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Abstract

We document the triangular relationship formed by the strength of the US dollar,
cross-border bank lending in dollars and deviations from covered interest parity
(CIP). A stronger dollar goes hand-in-hand with bigger deviations from CIP and
contractions of cross-border bank lending in dollars. Differential sensitivity of CIP
deviations to the strength of the dollar can explain cross-sectional variations in CIP
arbitrage profits. Underpinning the triangle is the role of the dollar as proxy for the

shadow price of bank leverage.
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1 Introduction

One of the most significant developments in global financial markets in recent years has
been the breakdown of covered interest parity (CIP). CIP is perhaps the best-established
principle in international finance, and states that the interest rates implicit in foreign
exchange swap markets coincide with the corresponding interest rates in cash markets.
Otherwise, someone could make a riskless profit by borrowing at the low interest rate
and lending at the higher interest rate with currency risk fully hedged. However, the
principle broke down during the height of the 2008-2009 crisis. After the Great Financial
Crisis (GFC), CIP deviations have persisted and have become more significant recently,
especially since mid-2014.

Why do such apparent risk-free arbitrage opportunities exist? In competitive mar-
kets, market participants are price takers, and can take on any quantity of goods at the
prevailing market price. The textbook arbitrage argument is that someone could borrow
at the low interest rate and lend out at the higher interest rate, having hedged currency
risk completely. The failure of CIP would thereby open up the possibility of unlimited
riskless profits. However, in textbooks, there are no banks. In practice, though, such
arbitrage typically entails borrowing and lending through banks, and the competitive
assumption is violated due to balance sheet constraints that place limits on the size of
the exposures that can be taken on by banks. Even for non-banks, their ability to exploit
arbitrage opportunities rely on banks to provide leverage. Hence, if deviations from CIP
persist, it is because banks do not or cannot exploit such opportunities.

Our focus, therefore, is on the banking sector, and the ability of banks to take on
leverage. The key message of our paper is that the value of the dollar plays the role of a
barometer of risk-taking capacity in capital markets. In particular, it is the spot exchange
rate of the dollar which plays a crucial role. Deviations from CIP turn on the strength of
the dollar; when the dollar strengthens, the deviation from CIP becomes larger. To the
extent that CIP deviations turn on the constraints on bank leverage, our results suggest
that the strength of the dollar is a key determinant of bank leverage.

The cross-currency basis is the difference between the dollar interest rate in the cash



US dollar broad index and the cross-currency basis Figure 1
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The red line shows the Federal Reserve Board's US trade-weighted broad dollar index, with higher values indicating a stronger US dollar. The
blue line is the simple average of the five-year cross currency basis swap spreads for AUD, CAD, CHF, DKK, EUR, GBP, JPY, NOK, NZD and SEK
vis-a-vis the US dollar.

Sources: Board of Governors of the Federal Reserve System; Bloomberg.

market and the implied dollar interest rate from the swap market when swapping foreign
currency into dollars. The cross-currency basis measures deviations from the CIP con-
dition. Figure 1 plots the broad dollar index (in red), which is the trade-weighted US
dollar exchange rate against its major trading partners. When the red line goes up, the
dollar strengthens. The blue line tracks the average cross-currency basis for the ten most
liquid currencies vis-a-vis the dollar. We see that the cross-currency basis is the mirror
image of dollar strength. When the dollar strengthens, the CIP deviations widen. This
is especially so in the last 24 months, reflecting the stronger dollar.

We see the same pattern for individual currencies. Figure 2 shows the cross-currency
basis for the euro, or the CIP deviations between dollar interest rates and implied interest
rates of swapping euros into dollars in the FX markets. We see that the size of the cross-
currency basis for the euro is the mirror image of the strength of the dollar, like mountains
reflected in a lake. The right-hand panel shows a daily frequency scatter chart of the basis
and the dollar exchange rate. The basis co-moves very closely with the exchange rate,
even at the daily frequency.

As we demonstrate below, there is also an asset-pricing relationship underpinning
these empirical observations. The exposure to the dollar exchange rate is priced in the

cross-section of CIP deviations in the sense that variations in such deviations across



Cross-currency basis of euro against the dollar Figure 2
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currencies are explained by the sensitivity of the deviations to fluctuations in the broad
dollar index. The CIP deviations of different currencies have differing exposures to the
dollar factor. Interestingly, we document a reversal of roles. The classical “safe haven”
currencies, such as the Japanese yen and the Swiss franc, have the highest exposure
to the dollar factor, and high-yielding “carry” currencies, such as the Australian dollar
and the New Zealand dollar, have the lowest exposure to the dollar factor. Currencies
with higher exposure to the dollar factor exhibit larger CIP deviations and thereby offer
greater potential arbitrage profits for banks.

Our results point to the financial channel of exchange rates, through which fluctua-
tions in the strength of the dollar set in motion changes in capital market intermediation
spreads that respond at a high frequency. The net exports channel of exchange rate
changes is standard in open economy macro models, but the financial channel is less
standard, and may operate in the opposite direction to the net exports channel. Under
the net exports channel, it is when the domestic currency depreciates that real economic
activity picks up. By contrast, the financial channel appears to operate in the oppo-
site direction; it is when the domestic currency appreciates, financial conditions in that
country loosen, and CIP deviations narrow.

