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INTRODUCTION 

 
 

The 2007 great financial crisis has been the worst economic disaster since the great depression in 

1930. It started in 2007 after a subprime mortgage bubble in the U.S., and then it developed into a 

massive international banking crisis after the collapse of Lehman Brothers, one of the biggest 

investment banks in the world. The following period was characterized by a global economic 

downturn and massive financial distresses, which led to liquidity shortages. One of the many and 

most considerable consequences that the crisis left behind is the main object of this paper, which tries 

to analyse the main causes and the consequences of the recent manifestation of deviations from the 

covered interest parity condition. The CIP (covered interest parity) is the closest thing to a physical 

law in international finance (e.g. Obstfeld and Rogoff 1996, Krugman etal. 2015) and it relies on a 

simple no-arbitrage condition. More precisely it states that the interest rate differential between two 

currencies in the money markets should be equal to the differential between the forward and spot 

exchange rates. If this fundamental condition does not hold then arbitrageurs could potentially make 

a risk-less profit. As we will observe in this paper since the start of the Global Financial Crisis (GFC), 

CIP has failed to hold and it is systematically and persistently violated among G10 currencies, leading 

to significant arbitrage opportunities in currency and fixed income markets. Another aim of this paper 

is to explain the persistence of these violations even in tranquil markets. 

In the first chapter we will briefly examine the main theoretical concepts which are involved in the 

analysis of CIP deviations, starting from the CIP condition itself, then focusing on the cross-currency 

basis which is the difference between the direct dollar interest rate from the cash market and the 

synthetic dollar interest rate from the swap market obtained by swapping the foreign currency into 

U.S. dollars, analysing also the differences between short-term and long-term basis, and then finally 

we will define the concept of FX swap contracts, which is crucial for our analysis as interest rate 

differentials between currencies should be perfectly reflected in the FX forward discount rates 

because, otherwise, an arbitrageur could transact in interest and FX markets to make a risk-free profit. 

This means that uncertainty and turmoil in the FX market can bring to deviations from CIP. 

In the second chapter we will observe the results that Q. Farooq Akram, Dagfinn Rime and Lucio 

Sarno had in their study on CIP deviations in order to better understand when and for how long the 

deviations arise and check if it is possible to implement an arbitrage strategy and exploit these 

opportunities. 
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In the third chapter we will analyse the possible causes of these CIP deviations, focusing on two main 

arguments; first costly financial intermediation and then international imbalances in the interest rates 

which could explain the presence of deviations even in tranquil markets. Then we are going to see 

some characteristics of the basis and consequently the basis of KfW bonds that are issued from an 

AAA-rated German government-owned development bank, with all its liabilities fully backed by the 

German government. Finally, we are going to conclude the analysis with some general considerations 

on the CIP condition and on the results we obtained. 
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Chapter 1 

The covered interest parity concept 

1.1 The CIP condition   

 

The CIP (covered interest parity) is the closest thing to a physical law in international finance (e.g. 

Obstfeld and Rogoff 1996, Krugman etal. 2015) and it relies on a simple no-arbitrage condition. More 

precisely it states that the interest rate differential between two currencies in the money markets 

should be equal to the differential between the forward and spot exchange rates. If this fundamental 

condition does not hold then arbitrageurs could potentially make a risk-less profit. For example, an 

investor able to borrow dollars cheaply in the money market could make a profit by entering in a FX 

swap, selling dollars for yen at the spot rate today and repurchasing them cheaply at the forward rate 

at a future date. Let 𝑦𝑡,𝑡+𝑛
$  denote the n-year risk-free interest rates in U.S. dollars and 𝑦𝑡,𝑡+𝑛 the 

foreign currency one. The spot exchange 𝑆𝑡 rate is expressed in units of foreign currency per U.S. 

dollar: an increase in 𝑆𝑡 thus denotes a depreciation of the foreign currency and an appreciation of 

the U.S. dollar. Likewise, 𝐹𝑡,𝑡+𝑛 denotes the n-year outright forward exchange rate in foreign currency 

per U.S. dollar at time t. The CIP condition states that the forward rate should satisfy: 

(1 + 𝑦𝑡,𝑡+𝑛
$ )𝑛 = (1 + 𝑦𝑡,𝑡+𝑛)𝑛

𝑆𝑡

𝐹𝑡,𝑡+𝑛
 

 

It implies that, the forward premium, 
𝑡,𝑡+𝑛

, is equal to the interest rate difference between interest 

rates in the two currencies: 


𝑡,𝑡+𝑛

≡
1
𝑛 (𝑓𝑡,𝑡+𝑛 − 𝑠𝑡) = 𝑦𝑡,𝑡+𝑛 − 𝑦𝑡,𝑡+𝑛

$  

 

To prove this no-arbitrage condition consider that an investor with one U.S. dollar in hand today 

would own (1 + 𝑦𝑡,𝑡+𝑛
$ )𝑛 U.S. dollars n years from now by investing in U.S. dollars. But the investor 

may also exchange her U.S. dollar for St units of foreign currency and invest in foreign currency to 

receive (1 + 𝑦𝑡,𝑡+𝑛)𝑛𝑆𝑡 units of foreign currency 𝑛 years from now. A currency forward contract 

signed today would convert the foreign currency earned into (1 + 𝑦𝑡,𝑡+𝑛)𝑛𝑆𝑡/𝐹𝑡,𝑡+𝑛 U.S. dollars. If 

both domestic and foreign notes are risk-free aside from the currency risk and the forward contract 

has no counterparty risk, the two investment strategies are equivalent and should thus deliver the 

same payoffs. The CIP condition is thus a simple no-arbitrage condition. 
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1.2  Cross-Currency Basis 

 

Denoting 𝑥𝑡,𝑡+𝑛, as the deviation from the CIP condition, the basis is defined as:  

 

(1 + 𝑦𝑡,𝑡+𝑛
$ )𝑛 = (1 + 𝑦𝑡,𝑡+𝑛)𝑛

𝑆𝑡

𝐹𝑡,𝑡+𝑛
 

Equivalently, it implies that, the currency basis is equal to:  

 

𝑥𝑡,𝑡+𝑛 = 𝑦𝑡,𝑡+𝑛
$ − (𝑦𝑡,𝑡+𝑛 − 

𝑡,𝑡+𝑛
) 

 

The cross-currency basis is the deviation from the CIP condition or more precisely is the difference 

between the direct dollar interest rate from the cash market and the synthetic dollar interest rate from 

the swap market obtained by swapping the foreign currency into U.S. dollars. With cash market we 

intend the marketplace for the immediate settlement of transactions involving commodities and 

securities. This type of market is more precisely a spot market as the exchange of goods and money 

between the seller and the buyer takes place in the present. While when we talk about swap market 

we refer to an over-the-counter market where all kind of swaps are traded to either edge some kind 

of exposure or for speculation purposes. 

If the no-arbitrage condition holds the basis should be zero. A positive (negative) currency basis 

means that the direct dollar interest rate is higher (lower) than the synthetic dollar interest rate. 

As stated before, if the CIP holds there are no arbitrage opportunities. In the case of the basis not 

being zero, arbitrage opportunities theoretically appear. For example, when the basis is negative, x < 

0, the dollar arbitrageur can earn risk-free profits equal to an annualized [x] of the trade notional by 

borrowing at the direct dollar risk-free rate 𝑦𝑡,𝑡+𝑛
$ , investing at the foreign currency risk-free rate 

𝑦𝑡,𝑡+𝑛  and signing a forward contract to convert back the foreign currency into U.S dollars. Otherwise 

if the basis is positive, the opposite arbitrage strategy of funding in the synthetic dollar risk-free rate 

and investing in the direct dollar risk-free rate would also yield an annualized risk-free profit equal 

to [x] of the trade notional. In the presence of transaction costs, the absence of arbitrage is 

characterized by two inequalities: arbitrage must be impossible either by borrowing the domestic 

currency and lending the foreign currency, or doing the opposite, hedging the currency risk with the 

forward contract in both cases (see Bekaert and Hodrick, 2012, for a textbook exposition).  

 

 

 

http://www.investopedia.com/terms/t/transaction.asp
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As a result, the bid and ask forward rates satisfy: 

𝐹𝑡,𝑡+𝑛
𝑎𝑠𝑘

𝑆𝑡
𝑏𝑖𝑑 ≥

(1+𝑦𝑡,𝑡+𝑛
𝑏𝑖𝑑 )𝑛

(1+𝑦𝑡,𝑡+𝑛
$,𝑎𝑠𝑘)𝑛

   and   
𝐹𝑡,𝑡+𝑛

𝑏𝑖𝑑

𝑆𝑡
𝑎𝑠𝑘 ≤

(1+𝑦𝑡,𝑡+𝑛
𝑎𝑠𝑘 )𝑛

(1+𝑦𝑡,𝑡+𝑛
$,𝑏𝑖𝑑 )𝑛

 

where 𝐹𝑡,𝑡+𝑛
𝑎𝑠𝑘  denotes the n-year outright forward exchange ask rate in foreign currency per U.S. dollar 

at time t, the variable 𝑆𝑡
𝑏𝑖𝑑 is the spot exchange bid rate expressed in units of foreign currency per 

U.S. dollar, the 𝑦𝑡,𝑡+𝑛
$,𝑎𝑠𝑘

  refers to n-year risk-free interest ask rates in US dollars and the 𝑦𝑡,𝑡+𝑛
𝑏𝑖𝑑   stands 

for n-year risk-free interest  bid rates in the foreign currency. The variables in the second equation 

instead are the opposite ask-bid rates. 

 

 

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

(Table 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. 

 

Table 1 presents the persistence of a cross-currency basis since 2007 (the start of the Global Financial 

Crisis), which has been positive for some currencies against the US dollar. In the third graph we can 

also see the Libor-OIS spread which is a measure of the credit risk in the banking sector. Before the 

2007 Crisis this spread ( difference between the London Interbank Offered Rates and the Overnight 

Indexed Swap) was so small (0.01 percentage points) that it was not even taken into consideration by 

traders. At the height of the crisis the spread reached 3.65% and still today it is a key indicator in the 

financial sector. 

