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Roadmap

I This week (Introduction to Exchange Rates)
1. Foreign exchange fundamentals

I Definitions
I Comparing cross-country prices
I Exchange rate regimes
I Contracts

2. No-arbitrage conditions
I Triangle arbitrage, vehicle currencies
I Covered interest rate parity (the forward rate)
I Uncovered interest rate parity (the spot rate)

I Coming up: Price levels and exchange rates
I Price level parity conditions
I Money and the exchange rate
I Read: Exchange Rates I (Chapter 14 or Chapter 3 )
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Do not be shy! Ask questions, make comments.
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Exchange rates

I Exchange rate (E) = price of one currency in terms of another

I This is a bilateral exchange rate

E $
e
= 1.16

I We need to be careful about units. Read the subscript in the above
equation as “dollars per euro”

I Consider this exchange rate
E e

$
=

I What are the units? What should the value be? Why?
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Exchange rates changes

I When E $
e
decreases we say that

I The appreciated (strengthened)

I The depreciated (weakened)

I Exchange rate growth rate

I Example

I E $
e ,2017

= 1.19 and E $
e ,2018

= 1.16

E $
e ,2018

E $
e ,2017

− 1 =
1.16
1.19

− 1 = −0.025

4



Exchange rates changes

I Work with the person next to you

I E $
e ,2017

= 1.19 and E $
e ,2018

= 1.16

I What is E e
$ ,2018

?

I What is E e
$ ,2017

?

I How much did the dollar appreciate or depreciate against the euro?
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Exchange rates changes

I The appreciation rate of the dollar is not exactly the depreciation rate

I This is a property of growth rates. For example

(
10
5
− 1)× 100 vs (

1/10
1/5

− 1)× 100

100% vs − 50%

I This matters less when the growth rate is close to zero

(
1.02
1.01

− 1)× 100 vs (
1/1.02
1/1.01

− 1)× 100

0.99% vs − 0.98%

I Approx. growth rates with natural log fixes this (more on this later)

6



Multilateral exchange rates

I A country has a bilateral exchange rate with every other country in the
world: US-UK, US-Canada, US-Thailand, etc.

I The dollar may appreciate against some and depreciate against others

I The effective exchange rate is a trade-weighted average of bilateral
exchange rates

I Let i index countries. In growth rates:

Et+1

Et
− 1 =

∑
i

[(
Ei,t+1

Ei,t
− 1
)

tradei

total trade

]
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Exchange rates and prices

I Suppose local-currency prices are sticky in the short run

I Changes in exchange rates may change the price levels and the relative
price of goods when expressed in other countries
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Exchange rates and prices

I Example from table 13-2:

I Cost in local currency: £2,000 in London; HK$30,000 in Hong Kong;
$4,000 in New York

I If EHK$/£ = 15 and E$/£ = 2.0

phk = 30, 000/15 = £2, 000

pny = 4, 000/2 = £2, 000

I If EHK$/£ = 16 and E$/£ = 1.9 (what’s happened?)

phk = 30, 000/16 = £1, 875

pny = 4, 000/1.9 = £2, 105

I Where do you source?
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Exchange rates and prices

I When the home country’s currency depreciates:

I What happens to the price of home’s exports in foreign currency?

I What happens to the price of foreign imports in the home currency?

I How does this depend on price stickiness?
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Exchange rate regimes

I Fixed versus floating exchange rates

I Fixed: government sets the price of the currency

I Pegs, currency boards, no domestic currency

I Often lead to problems

I Floating: the market sets the price for the currency

I Bands, managed floats, free floats

I Often volatile

I We see both fixed and floating regimes in the world, so we will study both

I Why choose one over the other?

I Why might China want a fixed exchange rate?

I More on this later.
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Currency markets

I How are currencies traded?

I Over the counter market (dealers vs. central exchange)

I Mostly banks

I Mostly in the US, UK, Japan

I What gets traded?

