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Abstract

While Federal Reserve swap lines have become a reliable policy tool for easing surges in
covered interest rate deviations during times of U.S. dollar funding stress, their transmission
to the FX market remains only partially understood, largely due to lack of globally repre-
sentative data on trading activity. Using novel global settlement data, I conduct the first
comprehensive study of agent positioning in OTC FX swaps around swap line take-ups and
provide two main results. First, swap lines lower U.S. dollar borrowing cost not only through
a reduction in non-U.S. bank demand, as commonly thought, but also through an increase in
supply (arbitrage lending). Second, I find that U.S. banks play a central role in this process. A
simple conceptual framework linking limits to arbitrage capital with U.S. bank balance sheet
constraints shows that any scaling back of swap lines—such as through an abrupt policy shift
in the U.S.—would have unintended negative consequences for U.S. banks’ ability to provide
dollar liquidity in the FX market.
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1. Introduction

Access to uninterrupted U.S. dollar funding in times of stress is crucial to prevent financial stability
episodes given the outsize role that the reserve currency serves in global trade and finance. In
terms of policy response, Federal Reserve swap lines have become the main tool to ease the cost
of U.S. dollar borrowing in synthetic funding markets. The size of swap lines is large and growing,
with the combined network of U.S. dollar liquidity lines reaching up to 20% of the world’s GDP.
However, policymakers still have surprisingly little empirical evidence as regards to the nature
of the pass-through mechanism of an active swap line (an agreement between two central banks)
to the private markets (contracts involving commercial banks and non-bank customers), largely
due to a lack of globally representative and granular data on the over-the counter (OTC) FX swap
market.

This paper fills the gap by leveraging a bespoke high-frequency dataset from Continuous
Linked Settlement (CLS), which offers unparalleled global coverage of settled FX swap trans-
actions and thereby enables the most comprehensive analysis of quantities and prices in the lit-
erature to date. Two main results emerge. First, by analyzing agent positioning in the synthetic
U.S. dollar funding market across geographical jurisdictions, currencies and tenors over the past
decade, I present evidence that Federal Reserve swap lines help ease offshore U.S. dollar borrowing
cost not only through a reduction in non-U.S. bank demand for the dollar in FX swaps (substitution
channel), which is the commonly known pass-through mechanism, but also through an increase
in non-U.S. bank dollar supply (arbitrage channel). To identify the role of swap lines, I examine
COVID 2020 as well as quarter-end reporting periods, which serve as important historical market
stress episodes. The intuition is that a swap line arbitrage trade is unlikely to be attractive during
normal times due to a penalty rate imposed by the central bank, but may become profitable in
periods of market stress. I find that in segments of the market where the price of the U.S. dollar
exceeded the threshold for swap line arbitrage during these episodes, up to 25% of the Federal
Reserve’s swap line take-up was intermediated back into the FX market. Whereas prior literature
has predominantly focused on the effects of foreign bank demand for the U.S. dollar, this work
explores the supply side. By uncovering the role of foreign banks as willing arbitrageurs in the FX

swap market, I paint a more complete picture of the various swap line pass-through mechanisms



at play, thereby adding to our understanding of this critical policy tool.

Second, I leverage the granularity of the settlement data and follow the dollar, tracing who ul-
timately receives swap line liquidity beyond the initial recipient banks. In doing so, I add a novel
layer of analysis that has not yet been explored in the scarce but growing empirical literature on
swap lines (Ferrara, Mueller, Viswanath-Natraj, and Wang, 2022). While my analysis shows that
non-banks are the ultimate end-borrowers, as expected, it also reveals that swap line recipient
banks appear to channel it to them partly through the hands of U.S. dealer banks. In particular,
affected non-U.S. banks sell the dollars in the interbank market to U.S. banks, who play a central
role in the global FX swap market matching end-customers, who consume dollar liquidity, with
arbitrageurs, who provide it. This result is counter-intuitive, as the existing literature typically
views non-U.S. banks either as borrowers of U.S. dollars for their own funding and hedging needs
or as intermediaries borrowing in the inter-dealer market on behalf of clients. In either case, the
presumed direction of dollar liquidity flows always points away from U.S. banks and toward for-
eign banks. In contrast, my results show that U.S. dollar liquidity flows in the opposite direction
as well, which supports the central intuition of this paper that non-US banks act as willing arbi-
trageurs in the FX swap market. I support this intuition with a simple model of trading to show
why balance-sheet constrained U.S. banks may become willing borrowers of U.S. dollar in the FX
swap market even if it involves paying the cross-currency basis.

A better understanding of how a U.S. dollar liquidity line between two central banks passes
through into private markets is important for several reasons. On the one hand, prior research has
highlighted that frictions in non-US bank access to U.S. dollar liquidity matter for macroeconomic
outcomes (CGF, 2020) as well as price efficiency in the FX market (Ivashina, Scharfstein, and Stein,
2015, Cenedese, Della Corte, and Wang, 2021). This study provides new evidence of how such
frictions hinder the ability of foreign banks to arbitrage deviations from the law of one price,
that is, deviations from covered interest rate parity (CIP). On the other hand, I contribute to the
literature on how central bank swap lines affect pricing in the FX market (Bahaj and Reis, 2021,
Goldberg and Ravazzolo, 2021, Ferrara et al., 2022). In contrast to prior work, this study is the
first to establish a link between Federal Reserve swap lines and U.S. banks, an angle virtually
ignored in the current literature despite the fact that it is U.S. banks who dominate the FX market
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an efficient functioning of the FX market, bringing together parties that wish to trade and share
risks. In this paper, I argue that the ability of U.S. banks to provide U.S. dollar liquidity to non-
banks may suffer in periods when constraints to their risk-bearing capacity coincide with there
being less counterparties willing to share such risks, such as when non-US bank access to the U.S.
dollar is impaired.

The paper proceeds in four main steps. First, I obtain a bespoke dataset on quantities and
prices in settled FX swap contracts globally across U.S. and non-U.S. actors. The novel dataset
was first described in Kloks, McGuire, Ranaldo, and Sushko (2023b), but I am the first to apply it
to study the effects of Federal Reserve swap lines. To carry out such an analysis, 4,170 banking
entities are manually classified per nationality of the overarching banking group. The data allows
me to observe both the volumes and prices and is available at a daily frequency and across all the
major U.S. dollar currency pairs and FX swap maturities offering a highly representative picture
of FX swap market activity globally. Importantly, in my classification an FX swap traded by J.P.
Morgan in London identifies the party as a U.S. global systemically important bank (G-SIB). This
data is particularly novel given that other sources, such as BIS statistics, provide only a locational
view, and would thereby classify J.P. Morgan’s London branch as a UK entity, making it harder
to identify the role of U.S. banks in global market making.! Finally, to differentiate dollar demand
and supply effects, I classify each trade into dollar borrowing or lending. That is, trades that result
in dollar cash inflows at the near leg of the contract are flagged as dollar purchases; in contract,
those that result in dollar cash outflows are classified as sales. Separating dollar purchases and
dollar sales allows to perform analyses distinct from merely looking at the net total position,
which would reflect demand and supply effects jointly, or the gross position, which would gauge
only total trading activity.

Second, I employ the newly constructed data set to provide novel empirical evidence for a
swap line arbitrage lending channel by foreign banks in times of stress. To do so, I examine
two important historical stress episodes, namely, COVID 2020 and quarter-end reporting periods.
While a swap line arbitrage trade is unlikely to be attractive during normal times due to a penalty
rate imposed by the central bank, it may become profitable in periods of stress if two conditions are

simultaneously met: U.S. dollar borrowing costs must test the level at which swap line arbitrage

'T can sort market participants into six regions of the world: the U.S., the Eurozone, the UK, Switzerland, Japan,
and a residual group combining all other nationalities (ROW).



becomes profitable, and the arbitrageur must have access to central bank dollar operations. In
this respect, COVID 2020 is a particularly important case-study as it marked the highest Federal
Reserve swap-line take-up since the Great Financial Crisis. The episode nevertheless provides a
challenge for an empirical study in terms of identification strategy. I overcome such identification
challenges in two important ways. On the one hand, I exploit a unique quasi-natural experiment
using treatment at the currency level. Specifically, I use the observation that while the U.S. dollar
borrowing rate had returned to well within the bounds at which swap line arbitrage is no longer
profitable for most dollar pairs immediately following the peak of the COVID crisis, it continued
to test the no-arbitrage ceiling in the dollar-yen pair for several weeks after the peak of the crisis.
This likely occured both because of persistently high non-bank demand for U.S. dollar in Asia
(Aldasoro, Cabanilla, Disyatat, Ehlers, McGuire, and Goetz von, 2020) as well as due to operational
challenges in exploiting the swap line arbitrage trade due to time zone differences between Tokyo
and the other major FX trading hubs (Bahaj and Reis, 2021).

On the other hand, I consider treatment at the banking group level. While access to local
central bank dollar operations is locational in principle, which means that any foreign bank with
an account at the Bank of Japan is eligible for swap lines, prior work has documented that it was
the domestic Japanese banks who accounted for as much as 90% of the Bank of Japan’s swap line
take-up (Akitaka, Nojima, Horikawa, Semba, and Shinozaki, 2020). Even if these banks drew on
swap lines motivated by precautionary hoarding reasons as suggested by Aoki, Antoku, Shunsuke,
Tomoyuki, and Shinichiro (2021), they are nevertheless likely to have sought for ways to park this
dollar funding at profit, including by lending it out short-term in the FX swap market. Using this
episode in a difference-in-difference-in-difference (DDD) setting, I indeed find evidence for excess
dollar lending and estimate that at least one quarter of the Bank of Japan’s swap line take-up was
ultimately transmitted to the private FX market through the hands of the affected banks.

