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Abstract

We study the spillovers of large-scale asset purchases (LSAPs) in the U.S. on financial
intermediation in the euro area using bank-level supervisory data and high-frequency iden-
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through bank balance sheets. We find that the Federal Reserve affects credit provision in
the euro area through a channel that we refer to as the “international bank capital channel”
of unconventional monetary policy. In response to an LSAP shock that leads to a steep-
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1 Introduction

As a result of large-scale asset purchases (LSAPs), the balance sheet of the Federal Reserve more

than doubled in size over the course of the years 2020 and 2021. The increase in the volume

of securities held outright was larger than during the three Quantitative Easing (QE) programs

implemented in the aftermath of the Great Financial Crisis combined. Following the COVID-19

pandemic, the Federal Reserve began to shrink its balance sheet through a process popularly

referred to as Quantitative Tightening (QT). In addition, members of the Federal Open Mar-

ket Committee proposed to shorten the average maturity of Treasuries held to levels closer in

line with the average maturity of all Treasuries outstanding. Monetary policy in the U.S. has

been identified as a key driver of the Global Financial Cycle, the high degree of comovement

observed in financial markets around the world (Miranda-Agrippino and Rey, 2020a,b). Given

the central role of the U.S. and the dollar in the international monetary system, the histori-

cal magnitude of the Federal Reserve’s impending balance sheet normalization process may be

the cause of severe spillovers to other countries. Nonetheless, many aspects of the international

transmission of QE and QT have remained poorly understood.

In this paper, we combine high-frequency identified financial market surprises about LSAPs

in the U.S. with bank balance sheet data from the euro area to study the mechanics underlying

the spillovers of unconventional monetary policy between advanced economies. Our bank-

level panel data allow us to track the effects of LSAPs in different parts of the balance sheets

of banks located in the euro area. We uncover a transmission channel that we refer to as the

“international bank capital channel” of unconventional monetary policy—LSAP shocks that

steepen the U.S. Treasury yield curve lower the market value of banks’ Treasury holdings,

diminish standard regulatory capital ratios, and lead banks in closer proximity to regulatory

capital constraints to contract their lending relative to banks that are better capitalized.

Our analysis relies on bank-level supervisory reporting data collected by the European

Banking Authority (EBA) in the process of its EU-wide transparency exercises, supplemented

with data from bank stress tests. The panel dataset that we construct includes observations on

more than 150 banks under the direct supervision of the European Central Bank (ECB) that are

typically sampled twice annually between 2010 and 2024. Our data have two distinct benefits.
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First, they provide a wide coverage of one of the world’s largest advanced economic areas with

the banks in the sample accounting for about 90 percent of the assets held by the entire banking

sector in the euro area in 2024. Thus, they allow us to provide a complementary perspective

to existing studies of international monetary policy spillovers at the micro level, which rely on

loan-level data from emerging market economies including Mexico (Morais et al., 2019) and

Turkey (Baskaya et al., 2017; di Giovanni et al., 2022). Second, our panel data include detailed

information on a range of balance sheet items and regulatory metrics, permitting us to gain

insights into the transmission of LSAPs within the boundaries of a bank.

We first illustrate six facts about euro area banks that have immediate implications for the

channel that we describe. Namely, i) banks in the euro area have substantial outright holdings

of U.S. Treasuries, ii) Treasury holdings are concentrated among the largest banks, iii) about half

of the Treasuries held by the top size quartile have a maturity of more than 5 years, iv) the large

majority of Treasury holdings is marked to market, v) larger banks tend to have larger ratios of

Treasury holdings to risk-weighted assets, and vi) capital constraints generally do not bind for

the banks holding the majority of Treasuries. In short, an economically meaningful volume of

Treasuries is held at maturities targeted by LSAPs and listed predominantly at market prices,

opening the door to revaluation effects. Treasuries are furthermore concentrated among large

banks, which tend to operate at some distance to regulatory capital constraints and can hence

afford some fluctuations in their regulatory capital ratios but may also wish to limit them.

Our LSAP shocks are based on surprises extracted from financial market data in a short

window around policy announcements using the method pioneered by Gürkaynak et al. (2005).

Drawing on a shock series from Swanson (2021), we eliminate residual predictability following

the recommendations of Miranda-Agrippino and Ricco (2021) and Bauer and Swanson (2023a).

Impulse responses estimated with the help of local projections show that the resulting shocks

have intuitive effects. Following a contractionary LSAP shock, the slope of the U.S. Treasury

yield curve steepens and the dollar appreciates against the euro.

With these ingredients at hand, we turn to estimations at the bank level. In a first step, we

estimate the effect of the slope of the U.S. yield curve, instrumented with the LSAP shocks, on

banks’ outright holdings of U.S. Treasuries. In response to an increase in the slope of the yield
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curve, banks’ Treasury positions shrink. The steepening of the yield curve affects banks in the

euro area through the associated fall in the prices of Treasuries with longer maturities and the

ensuing appreciation of the dollar. By extracting the component of the total effect that is linked

to the exchange rate, we show that the appreciation of the dollar in isolation puts upward

pressure on banks’ Treasury holdings. Furthermore, holdings with a maturity between 1 and

10 years are affected, while holdings with shorter and longer maturities show no significant

response. Spillovers on government bonds issued by countries other than the U.S. point to

international comovement in sovereign bond yield curves. Taken together, the estimates are

consistent with a dominant role of revaluation effects. Importantly, euro area banks do not

actively adjust their portfolios to fully stabilize their Treasury positions in response to LSAPs.

Changes in the value of Treasuries on the asset side must result in corresponding changes

in capital on the liability side of bank balance sheets, unless banks use instruments that hedge

risks to the total value of their assets or unrealized capital gains and losses are permitted to be

excluded from reporting. We find that standard regulatory metrics measuring the adequacy of

bank capital, the Tier 1 capital ratio and the leverage ratio, respond to LSAPs with the same sign

as banks’ Treasury positions. A steepening of the U.S. Treasury yield curve has adverse effects

on capital ratios in the euro area, which suggests that banks allow LSAP-induced fluctuations

in the value of Treasury holdings to feed into their regulatory capital.

Finally, we inspect the consequences of LSAPs in the U.S. for domestic credit provision in

the euro area. The overall effect of a shock that raises the slope of the yield curve is positive

in line with increased profitability of maturity transformation resulting from a higher spread

between lending and funding rates. Due to the decline in the value of Treasuries and other

sovereign debt described above in combination with increased lending, banks’ capital ratios

fall toward the regulatory limit. Our key result is the coefficient estimate on an interaction

term showing that banks that are less well capitalized contract their lending relative to banks

that are better capitalized. This negative effect on lending in response to the looming threat

of the regulatory capital constraint is the international bank capital channel of LSAPs. Banks

in the euro area generally have capital buffers of a substantial size in our sample. Our results

show that the distance to prudential limits affects their response to LSAPs nonetheless. Banks

3



with relatively low capital expand their lending by less, preventing their capital ratio from

falling even closer to the regulatory constraint. We further verify that the heterogeneity in the

lending responses to LSAPs is immediately linked to the size of banks’ Treasury portfolios.

Literature. Our analysis contributes to a growing literature concerned with the origins of

the Global Financial Cycle and, more specifically, the channels underlying the international

spillovers of monetary policy.

Seminal work by Rey (2013) and Miranda-Agrippino and Rey (2020b) uncovers strong

global comovement in financial variables including risky asset prices, capital flows, and credit,

pointing to the existence of an international cycle in financial markets with common drivers, the

Global Financial Cycle.1 Based on financial aggregates, Miranda-Agrippino and Rey (2020a,b)

demonstrate that U.S. monetary policy lies at the heart of this cycle, consistent with the U.S.’s

central position in the global monetary and financial system (Gourinchas et al., 2019).2 In re-

sponse to an unexpected tightening of conventional monetary policy in the U.S., major stock

price indices fall in the rest of the world, international capital flows subside, and global credit

contracts. Miranda-Agrippino and Rey (2020b) show furthermore that U.S. monetary policy

affects a measure of aggregate risk aversion extracted from the VIX. They conclude that mone-

tary policy spillovers may be transmitted through an open-economy analogue of the risk-taking

channel first described by Borio and Zhu (2012) and Bruno and Shin (2015). We contribute to

these insights by focusing on the Federal Reserve’s LSAPs and providing evidence for another

cross-border transmission channel, the international bank capital channel.

A number of additional studies analyze the spillovers of monetary policy based on finan-

cial and macroeconomic aggregates. Maćkowiak (2007) shows that U.S. monetary policy is an

important source of macroeconomic fluctuations in a group of emerging-market economies.

Using a larger panel of emerging and advanced countries, Dedola et al. (2017) estimate that

U.S. monetary policy has similar effects on real variables and inflation across many countries,

while the responses of financial variables are heterogeneous. Miranda-Agrippino and Nenova

1See Miranda-Agrippino and Rey (2022) for a detailed review of the literature on the Global Financial Cycle.
2Boehm and Kroner (2025) present evidence for spillover effects of U.S. news releases beyond news related to

monetary policy.
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(2022) and Georgiadis and Jarociński (2025) also rely on high-frequency identified surprises to

study the global effects of monetary policy. Both find that the Federal Reserve’s LSAPs gen-

erate sizable spillovers that are largely transmitted through trade and financial channels and

that the latter are mediated by shifts in aggregate risk aversion. In contrast to these papers,

ours combines high-frequency identified monetary policy shocks with bank-level micro data,

permitting us to trace the effects of policy spillovers through bank balance sheets and to shed

light on the international transmission of LSAPs working through financial intermediation.

Monetary policy spillovers have been studied based on micro data before, albeit with a

focus on emerging-market economies. Morais et al. (2019) inspect the influence of conven-

tional and unconventional monetary policy in the U.S., the U.K., and the euro area on bank

lending in Mexico. A characteristic of the Mexican banking sector is that the majority of com-

mercial credit is extended by foreign banks. They find that softer monetary policy in advanced

economies leads to an expansion of credit supplied in Mexico, because global banks reach for

yield by shifting their lending activities abroad when interest rates fall in their home markets.

