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Analysing Cross-currency Basis Spreads’

Jaroslav BARAK — Jiii WITZANY*

Abstract

This paper investigates the drivers of cross-curyebasis spreads, which
were historically close to zero but have widengphificantly since the start of
the financial crisis. Credit and liquidity risk, agell as supply and demand have
often been cited as general factors driving crassency basis spreads, however,
these spreads may widen beyond what is normalliaiesa by such variables.
We suggest market proxies for EUR/USD basis swegadpdrivers and build
a multiple regression and a cointegration modetxplain their significance during
three different historical periods of basis widenimhe most important drivers
of the cross-currency basis spreads appear to ba-séind long-term EU financial
sector credit risk indicators, and to a slightlyséer extent, short- and long-term
US financial sector credit risk indicators. Anothigmportant driver is the market
volatility for the short-end basis spread, and EigR/USD exchange rate for the
long-term basis spread, and to a lesser extentF#ECB balance sheet ratio.

Keywords: cross-currency swap, basis spread, overnight indesxeap, cointe-
gration, arbitrage

JEL Classification: D53, G01, C31

Introduction

Cross-currency basis swaps (CCS) have been foe s@ars showing an
interesting phenomenon of significantly negative positive) cross-currency
basis spread to a floating rate of one currencyhesother (Figure 1). CCS basis
spreads were historically close to zero (apart fodehask spreads), based on the
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assumption of banks’ continuous access to interlmaatket financing at IBOR
rates. This assumption was widely questioned whasiskspreads significantly
widened in 2007 and practically became a new inadget market risk factor.
The existence of the basis spread has been siecedfen associated with
a deviation from the covered interest rate pa@Pj. In particular, the assump-
tions of the CIP, such as no restrictions to inwngsin the domestic or foreign
market, and that the domestic and foreign intewss roughly reflect the same
risk, thus needed to be questioned. Identifyingdtieers behind the basis and
their relative importance offers more clarity o tGIP, helps to assess the fair
value of the basis, and to project its future dicec The goal of this paper is
to analyse these drivers; in particular, we takdoaser look at how credit and
liquidity risk of underlying money market ratestimo currencies, and demand
and supply imbalances, influence cross-currencysb&sap spreads, and we
discuss arbitrage-free boundaries in cross-curréncgiing and investing. We
focus on the most liquid currency pair, the EUR/JJSBd review historical epi-
sodes of the EUR/USD basis spread. The outcomehisfdiscussion leads
to identifying the drivers, the market variablebanges of which reasonably
capture changes in the EUR/USD basis spread. Weube them as regressors
in a multiple regression model and a cointegratioalysis to explain their im-
portance during three relevant historical periofibasis widening on the short
end (3 months), and medium part (5 years) of thRfE$D basis curve.

Figure 1
Basis Swap Spreads have Become Volatile
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Source:Bloomberg.
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1. Literature Review

A float-to-float cross-currency basis swap (CCSaiswap that exchanges
principal amounts in two currencies at the begigrand at the maturity of the
swap (Baba et al., 2008b). The single exchangeustd to fix the initial and
the final principal amount is determined at inceptiln addition, the swap ex-
changes in the opposite direction periodic intepagiments based on two money
market reference rates in two different currencies.

These are the most commonly used cross-currenagssthat allow counter-
parties to temporarily transfer assets or lialiitin one currency into another
currency. A cross-currency basis spread thus repteshe costs associated with
temporary swapping of two currencies. Money markggrence rates (i.e., IBOR
rates) in different currencies reflect differeneait and liquidity risk, which are
partly translated into a spread over one leg otctbaes-currency basis swap. The
basis spread is added to one of the floating mégeending on the market con-
vention. The basis spread term structure exhiliftsrdnt shapes across curren-
cies and varies over time; it can be positive @atige, reflecting different rela-
tive supply and demand for liquidity in the two @ncies — see Figure 2.

Figure 2
Shape of the Spread Term Structure is Influenced bgupply and Demand
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Note: Term structure of CCS spreads of 3M Euribor vs. 38D Libor, 3M GBP Libor vs. 3m Euribor, 3M
JPY Libor vs. 3M USD Libor, and 3M AUD Bank Bill vY8M USD Libor as at 2 June 2017.

Source:Bloomberg.

The existence of basis swap spreads itself leadsfferent interpretations.
According to Chang and Schldgl (2012), basis swageals are inconsistent
with the classical CIP arbitrage argument betwéerspot and forward markets.
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According to the CIP, investors should be indiffér® investing or borrowing
in two currencies with hedging between the two eocres with currency for-
ward contract or a CCS. However, such strategies afssume that market par-
ticipants can continuously and without restrictidsterow and lend at IBOR
rates. In Section 3, we discuss this arbitrageraeg in a slightly stricter sense
in a setting where entities borrow at a risky (wused) rate while invest at
a risk-free rate.

From the valuation point of view, Bianchetti andriichi (2012) argue that
basis spreads are consistent with an arbitragedfisg&et, with the consequence
that the valuation of related derivatives needdtipialcurve input for estimating
forward rates and discounting future cash flowsfdct, when we change the
discount curve, we change the market value of #révakive. This has led to
a reassessment of the one-curve-concept (usingcunve to estimate the for-
ward rates and to discount future cash flows) anthé¢ introduction and adop-
tion of multiple valuation curves.

Although the literature on cross-currency basts lbeen somewnhat limited in
the past, several papers have been recently pablskplaining the issue mostly
in the context of a deviation from the CiBince then, the topic has been attract-
ing increasing attention with researchers studyimg causes of CIP violations
and discussing whether these violations createtragesi opportunities or one
should rather question the underlying CIP assumptio

For example, Du, Tepper ad Verdelhan (2016) confinat credit risk and
transaction costs do not fully explain large andsiséent deviations from the
CIP, and they are rather caused by inefficientrfoia intermediation and im-
balances between demand and supply across cuseBago et al. (2016) esti-
mate that CIP violations across major currenciéeaiedemand for currency
hedges while the arising arbitrage opportunitiesewinited due to risk limits
and balance sheet constraints of market particsp@uti et al. (2016) study the
USD/JPY basis and argue that its recent widenirggbie®n caused by a larger
demand for USD, reduced market-making abilitiesl laver USD supply from
the foreign official sector.