As a robustness check, I also study quarter-end reporting episodes. Following the identifica-
tion strategy of Bahaj and Reis (2021), whereby I compare days when swap lines are active with
those when they are not, I find similar support for elevated dollar supply in the FX market by
affected non-U.S. banks, albeit at lower levels than during the COVID episode.

Third, I turn to examining who receives such foreign bank U.S. dollar supply. Before turning

to empirical evidence, I develop a simple conceptual framework to explain why it is conceivable



that U.S. banks might be among the list of willing borrowers of swap line funding — that is, why
U.S. banks may be willing to pay a premium to obtain U.S. dollars in the FX swap market. This
is counter-intuitive, as these banks have other natural sources of dollar liquidity, such as access
to U.S. repo markets or reserves, that are cheaper than borrowing via FX swaps, which command
a premium. To understand why, consider the importance of U.S. bank balance sheet constraints.
U.S. banks observe client demand across a continuum of customers in the FX swap market. In case
such demand is not balanced, U.S. banks face the need to fund the imbalanced FX swap position
somewhere, as customer positions do not net out and the nature of an FX swap contract implies
a cash outflow at the near leg of the trade. Crucially, my settlement data reveal that non-bank
demand in FX swaps globally is indeed heavily imbalanced and tilted towards consuming U.S.
dollar liquidity, a finding in line with prior research (Brauer and Hau, 2022). In such a case, a
U.S. bank faces a decision of how to fund its open position, and it has two options of how to
do so. One method is to fund the position by borrowing U.S. dollars outside of the FX swap
market, say via repo in U.S. money markets or via draining down reserves. While cheaper in
terms of the effective interest rate, repo borrowing entails hidden shadow costs that significantly
expand the balance sheet of a bank and thereby hurt the Basel III leverage ratio (Du, Tepper,
and Verdelhan, 2018) and more so than borrowing via FX swaps (Kloks, Mattille, and Ranaldo,
2024). Similarly, keeping excess reserves for the FX swap dollar intermediation business is costly
form a balance sheet perspective. Moreover, draining down reserves has a natural limit due to
the minimum reserve requirement (Correa, Du, and Liao, 2020). The alternative method for a U.S.
banks, currently overlooked in the literature, is to attract funding within the FX swap market from
other market participants, including from foreign banks. Because non-bank demand consumes
dollar liquidity in total, a U.S. bank can do so by offering to pay a non-zero cross-currency basis
to willing arbitrageurs, thereby attracting U.S. dollar liquidity and thus achieving a smaller net
open position. In contrast to a repo, an FX swap is an off-balance sheet instrument. In periods
of market stress when balance sheet constraints bind, the FX forward desk of a U.S. bank may
face increasing internal risk limits on its open net FX swap exposure. In such a setting, U.S. banks
may become willing to pay a cost in the form of a cross-currency basis to avoid the balance sheet
impact of funding outside of the FX market. It is in this scenario when a constrained U.S. bank

benefits from an uninterrupted availability of arbitrage capital in the FX market, including from



foreign banks, because it provides it the flexibility to fund its U.S. dollar intermediation business
off-balance sheet in times of stress.

Fig. (1) presents the main motivating evidence in support of the idea that U.S. banks fund
part of their imbalanced customer position by borrowing within the FX swap market. In fact,
settlement data on U.S. bank global positions reveal quite a stunning picture: U.S. banks operate a
close-to matched-book of trading even in the absence of stress episodes, as visible in Panel (a). A
simple correlation between the monthly change in U.S. bank borrowing and lending positions in
their total FX swap gross books across all currencies and tenors combined shows that buy and sell
positions typically closely match each other. Moreover, when one turns to U.S. bank net positions,
data reveal that U.S. banks achieve a close-to zero net position by offsetting non-bank customer
flows against those of non-U.S. banks. Over the last decade, non-banks have increasingly become
large U.S. dollar borrowers, thereby having an increasingly negative net position with U.S. banks.
Simultaneously, U.S. banks have run an increasingly positive net position with foreign (non-U.S.)
banks, as seen in Panel (b), implying that non-U.S. banks lend U.S. dollar at the near leg of an FX
swap contract. The correlation (over monthly changes) is extremely strong at 0 52% ? Moreover,
U.S. banks’ net total position is merely 4% of their gross total. Compiled with the fact that more
than two-thirds of dollar volumes run through the hands of U.S. banks, I argue that U.S. banks
effectively act as the global market makers in FX swaps and can thus be negatively affected by
the (in)ability of foreign banks to act as willing counterparties in times of stress, which Federal
Reserve swap lines help to alleviate.

Fourth, I show empirically that U.S. banks indeed have benefited from swap line arbitrage
lending by foreign banks in times of stress. The above-mentioned conceptual framework presents
testable hypotheses with respect to both quantities and prices charged by U.S. banks. My bespoke
granular settlement data on U.S. banks’ activity in FX swaps per counterparty group enables me
to test these hypotheses directly using market data. For quantities, I show that parts of the ex-
cess supply by foreign banks was consumed by U.S. banks, and that such foreign bank flows
negatively predict U.S. bank net position with non-U.S. banks. This holds true across various
frequencies (daily, weekly, and monthly) as well as across currency pairs, even when I control

for market-wide trading conditions. For prices, I estimate a linear probability model for the like-

2The correlation between daily changes with foreign banks vs. daily changes with non-banks amounts to -0.29%.
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Fig. 1: US bank matched-book USD intermediation in the global FX swap market. Panel (a): Monthly
change in U.S. bank USD borrowing vs. lending gross positions outstanding. Each dot refers to the monthly
change across all tenors and U.S. dollar currency pairs. Panel (b): Monthly U.S. bank net USD position with
foreign (non-U.S.) banks vs. with non-bank customers. Bars refer to net across all parties, tenors and
currencies and are monthly averages. For both figures data is from 2017 until 2022.

lihood of CIP ceiling violations. This allows me to test whether swap line arbitrageurs offered
prices closer to the no-arbitrage CIP ceiling compared to a control group during the 2020 COVID
episode. Through a difference-in-differences analysis, I show causal evidence that the COVID
period was characterized by a higher probability of CIP violations, as expected, but the likeli-
hood of ceiling violations was lower when U.S. banks borrowed U.S. dollars from Japanese banks,
which I previously identify as swap line arbitrageurs in the dollar-yen currency pair, compared
to a control group of non-U.S. banks who had no access to swap lines. As an important counter-
factual exercise, the result does not hold true for contracts where U.S. banks sold U.S. dollars at
the near leg of an FX swap, which supports my mechanism since it was U.S. dollar lending- but
not borrowing— that was attractive to a swap line arbitrageur.

Understanding the link between swap lines and the private FX swap market is important as
it reveals the limited role of central banks in alleviating U.S. dollar funding pressures directly. In
fact, I show that public dollar liquidity (central banks) requires the involvement of private banks
(private dollar liquidity) for better effectiveness. The Federal Reserve delegates to other central
banks the responsibility of providing dollars, given their expertise and positioning within their

own jurisdictions. However, my results indicate that private banks within these jurisdictions are



better positioned to distribute U.S. dollars where they are most needed (through a lending channel)
and where it is most advantageous (CIP basis). Private liquidity is thus crucial to achieve the Fed’s

aim of easing private U.S. dollar borrowing conditions.

Related literature. I contribute to the sparse but growing empirical work on central bank swap
lines (Rose and Spiegel, 2012, Goldberg and Ravazzolo, 2021, Choi and Ravazzolo, 2021). Much of
the prior research has focused exclusively on prices, showing that both the availability of swap
lines (Bahaj and Reis, 2021) and related policy announcements (Kekre and Lenel, 2023) help lower
the premium on U.S. dollar borrowing in the FX swap market. However, while the effects on
prices are well documented, the underlying pass-through mechanism remains insufficiently ex-
plored, as its analysis requires data on transaction volumes, which are not readily available for
this OTC market. To date, the most compelling data source for addressing this gap is trade repos-
itory data collected by central banks. Ferrara et al. (2022) employ EMIR data and find evidence of
substitution effects— namely, a reduction in U.S. dollar demand by banks who draw on Bank of
England swap lines. Nevertheless, central bank trade repository data, as granular as it is, is inher-
ently local, as it requires at least one counterparty to be a domestic (e.g., UK-based) entity, which
underscores the need for more globally representative data to paint a more complete picture of the
swap-line pass-through mechanisms. For this reason, a growing body of research relies on global
FX settlement data from CLS, which covers a much broader range of FX trading venues. Exist-
ing studies using CLS data have predominantly focused on the FX spot segment (Hasbrouck and
Levich, 2021, Ranaldo and Somogyi, 2021, Cespa, Gargano, Riddiough, and Sarno, 2021), leaving
the corresponding literature on the FX swap segment much less developed. Brauer and Hau (2022)
use settlement data to demonstrate that non-bank demand for FX derivatives helps explain the
cross-section of currency returns. Kloks et al. (2023b) show that disaggregating settlement data
by the geography of banking groups enables the separation of U.S. and non-U.S. banks, allowing
researchers to link banks’ FX derivative positions to their balance sheet currency mismatches.
Kloks et al. (2024) use this data to examine non-U.S. banks’ demand for U.S. dollars around regu-
latory reporting dates. I am the first to employ the CLS settlement data by geography to analyze
the U.S. dollar supply of non-U.S. banks around swap line take-ups across jurisdictions, currencies,

and time.