By contrast, Baskaya et al. (2017) and di Giovanni et al. (2022) conclude that the transmission

mainly runs through domestic banks in Turkey, where global banks occupy a smaller share of

the market. They further show that banks that rely more on funding from international capi-

tal markets increase their credit provision in response to capital inflows relative to banks that

resort more to domestic funding sources. While these papers provide valuable case studies of

monetary policy spillovers to emerging-market economies, we study spillovers between two

regions that both represent a sizable fraction of world GDP, the U.S. and the euro area.

More broadly, our paper is connected to a large body of micro-level evidence on the role

of credit for the domestic transmission of conventional monetary policy. In a classic article,

Kashyap and Stein (2000) present estimates consistent with the bank lending channel, which

posits that monetary policy affects the supply of credit through changes in bank reserves and

hence banks’ reservable liabilities such as deposits. Jiménez et al. (2014) provide evidence in

favor of the risk-taking channel of monetary policy using information on loan applications in

Spain. Similar to us, Jiménez et al. (2012) show that the response of credit provision depends on

the strength of intermediary balance sheets in accordance with the bank balance sheet channel
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of monetary policy. We find that euro area banks let valuation effects of LSAPs feed into their

regulatory capital and that banks with less regulatory capital contract their lending relative to

banks that are better capitalized. We refer to this mechanism as the “international bank capital

channel” in analogy to a related domestic channel described by van den Heuvel (2002). Recent

complementary work by Greenwald et al. (2024) and Orame et al. (2025) also highlights the

importance of monetary policy transmission through securities that are marked to market.

Overview. The remainder of the paper is organized as follows. Section 2 introduces the bank-

level data and characterizes the banks in our sample based on descriptive statistics. Section 3

provides details on the series of high-frequency identified LSAP shocks. Section 4 explains

our estimation strategy. Section 5 contains the results. Section 6 collects several robustness

exercises. A final section concludes.

2 Bank-Level Data

Our analysis draws on an unbalanced panel of banks located in the euro area that contains

detailed information on balance sheet positions and regulatory metrics.

2.1 Sources

The bank-level data are obtained from the EBA. They are based on information from regulatory

reports that are released in the context of the EBA’s EU-wide transparency exercises. Releases

from the transparency exercises are available between 2013 and 2024 with each of the annual

exercises containing bank-level information at two reference dates, the ends of the first half of

the current year and the second half of the preceding year. We supplement these data with

information from the EBA’s EU-wide stress tests containing the corresponding data for the

second half of 2010, two years prior to the first observations from the transparency exercises,

and the second half of 2013, observations that are missing because 2014 was the only year in

which no transparency exercise was carried out after they had been introduced. Our dataset

thus includes 24 semesters between the second half of 2010 and the first half of 2024.
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We focus our attention on banks that are based in the euro area. Only banks qualifying

for direct supervision by the ECB fall within the remit of the transparency and stress test ex-

ercises and hence into our sample.3 As a result, they tend to have comparably large balance

sheets, as we discuss below in more detail. Our data contain information on a total of 157

banks over the entire sample period. On average, about 60 percent of them are observed per

semester. The banks observed in 2024 jointly account for about 90 percent of the assets held

by the entire banking sector of the euro area. Figure A.1 in the Appendix shows the number

of banks observed over time, and Appendix Figure A.2 provides details on the frequency at

which individual banks are contained in the sample.

2.2 Accounting Standards

In accordance with prevailing accounting requirements, banks classify U.S. Treasuries as “held-

to-maturity”, “trading”, or “available-for-sale” securities. Holdings of the first type are in-

tended to be held until they mature. These positions are valued at amortized historical cost in

banks’ balance sheets. Therefore, we refer to them as the “book value portfolio” of Treasuries.

Holdings of the latter two types are, respectively, earmarked for short-term trading or placed

in a default category that does not place restrictions on their liquidity. Because they have to

be valued at fair market value, we refer to them as the “market value portfolio.” Optimizing

behavior would suggest that banks select the book and the market value portfolio jointly. The

relevant unit of observation for our analysis is therefore the total Treasury portfolio. Nonethe-

less, to gain a better understanding of banks’ Treasury holdings, it is instructive to inspect the

relative size of positions that are marked to market and listed at historical cost. We return to this

distinction in our descriptive characterization of banks’ Treasury positions in the next section.

The classification of U.S. Treasury holdings is observed in all years except 2016 and 2017, for

which the total amount of banks’ Treasury holdings were disclosed but not their breakdown by

accounting method. However, our dataset includes the categorization of total sovereign debt

holdings for each bank during that period. To impute the market and the book value portfolio

3The criteria for direct supervision by the ECB are laid out in an article of the EU Regulation known as the “Single
Supervisory Mechanism Regulation.” These criteria pertain to the banks’ size, economic importance for their home
state, and significance for cross-border activity.
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of U.S. Treasuries for these two years, we assume that the relative amount of Treasuries listed

at market and at book value is equal to the same ratio in the total sovereign portfolio.

2.3 U.S. Treasury Holdings by Banks in the Euro Area

We highlight six facts about the U.S. Treasury holdings of banks in the euro area before turning

to a broader description of the estimation sample. To derive insights about differences in the

composition of balance sheets by bank size, we first obtain the percentiles of the total asset

distribution in each period and then compute the relevant statistics pooling all observations in

the resulting size groups over time.

Fact 1—Banks in the euro area have substantial outright holdings of U.S. Treasuries.

On aggregate, banks in the euro area hold an economically meaningful amount of U.S. Trea-

suries. The banks sampled in the first half of 2024, the most recent period covered by our data,

held U.S. Treasuries with a total value of about 306 billion euros.

Fact 2—U.S. Treasury holdings are concentrated among the largest euro area banks.

Figure 1 illustrates banks’ average U.S. Treasury holdings by bank size, maturity, and valuation

method. Banks with total assets below the median and banks with total assets between the 50th

and the 75th percentile hold little Treasuries compared to banks above the 75th percentile in our

sample. As a result, any changes in the yields of Treasuries likely affect the banking sector of

the euro area predominantly through the balance sheets of the largest institutions.

Fact 3—About half of the U.S. Treasuries held by the top quartile have a maturity of more than 5 years.

From the Treasury holdings of the largest 25 percent of banks with an average total value of 7.8

billion euros, 1.6 billion and 2.2 billion euros are held in the form of securities with a maturity

of 5 to 10 years and more than 10 years, respectively, as shown in the right panel of Figure 1.

LSAPs are equally focused on longer maturities. Between 2009 and 2024, the average maturity

of the Federal Reserve’s System Open Market (SOMA) Treasury portfolio lay in the range of

6.1 to 10.4 years.4 Thus, the asset classes that are of most importance for large banks in the euro

area are the ones that are directly targeted by LSAPs.
4In the aftermath of the Great Financial Crisis, the fraction of securities in the SOMA Treasury portfolio with a

maturity above 5 years reached a peak of 77 percent.
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Figure 1: Average U.S. Treasury Holdings by Bank Size, Maturity, and Accounting Method
Notes: The figure shows U.S. Treasury holdings by total bank assets and maturity, divided into positions that are
listed at market prices (market value) and at historical cost (book value). Each panel shows averages for the segment
of the total asset distribution given in the title.
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Figure 2: U.S. Treasury Holdings Relative to RWAs by Bank Size
Notes: Each panel of the figure shows the distribution of U.S. Treasury holdings relative to risk-weighted assets
(RWAs) for the segment of the total asset distribution given in the title. Treasury holdings include the market and
the book value portfolio. The dashed vertical line in the right panel marks the group median.
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Figure 3: Tier 1 Capital Ratio by Bank Size
Notes: Each panel of the figure shows the distribution of Tier 1 capital relative to RWAs for the segment of the total
asset distribution given in the title. The dashed vertical lines mark the respective group median.
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Fact 4—The large majority of U.S. Treasury holdings is contained in banks’ market value portfolios.

The breakdown of average Treasury holdings into market-value and book-value positions is

also illustrated in Figure 1. For the largest 25 percent of banks, more than 75 percent of the total

Treasury holdings are contained in the market value portfolio and hence marked to market.

Consequently, changes in Treasury prices induced by U.S. monetary policy may have an impact

on the balance sheets of euro area banks through both substitution and valuation effects.

Fact 5—Larger banks tend to have larger ratios of U.S. Treasury holdings relative to risk-weighted assets.

The ratio of U.S. Treasury holdings to risk-weighted assets (RWAs) by bank size is depicted in

Figure 2. The figure illustrates the distribution of the ratio within each bank size group for the

pooled sample. Among the euro area banks whose total assets lie in the two bottom quartiles,

the median Treasury holdings are close to zero. A ratio of Treasuries to RWAs around 5 percent

or higher is rare. For banks in the third quartile of the size distribution, Treasuries play only

a marginally larger role. In the top quartile of banks, the majority of banks hold a substantial

amount of Treasuries, the median Treasuries-to-RWAs ratio is 1.3 percent, and values around

and above 5 percent are frequently observed, which suggests that Treasury holdings are of

disproportionate significance for large banks.5

Fact 6—Capital constraints generally do not bind for the banks holding the majority of U.S. Treasuries.

Regulatory capital requirements are generally not immediately binding for the banks in the

euro area. To illustrate this point, we plot the Tier 1 capital ratio, the ratio of high-quality reg-

ulatory capital to RWAs, in Figure 3. The vast majority of Tier 1 capital falls into the Common

Equity Tier 1 (CET1) subcategory. Over the sample period, different requirements for Tier 1 and

CET1 capital were in place. These bounds, which have a common and an idiosyncratic com-

ponent, were progressively tightened, reaching an average of about 11 percent in 2024 for the

CET1-to-RWAs ratio. The median Tier 1 capital ratio in our sample is about 15.5 percent, and

values below 10 percent are rare, especially among the largest 25 percent of banks. However,

there is a sizable amount of variation in capital ratios that we exploit in our estimations.

