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Introduction

• The rate of return on investments that have similar risk factors
should be equivalent

• With no expected changes in exchange rates, the interest rates in
different countries are equal

• There would be arbitrage opportunities if this were not the case

• The covered interest rate parity condition describes a no-arbitrage
relationship between spot and forward exchange rates and the two
nominal interest rates

• Interest rate parity is an important equilibrium relationship, but it
does not always hold at each and every point in time



Kevin Kotzé 4/45

Introduction

• When an investor does not cover her positions they accept exchange
risk on a foreign money market investment and the return will be
uncertain

• To calculate the risk associated with the uncovered interest rate
parity condition in the foreign money market we make use of some
basic statistical methods

• Also allows us to test what is termed the unbiasedness hypothesis
and we can consider the empirical evidence that relates to this
hypothesis
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Covered Interest Parity

• CIP condition suggests the interest rate differential between two
currencies approximately equals the percentage spread between the
currencies forward and spot rates

• Forward contract is an agreement between two parties to buy or sell
a security (or currency) at a pre-specified price on a pre-specified
date in the future

• Party agreeing to buy (sell) the underlying asset is said to “buy (sell)
a forward”, and will be taking a long (short) position

• Interest rate parity holds if markets are efficient and there are no
government controls to prevent arbitrage

• In the absence of these conditions, traders could make an
extraordinary profit via covered interest rate arbitrage
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Covered Interest Parity
An example

• To consider a hypothetical example of an arbitrage opportunity:
• Assume that we can borrow R100, 000 from the bank
• USD interest rate is 4%p.a. and ZAR interest rate is 12% p.a.
• Spot exchange rate = USDZAR 14.00
• 1-year forward = USDZAR 18.00

• Arbitrage opportunity would be realised when:
• Convert from rands to dollars (R100, 000/14 = $7, 142.86)
• Earn dollar interest on the principal ($7, 142.86× 1.04 = $7, 428.57)
• Cover the foreign exchange risk by engaging in a forward contract to

sell the dollar interest plus principal ($7, 428.57× 18 = R133, 714.29)
• After a year we will owe the bank (R100, 000× 1.12 = R112, 000)

• So our profit will be R133, 714.29 − R112, 000 = R21, 714.29 for
every R100, 000 that is borrowed
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Covered Interest Parity

• Investors would borrow rands, convert to dollars, invest the dollars,
and sell the dollar interest plus principal in the forward market for
rands

• This activity would quickly eliminate the profit opportunity:
• Demand to borrow rands would drive up the rand interest rate
• Sale of rands for dollars would lower the spot exchange rate (closer

to the R18.00 level)
• Lending of dollars would lower the dollar interest rate
• Forward purchase of rands with dollars would raise the forward

exchange rate (closer to the R14.00 level)

• Each of these movements would reduce the arbitrage profits that are
present at the current prices
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Covered Interest Parity

• Ignoring transaction costs and where there are no barriers to
arbitrage across international financial markets

• The CIP condition may be expressed as,

Ft(1 + i?t )

St
= 1 + it

where:

• Ft refers to the one-period forward exchange rate

• St refers to the spot exchange rate

• it refers the domestic currency interest rate for one period

• i?t refers to the foreign currency interest rate for one period
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Covered Interest Parity

• Amount we need to repay the domestic bank, [1 + it], will equal,
[1/St] × [1 + i?t ] × Ft

• Domestic money market investment and a foreign money market
investment have the same domestic currency returns

• As long as the foreign exchange risk in the foreign money market
investment is covered with a forward contract
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Covered Interest Parity

• With a little algebra, the forward exchange rate has to be:

Ft = St
1 + it
1 + i?t

• Or alternatively, when we derive

Ft

St
=

1 + it
1 + i?t

• After subtracting one from both sides

Ft

St
− St

St
=

1 + it
1 + i?t

− 1 + i?t
1 + i?t

∴
Ft − St

St
=

it − i?t
1 + i?t
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Covered Interest Parity
Deviations from Covered Interest Rate Parity