By highlighting that non-U.S. banks not only demand but also supply the dollar in FX during
periods of stress, I contribute to the literature on how non-U.S. banks shape global U.S. dollar
funding markets (Aldasoro, Ehlers, and Eren, 2019, Borio, Igbal, McCauley, McGuire, and Sushko,
2018). A substantial body of research argues that non-U.S. banks generate higher demand in
FX markets during stress periods e.g. Ivashina et al. (2015) and Rime, Schrimpf, and Syrstad
(2022) emphasize credit quality as a key driver, showing that non-U.S. banks turn to FX swaps
when confronted with creditworthiness shocks, such as during the Eurozone sovereign crisis.
Abbassi and Brauning (2020) and Du, Strasser, and Verdelhan (2025) identify regulatory reporting
requirements as an additional driver of demand, demonstrating that FX hedge demand increases
among banks subject to Basel Il Leverage Ratio disclosure. Khetan (2024) shows that regulatory
constraints on the non-bank side can also generate demand effects, as concentration limits restrict
non-U.S. banks’ access to U.S. money markets. In contrast to these studies, I am the first to provide
empirical evidence that non-U.S. banks stand ready to exploit arbitrage opportunities created by
a widening CIP basis and the availability of central bank swap lines.

My work also contributes to the broader literature documenting that the breakdown of no-
arbitrage conditions can be attributed to intermediary constraints in the post-GFC environment
(Duffie, 2016, Du et al., 2018). Cenedese et al. (2021) show causally that Basel III Leverage Ratio
worsens CIP deviations. Kloks et al. (2024) reveal that the primary regulatory constraint arises
from the balance sheet treatment of U.S. repo transactions, rather than FX swaps themselves.
I identify U.S. banks as the ultimate market makers in the FX swap market and demonstrate
that when U.S. bank balance sheet constraints bind, U.S. banks may seek the opposite flow from
non-U.S. arbitrageurs in off-balance sheet instruments such as FX swaps. This interpretation is
consistent with Syrstad and Viswanath-Natraj (2022), who highlight the role of market makers’
order flow in the price-setting of FX forward and swap contracts, and connects to recent work on
liquidity provision in one-sided markets (Kruttli, Macchiavelli, Monin, and Zhou, 2024, Comerton-
Forde, Ford, Foucault, and Jurkatis, 2025). My framework can also be interpreted through the lens
of Gabaix and Maggiori (2015). In that setup, financial intermediaries ("financiers”) have limited
risk-bearing capacity, which generates deviations from no-arbitrage conditions. In my context,
arbitrageurs in the FX swap market can be seen as heterogeneous financiers with different levels of

effective risk-bearing capacity. Those with access to central bank swap lines face lower marginal



costs of dollar funding, which effectively increases their capacity to absorb FX risk. Swap line
access can thus be modeled as a reduction in the financier’s risk aversion or constraint parameter,
enabling them to respond more elastically to deviations from covered interest parity. Finally, my
work builds on the findings of Correa et al. (2020) and Copeland, Duffie, and Yang (2025), who
argue that U.S. banks face increased net U.S. dollar buying pressure during periods of market

stress but may become constrained in their ability to supply such dollar liquidity.

2. Data on the Global FX Swap Market

This paper sheds light on the short-term U.S. dollar funding flows in response to swap line
drawings. To do so, I use a bespoke data set on prices and volumes in the global FX swap market
from Continous Linked Settlement (CLS), the largest settlement firm in the world. This section

describes the data in detail.

2.1. FX swap volumes and prices: US vs. non-US agents

With its sheer size of around US$ 3.8 trillion of global daily turnover (Bank for International
Settlements, 2022), the FX swap market is the largest market in the world. However, obtaining
representative data for this markets is notoriously difficult given the fragmented, over-the-counter
nature of this segment. Trading occurs bilaterally and is dispersed throughout many exchanges,
and relying on data from a single source may not be representative of the global landscape. My
solution is to use data from CLS, the world’s largest multi-currency cash settlement system. CLS
records the settlement of trades and thus allows U.S. to observe trades regardless of where or on
what platform (if any) they were executed. As many if not all transactions require settlement,’ it
is global settlement data that can yield a representative picture for U.S. dollar borrowing dynamics
in the global FX swap market.

The data, which runs from from January 31 2012 to June 300, 2022 and is available at a daily

frequency, show that, on an average day, market participants have a total of US$ 12.7 trillion

3 There are some exceptions: for instance, CLS does not perform settlement for overnight swaps, the Chinese
renminbi, or the Russian ruble. Moreover, a bank will not use CLS settlement when a customer has a deposit account
with it (e.g., a retail investor using the banks’ wealth management services). Furthermore, institutions (e.g., hedge
funds) with a prime brokerage arrangement with a dealer-bank are not settled through CLS.
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worth of open FX swap contracts outstanding® across 17 U.S. dollar currency pairs and 8 tenors’

(see summary statistics in Table 1). This is captures at least 30% of the FX market according to BIS
Triennial Survey estimates (Bank for International Settlements, 2019). Further comparison (see
Appendix A) shows that CLS and BIS data display very similar figures when considering relative
breakdowns by maturity and currencies, confirming that the data is highly representative of the
global FX market. For further analysis of the FX swap market liquidity conditions using CLS data,

see Kloks, Mattille, and Ranaldo (2023a).

Volume Trades Volume  Trades

(intn $) (°000) (%) (%)
EURUSD 4.75 77,940 374 30.9
USDJPY 2.54 31,963 20.0 12.7
GBPUSD 1.66 30,401 13.1 12.0
USDCHF 0.54 10,346 4.2 4.1
Other dollar 3.20 101,893 25.2 40.3
Maturity <= 7 days 0.87 7,413 6.9 2.9
Maturity > 7 days 1182 245129  93.1 97.1
Bank to Bank 10.15 155,951 80.0 61.8
Bank to Non-Bank 2.54 96,591 20.0 38.2
Involves a G-SIB Bank 11.83 230,444 93.2 91.2
w/o a G-SIB Bank 0.86 22,098 6.8 8.8
Total 12.69 252,543 100 100

Table 1: FX swap outstanding open positions: 2012-2022 daily averages.

Importantly, I order three bespoke adjustments to CLS data for the purposes of this paper.
First, I break down the data on open FX swap positions per market participant nationality. The
rationale for doing so is to isolate U.S. banks from all other banks as well as to recognize that
some bank nationality groups are affected by swap lines whereas others are not. Note that the
nationality view, which I pursue in the subsequent analysis, is fundamentally different from the
residence view. To give an example, JP Morgan London branch would be classified as a U.S. firm
under the nationality view, as its headquarters are in New York, whereas it would be a UK firm

from a residence perspective, as the traders sit in London. While both perspectives offer comple-

“The data set allows U.S. to consider the outstanding amount of swaps active between certain counterparties. An
FX swap is included on date ( if its near-leg settlement date =C and its far-leg settlement date is j (. The data set
defines a trading as rolling over at 5 p.m. New York time, in line with FX convention.

51 assign swaps to a total of 8 tenor buckets designed to represent tom-next, spot-next, 1-week, 2-week, 1-month,
2-month, 3-month, and longer maturities.
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mentary perspectives, it is the nationality view that recognises the importance of global financial
intermediaries whose balance sheets go beyond national borders (Bank for International Settle-
ments, 2024). As a result, I proceed to manually classify 4,170 banking entities per nationality
based on the location of their headquarters. In case of ambiguity, I consulted the banks’ investor
reports. I are able to perform the classification because CLS is aware of the identity of the entities
conducting he trades. I choose to sort banks into six region of the world: the US, the Eurozone, the
UK, Switzerland, Japan, and all others combined. The choice is guided by, among other aspects,

the standing swap lines that the Federal Reserve has established globally.

Residence Nationality
BIS CLS CLS

UK 54 54 16
UuS. 19 19 47
Japan 7 2 5
Eurozone 13 14 23
Switzerland 5 4 7
Other 3 6 2
Total (%) 100 100 100

Table 2: CLS and BIS coverage comparison. CLS data is based on a sample from 2016 and is benchmarked
against the BIS Triennial Central Bank Survey of foreign exchange and OTC derivatives in 2016.

Table (2) reports the summary statistics of the nationality data set across the six regions for all
the banks in the sample and in comparison to data from the BIS. For robustness check, I obtained
a sample of the data set based on the residence principle, which is the principle that guides the
BIS Triennial Central Bank Survey of foreign exchange and OTC derivatives. As can be seen, both
CLS and BIS coverage match closely based on the residence principle, both highlighting the role
of London as the global hub for FX trading. In contrast, the nationality data set reveals significant
and crucial differences as to who is actually trading in the market. While CLS FX spot data has
been studied before by Hasbrouck and Levich (2019), Ranaldo and Somogyi (2021), and Cespa,
Gargano, Riddiough, and Sarno (2021), I am, to the best of the knowledge, the first to study it in
the context of U.S. dollar swap lines.°®

Second, I manually classify banks according to whether they are a global systemically impor-

tant bank (G-SIB) or not. This allows me to isolate global U.S. banks from smaller U.S. commercial

6 Kloks et al. (2023b) study FX swap liquidity using flow data. Briuer and Hau (2022) use CLS FX swap data on
fund order flow for seven currencies against the U.S. dollar.
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banks and thus analyse the role of large dealers who dominate the FX market (Somogyi, 2021).
Appendix B lists the G-SIB banks in the data.” As seen in Table (1), the FX swap market is indeed
concentrated in the hands of a small set of global G-SIB dealer-banks, with more than 90% of
positions globally involving a global dealer on at least one side of the trade.

Third, I request and obtain a similar breakdown for prices. Swap points ( () are the traded
price and are therefore the natural target for what consistutes a price of an FX swap. To this end,
I therefore request CLS to manually match, for each contract$, its respective FX rates at the near
(() and far ( ) legs respectively. I then request CLS to aggregate all the contracts and compute the
daily volume-weighted average price for a currency :, tenor 9, party ; and counterparty <. To
the best of my knowledge, I am the first to study CLS FX swap prices using their settlement data.