5The same qualitative picture emerges when the ratio of U.S. Treasury holdings to total assets is considered. See
Figure A.3 in the Appendix.
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2.4 Estimation Sample

We impose two sample restrictions to improve the efficiency of our estimates. First, we elim-

inate banks that do not hold U.S. Treasuries at any point over the entire sample period. This

restriction reduces the total number of banks in the estimation sample to 102 and the number

of bank-semester observations in the pooled sample to 1,654. Second, we limit the influence of

outliers by applying a mild amount of trimming to all ratios. More specifically, we drop obser-

vations from the sample that are strictly lower than a variable’s 0.5th and higher than its 99.5th

percentile in each period. The bounds are chosen such that a very small number of observations

with negative Treasury holdings are excluded while zero holdings are retained, and extreme

outliers at the top are eliminated. Banks were not required to report all variables sampled in

every period so that the effective number of observations is lowered somewhat further.

Assets and Capitalization. Table 1 reports summary statistics of key variables based on the

pooled estimation sample. Because the banks in our sample fulfill the criteria for ECB super-

vision, they have sizable balance sheets. The median total asset holdings are 109 billion euros,

and there is a strong skew in the distribution of total assets with the mean exceeding the median

by a factor of almost three. Our sample spans a wide variety of bank-semester observations.

Total assets range from 20 billion at the 10th to 955 billion euros at the 90th percentile. RWAs

are smaller in accordance with the appropriate regulatory risk weights. As highlighted above,

Treasury holdings are also skewed and of disproportionate significance for large banks. The

90th percentile of the Treasuries-to-RWAs ratio is a sizable 4.8 percent while the median is only

0.3 percent. The median Tier 1 capital ratio is 15.3 percent, effectively unchanged by the sample

restrictions. Credit makes up a significant fraction of total assets. On average, the majority of

credit is extended domestically, which opens the possibility for changes in Treasury yields to

spill into banks’ local lending operations.

Risk Hedging. The strength of potential spillovers of LSAPs depends on the degree to which

banks are hedged against balance sheet risks. Two regulatory risk exposure indicators, also

shown in Table 1, suggest that banks may not perfectly offset the risks arising from govern-
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Table 1: Summary Statistics

Variable Median Mean SD P10 P90 n

EUR (billions)
Total assets 109.4 296.8 438.8 20.1 954.9 1,488
RWAs 48.0 109.7 149.1 5.7 348.3 1,629
U.S. Treasuries 0.1 2.8 8.2 0.0 6.4 1,568
Total credit 28.8 68.6 96.7 3.0 216.3 1,577
Tier 1 capital 7.3 16.2 21.5 1.4 50.7 1,629
Debt exposure 0.2 1.1 3.3 0.0 2.1 1,512
Foreign exchange exposure 0.1 0.6 1.3 0.0 1.6 1,512

Ratios (percent)
U.S. Treasuries / RWAs 0.3 1.6 3.5 0.0 4.8 1,538
Tier 1 capital / RWAs 15.3 16.7 7.7 11.5 21.5 1,589
Total credit / total assets 21.9 23.4 8.8 13.7 35.1 1,443
Domestic credit / total credit 61.9 56.3 25.4 18.1 88.4 1,383

Notes: The table shows summary statistics of the pooled estimation sample.

ment debt holdings denominated in a foreign currency. The first aggregates the interest-rate

and credit-spread risk stemming from debt securities and related derivatives, and the second

provides a measure of exchange-rate risk.6 Both take on sizable values in the respective upper

tail of their distribution.7 While they are not specific to U.S. Treasury holdings, these indicators

are suggestive for a non-negligible net exposure to Treasuries among banks in the euro area.

We return to a detailed assessment of the effects of LSAPs on Treasury positions in Section 5.1.

3 LSAP Shocks

The well-known endogeneity of monetary policy is likely to result in less severe bias in the

context of international policy spillovers than in assessments of domestic policy outcomes.

However, it cannot be excluded that the Federal Reserve adjusts its policy stance in response to

developments in the euro area that affect inflation or the labor market in the U.S. Our approach

to addressing this concern builds on the high-frequency identification procedure of Swanson

6The two indicators account for correlated and offsetting positions as well as risk hedging through derivative
instruments. See the Standards on the Minimum Capital Requirements for Market Risk, published by the Basel
Committee on Banking Supervision, for details.

7Evidence for heterogeneity in the exchange rate exposure of banks is also given by Abbassi and Bräuning (2023).
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(2021), coupled with insights from Bauer and Swanson (2023a,b) and Miranda-Agrippino and

Ricco (2021). Local projections estimated using the exogenously-identified LSAP shocks that

we obtain yield intuitive impulse responses at the macro level.

3.1 Derivation

We depart from the series of LSAP shocks at Federal Open Market Committee (FOMC) meeting

frequency identified by Swanson (2021). We strip these shocks from variation that is predictable

based on data releases prior to FOMC announcements and autoregressive terms.

High-Frequency Surprises. The identification procedure of Swanson (2021) includes three

steps. First, changes in a 30-minute window around FOMC announcements are obtained for

the prices or yields of financial assets following Gürkaynak et al. (2005). Specifically, high-

frequency surprises are calculated for the contract rates on federal funds futures for the months

of the current and the next FOMC meeting, the contract rates on eurodollar futures for the

three subsequent quarters starting with the next, and the Treasury yields at 2-, 5-, and 10-year

maturity. Second, the first three principal components are extracted from the resulting series.

Third, three latent structural factors corresponding to changes in the federal funds rate, forward

guidance, and LSAPs are estimated through a rotation of the matrix of principal components.

Importantly, the identification of the latent factors is achieved by imposing the restrictions that

the loadings of the forward guidance and the LSAP factor on the surprises in the current-month

federal funds futures rate be zero and that the LSAP factor be as small as possible prior to the

lower-bound period starting in 2008.8

Orthogonalization. Under full information, rational expectations and the absence of arbi-

trage opportunities, economic theory predicts that high-frequency surprises and hence shock

series derived from them in the way outlined above are orthogonal to information available

prior to the FOMC announcement at which they are measured. However, a number of authors

argue for the presence of information frictions that may result in correlation between high-

8We thank Eric Swanson for sharing an extended version of his shock series with us.
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frequency surprises and prior data releases.9 With predictability of the shock series, standard

methods used to estimate causal effects of monetary policy may yield biased results (Stock and

Watson, 2018). We find evidence for a mild amount of predictability of the LSAP shocks de-

rived by Swanson (2021) that we eliminate using the orthogonalization procedure described

below and let the orthogonalized shocks serve as the instruments in our baseline estimations.

Section 6, which collects robustness exercises, shows that our estimation results are qualita-

tively unchanged and quantitatively very similar if the untreated shocks are used instead. In

that section, we further show that the results are robust to the assumptions underlying the

identification of the LSAP shocks from high-frequency surprises by rederiving them based on

a shock series from Jarociński (2024) that relies on a different set of identifying assumptions.

Our orthogonalization procedure involves the following steps. First, following Bauer and

Swanson (2023a,b), we regress the high-frequency identified LSAP shocks on time series that

have predictive power for them and calculate a series of robust shocks as the residuals of that

regression. The time series that we include in our regression are i) the three-month change

in the slope of the yield curve, ii) the three-month growth rate in the Bloomberg Commodity

Spot Price index, iii) the surprise component of the most recent nonfarm employment data

release, iv) the one-year growth rate in nonfarm employment, v) the three-month growth rate

in the Standard and Poor’s 500 stock price index, and vi) the Treasury skewness index from

Bauer and Chernov (2024) averaged over the previous month, the set of predictors proposed

by Bauer and Swanson (2023a) in the context of standard monetary policy. All variables are

calculated for the day prior to each FOMC meeting or the latest data release that precedes it.

The original shocks and the controls are available for the meetings between February 1988 and

December 2023. Table B.1 in the Appendix contains the results for the regression of the shocks

on the variables listed above. Using all six variables, we find evidence for mild but statistically

significant predictability with an R2 of 0.04 and joint significance at the 5-percent level.

Second, we address a concern highlighted by Miranda-Agrippino and Ricco (2021), shock

predictability resulting from autocorrelation, by first aggregating the orthogonalized shocks to

monthly frequency and then eliminating any autocorrelation in the monthly series through a

9See, for example, Romer and Romer (2000), Melosi (2017), Cieslak (2018), Nakamura and Steinsson (2018),
Miranda-Agrippino and Ricco (2021), Karnaukh and Vokata (2022), Bauer and Swanson (2023b), and Sastry (2026).
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regression of the aggregated shocks on their first 12 lags. With an R2 of 0.03, this regression

uncovers further mild predictability that we remove by taking the residuals of the regression

forward as our externally-identified LSAP shocks. Figure B.1 in the Appendix plots the shock

series before and after the two orthogonalization steps.

3.2 Impulse Responses

Next, we compute the impulse responses of the slope of the yield curve and the euro-dollar

exchange rate using local projections to confirm that the LSAP shocks have the expected effects.

Setup. Following Jordà (2005), we estimate the local projections

yt+h − yt−1 = αh + βhst +
L∑

l=1

x′t−lγ
h
l + et+h (1)

at monthly frequency, where yt is some outcome variable of interest, st is the orthogonalized

LSAP shock derived as described above, xt is a vector of controls, and h = 0, 1, 2 . . . , H is

the impulse response horizon. The sequence of estimated coefficients
{

β̂h}H
h=0 traces out the

impulse response function for each outcome variable. Note that our setup permits the shock to

operate through the contemporaneous values of the controls but not their lags (Ramey, 2016;

Holm et al., 2021).

The outcomes are the slope of the yield curve, calculated as the difference between the

market yield of U.S. Treasuries at 10-year and at 1-year maturity, and the euro-dollar exchange

rate, denominated in euros per dollar (i.e., an increase corresponds to a dollar appreciation).

Our choice of controls closely follows Miranda-Agrippino and Ricco (2021). It comprises the

1-year Treasury yield, the unemployment rate, the Gilchrist and Zakrajs̆ek (2012) corporate

bond credit spread, monthly CPI inflation, and the log of indices for industrial production and

commodity prices. The controls also include lags of the shock series to enhance the efficiency

of the estimates. We choose L = 12 lags in line with the VAR estimated by Miranda-Agrippino

and Ricco (2021), and document confidence bands with 68-percent and 90-percent coverage

probability calculated based on homoskedasticity- and autocorrelation-robust standard errors.
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Figure 4: Impulse Responses
Notes: The figure shows impulse responses to a contractionary LSAP shock estimated based on equation (1) with
68-percent and 90-percent confidence bands constructed based on Newey and West (1987) standard errors.