Earlier works point out interbank market distragsl demand for USD. Ando
(2012) concludes that the volatility of basis svegpeads is caused by the stress
in the unsecured interbank money market, althowgh stress does not explain
the whole spread. Ivashina et al. (2012) presemtodel in which European

2 |n fact, quoted basis sprebdlargely captures “CIP violations” and modifies thrginal CIP
. F : . . .
equation to(1+ re ) =§(1+ (rd +bs)) , wherer, is the foreign interbank rate, is the domestic

interbank ratef- is the forward exchange rate, 8@ the spot exchange rate, for simplicity, omitting
time to maturity.
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banks cut their dollar lending more than euro legdn response to their credit
quality deterioration. European banks are forcetlitn to the secured FX swap
market but limited demand on the other side alskemdhe synthetic secured
dollar borrowing expensive, leading banks to cetrtdollar lending. This model

has been successfully tested in the context ofd@hent financial crisis. Baba,
Packer and Nagano (2008b) analysed spillover affectn money markets into
FX swap markets, arguing that the shortage of déliading of non-US banks

caused large deviations from covered interest \p&@tP). Authors also tested
Granger causality between FX swap quotes and cuassncy basis swap (CCS)
guotes and found that during the crisis periodjatmns from CIP were spread
from the FX swap market to the longer term CCS miark

We also note some of the earlier related worksshaly the determinants of
interest rate swap (IRS) spreads (i.e. the diffeemetween government bond
yields and swap rates) since factors influencingGgreads could be similar to
factors influencing IRS spreads in one currencyneig credit risk and bond
supply. For example, Cortes (2006) uses principahgonent analysis to find
that the term structure of swap spreads in diffenearkets moves together and
is upward sloping in the two to ten-year part o tturve, due to existence of
a default term premium and global expectations afegnment bond issuance
(the higher the net borrowing, the steeper thedyeelrve). Huang, Neftci and
Jersey (2002) confirm that liquidity has a sigrafic negative effect on swap
spreads (swap spreads fall with increased supplyaateeper Treasury curve).

We will analyse cross-currency basis swap spréaads different angles. In
the next section, we discuss credit and liquidisk,rand supply and demand
pressure of one currency versus another. We wadl the approach of Ando
(2012) with more recent data to construct boundanighin which there should
be no arbitrage opportunity. However, by testingsthboundaries, we reconfirm
that supply and demand imbalances may push bassdgp outside of these
boundaries, creating arbitrage opportunities fas¢hmarket participants who
are able to raise unsecured funding at interbates ia one currency and swap it
into another currency. Such episodes can take pleess a number of curren-
cies, however, we focus and illustrate it on thestraxctively traded pair, the
EUR/USD basis swap.

We then build a multiple regression and a coiratign model to explain the
drivers of EUR/USD basis swap spreads and theivichehl importance during
three different relevant historical periods. Asresgors, we use variables that
serve as a proxy for short- and long-term credik, rliquidity conditions, and
demand and supply. We show that although an inergaisiterbank risk in both
euro and US dollar caused a widening of EUR/USDshawap spreads, the
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interbank risk only does not fully capture the leakthese spreads. The residual
term may be partially assigned to supply and demarmalances, which may
arise and persist over a longer period of time.

2. Cross-currency Basis Spread Determinants

Credit, liquidity, supply and demand forces afluence cross-currency basis
spreads. These spreads are effected by the adnilityconditions of funding di-
rectly in a single currency, and thus by supply dedchand for cross-currency
financing.

CCS are used to hedge currency risk that arisas éntity decides to fund or
invest in a foreign currency. A domestic entityuS¥CS to either

a) fund domestic assets with foreign currency borrgwimand use the de-
mand side of the CCS swap market (a demand for skicy@irrency) or

b) fund foreign currency assets with domestic curremagrowings and use
the supply side of the CCS swap market (a supptioafestic currency).

For example, a) can be used by corporates isfagnds in foreign currency
and swapping the proceeds into domestic currendlevif) is often used by
banks when they lack a deposit base in the foreigrency and need to swap
deposits in their domestic currency.

Both sides are in balance if each of them is &blmeet the other side of the
trade. Aforeign entitythus in case of a) issues debt in domestic cuyrand is
a seller of the domestic currency to domestic bamksthe CCS market or
b) buys domestic assets and is a buyer of a damestrency from domestic
banks in the CCS swap market. If the sides ofdhisation are unequal then the
imbalance causes volatility and puts pressure erCtdS basis spreads.

Short End of the Curve

Some CCS spread drivers are more significant lhortsmaturities of CCS
swaps, while others for long maturities. Short epdeads (i.e. in FX swaps)
appear to be more influenced by IBOR fixings anedditfliquidity premium in
IBOR rates, while the long end (CCS swaps) seers tmore sensitive to supply
and demand for assets in both currencies.

The credit element in the short end can be apprabad by the IBOR-OIS
spread which directly influences the basis. It can bevei@Baran and Witzany,
2014) that the EUR/USD basis spread can be appatedrby the difference in
IBOR-OIS spreads in the two currencies plus a tedidpread, i.e.

3i.e. the difference between the forward rate agese (FRA) rate and the forward Overnight-
-Index-Swap (OIS) rate with the same maturity.
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B%UR/usm w= BSuguso os M+( fusousor m Tuspos )A_( "' eurBer ™ T EOL\BA) 1)

where BS. g uspoiss w 1S the EUR/USD OIS basis swap (Fed funds vs. Eénia

spread on a quarterly basis). With such decompasitie have removed the em-
bedded short-term credit and liquidity risk of tin IBOR rates and we are left
with overnight rates in the two currencies (riskefrate proxies). This shows that the
basis cannot be fully explained by the differemdirand liquidity risk of Euribor
and USD Libor. The remaining spre®$. s o153 v IS @lso tradable in the mar-

ket and it reflects demand and supply for one cayrers. the other. The CCS OIS
basis spread is thus a cleaner measure of theckdhatween supply and demand.

Long End of the Curve

In the near term, the long maturity currency swhage been less volatile
than short maturity currency swaps. Long maturigippear to be mainly driven
by the capacity of the market to facilitate swagpof the cross-border bond
issuance. This capacity is further affected byedédht regulation, market size, or
liquidity from investors and issuers. For examglee issuance of US dollar
bonds by European sovereigns, supranationals aedci&g is often swapped
back to EUR and narrows the EUR/USD basis. On therdiand, an increase in
swapped euro issuance from US-based corporatesisvitie basis because de-
mand for USD in the swap market rises.

Bond Credit Spreadsin Different Currencies

One important motivation for swapped bond issuasnee cost savings that
may arise from the levels of the basis and diffe@rdit spreads in different
currencies of the same issuer. To compare bond speads$ of one issuer that
have similar cash flows but are denominated iredifit currencies, we need to
adjust spreads by the cross-currency basis anckatteate basis, if needed. For
example, in case of EUR/USD, we can express thditagpread of a USD bond
in EUR terms as

CS=Cg- B ¥+ B&- 2)

where@ is the synthetic dollar credit spread against 3#mdJSD Libor of
the EUR denominated bond with maturftyCS’ is the EUR credit (asset swap)
spread,BS™ % is the EUR/USD cross-currency basis spread fontagurity

T, which exchanges 3-month Euribor plus spread ag&msbnth USD Libor
payments, andBS™ ¢ is the EUR interest rate basis swap spread, which

4 For this purpose, we use bond asset swap sprasifg)(as a proxy for credit spreads.
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exchanges 3-month Euribor plus quoted spread aga&imonth Euribor (adjust-
ing for interest rate basis is in this case necgssa the asset swap spread in
USD is marked against 3-month USD Libor, while #sset swap spread in EUR
is by convention expressed against 6-month Euribor)

Figure 3a

Synthetic USD Funding from EUR has Become More Attictive than Direct USD
Funding
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mmmm Difference === USD IG corporate spreads == EUR IG corporate spreads swapped into USD

Note Since the end of 2014, credit spreads of USDstment grade (IG) corporates have been higher than
synthetic USD spreads implied from EUR IG corposyieeads and CCS basis.