Figure (2) depicts an example of prices charged by U.S. banks, sourced from the bespoke CLS
data set and based on actual trades, in comparison to those sourced in Bloomberg, which are
generally based on quote data. It shows the volume-weighted average swap points ( () for
1W EURUSD FX swaps traded on a given trading day by U.S. banks across all counterparties in
comparison to the midquotes available on Bloomberg. As visible in the figure, CLS rates, albeit
naturally more noisy, are generally well behaved and highly correlated with Bloomberg prices,

providing confidence for their use in the subsequent analysis.

2.2. Federal Reserve data on liquidity swap operations

Federal Reserve swap lines have become the main policy tool to deal with U.S. dollar funding
squeezes. They were first established in December 2007 and were subsequently heavily used in
end of 2008, with the maximum drawdown amount peaking at 5861=. In 2013, swap lines became
a permanent policy tool and on a standing basis have been available to the Bank of England (BoE),
the Bank of Japan (Bo]), the European Central Bank (ECB), the Swiss National Bank (SNB) and
the Bank of China (BoC) ever since. However, swap lines were rarely tapped in the following
years, reflecting a period of calmness around U.S. dollar scarcity. That changed in March 2020,

which began the period of second-highest drawdowns in swap line history, reaching a maximum

"1 classified banks as G-SIBs if they were designated as such at least 7 times during the years 2012-2021 according
to the List of Global Systemically Important Banks (G-SIBs) published annually by the Financial Stability Board
(FSB) in consultation with Basel Committee on Banking Supervision (BCBS) and national authorities. A welcome
consequence of the classification system is that only Chinese banks are included in the ROW G-SIB bucket.
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Fig. 2: EURUSD 1W swap points based on quoted swap points (Bloomberg, lhs) vs. volume-weighted daily
average traded swap points charged by U.S. banks (CLS, rhs). Note that the values of both series are capped
at 15 basis points for better visualisation purposes. Data is daily from January 2017 until March 2022.

peak of roughly 5401= or only slightly less than during the end of 2008 (see Appendix G, which
plots the volumes of Federal Reserve swap lines over time and across the major central banks).
The broad usage and effectiveness of swap lines lead to an expansion of bilateral swap lines to
a worldwide network that covers more than a hundred bilateral agreements as of today. In this
paper, I focus on Federal Reserve swap lines, since these refer to the liquidity provision of U.S.
dollar, and restrict myself to the post-2008 period since the FX swap market data begins in 2012.
I obtain daily data on swap line draw downs from the Federal Reserve Bank of New York.® The
data includes the following variables: amount, interest rate, trade date, settlement date, maturity,
currency, counterparty central bank.

For the ease of following the subsequent discussion, I also briefly summarize the nature of the
swap line contract. A Federal Reserve swap line is essentially a swap of two currencies between
the Fed and a recipient-country central bank for a certain maturity and a fixed cost. In such
a contract, the Fed loans out U.S. dollars and receives the foreign currency as collateral. The
recipient-country central bank taps the swap line when its domestic banks apply for the U.S.
dollar lending facility via an auction. Swap line funds are then transferred to a commercial bank

at the next business day after the auction date (T+1 settlement), with the recipient-country central

8Data is accessible online at: https://www.newyorkfed.org/markets/desk-operations/central-bank-liquidity-
swap-operations.
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bank acting as an intermediary and receiving recipient-country cash as collateral. It thus bears
no foreign exchange risk but does bear the credit risk that the domestic bank will default. Note
that swap lines come at a cost for the domestic commercial bank. The cost stems from primarily
two sources. First, the interest rate of borrowing the U.S. dollar comes at a penalty rate (currently
at 25bp) above the overnight index swap (OIS) rate. However, since no actual borrowing happens
at this reference rate, swap line funding may become attractive when the actual borrowing rates
exceed the OIS rate. Second, the commercial bank also incurs a haircut on the collateral it provides
to the recipient-country central bank. Ultimately, the Federal Reserve, through its bilateral swap

line network, achieves its role as an international lender of last resort for U.S. dollar liquidity.

2.3. Additional market data and the basis

An FX swap allows market participants to borrow the U.S. dollar using a foreign currency as
collateral without being exposed to exchange rate risk. This is because an FX swap contract entails
an initial cash flow at the near leg of the contract while simultaneously fixing the exchange rate
at the far leg of the contract. It is often referred to as ’synthetic’ U.S. dollar borrowing in contrast
to ’direct’ borrowing in U.S. money markets. The covered interest parity (CIP) principle states
that the interest rate charged to borrow U.S. dollar synthetically should be the same as the cost

of borrowing U.S. dollar directly: |

_ 1.8
e, 1= ——— (1)
1, 8C €,1
where (; represents the spot rate at time (, ¢, 1 is the forward rate agreed at time ( for a trans-
action occurring at time C , 1, and 8;, ; and 8c$c 1 represent the interest earned in the foreign and
U.S. dollar currencies respectively. Then, any deviation between the cash market and FX swap
market dollar rate for a given maturity and is defined as the cross-currency basis. In log terms, it
is therefore expressed as:
1% _ $ : :$
)= lofnon Fooonthoon (2)
Cash Market Dollar Rate ~ FX Swap Market Dollar Rate

where d is the forward premium e.g. the difference between the forward ( ) and the spot (()

rates respectively:
dc: $ = ;>6” C: $11 ,>6”(C: $11 (3)

15



Ever since 2008, borrowing USD synthetically is more expensive than doing so directly in
U.S. money markets for many of the largest currency pairs incl. EURUSD, USDCHEF, USDJPY and
GBPUSD. The cross-currency basis can thus be viewed as a premium on USD borrowing in the
FX swap market.

I am able to compute CIP deviations from two main FX data sources. First, I rely on CLS
rates data at a currency-tenor-party-counterparty level, which are available at daily frequency.
This includes data on daily volume-weighted average swap points ( () as well as spot rate
((). Second, I obtain daily FX swap points and FX spot rate from Bloomberg. In both cases, I
obtain the forward rate by adding swap points to the spot rate. For Bloomberg, values refer to
midquotes when a traded price is not available whereas for CLS values are always traded prices.
For a measure of risk-free interest rates rates, I obtain daily data on historical Libor rates. I also
obtain data on the overnight index swap (OIS) rates as they are necessary to compute the cost of

swap line borrowing, which is calculated according to the OIS closing rate of the previous days.

3. Conceptual Framework

This section develops a conceptual framework for price formation in the FX swap market
and generates three testable hypotheses for the empirical analysis that follows. It characterizes
U.S. banks as dollar liquidity providers and their trading counterparties as price takers. First, I
explain why U.S. banks may fund via FX swaps under balance sheet constraints, even if it involves
paying the cross-currency basis. Second, I show how Fed swap lines reduce funding frictions of
arbitrageurs, thereby making arbitrage capital more elastic and enabling foreign banks to respond

to arbitrage opportunities presented by constrained U.S. intermediaries.

3.1. U.S. banks as constrained intermediaries

Consider U.S. bank FX swap intermediation in a stylized model of trading in the spirit of
Syrstad and Viswanath-Natraj (2022). U.S. banks play a critical role in supporting the efficient
functioning of the FX market, providing U.S. dollar liquidity to customers worldwide. However,
this results in an open risk position, which is costly from a balance sheet perspective. The primary

contribution of the set-up outlined below is to formalize why a decline in U.S. bank balance sheet
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capacity is associated with increased reliance on arbitrage capital in the FX market.

Customers. Customers, particularly non-banks, use the FX swap market to finance their foreign
investment portfolios on a currency-hedged basis. LetG, define global aggregate (signed) demand
for U.S. dollar liquidity at the near leg of all FX swap contracts:
1
G, = 5.\ j"31 (4)
0

where 5,\ J” is individual demand that decreases with basis j and increases with the inverse of
counterparty quality \. The latter reflects the notion that counterparties with lower quality are
more prevalent in the FX swap market since they are less able to find alternative cheaper funding
sources elsewhere. Importantly, G, refers to signed volume. In case such demand is balanced,
there is an equal amount of customer orders that consume and provide U.S. dollars, and G, = 0.

In case such demand is not balanced and tilted towards net U.S. dollar purchases, G, 0.

Arbitrageurs. The FX market contains non-US banks as arbitrageurs who stand ready to capture

any risk-free profit opportunities. Let their utility function take the following exponential form:
=4t ©)

where d denotes the coefficient of absolute risk aversion. The arbitrageur can decide to supply @
amount of dollars in the FX swap market. He earns the cross-currency basis j by doing so but has
to fund this position by borrowing U.S. dollars at a cost 2. Taking such a position involves at least
two other costs, however. On the one hand, his counterparty may default with some probability
\. Because an FX swap is effectively collateralized by the foreign currency, the arbitrageur is able
to sell the collateral in case of default. His return in case of default is stochastic and based on the
actual observed spot exchange rate in the next period B; 1, where I assume thatB;_;  #,5% F2”.
On the other hand, the arbitrageur takes an open position in the FX market by supplying U.S.
dollars and acquires leverage @ that has some cost K that increases with position size (Cenedese
et al., 2021). Finally, considering that the initial wealth can be invested at the risk-free interest

rate A®, arbitrageur’s wealth in the next period can be written as:

21T booheodon - Bemin - Yofoofacooh  Bimen ¢ Ko (6)

100000008

Return on initial wealth ~ Basis return Return if default Funding cost
Cost of leverage
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The arbitrageur supplies liquidity in the market so as to maximize his expected utility with

respect to the supply of U.S. dollars @. Using mean-variance preferences, the arbitrageur solves:

m@ale SR N S T %d\zfz@c2 20 kC"@_Cc” )
: 5

First-order condition yields:

iz ke
d \2 f2

@ = (8)

U.S. banks. U.S. banks provide liquidity to end-customers globally. The total net amount of U.S.
dollars provided by # U.S. banks, after they internally aggregate and offset customer flows across

their networks, does not net to zero since customer demand is imbalanced:

#

=6 9)
9=1

Let @; denote the volume of U.S. dollars supplied by external arbitrageurs. Then, the resid-
ual position that U.S. banks must fund on their own balance sheets is given by ¢ =G, @.
Maintaining a negative open position in FX swaps is costly for U.S. banks because it involves a
regulatory cost associated with sourcing cash to meet the USD cash outflow. This is because in
contrast to an FX forward, an FX swap involves the exchange of gross notionals at the near leg of
the trade (Kloks et al., 2024). While U.S. banks have plenty of access to USD cash such as via the
U.S. repo market or via reserves, sourcing it is costly from the perspective of Basel III leverage
ratio and/or internal risk limits. These costs can be modeled as a convex function that captures

increasing marginal costs of absorbing larger positions:

N

(10)

o>
I

N >

Here,™ j O captures the sensitivity of balance sheet costs to the size of the residual position.
A higher ” implies tighter balance sheet constraints, making internal funding more expensive.
U.S. banks choose the level of arbitrage capital @; to minimize total funding costs, which include
(i) the basis paid to attract arbitrage capital and (ii) the cost of carrying the remaining position:
n A 0

H = _ ”2
r%:n Jo 0 . 2,,Gc @c (11)

The first term is linear in @; and refers to the cost of offloading exposure to arbitrageurs; the
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second term penalizes reliance on balance sheet space. Solving the first-order condition gives:
jC A”GC @C” = 0 (12)

Rearranging yields the optimal amount of arbitrage capital that U.S. banks source in FX swaps:

_ ic
0 =6 & (13)
This implies that tighter balance sheet constraints (higher ”*) raise the marginal cost of internal
funding. As a result, U.S. banks are more likely to offload positions to arbitrageurs and seek a
matched-book position in FX swaps. At the limit, when 8, US. banks offload the entire

position with arbitrageurs.

Proposition 1 (U.S. bank matched-book intermediation). U.S. bank net positions with non-

U.S. banks is negatively predicted by the net USD demand from non-banksG; .

Proposition 2 (U.S. bank price setting). When U.S. bank balance sheet constraints tighten ™ ),
U.S. banks offer worse prices for USD purchases relative to USD sales in response to an increase in U.S.

dollar demand, leading to wider effective spreads.

These propositions jointly imply that U.S. bank pricing and inventory behavior are systematically
shaped by both end-user demand and dealer constraints, and that pricing asymmetries can emerge

endogenously from intermediation frictions.

3.2. Non-U.S. banks as arbitrageurs with access to swap lines

An arbitrageur does not generally have access to central bank funding facilities. This does not
necessarily prevent him from supplying arbitrage capital in the FX swap market (@ j 0) as long

as the basis return from doing so J exceeds his costs ex ante, as noticeable in eq. (8):

Jo 2 ke @—CC i0 (14)

Let us now examine more carefully the mechanics of an arbitrage trade and the respective
trade funding cost 2. To arbitrage the basis in any U.S. dollar currency pair = $, the arbitrageur
borrows U.S. dollar in the U.S. money market that it must pay back with interest rate 855 at the end
of the fixed term. The arbitrageur then supplies the dollar in the FX market and, by definition,

simultaneously borrows the non-dollar currency : at the near leg at a spot rate B, signs a forward
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contract to exchange back : for $ at the far leg, and deposits the non-dollar currency : at the
foreign central bank’s deposit facility (either directly or via a correspondent bank), earning an
interest on reserves 8 . As reserves are typically overnight, while the FX swap contract entails
a fixed term, the arbitrageur buys an OIS contract that allows him to fix the interest on reserves
to a fixed rate rather than a floating rate. The OIS trade results in a return of §, 8’ where §,
is the fixed part of the OIS rate and 8” is the reference rate. In summary, the cost of funding an
arbitrage trade 2 involves not only the cost of borrowing the dollar in U.S. money market §® but
also the costs , which is in line with the intuition provided in Bahaj and Reis (2021). Eq. (14) can
thus be re-written as:

ik 8 LY kc”@—cc" i 0 (15)

In other words, an arbitrageur will step in the FX swap market if the basis j is larger than the
difference between his marginal U.S. dollar borrowing cost 8c$ and the reference U.S. dollar interest
rate (say, the Libor rate), minus the difference between non-U.S. central bank’s policy and deposit
rates, minus his cost of leverage.

Add now the possibility for some arbitrageurs to access Federal Reserve swap line via access to
their local central bank U.S. dollar operations. An arbitrageur with access can borrow U.S. dollar
at the rate that is the lower value of the swap line rate 8(* and the private U.S. money market rate
8« le. 86$ = <8=,,8C" 8C(! ", where the cost of borrowing via swap lines is the OIS interest rate plus
a penalty term i.e. 80(! = 855 (, 1,and I =25 bp. By analogy, 2; = <6=,2, 20(!”. Because funding
via swap lines comes at a penalty term, such borrowing is only attractive when the borrowing
cost soars in the private markets such as during March 2020. We can now express the quantity
@ of dollar liquidity supply by an arbitrageur as a function of the cross-currency basis, marginal

funding costs, and access to the central bank swap line:

. @

Jo 2 ke,=2" . . "

%TQC if jo ¥ 2, ,kc,,(?—cC
@ .,

Jo 2 kc”,_c

G = _1 ifo! ke, e 2 L ke, B (16)
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where o483 is a swap line access dummy variable that equals 1 for arbitrageurs with access to

recipient-country swap line, and zero for all other arbitrageurs.

20



To give an example, consider an arbitrageur who observes some non-zero basis J;. He is only
able to enter into the CIP arbitrage trade if his U.S. dollar borrowing cost is smaller than some
threshold level i.e. 8 8(')'. If borrowing costs in the private market soar above that level, he
would provide @ = 0 if swap line funding is not available and @; j O if it is accessible under the
condition that 80(! 8(')', i.e. that swap lines cap arbitrageur’s dollar borrowing cost. Note that it is
only foreign banks (and not non-banks) that are directly able to access the U.S. dollar operations

of its local central bank.

Proposition 3 (Swap line access and market share).
Foreign banks with access to central bank swap lines increase their share in U.S. dollar lending relative

to non-access banks when j; i 20(! and Jo i 2.

This result implies that, as swap lines reduce effective funding costs for eligible arbitrageurs, these
institutions gain a competitive advantage in supplying dollar liquidity when private markets are

stressed.

Proposition 4 (Swap line availability and arbitrage activity).
Foreign banks with access to central bank swap lines increase their quantity of U.S. dollar lending
when J¢ i 20(! and J¢ i 2¢c on days when swap line operations are active relative to days when they

are not.

This proposition introduces a temporal variation: the presence of active swap line operations
increases arbitrage participation conditional on swap line access. The mechanism hinges on the
actual availability and usability of swap lines, which reduce the effective marginal cost of funding

and hence relax arbitrage constraints.

4. U.S. Banks as Constrained Intermediaries in FX Swaps

Section 3 presents a conceptual framework in which U.S. banks act as global dealers in FX
swaps, supplying U.S. dollars to price-taking counterparties. According to Propositions 1 and 2,
U.S. banks balance non-bank customer flows with external arbitrage capital to minimize costly
inventory absorption. The model yields two key implications: (i) U.S. banks offset non-bank

customer demand by borrowing from non-U.S. banks, and (ii) they adjust prices asymmetrically
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depending on the direction of imbalance and the tightness of their balance sheet constraints. This

section tests these hypotheses empirically using granular settlement-level data.

4.1. Quantities

Fig. (3) visualizes the global market for U.S. dollar borrowing and lending in FX swaps through
a network of outstanding positions using CLS settlement data by agent nationality. I calculate the
net FX swap position, i.e. I allow participants to offset buy and sell volumes of FX swap contracts
at the day-currency level. Thus, for each agent group 8, currency 9 and tenor :, the daily net open

position across all settled outstanding FX swap contracts ; as follows:

]
#4Cc3 9- = ]J»Tt =B. ]]))Tt =S. (17)

=1
where and ( refer to trade direction and indicate whether a given trade resulted in a dollar cash

inflow or outflow at the near leg of an FX swap contract (thus, indicating U.S. dollar purchases
or sales respectively). The sum of net positions across all U.S. dollar currency pairs and tenors

yields, for each banking group 8, its net U.S. dollar borrowing at any given day (:

#A405 = H#A4C g9 - (18)
=1 :=1

Fig. (3) colors net U.S. dollar lenders (borrowers) in green (red); the color is assigned for the
agents’ total overall net position across all currencies, counterparties and tenors. For example, if JP
Morgan and UBS agree a three-month, 100 million EURUSD FX swap on January 1% 2018 whereby
UBS receives U.S. dollar cash flow two days after the trade date, JP Morgan is a net lender (green)
and UBS is a net borrower (red). Appendix (H) breaks down banks’ total net position observed in
Fig. (3) per currency pairs. As expected, non-banks are the largest net dollar borrowers, driven by
their need to hedge the currency risk of their USD investments, whereas U.S. banks are net U.S.
dollar liquidity lenders. Moreover, consistent with the intuition of Section 3, U.S. banks maintain
relatively flat net positions across counterparties and tenors. Despite intermediating the largest
gross volumes, their net position averages just 4% over the sample, underscoring their role as
matched-book dealers.

According to Proposition 1 of Section 3, U.S. bank net position with foreign banks should be

generally well predicted by the non-bank customer demand that they observe. This is because
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(a) Net (sell minus buy) FX swap outstanding position

Fig. 3: Global network of FX swap open net positions across all tenors and for 17 U.S. dollar currency pairs
combined. The net position refers to buy minus sell volume, with red (green) color referring to a party
being a net USD borrower (lender) at the near leg and gray color indicating a neutral net overall position.
Circle size represents each party’s (scaled) overall net position. Data refer to daily average values from
2012 until 2022.