Why do the CIP deviations narrow when the domestic currency strengthens against

the dollar? Underpinning this relationship is the role of bank leverage and cross-border



US dollar-denominated cross-border bank lending vs. the US dollar index Figure 3
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1 Covers the Q1 2010-Q3 2015 period. Lending refers to the extension of loans and holdings of debt securities by BIS reporting banks, while
all borrowers (the total of banks and non-banks) reside outside of the United States. The black line is a fitted regression line. Positive changes
in the foreign exchange rate indicate an appreciation of the USD. For presentational purposes, outliers with FX rate changes exceeding 5% in
absolute value have been dropped from the panel, but not from the regressions. 2 Extension of the LHP static regression to a rolling window
framework of 20 quarters per estimation for cross-border lending (loans and debt securities) denominated in US dollars. The position of dots
with respect to the vertical axis gives the coefficient estimate, while the horizontal timeline refers to the last period of the rolling window. Red
dots indicate a negative coefficient estimate that is statistically significant at the 10% level.

Sources: BIS Locational Banking Statistics; BIS effective exchange rate indices; BIS calculations.

bank lending in dollars. Indeed, we will show the existence of a “triangle” that coherently
ties together (i) the value of the dollar; (i) the cross-currency basis; and (iii) cross-
border bank lending. In this triangle, a depreciation of the dollar is associated with
greater borrowing in dollars by non-residents.

The relationship between cross-border dollar lending and the dollar is illustrated in
Figure 3. The left-hand panel plots the quarterly growth rate of global dollar-denominated
cross-border bank lending flows against the broad dollar index. It reveals that there is a
negative relationship between the two variables. Furthermore, the relationship is strongly
statistically significant. As we demonstrate in the empirical section of this paper, the
statistical significance of the above relationship is robust to controlling for a number of
additional factors.

The right-hand panel of Figure 3 examines how the above relationship has evolved over
time. More concretely, it displays the coefficients obtained from rolling window regressions
of the quarterly growth rate of dollar-denominated cross-border bank lending on changes
in the value of the dollar. It appears that, while the negative relationship between

the above two variables has been strong throughout the sample period, it gradually



strengthened over the decade leading up to the GFC and reached a peak in 2008 during
the acute phase of the crisis.

This empirical regularity has several drivers, both on the demand for dollar credit on
the part of borrowers as well as on the supply of dollar credit by lenders. The negative
relationship between dollar credit, a proxy for bank leverage, and the magnitude of CIP
deviations, the price of balance sheet capacity, point in favor of supply drivers. The
mechanism whereby a dollar depreciation leads to an increase in the supply of dollar
credit has been dubbed the “risk-taking channel” by Bruno and Shin (2015a, b). When
there is potential for valuation mismatches on borrowers’ balance sheets arising from
exchange rate changes, a weaker dollar flatters the balance sheet of dollar borrowers,
whose liabilities fall relative to assets. From the standpoint of creditors, the stronger
credit position of borrowers reduces tail risks in the credit portfolio and creates spare
capacity for additional credit extension even with a fixed exposure limit through a value-
at-risk (VaR) constraint or economic capital constraint.

Finally, we a show that similar relationship between the exchange rate, the cross-
currency basis and cross-border bank lending can also be found for the euro in the post-
crisis sample. This is the case despite the fact that the triangular relationship is absent for
other major currencies, which points to the unique role of international funding currencies
in affecting leverage and risk-taking via fluctuations in exchange rate valuations.

The bulk of the existing literature on CIP deviations focuses on the GFC and the Eu-
ropean debt crisis (see, for example: Baba, Packer, and Nagano (2008); Baba, McCauley
and Ramaswamy (2009); Baba and Packer (2009); Coffey, Hrung, and Sarkar (2009);
Goldberg, Kennedy, and Miu (2011); Griffolli and Ranaldo (2011); McGuire and von Pe-
ter (2012); Bottazzi, Luque, Pascoa, and Sundaresan (2012); and Ivashina, Scharfstein,
and Stein (2015) ). More recently, several new papers studying CIP deviations in the
post-crisis period have emerged. Du, Tepper and Verdelhan (2016) formally establish
CIP arbitrage opportunities that cannot be explained away by credit risk or transaction
costs, and present evidence that bank balance sheet costs and asymmetric monetary pol-

icy shocks are the main drivers of CIP deviations. Borio et al (2016) and Sushko et al



(2016) construct empirical proxies for net hedging demand of different national banking
systems and show that they are consistent with the cross-sectional variations in CIP de-
viations. Liao (2016) focuses on corporate issuance patterns and links strategic funding
cost arbitrage across currencies with CIP deviations. Iida, Kimura and Sudo (2016) also
examine the role of the recent divergence in the monetary policies of advanced economies
and post-crisis regulatory reforms in driving CIP deviations. The key contribution of our
paper is the unique perspective for linking the strength of the dollar to CIP deviations
through the lens of bank leverage and risk-taking.

Our paper also sheds light on the large literature on intermediary- and margin-based
asset pricing (for example, Bernanke and Gertler (1989), Holmstrom and Tirole (1997),
Brunnermeier and Pedersen (2009), Garleanu and Pedersen (2011), He and Krishna-
murthy (2012, 2013), Brunnermeier and Sannikov (2014), Adrian and Shin (2014) and
Adrian, Etula and Muir (2014)). Furthermore, our paper is related to the model for
exchange rate determination in the presence of financial frictions presented in Gabaix
and Maggiori (2015), and the role of the dollar in bilateral exchange rates as shown in
Verdelhan (Forthcoming).