Source:Bloomberg; Dealogic; Authors’ calculations.

Figure 3b
EUR-issuance from US Corporates Contributes to BasiWidening
|G issued amounts (LHS, in EUR bn)  mmmmm HY issued amounts (LHS, in EUR bn) e EUR-USD CCS BASIS 10Y (RHS)
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Note Total EUR denominated issuance by US based cogsohais picked up due to cost advantage.
Source:Bloomberg; Dealogic; Authors’ calculations.
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Figure 3 compares credit spreads of USD denondriateestment grade cor-
porate bonds with credit spreads of EUR denominategistment grade corpo-
rate bondsswapped into USD and adjusted for 3 vs. 6-mongisba

EUR and USD long term credit spreads tend todepte extent, correlated
with the EUR/USD currency basis spread, howeveir tmportance as of drivers
changes over time. Since the end of 2014, indick®D funding in the EUR
market has been cheaper for corporate issuersiedt spread difference be-
tween EUR and USD denominated bonds more thantsftee negative CCS
basis. Tighter credit spreads of EUR denominatedacates compared to USD
leads to higher funding in EUR and thus supporsssbaidening (Figure 4).

Figure 4
Tighter Corporate Credit Spreads in EUR Compared toUSD Drive Basis Wider
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e EUR-USD IG Corporate spreads (LHS) e EURUSD CCS BASIS 5Y (RHS)

Note Recent tightening of EUR corporate credit spreaistheir USD counterparts has contributed toshasi
widening.

Source:Bloomberg; Authors’ calculations.

EUR/USD Basis Swap Spreads Development

The EUR/USD cross-currency swap is often usedupfean banks to fund
US dollar assets if direct dollar funding sourcesdme inaccessible. The natural
other side of this trade are European issuersditiqolar, agencies, supranatio-
nals, and sovereigns) which swap US dollar debigisse into euroSEuropean
issuers look to issue US dollar bonds and swapptbeeeds into euros in order
to diversify into other funding sources and potahtito obtain cheaper funding.

® Measured by Bloomberg EUR and USD Investment Gragdegdean Corporate Bond Index
ASW spreads.
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Several authors have pointed out (e.g. Ivashirz €2012) that during the crisis
period, uncollateralised dollar cash markets wess Ifunctional for European
banks, which had to shift to secured transactiochk sis FX swaps since the US
money market funds had restrained from buying steorh dollar unsecured
debt (i.e. CDsCP<) of European banks. This heavy dependence of Earop
banks on the wholesale dollar market during theopean sovereign debt crisis
created a supply and demand imbalance (increagss$ye on dollar funding)
and EUR/USD cross-currency basis spreads widers@dfte more negative).

This, however, goes hand-in-hand with the cragk element as a period of
increased volatility leads to the perception of@ased credit risk in banks. This
was the case in the EUR/USD basis swap market giuhia financial crisis,
when European banks started to be perceived bydud&sbas becoming increas-
ingly riskier, as is empirically investigated inB&aand Packer (2008a). Figure 5
shows the co-movement of euro-interbank risk (esqed as Euribor-Eonia
spread) and EUR/USD basis spreads, suggestingath@icrease in interbank
risk caused widening in EUR/USD basis spreads.

Figure 5
Increased EUR Interbank Risk Widened the Basis inhie Past
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-140

Note 3M Eonia-Euribor spread in basis points (LHS) and BUS 2-year CCS spread since 2009.
Source:Bloomberg.

6 Usually the issuer sells a US dollar fixed ratadavhich is immediately swapped against
3-month USD Libor plus a spread. Then USD Liborrpests are swapped against 3-month Euribor
payments using cross-currency basis swaps so e fdading is converted into euro funding. Fipall
issuers who use 6-month Euribor as a benchmark iaeea basis swap to convert 3-month Euribor
payments into 6-month Euribor or a fixed rate.tAse steps can be done in a single transaction.

" CD - Certificate of Deposit; CP — Commercial Paper.
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It is important to note that the explanatory powkany such variable varies
over time. For example, the above fails to expthi@ basis spread widening
since the second half of 2014 when credit spreaagined stable. This second
wave of EUR/USD cross-currency basis widening gstsenger with expan-
sionary monetary policy of the ECB (deposit raté tounegative level in June
2014, the announcement of the ECB’s expanded gmsehase programme
(APP) on January 22, 20£%nd subsequent rate cuts, APP modifications, and
other measures). The initial market impact has Isggmficant with yields com-
pressing and curves flattening. Since then, the A3R basis spreads have
moved into deep negative territory.

In contrast to 2009, when basis widening was drivge inability of European
banks to access unsecured dollar funding, the 20d€ning appears to be driven
by the inability to invest into highly-rated EURrdeminated government bonds.
The general low-yield environment in Europe and rtlegative rate on ECB'’s
deposit facility is pushing investors out of EURaimother currencies like USD.
As the ECB purchases have been absorbing largemesluof bonds from
the secondary markets and driving yields well betber negative ECB deposit
rate, investors started to look for currency-hedgedestment opportunities
abroad.

Figure 6
ECB Balance Sheet Expansion has Contributed to BasiWidening
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Note Ratio of Fed to ECB balance sheet (LHS) and ELB®I2-year basis swap spread since 2009.
Source:Bloomberg; Authors’ calculations.

8 ECB press release: <http://www.ech.europa.eu/finédate/2015/html/pri50122_1.en.htmi>.
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Central bank actions in terms of supply of curyeatfect interest rates and
borrowing conditions and may cause moves in basapsspreads. In fact, by
taking the ratio of the Fed balance sheet to EABrioca sheet, we may construct
a simple and rough indicator of relative supplygdfR to USD and compare it
to changes in basis swap spread levels (Figure 6).

The expansion of the Fed balance sheet relatitteet& CB balance sheet (the
Fed balance sheet continued to expand on the U&sdimg bond-buying while
the ECB balance sheet between 2012 and 2014 wiagislgrdue to repayments
of long-term refinancing operations) led to bagisead tightening (increased
supply of dollars).

Since June 2014, the ECB has started easing theeteng policy while
the Fed has been decreasing its pace of US Treaspurchases and halted
them in October 2014. This, together with the EGBe& purchase programmes,
created an excess supply of EUR vs. USD and pubheis spreads wider.
Generally it appears that an increase in the supplySD liquidity decreases
USD funding costs (and tends to tighten the basif)jle an increase in the
supply of EUR liquidity decreases EUR funding cqsisd tends to widen the
basis).

The most recent period of EUR/USD basis wideniag be observed in
2016, and it has been characterised by a divergegivecen US and European
interbank spreads, namely, USD Libor-OIS spreadksEuribor-Eonia spreads.
While Euribor-Eonia spreads have been continuodsfying lower, suggesting
easy access to EUR liquidity, USD Libor-OIS sprefaalge been gradually widen-
ing and the USD Libor curve has been steepenirgu(€i7).