 

 

http://www.investopedia.com/terms/o/overnightindexswap.asp
http://www.investopedia.com/terms/o/overnightindexswap.asp
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1.2.1 Short-Term Libor Cross-Currency Basis 

 

Textbook tests definition of the CIP condition usually relies on Libor rates. At the longer maturities 

(typically one year or greater), CIP violations based on Libor are directly defined as spreads on Libor 

cross-currency basis swaps.  

 

 

We define the Libor basis as equal to: 

 

𝑥𝑡,𝑡+𝑛
𝐿𝑖𝑏𝑜𝑟 ≡ 𝑦𝑡,𝑡+𝑛

$,𝐿𝑖𝑏𝑜𝑟 − (𝑦𝑡,𝑡+𝑛
𝐿𝑖𝑏𝑜𝑟 − 

𝑡,𝑡+𝑛
) 

 

where the generic dollar and foreign currency interest rates of the CIP Equation are replaced 

with Libor rates. 

 

1.2.2 Long-Term Libor Cross-Currency Basis 

 

At long maturities, the long-term CIP deviation based on Libor is given by the spread on the 

cross-currency basis swap. A cross-currency basis swap involves an exchange of cash flows 

linked to floating interest rates referenced to interbank rates in two different currencies, moreover 

there is an exchange of principal in two different currencies at the inception and the maturity 

of the swap. For example, if we have a yen/U.S. dollar cross-currency swap on $1 notional between 

Bank A and Bank B. At the inception of the swap, Bank A receives $1 from Bank B in exchange of 

¥𝑆𝑡. At the j-th coupon date, Bank A pays a dollar floating cash flow equal to 𝑦𝑡+𝑗
𝐿𝑖𝑏𝑜𝑟,$ percent on the 

$1 notional to Bank B, where 𝑦𝑡+𝑗
𝐿𝑖𝑏𝑜𝑟,$ is the three-month U.S. dollar Libor at time t + j. In return, 

Bank A receives from Bank B a floating yen cash flow equal to (𝑦𝑡+𝑗
𝐿𝑖𝑏𝑜𝑟,¥ + 𝑥𝑡,𝑡+𝑛

𝑥𝑐𝑐𝑦
 ) on the ¥𝑆𝑡 

notional, where 𝑦𝑡+𝑗
𝐿𝑖𝑏𝑜𝑟,¥ is the three-month yen Libor at time 𝑡 + 𝑗, and 𝑥𝑡,𝑡+𝑛

𝑥𝑐𝑐𝑦
  is the cross-currency 

basis swap spread, which is pre-determined at date t at the inception of the swap transaction. When 

the swap contract matures, Bank B receives $1 from Bank A in exchange of ¥𝑆𝑡, undoing the initial 

transaction. The spread on the cross-currency basis swap, 𝑥𝑡,𝑡+𝑛
𝑥𝑐𝑐𝑦

 , is the price at which swap 

counterparties are willing to exchange foreign currency floating cash flows against U.S. cash flows. 

In the case of the yen/U. S dollar cross-currency swap over the recent period, 𝑥𝑡,𝑡+𝑛
𝑥𝑐𝑐𝑦

  is often negative. 

For example, assume that Bank B can lend at risk-free rate in yen at the 3-month yen Libor 

rate, 𝑦𝑡+𝑗
𝐿𝑖𝑏𝑜𝑟,¥

. Next, according to the cross-currency basis swap contract, Bank B has to pay to Bank 
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A the yen cash flows (𝑦𝑡+𝑗
𝐿𝑖𝑏𝑜𝑟,¥ + 𝑥𝑡,𝑡+𝑛

𝑥𝑐𝑐𝑦
 ), which are consequently smaller than the yen Libor rate 

𝑦𝑡+𝑗
𝐿𝑖𝑏𝑜𝑟,¥

 that Bank B would collect by investing the yen originally received from Bank A. In this 

example, Bank B gets a sure profit by lending U.S. dollars to Bank A. In other words, if both banks 

can borrow and lend risk-free at Libor rates, then the cross-currency basis should be zero. As soon as 

the cross-currency basis swap is not zero, one counterparty seems to benefit from the swap, meaning 

that there could be potential deviations from the CIP condition at the long end of the yield curve. 

 

 
 

 

 

 

1.3 FX Swap Contracts  

 

Now we will introduce the concept of FX swap contracts which are crucial in the robustness of CIP 

condition as the latter states that interest rate differentials between currencies should be perfectly 

reflected in the FX forward discount rates because, otherwise, an arbitrageur could transact in interest 

and FX markets to make a risk-free profit. This means that uncertainty and turmoil in the FX market 

can bring to deviations from CIP. 

A foreign currency swap is defined as an agreement between two foreign parties to execute a currency 

exchange. In particular, the agreement consists of swapping principal and interest payments on a loan 

made in one currency for principal and interest payments of a loan of equal value in another currency. 

Although FX swaps can be considered as efficiently collateralised transactions, the collateral does 

not cover the entire counterparty risk. For example, if one party of the swap defaults during the 

contract period, the counterparty needs to reconstruct the position at the current market price, which 

involves replacement cost. Further, Duffie and Huang (1996) show that FX swaps are subject to 

greater counterparty risk than interest rate swaps because, unlike interest rate swaps, FX swaps 

involve the exchange of notional amounts at the start of the contract. In addition, the volatility of FX 

rates tends to be greater than that of interest rates, another factor likely to elevate counterparty risk in 

http://www.investopedia.com/terms/c/currency-exchange.asp
http://www.investopedia.com/terms/c/currency-exchange.asp
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FX swaps above that of interest rate swaps. A financial institution or other entity needing foreign 

currency funding can either borrow directly in that currency’s uncollateralised cash market or borrow 

in another (typically the domestic) currency’s uncollateralised cash market and convert the proceeds 

into an obligation in the desired currency through an FX swap. 

 

 

 

The latter leads to a funding rate often referred to as the “swap-implied rate” for the foreign currency. 

The swap-implied rate is akin to the synthetic interest rate discussed above since the FX swap 

combines spot and forward rates.  

For example, when a financial institution raises dollars via the euro interbank market, it sells euros 

for dollars at the EURUSD spot rate while contracting to exchange in the reverse direction at the 

maturity date of the contract. Under CIP, the cost of funding using either method should be equal.  

The FX swap is a liquidity-management tool, used to manage exchange rate mismatches. Global 

banks use FX swaps to fund their foreign currency assets, while multinational corporations use them 

to manage their cash flows in different currencies. The market is predominantly short term, with most 

of the activity occurring between 3 months to 1 year. 
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Chapter   2 

Violations and arbitrage opportunities 
 

 

2.1 Frequency and durations of the deviations 
 

2.1.1 Literature review  

 

In the literature the first one testing the no-arbitrage conditions in the FX market is Taylor (1987), 

which questioned the published evidence of deviations from CIP as it was not based on 

contemporaneously sampled real-time quotes of comparable domestic and foreign interest rates and 

spot and forward exchange rates. According to Taylor’s research, it was not possible to prove if an 

apparent deviation from CIP condition actually denoted a profitable deviation that market agents 

could exploit. In his research, Taylor (1987) used interest rate and exchange rate data points recorded 

within more or less 1 min of each other, by contacting telephonically different London brokers at ten-

minute frequency between 9.00 and 16.30 o’clock, which were the most active hours of the market, 

over three days in 1985. The study provided strong evidences of CIP condition relatability, as no 

profitable CIP arbitrage opportunity were observed. Taylor's (1987) analysis was not conclusive 

mainly because of several aspects. First of all, the data covered a period of time that may be too short 

for extrapolating general conclusions. Second, the used quotes were not strictly contemporaneous 

since quotes could change during a minute. Finally, the ten-minute frequency at which the 

observations were documented seemed to be relatively too low not enabling to distinguish dynamics 

of possible deviations from CIP arbitrage. The ten-minute interval frequency employed by Taylor 

(1987) could, however, have been sufficiently high to provide accurate results using data from the 

mid-1980s, especially considering the fact that there was no centralized (electronic) market at that 

time. Since Taylor’s research the literature on testing no-arbitrage conditions in currency markets has 

been scant in the last twenty years, mainly due to the presence of non-electronic, highly decentralized 

markets until the early 1990s, making extremely difficult to improve the quality of the data beyond 

Taylor's (1987,1989) papers. All the following studies generally supported the absence of arbitrage 

opportunities including Rhee and Chang (1992), Fletcher and Taylor (1996), Aliber et al. (2003) and 

Juhl et al. (2006). 
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2.1.2 Data Collection  

 

The most recent research on arbitrage opportunities in the foreign exchange market was conducted in 

2004 by Q. Farooq Akram, Dagfinn Rime and Lucio Sarno which employed new trading systems to 

collect a huge amount of data on three major capital and foreign exchange markets. More specifically 

data were obtained from the Reuters trading system, which embeds general market quoting and 

maturity conventions. Eventually these data were elaborated with a formula for calculating deviations 

from the no-arbitrage conditions in light of these conventions as well as transaction costs that a trader 

would typically face when dealing through this system. 