The rest of the paper is organised as follows. Section 2| defines the cross-currency basis
and provides an overview of the triangular relationship between the dollar exchange rate,
the cross-currency basis and cross-border bank lending in dollars. Section 3| outlines a
model to explain the triangular relationship via the shadow cost of bank leverage. Section
presents empirical evidence on the relationship between the US dollar and the cross-
currency basis, and between the dollar and cross-border bank lending in dollars. Section
discusses the emergence of the euro as a global funding currency during the post-crisis

period. Section [6] concludes.



2 An overview of the issues

We define the n-year cross-currency basis of currency ¢ vis-a-vis the US dollar, denoted

Zit1+n, as the deviation from the CIP condition between currency ¢ and the dollar :

Si

-Fz't,t—i-n

: (1)

(1+ yf,t+n)n =(1+ yi,m + Tittn)"

where yit +n is the n-year dollar interest rate, y;t +n is the n-year interest rate in currency
i, Syt is the dollar spot exchange rate of currency ¢ and Fj; ;. is the outright forward rate
for currency 7. Both forward and spot exchange rates are defined in terms of currency

units ¢ per dollar. Equivalently, in logs, the currency basis is equal to:

Titt4n = yfﬂm - (y;tm - pit,t+n)7 (2)

where pit1in = %[log(ﬂt,tm) — log(Sit++n)] is the market-implied forward premium to
hedge foreign currency 7 against the US dollar.

The cross-currency basis measures the difference between the direct dollar interest
rate in the cash market, yf,t +n» and the implied dollar interest rate in the swap market,
?/ti,t +n — Pit,t+n- Consistent with market conventions, we focus on the cross-currency basis
derived from benchmark interbank rates in the respective currency. The existence of a
negative cross-currency basis implies CIP arbitrage opportunities for borrowing dollars
in the dollar interbank market and lending dollars via the foreign interbanks market in
combination with the FX swap markets. As shown in Du, Tepper and Verdelhan (2016),
the arbitrage profits associated with the CIP trades cannot be explained away by trans-
action costs or credit risk. Apparently, banks do not arbitrage away these opportunities
due to constraints on their balance sheet capacity. Non-regulated entities, such as hedge
funds, obtain leverage from dealer banks, and thus the balance sheet constraints facing
the banking market remains at the center of attention. Therefore, such CIP deviations
give the shadow price of bank balance sheet capacities.

We use the aggregate dollar index and the bilateral exchange rate vis-a-vis the dollar



to measure the strength of the dollar. In particular, we choose a widely-used aggregate
dollar index, the Federal Reserve Board (FRB) broad dollar index, which is the trade-
weighted average of the foreign exchange value of the dollar against the currencies of a
broad group of major US trading partners. An increase in the broad dollar index indicates
a dollar appreciation.E]

We obtain data on cross-border bank lending flows from the BIS locational banking
statistics (LBS). They capture outstanding claims and liabilities of banks located in BIS
reporting countries, including intragroup positions between offices of the same banking
group (BIS (2015)). The locational statistics are compiled following principles that are
consistent with balance of payments statistics. The LBS also provide information on the
currency composition of banks’ balance sheets, which in turn allows to calculate quar-
terly flows that take exchange rate fluctuations into account. In addition, the estimated
quarterly flows are statistically adjusted for breaks in series. Furthermore, the LBS fea-
ture breakdowns by borrowing counterparty sector and country. In the context of our
empirical exercises, these additional breakdowns allow us to distinguish among borrowers
from different sectors and countries.

Figure 4 presents an overview the triangular relationship between the dollar, the
cross-currency basis and dollar-denominated cross-border bank lending. The red line
shows quarterly changes in the broad dollar index, the blue line tracks the first principal
component of quarterly changes in the five-year cross-currency basis for G10 curren-
cies| and the bars reflect growth rates in dollar-denominated cross-border bank lending.
Changes in the broad dollar index are -75% correlated with changes in the first princi-
pal component of the cross-currency basis, and -56% correlated with the growth rates
of dollar-denominated cross-border lending. Therefore, a stronger dollar is associated
with greater CIP deviations (or a higher price for balance sheet capacity) and with lower

growth rates in dollar-denominated cross-border bank lending.

'In results that are available upon request, we obtain very similar empirical findings by using other
alternative dollar indices, such as the BIS nominal effective exchange rate index or a simple average of
all dollar exchange rates for our sample currencies.

2We perform a principal component analysis on quarterly changes in the 5-year cross-currency basis
for the AUD, CAD, CHF, DKK, EUR, GBP, JPY, NOK, NZD and SEK and find that the first principal
component explains 53% of total variations.



Cross-currency basis, US dollar index and cross-border lending Figure 4
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The bars show percentage growth rates of total cross-border lending denominated in US dollars. The red line plots quarterly changes in the
broad US dollar index in percentage points, while the blue line plots the first principal component of quarterly changes in the 5-year cross-
currency basis for G10 currencies expressed in basis points.

Sources: Bloomberg; Board of Governors of the Federal Reserve System; BIS Locational Banking Statistics; BIS calculations.

