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Introduction

• International trade is largely carried out by exchanging the value of
goods and services in the terms of one currency for that of another

• There are also purely financial transactions that involve the
exchange of different currencies (i.e. currency trading)

• Hence, the need for a foreign exchange market

• Formed by banks, brokers and other authorized representatives that
does not occupy a physical place

• Over time, the globalisation process has led to spectacular growth in
the volumes traded on the foreign exchange market
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The Foreign Exchange Market

• Largest and most liquid market in the world

• Open around the clock (24 hours)

• Major trading centres, include Wellington, Sydney, Tokyo, Osaka,
Hong Kong, ...

• Multiplicity of heterogeneous market participants and contribute
towards complex exchange rate behaviour
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The Foreign Exchange Market
Interbank market

• Wholesale part of the FX market where banks manage inventories of
currencies

• Large, diverse, over-the-counter (OTC) market, not a physical
trading place

• Traders deal with each-other to agree on a price to exchange
currencies

• Communicate with each other via computer or over the phone

• Back-office confirmations of transactions occur thereafter

• Most transactions are large trades with values of $1 million or more

• Access is limited to large financial institutions
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The Foreign Exchange Market
Other parts of the market

• Large multinational corporations and mutual fund companies could
access the foreign exchange interbank market

• Small institutions and individuals would either deal with local
(smaller) banks or stock brokers

• Rapid growth in electronic trading and online trading facilities
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The Structure of the Foreign Exchange Market

Figure: Source: Bekaert and Hodrick (2018)
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The Foreign Exchange Market
Size

• During the 1970s trade ranged between $10 and $20 billion a day

• Increased to $500 billion during the 1980s

• Daily trading volume was $3.9 trillion in 2010

• Increased to $5.1 trillion per day in 2016

• As of April 2019, it was at $6.6 trillion per day
• In comparison:

• NYSE had an average daily volume of $87 billion in 2015
• South African GDP was $359 billion for 2019
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The Foreign Exchange Market
Communications and Funds Transfers

• Information on currency trades is provided by major commercial
distributors such as Reuters and Bloomberg

• Traders are then able to contact each other, to obtain actual prices
and negotiate deals

• Banks communicate and transfer funds electronically, using systems
such as SWIFT, which confirms trades and facilitates payment

• Cross-Currency settlement risk arises due to the possibility that only
one leg of the transaction may occur (Herstatt risk)

• To limit the extent of this risk:
• Limits on the amount of transactions
• Netting arrangements
• Payment versus payment (PvP)

• Foundation of the CLS Bank multi-currency cash settlement system
that eliminates settlement risk for over half of the worlds foreign
exchange payment instructions

• Enables simultaneous settlement of the payments on both sides of a
foreign exchange transaction
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The Foreign Exchange Market
Foreign Exchange Dealers and Brokers

• Main participants in the foreign exchange market are commercial
banks, investment banks, and brokerage firms

• Traders at these banks and firms function as foreign exchange
dealers, who seek to purchase a foreign currency at a low rate and
sell at a higher rate to make a profit

• They are partly responsible for “making-a-market” in several
currencies and when there are large numbers of buyers and sellers,
markets are liquid, and transaction costs are low

• Foreign exchange brokers are financial intermediaries that match the
market orders of buyers and sellers to receive a brokerage fee

• Brokers provide information to dealers on the best available prices
and may be used to unwind large positions
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The Foreign Exchange Market
Foreign Exchange Dealers and Brokers

• Large part of the brokering business now happens through
computerised trading systems

• e.g. Thomson Reuters & Electronic Brokering Service (EBS)
• Network of linked computer terminals among the participating

foreign exchange dealers

• Internet platforms lead to the development of Electronic Foreign
Exchange Trading (eFX) systems

• Governments also participate in FX market as they look to influence
the value of a domestic currency

• Other participants include multinational corporations, institutional
investors, speculative hedge funds and smaller domestic banks
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The Foreign Exchange Market
Cost of transactions

• Different types of monetary instruments may have different rates of
exchange

• Depends on the costs of transferring funds and the carrying costs

• FX traders adjust their portfolios in response to transactions and
inventory imbalances

• Repeated passing of inventory imbalances among dealers has been
dubbed “hot potato trading”