In the interbank market, dealers generally trade swaps rather than (outright) forwards. Swaps are 

denominated in so-called swap points, which express a multiple of the difference between forward 

and spot exchange rates. By the convention of that time, all of the spot exchange rates were quoted 

with four decimals, except for the Japanese yen, where two decimals were used. The above decimals 

define the smallest measure of movement for an exchange rate, which is called a “pip”. Swap points, 

which are expressed in pips, are therefore obtained by multiplying the difference between forward 

and spot exchange rates by 104 in general, and by 102 in the case of the Japanese yen. If we consider 

the quoting currency as the domestic currency (d) and the base currency as the foreign currency (f), 

for convenience, since we overlook cases where both the quoting as well as the base currencies are 

actually foreign currencies for a dealer. Investigating potential returns from arbitrage by comparing 

the swap points quoted through Reuters with corresponding derived (or theoretical) swap points we 

can see that the deviations from CIP on the bid side and the ask side, respectively, can be expressed 

as 

 

𝐷𝑒𝑣𝐶𝐼𝑃
𝑏 = (𝐹𝑏 − 𝑆𝑎) × 104- 

𝑆𝑎(𝑖𝑑
𝑎×

𝐷

360
−𝑖𝑓

𝑏×
𝐷

360
)

(100+𝑖𝑓
𝑏×

𝐷

360
)

× 104 

 

𝐷𝑒𝑣𝐶𝐼𝑃
𝑎 = -(𝐹𝑎 − 𝑆𝑏) × 104- 

𝑆𝑏(𝑖𝑑
𝑏×

𝐷

360
−𝑖𝑓

𝑎×
𝐷

360
)

(100+𝑖𝑓
𝑎×

𝐷

360
)

× 104 

 

 

 

where the first term on the right-hand side of each equation represents market swap points for a given 

maturity obtained from Reuters, while the second term represents the corresponding derived swap 

points. In order to calculate derived swap points that are directly comparable to the market swap 



 15 

points quoted on Reuters, we adjust the interest rates 𝑖, which are quoted in percent 

per annum, to obtain interest rates for maturities less than a year. Specifically, D denotes the number 

of days to maturity of swap and deposit contracts. It is calculated as the actual number of business 

days between the (spot) value date and the maturity date of a contract while taking into account bank 

holidays in the home countries of currencies and securities, and other conventions. Thereafter, the 

resulting term is multiplied by 104 (or 102 in the case of the Japanese yen) to obtain the derived swap 

points. The deviations from the no-arbitrage conditions stated in the two previous equations are 

expressed in pips since they are defined as the difference between quoted and derived swap points. 

CIP deviations are profitable if they are positive net of other transactions costs. That is, when defining 

a profitable arbitrage deviation, the expressions for returns presented in the previous equations must 

be greater than 1/10 of a pip in order to cover brokerage and settlement costs.  

Data were collected via a continuous feed from Reuters over the period from February 13 to 

September 30 2004 enabling them to investigate CIP arbitrage for three major exchange rates at four 

different maturities: 1, 3, 6 and 12 months. It includes all best ask and bid spot exchange rates for 

three major exchange rates: USD/EUR, USD/GBP and JPY/USD—hereafter EUR, 

GBP and JPY. It also includes ask and bid quotes for the exchange rate swaps for the four maturities 

as well as for euro-currency deposits for the currencies involved. An advantage of using deposit rates 

for interest rates is that an arbitrageur would know when and how much she will pay or receive. The 

use of deposits implies, however, that we limit the pool of potential arbitrageurs to those that have 

credit agreements, since deposits are on-balance sheet instruments. 

For the spot exchange rate firm quotes from Reuters electronic brokerage system were used(D3000-

2); these quotes are tradable spot transactions which can be carried out with a market order in the 

Reuters system. For swaps and euro-currency deposits only indicative ask and bid quotes were 

available through Reuters Monitor (i.e. Reuters 3000 Xtra). This is mainly because both swaps and 

deposits are primarily traded bilaterally between interbank dealers, typically over telephone or 

Reuters D2000-1. Data from these sources is virtually impossible to obtain. 

 

 

 

 

 

 



 16 

2.1.3 Results  

This table from the Q. Farooq Akram, Dagfinn Rime and Lucio Sarno paper, previous mentioned, 

shows the results: 

(Table 2) 

 
The column headed by “All dev.” presents the number of all profitable and non-profitable deviations, while the one headed by “Pa dev.” records the number 

of the profitable deviations, i.e. deviations that are larger than 1/10 of a pip. Entries in the “Share” column are profitable deviations as a percentage of all of the 

deviations in column “All dev.”. The “Mean” and “Median” columns present the average sizes and median values of the deviations, both measured in pips. The 

“Ann. mean” columns show annualized mean values of the period returns (deviations), reported in the “Mean” columns. Annualized values for the 1-month, 3-month 

and the 6-monthmaturities are obtained by multiplying the (period) mean value by 12, 4 and 2, respectively. The “t-value” is simply the (period)mean value divided by 

the respective sample standard deviation. The “Inter-quote time (s)” columns present the average time in seconds from the previous deviation. In Panel b) the “Interquote 

time” is conditioned on the current deviation being profitable. 
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In all the cases examined, the average return from CIP arbitrage is negative meaning that on average, 

CIP arbitrage is loss-making. Furthermore, the associated t-values suggest that the losses are 

statistically significant at conventional levels of significance. One would expect that arbitrage would 

eliminate any systematic negative or positive deviations from CIP and make CIP hold on average. 

One possible explanation for the negative mean of CIP deviations could be that market makers (quote 

providers) in the currency and deposit markets do not knowingly offer counterparts risk-free arbitrage 

opportunities and thus contribute to shift the returns towards negative values through their price 

offers. This would especially be the case if dealers, when pricing, say, the swap, worry about the fact 

that prices of other instruments, say deposits, may move in the next few seconds in a way to generate 

arbitrage. Accordingly, they may price more conservatively than CIP conditions imply in order to 

avoid arbitrage and be on the safe side. If prices are set in the deposit market in the same way, then 

equilibrium (average) prices will be consistent with a negative deviation from CIP rather than zero. 

Nevertheless, the negative average return from CIP arbitrage is not sufficient to prevent arbitrage in 

continuous time completely since the maximum point of the distribution of returns is not zero, which 

is the sufficient condition that is needed to prevent any arbitrage opportunity. Focusing on only 

profitable CIP deviations instead, we can see from the column headed “Pa dev” which reports the 

number of profitable arbitrage opportunities out of the total number of data points available (“All 

dev.”), calculated for each of the exchange rates and maturities considered. Profitable deviations from 

CIP arbitrage are defined as the subset of CIP deviations with values in excess of 0.1 pip. The results 

suggest thousands of profitable arbitrage opportunities for all exchange rates, at most of the 

maturities. As shares of the total number of data points considered, however, the profitable arbitrage 

opportunities are minuscule. The shares range from zero to 1.5% in the case of EUR, from 0.2% to 

2.4% for GBP, and from 0.1% to 0.5% for JPY. 

When examining the annualized mean return from profitable arbitrage deviations, we find that these 

returns range from a minimum of 2 pips in the case of EUR at the one-month bid side to a maximum 

of 15 pips for the JPY at the three-month ask. The returns show no systematic pattern with maturity 

of the instruments involved in arbitrage. Also, the average inter-quote time for profitable deviations 

ranges from less than 2 seconds to 15.6 seconds, except for one extreme case of 25 seconds for EUR 

at the one-month bid. However, in the latter case, the average inter-quote time is calculated only 

across 73 data points, which is the smallest number of arbitrage opportunities observed. These results 

show also that there are fewer profitable arbitrage opportunities with lending dollar funds than when 

lending funds in euro, sterling and yen. This tendency is implied by the relatively higher share of 

profitable arbitrage opportunities on the ask sides relative to the bid sides in the case of EUR and  
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GBP and on the bid side relative to the ask side in the case of JPY, as in the EUR/USD and GBP/USD 

exchange rates the base currencies are respectively the EUR and GBP while in the USD/JPY rate the 

base currency is the USD. 

The research previous mentioned (Q. Farooq Akram, Dagfinn Rime and Lucio Sarno paper) reports 

also the duration of sequences of profitable deviations from the CIP condition. More specifically 

shows the number of sequences across exchange rates and maturities, ranges from a minimum of 8 

to a maximum of 923. Notably, most sequences of profitable CIP deviations do not seem to last 

beyond a few minutes and in most of the cases average duration falls in the range from 30 s to less 

than 4 min. Median values of durations are even lower than the corresponding average durations: they 

are generally less than 1 min in the case of EUR; at most 1:43 min in the case of GBP; and at most 

4:34 min in the case of JPY. It is worth noting that durations of sequences tend to decline with the 

maturity of contracts. This seems to be consistent with the relatively high market pace (low inter-

quote time) at higher maturities. 

 Sample standard deviations of the durations reveal large variations in the duration of profitable CIP 

deviations but the standard deviations are quite different across the cases examined: they are mostly 

lower than a few minutes, but exceptionally they can be higher than 10 min. Often the relatively large 

standard deviations occur when there are relatively few observations, meaning small number of 

sequences. The first and third quantiles in the last two columns of the following table indicate that 

duration is not particularly high even at these quantiles of the distribution of durations, suggesting 

that the high standard deviations reported are potentially driven by relatively few outliers. They also 

explain the particularly long average duration of a few clusters of profitable CIP deviations. In 

conclusion we can state that the duration of profitable CIP deviations is relatively low but sufficiently 

high on average for a trader to exploit the arbitrage opportunities. Even if these opportunities amount 

to small numbers when one compares them to the total number of observations examined we can 

assume that the size of profitable CIP deviations is, however, economically appealing, with period 

returns up to 15 pips. These are relatively large returns when compared with the typical size of spreads 

in the major dealer markets, usually around 2 pips. The size of the returns may seem small relative to 

the returns targeted by major players in the FX market, such as hedge funds, but it is not small if we 

bear in mind that they are riskless and as the authors of the paper (Q. Farooq Akram, Dagfinn Rime 

and Lucio Sarno) mentioned, taking such arbitrage positions does not require own capital. 
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(Table 3) 

Durations of sequences of CIP arbitrage opportunities (in minutes) 

 
A cluster(sequence) consists of at least two profitable CIP deviations in a row. The entries in the “Mean” column denote the average duration (min: s) of the clusters (based on the 

corresponding entries in the column “# Clusters”), while those in the “Median” column refers to the median duration of the clusters. The “Q1” and “Q3” columns present the first and the 

third quantiles of the duration of clusters, respectively. The “Stdev” column includes sample standard deviations of the duration of the clusters. 

 

 

In order to exploit an arbitrage opportunity, however, a trader needs to undertake three deals virtually 

simultaneously or as fast as possible. Otherwise, there is a risk that prices of one or more instruments 

move such that an apparent arbitrage opportunity disappears before the trader has been able to 

conclude all the three deals. Reuters electronic trading system, which provides easy access to money 

and currency markets from one platform, allows a trader to undertake almost simultaneously several 

deals with counterparts. Alternatively, virtually simultaneous trading in the money markets and the 



 20 

swap markets can be accomplished through tight cooperation between money market dealers and 

swap market dealers which seems to exist in a typical dealing room. 