3 Model

We sketch a model of a bank located outside the United States, but which has significant
US dollar business. The bank’s dollar business has two parts. The first is lending in dollars
to borrowers, such as emerging market corporates, which have retained some currency
mismatch on their balance sheets. For concreteness, consider the dollar borrowers to be
emerging market property developers who borrow dollars in order to finance domestic
real estate developments. The second element of the bank’s dollar business is to provide
dollar funding in the FX swap market. The bank lends dollars in the FX swap market in
exchange for domestic currency. At maturity, the bank receives dollars in exchange for
the domestic currency.

The bank is risk neutral and is a price taker in the dollar loan market as well as in
the FX swap market. The risk neutral bank maximises profits subject to VaR constraint,
to be described below.

We adopt the following notation. Denote by a; the dollar amount lent to emerging

market corporates and denote by as the dollar face value of FX swap claims. The bank



does not hold any other asset. The balance sheet identity of the bank is:

a1+a2:e—|—d (3)

where e is the bank’s book equity in dollar terms and d is the dollar value of debt financing.
Assume for simplicity that the dollar funding d can be raised at the riskless dollar rate

and that the riskless dollar rate is zero. The profit r of the bank is then given by:

r = air] + aary (4)

where rq is the gross return on dollar loans to corporates and ry is the gross return to
the bank in the FX swap.
The bank maximises expected profits subject to a VaR constraint. The bank’s opti-

misation problem can be written as:

max E (r)  subject to VaR <e

ai,a2

where F (r) is the expected profit of the bank. We limit attention to the choice of a; and
as only, as the bank’s debt funding d follows from the balance sheet identity .
Assume that the VaR is a multiple « of the standard devation of portfolio return o,

so that VaR = ao,. The constraint is:

ao, < e (5)

We transform the constraint by squaring both sides and dividing by o? to give:
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Then, write the Lagrangean as:

L = E(T)—)\(af—<§>2)
= E(T)—)\af+>\<§>2 (6)

where E (r) is the expected return of the bank’s asset portfolio, A is the Lagrange multi-
plier of the VaR constraint and o2 is the variance of the bank’s profit.

The third term in the Lagrangean £ in (@ does not depend on a; or ay, and so will
drop out when the first-order condition is taken. The first two terms of the Lagrangean

is a quadratic expression. We use the shorthand:

p = E(r1), pe = E(r2),

and denote the covariance matrix of returns as:

2
0'1 012
Y=

2
012 0'2

We can interpret ps — 1 as the size of the CIP deviation in the absolute value (or the
negative of the cross-currency basis). It is the expected payoff from lending dollars in the
FX swap market. The investor faces mark-to-market risk, and so there is some risk in
the trade.

The first two terms of the Lagrangean can be written as the quadratic form:

1 0'% 012 aq
a; Qg —A ay ag

2
H2 012 0y a2

The first-order condition is:

a
M _os |
1 25) )

Solving for a; and as, the optimal portfolio is:

11



Meanwhile, the variance of profit is given by the quadratic form:
02 =dYa

r =

where d’ is the transpose of a. From we have

[\

os = dXa

1 -1
atE

Finally, from the VaR constraint, we have o2 = ( )2. Thus,

€
o

[ €\?
= ()
et K Q

The Lagrange multiplier of the transformed constraint is:

A= S (8)

2e

The expression \/m is the analogue of the Sharpe ratio u/co, generalised to the
context of two risky assets. The Lagrange multiplier is the shadow value of balance sheet
capacity for the bank.

Substituting into the first-order condition allows us to solve for the optimal

portfolio of the bank:

ay _ e ;Z_l M1 (9)

5] Y WE 2

The optimal portfolio in @D is proportional to equity e. When the equity of the investor
doubles, the size of its positions also doubles. In this sense, the portfolio holdings of the

risky assets satisfy a “constant returns to scale” property. Two implications flow from
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this property. The first is that when the bank suffers losses, it scales back its portfolio in
proportion to the erosion of its equity.

Second, our model has an aggregation property for the banking sector as a whole in
which the aggregate lending and outstanding amounts of the FX swap have the same
expression as in @D, but in which we have equity for the banking sector as a whole.

Specifically, if e, is the equity of bank k, let:

E = ZkeB ex (10)

be the aggregate equity of the banking sector as a whole, where B is the set of banks.
Denote by A; and A, the aggregate values of a; and as across the banking sector. Then,

from @, the assets of the banking sector as a whole are given by:

A E 1
Ll _ B L e H1 (11)

It remains to solve for p; and po from the market-clearing condition. Denote by
X1 (1) the demand for dollar loans by EME corporates, which is a decreasing function
of p1. Denote by X5 (u9) the demand for dollars in the FX swap market, decreasing in ps.
Recall that we interpret o—1 as the (negative of the) cross-currency basis. The downward
sloping demand for loans and dollar funding via the FX swap market is consistent with
models with preferred habitat, as in Vayanos and Vila (2009) and Greenwood and Vayanos

(2014). From (1)), the market clearing condition can be written:

X E 1
1 (1) _ & $-1 H1 (12)

/N —1
Xo (p2) @ VR )
We now consider the comparative statics of an appreciation of the US dollar. The
appreciating dollar entails losses for the corporate borrowers who have borrowed dollars
to finance local currency assets. As a consequence, the aggregate value of banks’ loans

also suffer some losses, resulting in a lower level of the aggregate equity of the banking

13



sector, from E to E’ where £’ < E. To restore market clearing, both 1 and s increase.
For us, it is the increase in uo which is of interest, as it represents a widening of the

cross-currency basis. We thus have:

Proposition. An appreciation of the dollar entails a widening of the cross-currency basis

and a contraction of bank lending in dollars.