• Bid rate is the rate that traders want to buy a base currency, and
the ask rate is the rate they sell base currency

• Bid price is always less than the ask price and the difference is
known as the bid-ask spread

• Competition and growth of electronic trading have compressed
bid-ask spreads over the last decade



Kevin Kotzé 13/48

The Foreign Exchange Market
Cost of transactions

• Spread is usually quoted in terms of Pips, which is the fourth
decimal point in a currency quote

• If the midpoint of the USDZAR quote is R13.50, and we have a
spread of 20 pips then the ask rate is R13.501 and the bid rate is
R13.499

Percentage spread =
(ask − bid)

midpoint

=
(13.501− 13.499)

13.5
= 0.00015

• Hence, the bid-ask spread represents 0.015% or 1.5 basis points
• Major currencies like the EUR versus USD have spreads as low as 1

pip
• Other major currencies include GBP / USD, and the USD / JPY
• “G10” currencies typically trade at less than 10 pips, while emerging

markets encounter higher transaction costs
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The Exchange Rate
• There are two different ways of providing a quotation for foreign

exchange

• The direct or price quotation system defines the exchange rate as
the units of domestic currency per unit of foreign currency

• When taking South Africa as the home country, we have R 13.24
per US dollar, R 0.12 per Japanese yen, R 15.50 per euro, etc.

• The indirect or volume quotation system defines the exchange rate
as the units of foreign currency per unit of domestic currency

• When taking South Africa as the home country, we have 0.076 US
dollar per South African rand, etc.

• In what follows we will adopt the direct or price quotation system

• Rather than use the full name of these currencies, contractual
parties use ISO abbreviations

• If it takes 13.24 South African rand to purchase 1 U.S. dollar, we
can write ZAR13.24 = USD1, or ZAR13.24/USD

• In practice foreign exchange quotations are quoted as USDZAR,
where the first currency is the base currency and the second
currency is the numerator currency or “quote currency”
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The Exchange Rate
Currency Quotes and Prices

• USD is a vehicle currency that is used in many international financial
transactions (i.e. most currencies are traded in terms of USD)

• It is estimated that 88% of all transactions have the dollar on one
side

• European quote refers to the amount of foreign currency needed to
buy dollars

• American quote refers to the dollar price of a foreign currency

• Triangular arbitrage keeps cross-rates (such as EURGBP) in line
with exchange rates quoted relative to the USD
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The Exchange Rate
Describing Changes in Exchange Rates

• There are always two ways to describe exchange rate movements
• When currency x has depreciated then the value of currency x has

declined in terms of a foreign currency
• This is equivalent to stating that a foreign currency has appreciated

relative to currency x

• Appreciation and depreciation are used to describe changes in
flexible or managed exchange rates

• Devaluations and revaluations are used to describe changes in fixed
or pegged exchange rates
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The Exchange Rate
Describing Changes in Exchange Rates

• Consider the calculation for the percentage rate of change for the
exchange rate

• If the USDZAR exchange rate moves from R14 to R15 the %
change is:

% Change in the rand =
(New exchange rate − Old exchange rate)

Old exchange rate

=
(15− 14)

14
= 7.14%

• In this case, the South African rand is said to have depreciated by
7.14%
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The Exchange Rate
Continuously Compounded Rates of Appreciation

• To find the value for the appreciation in the dollar, η in [1 + (η/12)]
when raised to the 12th power satisfies the following equation:

(USDZAR 14.00)
[
1 + (η/12)

]12
= (USDZAR 15)

• To solve for η, we first divide both sides by USDZAR 14.00 and then
take the (1/12) power on each side:[
1 + (η/12)

]
=

[
(USDZAR 15) / (USDZAR 14)

]1/12
η =

([
(USDZAR 15) / (USDZAR 14)

]1/12 − 1
)
× 12

= 0.0692

• Annualised compound monthly rate of appreciation of the dollar is
6.92%
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The Exchange Rate
Continuously Compounded Rates of Appreciation

• Using equivalent values for the ZARUSD of 1/14 and 1/15

• Annualised compound monthly rate of depreciation of the rand, δ, is

(ZARUSD 0.07142857)
[
1− (δ/12)

]12
= (ZARUSD 0.06̇)

• such that δ = 0.0688, or 6.88%
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The Exchange Rate
Continuously Compounded Rates of Appreciation

• To find the continuous rate of appreciation of the dollar relative to
the rand when the rand decreased from USDZAR 14.00 to USDZAR
15.00

• Continuous compounding uses natural logarithms, where
e = 2.71828 . . .