Estimates. Figure 4 illustrates the resulting impulse response estimates. Shown are responses

to a contractionary LSAP shock—that is, to a shock reflecting smaller than expected asset

purchases—for consistency with our bank-level results in Section 5.10 The estimates are nor-

malized such that the response of the yield curve slope reaches 25 basis points. Consistent

with the local-projection estimates of Bauer and Swanson (2023a) for longer term yields and

the finding by Swanson (2021) that LSAPs may have persistent effects on Treasury yields, the

point estimates suggest that the response of the yield curve slope takes some time to build up.

The exchange rate rises faster in line with the forward-looking behavior implied by interest rate

parity, for example. The estimated yield curve response has two important implications for our

bank-level estimations, in which the slope of the yield curve is instrumented with the orthog-

onalized LSAP shocks. First, without further parametric assumptions, the effect of a single

shock is only marginally significant. To avoid weak-instrument bias, we therefore choose the

contemporaneous value of the shock series in conjunction with several of its lags as the instru-

ments. Second, because the point estimates suggest a buildup of the response, the lags of the

shocks used as instruments have to be long enough. As we will discuss below in more detail,

we opt for 12 consecutive lags of the monthly shocks, which jointly have a highly significant

effect on the slope of the yield curve, forming strong instruments.

10There, it will be convenient to present the results for increases in the yield curve slope and the exchange rate.
Since we are estimating linear models, this choice is purely presentational. Uncovering significant differences in the
responses to expansionary and contractionary shocks would require longer shock series.
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Figure B.2 in the Appendix shows that LSAPs further put downward pressure on inflation,

which in turn leads the federal funds rate to gradually fall somewhat. Figure B.3, also shown

in the Appendix, evaluates the importance of the two orthogonalization steps. The response of

the exchange rate that corresponds to a 25-basis-point increase in the slope of the yield curve is

of similar shape but somewhat larger without the orthogonalization in line with the small but

significant amount of predictability of the uncorrected shock series.

4 Estimation Strategy

We estimate the spillovers of LSAPs in the U.S. on several bank-level outcomes in the euro

area using the orthogonalized high-frequency shocks described in the previous section as an

instrumental variable (IV).

4.1 Empirical Model

Our baseline specification is of the form

yi,j,t = α + β · qLSAP
t + x′i,j,tγ + w′j,tδ + ui + ε i,j,t , (2)

where yi,j,t is a balance-sheet position or regulatory metric of bank i located in country j of the

euro area at time t, qLSAP
t is a financial-market outcome that is informative for the nature of the

spillovers of LSAPs, xi,j,t is a vector of bank-level controls, wj,t is a vector of country-level con-

trols, and ui is the bank-specific unobserved component of the error term. We consider different

bank-level outcomes as the dependent variable in the following section such as the value of the

U.S. Treasury portfolio or the amount of credit extended, both normalized by total assets. We

let qLSAP
t ∈

{
Slope10y−1y

t , E$,€
t

}
be either the slope of the nominal Treasury yield curve, defined

again as the difference between the 10-year and the 1-year rate, or the spot exchange rate be-

tween the euro and the dollar with the euro as the quote currency, as above. Both variables are

expressed in units of their respective standard deviation to facilitate the interpretation of the

corresponding slope coefficient. More details on the control variables are provided in our dis-

cussion of potential identification concerns in Section 4.3. We estimate the above equation using
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two-stage least squares (2SLS), instrumenting qLSAP
t with the orthogonalized LSAP shocks. The

coefficient of interest β gives the effect of LSAPs in the U.S. on bank-level outcomes in the euro

area transmitted through changes in the slope of the yield curve or the exchange rate. Note that

these effects are not required to be independent.11 As we discuss below in more detail, changes

in the slope of the yield curve are permitted to affect banks in the euro area through an indirect

effect on the exchange rate.

4.2 Timing

The micro and the macro data are observed at different frequencies. Recall that our bank-level

data are available semiannually with a reference date at the end of each half year. Thus, we let

the periods t = 1, . . . , T correspond to semesters. The slope of the yield curve and the exchange

rate are observed more frequently. While bank balance sheets mechanically depend on the

prevailing asset valuations on the reference dates, accounting for asset price changes on only

those days likely ignores effects of LSAPs that take longer to pass through the entire balance

sheet. We therefore aggregate the financial-market outcome qLSAP
t , the slope of the yield curve

or the exchange rate, to monthly frequency and assign the value from the last month of each

semester to any given period. That is, qLSAP
t is the June value if t corresponds to the first half

and the December value if t corresponds to the second half of a year. The respective financial-

market outcome is instrumented with the 12 preceding monthly values of the LSAP shock

series beginning with the month of the reference date, denoted st = (s0
t , s−1

t , . . . , s−11
t )′, to allow

the effect of the shocks to build up gradually, as discussed before.12

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

s−11
t s−10

t s−9
t s−8

t s−7
t s−6

t s−5
t s−4

t s−3
t s−2

t s−1
t s0

t

yi,j,t

qLSAP
t

Figure 5: Timing of Empirical Model
Notes: The figure illustrates the timing of the empirical model for the example of bank-level observations with the
reference date at the end of December.

11Greenwood et al. (2023) develop a theory that connects long-term bond demand and supply to exchange rates.
12That is, s−m

t is the value of the shock series in the mth month prior to the month containing the reference date,
which implies s−o

t = s−o−6
t+1 for o = 0, 1, . . . , 5.
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For example, if the reference date for the bank-level data in semester t is at the end of

December, then qLSAP
t is the December average of say the slope of the yield curve and the

instrument vector st includes the monthly LSAP shocks between January and December of

that year. Figure 5 illustrates this example.

4.3 Identification

A naive regression of yi,j,t on qLSAP
t and controls may fail to yield an estimate of the causal effect

of LSAPs on bank balance sheets in the euro area for several reasons.

First, there may be unobserved bank-specific factors that are correlated with the regressors,

which could result in omitted variable bias. We hence estimate equation (2) with bank-specific

fixed effects to allow for arbitrary correlation between Xi,j,t = (1, qLSAP
t , x′i,j,t, w′j,t)

′ and ui.

Second, the causation may run from the banking sector in the euro area to the exchange

rate or the slope of the yield curve rather than in the other direction. In addition, shocks that

have their origin in the euro area may affect the local banking sector and also spill into the U.S.

economy. These shocks may lead to omitted variable bias if they affect the exchange rate or

the yield curve. Our 2SLS estimator addresses these concerns provided that the requirements

for instrument validity are satisfied. Specifically, let Zi,j,t = (1, s′t, x′i,j,t, w′j,t)
′ be the regressors

presumed to be exogenous. Instrument relevance can then be expressed as a standard rank

condition, and exogeneity requires E(ε i,j,t|Zi,j,1, . . . , Zi,j,T, bi,j,1, . . . , bi,j,T) = 0 with bi,j,t ∈ {0, 1}

indicating whether a bank is contained in the sample in a given period.13 Instrument exogene-

ity is satisfied if the regression errors are mean independent of the instruments and selection

into the sample. The former holds with respect to the setup that includes the slope of the yield

curve if LSAPs of Treasuries in the U.S. influence banks in the euro area only through effects set

off by changes in the slope of the Treasury yield curve. Exogeneity of this type is plausible, in

our view, since longer term yields serve as a target for the Federal Reserve’s U.S. Treasury pur-

chases similar to the way the federal funds rate serves as a target for the standard policy tool.

We regard changes in the exchange rate as a subcomponent of the transmission mechanism and

13The asymptotic distribution of the panel fixed-effects 2SLS estimator is derived under the assumption that
the observations are i.i.d. across individuals, which may be violated with country-level regressors. We therefore
verified that our results are nearly unchanged if wj,t is eliminated and cluster the standard errors accordingly.
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estimate the setup that includes the exchange rate to gain insights into its importance for the

overall effect. The key assumption in this setup is that the slope of the yield curve affects euro

area banks through the exchange rate but also through other channels. By instrumenting the

exchange rate, we separate the part of the variation in the yield curve slope related to LSAPs

that works through the exchange rate from the variation that works through the other chan-

nels, permitting us to decompose the overall effect. Inspecting the latter mean-independence

condition, we found no indication for sample selection based on bank characteristics.

Third, LSAPs may affect banks in the euro area not only directly through changes in bond

yields and hence their prices or the exchange rate but also indirectly through an expansionary

effect on the economy more broadly. While such an indirect effect does not pose a threat to the

identification, it complicates the economic interpretation of the estimation results. To isolate the

direct effects, we include country-level variables in the model that control for the state of the

business cycle in the country in which a bank is based. These country-level controls wj,t are the

growth rate of GDP, core CPI inflation, the change in the unemployment rate, and a diffusion

index of loan demand by corporations from the euro area Bank Lending Survey. We further

use the change in the 2-year rate on German sovereign debt as a common control variable to

account for spillovers on the ECB’s policy stance.

Fourth, additional bank-level controls help assign estimated effects to specific balance-sheet

positions in some specifications of the model and improve their overall efficiency. We return to

this point in the following section. Below, we report standard errors that are two-way clustered,

at the bank level to allow for autocorrelation and heteroskedasticity of the residuals pertain-

ing to each bank and at the semester level to allow for arbitrary cross-sectional dependence

between banks introduced, for example, by the country-level controls.

5 Results

In this section, we trace the implications of LSAP shocks through bank balance sheets in the

euro area by successively turning to different balance-sheet items. Our analysis begins with

the effects on the outright holdings of sovereign debt. We then inspect consequences for bank
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capital and credit provision. For ease of exposition, we consider the effects of a positive change

in the slope of the yield curve and hence a contractionary policy shock.

5.1 Sovereign Bond Portfolio

As a starting point, we clarify how banks’ outright holdings of U.S. Treasuries are affected by

LSAP shocks. To do so, we let the dependent variable in equation (2) be the euro value of a

bank’s Treasury portfolio. We also explore the implications for different bond maturities and

for non-U.S. sovereign debt positions. In all cases, the dependent variable is normalized by

total bank assets, ratios are expressed as percentages, and two bank-level controls are included

in the model. These bank-specific controls are the changes in the ratios of RWAs and non-equity

liabilities to total assets. Because sovereign bonds carry a risk weight of zero, the former ratio

helps control for indirect effects running through asset classes with a positive risk weight, such

as loans. The latter ratio helps control for indirect effects stemming from the liability side of the

balance sheet, such as dollar-denominated borrowing, and hence isolate the immediate effect

of LSAPs on the Treasury portfolio.