In terms of our expression for the Lagrange multiplier of the VaR constraint ,
the shadow value of bank balance sheet capacity increases for two reasons. The first is
that the price of credit increases and raises p. Second, the erosion of equity means that
the denominator declines. The cross-currency basis fluctuates with the shadow value of
balance sheet capacity, and the fluctuation is higher for banks that are more leveraged.

Based on these features of our model, we now turn to our empirical investigation.

4 Empirical investigation

4.1 Summary Statistics

Our empirical investigation of the dollar’s role is based on its position vis-a-vis the ten
most liquid currencies in the world (other than the dollar itself). We consider all curren-
cies with a total daily turnover exceeding $2 trillion as of April 2013. In particular, the
currencies we focus on are the Australian dollar, the Canadian dollar, the Swiss franc, the
Danish krone, the euro, the British pound, the Japanese yen, the Norwegian krone, the
New Zealand dollar, and the Swedish krona (Bank of International Settlements (2013)).
All raw data are obtained from Bloomberg and our sample period ranges from 1 January
2007 to 2 February 2016.

Table 1 provides some descriptive statistics for the three-month and five-year cross-
currency basis for our sample of 10 currencies vis-a-vis the US dollar. The cross-currency
basis here is defined as the difference between the US Libor and the implied dollar interest
rate by swapping foreign currency into dollars. On average, the cross-currency basis is

negative in our sample, which suggests that the dollar interest rate in the cash market

14



is lower than the implied dollar interest rate in the swap market, and banks can borrow
dollars in the cash market and lend dollars in the swap market to make arbitrage profits.
The average three-month basis is positive for the Australian and the New Zealand dollar,
but negative for all other currencies, ranging from -11 to -62 basis points. The average
five-year basis is positive for the Australian, the New Zealand, and the Canadian dollar,

and negative for all other currencies.

Summary statistics for the cross-currency basis Table 1
3-month basis 5-year basis

Currency mean sd mean sd
AUD 0.02 (0.15) 0.20 0.11)
CAD -0.11 (0.13) 0.07 (0.08)
CHF -0.23 0.23) -0.30 0.17)
DKK -0.62 0.37) -0.39 0.22)
EUR -0.30 (0.29) -0.23 (0.15)
GBP -0.19 (0.25) -0.10 0.13)
JPY -0.20 (0.18) -0.44 0.28)
NOK -0.29 0.27) -0.15 0.1)
NZD 0.09 0.12) 0.24 0.14)
SEK -0.24 (0.22) -0.04 (0.08)
Total -0.21 (0.3) -0.11 0.27)

This table provides summary statistics for the 3-month and the 5-year cross-currency bases for the period between 1 January 2007 and 2
February 2016. Means and standard deviations are expressed in percentage points.

Source: Bloomberg; BIS calculations.

4.2 The dollar spot rate and the cross-currency basis

In our baseline specification, we regress changes in the cross-currency basis on contem-
poraneous changes in the aggregate dollar index and on changes in the bilateral dollar
exchange ratesﬁ To check the robustness of our results, we control for other potential

drivers. Our benchmark regression specification is given by:

ALCit = q; + ﬁADO”aTt + ’}/ABEth + 5/CONTR“5 + Eit (13)

3We consider daily changes in case of the three-month basis, and quarterly changes in case of the
five-year basis.
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Let a; be a currency fixed effect and Az;; stand for changes in the cross-currency basis
of currency ¢ vis-a-vis the US dollar between ¢ and t — 1. The variable A Dollar, denotes
changes in the Federal Reserve Board (FRB) US trade-weighted broad dollar index and
ABFER;; indicates changes in the bilateral exchange rate for currency ¢ vis-a-vis the dollar.
Positive values of ADollar; and ABFE R;;, respectively, both denote a dollar appreciation.
Finally, CONTR,; is a vector of control variables.

In terms of the vector of controls, first, we follow Bruno and Shin (2015a) and include
the log level of the CBOE implied volatility of S&P 500 index options (VIX), In VIX,,
and the log changes in the VIX, AlnVIX;, in order to track both level and changes
in global risk sentiment. Second, we control for changes in the implied volatility of FX
options, Aln Vol;, and for changes in the 25-delta FX option risk reversal, ARR;;. These
two controls capture changes in the risk-neutral volatility of FX movements and the cost
of hedging against large depreciations, respectively. Third, we add changes in the spread
of the 10-year foreign currency government bond yield over the 10-year US Treasury yield,
Ay —yY®), and we add changes in the foreign and US Treasury (10-year over two-year)
term spread differential, A(ts; — tsV®). These controls are in part driven by divergent

monetary policy stances between foreign countries and the US.