Market participants have named the 2014 US Moneykikt Fund Reforth
as the main source of the recent Libor-OIS widenifigs reform brings sub-
stantial changes to money market investing. Amotigerothings, the reform
introduces restrictions on the remaining maturifysecurities purchased by
money market funds and limits the interest rate @edit risk exposure. Further
rules apply to liquidity, and diversification limit and moving from accrual
based to market-based valuation for institutiomathp (non-government) money
market funds.

The new regulation thus treats government monakenh&unds more favour-
ably at the expense of prime funds. In fact, theas a notable trend of flows
from non-government money market funds into govermnfiunds on average of
around USD 10 billion per week in 2016 (Figure 8).

9 Money Market Fund Reform adopted by SEC came infecefon October 14, 2016.
<https://lwww.sec.gov/rules/final/2014/33-9616.pdf>.
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Figure 7
Euribor — Eonia Spreads have been USD Libor-OIS Spad have been
Narrowing Widening into the MM Reform Date
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Note Left: 1-month, 3-month and 6-month Euribor — Eospreads show no signs of EUR interbank stress.
Right: 1-month, 3-month and 6-month USD Libor-OIS spreladge been widening into the effective date of
US money market reform.

Source:Bloomberg.

Despite the different driving factor in 2016, thenas been again a pro-
nounced shortage of USD, intensifying the pressurecross-currency basis
swap spreads. Higher Libor rates mean a higherafdd6D money market un-
secured funding (e.g. via commercial paper), ahtheasame time, wider CCS
spreads mean higher cost of USD via FX and CCSswap

The USD funding pressure has been more apparestt wik eliminate EUR
and USD Libor-OIS spreads from the cross-currerasidband look only at the
3-month EUR/USD OIS cross-currency basis swap sftéaigure 8).

Figure 8

Outflows from Prime Money Market USD Libor-OIS Wide ning has Driven
Funds have Driven USD Libor Rates the OIS Basis Wit
Higher

wmm 3M $ LOIS spread (inverted) s====3M EURUSDJOIS basis Sgread

Note Left: Reallocation from prime funds into government funtfiving USD Libor rates (RHS) higher.
Right: Increasing 3M USD LOIS spread has contridute3-month EUR/USD basis spread widening.

Source:Bloomberg; Investment Company Institute.

10 EUR/USD OIS CCS exchanges cash flows based on FedsFffective rate vs. Eonia +
spread on a quarterly basis.
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Despite the currently low perceived credit riskkafropean banks, the USD
funding pressure was considerably intense, giverfabt that the ECB provided
USD liquidity to European banks at fixed rate USIEG 0.5% p.a. and satis-
fied all bids at full allotment!

Changes in the supply of a currency affect chamgesarket conditions and
motivate market participants to borrow or investoime currency or another.
Another supportive driver of basis widening hasrb#e increased EUR issu-
ance by US corporates. The ECB easing monetargypplished investors to
look for a yield pick-up and has driven credit she of European corporates to
significantly tighter levels while USD credit spdsawere less impacted. This
makes it attractive for US corporates to tap théEharket.

As already mentioned, agencies, supranationatssavereigns are the bene-
ficiaries of wide EUR/USD cross-currency basis adeeas they can potentially
obtain cheaper funding in USD. It goes hand in hidwatl cheaper USD funding
for European issuers also means that EUR bondsare attractive for investors
when swapped into USD. Foreign demand for EUR bandg thus increase
from those USD investors who are able to invesEWWR and swap back into
USD. Therefore, both USD supply from European issaad EUR investments
from USD investors cause EUR/USD cross-currencishiagighten. In fact, we
can observe that for the same issuer, similar bamderms of maturities and
coupon payments but issued in different currenaresbeing traded at different
credit spreads after adjusting for cross-currerasidspreads.

An exact decomposition of basis spreads remaiakeciging, as cross-curren-
cy basis swap spreads reflect both a combinatioohahges in liquidity and
credit risk of the underlying money market instrumiseas well as supply and
demand imbalances. In Section 0, we investigatesetarrency basis spread
drivers and their individual importance in furtheetail, using multiple regres-
sion analysis.

3. Arbitrage-free Boundaries for EUR/USD Basis Spread

In this section, based on Ando (2012), we are @tinanalyse arbitrage-free
boundaries for funding and investing in foreignreacies using CCS. The idea
of Ando (2012) is to swap the funding rate in theall currency into a foreign
currency (FX swap-implied funding rate) and comgaseith a risk-free invest-
ment in the foreign currency. The final FX swap-img funding rate will be

1 perhaps one explanation is that despite beingra atractive funding option, central bank
swap lines are being perceived as last-resoritfasito borrow, and are subject to further cofiaite
and haircut requirements and are thus to some teateided.



1016

expressed as a function of four variables: thefris& rate in the foreign curren-
cy, the interbank credit spread of each currenicg,the residual term indicating
supply and demand imbalance. The existence ofiduadgerm would addition-

ally indicate that the basis is not fully explairtedthe interbank risk.

We discuss the case of EUR/USD CCS basis anantrast to Ando (2012),
we will work directly with EUR/USD CCS basis swapresads rather than for-
ward and spot FX raté§.A EUR/USD basis swap exchanges by convention
periodic 3-month USD Liborr,g, z0r r @gainst the 3-month Euribor plus

a spreadf qzor 1+ BST, Where BS is the quoted basis spread for matufityf

the swap contract.

Let us assume that IBOR funding rates reflect fumpdonditions for domestic
banks, and that a bank can invest at'®t8k-free rate in either euros or US
dollars. In this setting, the natural boundarigsigk-free investing become

rEONIA,T -r EURIBOR TS BS Ts r USDLIBOR T _ r UsD OJs (3)

If (2) does not hold, the following arbitrage opjomities arise:

« If rispusor 1~ BST< Tyspois » then a bank with access to the unsecured

EUR market will borrow at Euribor, swap the procgéuto USD and invest at

the risk-free USD OIS raté.
o If regrigor T+ BST< Ieonan then a bank which can access the unsecured

USD market will borrow at USD LIBOR, swap the preds into EUR via FX or
cross-currency swaps and invest at the risk-frenIBQate.

The investment into OIS rates is considered asoaypfor risk-free invest-
ment in order to make the covered interest artitfage of credit and liquidity
risks.

Further, settingBS; = Loyat~ Meurior 1+ X» WE Can us& as an indicator

of an arbitrage opportunity (foX <0 arbitrage theoretically exists). Following
Ando (2012) and decomposing the FX swap-implied USBding rater, ;

from EUR funding rate (Euribor) into the variablsIBOR and OIS rates leads
to

Mex .t = Tuspusor T~ BS 1= Tusp Lgor T ( M eonat ! EURIBOR)T_ X =

(4)

=Tuspois T (r USDLIBOR T | UsD OIS )r+ (I’ EURIBORT! EoNlA) X

2px swaps follow different mechanics than CCS, howetreey both have the same economic
function.

13 One way to invest into the OIS rate would be tbaweer overnight deposits at the overnight
rate and hedge it by paying in the OIS swap market.