• Annualised continuously compounded rate of η that satisfies

(USDZAR 14.00)eη = USDZAR 15.00

• Involves taking the natural logarithm of both sides, where

η = log(USDZAR 15.00)− log(USDZAR 14.00) = 0.069 = 6.9%
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The Exchange Rate
Continuously Compounded Rates of Appreciation

• Annual interest rate of 10%

Compounding Interval Amount in 1 Year
Annual [1 + 0.1] = 1.1
Semiannual [1 + (0.1/2)]2 = 1.1025
Quarterly [1 + (0.1/4)]4 = 1.1038
Monthly [1 + (0.1/12)]12 = 1.1047
Daily [1 + (0.1/365)]365 = 1.10516
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The Exchange Rate
Continuously Compounded Rates of Appreciation

• Note that the return from continuously compounding at an interest
rate, i, is obtained by taking the limit of the following expression:

lim
n→∞

(
1 + (i/n)

)n
= ei

• Raising the number e to a power tells you the rate at which your
principal grows when it is continuously compounded at a particular
interest rate

• If the value of the South African rand relative to the US dollar were
to grow at a continuous rate of 5%, then for a starting value of
R13.50, the expected exchange rate would

(USDZARend) = (R13.50) e0.05 = R14.19
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The Exchange Rate
Real Exchange Rate

• Real magnitudes are obtained from nominal magnitudes by
eliminating the change that is due to price changes

• With exchange rates the question is slightly more complicated -
which price index should you use?

• Lead to the development of a number of slightly different definitions
(although there is only one major definition)

• To calculate the real exchange rate for the South Africa rand relative
to the euro, we would use the expression:

RSt,R/e =
St,R/e × Pt,e

Pt,R

where St,R/e is the spot exchange rate, while Pt,R and Pt,e are the
price levels in South Africa and in Europe

• Obviously linked to the concept of Purchasing Power Parity (PPP)
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The Exchange Rate
Real Exchange Rate

• Another definition suggests that the real exchange rate is the
(domestic) relative price of tradable and nontradable goods

• According to the Harrod-Balassa-Samuelson hypothesis, the long run
PPP holds only for traded goods

• Hence the real exchange rate in the long run is a function of the
relative productivity of traded to non-traded goods in the home and
foreign countries

RSt,T/NT =
Pt,T
Pt,NT
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The Exchange Rate
Real Exchange Rate

• This definition relies on the assumption that the real exchange rate
should give a measure of the external competitiveness of a country’s
goods

• This lead to the development of an alternative definition, where only
tradables should be considered

• To measure these concepts one could consider the role of exports
and imports

• In the simple exportables-importables model of trade the real
exchange rate reduces to the notion of terms of trade

RSt,TOT = π =
Pt,EX

St × Pt,M

where Pt,EX represents export prices (in terms of domestic currency)
and Pt,M refers to import prices (in terms of foreign currency)

• For consumers π represents the relative price of foreign and domestic
goods

• For the country as a whole π represents the amount of foreign goods
that could be purchased
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The Exchange Rate
Real Exchange Rate

• Another definition for the real exchange rate takes the ratio of unit
labour costs at home and abroad

• This is expressed in a common monetary unit through the nominal
exchange rate, St

• Hence, this expression would take the form

RSt = St

(
Wf

Wh

)
• An increase (decrease) would imply an improvement (deterioration)

in the external competitiveness of domestic goods
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The Exchange Rate
Effective Exchange Rate

• The effective exchange rate can be nominal or real

• It is a measure of the overall external value of a currency with
respect to the rest of the world (or a subset of it)

• The nominal effective exchange rate would take the form

RE,i =

n∑
j=1,j 6=i

wjRj,i,

n∑
j=1,j 6=i

wj = 1

• RE,i = (nominal) effective exchange rate of currency i
• Rji = nominal exchange rate of currency i with respect to currency j
• wj = weight given to currency j in the construction of the index