The results obtained so far in the research do not imply that the profits are economically significant 

as these deviations are costly to investigate and may not be worth the inquest. This requires 

information about currency volumes available for trading at quotes suggesting profitable arbitrage 

opportunities. Information about exact volumes available for trading were not available to the 

scholars conducting the research (Q. Farooq Akram, Dagfinn Rime and Lucio Sarno) and 

furthermore, for the swap and the deposit markets, where there are only indicative quotes and no 

information on trades, alternative measures of volume available for trading are likely to be very 

imprecise. For the spot market, instead, firm quotes and information on the number of trades were 

available, making possible the estimation of orders available for trade, so-called limit orders, at ranges 

of spot exchange rate quotes. These limit orders indicate the liquidity in the spot currency market 

since–for a given order size–the higher the number of limit orders the more volume is available for 

trading. The liquidity of the spot market may give an indication about how liquidity providers in these 

markets behave in situations of profitable arbitrage. Since the spot exchange market is deeper than 

the markets for the currency deposits and exchange rate swaps, the estimated orders available for 

trading in the spot market can be considered as the upper bound on orders available for trading at CIP 

deviations. 

To calculate the limit orders available, we need to know how much the spot exchange rate can deviate 

from the current level before an arbitrage opportunity will be lost. So the expression for CIP 

deviations was reformulated on the bid side and ask sides, while assuming that the interest rate and 

forward quotes remain unaltered: 
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where δ=1/10 of a pip, and Fb is the forward rate (i.e. the spot ask quote plus the swap bid quote). If 

we define the first term in the first expression as 𝑆𝑒𝑥𝑝
𝑎  and the second term in the second expression 
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as 𝑆𝑒𝑥𝑝
𝑏 , we can say that these two parts express the spot quote at which the profit from CIP arbitrage 

will be zero; while 𝑆𝑎 and 𝑆𝑏 are the best ask and bid spot quotes observed. Profitable arbitrage at 

the CIP bid side requires the ask spot quote 𝑆𝑎 to be lower than the critical value defined by the first 

expression, 𝑆𝑒𝑥𝑝
𝑎 ; while profitable arbitrage at the CIP ask side requires that the spot quote 𝑆𝑏 is higher 

than the critical value defined by the second expression, 𝑆𝑒𝑥𝑝
𝑏 . The critical values 𝑆𝑒𝑥𝑝

𝑎  and 𝑆𝑒𝑥𝑝
𝑏  

essentially define a band of ask and bid spot quotes, respectively, at which trading on the CIP 

deviation will be profitable, at given interest rates and forward rates. After having defined the ranges 

of bid and ask prices for which profit opportunities exist we can then identify the corresponding 

outstanding limit orders. 

The following table presents the average and median numbers of limit orders at best spot prices when 

there are profitable arbitrage opportunities.  

 

 
Panel a) shows the average and median depth (measured in number of orders) at (i) the best prices (i.e. lowest ask and highest bid), and (ii) the total depth between the current best price 

and the critical value (no arbitrage) of the spot price. Panel b) shows the average sizes and median values of the difference between the current spot rate and the spot rate implied by no 

arbitrage, both measured in pips. The columns headed by “Pa dev.” present the number of profitable deviations, i.e. CIP deviations that are larger than 1/10 of a pip. In Panel a) we only 

use the profitable deviations where we also have observations on depth. The rows “Ask” and “Bid” refer to the spot prices, and that the spot ask (bid) price enters in the bid (ask) CIP 

calculation.  
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The results show that the average number of the limit orders varies from about 3 to 7, while the 

median numbers are in the somewhat lower range of 1 to 5. This suggests that occasionally there can 

be a relatively large number of limit orders at the best quotes. Moreover, since the size of profitable 

deviations may amount to several pips in some cases, the spot quotes can deviate from the best quotes 

without necessarily eliminating the arbitrage opportunities. The availability of several limit orders 

when there are profitable arbitrage opportunities suggests that profits from exploiting arbitrage 

opportunities can be economically significant.  

Considering the high frequency of the data examined in this study, it is difficult to undertake an 

exhaustive empirical analysis of the economic conditions under which arbitrage arises as most 

economic and financial variables are not available at this frequency. 

However, it is possible to investigate whether frequency, size and duration of profitable arbitrage 

opportunities are influenced by the pace of the market and with market volatility. For this purpose, 

the researchers estimated a simple linear cross-sectional regression models with measures of 

frequency (share), size and duration of profitable CIP violations as dependent variables, 

regressed on an intercept, inter-quote time and a proxy for market volatility as the explanatory 

variables. That’s to say: 

 

𝑦𝑗 = 𝛼𝑦 + 𝛽𝑦𝐼𝑄𝑦,𝑗 + 𝛾𝑦𝐷𝐼𝑉𝑜𝑙𝑦,𝑗 + 𝜀𝑦,𝑗 

 

where 𝑦 stands for Share, Size, or Duration of deviations from no-arbitrage conditions; 𝐼𝑄𝑦,𝑗 denotes 

inter-quote time, which is a measure of market pace; 𝐷𝐼𝑉𝑜𝑙𝑦,𝑗 is the difference between maximum 

and minimum implied volatility and is a measure of the degree of uncertainty (variability) in 

volatility; and 𝜀𝑦,𝑗 is an error term. Subscript j indicates an observation number; j=1,2, 3, …. 𝑁𝑦. The 

Greek letters represent time-invariant parameters. The models are estimated by ordinary least squares 

(OLS) for each of the currency pairs examined. Accordingly, values for y, 𝐼𝑄𝑦,𝑗 and 𝐷𝐼𝑉𝑜𝑙𝑦,𝑗 as well 

as the total numbers of observations (𝑁𝑦) depend on the currency pair analysed.  The results from 

estimating regression for frequency, size and duration, for all three currency pairs and no-arbitrage 

conditions, are given in the table shown in the next page. The information obtained suggest that these 

characteristics of CIP arbitrage violations are highly influenced by the pace of the market, as 

suggested by the inter-quote time, and by the variability of volatility. More specifically, frequency, 

size and duration are positively correlated both to IQ and to variability of volatility, while they are 

negatively correlated to the market pace and to 𝐷𝐼𝑉𝑜𝑙𝑦,𝑗. This proves that when markets are 

particularly active, as suggested by a high number of new quotes per unit of time, and when the degree 

of uncertainty is relatively more stable, the amount of observed arbitrage opportunities is lower, 
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consequently arbitrage profits are smaller while the duration of arbitrage opportunities decreases. 

This suggests that high market pace and stable volatility are closely correlated to arbitrage 

opportunities, that are more short-lived. 

 

 
Panel a) reports estimation results for the relationship between frequency (“Share”), inter-quote time (“IQ time”) and the difference between maximum implied volatility and minimum 

implied volatility (“DIVol”). The dependent variable “Share” is defined as the share of profitable deviations out of the total number of deviations in a business hour (containing profitable 

deviations) over the sample period, while “IQ time”, measured in seconds, is the average time between all of the (profitable and non-profitable) deviations used when calculating the 

corresponding observation for the frequency. Panels b) and c) report estimation results for the relationships between the average size of profitable deviations (in pips) from clusters of 

profitable deviations and IQ-time and DIVol, and duration of clusters of profitable deviations and IQ-time and DIVol. A profitable deviation is a deviation that is larger than 1/10 of a pip. 

A cluster consists of at least two profitable deviations in a row. The inter-quote time in the regressions for size and durations is the average time between the rows of profitable deviations 

constituting a profitable cluster. OLS estimates of the intercept terms (positive, and statistically significant at the 5% level in all cases) have not been reported for the sake of brevity. 

Associated t-values are reported in parenthesis below the coefficient estimates. The column “Obs” presents the numbers of observations used in estimation. 
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Moreover, the experimenters proved that the arbitrage opportunities investigated were not due to stale 

quotes as the core analysis was restricted to the most active periods of market activity. This was 

achieved by excluding weekends and days with unusually low or no trading activity (either due to a 

holiday or failure of the feed), and by including only quotes during the highest activity part of the 

trading day, namely 07:00–18:00 GMT. Most of the deviations seems not to have a relation with 

some specific days of the week and even more specifically not with parts of the trading day as the 

outcomes of the analysis underline in the following tables: 

 

 

 
 

The columns headed by “Pa dev.” record the number of the profitable deviations, i.e. deviations that are larger than 1/10 of a pip. Entries in the “Share” columns are profitable deviations 

in percent of all of the profitable deviations (reported in column “All”). Sample: Based on Reuters tick quotes. February 13–September 30, 2004, weekdays, between GMT 07:00 and 

18:00. The following dates have been removed: April 2, 5–9, 12, May 3 and 31, June 17 and 18, August 10, 13, 24, and September 15.  
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Upon examining the share of profitable CIP opportunities across days, we find that arbitrage 

violations occur throughout the week (Monday to Friday), suggesting the absence of a systematic 

pattern of CIP violations during the week days. Specifically, it is never the case that CIP arbitrage is 

more frequent across maturities or exchange rates in any given day relative to another. In conclusion 

there is no significant correlation between the day of the week and the presence of profitable 

deviations. 

 

 

 

Similarly, the results in this table, reporting the share of profitable CIP opportunities during a trading 

day from 07:00 to 18:00 GMT, do not indicate obvious accumulation of deviations at a particular 

time of the day. However, in general, CIP opportunities appear to be somewhat more frequent early 
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in a trading day and around the middle of the day, mainly due to the fact that market pace is lower 

and quotes are updated less frequently at those periods of the day. To conclude, we can fairly assume 

that arbitrage opportunities may occur at any time and cannot be easily predicted. 

In conclusion, even if finance theory states that in well-functioning markets there are no-arbitrage 

conditions which hold continuously, the research analysed in this chapter shows that short-lived 

arbitrage opportunities arise in the major FX and capital markets, challenging the theory of the CIP 

condition. The size of CIP arbitrage opportunities can be economically significant for the three 

exchange rates observed and for different maturities of the instruments involved in arbitrage.  