I Spot contracts: exchange instantly

I Derivative contracts: forwards, swaps, futures, and options

I Forward: two parties agree on the price and quantity to exchange in the
future. Settlement (exchange of currencies) happens in the future.
Example: agree to exchange $1,100 for e1,000 in one year from today.
The forward rate is F $

e
= 1.1.

https://www.hsbcnet.com/gbm/fwcalc-disp
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Roadmap

I This week (Introduction to Exchange Rates)
1. Foreign exchange fundamentals

I Definitions
I Comparing cross-country prices
I Exchange rate regimes
I Contracts

2. No-arbitrage conditions
I Triangle arbitrage, vehicle currencies
I Covered interest rate parity (the forward rate)
I Uncovered interest rate parity (the spot rate)

I Coming up: Price levels and exchange rates
I Price level parity conditions
I Money and the exchange rate
I Read: Exchange Rates I (Chapter 14 or Chapter 3 )
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Arbitrage

I Arbitrage: Exploit price differences to profit

I In our context, prices = exchange rates

I Simple example: Suppose E £
$
= 0.55 in London and E £

$
= 0.50 in NY

I What trades allow you to profit?

I Why would markets respond to these prices? What do you expect to
happen?

I What might keep you from profiting?

15



Arbitrage with three currencies

I E e
$
= 0.8, E £

e
= 0.7, E £

$
= 0.50

I Assume no transaction costs. Is there an arbitrage? (Yes)

I Start with $1. What are the three trades?

1.

2.

3.
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Arbitrage with three currencies

I To eliminate arbitrage, we need

E £
$
= E £

e
× E e

$

I Given E e
$
= 0.8, E £

e
= 0.7, E £

$
= 0.50 the no-arbitrage pound-dollar rate

should be

E £
$
= 0.7× 0.8 = 0.56

I Notice that if I know two of the exchange rates, I can always calculate the
third. This is how it is typically done in practice.
http://www.wsj.com/mdc/public/page/2_3021-forex.html
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Arbitrage and interest rates: CIP

I Covered interest parity

I Start with $1. Would like earn interest and have dollars one year from
now. Two possibilities

1. Buy a U.S. t-bill with interest rate i$

2. Buy a Euro bond with interest rate ie

I Option 2. requires foreign exchange risk. We cover the transaction by
using a forward contract to eliminate the risk.
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Covered interest parity

I Return on buying in the U.S. is simply $1× (1+ i$)

I Return on buying in Europe with a forward is

$1× 1
E$/e

× (1+ ie)× F$/e

I Both of these strategies are riskless, so we need covered interest parity:

1
E$/e

× (1+ ie)× F$/e = (1+ i$)

I Rearranging this expression gives us the forward rate equation

F$/e =
1+ i$
1+ ie

E$/e
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Covered interest parity

I CIP generally holds in the data, but. . .

I There have been systematic deviations from CIP since the financial crisis

I Let’s plot
F$/e

E$/e
(1+ ie) = (1+ i$)

profit =
F$/e

E$/e
(1+ ie)− (1+ i$)

I CIP says profit ≈ 0

I What does it mean for profit to be positive? Negative?
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CIP deviations

 
 

46 BIS Quarterly Review, September 2016
 

such as the Australian dollar, it has been positive (Graph 1, left-hand and centre 
panels). 

Initially, the violations of CIP were seen as a reflection of strains in global 
interbank markets. Specifically, heightened concerns about counterparty risk and 
constrained bank access to wholesale dollar funding inhibited arbitrage during the 
GFC, and again during the subsequent euro area sovereign debt crisis. But, puzzlingly, 
the violations have persisted even after these strains dissipated. The basis has 
widened since 2014, for both short- and long-term borrowing, despite fading 
concerns about bank credit quality and recovery in wholesale dollar funding 
markets.2  Why has arbitrage not reduced the basis to zero? 

In this special feature, we argue that the answer to this puzzle lies in the 
combination of the evolving demand for FX hedges and new constraints on arbitrage 
activity. The former explains why the basis opens up, and the latter why it does not 
close. A growing demand for dollar hedges on the part of banks, institutional 
investors and issuers of non-US dollar bonds has put pressure on the basis. At the 
same time, limits to arbitrage (in the sense discussed by Shleifer and Vishny (1997), 
among others) have become more binding. These reflect lower balance sheet capacity 
because of tighter management of the risks involved and the associated balance 
sheet constraints. Empirically, we find that proxies for the volume of hedging demand, 
together with proxies for balance sheet costs, help explain CIP violations, both across 
currencies and over time. If the factors we identify are the right ones, CIP deviations 
look to be here to stay even in non-crisis times, as long as the demand for currency 
hedges is sufficiently high and imbalanced across currencies.3 

 
2  Also, unlike in earlier US dollar funding stress episodes (Cetorelli and Goldberg (2011, 2012)), banks 

have drawn very little on central bank swap lines: https://apps.newyorkfed.org/markets/autorates/ 
fxswaps-search-result-page. 