• When using the real bilateral exchange rates we obtain the real
effective exchange rate
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Foreign Exchange Contracts

• Many different types of trades can be conducted:
• Spot market is an important part of the market for immediate

transactions and settlement
• Strict rules apply (e.g. for USD payment of one currency and receipt

of the other currency occurs after 2 business days)

• Also a large trade in forward contracts
• These can be used to hedge currency movements when one needs to

make or receive future foreign currency payments
• Allows one to manage open positions where one is either long or

short in a currency

• Derivative securities for foreign currency futures and options

• Important rules about settling all these trades
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Recent developments
• Most recent edition of BIS Central Bank Survey was compiled in

2019 and may be viewed at:

https://www.bis.org/statistics/rpfx19.htm

• Notes that transactions involving currencies of emerging market
economies continue to gain market share

• Turnover in the Chinese renminbi, grew only slightly faster than the
aggregate market

• While the volume of spot trades increased the share of total foreign
exchange trades continued to fall

• FX swaps continued to gain market share, accounting for 49% of
total foreign exchange market turnover

• Trading with ”other financial institutions”, (i.e. those other than
reporting dealers), again exceeded inter-dealer trading volumes and
account for 55% of the global turnover

• During 2019, sales desks in five countries, which include the United
Kingdom, United States, Hong Kong, Singapore and Japan,
facilitated 79% of all foreign exchange trading

https://www.bis.org/statistics/rpfx19.htm
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Crytocurrencies

• Cryptocurrencies have attracted the interest of businesses and
consumers, as well as central banks and other authorities

• Promise to replace much of commercial and central bank activity
with a fully decentralised system founded on the blockchain and
related distributed ledger technology

• For trust in this currency to be maintained:
• Honest network participants need to control the vast majority of

computing power
• Each and every user needs to verify the history of transactions
• Supply of cryptocurrency must be predetermined by its protocol

• Should this trust disintegrate the cryptocurrency may stop
functioning, resulting in a complete loss of value

• This technology cannot scale with transaction demand, is associated
with poor efficiency and vast energy use, are prone to congestion
and greatly fluctuate in value

• Could have promise in other applications, such as the simplification
of administrative processes in the settlement of financial transactions
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Distributed ledger technology in cryptocurrencies

• Cryptocurrencies aspire to be a new form of currency and promise to
maintain trust in the stability of their value through the use of
technology

• They consist of three elements:
• Set of rules (the “protocol”), computer code specifying how

participants can transact
• Ledger storing the history of transactions
• Decentralised network of participants that update, store and read the

ledger of transactions following the rules of the protocol
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Distributed ledger technology in cryptocurrencies

• Cryptocurrencies combine three key features:
• They are digital and rely on cryptography to prevent counterfeiting

and fraudulent transactions
• They are no one’s liability and cannot be redeemed, where their

value depends on the expectation that they will continue to be
accepted by others

• They allow for digital peer-to-peer exchange

• When compared to previous digital currencies the distinguishing
feature of cryptocurrencies is digital peer-to-peer exchange
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Distributed ledger technology in cryptocurrencies

• The technological challenge in digital peer-to-peer exchange is the
so-called “double-spending problem”

• For digital money we need someone to keep a record of all
transactions

• Cryptocurrencies utilise a decentralised record-keeping system that is
known as a distributed ledger

• The ledger can be regarded as a file that starts with an initial
distribution of cryptocurrency and records the history of all
subsequent transactions

• An up-to-date copy of the entire ledger is stored by each user (this is
what makes it “distributed”)

• All cryptocurrencies rely on a distributed ledger - they differ in terms
of how the ledger is updated
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Permissionless cryptocurrencies

• Bitcoin utilises the concept of permissionless cryptocurrencies

• Currency is based on a specific type of distributed ledger, the
“blockchain”

• The blockchain is a distributed ledger that is updated in groups of
transactions called blocks

• Blocks are then chained sequentially via the use of cryptography to
form the blockchain

• This concept has been adapted to countless other cryptocurrencies
• Blockchain-based cryptocurrencies have two groups of participants:

