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CIP Violations as Functional Components
of the Dynamic Cross-Currency Basis Curve’

David Borner’  Heiko Sorg?

July 2, 2026

Abstract

The general search for U.S. dollars in forward currency markets, combined with
the balance-sheet constraints of intermediary dealers, induces persistent failure of
covered interest parity (CIP). We investigate these CIP deviations across the en-
tire maturity spectrum by analyzing the daily dynamics of the USD/CHF cross-
currency basis curve. Applying functional principal component analysis, we iden-
tify three components that explain virtually all curve dynamics: a persistent, slow-
moving level component, a temporary steepener, and a short-end component induc-
ing sharp basis widenings and contractions around quarter-end dates. We provide
empirical evidence that CIP-implied carry opportunities and U.S. monetary policy
announcements widen the entire basis curve, whereas Fed swap line announcements
tend to narrow it. During periods of global turmoil, the slope inverts in response to
rising credit and capital stress among dealer banks, while funding stress steepens
the curve as swap line usage mitigates short-end distortions. Reporting date effects,
funding stress, and deteriorating market liquidity widen the basis primarily at the
short- end. We further show that regulatory reporting dates generate systematic
window-dressing distortions not only at the short end but also in the slope of the
basis curve. This effect has weakened since 2022, which is consistent with recent
changes in the regulatory landscape.
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bitrage, U.S. dollar funding.
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1 Introduction

The covered interest parity (CIP) condition is considered a fundamental no-arbitrage re-
lationship in international finance. It reflects how forward exchange rates adjust to align
interest rate differentials between currencies. In equilibrium, risk-free domestic and for-
eign investments that are otherwise comparable yield the same return once exchange-rate
risk is fully hedged through the forward market. Before the Global Financial Crisis of
2008, CIP held tightly across most major currencies, with deviations that were typically
small, short-lived, and quickly corrected by the arbitrage activity of global dealer banks
(Cerutti et al., 2021).! However, since 2008, a clear structural break has emerged: devia-
tions from CIP have become larger, persistent, and increasingly reflective of deeper mar-
ket frictions rather than temporary inefficiencies. Although arbitrage activity by global
banks continues?, it is insufficient to restore a zero-mean basis, which has prompted a
growing body of research aiming to examine this puzzling phenomenon.

Among this research, two broad strands have emerged. The first emphasizes dealer
balance-sheet constraints, identifying regulatory and funding limitations as key factors
behind imperfect arbitrage. A wide range of empirical and theoretical studies show that
postcrisis banking regulations, most notably Basel III and the Supplementary Leverage
Ratio, have significantly increased the balance-sheet costs of supplying U.S. dollar fund-
ing and hedging services (Huang et al., 2025; Ranaldo, 2023; Cenedese & Wang, 2021; Du
et al., 2018; Boyarchenko et al., 2018). Although intended to strengthen financial stabil-
ity, these measures have thus imposed nontrivial costs on arbitrageurs: forward contracts
used in CIP-related trades consume balance-sheet space and are subject to capital and
liquidity requirements. Consequently, even when nominally profitable opportunities arise,
the associated regulatory costs, which Du et al. (2018) term the “shadow cost of lever-
age”, often outweigh potential gains, thereby preventing perfect arbitrage and sustaining
persistent CIP deviations.

The second strand of the literature focuses on structural, macrofinancial determinants,
which Du & Schreger (2022) interpret as the demand side of USD funding. Persistent
imbalances in FX-hedging demand arising, for instance, from European and Japanese
institutions funding or hedging USD-denominated portfolios create one-sided flows in
the swap market that intermediaries must absorb (Borio et al., 2018). Further studies
highlight the dominant role of the U.S. dollar as a proxy for global risk sentiment (Cerutti
et al., 2021; Avdjiev et al., 2019), different corporate bond spreads across currencies
(Liao, 2020), central bank interventions through FX swap lines (Bahaj & Reis, 2021)
and monetary policy divergence (Du & Schreger, 2022; Cerutti et al., 2021) in explaining
systematic variation in the basis.

Building on these two strands, studies have exploited regulatory reporting dates to
identify dealer balance-sheet constraints and typically have confined their analysis to
short-term maturities, where such effects are most pronounced (e.g., Kloks et al., 2024;
Krohn & Sushko, 2022; Cerutti et al., 2021; Abbassi & Brauning, 2020; Du et al., 2018).
Against this backdrop, the main contribution of this paper is to present an alternative

1See Akram et al. (2008), for precrisis empirical evidence.

ZKloks et al. (2023) and the “Triennial Central Bank Survey” of the Bank for International Settle-
ments (Avdjiev et al., 2025) provide valuable insights into counterparties, liquidity conditions, turnover,
and market segmentation in the over-the-counter, i.e., comparatively opaque, markets for foreign ex-
change derivatives



identification strategy. Rather than relying on single-maturity evidence around report-
ing dates, we examine the full-term structure of CIP deviations. The key idea is that
parallel movements across maturities, i.e., level shifts, reflect structural and economic
determinants, whereas changes in the slope arise temporarily when dealer balance-sheet
constraints bind more strongly at the short end. Indeed, Borio et al. (2018) document
rotations of the entire curve when balance-sheet constraints bind, indicating that such
frictions can distort relative pricing across maturities. This term-structure perspective al-
lows us to assess whether persistent CIP deviations primarily reflect systematic structural
forces or transitory arbitrage-sector frictions. With few exceptions, such as Wohlfarth &
Chen (2024) and Borio et al. (2018), the literature has not analyzed the full curve and
therefore has not exploited cross-maturity information to distinguish structural drivers
from constraint-induced distortions.

Our variable of interest therefore consists of a time series of curves, capturing the
evolution of the CIP deviations across maturities over time. Methodologically, exam-
ining this variable requires the use of tools capable of dealing with such data, going
beyond conventional time series methods applied to single maturities. To this end, we
employ techniques from functional data analysis (FDA), a relatively recent and rapidly
growing field in quantitative sciences that extends traditional multivariate methods to
function-valued observations (see Gertheiss et al., 2024; Ullah & Finch, 2013; Ramsay
& Silverman, 2005 for comprehensive literature reviews). The central idea of FDA is to
treat each observation not as a scalar or vector but as a function outcome defined over a
continuous domain, in our case, the tenor of CIP deviations. Within this framework, we
apply functional principal component analysis (FPCA) to identify the dominant modes
of variation over time. This approach enables a parsimonious yet comprehensive repre-
sentation of the underlying dynamics of the term structure, providing insights into both
persistent structural drivers and temporary distortions in the forward market.

We model the daily curves of CIP deviations in the USD/CHF currency market from
March 2018 to December 2025 through FPCA, allowing the dominant modes of variation
in the data to emerge without imposing any a priori structure.®> We identify three prin-
cipal functions that account for nearly all movements in the curve. The first principal
function, which accounts for approximately three quarters of the total variation, is char-
acterized by broad, parallel movements across maturities. Its time series is slow-moving
and persistent. The second function explains approximately 18% of the variation and
mostly alters the slope of the curve. It reacts more quickly and shows short trending
episodes. The third function, while accounting for approximately 8% of the variation, is
concentrated at the very short end and displays sharp, transient spikes, especially around
regulatory reporting dates. Together, this evidence suggests that the curve of CIP devia-
tions is shaped, on the one hand, by slow-moving structural forces that drive broad-level
movements and, on the other, by rapid adjustments in relative pricing between tenors.
In this sense, our framework contributes to the literature by providing a more holistic
view of daily CIP violations.

3This approach differs from traditional parametric curve-construction methods in the yield curve lit-
erature. For example, traditional models in the spirit of Nelson & Siegel (1987) and Svensson (1995)
impose a specific functional form for the term structure and require estimation of a set of shape param-
eters to fit the curve. In contrast, our approach is nonparametric and uses FPCA to extract the main
patterns of variation directly from the data.



Building on these decomposition results, we examine the economic drivers behind the
identified components more rigorously. We do so by regressing the FPCA loadings on a set
of explanatory variables commonly used in the literature to capture structural influences
and intermediary constraints. In particular, we distinguish, on the one hand, between
macrofinancial variables such as monetary policy-related variables, the USD spot rate,
USD central bank swap lines or equity market volatility, and, on the other hand, variables
capturing intermediary dealer constraints. For the latter, we follow Ranaldo (2023) and
build upon the concept of the valuation adjustment framework (“XVA”) and include
the level of funding, capital and credit constraints. Our empirical results indicate that
variation in the overall level component of the curve is closely associated with CIP-implied
carry, U.S. monetary policy announcements and USD central bank swap lines. Both swap
line announcements and subsequent draws are linked to more minor deviations across
the entire maturity spectrum, consistent with an easing of system-wide dollar funding
conditions. Furthermore, these measures, as well as USD strength, are strongly associated
with changes in the curve shape, particularly its slope. The same pattern holds for credit,
funding, and capital conditions under severe global stress: CIP deviations react to credit
and capital stress, amplifying at the short end, while funding stress rotates the curve,
driving larger deviations at longer maturities, as the swap line tappings counteract stress
at the very short end. Apart from quarter-end effects, funding stress, and market liquidity
deterioration, we do not find any economically or statistically significant association with
the third component. We therefore interpret it as a window-dressing component. We
further model the behavior of the three components over the average calendar year and
show that the third component gradually increases in importance in shaping the curve,
particularly as the calendar year approaches its end.