14 Or any other proxy of a risk-free rate, i.e. aoregte with high quality collateral.
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The FX swap-implied rate is expressed as a fumctfa forecast of the Feder-
al funds rate, stress in the USD and EUR money etar{BOR-OIS spreads)
and a residual terr, which indicates supply and demand pressure ofcone
rency vs. another. Ando (2012) further notes tat O may arise from low
liquidity in unsecured USD money markets, spedificinterparty risk, transac-
tion costs and measurement errors in the Libon@xate.

Ando (2012) uses forward and spot prices in a mhposition analogous to
(3) and shows how each factor contributes to clmnmgethe EUR/USD and
USD/JPY basis. The author concludes that when U§iplg and demand tight-
ens, stress in the unsecured money markets instdaasis spreads widen, and
the FX-implied rate sometimes reaches levels npla@ged by the stress in the
unsecured markets{<0).

Rewriting (3) usingr., + =rysp Lsor +— BS 1 leads to the following inequality:

r <r

USDOIS t= " FX tsr USD LIBOR t+ (r EURIBOR t_r EONIA)t (5)

where the synthetic USD finding ratg, , is bounded by the risk free USD rate

from below and by the sum of the unsecured USD monarket rate and EUR
market stress indicator from above. If (5) holtiernt the level of the FX-implied
dollar rater,, , is determined by supply and demand forces whioluelver, do

not yet create any arbitrage opportunity in thiirsg. Note that the difference
between the right-hand-side of (5) ang ; equalsX, so the right-hand-side

inequality is equivalent to the conditiod =0 so that the time period where
X <0 (or equivalently-X >0) is the period where arbitrage opportunities exist
given our assumptions.

Applying the decomposition (4) to a 3-month matuEUR/USD basis swap,
one can observe that theoretical arbitrage oppitiegararose and persisted over
a long period. Figure 9 shows the evolution of3hmonth FX-implied USD rate
from Euribor decomposed into the USD risk-free rate euro and US market
stress indicators. The graph above indicates that@aease in interbank risk in
both the euro area and the US (IBOR-OIS widenirgg)ses widening of the
EUR/USD basis spreads. The interbank risk, howelees not fully capture the
movements in basis spread and the residual terroated supply and demand
imbalances. Short-term US dollar issuance had becoore attractive for issuers
having well-established US market access. An adpitropportunity for issuers
who were able to raise US dollars at around the W&IOr rate arose and per-
sisted over a long period. This suggests that tagist additional restrictions to
capital flows and that there was only limited capévailable to fully exploit the
arbitrage opportunity.
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Figure 9

Recent USD Libor-OIS Widening Contributed to an Inaease in Synthetic USD
Rates from EUR
2.25
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The theoretical arbitrage opportunity peaked atahd of 2011, right before
coordinated actions by central banks that effelsticapped the basis spreads.
The central banks intervened with cross-currencgpswines, and European
banks could borrow dollars directly from the ECBaiagt euro collateral. Baba
and Packer (2008a) present evidence that dollar fanding auctions by the
ECB have stabilised the FX swap market. The EUR/Uf8Bis has narrowed
significantly during the first half of 2014 and thebitrage opportunity vanished.
Tighter basis spreads make funding in euros mdractte for US dollar issu-
ers, and less appealing for euro issuers to igslESi dollars. Another arbitrage
opportunity arose in January 2015, when the ECBanced its public sector
purchase programme, which has persisted since shggesting that the exces-
sive supply of EUR has not yet been absorbed.

The practical issue with the above analysis i¢ the have worked under
a strong assumption of investing at OIS rates aming funds at IBOR rates,
that is not feasible for a number of market pgsaiats. OIS rates are not them-
selves freely investable. To validate the CIP agdiom of free capital flows, it
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would be desirable to choose an investment andirignohstrument, which
would be the most liquid and accessible to a muohader set of market partici-
pants. Repo markets with government securitieoaesof the most liquid and
safest money market financial instruments, thatgtogether both financial and
non-financial entities, and both cash seekers ash @roviders. Repurchase
agreements are thus a better proxy of an investaiddree instrument that ful-
fils CIP assumptions.

For two currencies with well-established and ltjgovernment repo market,
with securities collateral of similar (low) riskne should not be able to achieve
persistent arbitrage profits by raising funds we@a market in one currency,
using government bonds as collateral, swappingraised funds into foreign
currency, and investing them via reverse repotiergame term, taking foreign
government bond as a collateral. For example, ncase of EUR/USD, one
could raise funds in the US repo market using U&3uries as collateral, swap
them to euros, and invest euros via reverse ragmg German sovereign bonds
as collateral. We illustrate this exercise in thapp below, by comparing one-
week FX-swap implied EUR rate from one-week US GRegnment repo rates
(using quoted EUR/USD historical spot rates and-week EUR/USD swap
points) with German GC government repo rates.

Figure 10

US Treasury GC Collateral Rate Swapped into EUR Coipared to German GC
Repo Rate

1.5 1.5
I German GC Repo Rate - FX-implied EUR Rate
1.0 il ——FX-implied EUR rate (from US GC repo rate)

1.0
-~ GC Repo Germany

[=2)
o
c
3
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Jun11
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Feb 13
Jun13
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Feb 14
Jun 14
Oct 14
Feb 15
Jun 15
Oct 15
Feb 16
Jun 16
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Feb 17

Note 1-weekFX-swap -implied EUR rate from US GC Government &Bjate compared with German GC
Government Repo Rates.

SourceBloomberg; Authors’ calculations.
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We notice that arbitrage opportunities (or CIPlations) become somewhat
less apparent, with the exception of quarter-erttlyaar-end turns. In fact, if we
correct the example above with transaction costssiple derivative costs (credit
charges, collateral funding), and possible repcchits and margins, there will be
little persistent pricing inefficiency left to barbitraged” away.

4. A Regression Analysis of EUR/USD Cross-currency Basis Swap
Spreads

We have discussed several drivers behind crossruy basis swap spreads,
in particular, short and long-term credit and ldjty risk, and supply and de-
mand indicators. The objective of this sectionoddst the explanatory power
of these drivers with a statistical approach usindjnary least square multiple
regression and a cointegration analysis.

Based on the fundamental analysis above, it wbeldempting to regress
directly the EUR/USD basis spreads on the potergigilanatory variables.
However, it is obvious and the ADF tests confirmttthe time series are not
stationary, and such a regression in levels coeld bpurious one. Therefore, we
will start with a simple model regressing the difieced time series passing
the stationarity tests. Later, we will investigaténtegration relationships among
the series using a more advanced approach.

First, we test two simple models, one with the @ith EUR/USD basis swap
spread as the dependent variable (to explain drie¢érthe short-term basis
spread changes), and the other with the 5-year BBR/basis swap spread as
the dependent variable (to explain drivers of mediarm basis spread changes).
Based on the discussion in the preceding sectiomgyoal is to explain the 3-month
and 5-year spread changes with the independerabbesi presented below (see
Table 1).

To capture short-term credit risk for euro andatalates, based on the analy-
sis above, we use IBOR-OIS spreads. For exampleedit risk of European
banks increases, we would expect basis swap sfwesidlen on increased con-
cerns about their counterparty credit risk (Figbyeas European banks would
have to pay a premium in the swap market to bots&. On the contrary, we
would expect that when credit risk of US banks éases, the 3-month basis
spread tightens. The choice of LIBOR-OIS spreadstrisightforward, as they
directly influence the basis — see (1).