• Violations of interest rate parity were exceedingly rare, prior to the
financial crisis that began in 2007

• Deviations tended to persist only for a few minutes and represented
a tiny fraction of all possible transactions

• Unless you are a trader in a bank, it is safe to assume that covered
interest rate parity holds

• When dealing with emerging market currencies you should account
for the additional risk factors before seeking any arbitrage profits

• Additional risk factors may include default (or credit) risk, exchange
controls, and/or political risk

• Those institutions with a low credit rating would need to pay higher
rates of interest
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Uncovered Foreign Money Market Investments

• If we choose not to hedge (or “cover”) the exchange risk on a
foreign money market investment, the return is uncertain

• Consider the following payoff from an uncovered trade:
• Assume that we can borrow R100, 000 from the bank
• USD interest rate is 4% and ZAR interest rate is 12%
• Spot exchange rate is USDZAR 14.00

• Investment opportunity could be represented by the following
transactions:

• Convert from rands to dollars (R100, 000/14 = $7, 142.86)
• Earn dollar interest on the principal ($7, 142.86× 1.04 = $7, 428.57)
• Sell the dollar principal plus interest at the spot exchange rate in 1

year: ($7, 428.57× St+1 = Rand proceeds after 1 year)

• The return on investment is going to be determined by the future
spot rate
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Uncovered Foreign Money Market Investments

• If we denote the USDZAR current spot rate as St and the future
spot rate as St+1,

• Could be summarised to provide the rand return, rt+1, from
investing R1.00 in the dollar money market

rt+1 =
1

St
×
[
1 + i?t

]
× St+1

• To measure the excess return on this investment we calculate exrt+1

as

exrt+1 =
St+1

St
×
[
1 + i?t

]
−
[
1 + it

]
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Uncovered Foreign Money Market Investments

• We can calculate the break even between the dollar and the
domestic money market investments, which we denote SBE

SBE = St ×
1 + it
1 + i?t

• which is similar to what we had previously

• Note that as an alternative to completing the exchange rate
conversion and foreign investment we could just invest in the forward

• The difference between the price of the forward and future spot will
provide an equivalent profit or loss
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Uncovered Foreign Money Market Investments
Profits and Losses from Forward Market Speculation

• Forward contracts represent contractual obligations

• Speculators on the foreign exchange markets are involved in what is
termed a zero-sum-game

• For example, where Mr. Buy buys dollars forward with rands from
Ms. Sell the payoff to Mr. Buy would be:

St+1 − Ft

• Similarly, Ms. Sell’s payoff would be:

Ft − St+1

• These profits and losses are a function of St+1
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Uncovered Foreign Money Market Investments
Profits and Losses from Forward Market Speculation

Figure: Source: Bekaert and Hodrick (2013)
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Uncovered Foreign Money Market Investments

• Uncertainty about future exchange rates makes currency speculation
risky

• To quantify our uncertainty about future returns, we use conditional
probability distributions of the underlying variables

• In terms of notation, we will index today as being time t

• The conditional expectation at time t of the future spot exchange
rate at time t+ 1 is Et

[
St+1

]
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Uncovered Foreign Money Market Investments

• If we assume the exchange rate takes on a normal distribution, we
can quantify the expected losses and profits with relative ease

• For a given standard deviation we could calculate the probability of
incurring a loss if the exchange rate is between various values

• If we had made use of a larger standard deviation for the distribution
of the future exchange rate, it would be more disperse

• The probability that we would incur a loss would be much greater
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Uncovered Interest Parity

• Covered interest rate parity arises where the exchange risk is covered
using a forward contract

• Two related theories predict what may happen when exchange rate
risk is not covered:

• uncovered interest rate parity allows for an uncertain return
• unbiasedness hypothesis which states that there is no systematic

difference between the forward rate and the expected future spot rate
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Uncovered Interest Parity

• If we take the expected value of the return from investing R1 in the
dollar money market