The remainder of the paper is structured as follows. Section 2 presents the data and
methodology used to construct and model the dynamic curve using FPCA. Section 3
examines the key factors that account for most of its variation. Section 4 investigates the
underlying economic determinants, and section 5 concludes the paper.

2 Methodological framework

In this section, we outline the methodological framework that underpins the subsequent
empirical analysis. Section 2.1 introduces the relationship between foreign, domestic,
and forward-implied interest rates from which the cross-currency basis can be derived.
Then, in section 2.2, we describe the procedure used to construct the cross-currency
basis curve and discuss the underlying data. Finally, section 2.3 presents the concept of
functional principal component analysis (FPCA), which serves as our key analytical tool
for examining the time-related dynamics of the cross-currency basis.

2.1 Theoretical foundation of CIP deviations

The cross-currency basis arises when the observed log interest rate differential between
two currencies for a given maturity differs from the corresponding log forward premium,
defined as the log forward rate of the same maturity minus the log spot rate. Under CIP,
the return on investing in domestic risk-free assets equals the return on foreign risk-free
assets once the exchange-rate risk is covered through the forward market. Hence, the log



forward premium (or discount) exactly offsets the interest rate differential, and the basis
- 4
is zero.

Formally, let ig:t and i}qt denote the domestic and foreign logarithmic risk-free interest
rates observed at time t for maturity 7', respectively. Moreover, let s; be the logarithmic
spot exchange rate quoted as domestic currency per unit of foreign currency, and let f7
be the corresponding logarithmic forward rate for maturity 7'; both are also observed at
t. In an ideal frictionless market with no arbitrage opportunities, the forward premium
or discount is equal to the interest rate differential:

ftT — S5t = Z‘;Alp,t - i]:C,t (1)
As previously discussed, persistent deviations from CIP have been observed since the
global financial crisis of 2008 and are commonly referred to as the cross-currency basis (or

simply the “basis” in FX forward markets). We denote it by XCCY,”, which is obtained
by subtracting the right-hand side from the left-hand side of Equation (1):

XCCYtT = (ftT - St) - (idT7t - Z}Ft) (2)

A positive basis implies that the forward rate is high relative to the level implied by
interest rate differentials, whereas a negative basis implies that it is low. A nonzero basis
would therefore constitute a textbook arbitrage opportunity. For example, if the basis is
negative, the forward rate is too low relative to what CIP would require. An arbitrageur
could then borrow, for a given tenor, in the foreign currency money market, exchange
the proceeds into domestic currency in the spot market and invest the domestic currency
amount at its risk-free rate. Moreover, the arbitrageur enters into a forward contract with
the same tenor to convert the domestic currency proceeds back into foreign currency at
maturity. The proceeds are then used to repay the initial foreign-currency loan. The
existence of such arbitrage incentives would trigger trades that move forward rates and
interest rate differentials back into alignment, thereby closing the basis and restoring the
equality in Equation (1). This mechanism was arguably predominant before 2008, when
major banks with large and flexible balance sheets could execute such trades at scale and
with limited constraints (Akram et al., 2008).

While this arbitrage strategy follows the standard textbook logic underlying CIP, its
practical implementation is far more complex. As noted by Rime et al. (2022), there is
substantial heterogeneity between banks in both funding costs and access to foreign risk-
free rates. In particular, unsecured bank funding through commercial paper or certificates
of deposit exhibits significant credit spread variation across banks with different rating
buckets, and only a subset of banks can access the true risk-free rate offered by central
bank deposit facilities. Consequently, potential arbitrage profits are institution-specific
rather than uniform across market participants. Rime et al. (2022) further emphasize
that an arbitrage trade must be profitable not only in gross terms but also net of all
opportunity costs, including capital costs. For these reasons, the observed basis cannot

4Rime et al. (2022) distinguish between CIP and the law of one price (LOOP). Under CIP, investment
returns must be risk-free, as the arbitrage involves a covered position and a fully hedged FX exposure,
whereas LOOP only requires that the two investments have an equivalent risk profile rather than being
risk-free. Moreover, the two concepts differ in their balance-sheet implications. Exploiting a CIP devia-
tion entails balance-sheet expansion, as the arbitrageur takes on new assets and corresponding funding
positions, while responding to a LOOP deviation merely involves a reallocation of existing funding across
currencies and is therefore balance-sheet neutral.



be interpreted as a one-to-one mapping onto the underlying arbitrage profit. Nevertheless,
even after accounting for these costs, they find evidence of substantial and longer-lived
potential arbitrage profits. Building on this view, Herndndez (2025) estimates a neutral
band of up to 95 basis points around the GBP/USD currency basis, reflecting the range
of CIP deviations that is insufficient to trigger arbitrage once transaction costs, funding
frictions, and balance-sheet constraints are taken into account.

2.2 Cross-currency basis curve construction

In this paper, we focus on the construction of a time series of USD/CHF cross-currency
basis curves. To derive these curves, we first construct the underlying USD and CHF
interest rate curves as well as the corresponding USD/CHF forward rate curve. Specifi-
cally, we obtain from Bloomberg the SARON (Swiss Average Rate Overnight) overnight
and tomorrow-next (tom-next) rates, the SOFR (Secured Overnight Financing Rate)
overnight rate, and both the SARON and SOFR Overnight Index Swap (OIS) rates, with
maturities ranging from one week to three years at weekly, monthly, and annual tenors. In
addition, we retrieve the USD/CHF spot rate and forward points with maturities aligned
with those of the aforementioned interest rate instruments. The data consist of daily ob-
servations from March 4, 2018, through December 31, 2025, based on end-of-day closing
prices and, where applicable, the 10:30 p.m. London fixing (BGNL in Bloomberg).?

For the consistent estimation of the curves, it is necessary to determine the exact
accrual period for each contract at each trade date, that is, the initial value date (“start
date”) and maturity date (“end date”). Overnight contracts settle immediately at t,
tom-next contracts settle on the following business day, and contracts with maturities
of one week or longer settle on the spot date, ¢t + 2. The end dates of the contracts are
determined by their respective tenors, subject to potential adjustments for end-of-month
conventions.

In practice, both the start and end dates must be adjusted for weekends and public
holidays in either Zurich or New York. The determination of the spot date for FX forward
contracts requires particular care, as it depends on the joint holiday calendars of both
financial centers. The t + 2 rule requires that, between the trade date and the spot
date, there is at least one business day in New York, and exactly two business days in
Zurich. To illustrate this market convention, consider the trade dates of July 3, 2025, and
July 31, 2025, both falling on a Thursday and each preceding a national holiday in the
United States and Switzerland, respectively. However, the intervening holidays lengthen
the settlement period differently, resulting in spot dates of Monday, July 7, 2025, and
Tuesday, August 5, 2025, respectively. In both cases, the rule described above is satisfied:
there are exactly two business days in Zurich and at least one in New York between the
trade and spot dates, thus ensuring consistent value dating across both markets.

Once the precise accrual periods of the contracts are determined, we convert the
overnight, tom-next, and OIS quotes into zero rates using the 360-day count convention
and a consistent compounding assumption. The OIS curve is then bootstrapped across
maturities and interpolated within the observed maturity range. For each FX forward

5We use the London fixing, as the New York fixing occasionally exhibits data inconsistencies, with
prices quoted after the official 5:30 p.m. fixing time being recorded as closing prices.



maturity, we use the maturity-matched domestic and foreign zero rates, ensuring that the
interest rate differential and the forward premium refer to the same accrual period. We
then estimate, for all three curves, the values on a grid of maturities ranging from one
day to nearly three years in regular increments. Finally, we apply Equation (2) to obtain
our measure of the cross-currency basis. The resulting time series of the basis curve is
shown in Figure 1.

Figure 1: Dynamic USD/CHF cross-currency basis curve

Basis (pp)

Notes: The figure shows daily USD/CHF cross-currency basis curves. Darker (lighter) shades reflect
wider (narrower) basis levels.

Three main features are visually apparent. First, the basis (z-axis) remains predom-
inantly negative across maturities (y-axis) and observation dates (x-axis), indicating a
structural premium for USD funding relative to CHF'. Second, shorter maturities exhibit
more pronounced volatility, with frequent upward and downward spikes, a pattern well
documented in the literature (Baran & Witzany, 2018; Borio et al., 2018). Third, the
variation in color intensity reflects level shifts of the basis curve over time, with darker
shades corresponding to basis widenings that are observed mainly in 2018 and 2022. As
further visual interpretations of the three-dimensional plot are challenging, in the next
chapter, we decompose the time series of curves through FPCA.

2.3 The FPCA model

The methods of uni- and multivariate time series analysis are central to empirical macro-
economics and finance.® They provide powerful tools to study the temporal evolution
of time-dependent variables by testing for and modeling, among other features, trends,

6See Hamilton (1994) for an overview.



autocorrelation or seasonality. In time series analysis, it is typically assumed that

{(Xehimr, 1 (3)

are realizations of one or multiple underlying stochastic processes, where t denotes an
ordered and typically equally spaced time index.

A so-called functional time series follows a similar rationale but extends the data
structure. Instead of observing a scalar or a finite-dimensional vector at each point in
time, we have a function-valued observation defined on a common continuum M:

{Xi(m) :me My, 1 (4)

Each X, is hence a random function defined on the domain M common to all X. The
elements of {X;} may, in principle, represent any type of curve-like data observed over
time, such as empirical return distribution functions or smoothed price trajectories.”