Moreover, the duration of arbitrage opportunities is usually high enough to make it possible for agents 

to exploit deviations from the CIP condition. At the same time, duration is low enough to suggest that 

before the GFC (Great Financial Crisis), in the markets arbitrage opportunities dissipate rapidly. 

These results entail that a researcher in international macro-finance can safely assume that prices in 

the FX market are arbitrage-free as using daily or lower frequency data. Contrary to previous 

researches which used low frequency data, the high speed of arbitrage documented in this chapter 

can explain why such opportunities have gone undetected until now. As a matter of fact, only if we 

use a data set at tick frequency for quotes of comparable domestic and foreign interest rates and spot 

and forward exchange rates, it is possible to identify the existence and measure the duration of a 

number of short-lived arbitrage opportunities.  

 

 

2.2 Arbitrageurs’ strategy  

 

After having analysed the size, duration and frequency of the profitable deviations we can focus on 

the way agents in the market can exploit these arbitrage opportunities. We can define CIP arbitrage 

strategy as a self-financing strategy which fully hedges exchange rate risk. In this situation, demand 

shocks have no impact on prices because demand shocks are offset by arbitrage, with the strategy 

being profitable until CIP is re-established. Contrary to what we stated before about the profitability 

of these deviations it is clear that even small counterparty and market risks of FX swaps can lead to 

balance sheet costs that make CIP deviation unprofitable to arbitrage unless these are large enough. 

The no-arbitrage restrictions increase proportionally with the size of the balance sheet exposed to the 

exchange, bringing the balance sheet exposure of CIP arbitrageurs equal to net FX hedging demand. 

Balance sheet exposure is not the only trouble an agent could face when trying to exploit CIP 

deviations. For example, a potential arbitrageur which notices a negative Libor CIP basis on the 

yen/dollar market, could borrow in U.S. dollars at the dollar Libor rate, invest in yen at the yen Libor 
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rate and at the same time enter a forward contract to convert back yen into U.S dollars at the end of 

her investment period. This investment strategy could hide several loss-making situations. First of 

all, it is not sure that the arbitrageur can really borrow and lend at the Libor rates. That’s because 

Libor rates are only indicative quotes and do not correspond to actual transactions. The actual 

borrowing rate in U.S. dollars of the arbitrageur may thus be higher than the indicative Libor rate, 

even in the absence of any deviation. More generally, transaction costs exist for both spot and 

derivative contracts and may lower or even eliminate the actual returns. Moreover, when undertaking 

this strategy, the arbitrageur is taking on credit risk when lending at the yen Libor rate. Libor rates 

are unsecured: if the arbitrageur faces a risk of default on his loan, he should be compensated by a 

default risk premium, which may then compensate the return from the CIP deviations.  

Finally, the fact that the arbitrageur is taking on counterparty risk when entering an exchange rate 

forward contract. This situation, however, can be ignored because the impact of counterparty risk on 

the pricing of forwards and swaps is mainly irrelevant due to the high degree of collateralization. So 

in case of a counterparty default, the collateral is confiscated by the other counterparty to cover the 

default cost. 

The uncertain value of Libor rates and the potential default risk attached to them are instead effective 

distresses. In fact, cross-country differences in credit worthiness of several Libor panel banks may 

explain the default risk of CIP deviations. For example, assuming that the mean credit spread for the 

yen Libor panel is given by  𝑠𝑝𝐽𝑃𝑌𝑡 and at the same time the mean credit spread for the U.S. dollar 

Libor panel is given by 𝑠𝑝𝑈𝑆𝐷𝑡. Let 𝑦𝑡
∗𝐽𝑃𝑌

 and 𝑦 𝑡
∗𝑈𝑆𝐷 be the true risk-free rates in yen and U.S. dollars 

and assume that CIP holds for risk-free rates, while 𝜌𝑡
𝐽𝑃𝑌/𝑈𝑆𝐷

 is the forward discount rate. If we 

replace each interest by the sum of the risk-free rate, then the credit spread equals to: 

 

𝑥𝑡
𝐽𝑃𝑌/𝑈𝑆𝐷,𝐿𝑖𝑏𝑜𝑟

= (𝑦𝑡
∗𝑈𝑆𝐷+𝑠𝑝𝑡

𝑈𝑆𝐷)-(𝑦𝑡
∗𝐽𝑃𝑌 + 𝑠𝑝𝑡

𝐽𝑃𝑌 − 𝜌𝑡
𝐽𝑃𝑌/𝑈𝑆𝐷

)= 

                           = [𝑦𝑡
∗𝑈𝑆𝐷 − (𝑦𝑡

∗𝐽𝑃𝑌 − 𝜌𝑡
𝐽𝑃𝑌/𝑈𝑆𝐷

)]+(𝑠𝑝𝑡
𝑈𝑆𝐷 − 𝑠𝑝𝑡

𝐽𝑃𝑌) 

 

The term inside the brackets is zero when there are no CIP deviations for risk-free rates. In this 

case, the Libor-based currency basis of the yen/dollar is given by the difference between credit risk 

in dollar and yen Libor panels: 

 

𝑥𝑡
𝐽𝑃𝑌/𝑈𝑆𝐷,𝐿𝑖𝑏𝑜𝑟

= 𝑠𝑝𝑡
𝑈𝑆𝐷 − 𝑠𝑝𝑡

𝐽𝑃𝑌
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Therefore, the yen basis can be negative if the yen Libor panel is riskier than the U.S. Libor 

panel. We test this hypothesis by regressing changes in the Libor basis ∆𝑥𝑡
𝑖,𝐿𝑖𝑏𝑜𝑟

for currency 𝑖 on 

changes in the mean credit default swap spreads (CDS) between banks on the interbank panel of 

currency 𝑖 and the dollar panel: 

 

∆𝑥𝑡
𝑖,𝐿𝑖𝑏𝑜𝑟 = 𝛼𝑖 + 𝛽∆(𝑐𝑑𝑠𝑡

𝑖 − 𝑐𝑑𝑠𝑡
𝑈𝑆𝐷) + 𝜖𝑡

𝑖 
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Chapter 3 

 

Possible causes of CIP deviations 

 
3.1 2007 Great Financial Crisis  

 

In this chapter we are going to analyse the possible causes of CIP deviations and consequent arbitrage 

opportunities. In the past, and more specifically before the 2007 crisis, CIP deviations were arbitraged 

almost immediately and the CIP was enforced, with the exceptions of short-lived periods when 

arbitrage was constrained by bank counterparty risks, for example, during the Japan banking crisis 

and by wholesale US dollar funding strains, particularly during the Crisis and during the Eurozone 

sovereign debt crisis. That’s because during that period it became more expensive to borrow dollars 

against most currencies, especially the yen and the euro, through FX swaps rather than in the money 

market. Originally, the common thought suggested that during times of stress, counterparty risk 

inhibited arbitrage. But, after an initial narrowing of the basis, it still increased around 2014, despite 

tranquil market and funding conditions. Moreover, the basis has been so wide that borrowing dollars 

in the cash market, swapping them for yen or euros and investing the returns at negative rates could 

still give a profit. That’s because the balance sheet obligation to take the other side of net FX hedging 

imbalances in order to trade against CIP violations is costly. While balance sheet capacity has several 

number of dimensions, the important part for this analysis is a specific structure that emphasizes the 

costs coming from risks that arise when taking exposures to FX derivatives. This is justified from the 

fact that, regardless of the several ways in which CIP arbitrage can be funded, or foreign currency 

invested for the duration of the trade, all arbitrageurs would have to take positions in FX swaps or 

similar instruments. Balance sheet costs have become a mandatory constraint after the 2007 crisis. 

Prior to the crisis, in fact, the standard practice in the industry was to mark derivatives portfolios to 

market without taking the counterparty's credit quality into account, giving rise to bank trading 

models, because of the fact that balance sheets could be expanded essentially unconstrained in 

response to new movements hitting the swap trading desks. 

After the crisis period of 2008-2011, the flow model has been replaced by a safer and more cost 

sensitive approach of balance sheet management. In FX derivatives, this means that market risk and 

counterparty risk are being priced-in at all times, even when measured risks are low. This brought to 

a consistent decline in the trading in interbank currency forwards in favour of currency futures, due 

to the fact that futures are traded on an exchange and counterparties post margins, they involve 

significantly lower counterparty risks than forward contracts, which are over-the-counter.  
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The balance sheet costs of CIP arbitrage arise endogenously because of a combination of counterparty 

and market risk. Meaning that if the counterparty defaults on the forward leg an FX swap, then a CIP 

arbitrageur will face market risk from exposure to foreign currency collateral. As long as markets 

clear, the aggregate CIP arbitrageurs' balance sheet exposure to FX swaps will exactly offset the net 

demand for FX swaps by those seeking to hedge currency risk. As a result, the currency basis responds 

to demand shocks to hedge currency risk forward and CIP can fail even in calm markets. 

 

 

(Chart 1) Spread between EURUSD swap-implied dollar rate and USD Libor rates between 2007 and 2010 

 

Sources: Bloomberg and Bank of Canada calculations 

 

 

In this chart we can see how the spread opened up during the financial crisis. As shown by the blue 

line, the spread between USD LIBOR and OIS reached unprecedented levels, reflecting severe dollar 

funding shortages. However, the extent of funding market alterations was much bigger than that 

implied by the USD LIBOR-OIS spread, which applies only to LIBOR panel banks. Many banks 

were completely excluded of wholesale dollar funding markets and resorted to using FX swap 

markets to borrow dollars. Chart 1 captures this effect in the foreign exchange market distortions 

component, as shown by the red line. The net effect of these two opposite forces was a positive USD 

basis (considering transaction costs), which implied arbitrage opportunities to be exploited by 

borrowing USD and lending EUR.  
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3.2 Possible causes of CIP deviations 

 

Deviations from CIP are at odds with a frictionless financial market. The main hypothesis is that the 

persistent and systematic CIP deviations can be explained by a combination of two factors: costly 

financial intermediation, which affects the supply of exchange rate forwards and swaps, and 

international imbalances in investment demand and funding supply across currencies, which affect 

the demand for exchange rate forwards and swaps. The cross-currency basis measures the cost of 

currency hedging subject to supply and demand side shocks. 