4.2.1 Daily Regressions

Table 2 shows our regression results for the daily changes in the three-month cross-
currency basis. The coefficient estimate on ADollar; is negative and significant across
all specifications, suggesting that a dollar appreciation is associated with a more negative
cross-currency basis, and, hence, greater CIP deviations. In terms of the magnitude, the
coefficient estimate on ADollar; in Column 1 (excluding additional control variables)
implies that a one percentage point appreciation of the US dollar is associated with a 2.6
basis point decrease in the cross-currency basis, which corresponds to a 2.6 widening of
CIP deviations. After including all controls, a one percentage point appreciation of the
dollar is associated with a 2.1 basis point decrease in the cross-currency basis in Column

6. Given that the standard deviation for daily changes in the cross-currency basis is about
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7 basis points, the impact of the broad dollar index on the basis is not only statistically
significant but also economically meaningful. These results are especially remarkable,
because they draw on daily changes in the cross-currency basis and spot exchange rates,

which are notoriously noisy.

Regression results of the 3-month cross-currency basis (daily frequency) Table 2
(1) (@) (3) 4) (5) (6)
ADollart 2641 -2.915%*+ -2.908*** -2.307+** -2.080%**
(0.682) (0.786) (0.793) (0.731) (0.634)
ABERy; -0.440* 0.228 0.284 0.238 0.239
(0.236) (0.233) (0.238) (0.222) (0.194)
InVIX: 0.000596 0.00135 0.00130
(0.00489) (0.00477) (0.00417)
AlnViX: -0.0183 0.00465 -0.0158
(0.0231) (0.0237) (0.0191)
AlnVoli -0.263%** -0.221%%*
(0.0613) (0.0519)
ARRit 0.0112* 0.0110
(0.00587) (0.00748)
AW — ¥¢°) 0.106***
(0.0367)
Atsy — tsPS) -0.140%**
(0.0492)
Observations 21,555 21,949 21,555 20,896 20,495 18,092
R-squared 0.016 0.002 0.016 0.016 0.026 0.038

This table shows regression results of daily changes in the 3-month Libor cross-currency basis on changes in spot exchange rates and other
controls for the period between 1 January 2007 and 2 February 2016. The dependent variable is the daily change in the 3-month Libor cross-
currency basis in all specifications. The independent variables are: ADollar, daily change in the FRB broad dollar index (ADollar: > 0 indicates
dollar appreciation); ABERy, daily change in the bilateral spot exchange rate of the local currency against the dollar (ABERit > 0 indicates
dollar appreciation); InViX, log of VIX, AlnVIX;, daily change in the log of VIX, AlnVoli, daily change in the log of implied volatility on 3-
month at-the-money currency options; ARR, daily change in the 25-delta risk reversal; A(y;, — y/*), daily change in the spread of the 10-
year foreign Treasury yield over the 10-year U.S. Treasury yield; and A(ts;, — ts?S); daily change in the difference between the foreign and
the U.S. Treasury term spreads (10-year over 2-year). Currency fixed effects are included in all specifications. Robust, two-way clustered
standard errors by currency and time are shown in the parentheses. ***p<0.01, **p<0.05, *p<0.1.

Sources: Bloomberg; BIS calculations.

Furthermore, we note that the bilateral exchange rate enters negatively with marginal
significance in Column 2, when the broad dollar index is not included in the regression.
However, in all other specifications, once the aggregate dollar index is controlled for, the
coefficient on the change in the bilateral dollar exchange rate is small in absolute size and

turns insignificant. This result points to the role of the dollar as a significant global driver
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of variations in the cross-currency basis. The insignificance of the bilateral exchange rate
suggests that changes to currency hedging demand due to idiosyncratic fluctuations of
the domestic currency against the dollar do not significantly drive cross-currency basis
variations.

In terms of control variables, neither the level nor changes in the VIX do enter sig-
nificantly once ADollar; is part of our regression specification. Changes in the implied
volatility of currency options are negatively correlated with changes in the cross-currency
basis. This is intuitive in the context of our model, as higher currency volatility makes
the VaR constraint more binding and thus reduces the risk-bearing capacity of the fi-
nancial intermediary. In addition, changes in FX option risk reversal are also negatively
correlated with changes in the cross-currency basis, suggesting that an increase in the
skewness of the distribution towards a foreign currency depreciation (or dollar apprecia-
tion) also contributes to higher CIP deviations. Finally, the (foreign over US Treasury)
yield differential enters with a significantly positive sign, which is consistent findings of
Du, Tepper and Verdelhan (2016) in that the nominal interest rate differential acts as a
driver of the basis. However, the difference in the slope of the government bond yield
curves between foreign countries and the US enters with the opposite sign when compared

with the coefficient on the interest rate margin in Iida, Kimura and Sudo (2016).

4.2.2 Quarterly Regressions

The significantly negative correlation between changes in the cross-currency basis and
the strength of the dollar is not restricted to short-dated contracts at the daily frequency.
We obtain similar results for the longer-term cross-currency basis at the quarterly fre-
quency. Table 3 presents our regression results for the quarterly changes in the five-year
cross-currency basis on contemporaneous changes in the aggregate dollar index and other
control variables. Again, the coefficient on ADollar, is significantly negative in all spec-
ifications ranging from -1 to -1.4. Thus, a one standard deviation increase of quarterly
changes in the broad dollar index (3%) corresponds to a 3-4 basis point reduction in the

five-year cross-currency basis. In addition, ADollar, as a standalone variable already
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explains 19% of time series variations in the changes of the five-year basis. Similar to
the daily regressions, the level and changes of the VIX index do not enter significantly.
Most of the other control variables that are significant in our daily regressions lose their
significance in quarterly regressions, such as changes in FX volatility, risk reversal, and
the difference in the slope of Treasury yields, A(ts; — tsV®). The Treasury yield spread
A(y;; — y®), however, remains significant, but with the opposite sign compared with the

daily regression.