The most widely used framework for modeling such functional time series is the
Karhunen—Loeéve decomposition (Karhunen, 1947; Loeve, 1948; Loeve, 1978), also known
as functional principal component analysis (FPCA). Let Equation (4) denote the collec-
tion of cross-currency basis curves, where each X;(m) represents the curve on the trade
date t defined on the maturity spectrum M. The mean curve is defined as

X,(m) = 2 37 Xi(m). 9

The Karhunen—Loeve decomposition states that any X; can be represented as the mean
function plus an infinite linear combination of eigenfunctions g, of the covariance operator

Of {Xt}:
Xt = Xu + th,rgr' (6)
r=1

& denotes the score associated with time ¢ and eigenfunction g,. The scores are obtained
as inner products,

o = /M (X (m)-X,,(m))g, (m)dm. (7)

The eigenfunctions are sorted in decreasing order according to their eigenvalues Ay > X, . ..
such that the cumulative variance of the first p eigenfunctions is given by

Vp = zp:)\i- (8)

"As noted by Ramsay & Silverman (2005), numerous applications across scientific disciplines justify
the assumption that the underlying data-generating process has a functional nature. In finance, many
core objects of analysis, such as volatility surfaces or price trajectories of ultraliquid assets, are inher-
ently continuous and therefore naturally suited to functional methods. A substantial body of research
demonstrates the usefulness of FDA techniques in this context. Early applications include the modeling
of yield curves (Hays & Huang,2012), intraday equity volatility (Miiller & Stadtmiiller, 2011) and the
extraction of the risk-neutral density from option prices (Grith et al., 2016). Further work extends FDA
to commodity futures returns (Horvarth & Wang, 2020), intraday return curves (Beyaztas et al., 2025;
Shang, 2017), and cross-sectional stock-return dynamics (Tsay, 2016).




Analogous to the concept of variance explained in regression analyses,

v,
FVE, = (9)

is called the fraction of variance explained (FVE).

The Karhunen—Loeve theorem thus provides a parsimonious representation of a func-
tional time series by decomposing it into a time-invariant mean function, time-invariant
eigenfunctions, and time-varying scores. The eigenfunctions g, capture the dominant
structural deviations of the curves from their mean, while the associated scores &, de-
scribe their temporal dynamics.

In empirical applications, it is common to retain only the first L eigenfunctions that
explain a sufficiently large share of the total variance, typically such that FVE exceeds
a prespecified threshold, e.g., 95% (Petersen & Miiller, 2016). The functional time series
can then be approximated by

X (m) ~ Xu(m) + ) &rge(m). (10)

To provide an interpretable framework of the dynamics induced by the eigenfunctions and
their scores, we apply the concept of modes of variation introduced by Petersen & Miiller
(2016). The purpose of these is to visualize and quantify how the r-th eigenfunction
deforms the mean function, i.e.,

Mya(m) = X, + Ot\//\—rgr(m), (11)

where o € R controls the magnitude and direction of the deviation from the mean.

Varying « over a symmetric interval (e.g., a € [—2,2]) yields a family of curves that
illustrate how the r-th eigenfunction affects the overall dynamics of the time series. Posi-
tive and negative values of o correspond to opposing deformations along the eigenfunction
gr, scaled by its standard deviation /).

3 Functional components of the dynamic basis curve

Figure 2 reports the fraction of variance explained (FVE) as defined in Equation (9). The
results indicate that the first five eigenfunctions almost entirely capture the dynamics of
the cross-currency basis curve. The first eigenfunction alone accounts for approximately
three quarters of the total variation, while the second and third explain an additional
18% and 8%, respectively. Together, the first three eigenfunctions account for 97% of the
overall variance.

Notably, this low-dimensional structure is broadly consistent with the variance de-
composition reported by Borio et al. (2018), although their analysis covers a different
time period from January 2005 to June 2018 and different currency pairs (EUR/USD,
USD/JPY, AUD/USD). Their sample includes the precrisis period, the global financial
crisis, and the postcrisis adjustment. In contrast, our sample begins in March 2018, re-
flecting the availability of the SOFR-based instruments required to construct the USD



risk-free curve, and extends to December 2025. It therefore covers the COVID-19 in-
cident and the subsequent global monetary tightening cycle. The overlap between the
two samples is therefore limited to only a few months. This similarity might indicate
that the dominant sources of variation in the term structure of the basis curve are simi-
lar across currencies and time, reflecting common underlying structural factors, such as
global funding conditions or the cost of balance-sheet capacity, rather than idiosyncratic
market effects.

Figure 2: Fraction of variance explained
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)
o

98 99 100

90
80

72
60

40

20

Fraction of variance explained (Pc

1 2 3 4 5
Number of eigenfunctions

Notes: The cumulative fraction of variance explained is calculated as the ratio of the variance
explained by the first p eigenfunctions to the total variance explained by all eigenfunctions.

We apply the threshold criterion of Petersen & Miiller (2016) and focus on the first
three eigenfunctions in the following. The right column of Figure 3 displays the corre-
sponding modes of variation as of Equation (11) together with the time series of their
scores from Equation (7) in the left column. As described above, the modes of variation
plots illustrate the dynamics around the mean curve that are induced by the respec-
tive eigenfunctions. These dynamics are generated in a standardized way by varying
the scores symmetrically from positive to negative values. Hence, the black line in the
center represents the mean curve, i.e., m, o in Equation (11). The mean curve indicates
a negative basis across all maturities, which is consistent with a persistent USD funding
premium in the USD/CHF forward market. In the overnight period, the USD funding
obtained via the FX-swap market is on average 20 basis points more expensive than the
corresponding USD OIS rate. Moreover, the mean curve exhibits a widening of the basis
with increasing maturity, implying that the USD funding premium increases along the
tenor dimension.

The term structure is again consistent with the findings of Borio et al. (2018), who
report a similar shape for the EUR/USD and USD/JPY cross-currency bases, both of
which are likewise characterized by an overall negative basis. In their interpretation,
a downward-sloping basis structure typically corresponds to periods of normal market
functioning and occurs away from quarter-end dates, when balance-sheet constraints on
dealers are less binding. Since the mean curve in our sample naturally reflects the average
over all trading days, it is dominated by such normal periods rather than by temporary
quarter-end dislocations.

10



Interpretation of the first eigenfunction. As seen from the first modes of the variation
(Figure 3, top right column), the first eigenfunction describes an almost parallel shift
of the cross-currency basis curve across all maturities. Positive realizations of the score
increase the entire curve, whereas negative realizations shift it downward by approxi-
mately the same magnitude along the maturity dimension. While the parallel level shift
dynamics of the curve are clearly visible, we see that the first eigenfunction also triggers
a slight steepening (flattening) when the basis widens (contracts). In other words, during
downward movements, the kink between very short and short-dated maturities that is
already present in the average curve becomes more pronounced. This observation implies
that the short segment of the curve (up to approximately one to three months) widens
more strongly than both the very short maturities and long maturities do.

From a statistical perspective, this interpretation also aligns with the structure of
the functional principal components. Because the first eigenfunction explains by far the
largest portion of the total variance, it inevitably captures several correlated patterns of
movement that cooccur with level shifts. The covariance structure of the cross-currency
basis is therefore not perfectly separable into purely “level” and “slope” effects. Nonethe-
less, given its dominant and near-uniform influence across all maturities, the first mode
of variation is best interpreted as a level-shift component.

The temporal dynamics of its associated scores further substantiate the idea that level
shifts of the curve are rather slow-moving. The score series clearly shows persistent—even
trending—behavior. From 2018 until 2021, the scores show an overall downward trend,
disrupted by the large positive spike around March 2020, which coincides with the onset of
the COVID-19 crisis and the associated breakdown of global dollar liquidity. As described
above, a downward trend indicates a continuous basis contraction across all maturities.
That trend is quickly reversed in 2022, reaching a peak in late 2023 and a decrease
afterward.

Interpretation of the second eigenfunction. The rows in the middle of Figure 3 display
the dynamics induced by the second eigenfunction. In contrast to the first eigenfunction,
which represents uniform level shifts, the second mode induces a pronounced rotation of
the cross-currency basis curve around the medium-term maturities. Positive values of
the score steepen the curve; i.e., they increase the short-term basis and lower the long-
term basis, whereas negative scores have the opposite effect. This pattern indicates that
the second component primarily captures slope dynamics, i.e., changes in the relative
shape between short- and long-dated maturities. From an economic perspective, this
slope factor reflects differential adjustments in short-term versus long-term cross-currency
funding conditions (Borio et al., 2018). The pivot of the rotation, approximately up to
the 12-month tenor, suggests that most of these dynamics are concentrated in the short
end of the swap curve, while the far end remains comparatively stable.

The time series of the second component’s scores confirms this interpretation. Most
of the time, the slope factor shows little systematic movement, but there are periods with
spikes and clustered volatility. As in the first component, a pronounced negative spike
occurred during the early phase of the COVID-19 crisis, when short-term basis spreads
widened dramatically relative to longer maturities (Goldberg & Ravazzolo, 2022).

