US 
discount rates have to be converted from the true yield 
(this is BUS 315).  
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What interest rate for the CIP equation?

 Examine Money Rates in RSD, Fig. 4.4 and the 
money rate handouts from WSJ and Fin. Post.  
Observe there are a number of possible money 
market interest rates that could be used in the 
CIP formula: treasury bills, commercial paper, 
eurodollars and bankers’acceptances.

 Midterm Question #1b) asks which of these 
rates is most appropriate.  (Review from BUS 
315, also RSD, p.238-9)
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See Slides in lecture 4 .zip file for Board of 
Governors BofG_interest-rate.pdf) and Bank of 
Canada (419_bofc_wfs.pdf) information on 
money market and other fixed income markets
(too big to get on slides).
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Money Market Securities

 In deciding which rate is appropriate, consider 
the execution of the covered interest arbitrage 
trades.

 Treasury bills – the actively quoted securities 
are issued by federal governments – is it 
possible to borrow in this market?

 Commercial paper – unsecured liabilities issued 
by corporations – two types: corporate paper 
and financial paper
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Money Market Securities (cont’d)

 Corporate commercial paper is typically a 
program-based borrowing that has an 
allowable maximum borrowing limit and 
involves a dealer making markets in the 
security.

 Though there is some flexibility in altering 
amounts outstanding, commercial paper is not 
a security that can be used to rapidly access 
large amounts of funds for arbitrage.
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Money Market Securities (cont’d ..)

 Bankers’ acceptances are a secured liability 
issued by financial institutions, secured by an 
underlying goods transaction.  (Mexican 
pancho example in class used to illustrate.)

 Like commercial paper, it is difficult to rapidly 
increase the amount of bankers’ acceptances 
outstanding to exploit arbitrage opportunities.
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Eurodollars and CIP

 What entities are the most important in the 
market for spot and forward exchange?  The 
large international banking institutions, e.g., 
Citibank, Lloyds Bank, RBC, JPM Chase, etc.

 Where do these entities go to borrow (lend) 
large sums of funds at short notice?  The 
eurodeposit market.  The key US$ borrowing
rate in this market is LIBOR: the (L)ondon
(I)nter(b)ank (O)ffer (R)ate  SOFR (see 
readings on webpage).
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More on Eurodollars
 A eurodollar deposit is an unsecured, non-

negotiable liability issued in the (Eurodeposit) 
interbank market by an international financial 
institution.

 Access to the interbank market is restricted to 
large international financial institutions that 
regularly operate in this market.

 Do not confuse the “Euro” currency with the 
Eurodeposit market – the borrowing rate in 
Euros is Euribor.
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Sample Midterm Question #1d)

 The covered interest arbitrage discussion on 
RSD, p.231-40 (and the associated covered 
interest parity condition) assumes that money 
market securities are being used.

 Key features of money market securities: 
zero coupon; maturities of one year and 
less.

 Where the forward rate is for more than one 
year then the arbitrage involves coupon 
securities (RSD, p.245-51)
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