Regression results of the 5-year cross-currency basis (quarterly frequency) Table 3
@ ) 3) 4) (5) (6)
ADollar: -1.399%*+ -1.293*+* -1.071%+* -1.078*** -0.965**
(0.303) (0.437) (0.370) (0.404) (0.404)
ABER: -0.562%*+* -0.0738 -0.0885 -0.0398 -0.409**
(0.126) (0.137) (0.126) (0.148) (0.202)
InVIXe -0.0338 -0.0326 -0.0383*
(0.0250) (0.0248) (0.0223)
AlnVIX: -0.0472%+ -0.0398 -0.0108
(0.0238) (0.0279) (0.0342)
AlnVoly -0.0188 0.0144
(0.0436) (0.0333)
ARR: -0.00327 -0.00450
(0.00987) (0.00937)
A — ¥7°) -0.0929***
(0.0236)
A(tsie — ts?®) 0.0152
(0.0151)
Observations 360 360 360 360 358 316
R-squared 0.191 0.117 0.191 0.208 0.209 0.278

This table shows regression results of running quarterly changes in the 5-year Libor cross-currency basis on changes in spot exchange rates
and other controls for the period between 1 January 2007 and 2 February 2016. The dependent variable is the quarterly change in the 5-
year Libor cross-currency basis in all specifications. The independent variables are: ADollar, quarterly change in the FRB broad dollar index
(ADollar: > 0 indicates dollar appreciation); ABERi, quarterly change in the bilateral spot exchange rate of the local currency against the
dollar (ABERi > 0 indicates dollar appreciation); InVIX:, log of VIX, AInVIX;, quarterly change in the log of VIX, AlnVols, quarterly change in
the log of implied volatility on 3-month at-the-money currency options; ARRi, quarterly change in the 25-delta risk reversal; A(y;. — yZ*),
quarterly change in the spread of 10-year foreign Treasury yield over the 10-year U.S. Treasury yield; and A(ts; — ts?®), quarterly change
in the difference between the foreign and U.S. Treasury term spreads (10-year over 2-year). Currency fixed effects are included in all
specifications. Robust, two-way clustered standard errors by currency and time are shown in the parentheses. ***p<0.01, **p<0.05, *p<0.1.

Sources: Bloomberg; BIS calculations.

In unreported regressions, we find that these results are not driven by the GFC. We

repeat all daily and quarterly regression specifications for the subsample starting in Jan-
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uary 2009 and obtain negative coefficient estimates on ADollar; of similar magnitude at
even higher levels of statistical significance. In sum, we find that when the dollar ap-
preciates, the cross-currency basis becomes more negative, which entails larger arbitrage
opportunities of borrowing dollars in the cash market and lending dollars via the FX

swap market.

4.3 The dollar beta and the cross-currency basis

In addition to the strong contemporaneous correlation between changes in the cross-
currency basis and changes in the broad dollar index, we also find that differential loadings
on the dollar index help to explain the magnitude of the basis in the cross section. Our
results suggest that the strength of the dollar likely acts as a risk factor in the global
investor’s pricing kernel.

We first estimate the currency-specific loadings on the broad dollar index, 3;, from
the following regression:

AZL’it =o; + @ADollart + €t (14)

We obtain the dollar beta using both daily regressions for the three-month basis and
quarterly regressions for the five-year basis. Figure 5 plots the average basis against the
corresponding dollar beta. The dollar beta for the three-month basis is negative for all
currencies except for the Australian dollar. The dollar beta for the five-year basis is close
to zero for the Australian dollar and the New Zealand dollar, and negative for all other
currencies. We can see a strong positive relationship between the average basis and the
dollar beta with a bivariate correlation equal to 85% for the three-month basis and 97%
for the five-year basis.

These findings suggest that the aggregate dollar exchange rate is a potential risk factor
that is priced in the cross section of the cross-currency basis. To see this, we note that an
arbitrageur’s expected return on the CIP trade, which consists of borrowing the dollar
and investing in the foreign currency, is equal to the negative of the basis. However, the
return on the strategy is certain only if the arbitrageur holds the trade until maturity.

During the life of the trade, the arbitrage strategy is subject to mark-to-market risks,
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Cross-currency basis vs. dollar beta (2007-16) Figure 5
Three-month cross-currency basis vs dollar beta Five-year cross-currency basis vs dollar beta
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The vertical axis of the LHP shows the average three-month cross-currency basis expressed in basis points, while the horizontal axis indicates
the regression beta of running daily regression for changes in the three-month cross-currency basis on changes in the broad US dollar index.
The vertical axis of the RHP shows the average five-year cross-currency basis expressed in basis points, while the horizontal axis indicates the
regression beta of running quarterly regression for changes in the five-year cross-currency basis on changes in the broad US dollar index.

Sources: Board of Governors of the Federal Reserve System; Bloomberg; BIS calculations.

which are in turn correlated with the strength of the dollar. If the dollar is a global
risk factor in the arbitrageur’s pricing kernel, higher systematic loadings on the dollar
factor (a more negative dollar beta) require higher expected returns, or a more negative

cross-currency basis.