Interpretation of the third eigenfunction. The bottom rows of Figure 3 present the
results of the third eigenfunction. As seen from the modes of variation, this component
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captures rotations of basis widening and contractions at the very front end of the curve,
whereas the long end remains comparatively stable. Positive realizations of the score
steepen the short end up to 10 days and flatten the intermediate maturities, whereas
negative realizations have the reverse effect. The third eigenfunction represents short-
term distortions in the term structure of cross-currency funding premia, typically arising
from temporary imbalances in money market or swap market liquidity that are well

documented in the literature (Krohn & Sushko, 2022).

The corresponding score dynamics in Figure 3 confirm this interpretation. The series
fluctuates around zero with recurrent but short-lived spikes. The absence of persistent
trends implies that this curvature factor is mean reverting, in contrast to the more persis-
tent movements associated with the level factor and, to a minor extent, the slope factor.
As mentioned, these events typically occur around quarter ends, when financial inter-
mediaries report their regulatory leverage quota. A main task of the next section will
thus be to determine whether the spikes identified in the score of the third eigenfunction
typically arise around these periods.

Taken together, the third functional component thus captures very short-term effects
in the cross-currency basis curve. Although it explains only a comparatively small share
of total variance, it provides economically meaningful information on short-term market
tensions and liquidity-driven deviations from the structural level and slope dynamics
represented by the first two principal components.
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Figure 3: Functional Principal Components and Modes of Variation
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Notes: The left column presents the scores obtained from the functional principal component decom-
position, and the right column presents the respective modes of variation based on the standardized
weighting scheme presented in Petersen & Miiller (2016).

4 Determinants of the dynamic basis curve

After having established the principal modes of variation (level shifts, steepening, short-
term widenings/contractions) in the previous section, we next aim to provide a more
thorough understanding of their economic determinants. In section 4.1, we identify and
describe the exogenous variables that we use in 4.2, where we explain the three compo-
nents in the regression analyses. In section 4.3, we describe the behavior of the three

components around quarter-end reporting dates.

13



4.1 Variable selection

To explain the determinants of the dynamic cross-currency basis curve, we group com-
monly used variables from the CIP deviation literature into three categories that align
with both theoretical pricing components and empirical findings: (i) proxies for dealer
constraints, (ii) macrofinancial variables and (iii) technical control variables. This cat-
egorization builds on the theoretical decomposition of derivative pricing adjustments in
Andersen et al. (2019) and the empirical literature on CIP deviations, including Augustin
et al. (2024), Cerutti et al. (2021), Borio et al. (2018) and Du et al. (2018).

4.1.1 Proxies for dealer constraints

We follow Kloks et al. (2023) and embed dealer constraints in the valuation adjustment
(XVA) framework. In modern derivatives markets, XVA refers to a family of valuation
adjustments that account for the risks as well as real and opportunity costs faced by
financial intermediaries when they enter and maintain derivative positions. These ad-
justments capture not only counterparty and funding risks but also the balance sheet
requirements imposed under the Basel regulations. As a result, XVA has become the
standard framework through which banks assess the effective cost of trading derivatives,
and dedicated XVA desks are now tasked with managing these exposures.® In this paper,
we focus on the funding valuation adjustment (FVA), credit valuation adjustment (CVA)
and capital valuation adjustment (KVA), which have been shown to cause CIP violations
and are hence considered their microstructural determinants (Andersen et al., 2019).°

Funding Valuation Adjustment (FVA). Variables related to FVA capture short-term
funding pressures, particularly during episodes of dollar scarcity. The SOFR-to-IOER
spread captures the extent to which U.S. repo rates exceed the Fed’s reserve balance
return. In frictionless markets, arbitrage should keep this spread close to zero. Per-
sistent positive deviations indicate binding balance-sheet constraints or intermediation
frictions that limit arbitrage (Correa et al., 2020). The TED spread, defined as the dif-
ference between the three-month USD LIBOR and the U.S. Treasury bill yield, serves
as a benchmark measure of interbank funding stress, reflecting systemic funding risk in
USD markets where the dollar leg dominates global cross-currency funding transactions
(Augustin et al., 2024). We include an adjusted version of the TED spread that uses the
three-month SOFR rate instead of LIBOR. Following Borio et al. (2018), we additionally
include variables comparing unsecured and secured funding costs across currencies. The
one-week OIS-secured rate spread (for EUR and CHF versus USD) captures short-term
unsecured funding frictions, while the one-month deposit-secured rate spread measures
longer-term funding cost differentials, reflecting banks’ ability to obtain term rather than
overnight liquidity.

Credit Valuation Adjustment (CVA). CVA variables capture counterparty credit risk
embedded in derivative pricing. Credit risk influences the valuation of exposures between
dealers and counterparties and has been identified as a key determinant of the cross-
currency basis (Gilchrist et al., 2009). We consider both overall market and dealer-
specific credit risk variables. For the former, we use the spreads between AAA/A-rated

8See Gregory (2020) and Green (2015) for a comprehensive discussion.
9We proxy the valuation adjustments predominantly from the view of a U.S.-dealer bank, as they
play a crucial role in bridging USD funding to banks outside the U.S. (Kloks et al., 2024).
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and BBB/Baa-rated corporate bonds and 10-year U.S. Treasuries as proxies for credit
premia across different quality segments.

To proxy the credit risk of major dealer banks, we construct three indices using
daily changes in credit default swap (CDS) spreads. The underlying set of dealers and
their market shares are taken from the Euromoney FX Survey 2022, which reports the
distribution of global FX trading activity between banks. For each dealer, we compute the
daily change in its CDS spread and aggregate these changes into indices using alternative
weighting schemes: (i) a market-share-weighted index of the top ten dealers, (ii) a market-
share-weighted index of all surveyed dealers, and (iii) an equal-weighted index of all
surveyed dealers. These indices capture day-to-day shifts in dealer credit conditions. For
a full description of the construction of the Dealer CDS Index, see Appendix A.1.

Capital Valuation Adjustment (KVA). Variables related to KVA reflect the cost of
regulatory capital tied to the derivative exposures of dealers. Since the global financial
crisis of 2008, dealer balance sheet constraints have become increasingly relevant for
asset pricing and deviations from arbitrage conditions. Following the intermediary asset
pricing framework of He et al. (2017), we use measures of intermediary capitalization and
leverage to proxy for capital constraints. Specifically, we include the intermediary capital
ratio, the intermediary capital risk factor, and the squared leverage ratio. Together, these
variables reflect the role of intermediary balance-sheet conditions in shaping deviations
from CIP.

For the FVA, CVA, and KVA categories, we extract the first principal component from
the standardized variables (zero mean and unit variance) to obtain proxies that capture
the common variation within each category. Figure 4 (see below) shows that the three key
XVA proxies collectively signal periods of heightened stress in global financial markets.
The values of the y-axis are expressed in standard deviations relative to the mean of the
underlying proxies. A value of +1, therefore, means that funding/credit/capital condi-
tions are one standard deviation tighter than average. Notable spikes in FVA correspond
to major disruptions in funding markets, including the U.S. repo market disruptions
from mid-September 2019, the global USD funding squeeze during the COVID-19 crisis
in March 2020, and repo market stress driven by rising U.S. Treasury yields and collateral
scarcity in October 2023. Additional funding stress is indicated during the U.S. regional
banking crisis, the Credit Suisse crisis in March 2023, and the bond market sell-off in
September 2024. Elevated levels of the CVA proxy reflect periods of increased credit risk,
following the U.S. credit spread expansion amid monetary policy uncertainty in January
2019 and corporate credit stress during rapid rate hikes in October 2022. March 2023 saw
a pronounced spike in bank credit risk, notably due to the failures of Credit Suisse and
regional U.S. banks. KVA peaks are associated with episodes of capital constraint and
balance-sheet pressure, including the UK gilt crisis and global quantitative tightening in
September 2022, and expensive balance-sheet usage during high U.S. yields in October
2023. The period from January to April 2025 likely reflects market repricing because of
tighter trade policy, increased volatility, and regulatory capital impacts.
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Figure 4: XVA proxies
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Notes: XVA proxies correspond to the first principal component of each variable group. PCA is
performed on standardized variables with zero mean and unit variance. An increase of one standard
deviation indicates tighter-than-average funding, capital, or credit conditions.
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4.1.2 Macrofinancial variables

This group of variables captures macrostructural forces that shape the cross-currency
basis, complementing the microstructural and dealer-centric view of the previously de-
scribed XVA measures. As emphasized by Cerutti et al. (2021), persistent deviations
from CIP can arise from broad macrofinancial conditions that affect the equilibrium be-
tween the global demand for and supply of hedged FX funding. Their evidence shows that
movements in the basis are closely associated with fluctuations in global risk sentiment,
the strength of the U.S. dollar, and monetary policy divergence across major economies.
We describe the variable groups below.

USD strength. Consistent with the findings of Jiang et al. (2021) and Avdjiev et al.
(2019), we include the trade-weighted USD spot price as a proxy for dollar strength,
capturing the empirical observation that periods of dollar appreciation are associated
with tighter global funding conditions.

CIP-implied carry. As a measure of the CIP-implied carry yield, we regress daily
USD/CHF forward points on the short-term interest rate differential between the CHF
and the USD and extract the fitted values. This series captures the portion of the forward
premium that is consistent with covered interest parity fundamentals, abstracting from
basis-driven distortions. Similar approaches are used in the FX literature (e.g., Lustig
et al., 2011).