However, note that the regression coefficienthd LIBOR-OIS does not
have to be necessarily equal to 1 since there nailglot be a dependence of the
EUR/USD OIS basis spread on the LIBOR-OIS spread.
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Table 1

Independent Variables in 3-month and 5-year EUR/USBasis Spreads Regression
Model

Variable Expected sign

€ST spread= Euribgf, - Eonig, (in bps) (-) increase in European banks’ credit risk
widens the basis

$ST spread= USD Libgy — USD OIS (in bps) (+) increase in US banks’ credit risk tightens
the basis

Fed/ ECBratio= Fed balancesheet ECBbalances! | (+) increase in Fed balance sheet relative to
the ECB balance sheet tightens the basis

€LT spread= Euriborbanks average CDS spre (-) increase in European banks’ CDS spread
widens the basis

]

(in bps)

$LT spread= USD Liborbanks average CDS spr: (+) increase in US banks’ CDS spreads tight

(in bps) ens the basis

EUR/ USD= EUR USD spotrai (+) EUR appreciation causes basis spread
tightening

VIX = S&P 500 volatility index (-) increase in VIX volatility widens the basis

Source:Authors’ calculations; EViews.

To capture long-term credit risk of European ard hhnks, we construct
a blended CDS index for both groups of banks. Ramogean banks, we con-
struct the index as the average of CDS spreadsdwidual banks from the
Euribor panel (each CDS is referencing to a sibgiek’'s EUR senior unsecured
debt) for which CDS spreads are available, and afierecting for outliers. We
do the same for the US banks, taking the avera@b& spreads (referencing to
USD senior unsecured debt) of banks from the USB lldor panef® We work
with CDS spreads rather than credit spreads of batides, as they tend to react
faster than cash markets.

To capture changes in supply of each currencyinwestigate Fed and ECB
balance sheets. As hinted in Figure 6, when thebladathce sheet expands rela-
tive to the ECB balance sheet, the basis spreals tertighten (increased supply
of dollars).

We also add the EUR/USD spot rate to see if thesfpot market affects CCS
basis spreads. We could expect that if the depeciaf the euro against the
dollar causes forward buying of euros by corpordtanay cause also a widen-
ing of the CCS basis spread due to a higher needetlye these forwards
by banks'®

15 Euribor panel composition: <https:/www.emmi-bemehks.eu/euribor-org/panel-banks.html>.
USD ICE Libor panel composition: <https://www.themem/iba/libor>. We use an internal CDS
index due to longer data history, for example, deden index providers, such as Markit iTraxx
Europe Senior Financial CDS Index or S&P/ISDA CDS .IFBancials Select 10 Index are not
available before 2011.
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On the other hand, the appreciation of EUR maycatd higher confidence
in the European economy and therefore cause awiagof the CCS basis
spreads.

We also test dependence on the VIX volatility ixdemsed on S&P 500
options. Increased volatility may indicate incregsimarket distress and prefe-
rence of USD as the major global currency, thusewidg the EUR/USD basis
spread.

To detrend the data, we calculate for each varitdi#ir weekly changes. The
data sample taken from Bloomberg consists of 4&2mhations between January
2008 and June 2017. We have split the sample lm&® tsubsamples, capturing
different market periods, namely, from January 2@Becember 2009 to study
the financial crisis period, from January 2010 tecBmber 2013 to capture the
European debt crisis, and from January 2014 uatie 2017 to investigate the
effect of diverging euro area and US monetary pesic

We regress weekly changes in 3-month and 5-yedR/BBD basis swap
spreads (in basis points) against weekly changdseimbove selected drivers.
Our regression equation is

ABS,, = B, *xAEUR USD B,xA€ ST spreadB,xA€ LT spread
+, x ASST spreadt 5, xA$ LT spreat S, AFed/ECB ratie S A VIXe

(6)
ABS,, = B, xAEUR USD f3,xA€ ST spreadf,xA€ LT spread

+f3, x A$ST spreadr B, xA$ LT spreatl S AFed/ ECB ratie S,A VIXe

4.1. Regression Results

The regression results are summarised below.

In case of the full sample, the selected varialebgslain roughly 37% of
the variance in the 3-month EUR/USD basis swapaspasd around 30% in the
5-year EUR/USD basis swap spread (measured bytadjB%). Weekly basis
spread changes are influenced by many market fagtoluding market micro-
structure noise and so a very high explanatory panweerms ofR? based on the
fundamental factors cannot be expected. We willeaghbetter results in terms
of higherR? in the cointegration analysis where we regresstithe series in
levels.

The following graphs display model results fittedhe actual data of weekly
changes of both 3-month and 5-year EUR/USD baséasg.

16 Banks would hedge the selling of EUR/USD forwardsdeporates by buying EUR in the
spot market and borrowing USD via FX swaps untl $lettlement of the EUR/USD forward.
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Table 2

Regression Output and Summary Statistics for 3M (Pael a) and 5Y (Panel b)
Changes in EUR/USD Basis Swap Spreads

(a)
Jan 2008 — Jan 2010 — Jan 2014 —
D(EUR CCS 3M) Full Sample Dec 2009 Dec 2013 Jun 2017
Independent variables Coefficient Coefficient Coefficient Coefficient
P (Std.Error) (Std.Error) (Std.Error) (Std.Error)
—-A47.77 -95.81 4.06 41.48**
D(EUR/USD) (26.71)* (88.67) (15.91) (20.64)
. —1.403*** —1.798*** —0.795*** —1.304***
D(Euribor 3M-EONIA 3M) (0.116) (0.307) (0.076) (0.23)
) . —0.148%** -0.365 —0.108*** -0.037
D(EUR Financial CDS) (0.043) (0.228) (0.021) (0.055)
; 0.120* 0.163 0.470%* 0.505**
D(USD Libor 3M-USD OIS 3M) (0.0673) (0.146) (0.176) (0.195)
. . —0.164*** -0.147 —0.062* -0.146
D(US Financial CDS) (0.043) (0.116) (0.037) (0.117)
. -12.51 -88.71* 39.49%** -1.36
D(FED/ECE ratio) (8.59) (48.84) (12.28) (3.38)
D(VIX) 0.514*** 1.414%** —0.214** 0.032
(0.158) (0.532) (0.099) (0.109)
Observations 492 104 210 180
R-squared 0.374 0.429 0.639 0.250
Adjusted R-squared 0.366 0.394 0.628 0.224
Durbin-Watson stat 2.24 2.15 2.06 2.39
Log likelihood -1 853.14 -460.46 -571.99 —487.44
Akaike info criterion 7.56 8.99 551 5.49
Schwarz criterion 7.62 9.16 5.63 5.61
(b)
Jan 2008 — Jan 2010 — Jan 2014 -
D(EUR CCS 5Y) Full Sample | “poc 5009 Dec 2013 Jun 2017
Independent variables Coefficient Coefficient Coefficient Coefficient
P (Std.Error) (Std.Error) (Std.Error) (Std.Error)
27.32%** 37.05* 7.94 33.79%**
D(EUR/USD) (7.25) (18.1) (9.97) (11.64)
. —0.155%** —0.216*** —0.113** —0.059
D(Euribor 3M-EONIA 3M) (0.031) (0.063) (0.048) (0.129)
) ) —0.069*** —0.167** —0.076*** 0.042
D(EUR Financial CDS) (0.012) (0.046) (0.013) (0.03)
. 0.039** 0.058* -0.199* -0.139
D(USD Libor 3M-USD OIS 3M) (0.018) (0.029) (0.110) (0.110)
. . —-0.023* 0.012 -0.01 —0.196***
D(US Financial CDS) (0.012) (0.024) (0.02) (0.066)
] —-0.656 -5.67 24.79%* -1.01
D(FED/ECB ratio) (2.332) (9.96) (7.69) (1.91)
-0.067 —0.065 -0.096 -0.001
DVIX) (0.043) (0.108) (0.062) (0.061)
Observations 492 104 210 180
R-squared 0.303 0.366 0.453 0.1
Adjusted R-squared 0.295 0.326 0.437 0.07
Durbin-Watson stat 2.1 2.24 1.91 1.83
Log likelihood -1211.75 —295.2 -473.9 —384.29
Akaike info criterion 4.95 5.81 4.58 4.35
Schwarz criterion 5.01 5.98 4.69 4.47