4.4 The dollar spot rate and cross-border bank lending flows

After establishing the negative relationship between the strength of the US dollar and
the cross-currency basis, we now turn to the relationship between the dollar and bank
flows. We examine the impact of fluctuations in the dollar spot exchange rate on dollar-
denominated cross-border bank lending flows using two empirical frameworks. First, we
run panel regressions while using borrowing-country fixed effects in order to control for
heterogeneity on the demand side of cross-border credit. Next, we explore the dynamic
interdependencies between the main variables of interest, while exploiting the richness of

the counterparty country dimensions of our dataset.
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4.4.1 Panel regressions

In our benchmark panel regression specification, we regress the quarterly growth rate
of dollar denominated cross-border bank lending to a given counterparty country on
quarterly changes in the broad dollar index and on the bilateral exchange rate of the
dollar vis-a-vis the local currency of the respective borrowing country. We control for
heterogeneity on the demand side of cross-border credit by including borrowing-country

fixed effects. Our benchmark specification is given by:

Axbly; = «; + SADollar; + YABE R + €44, (15)

where Axbl;; is the quarterly growth rate of dollar-denominated cross-border bank lending
to borrowers in country ¢ between ¢ and t — 1. Let «; be a borrowing-country fixed effect.
As before, the variable A Dollar; denotes changes in the broad dollar index, and variable
ABFER; indicates changes in the bilateral exchange rate for currency i vis-a-vis the dollar.
Positive ADollar; and ABFER;; imply a dollar appreciation.

Table 4 summarises our results while distinguishing between different time periods
and counterparty sectors. The results in Panel A are estimated using data from Q1 2002
to Q3 2015, while those in Panel B are based on the time window between Q1 2007 to Q3
2015, which overlaps with the window used for obtaining the spot-basis results in Section
4.2. When entering the regression as a standalone variable, the estimated coefficient on
the dollar index is negative and statistically significant (Column 1). The same is true for
the coefficient on the bilateral dollar exchange rate (Column 2). Moreover, both of the
above variables remain negative and strongly statistically significant even when jointly
entering the regression (Column 3). Our results therefore show that the dollar index has
explanatory power over and above the bilateral dollar exchange rate for cross-border bank
lending. This finding strongly supports our previous hypothesis that the dollar is a global
risk factor, which affects the risk-taking capacity of banks, and, ultimately, the supply of
cross-border bank lending. The above results hold not only for lending to all sectors but

also for distinct subsamples of bank (Columns 4-6) and non-bank lending (Columns 7-9).

22



"SUOI}e|ND|eD SIg ‘WSISAS 9AISSDY [BISPO4 U1 JO SIOUISAOD) JO pleog !seiel abueydxs |elsie|iq SIg ‘sonsiiels bupjueg [euonesoq Sig :$824nos

10>d 4 'S00>d 4x 'TO0> d yux

*A1unod uoneunsap Aq paisisn|d aie sasayjualed Ul SI0419 piepuelS "parodal 10U INg ‘PapN|DUL BI. SIB48 Paxiy [9AS]-A1UN0D ‘SIamMo.LI0q Jueq
-UOU JOJ S}NS3J UIBIUOD G-/ SUWIN|OD SISMOLIO] HUB( 10} SHYNSDJ UIBIUOD 9-f SUWN|OD ‘SI0}I3S || WO SISMOLIO] 10} SHNSAJ UIRIUOD €-T SUWN|OD) 'S3LIIUNOD BUIMOIIO] STT 404 (g [dued 404 ST0Z/ED 03 £00Z/TO WO}
pue y [aued 10} GTOZ/ED 03 Z00Z/TO Woly) eyep Alaxenb Buisn paulelqo ale synsal ay] “Jejjop SN ay3 SIA-e-siA A1zunod Buimoliog aAndadsas ayy Jo Adualind ay} o ales abueydxa |esdle|iq Yy} pue xapul Jejjop sn
peolq ay} ui sabueyd Aliapenb uo (Sa111nNdas 1gap pue sueo|) Buipud) jueq Japiog-Sssold pajeuILouap-Je|jop SN ul saies Yymolab Aliapenb dyioads Ai3unod-6uimo.log jo suoissalbal [pued wody syNsas smoys d|qel siy L

SS00 8v00 €500 1500 9v00 6700 0800 8900 9.00 A
SL6'E SL6'E SL6'E vi6' vi6' v16' SL6'E SL6'E SL6'€ SUONeAISqO
(958°2) (£08°0) (0£80) v1L0 (¢SS0 YV (VX4rd) (€9T°2) (r9z0)
vS6E- 6ET Y- €88°¢- 8TY - 9981 LSTY- 687 - «b6Y9b- 8LTY- 1ueISU0)
(1v0°0) (0t0°0) (0£0°0) (#90°0) (T+0°0) (€v0°0)
«x660°0- x0T 0- sV 0- xx86€0- «xxGGT0- 25620 w39V
(920°0) (590°0) (9€1°0) (¥11°0) (€£0°0) (290°0)
xxV8E0- xx 1810 «xx£09°0- «xx 180" «xx98Y°0- xxx9€9°0- upjjogy
ST0Z/€0 - L0