Monetary policy announcements. We also control for the effect of monetary policy
announcements in the U.S., the Euro area, and Switzerland, which have been found to
move cross-currency bases in relation to such events (Du & Schreger, 2022).

Central bank’s interventions in USD funding markets. Moreover, we incorporate U.S.
Federal Reserve swap line activities. Following Goldberg & Ravazzolo (2022), we include
both the announcement of new or modified swap line arrangements and the amounts
drawn under these facilities, which serve as measures of global dollar funding stress.
Specifically, we include announcements capturing key communications regarding U.S.
dollar liquidity arrangements with foreign central banks (Board of Governors of the Fed-
eral Reserve System, 2023): On March 15 and 20, 2020, the Fed and five major central
banks (BoC, BoE, BoJ, ECB, SNB) announced coordinated actions to enhance U.S. dol-
lar liquidity by lowering the pricing of swap lines while simultaneously increasing the
frequency of 7-day operations from weekly to daily. On March 19, 2020, temporary swap
lines were extended to nine additional central banks, which had already been established
during the global financial crisis; however, limits ranging from USD 30 billion to USD
60 billion were applied. On July 29, 2020, the temporary swap lines and the FIMA repo
facility were extended through March 2021. On April 23, 2021, the 84-day maturity op-
erations were discontinued, with only 7-day operations maintained thereafter. On June
16, 2021, the temporary swap lines with the nine nonstanding counterparties were further
extended to end-2021. On March 19, 2023, coordinated action among the six major cen-
tral banks reintroduced daily 7-day operations to increase dollar liquidity amid renewed
market stress.

Global risk sentiment. Following a broad range of papers in the literature, we in-
clude the VIX and CVIX indices as measures of option-implied volatility and global risk
sentiment in equity and FX markets.
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Macroeconomic data releases. To capture macroeconomic developments, we include
the Citigroup Economic Surprise Indices (CESI) for the U.S., the Euro area, and Switzer-
land. These findings summarize whether economic data releases exceed or fall short of
expectations, thereby affecting market pricing adjustments.

4.1.3 Technical variables

The technical variables, as the third category, capture FX swap market-specific liquidity
and calendar-driven frictions.

XCCY market liquidity. We follow Cerutti et al. (2021) and include the three-month
USD/CHF forward bid-ask spread as a proxy for liquidity in the FX swap market.

Calendar effects. To account for temporary distortions associated with regulatory
reporting dates, we define the last five days of a quarter as dummy variables. These
effects are linked to window-dressing behavior and balance-sheet adjustments that tend
to temporarily widen the cross-currency basis near reporting dates (Du et al., 2018).

Table 1 provides an overview of all the variables, their categorization and their cor-
responding sources. These XVA proxies, together with the macrofinancial and technical
control variables, form the basis for the subsequent regression analyses.

Table 1: Summary of variables and data sources

Category Variable / Measure Source

FVA
SOFR to IORB spread (ON, USD) Correa et al. (2020)
Adj. TED Spread (3M, USD) Augustin et al. (2024)

OIS to Secured Rate spread (1W, EUR/CHF vs USD) Borio et al. (2018)
Deposit to Secured Rate spread (1M, EUR/CHF vs USD) Borio et al. (2018)

KVA
Intermediary Capital Ratio He et al. (2017)
Intermediary Capital Risk Factor He et al. (2017)
Intermediary Leverage Ratio Squared He et al. (2017)

CVA
AAA/A Corp Bond to 10-Year Treasury spread Gilchrist et al. (2009)
BBB/Baa Corp Bond to 10-Year Treasury spread Gilchrist et al. (2009)
CDS Dealer Index Author’s calculation

Macro-

financial
CIP-implied carry Author’s calculation
USD Broad Index Avdjiev et al. (2019)
US, CH and EA MP Announcements -
Fed Swap Line Draws Goldberg & Ravazzolo (2022)
Fed Swap Line Announcements Goldberg & Ravazzolo (2022)
VIX -
CVIX -
CESI US, CH, EA

Technical

USD/CHF 3M Forward Bid-ask spread Cerutti et al. (2021)
Quarter-End _

Notes: This table summarizes the variables and their corresponding data sources used in the anal-
ysis. Where no source is provided, the data are calculated by either the author or standard market
indicators, e.g., VIX and CVIX.
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4.2 Regression analysis to explain CIP violations

We examine how groups of explanatory variables shape the dynamics of each functional
component. As motivated above, we distinguish three economically motivated blocks:
XVA proxies, macrofinancial variables, and technical control variables. The obtained
level, slope and short maturity component are by definition weakly stationary. However,
given that the level component in Figure 3 exhibits some trending behavior, we apply
first differencing. Variables within groups are also first differenced if the augmented
Dickey—Fuller (ADF) test fails to reject at the 1% level.!

For each functional component, we estimate the following regression model (in differ-
ences where appropriate as by the ADF test):

FPCj; = aj + 35 Xy + uyy, j=1,2,3, (12)

where j € {1,2,3} denotes the level, slope and short maturity component,

Xy = (VYA Wy Macrofinancial| ZtTeChnical), are the exogenous variables. To account for serial
correlation and heteroskedasticity in the residuals u;, inference is based on Newey—West
(HAC) covariance matrices.

Table 2 reports the regression results for samples, where we control for the first month
of the initial outbreak of COVID-19 (e.g., March 2020) and over an extended period
between March and May 2020.!!

10The results of the ADF test suggest the first difference in all the variables except for FVA and draw
from the Fed swap line.

' The latter is chosen such that it controls for the phase of extreme funding pressures between March
9 and May 4, 2020, as indicated by the FVA proxy shown in Figure 4.
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Table 2: Determinants of the functional components of the basis curve

Covid Dummy: March 2020 Covid Dummy: March-May 2020

AFPCl, FPC2 FPC3, AFPC1, FPC2% FPC3,
(Level) (Slope)  (Short Mat.)  (Level) (Slope)  (Short Mat.)

XVA
FV A, —0.070 0.333** 0.383"** 0.039** 0.103 0.492**
(0.083) (0.159) (0.078) (0.018) (0.067) (0.110)
AKV A, 0.132 —0.645"* 0.055 0.118 —0.217* —0.019
(0.110) (0.250) (0.193) (0.102) (0.126) (0.142)
ACV A, 0.138 —1.525%** —0.033 0.744*+ —0.182 —0.247
(0.276) (0.580) (0.360) (0.232) (0.213) (0.263)
Macro-financial
AU S DEread —0.085 —0.053 0.088 —0.037 0.213* —0.024
(0.072) (0.208) (0.113) (0.057) (0.087) (0.089)
SwapLineDraws; —0.166* —0.138* —0.033 —0.004  —0.127** —0.007
(0.092) (0.079) (0.063) (0.019) (0.045) (0.056)
SwapLinel"™™ 0.554 —0.001 —2.629 —0.481*** 0.107 —0.379
(0.824) (0.334) (1.841) (0.151) (0.213) (0.295)
ACarryt™ 22417 —6.878"* 0.341 1.550"*  —4.531*** 0.121
(0.841) (1.872) (1.003) (0.606) (1.113) (0.900)
M PECE —0.216*  0.140 0.062 —0.114  —0.029 0.052
(0.116) (0.244) (0.130) (0.086) (0.124) (0.131)
M pFED 0.264** —0.440* 0.023 0.211* —0.392* 0.065
(0.117) (0.236) (0.210) (0.102) (0.198) (0.214)
MPSNE —0.082  —0.622"** —0.598** —0.167  —0.654"** —0.388
(0.129) (0.233) (0.286) (0.119) (0.239) (0.259)
ACESIVS —0.001 0.015** 0.001 —0.004 0.013** 0.004
(0.004) (0.006) (0.006) (0.003) (0.006) (0.007)
ACESIFPA 0.000 0.006 —0.010* 0.001 0.007 —0.014*
(0.003) (0.004) (0.005) (0.002) (0.005) (0.007)
ACESICH 0.000 0.001 —0.000 0.001 0.000 —0.001
(0.001) (0.002) (0.002) (0.001) (0.002) (0.002)
AVIX, 0.047* —0.004 —0.027* 0.016 —0.010 —0.025*
(0.024) (0.018) (0.016) (0.010) (0.016) (0.015)
ACVIX, 0.218* —0.017 —0.020 0.130 —0.195 0.165
(0.124) (0.331) (0.235) (0.098) (0.149) (0.175)
Technical
ABidAsk3M, —0.575%  1.264™* 0.073 —0.966™* 0.350* 0.893***
(0.339) (0.338) (0.433) (0.390) (0.192) (0.287)
Eon)“"””y 0.097 —0.844* 0.705"** 0.117 —0.879* 0.755"*
(0.086) (0.343) (0.205) (0.084) (0.362) (0.216)
Constant —0.006 0.081 0.021 —0.019 0.126* —0.015
(0.019) (0.090) (0.104) (0.016) (0.072) (0.111)
Observations 1253 1253 1253 1223 1223 1223
Adj. R? 0.210 0.272 0.244 0.117 0.090 0.159
Covid March 2020 Dummy TRUE TRUE TRUE FALSE FALSE FALSE
Covid March-May 2020 Dummy FALSE FALSE FALSE TRUE TRUE TRUE

Notes: The first three columns report the specification labeled “COVID Dummy: March 2020”
and the last three columns the specification labeled “COVID Dummy: March—-May 2020.” The
end-of-quarter dummy is 1 for the five calendar days before and including the quarter-ends and
zero otherwise. A refers to the first-differences operator. ***, ** and * denote statistical significance
at the 1%, 5% and 10% levels, respectively. Newey—West standard errors in parentheses.