Reduced Form. Tables C.1 and C.2 in the Appendix show the results of the first-stage regres-

sion for the yield curve slope and the exchange rate, respectively, with an increasingly large

set of controls. The LSAP shocks are jointly highly significant. The F-statistic of the robust

weak-instruments test proposed by Kleibergen and Paap (2006) lies above 13 in both cases,

comfortably exceeding the corresponding critical value from Stock and Yogo (2005) at the stan-

dard 10-percent relative bias level. Two points are worth highlighting. First, joint significance

of the 12 successive values of the shock series in the reduced form is a different—and generally

much weaker—requirement than significance of the impulse response functions depicted in

Figure 4 to a single such shock.14 All that is required here is that the instruments jointly isolate

sufficiently strong exogenous variation. Second, a concern might be that the panel structure of

the model artificially inflates the significance of the instruments. The first-stage regression of

14While the impulse responses are informative about the effect of a single LSAP shock and its timing, they are
silent about the joint significance of all instruments. They are further estimated using different timing assumptions
and a different set of controls than the reduced form, as we describe in detail in the sections 3.2 and 4.1.
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qLSAP
t on Zi,j,t = (1, s′t, x′i,j,t, w′j,t)

′ has a panel dimension, because our setup allows for bank-

level and country-level controls. However, of key interest is the strength of the relationship

between the financial outcome qLSAP
t and the vector of instruments st. We therefore addition-

ally ran time-series regressions of the slope of the yield curve and the exchange rate on only the

instruments. In these regressions, the F-statistic remained essentially unchanged, which shows

that clustering the standard errors at the semester level effectively accounts for cross-sectional

dependence. The first stage is nearly identical for all outcomes of interest that we consider with

the help of the empirical model outline before. Therefore, we only return to it in passing below.

Channels. Changes in the slope of the yield curve induced by Treasury purchases or sales

in the U.S. may affect the Treasury holdings of banks in the euro area through three direct

channels. First, a steepening of the yield curve, for example, is associated with a decline in

the prices of long-term bonds, which decreases the value of Treasury positions that are marked

to market. Second, in response to an increase in U.S. yields, the dollar appreciates relative to

the euro, increasing the euro value of Treasury positions listed at market value. Third, banks

may actively rebalance their portfolios in response to a change in the relative prices of financial

assets. A rebalancing might be expected to favor positions with temporarily lower relative

prices so that a decrease in Treasury prices results in a reallocation toward those positions.

More succinctly, the euro value of a bank’s Treasury holdings with a given remaining maturity

can be expressed as V€
i,j,t = P$

t · E
$,€
t · Qi,j,t, where P$

t is the unit bond price in dollars and Qi,j,t

is the quantity held. The three channels outlined above suggest that a steepening in the slope

of the yield curve leads to a decline in P$
t , a rise in E$,€

t , and possibly an increase in Qi,j,t.

Revaluation and Rebalancing. Table 2 shows the results of the IV regressions for the U.S.

Treasury portfolio. In the table, different sets of controls are gradually added. Odd-numbered

columns report regressions that include the yield curve slope, while even-numbered columns

include the exchange rate as an explanatory variable. The complete specifications are shown

in the last two columns. The estimated coefficients can be interpreted through the lens of the

channels discussed before. A rise in the slope of the yield curve lowers the size of the Trea-

sury portfolio, suggesting that the revaluation effect from the decline in the prices of Treasuries
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Table 2: U.S. Treasury Holdings

(1) (2) (3) (4) (5) (6) (7) (8)

Slope10y−1y
t -0.12*** -0.10*** -0.10*** -0.09***

(0.04) (0.03) (0.03) (0.03)

E$,€
t 0.27*** 0.23*** 0.22*** 0.17***

(0.06) (0.06) (0.06) (0.06)
n 1333 1333 1331 1331 1331 1331 1170 1170
N 99 99 97 97 97 97 92 92
T 23 23 23 23 23 23 22 22
KP F-stat. 26.8 13.0 27.7 15.4 28.9 8.8 14.0 14.6
SY 10% 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5
Bank FE No No Yes Yes Yes Yes Yes Yes
Country controls No No No No Yes Yes Yes Yes
Bank controls No No No No No No Yes Yes

Notes: The table shows 2SLS estimates of equation (2). The dependent variable is the value of banks’ outright U.S.
Treasury holdings, normalized by total assets and expressed in percent. The second part of the table shows the
total number of observations (n), the total number of Banks (N), the number of semesters (T), the Kleibergen-Paap
F-statistic (KP F-stat.), and the Stock-Yogo 10% bias-based critical value (SY 10%). Controls are gradually added as
indicated. The standard errors (in parentheses) are two-way clustered at the bank and the semester level. Asterisks
indicate significance at the 1%, 5%, and 10% level (***p < 0.01, **p < 0.05, *p < 0.1).

dominates the exchange rate and the rebalancing effects. The slope coefficient is statistically

significant at the 1-percent level and of meaningful size, as can be seen from column (7). Its

interpretation is that an unanticipated one-standard deviation increase in the slope of the yield

curve lowers the ratio of the Treasury portfolio to total assets by 0.09 percentage point. The

controls only have a small effect on the coefficient estimate. In the setup in which the exchange

rate is used as the independent variable and instrumented with the LSAP shocks, the estimated

coefficient turns positive. The coefficient reflects revaluation and rebalancing effects stemming

from changes in the exchange rate, while any effects resulting from changes in Treasury prices

that do not work through the exchange rate are not picked up, as laid out above. The positive

sign of the coefficient is consistent with the theoretical predictions if, again, the revaluation

effect—in this case, resulting from the dollar appreciation—dominates. While the magnitude

of the coefficient estimate declines somewhat as more controls are added, its sign is unaffected.

In principle, rebalancing could also run in the same direction as the revaluation effects if banks

actively adjust security holdings due to a value-at-risk constraint, for example. However, a
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mechanism of this type would generally result in adjustments of credit rather than safe gov-

ernment bond positions and be associated with changes in non-equity liabilities, on which we

condition using our bank-level controls.15

Untargeted Sovereign Bonds. The first six columns of Table 3 display results for analogous

regressions in which the U.S. Treasury holdings are divided into three maturity segments. We

obtain significant coefficient estimates for maturities between 1 and 10 years, while the effects

resulting from holdings with maturities below 1 year or above 10 years are not statistically sig-

nificant. These findings are consistent with the securities targeted by LSAPs and the relative

size of the positions in banks’ Treasury portfolios. Using security-level data, D’Amico and King

(2013) show that the first round of LSAPs, for example, created the largest scarcity among Trea-

suries with a remaining maturity of 6-8 years. Longer maturities were targeted more heavily

in later rounds. The Maturity Expansion Program, for example, removed a sizable fraction of

the outstanding Treasury supply in the 20-30 year segment. However, maturities beyond 10 or

even 20 years are held by euro area banks at substantially lower volumes than Treasuries in the

1-10 year category. LSAPs therefore primarily affect these banks through holdings with long

but not extremely long maturities.

The dependent variable in the last two specifications shown in the table is the ratio of all

non-U.S. sovereign debt holdings to total bank assets. The second to last column suggests

that LSAP shocks may also have an effect on the non-U.S. debt held by euro area banks. The

p-value associated with the coefficient on the yield curve slope lies above but close to 5 per-

cent, pointing to the potential existence of spillovers on the yields of bonds issued by other

sovereigns, which aligns with the finding that U.S. monetary policy is an important driver of

the “global financial cycle” (Miranda-Agrippino and Rey, 2020a,b). In the presence of such

spillovers, LSAPs have revaluation effects on banks’ sovereign debt portfolios beyond those on

U.S. Treasuries. The point estimate of the coefficient is larger in absolute value than for U.S.

debt in accordance with the substantially bigger volume of the balance sheet items affected by

the revaluations.16

15See Adrian and Shin (2010) for more details.
16See also Georgiadis and Jarociński (2025) for evidence of international spillovers of LSAPs on macroeconomic
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Table 3: Untargeted Sovereign Debt

U.S. Treasuries Non-U.S. Debt

mat. ≤ 1y 1y < mat. ≤ 10y mat. > 10y

(1) (2) (3) (4) (5) (6) (7) (8)

Slope10y−1y
t -0.01 -0.05*** -0.01 -0.95*

(0.01) (0.02) (0.01) (0.54)

E$,€
t 0.00 0.11*** 0.02 1.84

(0.03) (0.04) (0.02) (1.18)
n 1180 1180 1173 1173 1188 1188 1190 1190
N 92 92 91 91 92 92 91 91
T 22 22 22 22 22 22 22 22
KP F-stat. 13.9 14.7 14.2 14.5 14.1 14.8 14.5 17.1
SY 10% 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5
Bank FE Yes Yes Yes Yes Yes Yes Yes Yes
Controls Yes Yes Yes Yes Yes Yes Yes Yes

Notes: The table shows 2SLS estimates of equation (2). The dependent variable is Treasury holdings with matu-
rity below 1 year (1)-(2), Treasury holdings with maturity between 1 and 10 years (3)-(4), Treasury holdings with
maturity above 10 years (5)-(6), and all non-U.S. sovereign debt (7)-(8), normalized by total assets and expressed in
percent. The second part of the table shows the total number of observations (n), the total number of Banks (N),
the number of semesters (T), the Kleibergen-Paap F-statistic (KP F-stat.), and the Stock-Yogo 10% bias-based critical
value (SY 10%). All regressions apply bank fixed effects. The controls include the bank-level and the country-level
variables. The standard errors (in parentheses) are two-way clustered at the bank and the semester level. Asterisks
indicate significance at the 1%, 5%, and 10% level (***p < 0.01, **p < 0.05, *p < 0.1).

5.2 Regulatory Capital

Next, we explore whether LSAP shocks lead to changes in standard regulatory capital ratios

and hence in the distance of these ratios to bounds imposed by supervisory policy.