U.S. banks aim to run a matched-book and thus attract arbitrage flow to offset non-bank demand.

I test this relationship with the following ordinary-least squares panel regression:

H4lys=r( 0=pac =V H4lys= 0=mmsc W XKoo 5 Ug W, 1 (19)

where #4(; refers to the net (buy minus sell) U.S. dollar borrowing volume for currency pair
§, Us and W; are counterparty- and time-fixed effects respectively, and X3¢ is a vector of control
variables. A positive (negative) net position refers to net borrowing (lending) at the near leg of an
FX swap contract. The control variables include proxies market-wide conditions such as volatility
(+-.),liquidity ( (). Time-fixed effects include week-of-day or month-of-year dummies as well
as a holiday dummy. Above all, I expect a negative and statistically significant result on V, our
coeflicient of interest, if U.S. banks aim to run a matched-book and therefore borrow more from
non-U.S. banks when they lend more to customers.

Regression results (Table 3) confirm this hypothesis. Across all frequencies and major curren-
cies, V is significantly negative. For instance, in monthly changes (column 3), V = 0 31 with a

standard error of 0.05, indicating that a one-unit increase in non-bank net demand is associated
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Dep:  Netys=x( 0=:8

Panel of G7 currencies Per Currency
Daily Weekly Monthly EUR GBP CHF JPY
(1) (2) (3) (4) (5) (6) (7)
Netgs= 0=-8 0.12 0.32 0.31 0.33 0.23 0.26 0.31
(0.01) (0.03) (0.05) (0.04) (0.05) (0.07) (0.07)
Constant 0.32 0.02 0.16 0.41
(0.14) (0.09) (0.05) (0.12)
Constant No No No Yes Yes Yes Yes
Controls Yes Yes Yes Yes Yes Yes Yes
Time FE Yes Yes Yes Yes Yes Yes Yes
Currency FE Yes Yes Yes No No No No
Observations 11,127 2,784 540 557 557 557 556
Adjusted R? 0.03 0.09 0.11 0.12 0.07 0.04 0.07

Table 3: Determinants of U.S. bank net position with foreign (non-U.S.) banks. Columns (1) to (3) report
the results of a panel regression across G7 currency pairs whereas columns (4) to (7) conduct the same
regression on the four largest currencies individually (EURUSD, GBPUSD, USDCHF, USDJPY). All vari-
ables are considered in changes. Standard errors are clustered by time for the panel regressions and report
Newey-West standard errors for the remaining regressions. The superscripts , and indicate sig-
nificance at 1%, 5% and 10% significance level respectively.

with a 31% offset via borrowing from non-U.S. banks. The coefficient remains below one, in line
with U.S. banks occasionally absorbing part of the imbalance via internal funding, as predicted

by the model.

4.2. Prices

I now test Proposition 2, which predicts that pricing asymmetries emerge when U.S. banks
face tighter balance sheet constraints. Specifically, U.S. banks should charge higher prices when
selling USD (i.e., when accommodating customer purchases) than when buying USD, particularly
under dealer stress. To analyze US bank pricing in the FX swap market I express the forward
points implied from settlement volumes in the CLS data separately for Buy and Sell transactions.
A USD sale is defined as an FX swap transaction in which the U.S. bank delivers USD on the near
leg i.e. it has a cash outflow. US bank Sell minus Buy transaction price spread is then defined as

the difference between:

Geg=deg I»T¢=S. dei 1T =B. (20)
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where d is the implied forward premium e.g. the difference between the forward ( ) and the
spot (() rates respectively. Table 4 reports summary statistics on observed spreads. For EURUSD at
3-month tenor, the median spread is 0.23 basis points, with a 90th percentile of 1.52 bps or roughly
430% of the prevailing bid-ask spread. These patterns are consistent across major currency pairs

and maturities.

US bank Sell-minus-Buy transaction price spread

In basis points As % of bid-ask spread
W 1M 3M 1Y W 1M 3M 1Y

Median 0.08 0.21 0.23 0.84 67 102 72 46
EURUSD  10pct 0.01 0.02 0.04 0.19 8 11 12 11
90pct 0.64 149 152 3.51 492 730 432 182

Median 0.09 0.24 0.35 0.75 4 66 71 40
USDJPY 10pct 0.01 0.03 0.05 0.14 6 8 10 8
90pct 0.72 1.88 2.49 3.41 327 480 512 198

Median 0.07 0.17 0.23 0.93 44 62 57 37
GBPUSD  10pct 0.01 0.02 0.04 0.20 5 8 9 8
90pct 0.52 1.21 130 3.47 | 323 406 297 135

Median 0.10 0.22 0.32 1.16 45 67 50 35
USDCHF  10pct 0.01 0.02 0.04 0.25 4 6 8 8
90pct 0.81 1.50 1.86 3.97 | 388 455 241 112

Table 4: Difference between U.S. bank dollar Sell and Buy FX swap transaction prices (i.e. swap points),
expressed in basis points (lhs) and as a percentage of the corresponding bid-ask spread (rhs). Values rep-
resent volume-weighted daily average prices when a U.S. bank sells USD versus when it buys USD from a
specific counterparty. A dollar sale is defined as an FX swap transaction in which the U.S. bank delivers
USD on the near leg. The sample covers the period from 2012 to 2022.

I then estimate the sensitivity of this spread to net volume across different quantiles of dealer
constraint, as proxied by the He, Kelly, and Manela (2017) balance sheet utilization index.Table N1
presents quantile regressions of the price spread on net volume. Results show that the spread-
volume slope increases monotonically across constraint quintiles. In the most constrained quintile
(Q5), a unit increase in net USD demand raises the sell-minus-buy spread by 3 basis points (sig-
nificant at the 1% level), compared to only 1 basis point in the least constrained quintile (Q1).
This supports the prediction that price asymmetries widen when U.S. banks are balance sheet
constrained.

Appendix (N) replicates the main regression using gross trading volumes instead of net vol-

umes. This exercise tests my argument that it is primarily the net (rather than gross) positions
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5BCMPFBOUJMF SFHSFTTJPOTCBTFE PO EFBMFS DEQBFIINNZ BWEV.B B BN
XIPPWFSMBQ XJUI UIF MBSHFTU NB SS\WV3PNBOFZT JBFONVEBXFHEJO
SFHSFTTJPOT SFQPSU SFTVMUT BDSPTT RVJOUJMFT PG UIF),. EJTUSJ
QFSDFOUJMF UPUIFWOIRVJOUIJMF BCPWFUIF UIQFSDFOUJMF VT
USBOTBDUJPOQSJDFTDIBSHFECZ6 4 CBOLTBTUIFEFQFOEFOUWBSJ
JODMVEF UIF CJE BTLTQSFBE 79: BOE5&% TQSFBET 5JNF WYFE FVF
BT XFMM BT ZFBS BOE NPOUIWYFE FVFDUT 4UBOEBSE FSSPSTBSF DM
BOEFOPUF TUBUJTUJDBM TIHOJWDBODF BU UIF BOE MFWFM

ulBU6 4 CBOLTDBSFBCPVUXIFONBOBHJOHCBMBODFTIFFUSJ-
WPMVNFTJOEFFEIBWFEJTUJODUYBOE JO GBDU PQQPTJUFOFV
JDBMMZ UIFTQSFBE UIBU6 4 CBOLT FBSO GEPINKIOKXB® IFFSB O
HSPTTUSBEJOHWPMVNFT _JTJTDPOTJTUFOU XJUIUIFJEFB UII
UP PVFS UJHIUFS TQSFBET BT UIFZDBO QSPWU GSPN WPMVNF
NPSF FYDJFOUMZ JO B EFFQFS NPSF MJRVJE NBSLFU XJUI NPSF
USBEF

-BTUMZ *FYBNJOFUIFTQSFBET DIBSHFECZ6 4 CBOLT WJT E
JO4FDUBPO®YDJFOU XBZGPS6 4 CBOLTUPBUMFBTU QBSUMZ G
QPTIJUJPOJTUPESBJOEPXOSFTFSWFT _JTJTFYDJFOUCFDBVI
EPMMBSTJOUIFSFQPNBSLFU XIJDIJTDPTUMZGSPNBCBMBOD
POMZQBSUMZ BWBJMBCMFBT UIFMFWFM PG FYDFTT SFTFSWFT
MPXFSUIBOUIFTIJ[FPGUIF6 4 CBOLUPUBM '3 PSBEPRBBIRQPPTJIL
FTUINBUFTUIBUG6 4 CBOLTESBXEPXOSFTFSWFTJOQFSJPET PC



CIMMJPO JODPNQBSJTPO UPUBM 6 4 CBOL GVOEJOH OFFET
EFNBOEBSFNVDIMBSHFSBOEDMPTFS UP 64% CIMMJPO /F\
6 4 CBOLT BSF MILFMZ UP IBWF MFTT PG B QSPCMFN JO NFFUJC
"QQFOEBFQPSUTUIFSFTVMUTPGPSEJOBSZMFBTUTRVBSFT QB
TFMMBOECVZ'9TXBQUSBOTBDUJPO QSJDFTDIBSHFECZ6 4 C
USBEJOH WPMVNF _FBOBMZTJTJTTQMJUCBTFE PO XIFUIFS Ul
BOEUIFJOUFSFTU SBUF PO SFTFSWFT *03 JT OFHBUJWF DPMYV
BOE "QPTIJUIJWF SFQPx*03 TQSFBE JOEJDBUFT B SFEVDFE B
CBMBODFT DPOTJTUFOU XJ@$PS 5+ BORUF BEICSHR QB WJEPCGDET FPLG B M
_FDPFYDJFOU PO OFU WPMVNFJT MBSHFS PO EBZT XIFO SFTFS
UIFZBSF NPSFBCVOEBOU TVHHFTUJOH UIBU 6 4 CBOLT BS
JNCBMBODFE TFMM QPTJUJPO JO '9 TXBQT VOEFS UJHIUFS SFTF
SBUFJTQSPYJFEVTJOHCPUIUIF (FOFSBM $PMMBUFSBM 'JOBOD
'JOBODJOH 3BUF 40'3
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/IPO 6 4 #BOL %PMMBS 4VQQMZ BOE 4XBQ -.