Et

[
rt+1

]
=

1

St
×
[
1 + i?] × Et

[
St+1

]
• The current spot rate, St, and the interest rate, i?, are in the time t

information set

• Expectation applies only to the future exchange rate
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Uncovered Interest Parity

• Uncovered interest rate parity is the hypothesis that the expected
return on the uncovered foreign investment equals the known return
from investing R1 in the domestic money market [1 + i]

• If uncovered interest rate parity is true, there is no compensation to
the uncovered investor for the uncertainty associated with the future
spot rate, and expected returns on investments in different money
markets are equalized

• For example, if the interest rate on the dollar investment is 4%, and
the interest rate on the rand is 12%

• Uncovered interest rate parity suggests that it would be naive to
think that dollars therefore constitute a great investment if the rand
is not expected to depreciate by a significant amount
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Uncovered Interest Parity

• Hence, in the above example, it should be the case that

1.04

(USDZAR 14)
× Et

[
St+1

]
=
[
1 + 0.12

]
• such that

Et

[
St+1

]
=

1.12

1.04
× (USDZAR 14) = (USDZAR 15.08)
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Unbiasedness Hypothesis

• When the forward rate equals the expected future spot rate

• Forward rate is said to be unbiased predictor of the future spot rate

• This equality is summarized by the unbiasedness hypothesis:

Et [St+1] = Ft

• Note the inclusion of the expectations operator
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Unbiasedness Hypothesis

• Condition is derived from a combination of the covered and
uncovered interest rate parity

Et

[
St+1

St
(1 + i?t )

]
= (1 + it)

• While the covered interest parity condition could be written as,

Ft

St
(1 + i?t ) = (1 + it)

• After equating these expressions

Et

[
St+1

St
(1 + i?t )

]
=
Ft

St
(1 + i?t )

• By eliminating St and [1 + i?t ] from both sides of the exterior
equations we have the unbiasedness hypothesis
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Unbiasedness Hypothesis
Forecast errors

• The estimate of the future spot rate would incorporate a forecast
error (i.e. St+1 − Ft)

• These may be summarised by the root-mean squared-error

• Expect exchange rate forecasts to be characterized by large
variability as they behave similar to other asset prices

• Forecast errors provide us with an idea of the extent of the potential
expectation errors

• Despite the fact that we may observe relatively large errors, this
would not necessarily imply that the forecasts are biased
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Unbiasedness Hypothesis
Forecast errors

• To be unbiased the expected mean forecast error is zero

• Unbiasedness hypothesis states nothing about the magnitude of the
forecast errors

• Often identified with market efficiency where investors cannot expect
to earn profits over and above what the market supplies as
compensation for bearing risk

• Definition of market efficiency suggest people process information
rationally
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Risk Premiums in the Foreign Exchange Market

• The risk premium on an asset is the expected return on the asset in
excess of the return on a risk-free asset

• Excess return can be thought of as the uncovered foreign money
market return, which we may call exrt+1

• Denoting the foreign exchange risk premium by rp, we have
rpt = Et[exrt+1]
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Risk Premiums in the Foreign Exchange Market

• Investors care about the expected return and risk of their whole
portfolio of assets

• Not necessarily about the risk of an individual asset viewed in
isolation

• Uncertainty of a return can always be decomposed into a part that is
systematic and a part that is unsystematic

• Hence,

Individual asset return uncertainty = Systematic risk + Unsystematic risk
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Risk Premiums in the Foreign Exchange Market

• Portfolio theory dictates that assets whose returns contain only
unsystematic risk do not contribute to the variance of the portfolio

• Unsystematic risk does not command any risk premium

• Systematic risk measures how much an asset return moves with the
market

• It cannot be diversified away and this risk commands a risk premium
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Risk Premiums in the Foreign Exchange Market

• Capital asset pricing model (CAPM) suggests the covariance of an
asset’s return with the return on the market portfolio determines the
asset’s systematic risk and risk premium

• Model also provides an easy-to-implement procedure to put an
actual number on the risk premium