Influences on the Tier 1 Capital Ratio. The Tier 1 capital ratio, the ratio of Tier 1 capital

to RWAs, may be affected in two ways. First, all else equal, a steepening of the yield curve

may lead to a decline in the value of government bond positions, as described in the previous

section. The contraction on the asset side may be matched by an adjustment of Tier 1 capital on

the liability side of bank balance sheets. This adjustment need not be of equal size, though, and

may even be entirely absent. The reasons are twofold. Banks may hold interest rate swaps or

other instruments that allow them to smooth the effect of fluctuations in their sovereign bond

and financial aggregates.
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portfolio on the total value of their assets. In addition, banks had some discretion over the

degree to which unrealized capital gains or losses on securities needed to be reported as a part

of Tier 1 capital over most of the sample period.17 Second, the Tier 1 capital ratio may change in

response to an increase or decrease in RWAs. A decline in the value of sovereign bond holdings

brought about by a steepening of the yield curve may feed into Tier 1 capital and induce banks

to reduce their RWAs by shrinking their loan portfolio to stabilize the Tier 1 capital ratio.18 The

steepening of the yield curve also raises the profits obtainable from maturity transformation,

providing an incentive to scale up lending and hence RWAs. In sum, the response of the Tier 1

capital ratio to a steepening of the Treasury yield curve depends on the extent to which changes

in the sovereign portfolio are permitted to feed into Tier 1 capital and the relative strengths of

the motives to shrink or expand RWAs.

Spillovers on Bank Capitalization. The first two columns of Table 4 contain the results of

2SLS estimations of equation (2) with the Tier 1 capital ratio as the dependent variable. We

now drop the ratios of RWAs and non-equity liabilities to total assets as controls to permit the

coefficient of interest to pick up a broad set of influences and avoid reverse-causality concerns.

An increase in the slope of the U.S. Treasury yield curve of one standard deviation is associated

with a statistically significant decline in the Tier 1 capital ratio of about 1.9 percentage points,

signifying that banks do not hedge their interest rate risk or adjust their RWAs such that the

Tier 1 capital ratio is fully stabilized. The coefficients on the slope of the yield curve and the

exchange rate have the same signs as before, consistent with an overall decline in the ratio due

to the valuation effects discussed above or an increase in RWAs. In the remaining columns, the

same estimations are repeated with the Tier 1 leverage ratio, the ratio of Tier 1 capital to total

assets, as dependent variable. The same patterns emerge in this setup.

The size of the effects allows drawing conclusions about the mechanisms at work. Because

Tier 1 capital is small relative to RWAs and total assets, the volatility in the denominator would

17Banks were given the possibility to exclude capital gains or losses on securities held in the available-for-sale
category from their CET1 capital. This option, referred to as a “prudential filter,” was phased out toward the end of
the sample period.

18Sovereign debt holdings have no mechanical effect on RWAs, because their risk weight is zero.

26



Table 4: Capital Ratios

Tier 1 / RWAs Tier 1 / Tot. Assets

(1) (2) (3) (4)

Slope10y−1y
t -1.89*** -0.45***

(0.29) (0.11)

E$,€
t 3.70*** 1.03***

(0.56) (0.22)
n 1512 1512 1394 1394
N 97 97 97 97
T 23 23 23 23
KP F-stat. 43.7 17.5 26.9 8.3
SY 10% 11.5 11.5 11.5 11.5
Bank FE Yes Yes Yes Yes
Controls Yes Yes Yes Yes

Notes: The table shows 2SLS estimates of equation (2). The dependent variable is the Tier 1 capital ratio, the ratio of
Tier 1 capital to RWAs (1)-(2) and the Tier 1 leverage ratio, the ratio of Tier 1 capital to total assets (3)-(4), expressed
in percent. The second part of the table shows the total number of observations (n), the total number of Banks (N),
the number of semesters (T), the Kleibergen-Paap F-statistic (KP F-stat.), and the Stock-Yogo 10% bias-based critical
value (SY 10%). All regressions apply bank fixed effects. The controls are the country-level variables. The standard
errors (in parentheses) are two-way clustered at the bank and the semester level. Asterisks indicate significance at
the 1%, 5%, and 10% level (***p < 0.01, **p < 0.05, *p < 0.1).

have to be unrealistically high to bring about effects on the ratios of the size that we uncover.19

To confirm that the effect on the capital ratios are driven by bank capital rather than the respec-

tive denominator, we also use the logarithms of Tier 1 capital, RWAs, and total assets separately

as the dependent variable. The estimated effects are shown in Table C.3 in the Appendix. They

are of the same sign as in Table 4 and significant at the 1-percent level for Tier 1 capital, while

they are insignificant for RWAs and total assets. We conclude therefore that valuation effects

on sovereign debt at least contribute to the overall decline in the Tier 1 capital ratio.

5.3 Credit

What does the impact of the Federal Reserve’s large-scale operations on banks’ sovereign bond

holdings and regulatory metrics imply for their lending activities in the euro area? To answer

19Consider the following back-of-the-envelope calculation. The median Tier 1 capital ratio is about 15.5 percent
in our sample. Starting from that value, a decline of 1.9 percentage points that solely results from an increase in
RWAs would require RWAs to rise by about 14 percent.
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this question, we first draw on the same empirical approach as before and then extend it with

an interaction term that is informative for the international bank capital channel.

Credit Provision in the Euro Area. We depart again from our baseline model, in which the

dependent variable is now the amount of credit extended domestically, normalized by total

assets. Domestic credit is defined as the total amount of lending by a bank in the country in

which its headquarters are registered. For consistency with the regressions involving the regu-

latory capital ratios discussed above, we do not condition on other balance sheet items again.

The estimation results are presented in the first two columns of Table 5. The total effect of the

slope of the Treasury yield curve on domestic credit is positive, while the subcomponent of the

effect working through the exchange rate is negative. Both are statistically significant at least at

the 5-percent level. Compared with the analogous estimates for sovereign bond holdings and

regulatory capital, the coefficients are of the opposite sign, pointing to the existence of channels

beyond a response of credit to the worsening of capital ratios.

We isolate the role of regulatory capital by comparing banks that have ample capital with

banks that are less-well capitalized. More specifically, we estimate

Crediti,j,t = α + β · qLSAP
t + ζ · qLSAP

t · 1LRi,j,t<P33t + η · 1LRi,j,t<P33t + w′j,tδ + ui + ε i,j,t , (3)

where Crediti,j,t is the ratio of domestic credit to total assets of a bank and 1LRi,j,t<P33t is a binary

variable indicating whether a bank’s leverage ratio falls into the bottom tercile at a given time.20

We now instrument the linear and the interaction term in qLSAP
t with the orthogonalized LSAP

shocks. The results are shown in the last two columns of Table 5. The coefficients on the slope of

the yield curve and the exchange rate continue to be positive and negative, respectively. Banks

in the bottom tercile of the leverage ratio distribution give significantly less credit relative to

their total assets than banks with higher leverage ratios. Importantly, the coefficient on the

interaction term is significant and has the opposite sign as the respective slope coefficient on

the yield curve or the exchange rate in the two specifications. Belonging to the bottom tercile

20The choice of the cutoff value in the leverage-ratio distribution trades off sufficient separation between the low-
capital and the high-capital groups with a sufficient size of each group and hence the precision of the estimates.
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Table 5: Leverage and Credit

(1) (2) (3) (4)

Slope10y−1y
t 1.84** 2.52***

(0.77) (0.97)

E$,€
t -5.43*** -7.02***

(1.43) (1.57)

Slope10y−1y
t × 1LRi,j,t<P33t -1.63**

(0.65)

E$,€
t × 1LRi,j,t<P33t 4.07***

(1.15)

1LRi,j,t<P33t -2.58*** -2.57***
(0.74) (0.73)

n 1194 1194 1194 1194
N 87 87 87 87
T 22 22 22 22
KP F-stat. 14.9 13.7 13.2 8.7
SY 10% 11.5 11.5 11.1 11.1
Bank FE Yes Yes Yes Yes
Controls Yes Yes Yes Yes

Notes: The table shows 2SLS estimates of equations (2) and (3). The dependent variable is credit extended domes-
tically, normalized by total assets and expressed in percent. The second part of the table show the total number of
observations (n), the total number of Banks (N), the number of semesters (T), the Kleibergen-Paap F-statistic (KP
F-stat.), and the Stock-Yogo 10% bias-based critical value (SY 10%). All regressions apply bank fixed effects. The
controls are the country-level variables. The standard errors (in parentheses) are two-way clustered at the bank and
the semester level. Asterisks indicate significance at the 1%, 5%, and 10% level (***p < 0.01, **p < 0.05, *p < 0.1).

lowers the total effect of the slope of the yield curve on credit and increases the component of

the total effect working through the exchange rate.

Discussion. Our results about the effects of LSAP shocks on banks’ sovereign debt holdings,

regulatory capital ratios, and domestic credit provide a clear view on the mechanics of the

international bank capital channel of unconventional monetary policy. In response to a policy-

induced steepening of the U.S. Treasury yield curve, the value of long-term government bond

holdings of euro area banks declines and capital ratios worsen, which leads banks with com-

paratively little regulatory capital to contract their lending relative to banks with large capital

buffers. The isolated effects stemming from the reaction of the exchange rate run in the opposite

29



direction. The dollar appreciation increases the euro value of Treasury holdings, relaxes capital

constraints or targets, and exerts upward pressure on the lending of worse-capitalized banks

relative to better-capitalized banks. These findings show that the distance to capital constraints

or targets affects the response to LSAP shocks even if generally banks in the euro area are well

capitalized and regulatory constraints are not binding over the sample period. Falling to the

supervisory limit is likely associated with sufficiently high costs for banks to maintain a buffer

that influences their response to yield curve shocks away from but within some distance to the

constraint. When the U.S. yield curve steepens and the value of their assets contracts, banks fall

toward the regulatory limit. The banks in the lower tail of the distribution therefore contract

their lending relative to banks in the remainder of the distribution to avoid approaching the

constraint too closely.

The significance of the coefficients attached to the linear yield curve and exchange rate

terms are indicative of additional channels that have previously been described in the literature.