 

3.2.1 Costly Financial Intermediation 

 

Before the great financial crisis, global banks used to actively arbitrage funding costs in the interbank 

markets across currencies and doing so, enforcing the CIP condition. Since the crisis, a broad range 

of regulatory reforms has considerably increased the banks’ balance sheet costs associated with 

arbitrage and market making activities. Bank regulations expectedly affected other non-regulated 

institutions, such as hedge funds, increasing the cost of leverage for the overall financial market. The 

main focus here is on how the recent banking regulations affected the CIP arbitrages: non-risk 

weighted capital requirements, or the leverage ratio, risk weighted capital requirements, and other 

banking regulations, such as the restrictions on proprietary trading and Liquidity Coverage Ratio. At 

the end, we will also focus our attention on the limits to arbitrage that other players, such as hedge 

funds, money market funds, FX reserve managers and corporate issuers are facing.  

First of all, non-risk-weighted capital requirements are predominantly relevant for short-term CIP 

arbitrage. The leverage ratio requires banks to hold a minimum amount of capital against all on-

balance-sheet assets and off balance- sheet exposure, without taking into consideration the degree of 

risk. Although short-term CIP trades have very little market risk, they still expand bank balance sheets 

and consequently decreases the leverage ratio. Before the crisis, the leverage ratio was not required 

for foreign banks; after Basel III, the leverage ratio is equal to 3%. For U.S. banks, even though the 

leverage ratio existed before the crisis, the required ratio became stricter after the crisis with the 

introduction of the supplementary leverage ratio, which equals 6% for systematically important 

financial institutions. The leverage ratio requirement is likely to be representing an important 

constraint on the bank balance sheet. If the binding leverage ratio is equal to 3% and if we assume 

that banks need to hold 3% of their capital against the CIP arbitrage trades and that their overall 

objective in terms of rates of return on capital is around 10%, then banks need at least a 3% × 10% 

= 30 basis point cross-currency basis to engage in the trade. 
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This means that many of the arbitrage opportunities that were shown previously may not be attractive 

enough for banks: to sum things up, CIP arbitrage has become balance sheet-intensive post crisis. 

This would bring banks to be reluctant to perform this activity. Moving to the Risk-weighted Capital 

Requirements, we observe that global banks face considerably higher capital requirements since the 

global financial crisis. Making an example, for the eight U.S. globally systematically important banks, 

under Basel III, the Tier 1 capital ratio increased from 4% pre-crisis to the 9.5%–13% range and the 

total capital ratio increased from 8% to the 11.5%–15% range. Moreover, together with higher capital 

ratios against the risk-weighted assets (RWA), the estimation of the RWA itself also increased 

significantly due to more severe capital rules and the higher volatility of the cross-currency basis. 

The main component of the RWA calculation for a CIP trade is the 99% Value-at-Risk (VaR), which 

is a measure based on the 10-business-day holding period returns, normally calculated over a sample 

period that corresponds to the past calendar year. Since one-week arbitrage opportunities presents 

zero VaR, constraints about RWA only matter for long-term CIP arbitrages. For this reason, Basel 

II.5, which is effective from January 2013 in the United States, introduced an additional “stress-VaR” 

(SVaR) adjusted for the stress period. The cross-currency basis became significantly more volatile 

after the crisis, consequently increasing the VaR on the CIP trade, as we can see in the following 

chart. 

 

(Chart 2) Long-Term Libor-Based Deviations from Covered Interest Rate Parity 
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Chart 2 plots the 10-day moving averages of the five-year Libor cross-currency basis, measured in 

basis points, for G10 currencies. As we said, the covered interest rate parity implies that the basis 

should be zero.  

 

(Table 1) U.S. Banks Capital Charges Against a Five-year Libor CIP Trade 

 

 

From Table 1 instead, we can see the increase in capital charges against a five-year Libor CIP trade 

in recent years. The first column reports the 99% VaR measure for the trade based on the 10-business-

day holding period; the VaR is annualized (multiplied by 26). The VaR measure was below 5% before 

the crisis, but increased to 20% during the peak of the crisis and remained elevated after the crisis. 

The second column reports the SVaR, implemented in January 2013 in the United States under Basel 

II.5, which equals the VaR in 2009.  
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The third column reports the minimum total capital ratio for U.S. banks. Finally, the fourth column 

presents the total capital charges against the CIP trade. It is obtained by multiplying the sum of VaR 

and SVaR by the minimum capital ratio and scaling by a factor of 12.5 times 3, as specified by the 

Basel rules. Capital charges against the five-year CIP trade increase dramatically from less than 0.4% 

before the crisis to more than 4% of the trade notional after both Basel II.5 and Basel III went into 

effect. In a nutshell, banks engaging in CIP arbitrages could trade a volume equal to 250 times their 

equity before the crisis; now, they can only trade a volume equal to 25 times their equity. While the 

RWA appears to be very small for short-term CIP arbitrage, it stands as a significant concern for 

long-term CIP arbitrage. Finally, if we focus on other banking regulations we observe that a bunch 

of them have also reduced banks’ willingness to engage in CIP arbitrage.  

As a result, banks can only participate in market making or assist arbitrage activities of their clients 

in the exchange rate derivative markets. Moreover, the over-the-counter derivatives’ reform sets 

higher capital and minimum margin requirements for cross-currency swaps, which further increases 

the capital required to implement the CIP trade. The Basel III other than risk-weighted capital 

requirements and the leverage ratio, introduced also the Liquidity Coverage Ratio, which requires 

banks to keep High Quality Liquidity Assets (HQLA) against potential cash outflows during the 30-

day stress period. Since the CIP trade goes long and short in funding of the same tenor, it generally 

has no effect on the Liquidity Coverage Ratio. However, also if the funding and investing legs of a 

short term CIP trade belong to different categories of instruments, for example, funding in the 

interbank market and depositing at the central bank, the Liquidity Coverage Ratio can be affected. 

Banks may engage in CIP arbitrage using the deposit facility at the central banks for the Liquidity 

Coverage Ratio consideration as central bank reserves are considered HQLA.  

This regulatory reforms on banks certainly have some spill over effects on the cost of leverage faced 

by non-regulated institutions, such as hedge funds. That is because hedge funds need to obtain 

funding from their prime brokers, which are regulated institutions. In order to sell the CIP arbitrage 

strategy to their clients, hedge funds need to lever up the arbitrage strategy ten or twenty times to 

make it attractive to them. When they borrow large amounts, their borrowing costs may increase 

considerably as their positions show up in their prime brokers’ balance sheets and consequently 

making primer brokers’ capital requirements more binding. U.S. prime money market funds (MMFs) 

hold large amounts of commercial paper and certificates of deposits issued by foreign banks and act 

as an important alternative source of dollar funding to foreign banks. The recent MMF reform has 

had a substantial impact on the intermediation capability of the prime MMFs. The reform requires a 

floating Net Asset Value for prime MMFs and allows gates and fees to limit redemptions for prime 

funds, which led to large outflows of funds from prime MMFs to government MMFs.  
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Government MMFs do not hold bank commercial papers or credit deposits. On October 14, 2016 the 

new MMF reform was implemented, making dollar funding from U.S. prime MMFs scarcer and more 

expensive, which brought to a significant increase in the cross-currency basis. 

Not only MMFs, but also FX reserve managers with large holdings of dollar-denominated dollar are 

in the good positions to arbitrage CIP deviations. For example, the People’s Bank of China recently 

increased their holdings of Japanese Treasury bills, which, on the swapped basis, quadrupled yields 

on U.S. Treasury bills. However, the persistence of CIP deviations between Treasury bills despite 

potential arbitrage suggests that the arbitrage position is not large enough. 

Finally, also corporate issuers and bank treasuries can also arbitrage long-term CIP deviations by 

issuing long-term debt in different currencies and then swap them into their desired currency 

composition. In summary, the banking centre has a key role in the CIP arbitrage, because as we said 

CIP deviations can persist due to constraints on bank balance sheet capacity.  

To conclude we can observe that CIP deviations are larger when the banks’ balance sheet costs are 

higher, particularly towards quarter-end financial reporting dates. In addition to this, CIP deviations 

usually are of similar magnitude as the balance sheet costs associated with wholesale dollar funding 

and finally CIP deviations should be correlated with other near-risk-free fixed-income spreads. 

Costly financial intermediation is a likely cause of the overall increase in CIP deviations post-crisis. 

Nevertheless, in the absence of currency-specific trading costs, frictions to financial intermediation 

would likely affect all currencies similarly anyway. Yet, large cross-currency differences exist, 

pointing to hedging demand arising from international imbalances in funding and investment 

opportunities across currencies. 

 

3.2.2 International Imbalances 

 

The other element to consider in the analysis of the possible causes of CIP deviations are the 

international imbalances. Search-for-yield and carry trade motives create a large customer demand 

for investments in high-interest-rate currencies, such as the Australian and New Zealand dollars, and 

a large supply of savings in low-interest rate currencies, such as the Japanese yen and the Swiss franc. 

This imbalance brings to customer currency hedging demand to sell high-interest-rate currencies and 

buy low-interest rate currencies in the foreign exchange forward and swap markets, for example, 

Japanese pension funds need to sell dollars and buy yen forward to hedge their U.S. corporate bond 

portfolios. The problem is that financial intermediaries, such as foreign exchange swap market 

makers, supply currency hedging but do not want to bear the currency risk.  
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To achieve that, the financial intermediaries can hedge the currency exposure of their forward and 

swap positions in the cash market by going long in low interest rate currencies and short in high 

interest rate currencies. The profit per unit of notional is equal to the absolute value of the cross-

currency basis, which justifies for the cost of capital associated with the trade. 

The cross-currency basis is increasing in the nominal interest rate differential between the foreign 

currency and the dollar. The intuition behind the prediction is that the lower the interest rate, the 

higher the excess demand to sell U.S. dollar and buy foreign currency in the forward and swap market. 