Level component. From the interpretation of the modes of variation in section 3,
we concluded that a negative score value is associated with basis compression along the
entire curve. Consistent with this finding, the level component is negatively related to
Fed swap line announcements and swap line tappings. The results also indicate that in
the sample in which the turbulent first few months of the pandemic are dismissed, Fed
swap line announcements are highly significantly associated with level compressions along
the basis curve. On the other hand, increased CIP-implied carry opportunities and Fed
monetary policy announcements are associated with a widening basis along the entire
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curve, which is consistent with the idea that attractive carry trade opportunities as well
as hiking cycles of U.S. interest rates make on- and offshore USD funding, per se, more
expensive (Du & Schreger, 2022). Periods of heightened market volatility, as measured
by the VIX, also seem to overlap with basis curve widenings, consistent with the idea
that the demand for the USD increases during periods of expectational stress. Apart
from this observation, we do not find additional macrofinancial or valuation adjustment
variables that are significantly associated.

Slope component. For the second mode of variation, a negative score is related to
an inversion of the curve, i.e., a situation where the very short end widens more than
the long end does. The regression results reveal that during times of exceptional global
turmoil, increases in credit and capital stress, as measured by the valuation adjustment
proxies, are associated with a rotation of the curve toward stronger temporary widening
of the short end. In comparison, funding stress is associated with a rotation toward a
stronger widening at the longer end as swap line tappings counteract stress at the very
short end. Similarly, and for both sample specifications, increased Fed swap line tappings,
CIP-implied carry, and U.S. and Swiss monetary policy announcements result in a strong
inversion of the slope across all specifications. Quarter-end and reporting dates likewise
induce slope inversions, which is consistent with window-dressing behavior at the front
end of the curve around regulatory snapshots. Interestingly, the USD strength shifts the
curve toward greater widening at the longer end.

Short maturity component. For the third component, a positive value is associated
with a widening basis at the very short end. The highly significant and positive para-
meter value of the end-of-quarter dummy illustrates that these reporting dates generate
substantial short-end distortions, which is consistent with the balance-sheet window-
dressing dynamics documented in the literature.

Taken together, the results provide evidence that (i) the level of the basis is associated
with CIP-implied carry opportunities and U.S. monetary policy announcements widening
the level of the basis, while USD central bank swap lines that lead to basis compressions,
(ii) the slope reflects tighter funding, credit and capital conditions during exceptional
stress and USD strength, carry trade opportunities, and monetary policy announcements
during normal times, and (iii) the additional short-end component appears regularly at
quarter-end periods as well as when funding markets are stressed or market liquidity
deteriorates.

4.3 Functional components around reporting dates

As is well documented in the literature (e.g., Du et al., 2018), CIP deviations tend to
widen around quarter-ends when banks prepare financial statements and report leverage
ratios. The timing conventions used in different regulatory frameworks to calculate key
indicators can create heterogeneity in balance-sheet pressures across jurisdictions.'?

The introduction of the global systemically important bank (G-SIB) surcharge in

12In Europe, where leverage ratios are assessed based on quarter-end balance-sheet snapshots, banks
typically sharply reduce their arbitrage activity on those dates. Du et al. (2018) summarize several regu-
latory measures that have amplified banks’ balance-sheet constraints, some of which can be transmitted
to nonbank clients such as hedge funds.
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early 2016 further intensified these pressures. The surcharge is based on previous-year
indicators of systemic importance, which include the notional amount of OTC derivatives
under the “complexity” category (Berry et al., 2020). Since these indicators are derived
from year-end balance-sheet snapshots, they create incentives for banks to engage in
“window-dressing” practices where the balance-sheet size is reduced toward the year end
to avoid moving into a higher surcharge bucket (Correa et al., 2020; Behn et al., 2019).13

Because the scope of G-SIB regulation extends beyond short-tenor derivatives, its
influence is also expected to affect longer-term bases that are otherwise less exposed to
usual quarter-end effects.'

While the literature has predominantly examined CIP violations at regulatory report-
ing dates and typically at single short-term maturities, our functional approach provides
a more comprehensive view of how deviations evolve over the entire maturity spectrum
and throughout the calendar year. Rather than focusing solely on quarter-end effects at
the front end of the curve, we compute the average scores for each functional component,
i.e.; level, slope, and short end, within a five-day window across the full calendar year.
This approach allows us to characterize systematic intrayear patterns that encompass the
behavior of the entire basis curve. Figure 5 presents these results with respect to levels
(left column) and first differences (right column), illustrating how the components evolve
over the annual cycle.

13Empirically, Berry et al. (2020) show that U.S. G-SIBs cut back their OTC derivatives exposures
during the fourth quarter, while Behn et al. (2019) find comparable behavior among European institu-
tions. Using granular swap quote data, Krohn & Sushko (2022) show that G-SIB-affiliated dealers scale
back liquidity provisions in one-month FX swaps around these dates. The issue of G-SIB-related window
dressing is also emphasized in Borio et al. (2018).

1For example, the three-month dollar basis tends to widen significantly around year-end reporting
periods (Du et al., 2018). Under the standard ¢ 4+ 2 settlement convention, three-month FX forward
initiated between late September and late December typically mature in the following calendar year,
leaving them on banks’ year-end balance sheets. This “year-end window” can be defined as the set of
trade dates for which the settlement date falls within the current year while the maturity date extends
into the next year. Consequently, the G-SIB surcharge is expected to make the three-month basis
more negative during this period, as trades executed in late September already count toward year-end
exposures (Cerutti et al., 2021).
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Figure 5: Average intrayear behavior of FPCs

Average level of 1st FPC Change in average level of 1st FPC
<
N
™
@ 3
el S
M LAYV
A (]
5 ML 2 | UL bl L))l )y
e M \/\JV V | g
> Z
<~ P
o B
?
0 20 40 60 0 20 40 60
5-day window 5-day window
Average level of 2nd FPC Change in average level of 2nd FPC
8o £
(]
5 2 byl all LLUE
< P
Ie)
S
m 1
0 20 40 60 0 20 40 60
5-day window 5-day window
Average level of 3rd FPC Change in average level of 3rd FPC
N
[%2]
g |~ W\ FAVANMNA A g
g ° v v 3
8 n
© &
g 5
o g
Loy 3°
@ -
0 20 40 60 ) 20 40 60
5-day window 5-day window

Notes: Figure shows 5-day window averages in terms of levels (left column) and in first differences
(right column). The shaded vertical areas indicate reporting dates. 95% and 90% confidence
intervals are shown as light and dark blue areas, respectively.

The plots show distinct patterns among the level, slope, and short-maturity compo-
nents within the year: The level of the basis curve shown in the top row is significantly
narrower in the first two months of the year, then widens back to its mean level and
remains at that level the remainder of the year. In particular, third-quarter reporting
dates trigger a strong temporary widening of the entire curve, followed by a prompt cor-
rection. Overall, however, the level component appears to be only marginally affected by
reporting dates.

The level of the slope component shown in the middle row displays an increasing curve
profile (wider at the long end and less wide at the short end) within the first to third
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quarters before engaging in a strongly inverted profile (wider at the short end and less
wide at the long end) in the second half of the third quarter, indicating a build-up effect
for year-end reporting days. As also visible in the right figure, the curve temporarily
inverts at the quarter and year ends. In both cases, these rotational changes are followed
by a strong correction shortly after.

Finally, the bottom row reveals that the shortest maturities of the curve react most
pronouncedly to reporting dates. This observation is in line with the literature, which
typically focuses on short tenor CIP deviation (Du et al., 2018).

The level of the shortest end of the curve is wider than the mean at quarter ends
before narrowing throughout the second half of the fourth quarter, only to undergo an
explosive widening at the year end. As with the slope component, the figure on the right
shows a strong correction just after the reporting dates.

However, a closer look at the slope and short-maturity scores shown in the second
and third rows of Figure 3 suggests that the impact of period-end dates has not been
stable over time. Prior to 2022, regular quarter-end patterns were evident; after 2022,
they weakened considerably.

We formally assess this trend by estimating the following simple regression model:

AFPCjﬂg = Oy + BLJ‘Dizsd + BQJD??EM + Ejt (13)

where AFPC;; is the daily change in the j-th functional principal component of the basis
curve on day t with j € {1,2, 3} indexing the level, slope, and short maturity component.
x € {QE, YE} indicates whether the regression refers to quarter-end or year-end effects.
Dj’;fd (D;-‘”f’d) is a dummy variable equal to one if day ¢ lies in the five trading days
immediately before (after) the respective quarter-end or year-end date and zero otherwise.
a; is a component-specific intercept that captures the average daily change in the j-th
component on all days that are not classified as part of a reporting window. 3, ; and 3, ;
measure the corresponding mean differences relative to those days, and ¢;; is the error
term. We run the regression across three specifications: overall and pre- and post-2022.
Additionally, we perform this procedure once on the sample, including the first wave of
COVID-19 and once on the sample without the initial COVID-19 period.'® Tables 3 and
4 show the results.