Beta on asset i =
Covariance (Asset return i, Market portfolio return)

Variance (Market portfolio return)

• Higher betas indicate higher systematic risk, and the CAPM
postulates that

Risk premium on asset i = (Beta on asset i)

×(Risk premium on market portfolio)

• Investor requires compensation in excess of the risk-free rate (that
is, a risk premium) if the beta of the asset is positive



Kevin Kotzé 31/45

Risk Premiums in the Foreign Exchange Market

• As a forward contract is a financial asset a potential risk premium
could exist

• If the profitability of Mr. Buy’s purchase of foreign currency at the
forward exchange rate covaries positively with the dollar return on
the market portfolio

• Mr. Buy will view the forward contract as risky and will demand an
expected profit

• The covariance of the dollar profit on Ms. Sell’s side is negatively
correlated with the dollar return on the market portfolio
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Empirical tests of UIP and unbiasedness hypothesis

• Need to transform the variables to ensure that they are stationary

• Divide both variables by St and subtract one from both sides to
make it easy to interpret

• Hence

Ft

St
− St

St
=

Et [St+1]

St
− St

St

Ft − St

St
=

Et [St+1] − St

St

fpt = Et [st+1]

• Forward premium (or discount) on the currency is given by fpt
• Right-hand side represents the expected rate of appreciation

(depreciation) of the currency
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Empirical tests of UIP and unbiasedness hypothesis

• The conditional expectation of the rate of appreciation of one
currency in terms of another is not observed

• Hence the financial analyst must specify how investors and
speculators form their expectations

• As in most other areas of financial economics we assume investors
make rational expectations

• We can decompose the realised (observed) rate of appreciation into
its conditional expectation plus an error term

Realised appreciation = Expected appreciation + Forecast error

• Error term can be viewed as unanticipated news that moved the
exchange rate
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Empirical tests of UIP and unbiasedness hypothesis

• Use of rational expectations implies that the conditional and
unconditional mean of the forecast error term are zero

• Hence, unbiasedness hypothesis could be written as

st+1 = fpt + εt+1

• where εt+1 represents the forecast error

• The other two variables, st+1 and fpt, are observed
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Empirical tests of UIP and unbiasedness hypothesis
Mean forecast error

• Test whether the forecast error is significantly different from zero

• Test the null hypothesis that the unconditional mean of the realised
rate of appreciation is equal to the unconditional mean of the
forward premium

• Consider the standard errors and confidence intervals to determine
whether the mean estimate is significantly different from zero
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Empirical tests of UIP and unbiasedness hypothesis
Means of Monthly Rates of Appreciation, Forward Premiums, and the Differences

Mean
Rate of Appreciation Forward Premium Difference

(S.E.) (S.E.) (S.E.)
Conf. Conf. Conf.

EURUSD 1.65 1.19 0.45
(1.82) (0.23) (1.83)
0.64 1 0.19

GBPUSD -0.24 -1.80 1.55
(1.74) (0.21) (1.75)
0.11 1 0.63

USDJPY -1.78 -2.88 1.1
(1.91) (0.23) (1.93)
0.65 1 0.43

EURJPY -0.72 -1.70 0.98
(1.94) (0.17) (1.95)
0.29 1 0.39

EURGBP 2.2 3 -0.80
(1.49) (0.25) (1.51)
0.86 1 0.4

GBPJPY 2.45 4.68 2.23
(2.11) (0.23) (2.12)
0.75 1 0.71
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Empirical tests of UIP and unbiasedness hypothesis

• First column suggests we are not confident that all the
unconditional means for the rate of depreciation are significantly
different from zero

• Second column suggests we are confident that all the unconditional
means for the forward premiums are significantly different from zero

• Third column suggests we are not confident that that the difference
in the mean values are significantly different from zero

• Hence, we are unable to reject the null hypothesis that the
unconditional mean of the realised rate of appreciation is equal to
the unconditional mean of the forward premium
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Empirical tests of UIP and unbiasedness hypothesis
Regression Tests of the Unbiasedness Hypothesis

• Use a simple linear regression model to test the unbiasedness
hypothesis

st+1 = φ1 + φ2fpt + εt+1

• Unbiasedness hypothesis would hold when φ1 = 0 and φ2 = 1
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Empirical tests of UIP and unbiasedness hypothesis
Regression Tests of the Unbiasedness Hypothesis

Coefficients on Regressors
Const. Forward Premium
(S.E.) (S.E.)