• “Miners” act as bookkeepers
• “Users” transact in the cryptocurrency
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Valid transactions in a centralised ledger/bank account
and in a permissionless cryptocurrency

Centralised ledger Distributed ledger 

A buyer purchases a good from the seller, who initiates shipment upon perceived confirmation of the payment. If the payment takes place 
via bank accounts – ie via a centralised ledger (left-hand panel) – the buyer sends the payment instruction to their bank, which adjusts account 
balances debiting the amount paid from the buyer’s account and crediting it to the seller’s account. The bank then confirms payment to the
seller. In contrast, if payment takes place via a permissionless cryptocurrency (right-hand panel), the buyer first publicly announces a payment
instruction stating that the cryptocurrency holdings of the buyer are reduced by one, while those of the seller are increased by one. After a 
delay, a miner includes this payment information in a ledger update. The updated ledger is subsequently shared with other miners and users,
each verifying that the newly added payment instruction is not a double-spend attempt and is authorised by the buyer. The seller then 
observes that the ledger including the payment instruction emerges as the one commonly used by the network of miners and users. 

Source: Adapted from R Auer, “The mechanics of decentralised trust in Bitcoin and the blockchain”, BIS Working Papers, forthcoming. 
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Crytocurrency protocol

• The rules entail a cost to updating the ledger:
• This is likened to digging up rare numbers via laborious

computations, which is often referred to as mining
• In return for their efforts, miners receive fees from the users after

providing a “proof-of-work”

• All miners and users of a cryptocurrency verify all ledger updates
• Induces miners to include only valid transactions
• If a ledger update includes an invalid transaction, it is rejected by the

network and the miner’s rewards are voided

• Protocol specifies rules to achieve a consensus on the order of
updates to the ledger

• Done by creating incentives for individual miners to follow the
computing majority of all other miners when they implement updates
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Economic limitations of cryptocurrencies
Energy

• Key potential limitation in terms of efficiency is the enormous cost
of generating decentralised trust

• One would expect miners to compete to add new blocks to the
ledger through the proof-of-work until their anticipated profits fall to
zero

• Individual facilities operated by miners can host computing power
equivalent to that of millions of personal computers

• The total electricity use of Bitcoin mining equalled that of mid-sized
economies such as Switzerland, and other cryptocurrencies also use
ample electricity

• Hence the quest for decentralised trust has resulted in a potential
environmental disaster
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Economic limitations of cryptocurrencies

Energy usage of select 
cryptocurrencies1

Number of transactions per second2 Hypothetical ledger size for nation-
wide retail cryptocurrency3

Terawatt hours/year Transactions/second Gigabytes 

1 Estimated. 2 2017 data. 3 The displayed hypothetical size of the blockchain/ledger is calculated assuming that, starting from 1 July 
2018, all non-cash retail transactions of either China, the United States or the euro area are processed via a cryptocurrency. Calculations are 
based on information on non-cash transaction numbers from CPMI (2017) and assume that each transaction adds 250 bytes to the 
ledger. 4 BE, FR, DE, IT and NL. 

Sources: Committee on Payments and Market Infrastructures, Statistics on payment, clearing and settlement systems in the CPMI countries, 
December 2017; www.bitinfocharts.com; Digiconomist; Mastercard; PayPal; Visa; BIS calculations. 
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Economic limitations of cryptocurrencies
Scalability

• Cryptocurrencies simply do not scale like sovereign moneys

• Each and every user to download and verify the entire history of all
transactions ever made, including amount paid, payer, payee and
other details

• To process the number of digital retail transactions currently
handled by selected national retail payment systems would require
storage beyond a mobile device or pc

• Only supercomputers could keep up with verification of the incoming
transactions and the associated communication volumes could bring
the internet to a halt

• In addition, updating the ledger is subject to congestion as new
blocks can only be added at pre-specified intervals and transctions
have at times remained in a queue for several hours

• Hence the more people use a crytocurrency, the more cumbersome
payments become
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Transaction fees over time and in relation to transaction
throughput

Transaction fees spike… …when blocks are full and the system congests 
USD/transaction USD/transaction 

1 Transaction fee paid to miners over the period 1 August 2010–25 May 2018; daily averages. 

Sources: www.bitinfocharts.com; BIS calculations. 
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Crytocurrencies
Volatility