1SPQPTJUJPOT BOE IZQPUIFTJ[F UIBU WJPMBUJPOT PG UIF $
BSCJUSBHF _JTTFDUJPOUFTUTUIF QSPQPTJUJPO FNQJSJDBM
JEFOUJWDBUJPOTUSBUFHZ "OFSEFTDSJCJOHUIFJEFOUJWDBI
UP QSFTFOUJOHUIFNBJO FNQJSJDBM SFTVMUT XIJDI RVBOUJG
HMPCBM'9 TXBQNBSLFUBSPVOE $07*% DSJTJIJT BOE RVE

*EFOUJQDBUJPO TUSBUFHZ

"LFZDIBMMFOHF JO TUVEZJOH UIF MJOL CFUXFFO DFOUSBM
TXBQ NBSLFUJTUIBUBTXBQ MJOFBSCJUSBHFUSBEFJT POMZB
CVUTVDIWJIJPMBUJPOT BSF SBSFJO QSBDUJDF _FZBSF SBSF C



BSCIJUSBHFPVST UP NBLF B TVSF QSPWU CZ CPSSPXJOH GSPN U
TXBQ NBSLFU BOE UIVT DPNQFUF UIF QSJDF PG 6 4 EPMMBS EP
DFIMJOH "OFSBMM JOBOFYDJFOUNBSLFUOPBSCJUSBHF PQQ
CBOLTXBQMIJOFTBSFBWBJMBCMF _FSFTFBSDIFSTUVEZJOH UI
BQSPCMFNJOTPGBSBTUIBUXIBUIFXJTIFTUPPCTFSWF xBIJHI
TXBQ MIJIOF BSCJUSBHF XPXT xJT OFWFS PCTFSWFE JG UIF DFJI
NFBTVSFE FNQJSJDBMMZ *BEESFTTUIFTF DIBMMFOHFT CZ DSE
UXP QJMMBST WSTU TXBQ MJOFBSCJUSBHF XPXT TIPVME CF [F
CJOE CJOETPSJITWIPMBUFE TFDPOE UIFPQFSBUJPOBM EFU
TFRMEFNFOUDZDMFT IJNQMZ UIBU TXBQ MJOF BSCJUSBHF XBT E
'O TXBQ NBSLFUCVUPOMZJOEJSFDUMZ JO PUIFST

*EFOUJQDBUJPO BUUIFDVISBKO@BEBWKMBOEMSFBOE EJTDVTTFE JO
uJpPpoOrxXeBQ MIJOFBSCJUSBHF CFDPNFT GFBTJCMF POMZ XIFO UIF
BSCJUSBHF DFIMJOH *HORSIPOH TWINQVMBEBXYDRINBTTXBQ MJOF
QPTTIJCMF POMZJG UIF GPMMPXé$EROPBRY BNVRY TR BIEEQ XVB OF
EPMMBS CPS&RXJODHR EBNFTUJD C® SISPXIFOGIPSFURO DFOUSBM CE
GBDJIJMJUZ SBUFIB®EGFSFODF SBUF PG UIF0*4 DPOUSBDU
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BSCJUSBHF CPVOETBOFS UIF NJE .BSDI QFBL BTFYQFDUFE
TXBQMJOFT )PXFWFS *FYQMPJUBRVBTJ OBUVSBM RBQEKJINFC
BOE 3FJT XIJMFUIFTXBQ MJOFDFJMJOHIFME GPSNPTU QBJST
"TIJBODVSSFODJFTGFTQFDJIJBMMZ 64%+1: JTEJWFSHFODFTUF
GPSEPMMB'SMEBIPISIBFU BUNF [POF NJTBMJHONF O UABIBKIBNBK P S
3FJT BOEUIFGBDUUIBUTXBQMJOFBSCJUSBHF XBTQSPWUBC
EVFUP UIF MFWFM PG #BOL PG +BQBMYFMSBESBUFJT CZHYEPRJ
CBTJTGPS64%+1:BOE &6364% GSPN.BSDI UP +VOF BHBJ(
DFIMJOH»&PYOQFEHBC & Ci8C g ¥C FC¥% "TINIMBS BOBMZTJT G
NBKPS QBJSTBQQFBSTJO"QQFOEJY
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"CJOEJOH DFIMJOH JT DPOTJTUFOU XJUI B TFRJOH JO XIJDI
QSIJDFTUPUIFQPJOUPGOP QSPWU #ZDPOUSBTU XIFOQSJDFI
JTVOMILFMZUPIBWFPDDVSSFE 64%+1:JTDFOUSBMUP NZ JEF(
MJOF FMJHJCMF DVSSFODZ XIFSF UIF $*1 DFIMJOH DPOTJTUFO
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*EFOUJQDBUJPOBUUIFCBODDOFH HBPWMPRUBWPBMOUSBM CBOL EP
DBUJPOBMJO QSJODJQMF XIJDINFBOTUIBUBOZWOBODJBMJO®
DFOUSBM CBOLJT FMJHJCMF UP QBSUJDJQBUF JO JUT TXBQ MJC
DFTTUPEBUBPO XIJDIJOEJWIJEVBMCBOLTESFXPOTXBQMJOFT
JOGPSNBUJPOIJTIFMECZUIFDFOUSBM CBOLTBOEJT OPUQVCM
BSFTVMU JEFOUJWDBUJPO BU UIFCBOLJOHHSPVQ MFWFMJT C
QSIJPS XPSLCZUIF#BOLPG+BQBOJOEJDBUFTUIBU EVSJOH UIF
MJOFUBLF VQDBNF GSPN EPNEJWEDB+BWYBWMFAWEBGOROUMZ UIFT
BSFPCTFSWBCMFJO NZ EBUBTFU HSPVQFE VOEFS +BQBOFTF C
+BQBO TXBQ MJOFUBLF VQ XBT MBSHF CPUI JOBCTPMVUF UFSN
SFHVMBS '9 TXBQQPTJUJPOT *DPOKFDUVSFUIBUJUJT 6 4 EPNMN
*TIPVME TFFUIF DMFBSFTU FWJEFODF PG BOZFYDFTT MFOEJOI
TXBQ MIOFT NPUIJWBUFE CZQSFDBVUJPOBSPUPBSBINOMISFZBTPO
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MFOEJOHJUPVUTIPSU UFSNJOUIF'9 TXBQ NBSLFU

"TFDPOETPVSDFPGCBOL MFWFMWBSJBUJPO*DBOFYQMPJU
TXBQ MJOFTJO UIFWSTU QMBDF TVDIBT "VTUSBMJBO BOE $BOB
OPUBDDFTTUIF'&% YT TXBQ MJOFTCFDBVTFUIFJS MPDBMDFOL
JOUIFWSTU QMBDF

*EFOUJQDBUJPO BU UTBVHAPOMPWEF MEFOUJWDBUJPO TUSBUFH
FSBUJPOBM EFUBIJMT PG UIFVTFPG6 4 EPMMBS TXBQ MJOFT *i
EPMMBS TXBQ MJOFTJOPOMZUXPUFSNT BOE EBZT XIJDIDP
*ODPOUSBTU UIF'9 TXBQ NBSLFUJT MJRVJE JO NBUVSJUJFT BI
QPJOU *DPOKFDUVSFUIBUB TXBQ MJOFBSCJUSBHFPVSJT UII
JOUFOPSTVQUPUIF .UFOPS QPJOU CVU OPU UIFSFBOFS _F S
TBZJOUIF .PS :UFOPS XPVMEJNQMZ SPMMJOH PWFS TXBQ MJ(
FY BOUF BTJUEFQFOETPOUIFO0*4 SBUFPGUIFQSFDFEJOH EBz

*EFOUJQDBUJP OWWSR®OBINKF $07*% FQJTPEF UIF'FEFSBM 3FT!
BUBEBIJMZ GSFRVFODZ XIJDIDPNQMJDBUFT JEFOUJWDBUJPO
XJUIPVUTXBQMJOFBDDFTTJTVOPCTFSWFE _JTTUBOETJOTIB
JOHRVBSUFS FOE SFQPSUJOH QFSJPET XIFOTXBQ MJOFT DBO
PO FWFSZ 8FEOFTEBZ "BSUFS FOET BSF XFMM LOPXO TUSFT
NBSLFECZFMFWBUFE EFNBOE GPS TIPSU UFSN 64% MJRVJEJUZ
, MPLTFUBMFXFFLMZGSFRVFODZPGTXBQMJOFPQFSBUJPOTE
BDMFBOJEFOUJWDBUJPO TUSBUFHZ TFSWJOH BT B SPCVTUOF
#BIBK BOE 3FJTDPNQBSF EBZT XJUIBOE XJUIPVU TXBQ MJOF BDIL
JTPMBUF UIF FVFDU PG DFOUSBM CBOL EPMMBS QSPWJTJPO _F
UINJOHJUTFMG CVUPOUIFDPOEJUJPOBM BWBIJMBCJIMJIUZ PG ™
DPOEJUJPOTBDSPTTUSFBUFEBOE VOUSFBUFEEBZTBCTFOU JC
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GPMMPXJOHPSEJOBSZ MFBTU TRVBSFT QBOFM SFHSFTTJPO
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XIF$FCSFGFSTUPUIFOFU CVZNJOVTTFMM EBWWMBHABPSSPX
JTBEVNNZUIBUFRVBMT GSPN.BSDI VOUJM+VOF BOE |
UIBUFRVBMT GPSUIFEPMMBS ZFO DV S Sk BOW¥BIBB-I5BVACEJ KEREBRS
BOE UJNF WYFE FVFDUT SFTQFDUJWFMZ * SVO B SFHSFTTJPO
JOEJWIJEVBMMZ DPMVNOT UpP BT XFMMBTUIFISUPUBM
P% PVSDPFYDJFOUPGJOUFSFTU JGBSCJUSBHFVSTBDDFTTFE
BUUIF TQPU MFH PG UIF '9 TXBQ DPOUSBDU JO 64%+1: XIFSF Ul
*ODPOUSBTU *EP OPU FYQFMUTE @ DHF GIRNEDIBI® b B TF U \PNBUURB DV S ¢
DSPTT DVSSFODZCBTJT XBT XFMM XJUIJOUIFDFIMJOH CPVOET