Currency Conf. (φ1 = 0) Conf. (φ2 = 1) R2

EURUSD 2.52 -0.73 0.003
(2.02) (0.74)
0.79 0.99

GBPUSD -2.49 -1.25 0.01
(1.95) (0.75)

0.8 1
USDJPY -4.74 -1.03 0.006

(2.52) (0.61)
0.94 1

EURJPY -2.06 -0.79 0.002
(2.44) (0.87)

0.6 0.98
EURGBP 2.72 -0.17 0.0003

(1.95) (0.54)
0.84 0.98

GBPJPY -4.77 -0.5 0.001
(3.63) (0.60)
0.81 0.99
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Empirical tests of UIP and unbiasedness hypothesis
Regression Tests

• Note that all six of the estimated values of φ2 are significantly
different from unity

• All the estimated slope coefficients are negative, which suggests the
existence of a forward rate bias

• Forward rate is not necessarily the best forecast of the future
exchange rate

• Explanatory power of the regressions (i.e. R2 values) are quite low
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Empirical tests of UIP and unbiasedness hypothesis
Regression Tests

• Could use the estimated values of φ̂1 and φ̂2 to generate values for
Et[st+1]

• Could also make use of this regression to calculate the forward
market return, which is given as st+1 − fpt

Et[st+1] = φ̂1 + φ̂2fpt

or Et

[
st+1 − fpt

]
= φ̂1 + (φ̂2 − 1)fpt

• Represents the return from a long forward position in the foreign
currency
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Empirical tests of UIP and unbiasedness hypothesis
Regression Tests

• The negative slope coefficients in the unbiasedness regressions may
imply that currencies trading at a forward discount will strengthen

• This is in contrast to the prediction of the unbiasedness hypothesis,
which implies that discount currencies are going to weaken

• Unfortunately, this interpretation is wrong as it ignores the value of
the constant term in the regression
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Conclusion

Well over one hundred papers document the forward premium anomaly,
where future exchange rate changes do not move one-for-one with
interest rate differentials across countries

• Over 1 to 6 months horizons: consistent evidence of the forward
premium anomaly over many currencies

• The average value of φ̂2 is −0.88 (Froot & Thaler, 1990)

• Magnitude of φ̂2 is time varying and possibly regime specific

• Over the long run the average interest rate differential and currency
depreciation move as expected by the theory
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Appendix: Alternative implementation of tests for UIP and
unbiasedness hypothesis

• Assume investors are risk-neutral and in the absence of taxes and on
capital transfers we derive the regression for the unbiasedness
hypothesis, Et[St+1] = Ft.

• For example, under the assumption of log-normality, we can rewrite
this expression as,

Et

[
exp

[
log (St+1)

]]
= Et

[
exp (st+1)

]
= Ft

exp

(
Etst+1 +

1

2
vart (st+1)

)
= Ft

• Log both sides to derive,

Etst+1 = ft −
1

2
vart (st+1)

• Drop the variance and subtract st to get a near approximation

Et∆st+1 = ft − st ≈ it − i?t
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Appendix: Alternative implementation of tests for UIP and
unbiasedness hypothesis

• This could then be rewritten as

∆st+1 = Et∆st+1 + εt+1

• Under the assumption of rational expectations, εt+1 is orthogonal to
Et∆st+1

• Substitute in the unbiasedness hypothesis condition to derive

∆st+1 = (ft − st) + εt+1

• which may be used to formulate the regression model

∆st+1 = φ1 + φ2 (ft − st) + εt+1

• that can be applied to the data
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