• The value of cryptocurrencies have been particularly unstable

• Arises from the absence of a central issuer with a mandate to
guarantee the currency’s stability, by adjusting the supply with
transaction demand

• With a crytocurrency supply is predetermined by a protocol, which
prevents it from being supplied elastically and any fluctuation in
demand translates into changes in valuation

• This means that crytocurrency valuations are extremely volatile

• Inherent instability is unlikely to be fully overcome by better
protocols or financial engineering

• Additional volatility is due to the the speed at which new
cryptocurrencies that promise to be close substitutes come into
existence
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Volatility of select cryptocurrencies and number of
cryptocurrencies

Major cryptocurrencies are 
comparatively volatile1

“Stable coins” fluctuate in value2 Number of cryptocurrencies is 
growing rapidly3

Per cent US dollars Number 

1 Thirty-day moving averages of daily returns. 2 Daily price minimum. 3 Based on monthly snapshots from two different providers.
CoinMarketCap includes only cryptocurrencies with a minimum 24-hour trading volume of $100,000; CoinLib does not use a threshold. 

Sources: www.bitinfocharts.com; www.coinlib.io; www.coinmarketcap.com; Datastream. 
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Crytocurrencies
Fragile Trust

• Individual payments that go through the national payment system
and the central bank records cannot be revoked

• In contrast, permissionless cryptocurrencies cannot guarantee the
finality of individual payments, as transaction rollbacks can occur

• This is exacerbated by the fact that cryptocurrencies can be
manipulated by miners controlling substantial computing power

• Forking may also occur where a subset of crytocurrency holders
coordinate on using a new version of the ledger and protocol where
a cryptocurrency can split into two subnetworks

• On 11 March 2013 an erroneous software update led to
incompatibilities between one part of the Bitcoin network mining on
the legacy protocol and another part mining using an updated one

• For several hours, two separate blockchains grew and once news of
this fork spread, the price of Bitcoin tumbled by almost a third

• Fork was ultimately rolled back by a coordinated effort whereby
miners temporarily departed from protocol and ignored the longest
chain

• Many transactions were voided hours after users had believed them
to be final
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Mining concentration and bitcoin value during a temporary
fork

Mining is highly concentrated across all 
cryptocurrencies1

Value of bitcoin during a 2013 temporary fork2

Per cent US dollars 

1 Data for the largest mining pools as of 28 May 2018. 2 Bitcoin price dynamics during Bitcoin fork on 11–12 March 2013. 

Sources: www.btc.com; www.cash.coin.dance;CoinDesk; www.etherchain.org; www.litecoinpool.org. 
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Crytocurrencies

• Decentralised cryptocurrencies suffer from a range of shortcomings
• Creating the required trust in such a setting wastes huge amounts of

computing power
• Decentralised storage of a transaction ledger is inefficient and the

decentralised consensus is vulnerable

• While some issues may be addressed by novel protocols and other
advances, others seem inherently linked to the fragility and limited
scalability
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Beyond the bubble: making use of distributed ledger
technology

• Underlying technology may have promise in other fields, such as
low-volume cross-border payment services

• DLT can be efficient in niche settings where the benefits of
decentralised access exceed the higher operating cost of maintaining
multiple copies of the ledger

• One example of this is the World Food Programme’s
blockchain-based Building Blocks system for cryptopayments, which
is centrally controlled

• Resulted in a reduction of transaction costs
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Indicators of the volume and cost of remittances

Remittance volumes are on the rise, 
resulting in… 

…a large volume of low-value 
payments between often illiquid 
currency pairs…1

…at high average costs2

USD bn USD bn US dollars 

1 Data for 2016. 2 Average total cost for sending $200 with all remittance service providers worldwide. For CN and IN, receiving country 
average total cost; for G20, SA and US, sending country average total cost. 

Sources: World Bank, Remittance Prices Worldwide, remittanceprices.worldbank.org; World Bank; BIS calculations. 
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Conclusion

• The FX market continues to grow and evolve over time

• Characterised by heterogeneous market participants

• Universally accepted terminology allows market-makers to do
business with one another

• Important conventions ensure that it operates efficiently
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