The profitability of maturity transformation increases with the slope of the yield curve.21 Since

positive shocks to the Treasury yield curve tend to result in a steeper yield curve also in the euro

area, the positive total effect can be explained by an expansion of lending in response to a bigger

spread between the lending and the funding rates of banks. Conversely, a depreciation of the

euro against the dollar causes the funding costs of banks in the euro area to increase, because a

significant part of bank funding is contracted in dollars.22 Thus, the negative coefficient on the

exchange rate is consistent with a contractionary effect resulting from currency mismatch.

6 Robustness

We perform a large number of robustness checks and present additional results to fill in details

on some of the findings.

Identification and Timing. Our results may depend on the identifying assumptions imposed

by Swanson (2021) to extract the LSAP shocks from high-frequency surprises in asset prices.

21See English et al. (2018) for a discussion.
22In the second quarter of 2024, 17 percent of the funding of banks in the euro area was denominated in dollars

according to the ECB’s Financial Stability Review from November 2024
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To inspect their role, we repeat our analysis using as instruments a series of LSAP shocks taken

from Jarociński (2024) that we orthogonalize to prior data releases and autocorrelation precisely

as laid out in Section 3.1. A benefit of this series is that its identification from high-frequency

surprises merely relies on the assumption of non-Gaussianity of the structural shocks.23 The

tables C.4 to C.6 in the Appendix contain the estimates for the impact on Treasury holdings,

capital ratios, and credit. Overall, the results are little changed by the switch of the instrument.

We find that the coefficients tend to be slightly smaller in absolute value though, likely as a

result of attenuation bias. Another set of results, shown in the tables C.7 to C.9, contains the

corresponding estimates when the raw Swanson (2021) shocks are used as instruments, that

is, when the shocks are not orthogonalized. While the results are very similar to our baseline

estimates, the orthogonalization generally improves the precision of the estimates somewhat.

The timing of the empirical model, described in Section 4.2, may also affect our findings.

By matching the bank-level data on a given reference date with the slope of the yield curve and

the exchange rate aggregated over the month that precedes it, we may focus too narrowly on

revaluations and rebalancing that occur close to the reference dates. To assess this possibility,

we assign quarterly rather than monthly values of the yield curve slope or the exchange rate to

each reference date. We treat the LSAP shock series accordingly by aggregating it to quarterly

frequency and using the contemporaneous value and the first four lags of the quarterly series

as the instruments. The tables C.10 to C.12 in the Appendix show the results. The estimates

are very similar to our baseline set of results again with some attenuation of the coefficients

associated with the exchange rate. The estimated total effect of the slope of the yield curve and

the interaction term with the indicator for the bottom tercile of the leverage-ratio distribution

are nearly unchanged.

Treasury Holdings and Credit. Finally, we revisit the results for the amount of credit ex-

tended by banks. Table 6 contains estimates of equation (3), in which the low-capital indicator

is replaced with a binary variable reflecting whether the ratio of a bank’s Treasury holdings

with a maturity of 1 to 10 years to total assets lies in the top tercile. It also shows the estimates

23Identification based on non-Gaussianity has been exploited in several instances. See, for example, Bonhomme
and Robin (2009) and Gouriéroux et al. (2017, 2020).
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Table 6: U.S. Treasury Holdings and Credit

(1) (2) (3) (4)

Slope10y−1y
t 1.84** 2.29**

(0.77) (0.93)

E$,€
t -5.43*** -6.56***

(1.43) (1.52)

Slope10y−1y
t × 11y−10y USi,j,t>P66t -1.28**

(0.61)

E$,€
t × 11y−10y USi,j,t>P66t 3.42***

(1.08)

11y−10y USi,j,t>P66t -1.02* -0.97**
(0.52) (0.49)

n 1194 1194 1194 1194
N 87 87 87 87
T 22 22 22 22
KP F-stat. 14.9 13.7 15.4 11.8
SY 10% 11.5 11.5 11.1 11.1
Bank FE Yes Yes Yes Yes
Controls Yes Yes Yes Yes

Notes: The table shows 2SLS estimates of equations (2) and (3). The dependent variable is credit extended domes-
tically, normalized by total assets and expressed in percent. The second part of the table show the total number of
observations (n), the total number of Banks (N), the number of semesters (T), the Kleibergen-Paap F-statistic (KP
F-stat.), and the Stock-Yogo 10% bias-based critical value (SY 10%). All regressions apply bank fixed effects. The
controls are the country-level variables. The standard errors (in parentheses) are two-way clustered at the bank and
the semester level. Asterisks indicate significance at the 1%, 5%, and 10% level (***p < 0.01, **p < 0.05, *p < 0.1).

of equation (2) again for comparison. The coefficient on the interaction term with the yield

curve slope is negative, as expected, and significant at the 5-percent level. There may be two

explanations for this finding, both consistent with the international bank capital channel. First,

the capital of banks with the largest Treasury portfolios may be eroded the most by revaluation

effects, prompting them to reduce credit provision relative to banks with smaller U.S. Treasury

portfolios to stabilize their capital ratios. Second, the source of the effect may be compositional.

The distribution of capital ratios is more concentrated and hence the distance to regulatory lim-

its is lower for banks with the largest Treasury holdings, as can be seen from Figures 1 to 3. The

estimated effect of large Treasury positions may therefore also be a result of correlation with
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comparatively low regulatory capital. In both cases, the interplay between the revaluation of

sovereign debt positions and supervisory credit ratios affects domestic credit provision.

7 Conclusion

LSAPs carried out in the U.S. are detectable in bank balance sheets in the euro area. Our main

findings are threefold. First, LSAPs have a sizable influence on government bonds held out-

right by euro area banks. A steepening of the U.S. Treasury yield curve induced by LSAP

shocks decreases the ratio of U.S. Treasuries to total assets. Our evidence strongly suggests that

this relationship is largely a result of revaluation effects—The total effect on Treasury holdings

is negative consistent with the decline in the prices of long-term Treasuries, the isolated effect

of the exchange rate is positive in line with the appreciation of the dollar, and only maturities

that are directly targeted by LSAPs are affected. This effect is likely amplified by externalities to

government debt issued by countries other than the U.S. Second, banks allow these valuation

effects to feed into their regulatory capital ratios. That is, banks do not hedge their interest rate

risk or adjust their RWAs sufficiently to fully stabilize regulatory metrics. Third, the overall

effect of a steeper U.S. yield curve on the amount of credit extended domestically is positive,

consistent with spillovers on the domestic yield curve and higher profits from maturity trans-

formation. Importantly, banks with a comparably low leverage ratio contract their lending

relative to banks that have a bigger capital buffer, which prevents their capital from falling

even closer to regulatory bounds. We refer to this finding as the “international bank capital

channel” of unconventional monetary policy.

In a globalized financial system, policies adopted to improve domestic outcomes may have

sizable international spillovers and interact with policies implemented abroad. Our results

show that the Federal Reserve’s LSAPs are transmitted not only to emerging-market but also

to advanced economies. The spillovers that we describe are triggered by monetary policy in

the U.S. and mediated by capital constraints determined by micro- and macroprudential policy

in the euro area, highlighting the international interconnectedness of different policy tools.
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Figure A.1: Number of Banks Observed
Notes: The figure shows the number of banks contained in the sample in the semester ending in the month listed.
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Figure A.2: Frequency of Bank Sampling
Notes: The figure reports the frequency at which individual banks are contained in the sample.
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Figure A.3: U.S. Treasury Holdings Relative to Total Assets by Bank Size
Notes: Each panel of the figure shows the distribution of U.S. Treasury holdings relative to total assets for the
segment of the total asset distribution given in the title. Treasury holdings include the market and the book value
portfolio. The dashed vertical line in the right panel marks the group median.
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B Monetary Policy Identification

Table B.1: LSAP Shock Orthogonalization

(1) (2) (3)

Yield curve slope (3m change) -0.22∗∗∗ -0.21∗∗ -0.21∗∗

(0.08) (0.10) (0.10)
Employment (expectational error) 0.06∗∗∗ 0.07∗ 0.08∗∗

(0.02) (0.04) (0.04)
Employment (1y growth) 0.01 0.01

(0.03) (0.03)
Commodity prices (3m growth) -0.41 -0.39

(0.35) (0.38)
Stock prices (3m growth) -0.31

(0.69)
Treasury skewness (3m growth) 0.10

(0.16)
T 360 360 360
R2 0.03 0.03 0.04
F 7.0 3.6 2.4
(p-value) (0.00) (0.01) (0.03)

Notes: The dependent variable is the series of LSAP shocks at FOMC meeting frequency from Swanson (2021),
extended to range from February 1988 to December 2023. Shown in parentheses are heteroskedasticity-robust stan-
dard errors. All regressions include a constant. Asterisks indicate significance levels with ∗∗∗p < 0.01, ∗∗p < 0.05,
and ∗p < 0.1.
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Figure B.1: LSAP Shocks Before and After Orthogonalization
Notes: The figure shows the extended LSAP shocks from Swanson (2021) and the same series after orthogonaliza-
tion with respect to prior data releases and autocorrelation. Both series are shown at monthly frequency. A positive
shock indicates larger than expected asset purchases.
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Figure B.2: Additional Impulse Responses
Notes: The figure shows impulse responses to a contractionary LSAP shock estimated based on equation (1) with
68-percent and 90-percent confidence bands constructed based on Newey and West (1987) standard errors.
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Figure B.3: No Shock Orthogonalization
Notes: The figure shows impulse responses to a contractionary LSAP shock estimated based on the orthogonalized
shock series (Baseline) and the unorthogonalized shocks (No orthogonalization) with 68-percent and 90-percent
confidence bands constructed based on Newey and West (1987) standard errors.
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C Additional Estimation Results

Table C.1: First Stage (Slope of the Yield Curve)