Note:*, ** *** shows significance at the 90%, 95%, a88% level.
Source:Authors’ calculations; EViews.
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Figure 11

Residuals (left axis), Fitted, and Actual Data (ript axis) of 3-month Basis Spread
(a) and 5-year Basis Spread (b)
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Source:Authors’ calculations; EViews.

Looking at residuals, the model fits better to plaet of the sample after the
financial crisis. The fit of the 5-year basis svegems to have smaller residuals
in absolute terms and fewer outliers. In additibe, smaller value of Akaike and
Schwarz information criteria confirms a better magjeecification for the 5-year
basis spread.

3-month EUR/USD Basis Swap Spread
Full sample (January 2008 — June 2017)

Signs of the estimated coefficients confirm oupeptations. For example,
the negative coefficient of Euribor 3m-Eonia 3m Kasis points) shows that
when the credit risk of European banks increases3tmonth EUR/USD basis
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spread (in bps) widens (we can interpret the regyascoefficient, such that

100 basis points increase in Euribor-Eonia spreagldvcause a 140 basis points
widening in the 3-month basis spread, other vagmldeing held fixed). The
Euribor-Eonia spread has been the only variablifiignt at 99% for the whole
sample, and every subsample.

Also, the long-term credit risk in the financigistéem in both Europe and the
US impacts the basis swap spreads, although wecexpéhe opposite sign for
the US CDS spreads. One possible explanation dmuttat an increase in coun-
terparty credit risk of US banks suggests a gemaaaket distress and preference
for USD as major global currency widening the ba¥#hen either the US
or European banks’ CDS spreads increase, the teaxis to widen, with both
regressors being significant at 99% level.

We record only a small dependence, at 90% levelthe EUR/USD spot
exchange rate and on the 3m Libor-3m USD OIS (w8mnLibor-OIS spread
widens, basis tends to tighten). We also note ri@ortance of the VIX index
(at 99% level) in the full sample, confirming irpesetation of VIX as a rather US
market confidence indicator, when VIX volatilitysgs, the basis tends to tighten.
In the full sample, changes in the Fed/ECB ratibtéacapture any significant
changes in the basis.

Financial crisis (January 2008 — December 2009)

This is the subsample with the highest volatiltgyd the lowest number
of observations (104). The 3m Euribor-Eonia spraad VIX volatility index
appear to be the most important drivers of thesbagilening, solely explaining
around 32% of the variation (when eliminating otregressors in the equation).
When the 3M Euribor-Eonia spread widens, the basids to widen, while on
the other hand, with increasing VIX volatility, thasis tends to tighten.

Adjusted R? of the subsample improves to 39%, although chanyesher
variables are too volatile to show any meaningéldtonship.

European debt crisis (January 2010 — December 2013)

This subsample arguably provides the best fihinges of the basis with over
60% of the variance explained. As expected, areas® in European short-term
and long-term bank credit risk widens the basis)endn increase in short-term
US banks’ credit risk acts in the opposite diratémd tends to tighten the basis.

The VIX volatility index continues to be an impamt driver, however, to
a lesser extent at 95% confidence level, and feffitist time, with the negative
sign (increase in the VIX leads to basis wideninge also note the positive
slope of the Fed/ECB ratio, confirming the expecticection of the basis
change; when the Fed balance sheet expands refatihe ECB balance sheet,
the 3-month EUR/USD basis spread tightens.
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Period of diverging US and EUR monetary policien(iary 2014 — June 2017)

The last subsample, January 2014 to June 2013 jqtotspotlight the short-
-term EU and US interbank risk and the EUR/USD excje rate. However, this
period of low volatility shows the lowest goodnedsfit of the model at 22%
adjustedR?. Thus, the basis dynamics might have changed giutie most
recent period.

5-year EUR/USD Basis Swap Spread

The model for the 5-year basis on the full sang@dod provides a slightly
different picture. It appears that the EUR/USD RE¥er short-term and long-term
EU bank credit risk, and to a lesser extent, stesrtx US interbank risk are the
main drivers of the 5-year basis spread.

All signs confirm our expectations:

« when EUR appreciates against USD, the basis tenighten;

» when the short-term or long-term credit risk of &wran banks increases,

the basis tends to widen;

« when short-term credit risk of US banks increagespasis tends to tighten.

The model explains roughly 30% of the variatiortliranges in basis spreads.
We also note a smaller dependence (at 90% levédngtterm credit risk of US
banks, with a negative slope, contrary to our etgiens. The Fed/ECB ratio
and VIX index coefficients are the only insignificacoefficients at 10% confi-
dence level over the whole sample.

Financial crisis (January 2008 — December 2009)

The financial crisis period shows roughly the saniature with slightly higher
adjustedR?; with EUR appreciation tightening the basis, anddpean short-
-term and long-term credit risk widening the basis.

European debt crisis (January 2010 — December 2013)

European banks’ credit risk and the Fed/ECB rat® drivers that are more
significant during this period. Signs of coeffidieare as expected, for example,
when the Fed balance sheet expands relative t&E@i¢ balance sheet, the
3-month EUR/USD basis spread tightens. The overatlel fit improves to 44%
(adjusted??).

Period of diverging US and EUR monetary policien(iary 2014 — June 2017)

The EUR/USD exchange rate and US financial CDSappo be the more
significant drivers of the basis during the lagtsample. However, it is difficult
to draw any conclusions from the last subsampliaesnodel explains only 7%
of the variation of the basis. Interestingly, th&XMndex is not a significant
driver of the 5-year basis during any of the stdgieriods.
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4.2. A Cointegration Analysis

Figures 3, 4, 6, and 8 indicate that the relahignbetween the basis spreads
and the credit or liquidity indicators is rathend¢pterm and a cointegration ana-
lysis complementing the regression on differensé®rt-run model) should be
used. We have applied the Granger-Engle and Jomdest(see, e.g. Kenda
and Cerny, 2014, or Arlt and Arltova, 2009) in orderitspect cointegration,
i.e. long-term dependence of the 3-month and 5-¥#3dR/USD basis spread
(restricting their coefficient to 1) and the othiene series. In order to estimate
the long-term dependence in a relatively simple,way have applied the Fully-
-Modified OLS (FMOLS) regression on levels of theintegrated time-series
(see Phillips, 1995).