3  Sushko et al (2016) treat these issues from a more technical perspective and provide broader 
econometric results. 

Cross-currency basis against the US dollar, interbank credit risk and market risk1 Graph 1

Three-month basis  Three-year basis  Libor-OIS spreads and the VIX 
Basis points  Basis points  Percentage points Percentage points

 

  

1  The vertical lines indicate 15 September 2008 (Lehman Brothers file for Chapter 11 bankruptcy protection) and 26 October 2011 (euro area 
authorities agree on debt relief for Greece, leveraging of the European Financial Stability Facility and the recapitalisation of banks).    2  Chicago 
Board Options Exchange S&P 500 implied volatility index; standard deviation, in percentage points per annum. 

Sources: Bloomberg; authors’ calculations. 
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Covered interest parity

I CIP generally holds in the data, but. . .

I There have been systematic deviations from CIP since the financial crisis

I What happened to arbitrage?

I Arbitrage usually involves leverage: borrowing

I Borrowing (of all types) has some risk

I Risk aversion has increased since the crisis

I Balance sheet size is under greater scrutiny

I Even though the CIP trade is “riskless,” the borrowing needed to arbitrage
a CIP deviation has become harder to obtain
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Arbitrage and interest rates: UIP

I Uncovered interest parity

I Start with $1. Would like earn interest and have dollars one year from
now. Two possibilities

1. Buy a U.S. t-bill with interest rate i$

2. Buy a Euro bond with interest rate ie

I Option 2. requires foreign exchange risk. We do not use a forward
contract. We buy at the spot price in t and sell at the spot price in t + 1.

I This requires a guess at the future spot price. . .
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Uncovered interest parity

I Return on buying in the U.S. is simply $1× (1+ i$)

I Return on buying in Europe without a forward is

$1× 1
E$/e,t

× (1+ ie)× Ee
$/e,t+1

I Where Ee
$/e,t+1 is the expectation of the t + 1 spot rate at time t

I This is not a pure arbitrage. There is risk involved. We might expect,
however that uncovered interest parity will hold:

1
E$/e,t

× (1+ ie)× Ee
$/e,t+1 = (1+ i$)

I Rearranging this expression gives us the spot rate equation

E$/e,t =
1+ ie
1+ i$

Ee
$/e,t+1
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UIP and the carry trade

I The carry trade is a strategy in which you borrow in the low-interest
currency and lend in the high-interest currency without a forward cover

I The investor hopes that the exchange rate will not appreciate enough to
wipe out the gains
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UIP and the carry trade

I Work with the person next to you

I EU
$
= 111, iU = −0.12%, and i$ = 2.83%

I If you expect the exchange rate to remain unchanged, where do you
borrow? Where do you lend? What is the profit on $1 traded?

I For what value of Ee
U
$

does the trade break even?
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A useful approximation

I Interest parity conditions are multiplicative

I Transform them into additive approximations using natural logs

I Rule: If ε is close to zero, then ln(1+ ε) ≈ ε

I Apply this to UIP
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A useful approximation

ln

(
Ee
$/e,t+1

E$/e,t
(1+ ie)

)
= ln ((1+ i$))

I logs make multiplication addition

ln

(
Ee
$/e,t+1

E$/e,t

)
+ ln(1+ ie) = ln ((1+ i$))

I Use ln(1+ ε) ≈ ε

ln

(
Ee
$/e,t+1

E$/e,t

)
+ ie ≈ i$

I Let de
$/e be the expected depreciation rate of the dollar

ln
(
1+ de

$/e

)
+ ie ≈ i$

de
$/e + ie ≈ i$ 28



A useful approximation

I Interest parity conditions are multiplicative

I Transform them into additive approximations using natural logs

I Rule: If ε is close to zero, then ln(1+ ε) ≈ ε

I Apply this to UIP

de
$/e + ie ≈ i$

de
$/e ≈ i$ − ie

I Expect high interest currencies to

I Expect low-interest currencies to
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Interest parity conditions

I While interest parity conditions do not always hold exactly, we will assume
that they do when we build our models.

I If I know i$, ie, and Ee
$/e,t+1 → I can find E$/e and F$/e

I CIP and UIP tell us that the forex market depends on

I Arbitrage

I Expectations

I Where do i$, ie, and Ee
$/e,t+1 come from? We need to more theory.
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