5For simplicity, we assume that the first wave of COVID-19 coincides with the period of extreme
funding pressure from March 9 to May 4, 2020.
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Table 3: Quarter-end effects on changes in FPCs

Incl. 1st wave Covid-19 Excl. 1st wave Covid-19

AFPC1 AFPC2 AFPC3 AFPCl1 AFPC2 AFPC3

pRE—5d -0.014  -0.099 0.295***  0.014  -0.103 0.263***

(0.056)  (0.087) (0.066) (0.043)  (0.069) (0.061)

Panel A: Overall pRETad -0.156*** 0.263***  -0.091 -0.137*** 0.244***  -0.097

(0.056)  (0.087)  (0.066)  (0.043)  (0.069) (0.061)

Constant 0.007  -0.014 -0.019 0004  -0.012 -0.017

(0.017)  (0.026)  (0.020)  (0.013)  (0.021)  (0.019)

Observations 1827 1827 1827 1789 1789 1789
Adj. R? 0003 0005 0012 0005 0008  0.012

pRE—5d -0.043  -0.197 0.460***  0.013  -0.205** 0.396***

(0.093)  (0.148) (0.100)  (0.055)  (0.101)  (0.087)

Panel B: Pre-2022 pRE+ed -0.242***  0.375**  -0.129 -0.202"** 0.335*** -0.142
(0.093)  (0.148)  (0.100)  (0.055)  (0.101)  (0.087)

Constant 0010  -0.017 -0.029  0.005  -0.014  -0.026

(0.028)  (0.045)  (0.030)  (0.017)  (0.032) (0.027)
Observations 887 887 887 849 849 849
Adj. R? 0.005  0.008 0024 0014 0017  0.027
DRE— 0014  -0.008 0.139 0014  -0.008  0.139

(0.065)  (0.095) (0.085)  (0.065)  (0.095)  (0.085)

Panel C: Post-2022 pRETsd -0.076  0.158*  -0.056  -0.076  0.158*  -0.056
(0.065)  (0.095) (0.085)  (0.065)  (0.095)  (0.085)

Constant 0.003  -0.011 -0.009  0.003  -0.011  -0.009

(0.020)  (0.029) (0.026)  (0.020)  (0.029)  (0.026)
Observations 940 940 940 940 940 940
Adj. R? 0.001  0.001 0001  0.001 000l  0.001

Notes: The table reports regressions of percentage changes in the three FPCs on dummy variables
for five business days before and after quarter-ends. Standard errors are reported in parentheses.

T

, **, and * denote statistical significance at the 1%, 5%, and 10% levels, respectively.

The quarter-end results shown in Table 3 confirm the previously made observations
while revealing novel results. In the overall specification shown in Panel A, D?E_M shows
a strong and significant widening at the very short end (AFPC3) of the curve compared
with the level outside the quarter-end window before normalizing again afterward. The
slope component (AFPC2) engages in an overshooting-like reversal move, as the short
end narrows and the longer end widens compared with the mean after the quarter end
(D,?E+5d). The pre-2022 results shown in Panel B reveal that both of these previous
results are driven by the time before 2022; strong quarter-end effects (DtQ E_Sd) in the short
maturities (AFPC3) are followed by an overshooting-like reversal in the slope component
(AFPC2). The results further suggest that the whole level is affected by this reversal
movement in the very few days after the quarter-end, resulting in a narrowing move. As
shown in Figure 5, it is especially the third quarter-end of the year that drives these
results when GSIBs start to adjust their longer-term positions to prevent effects on the
GSIB score calculation. However, these effects have vanished since 2022.
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Table 4: Year-end effects on changes in FPCs

Incl. 1st wave Covid-19 Excl. 1st wave Covid-19

AFPC1 AFPC2 AFPC3 AFPCl1 AFPC2 AFPC3

DY F=5d -0.153  -0.143 0.684*** -0.155*  -0.143 0.685***
(0.106) (0.165) (0.124)  (0.081)  (0.132)  (0.115)
Panel A: Overall DY E+5d -0.159 0.371** -0.143  -0.160** 0.372***  -0.142
(0.106) (0.165) (0.124)  (0.081)  (0.132)  (0.115)
Constant -0.001  -0.005 -0.013  0.001  -0.005 -0.014
(0.016) (0.025) (0.019)  (0.012)  (0.020)  (0.017)
Observations 1827 1827 1827 1789 1789 1789
Adj. R? 0.001  0.002  0.016  0.003  0.004  0.019
DY E=5d -0.285*  -0.209 0.979*** -0.288"** -0.208 0.982***
(0.173) (0.277) (0.187)  (0.102)  (0.190)  (0.160)
Panel B: Pre-2022 DY E+5d -0.265  0.491*  -0.193 -0.268*** 0.492***  -0.190
(0.173) (0.277) (0.187)  (0.102)  (0.190)  (0.160)
Constant -0.001  -0.008 -0.019  0.002  -0.009  -0.022
(0.026) (0.042) (0.028)  (0.016)  (0.029)  (0.025)
Observations 887 887 887 849 849 849
Adj. R? 0.003  0.002  0.029 0015 0007  0.042
DY E=5d -0.021  -0.077 0.389**  -0.021  -0.077  0.389**
(0.125) (0.183) (0.164)  (0.125)  (0.183)  (0.164)
Panel C: Post-2022 Dy Z+5¢ -0.052  0.252  -0.093  -0.052  0.252  -0.093
(0.125) (0.183) (0.164)  (0.125)  (0.183)  (0.164)
Constant -0.000 -0.002  -0.008  -0.000  -0.002  -0.008
(0.018) (0.027) (0.024)  (0.018)  (0.027)  (0.024)
Observations 940 940 940 940 940 940
Adj. R? 0.002  0.000 0004  0.002 0000  0.004

Notes: The table reports regressions of percentage changes in the three FPCs on dummy variables

kK

for five business days before and after year-ends. Standard errors are reported in parentheses. ,
** and * denote statistical significance at the 1%, 5%, and 10% levels, respectively.

Table 4 presents similar conclusions for the year-end effects; however, they differ in
three aspects. First, the size of DY¥75 indicates much greater widening at the very
short end (AFPC3) of the curve than at the quarter-ends (Panel A). This observation
is also true for the overshooting-like reversal move in the slope (AFPC2), reflecting the
sensitivity of CIP deviations to changes in the funding provision by GSIBs and large dealer
banks. Second, the widening of short maturities at the year-end is stronger before 2022
(Panel B); however, although notably weaker, it has remained stable after 2022 (Panel
C). Third, the overshooting-like reversal in the days after the year-end has vanished,
suggesting that funding provisioning has become more efficient since 2022.

Taken together, our results provide novel evidence that quarter- and year-end effects
have changed over time and that classical window-dressing behavior has weakened since
2022. The reasons for this change in the regulatory landscape are manifold, as such
regulation typically differs among jurisdictions.

However, the announcement of two recent regulatory changes addressing window-
dressing behavior is likely to drive our results. First, on October 26, 2021, the European
Commission presented the new ‘Banking Package’ containing proposals to reform the
rules regarding capital requirements and banking supervision to advance the adaptation
of the European regulatory framework to the Basel I1I standards (European Commission,
2021).%6 Under the Banking Package, large institutions must disclose average values for

16See Mazzocchi & Spitzer (2025) for an in-depth analysis on the progress of the EU adoption of
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the leverage ratio to mitigate window dressing concerns.!” As large EU banks are major
suppliers of USD funding through FX swap markets (Du et al., 2018), these most likely
affect the quarter-end results. Second, the recent assessment of the Basel Committee
on measures to address window-dressing in the G-SIB framework (Naylor et al., 2024)
suggests that G-SIB reporting should move away from year-end snapshots to disclosure
of the stock G-SIB indicators based on an average of values (daily frequency) over the
reporting year.!® Again, as EU banks are among G-SIBs, they should already have
adopted reporting on average values as required under the Banking Package; however, as
non-EU G-SIBs start to adapt to the new regulations, we expect the year-end effects to
become less pronounced in the coming years.

5 Conclusion

This paper advances the understanding of CIP deviations across the maturity spectrum
by introducing a continuous, dynamic approach to modeling the cross-currency (XCCY)
basis curve, thereby moving beyond the traditional focus on discrete maturities. By con-
structing the dynamic XCCY basis curve and employing functional principal component
analysis (FPCA) via Karhunen—Loeéve decomposition, we provide a nuanced perspective
on the dynamics along the USD/CHF XCCY basis curve. This approach allows for the
identification and quantification of the principal structures underlying deviations from
the average basis curve, thus offering a richer characterization of curve dynamics.

The FPCA reveals that the XCCY basis curve can be effectively decomposed into three
main functional components. The first component captures parallel-level shifts across all
maturities. The second component describes rotations around medium-term maturities,
indicating variations in the slope of the curve. The third component is associated with
pronounced movements at the short end of the curve.

The empirical results provide novel insights into CIP violations along the maturity
spectrum. First, dealer-centric XVA and macrofinancial variables jointly explain a siz-
able share of the dynamics of all three components, while technical variables reflecting
micromarket structure matter primarily for the slope and, especially, the very short end
of the basis curve. In detail, CIP-implied carry opportunities and U.S. monetary policy
announcements widen the entire basis curve, whereas Fed swap line announcements tend
to narrow it. During times of global turmoil, the slope inverts in response to increases
in credit and capital stress among dealer banks, while it increases because of funding
stress as Fed swap line tappings effectively counteract distortions at the short end of the
curve. The same is true for CIP-implied carry, Swiss monetary policy announcements,
increased tapping of the Fed swap lines, and reporting dates. Finally, reporting date
effects, funding stress, and market liquidity deterioration widen the basis curve only at
the very short end.