Based on the fundamental analysis above, unieaaiadl multivariate testing,
we have confirmed a cointegration relationship leetwthe 3-month EUR/USD
basis spread, the EUR/USD exchange rate, EUR shod-long-term credit
spreads, the USD short-term credit spread, and-¢tkECB ratio (eliminating
non-significant FMOLS regression variables) withrs as expected (Table 3).

Table 3
The FMOLS Regression Output Based on the Granger-EHjie Test for 3M EUR/USD

Basis Swap Spread Cointegration Relations

Jan 2008 — Jan 2010 — Jan 2014 —
EUR CCS 3M Full Sample Dec 2009 Dec 2013 Jun 2017
Independent variables Coefficient Coefficient Coefficient Coefficient
P (Std.Error) (Std.Error) (Std.Error) (Std.Error)
99,27 18.47 30,57 79,87
EUR/USD (11.79) (63.02) (13.02) (12.53)
) 0.977% 20.484% —L1oo1e 20.963"
Euribor 3M-EONIA 3M (0.106) (0.206) (0.060) 0.408)
- Z0.095+ 20.152 —0.052"* 20.025
EUR Financial CDS (0.025) (0.204) (0.017) (0.095)
. 0.388% —0.210% 0.418 —0.755"
USD Libor 3M-USD OIS 3M (0.066) (0.100) (0.106) 0.15%)
— 0.062 0.148* 0.078 0.284*
US Financial CDS (0.039) (0.082) (0.052) (0.149)
) 9.46™ —85.45% 20,727 10.08**
FED/ECB ratio (3.87) (16.83) (3.68) (4.40)
Vix —0.276 0.908 —0.702% 0.035
(0.266) (0.628) (0.127) (0.268)
constant —143.26% 30.75 260.625"* | —124.68
(18.99) (109.27) (16.524) (15.024)
Observations 492 104 210 180
R-squared 0.621 0.512 0.963 0.763
Adjusted R-squared 0.615 0.477 0.962 0.753

Note:*, **, *** shows significance at the 90%, 95%, aB8% level.
Source:Authors’ calculations; EViews.
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For example, there is a positive long-term deproden the EUR/USD ex-
change rate as the basis tends to tighten withoag#r euro against the dollar.
Over the full sample period, we could not confirnhoag-term dependence of
3-month basis spread on the US financial CDS andikdex.

We have also confirmed the existence of a coiatagr relationship between
the 5-year EUR/USD basis spread, EUR short- and-lerm credit spreads,
USD short- and long-term credit spreads, EUR/USEharge rate, and the Fed/
ECB ratio. Interestingly, the analysis did not éonfa long-term (cointegration)
dependence of the 5Y basis spread on the VIX iraex the full sample period
(Table 4). The signs of the estimated FMOLS regpessoefficients correspond
to our fundamental and differenced time-series yasimml FMOLS regression
adjusted?®? of around 85% indicates a strong long-term retesigp between the

cointegrated time series.

Table 4

The FMOLS Regression Output Based on the Granger-Hjie Test for 5Y EUR/USD
Basis Swap Spread Cointegration Relations

Jan 2008 — Jan 2010 — Jan 2014 -
EUR CCS 5Y Full Sample Dec 2009 Dec 2013 Jun 2017
Independent variables Coefficient Coefficient Coefficient Coefficient
P (Std.Error) (Std.Error) (Std.Error) (Std.Error)
97.97*** 28.11 64.713** 98.19***
EUR/USD (4.57) (20.93) (10.75) (5.30)
. —0.190*** —0.352%** —0.154*** 0.028
Euribor 3M-EONIA 3M (0.041) (0.068) (0.049) 0172)
] . —0.039*** -0.112 —0.041*** -0.009
EUR Financial CDS (0.009) (0.068) (0.014) (0.04)
) 0.097*** 0.147*** 0.007 —0.278***
USD Libor 3M-USD OIS 3M (0.026) (0.035) (0.087) (0.066)
. . —0.073*** —0.100** —0.372%**
US Financial CDS (0.015) -0.001215 (0.042) (0.063)
. 8.59%** —20.39*** 5.883* 2.382
FED/ECB ratio (L50) (5.59) (3.043) (1.864)
VIX 0.134 0.201 0.277*** 0.315%**
(0.103) (0.208) (0.105) (0.114)
—152.37*** -17.01 —102.74*** -123.31
constant (7.37) (36.29) (13.65) (6.36)
Observations 492 104 210 180
R-squared 0.854 0.849 0.909 0.949
Adjusted R-squared 0.852 0.838 0.906 0.947

Note:*, **, *** shows significance at the 90%, 95%, a88% level.
Source:Authors’ calculations; EViews.

Conclusion

We have discussed factors that influence cros®eoy basis swap spreads,
in particular, credit and liquidity risks, and slipand demand pressures. We
have argued that basis spreads in the short etige afurve are more influenced
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by the IBOR-OIS spread representing the creditiiiiys premium, while the
long end is more a function of supply and demand.habe tested arbitrage-free
boundaries for cross-currency funding and inveséing identified several long-
-lasting periods of arbitrage opportunities in caf¢he EUR/USD basis swap
market, for market participants who were able tserainsecured funding in one
currency and swap it into another currency. Howewdren we strengthen the
assumptions further to respect, in particular, fte of capital, and work with
US and Germany government repo rates, we see thitage opportunities
become less apparent.

We have also discussed the historical developneénEUR/USD basis
spreads. The results of this discussion lead totiigeng of potential drivers of
the basis spread. We have then built regressioreisiddr changes in 3-month
and 5-year EUR/USD basis swap spreads and testeddh three different his-
torical periods of basis widening (financial crjsiEuropean debt crisis, and
a period of monetary policy divergence betweenetlni® area and the US). We
saw that different periods lead to different caséints, and potentially, different
model specifications. We have also confirmed thegiterm dependence of
regressors on basis swap spreads using a coinbegaaalysis.

The most important drivers of the cross-currenagid spreads appear to be
short and long-term EU financial sector credit risflicators, and to a slightly
lesser extent, short and long-term US financiakmecredit risk indicators.
Another important driver is the US stock marketaibity for the short-end basis
spread, and the EUR/USD exchange rate for the mmettitm basis spread, and to
a lesser extent, the Fed/ECB balance sheet rdt@ordgression results largely con-
firmed our expectations; for example, an increasthé short-term or long-term
credit risk of European banks widens both 3-momith &year EUR/USD basis
spreads, an increase in the US short-term cratitteinds to tighten the 3-month
basis, or that the appreciation of euro againsaddfives the 5-year basis tighter.
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