SFTVMUT BSFTIPXB8AUB BBENIG MJOF XJUI PVS FYQFDUBUJPOT
FWIJEFODF GPS FYDFTT 6 4 EPMMBS MFOEJOH EVSJOH UIF TXBQ
XPVME FYQFDU UP TFFJOBOZ PUIFS UIJNF QFSJPE JO PVS TBNQ
DVSSFODZCBTFTCFIBWFE XFMM XJUIJOUIFCPVOETPGUIFDFJN

XIFOUIFBVHNFOUFE TXBQ MJOF GSBNFXPSL CFDBNF PQF
QFSIBQT NPSFINQPSUBOUMZ *WOEDMFBS FNQJSJDBM FWJEFC
JOUIF'9TXBQNBSLFUCZ+BQBOFTFCBOLT CBOLTXIPUPPLVQ"
UIBOBMMUIF PUIFSOPO 6 4 CBOLTTVDIBT &VSP[POFCBOLT X
MFOEJOH
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BOEJOEJDBUF TIHOJWDBODF BU UIF BOE TIHOJWDBODF MFW

*DPOWSN UIF TIHOJWDBOU SFTVMU PG BO JODSFBTF JO 6 4
+BQBOFTFCBOLTCZSVOOJOHUIFGPMMPXJOH SFHSFTTJPO

==2
XIFSEFRVBMT «SPSFBLFPG UIF ZFBS PG BOE PUIFSXJTF *

UIFSFTVMU JO BBIBCMF UP RVBOUJGZUIFUPUBMJODSFBTFJO M
*SFQPSUFOIFINBUFT JO "IHWSENSF JOEJDBUFT UIBU +BQBOFTF C
QSPWJTJPOPG6 4 EPMMBS MJRVIJEJUZFYBDUMZ BU UIF QFBL P
MPXFSJOH PG UIF TXBQ MJOF QFOBMUZ SBUF PO .BSDI "UJUT
FYDFFEFE CO64% _JTDPNQBSFT XJUIUIF QFBL PG UIF #P+ TX
BU COPG64% "TINQMFCBDL PG UIF FOWFMPQF DBMDVMBUJ
PG UIF #P+ TXBQ MJOF UBLF VQ FOEFE VQ JO UIF QSJWBUF '9 TX

MFOEJOH
%JPFSFODF JO EJPFSFODFT

*GVSUIFSUFTUUIFFWJEFODFUISPVHIBEJVFSFODF JO EJVF
TQFDJBM SPMFPG UIFEPMMBS ZFO XJUIJOTJHIUT GSPNUIF PQF



'JH &YDFTT6 4 EPMMBS MFOEJOHCZ+1CBOLTJO _FWHVSFEJTQI
JO OFU 6 4 EPMM?S CPSSPXJOH J& BGISRW O | X FF-RRMPNGPXIFOHFBSE JOB S -
0-4 SFHSRA@I RO §§2V= -, c XIFSEFRVBMT EPSFEILFPG UIF ZFBS PG
BOE PUIFRBIEISIHFGFST UP UIF OFU CVZNJOVTTFMM EPMMBS CPSSPXJ
COPG64% %%BSL MIJHIU DPMPSJOH JOEJDBUFTV DRBYDIRBHOD BNUIMA A J
TIHOJWDBODF MFWFM _FEPUT SFGESMPORAEBPITIBGHE BOENBARISB®UI
TUBOEBSE EFWJBUJPO %BTIFE MJOF JT 8FFL BOE SFGFSTUP UIF TU
PO .BSDI %BUBJTEBIJMZGPSBTBNQMF GSPN UP

‘JSTU *EFTJHO B EJVFSFODF JO EJVFSFODFT SFHSFTTJPO L
SFTVMU GPS +BQBOFTF CBOLT JT ESIWFO CZBO JODSFBTF J¢
QVSDIBTFT JTNPSFQSPOPVODFEGPSUIFBVFDUFE '9 TXBQ N
UFOPS QPJOU JO DPNQBSJTPO UP UIF VOBVFDUFE NBUVSJUJF1
UFOPS QPJOU BOE JTFWJEFOUJO EPMMBS ZFOCVU OPUJO U
UIFEPMMBS OBNFMZ $)'+1: &63+1: BOE"6%+1: _F MBRFSBMMP
QPTJUJPOTBTBEPMMBS ESIWFO QIFOPNFOPO SBUIFSUIBO B O
SFHSFTTIJPONPEFM GPSUIFCVZBOETFMMWPMVNFBOEGPS U

UpP PG5BERMFSUPVSSFTVMUT 'PSDPODJTFOFTT POMZUIF
UPSJT SFQPSUFEJOUIFQBQFSBOEUIFGVMM SFHSFTTJPO UBC|
HIWF DMFBS FWJEFODF UIBU UIF DIBOHF JO OFU QPTJUJPO PG -
JO TBWMFKT057 JO UIFDVSSFODZ QBJS UIBUJOWPMWFE UIF EPMMI
QVSDIBTFTJONBUVSJUJFTBUPSCFMPXUIF . SENBJO VOBVFDL
TvDIBOJODSFBTFJO TBMFTJT OPUWJTIJCMF JO MPOH UFSN UF
TXBQ MIJOF BOE XIFSFTXBQ MJOFBSCJUSBHFUSBEF XBTUIVTO
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CBOLT CBOLT XIPTF MPDBM DFOUSBM CBOL EJE OPU UBQ UIF '&
"VTUSBMJBO BOE $BOBEJBO CBOLT BT XFMM BT B HSPVQ PG OP
CVUBSFOPU +BQBOFTFCBOLT Y/PO +1"DDFTT #BOLTY 3FTVM
SBCMBOEDPOWSNPVSNBJOSFTVMU +BQBOFTFCBOLTJODSFB
DPOUSPMHSPVQPGCBOLTEVSJOHUIJT QFSIJPEGPSUIFEPMMB
BNFBOJOHGVM JNQ&BRUPROMIMBSIMIRVIEIJUZ QPTIJUJPO BT TFFO

6 4 EPMMBS MFOEJOHBOEDFIJMJOHWJPMBUJPOT

"TBWOBMTUFQ *BTL XIFUIFSUIFFYDFTT6 4 EPMMBS MFOE.
UIFEPMMBS ZFO DSPTT DVSSFODZ CBOUUEFEIHQQBD HE MFWHEM™ T&
UPUIFOBLFEFZFIJOIREHRFNEMBS ZFOCBTJT XBTBUPSBCPWFUIFI
X1JDIJUTUBCJIJMJ[FEJOTJEFUIFCPVOEVOUJMUIFTFDPOE QBS|
EVFUPUIFBQQSPBDIJOH RVBSUFS FOE QFSJPE EVSJOH XI1JDI L
IJHIFS _VT UIFQFSJPECFUXFFO NJE .BZBOE NJE +VOFPVFST
PVSIZQPUIFTIT *GUIF +BQBOFTFUSBEJOHCFIBWJIPSJT ESJWF
*XPVME FYQFDU B MPXFSEFHSFFPG EPMMBS MFOEJOH EVSJOH
WIJPMBUFE 3FTVMUT BSF SBOESMNFEWSNEEYBSABUWIUJIPO
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"MUIPVHI UIF TJ[F PG UIF '"FEFSBM 3FTFSWF TXBQ MJOF OFUX
UIF XPSMEYT (%1 QPMJDZNBLFST TUJMM IBWF WFSZ MJRMF FN
CBOL GVOEJOH USBOTNJUT UP PVTIPSF 6 4 EPMMBS CPSSPXJC
PO UIJT NFDIBOJTN 'JSTU *EPDVNFOU UIBU TFRMFNFOU EBUB
UP NBQBHFOUQPTJUJPOJOH JO UIF'9 TXBQ NBSLFU DPNQMFNF
HSBOVMBS CVUMFTTHMPCBMMZ SFQSFTFOUBUJWF EBUB TVDI B
*VODPWFSFE OPWFM FWJEFODF UIBU GPSFJHO CBOLT VTF TXB(
EFNBOE JO '9 TXBQT TVvCTUJUVUJPO DIBOOFM CVUBMTP UP J
TFDPOE BT BSCJUSBHF MFOEJOH XIJDIJT DPOTJTUFOU XJUI U
SPMFJOHMPCBMTZOUIFUJD EPMMBS GVOEJOH NBSLFUT BDUJC
MJRVIJEJUZ OPUKVTUUIFGPSNFS BTJTDPNNPOMZBTTVNFE
CBOLEPMMBS TVQQMZEVSJOHNBSLFUTUSFTT FQJTPEFT TVDIE
JUIBT QSINBSIMZCFFOBCTPSCFECZUIFJOUFSCBOLNBSLFU J
JOUVJUIJWF TJODFPOF XPVME FYQFDU UIFEJSFDUJPO PG UIF X
BXBZGSPN6 4 CBOLTBOEUPXBSET GPSFIJHO CBOLT XIFSFBT * ¢
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