A capital-constrained arbitrageur charges higher excess returns for taking the opposite of the trade 

due to diminishing returns to investment, which corresponds to a more negative basis. With the two-

factor hypotheses in mind, we turn now to additional empirical evidence on CIP deviations. 

 

3.3 Characteristics of the Basis 

 

In the following part, we will discuss about the main characteristics of the basis and its systematic 

nature. First of all, we can observe that the basis is particularly high at the end of the quarter since 

the crisis. Second, we show that the average CIP deviations is of the same order of magnitude as an 

independent proxy for the cost of wholesale dollar funding. Then, we will see that the currency basis 

is correlated with other liquidity premium in fixed-income markets. Finally, we analyse how the basis 

increases with the level of interest rates in the cross section and in the time series. 

 

3.3.1 Quarter-End Dynamics 

 

Usually financial intermediaries face greater balance sheet constraints at the end of quarters due to 

quarterly regulatory filings, like key balance sheet variables, risk metrics, and leverage ratios which 

are reported at the quarterly frequency and analysed by regulators and investors. 

As the banking regulation increased, and consequently investors’ attention, since the global financial 

crisis apparently makes quarter-end balance sheet constraints more predominant than before. More 

specifically, the short-term CIP arbitrage has very little mark-to-market risk and the Leverage Ratio 

requirement is one important regulatory constraint. The Leverage Ratio is required by the Basel 

Committee to be disclosed on the quarter-end basis, at minimum. The actual calculation method of 

the Leverage Ratio is different across jurisdictions. The European Leverage Ratio Delegated Act, 

which is effective from January 2015, changes the definition of this ratio for European banks from 

the average of the month-ends over a quarter to the point-in-time quarter-end ratio. 
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Since European banks play an important role in intermediating U.S. dollars offshore, it is expected 

that the quarter-end dynamics should be particularly pronounced since January 2015 in the post-crisis 

period. In this section, we examine the effects of quarter ends on the level and term structure of CIP 

deviations. Since the crisis, we observe that one-week and one-month CIP deviations tend to increase 

at the quarter ends for contracts that would cross quarter-end reporting dates. The quarter-end 

anomalies became more intensified since January 2015, which coincides with the change in the 

leverage ratio calculation method for European banks. These discoveries are consistent with the view 

that strengthened balance sheet constraints at quarter ends translates into wider CIP deviations in the 

post-crisis period. 

 

3.3.2 Quarter-end Effects on the Level of CIP Deviations 

 

The effect previous mentioned was tested by Wenxin Du, Alexander Tepper and Adrien Verdelhan 

in their paper where they showed that CIP deviations are more pronounced at the end of the quarters 

respect to any other point in time, and especially so since the global financial crisis and since 2015. 

The difference-in-difference test for the one-week contract takes the following form: 

 

|𝑥1𝑤,𝑖𝑡| = 𝛼𝑖𝛽1𝑄𝑒𝑛𝑑𝑊𝑡 + 𝛽2𝑒𝑛𝑑𝑊𝑡 × 𝑃𝑜𝑠𝑡07𝑡 + 𝛽3𝑄𝑒𝑛𝑑𝑊𝑡 × 𝑃𝑜𝑠𝑡15𝑡 + 𝛾1𝑃𝑜𝑠𝑡07𝑡

+ 𝛾2𝑃𝑜𝑠𝑡15𝑡 + 𝜖𝑖𝑡 

 

where |𝑥1𝑤,𝑖𝑡| is the absolute value of the one-week basis for currency i at time t, 𝛼𝑖 is a currency 

fixed effect. 𝑃𝑜𝑠𝑡07𝑡  is an indicator variable equal to one after January 1, 2007 and zero otherwise, 

and 𝑃𝑜𝑠𝑡15𝑡  is an indicator variable equal to one after January 1, 2015 and zero otherwise. The 

variable 𝑄𝑒𝑛𝑑𝑊𝑡 is an indicator variable that equals one if the settlement date for the contract traded 

at t is within the last week of the current quarter and the maturity date is within the following quarter. 

These one-week contracts crossing the quarter ends would show up on the bank balance sheet on 

quarter-end reporting dates. 

The regression is estimated on the daily sample from 01/01/2000 to 09/15/2016 on one week Libor, 

OIS and repo bases. The coefficients 𝛽2 and 𝛽3 are the ones they have focused on, where 𝛽2 captures 

the change in the quarter-end effect in the post-crisis 2007-2016 sample compared to the quarter-end 

effect in the 2000–2006 pre-crisis sample, and 𝛽3 captures the additional changes in the quarter-end 

effect during the past two years relative to the post-crisis average effect.  
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Similarly, they also tested the quarter-end effect for the monthly CIP deviation as follows: 

 

|𝑥1𝑤,𝑖𝑡| = 𝛼𝑖𝛽1𝑄𝑒𝑛𝑑𝑀𝑡 + 𝛽2𝑒𝑛𝑑𝑀𝑡 × 𝑃𝑜𝑠𝑡07𝑡 + 𝛽3𝑄𝑒𝑛𝑑𝑀𝑡 × 𝑃𝑜𝑠𝑡15𝑡 + 𝛾1𝑃𝑜𝑠𝑡07𝑡

+ 𝛾2𝑃𝑜𝑠𝑡15𝑡 + 𝜖𝑖𝑡 

 

where 𝑄𝑒𝑛𝑑𝑀𝑡  is a binary variable indicating if the settlement date and maturity date of the monthly 

contract spans two quarters. In the following table we can see the results of their regression. 

 

(Table 2) Regression Results 

 

 

Columns 1, 2 and 3 consider the one-week CIP deviations based on Libor, OIS, and repos. The slope 

coefficients 𝛽2  and 𝛽3 are positive and statistically significant across all three instruments. The 

quarter-end CIP deviation relative to the mean deviation in the rest of the quarter is on average 10 to 

22 basis points higher in the post-2007 sample than over the pre-2007 sample for the one-week 

contracts.  
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Additionally, compared to the post-2007 sample, the quarter-end weekly CIP deviation increases by 

another 30-40 basis points on average since January 2015. Columns 4, 5 and 6 consider the one-

month CIP deviations. Still, the results show that 𝛽2 and 𝛽3 are all significantly positive except in one 

case. For CIP deviation based on Libor and OIS rates, the month-end deviation relative 

to the rest of the quarter is on average 4 to 5 basis point higher post-crisis than the level pre-crisis and 

increases by another 8 basis point in the post-2015 sample. For one-month repo, even though 𝛽3 is 

not significant, 𝛽2 is highly significant and equals 13 basis points. 

Moreover, they noted that coefficients on 𝑄𝑒𝑛𝑑𝑊𝑡 and 𝑄𝑒𝑛𝑑𝑀𝑡 are very small and largely 

insignificant, which suggests that there is very little quarter end effect before 2007. 

 

3.3.3 Quarter-end Effects on the Term Structure of CIP Deviations 

 

The quarter-end balance sheet constraints are also reflected in the term structure of the basis. We have 

seen that the one-week basis widens significantly as the one-week contract crosses quarter ends and 

one-month basis widens significantly as the one-month contract crosses quarter ends. On the other 

hand, since a three-month contract always shows up in one quarterly report regardless of when it is 

executed within the quarter, we should not expect isolated price movement one week or one month 

prior to the quarter end. Thus, the quarter-end balance sheet constraint has effects on the term 

structure of the basis. 

More specifically, the difference between three-month and one-month CIP deviation (𝑡𝑠𝑡,3𝑀−1𝑀 ≡

|𝑥𝑡,3𝑀| − |𝑥𝑡,1𝑀| ) is expected to drop significantly once the one-month contract crosses the quarter-

end. At the same time, the difference between one-month and one-week CIP deviation (𝑡𝑠𝑡,1𝑀−1𝑊 ≡

|𝑥𝑡,1𝑀| − |𝑥𝑡,1𝑊| ) is expected first to increase significantly as the one-month contract crosses the 

quarter end and then decreases significantly once the one-week contract crosses the quarter end. 

Wenxin Du, Alexander Tepper and Adrien Verdelhan confirmed the characteristics previously 

observed with these panel regressions: 

 

𝑡𝑠𝑡,3𝑀−1𝑀 = 𝛼𝑖𝛽1𝑄𝑒𝑛𝑑𝑀𝑡 + 𝛽2𝑒𝑛𝑑𝑀𝑡 × 𝑃𝑜𝑠𝑡07𝑡 + 𝛽3𝑄𝑒𝑛𝑑𝑀𝑡 × 𝑃𝑜𝑠𝑡15𝑡 + 𝛾1𝑃𝑜𝑠𝑡07𝑡

+ 𝛾2𝑃𝑜𝑠𝑡15𝑡 + 𝜖𝑖𝑡 

 

This regression, similar to the one previously explained, used 𝑡𝑠𝑡,3𝑀−1𝑀 based on Libor, OIS and 

repo. 
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(Table 3) Regression results  

 

 

From the first three column of the table we can see that 𝛽1 is small and insignificant, and 𝛽2 and 𝛽3 

are both significantly negative. Compared to the pre-crisis sample, 𝑡𝑠𝑡,3𝑀−1𝑀 is 2.4 basis point lower 

relative to its mean in the rest of the quarter when the one-month contract crosses the quarter ends in 

the post crisis sample. In the post-2015 sample, the quarter-end effect corresponds to another 9.5 

basis point reduction in 𝑡𝑠𝑡,3𝑀−1𝑀 compared to its post-crisis mean. The remaining three columns 

show similar tests for 𝑡𝑠𝑡,1𝑀−1𝑊: 

 