Second, we provide novel evidence that regulatory reporting dates generate systematic

Basel III.

17 After an adaptation period of nearly three years, the majority of the new rules under the Banking
Package have become effective as of 2025.

18The transitional period is proposed to start on January 1, 2026. During this transitional period,
reporting banks are required to report both financial year-end values and, on a best-efforts basis, their
averaged values (Basel Committee on Banking Supervision, 2024).
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distortions not only at the short end but also in the slope of the basis curve. In detail,
quarter- and year-ends are associated with sharp, temporary widenings of short-term
deviations and reporting-driven inversions of the curve, followed by rapid corrections.
Exploiting the time variation in these patterns, we further document new evidence that
classical window dressing behavior has weakened since 2022, which is consistent with
recent regulatory initiatives such as the EU Banking Package and prospective changes to
the G-SIB framework.

Taken together, our results provide novel insights into cross-currency basis dynamics
and provide a promising framework for future research across other currency pairs.
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A Appendix

A.1 Construction of CDS-based dealer bank indices

To capture the credit risk of major dealer banks, we construct three indices based on
daily changes in credit default swap (CDS) spreads. The underlying sample of dealer
banks and their corresponding market shares is derived from the Euromoney FX Survey
2022, which reports the distribution of global foreign exchange market activity across

dealer banks.

We collect daily CDS spread data for all dealer banks included in the Furomoney FX
Survey 2022 from Bloomberg. For each bank, we compute the daily change in the CDS

spread:
ACDSZ"t = CDS@t - CDSi’t_l, (14)

where CDS;; is the CDS spread of bank ¢ on day t.
Next, we calculate weights based on each dealer bank’s global market share in the
FEuromoney FX Survey 2022. Specifically, for any subset of banks S, the weight of bank

1 is given by:
Market Share;

- > jes Market Share;

(15)

w;

We calibrate three different weighting schemes to aggregate daily CDS changes into in-

dices:

1. Top-10 Dealer Banks (Weighted): Includes only the top 10 dealer banks by market

share, with weights proportional to their respective market shares.

2. All Dealer Banks (Weighted): Includes all dealer banks from the survey, weighted

by their market shares.

3. All Dealer Banks (Equal-Weighted): Includes all dealer banks from the survey,

assigning equal weight to each bank irrespective of market share.

Table A.1 summarizes the weights used for the two nonequally weighted schemes.

For each index, we then aggregate the daily changes across banks, either using market-
share weights or averaging across banks in the equally weighted case. We then cumulate

these daily changes to construct a level index:

Level Index, = Y ~ ACDS,, (16)

T<t

where ACDS; is the aggregated daily change across banks for day 7.
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The resulting time series shown in Figure A.1 provides three alternative measures
of dealer bank credit risk that differ in the breadth of the banks considered and the

weighting scheme.

Figure A.1: CDS dealer indices
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Notes: Size weights are calculated based on overall market shares from dealer banks listed in the

Euromoney FX Survey 2022.
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Table A.1: Weights of dealer banks

Dealer Banks Overall weights Top 10 weights
JPMorgan Chase 15% 19%
UBS 14%* 17%**
Deutsche Bank 12% 15%
Citi 8% 10%
Bank of America 7% 9%
Goldman Sachs 7% 9%
HSBC 7% 9%
State Street 6% -
Barclays 4% 5%
BNP Paribas 4% 4%
Standard Chartered 3% -
Morgan Stanley 2% 3%
BNY Mellon 2% -
NatWest 2% -
Societe Generale 2% -
Commerzbank 1% -
Nomura 1% -
Credit Agricole 1% -
Royal Bank of Canada 1% -
Sumitomo Mitsui Financial Group 1% -
National Australia Bank 1% -

Notes: Credit Suisse’s share is integrated into UBS’s overall and top 10 weights with 1% (see *) and
2% (see **), respectively. Weights are calculated based on the overall market shares from dealer
banks listed in the Euromoney FX Survey 2022.

A.2 CIP deviations and conventional monetary policy shocks

The reaction of the cross-currency basis to conventional monetary policy shocks may
play a role in shaping the external transmission of U.S. monetary policy (Du & Schreger,
2022). Before the GFC, when CIP broadly held, offshore dollar funding conditions in
the FX swap market closely mirrored those in the cash market. Since the GFC, how-
ever, a negative cross-currency basis has made offshore dollar funding more expensive
than cash market funding, as measured by traditional short-term rate spread indicators.
Moreover, unexpected conventional U.S. monetary policy tightening tends to push the
cross-currency basis further into negative territory, thus further tightening offshore dollar

funding conditions.'®

To study the role of monetary policy shocks in XCCY basis behavior, we estimate the

19GSee Amador et al. (2020) for a theoretical framework for studying financial intermediaries and CIP
deviations. On a related note, see Wohlfarth & Chen (2024) for a study using yield curve shocks to
examine the effects on CIP deviations.
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impulse responses of XCCY basis changes along the maturity spectrum based on local
projection models (Jorda, 2005). In detail, we regress the change in the cross-currency
basis of maturity m over horizon h following a monetary policy announcement at time
t on monetary policy surprises of the Fed and the SNB. Additionally, we consider the

spillover effects of the ECB by including its monetary policy surprises in the model:?°

AXCCYYSPICHT — ot Begn - MPSIEP 4 Boxg - MPSEN? 4 B - MPSECE 417, 42,5,

(17)
where AX CC’YWZ ff}f CHE qenotes the change in the cross-currency basis of maturity m
from the day before the announcement (¢ — 1) to horizon (¢ + h). Monetary policy
surprises MPSFCB , MPSIED MPSf NB capture the unexpected component of policy de-
cisions at the respective announcement dates. The control vector Z; includes changes in

the previously used variables listed in Table 1. Newey—West standard errors are used.

The impulse response functions shown in Figure A.2 reveal distinct responses of the
USD/CHF XCCY basis across maturities and central banks. Following unexpected mon-
etary policy tightening by the FED, the USD/CHF basis widens significantly, with the
magnitude of the response increasing along the maturity spectrum. Short-term matu-
rities up to one month exhibit only transitory effects that dissipate within a few days,
whereas maturities between one and three months show limited persistence, lasting up
to seven days. In contrast, for maturities of three months and particularly one year and
beyond, the widening persists for up to 30 working days, suggesting that arbitrageurs do

not fully exploit these deviations despite apparent profit opportunities.

In the case of the SNB, unexpected tightening leads to a contrasting response. The
USD/CHF basis narrows persistently at the shortest maturities, up to one week, with
statistically significant effects at the 5% and 10% levels that persist for approximately
20 to 30 days. For longer maturities, the effects appear more transitory. In contrast,
only the one-year maturity shows some persistence, albeit weaker in magnitude than for

short-term maturities, lasting up to 20 working days.

The ECB’s tightening surprises produce a somewhat different pattern. The USD/CHF
basis generally narrows across several maturities, indicating that tighter Euro-area mone-
tary policy reduces the relative cost of swapping CHF into USD. The effects are strongest
for maturities of approximately one month, with substantial and persistent narrowings
lasting up to twenty working days. For maturities of approximately one year, the magni-
tude of the response is smaller, yet the persistence extends to approximately twenty-five

working days. These results may reflect cross-border portfolio rebalancing, as investors

20Monetary policy shocks are calculated based on Giirkaynak et al. (2005) for the U.S., Borner (2025)
for Switzerland and Altavilla et al. (2019) for the Euro area.
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shift from U.S. to Euro-denominated assets in search of yield. Alternatively, given the
sample period, which was characterized by elevated inflation and macroeconomic uncer-
tainty, the observed basis dynamics might indicate safe-haven flows into the Swiss franc

as investors seek stability relative to the U.S. and the Euro areas.

Overall, these findings demonstrate that conventional monetary policy shocks affect
the USD/CHF XCCY basis in ways that vary both across maturities and in terms of per-
sistence. This heterogeneity suggests that the market for currency swaps is segmented
by U.S. dollar liquidity provision and investor participation. As shown in Kloks et al.
(2023), approximately three-quarters of the market’s liquidity is concentrated at matu-
rities up to one month, with overnight contracts being the most actively traded. Hence,
short-term basis dynamics likely reflect activity by banks and other financial intermedi-
aries. Moreover, longer maturities may be dominated by institutional investors such as
pension funds and corporations seeking to hedge long-term exposures. These different
investor bases operate under distinct balance-sheet structures and regulatory constraints,
which can impede arbitrage when transaction costs or capital requirements render such
trades unprofitable (Rime et al.; 2022).

Future research should disentangle the underlying dimensions, such as differences in
investor types, balance-sheet frictions, and regulatory effects, to better understand how
policy-induced shifts in global funding conditions propagate through the cross-currency

basis.
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Figure A.2: Persistent effects of conventional monetary policy surprises on USD/CHF
XCCY basis wide

B-coefficient

B-coefficient

B-coefficient

10
Days 15

20 0
25

c) ECB

Notes: Bars show Breq,snp,Ecp coefficients from local projection models that are significant at
the 1% level (red), 5% level (orange) and 10% level (green).
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