𝑡𝑠𝑡,1𝑀−1𝑊=𝛼𝑖 + 𝛽1 ∥𝑄𝑒𝑛𝑑𝑀𝑡=1,𝑄𝑒𝑛𝑑𝑊𝑡=0 + 𝛽2 ∥𝑄𝑒𝑛𝑑𝑀𝑡=1,𝑄𝑒𝑛𝑑𝑊𝑡=0× Post07𝑡 +

 𝛽3 ∥𝑄𝑒𝑛𝑑𝑀𝑡=1,𝑄𝑒𝑛𝑑𝑊𝑡=0× Post15𝑡 +  𝛽4𝑄𝑒𝑛𝑑𝑊𝑡  +  𝛽5𝑄𝑒𝑛𝑑𝑊𝑡 × Post07𝑡 + 𝛽6𝑄𝑒𝑛𝑑𝑊𝑡 ×

Post15𝑡 +  𝛾1𝑃𝑜𝑠𝑡07𝑡 + 𝛾2𝑃𝑜𝑠𝑡15𝑡 + 𝜖𝑖𝑡   
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The variable  ∥𝑄𝑒𝑛𝑑𝑀𝑡=1,𝑄𝑒𝑛𝑑𝑊𝑡=0 is an indicator that equals 1 if a one-month contract traded at t 

crosses the quarter end, but the one-week contract traded at t does not cross the quarter end. As 

expected, the coefficients 𝛽2 and 𝛽3 are significantly positive while 𝛽5 and 𝛽6 are significantly 

negative, which suggests that the difference between one-month and one-week CIP deviation first 

increases as the once-month contract crosses the quarter end, but the one-week contract does not, and 

then decreases as the one-week contract crosses the quarter end. Like in the previous results we can 

observe that these quarter-end effects are larger in the post-crisis period and especially since 2015. In 

a nutshell, consistent with the key role of banks’ balance sheets on quarter-end reporting dates, we 

observe that CIP deviations are systematically higher for contracts that cross quarter end reporting 

dates post the crisis.  

 

3.4 CIP Arbitrage Based on Excess Reserves at Central Banks 

 

During the great financial crisis, major central banks implemented unconventional monetary policies, 

which brought global depositary institutions to have held large amounts of excess reserves at major 

central banks, for example the $2.4 trillion at the Fed and $0.5 trillion at the ECB. 

As we know, excess reserves are compensated at an interest rate set by the central bank, which is 

known as the interest rate on excess reserves (IOER). The main feature of the IOER at the Fed is that 

it is often above interest rates paid on private money market instruments, for example, the Fed Fund 

rate. The main reason that the Fed fund rate stays persistently below the IOER in the United States is 

that government-sponsored enterprises (GSEs), such as Federal Home Loan Banks, do not have 

access to the IOER deposit facility and are willing to lend at rates below the IOER in the Fed Fund 

market. This creates the well-known IOER-Fed Fund arbitrage for depositary institutions with access 

to the IOER deposit facility, in which banks borrow in the Fed Fund market from the GSEs and 

deposit the proceeds in the forms of excess reserves at the Fed, earning the IOER-Fed Fund spread. 

The trade is risk-less as central bank cash is risk-free and dominates private money market 

instruments in terms of liquidity and unviability. We can better understand this concept by looking at 

the following chart which shows the IOER, one-week OIS and Libor rates for the U.S. dollar since 

2009. 
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(Chart 3) IOER, one-week OIS and Libor rates for the U.S. dollar since 2009 

 

 

We can observe that the IOER is always greater than the one-week OIS rate over the entire sample 

and is also greater than the one-week Libor rate starting in 2011. If borrowing funds at the Fed fund 

or Libor rate did not carry additional costs, banks would accumulate even more reserves at the Fed in 

order to exploit this arbitrage opportunity, and the interest rate gap between IOER and OIS would 

become zero. 

Thus the spread earned on the IOER-Fed Fund (Libor) arbitrage gives a distinct measure of the cost 

of balance sheet expansion for depository institutions that participate in risk-free arbitrage 

opportunities. This cost is composed by two parts, which are for U.S. and foreign banks, the cost of 

leverage, summarized in leverage ratios, which is likely to be the most important part, since the trade 

is a risk-free one. For U.S. banks, an additional cost arises: the deposit insurance fees paid on 

wholesale funding. Thus, the gap between the IOER and OIS/Libor in the U.S. can explain about one-

third of the one-week CIP deviations, however, since central bank reserves are considered HQLA for 

the Liquidity Coverage Ratio calculation, but interbank lending is not, the CIP arbitrage based on 

interbank rates has less favourable implications on the Liquidity Coverage Ratio than the IOER-Fed 

Fund arbitrage. 
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3.5 KfW Basis 

 

We consider now the CIP deviations at the long end of the yield curves. General collateral repo 

contracts do not exist for long maturities, but we can focus on an alternative long-term cross–currency 

basis free from credit risk if we compare direct dollar yields on dollar denominated debt and synthetic 

dollar yields on debt denominated in other currencies for the same risk-free issuer and the same 

maturity in years. For this purpose, we consider bonds issued by the KfW, an AAA-rated German 

government-owned development bank, with all its liabilities fully backed by the German government. 

The KfW is a very large multi-currency issuer, with an annual issuance of around $70 billion and 

$370 billions of bonds outstanding. In their research, Wenxin Du, Alexander Tepper and Adrien 

Verdelhan compared KfW bonds of similar maturity issued in different currencies, assuming for 

simplicity, zero-coupon yield curves and swap rates.  

Similar to the general definition of the basis, the KfW cross-currency basis is the difference between 

the direct borrowing cost of KfW in U.S. dollars and the synthetic borrowing cost of KfW in a foreign 

currency j: 

𝑥𝑡,𝑡+𝑛
𝐾𝑓𝑊

= 𝑦𝑡,𝑡+𝑛
$,𝐾𝑓𝑊

− (𝑦𝑡,𝑡+𝑛
𝑗,𝐾𝑓𝑊

− 𝜌𝑡,𝑡+𝑛
𝑗

) 

 

where 𝑦𝑡,𝑡+𝑛
$,𝐾𝑓𝑊

 and 𝑦𝑡,𝑡+𝑛
𝑗,𝐾𝑓𝑊

 refer to the zero-coupon yields on KfW bonds denominated in U.S. dollars 

and foreign currency j. We can see the results they obtained in the following table: 

 

(Table 4) KfW basis 
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 The first column of the table shows summary statistics on the KfW basis during the January 2009 to 

August 2016 period. The mean post-crisis KfW basis is very close to zero for the Australian dollar 

(0.1 basis points) but is significantly negative for the other three currencies: -24 basis points for the 

Swiss franc, -14 basis points for the euro, and -30 basis points for the yen. The second column of the 

table, instead, shows similar summary statistics for the basis conditional on a positive basis for the 

Australian dollar and a negative basis for the other three currencies: while the Australian dollar basis 

is only positive 59% of the time, the other bases are negative at least 94% of the sample. As a result, 

the average conditional basis is 9 basis points for the Australian dollar, and close to their 

unconditional values for the other currencies: -24 basis points for the Swiss franc, -15 basis points 

for the euro, and -31 basis points for the yen. These results suggest that potential arbitrage strategies 

could be implemented.  In the following chart we can see the time series of the KfW basis by currency.  

 

(Chart 4) Time series of the KfW basis 

 

 

When the KfW basis is negative, a potential arbitrage strategy would be to invest in the KfW bond 

denominated in foreign currency, pay the cross-currency swap to swap foreign currency cash flows 

into U.S. dollars, and short-sell the KfW bond denominated in U.S. dollars. When the KfW basis is 

positive, instead, the arbitrage strategy would be the opposite.  



 45 

In summary the effect of cross-country differences in the liquidity of KfW bonds on the CIP 

deviations depends on the currencies. For example, the euro and the U.S. dollar are the most important 

funding currencies for KfW, followed by the British pound and the Australian dollar. Currently, there 

are about $170 billion euro-denominated KfW bonds outstanding and $130 billion dollar-

denominated bonds outstanding. The liquidity of euro-denominated KfW bonds is more or less the 

same of the liquidity of dollar-denominated bonds. Thus, liquidity differential cannot explain the 

positive arbitrage profits of going long in the euro bonds and shorting the U.S. dollar bonds. At the 

same time, the Australian dollar market, with the amount outstanding around $21 billion, is 

considerably less liquid than the U.S. dollar and euro market. Therefore, the lower liquidity in the 

KfW Australian market may explain the finding of positive CIP arbitrage opportunities of going long 

in U.S. dollar-denominated KfW bonds and shorting Australian-dollar denominated KfW bonds, 

despite sizeable potential arbitrage opportunity implied by Libor. Instead, the Swiss franc and the 

Japanese yen markets are relatively small with total amounts outstanding of less than $5 billion, thus 

resulting in a liquidity differential that can potentially explain the positive profits of going long in the 

more illiquid yen and Swiss franc KfW bonds and shorting the more liquid dollar KfW bonds.  

To conclude, deviations from CIP are present in many currency and fixed income markets, often 

representing significant arbitrage opportunities.  
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Chapter 4 

 

Conclusions 

 
In this paper we have examined persistent and systematic failure of the CIP conditions in the post 

crisis period and we have provided evidence that short-lived arbitrage opportunities arise in the major 

FX and capital markets. The size of CIP arbitrage opportunities can be economically significant for 

different exchange rates examined and across different maturities of the instruments involved in 

arbitrage. The duration of arbitrage opportunities is, on average, high enough to allow agents to 

exploit deviations from the CIP condition. However, duration is low enough to suggest that markets 

exploit arbitrage opportunities rapidly. These results, coupled with the unpredictability of the 

arbitrage opportunities, imply that a typical researcher in international macro-finance can safely 

assume arbitrage-free prices in the FX market when working with daily or lower frequency data. 

We also saw that there is not a specific time during the day or during the week when arbitrage 

opportunities arise, making it more difficult to identify and exploit these deviations. 

Finally, we showed that these arbitrage opportunities can be explained by the interaction between 

costly financial intermediation and international imbalances in funding supply and investment 

demand across currencies. Consistent with this two-factor hypothesis, we showed some 

characteristics of CIP deviations. First of all, CIP deviations increase at the quarter ends post crisis 

for short-term contracts, reflecting the impact of the Leverage Ratio on asset prices. Second, CIP 

deviations can be softened once we take into account the balance sheet cost associated with wholesale 

dollar funding. 
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