(1) (2) (3) (4)
s0

t -0.07 -0.08 -0.06 0.01
(0.22) (0.21) (0.14) (0.14)

s−1
t -1.85* -1.72* -0.91* -1.02

(1.03) (0.99) (0.54) (0.64)
s−2

t 0.33 0.32 0.28 0.22
(0.49) (0.47) (0.34) (0.41)

s−3
t 0.17 0.17 -0.16 -0.06

(0.17) (0.16) (0.15) (0.15)
s−4

t 2.11*** 2.05*** 2.59*** 2.82***
(0.41) (0.41) (0.31) (0.79)

s−5
t -0.18 -0.20 1.07** 0.94*

(0.72) (0.69) (0.54) (0.52)
s−6

t -0.74*** -0.73*** -0.64*** -0.68***
(0.19) (0.18) (0.13) (0.13)

s−7
t -2.64*** -2.55*** -2.47*** -2.71***

(0.86) (0.83) (0.77) (0.88)
s−8

t 0.29 0.29 1.91** 1.77**
(0.60) (0.58) (0.86) (0.77)

s−9
t -0.44*** -0.42*** -0.84*** -0.80***

(0.17) (0.16) (0.18) (0.17)
s−10

t 1.78* 1.75* 3.41*** 3.48***
(1.00) (0.96) (0.79) (0.87)

s−11
t 1.24** 1.17** 1.84*** 2.00***

(0.58) (0.57) (0.46) (0.50)
n 1553 1551 1551 1234
N 97 97 97 92
T 23 23 23 22
KP F-stat. 35.0 35.0 44.0 13.4
SY 10% 11.5 11.5 11.5 11.5
Bank FE No Yes Yes Yes
Country controls No No Yes Yes
Bank controls No No No Yes

Notes: The dependent variable is Slope10y−1y
t . The second part of the table shows the total number of observations

(n), the total number of Banks (N), the number of semesters (T), the Kleibergen-Paap F-statistic (KP F-stat.), and the
Stock-Yogo 10% bias-based critical value (SY 10%). Controls are gradually added as indicated. The standard errors
(in parentheses) are two-way clustered at the bank and the semester level. Asterisks indicate significance at the 1%,
5%, and 10% level (***p < 0.01, **p < 0.05, *p < 0.1).
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Table C.2: First Stage (Exchange Rate)

(1) (2) (3) (4)
s0

t 0.25** 0.25** 0.26*** 0.32***
(0.11) (0.11) (0.08) (0.10)

s−1
t 1.10** 1.09** 0.74 0.22

(0.45) (0.45) (0.45) (0.47)
s−2

t 0.29 0.31 0.42* 0.56**
(0.26) (0.25) (0.23) (0.22)

s−3
t -0.13* -0.13* -0.01 -0.02

(0.08) (0.08) (0.11) (0.09)
s−4

t -0.71* -0.71* -0.86*** 0.15
(0.42) (0.40) (0.29) (0.62)

s−5
t 0.11 0.11 -0.18 -0.30

(0.27) (0.26) (0.41) (0.40)
s−6

t 0.28*** 0.28*** 0.26*** 0.23***
(0.07) (0.07) (0.06) (0.05)

s−7
t 1.13* 1.11* 0.99 0.36

(0.67) (0.65) (0.66) (0.53)
s−8

t 0.57 0.57 0.17 0.20
(0.38) (0.37) (0.49) (0.39)

s−9
t -0.03 -0.03 0.06 -0.00

(0.08) (0.08) (0.10) (0.08)
s−10

t 0.16 0.14 -0.45 0.07
(0.46) (0.45) (0.54) (0.55)

s−11
t -0.86* -0.86* -1.04** -0.65

(0.47) (0.46) (0.43) (0.46)
n 1553 1551 1551 1234
N 97 97 97 92
T 23 23 23 22
KP F-stat. 24.7 24.7 17.0 14.3
SY 10% 11.5 11.5 11.5 11.5
Bank FE No Yes Yes Yes
Country controls No No Yes Yes
Bank controls No No No Yes

Notes: The dependent variable is E$,€
t . The second part of the table show the total number of observations (n),

the total number of Banks (N), the number of semesters (T), the Kleibergen-Paap F-statistic (KP F-stat.), and the
Stock-Yogo 10% bias-based critical value (SY 10%). Controls are gradually added as indicated. The standard errors
(in parentheses) are two-way clustered at the bank and the semester level. Asterisks indicate significance at the 1%,
5%, and 10% level (***p < 0.01, **p < 0.05, *p < 0.1).
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Table C.3: Components of Capital Ratios

log(Tier 1) log(RWAs) log(Tot. Assets)

(1) (2) (3) (4) (5) (6)

Slope10y−1y
t -0.11*** 0.03 -0.01

(0.02) (0.02) (0.02)

E$,€
t 0.21*** -0.06 0.01

(0.04) (0.04) (0.05)
n 1517 1517 1518 1518 1376 1376
N 97 97 96 96 96 96
T 23 23 23 23 23 23
KP F-stat. 43.8 17.1 43.3 17.1 26.8 8.2
SY 10% 11.5 11.5 11.5 11.5 11.5 11.5
Bank FE Yes Yes Yes Yes Yes Yes
Controls Yes Yes Yes Yes Yes Yes

Notes: The table shows 2SLS estimates of equation (2). The dependent variable is Tier 1 capital (1)-(2), RWAs (3)-(4),
and total assets (5)-(6), all in logs. The second part of the table shows the total number of observations (n), the total
number of Banks (N), the number of semesters (T), the Kleibergen-Paap F-statistic (KP F-stat.), and the Stock-Yogo
10% bias-based critical value (SY 10%). All regressions apply bank fixed effects. The controls are the country-level
variables. The standard errors (in parentheses) are two-way clustered at the bank and the semester level. Asterisks
indicate significance at the 1%, 5%, and 10% level (***p < 0.01, **p < 0.05, *p < 0.1).
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Table C.4: U.S. Treasury Holdings with Jarociński (2024) Shocks

(1) (2) (3) (4) (5) (6) (7) (8)

Slope10y−1y
t -0.13*** -0.09*** -0.09*** -0.08***

(0.03) (0.03) (0.02) (0.03)

E$,€
t 0.28*** 0.19*** 0.16*** 0.13**

(0.03) (0.04) (0.04) (0.05)
n 1333 1333 1331 1331 1331 1331 1170 1170
N 99 99 97 97 97 97 92 92
T 23 23 23 23 23 23 22 22
KP F-stat. 36.7 29.8 68.4 30.1 44.1 32.1 17.3 59.4
SY 10% 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5
Bank FE No No Yes Yes Yes Yes Yes Yes
Country controls No No No No Yes Yes Yes Yes
Bank controls No No No No No No Yes Yes

Notes: The table shows 2SLS estimates of equation (2). The dependent variable is the value of banks’ outright U.S.
Treasury holdings, normalized by total assets and expressed in percent. The second part of the table shows the
total number of observations (n), the total number of Banks (N), the number of semesters (T), the Kleibergen-Paap
F-statistic (KP F-stat.), and the Stock-Yogo 10% bias-based critical value (SY 10%). Controls are gradually added as
indicated. The standard errors (in parentheses) are two-way clustered at the bank and the semester level. Asterisks
indicate significance at the 1%, 5%, and 10% level (***p < 0.01, **p < 0.05, *p < 0.1).
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Table C.5: Capital Ratios with Jarociński (2024) Shocks

Tier 1 / RWAs Tier 1 / Tot. Assets

(1) (2) (3) (4)

Slope10y−1y
t -1.75*** -0.42***

(0.32) (0.11)

E$,€
t 2.43*** 0.60**

(0.72) (0.25)
n 1512 1512 1394 1394
N 97 97 97 97
T 23 23 23 23
KP F-stat. 88.2 47.6 38.8 33.0
SY 10% 11.5 11.5 11.5 11.5
Bank FE Yes Yes Yes Yes
Controls Yes Yes Yes Yes

Notes: The table shows 2SLS estimates of equation (2). The dependent variable is the Tier 1 capital ratio, the ratio of
Tier 1 capital to RWAs (1)-(2) and the Tier 1 leverage ratio, the ratio of Tier 1 capital to total assets (3)-(4), expressed
in percent. The second part of the table shows the total number of observations (n), the total number of Banks (N),
the number of semesters (T), the Kleibergen-Paap F-statistic (KP F-stat.), and the Stock-Yogo 10% bias-based critical
value (SY 10%). All regressions apply bank fixed effects. The controls are the country-level variables. The standard
errors (in parentheses) are two-way clustered at the bank and the semester level. Asterisks indicate significance at
the 1%, 5%, and 10% level (***p < 0.01, **p < 0.05, *p < 0.1).
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Table C.6: Leverage and Credit with Jarociński (2024) Shocks

(1) (2) (3) (4)

Slope10y−1y
t 1.90** 2.56**

(0.82) (1.06)

E$,€
t -3.82*** -4.77***

(1.36) (1.76)

Slope10y−1y
t × 1LRi,j,t<P33t -1.58**

(0.73)

E$,€
t × 1LRi,j,t<P33t 2.46*

(1.34)

1LRi,j,t<P33t -2.56*** -2.21***
(0.77) (0.71)

n 1194 1194 1194 1194
N 87 87 87 87
T 22 22 22 22
KP F-stat. 24.2 54.9 3.1 68.5
SY 10% 11.5 11.5 11.1 11.1
Bank FE Yes Yes Yes Yes
Controls Yes Yes Yes Yes

Notes: The table shows 2SLS estimates of equations (2) and (3). The dependent variable is credit extended domes-
tically, normalized by total assets and expressed in percent. The second part of the table show the total number of
observations (n), the total number of Banks (N), the number of semesters (T), the Kleibergen-Paap F-statistic (KP
F-stat.), and the Stock-Yogo 10% bias-based critical value (SY 10%). All regressions apply bank fixed effects. The
controls are the country-level variables. The standard errors (in parentheses) are two-way clustered at the bank and
the semester level. Asterisks indicate significance at the 1%, 5%, and 10% level (***p < 0.01, **p < 0.05, *p < 0.1).
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Table C.7: U.S. Treasury Holdings with the Raw Swanson (2021) Shocks

(1) (2) (3) (4) (5) (6) (7) (8)

Slope10y−1y
t -0.12*** -0.11*** -0.11*** -0.10***

(0.04) (0.03) (0.03) (0.03)

E$,€
t 0.28*** 0.23*** 0.20*** 0.12*

(0.06) (0.06) (0.06) (0.07)
n 1262 1262 1260 1260 1260 1260 1103 1103
N 98 98 96 96 96 96 92 92
T 22 22 22 22 22 22 21 21
KP F-stat. 39.6 21.0 36.7 22.3 23.7 12.4 17.5 10.1
SY 10% 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5
Bank FE No No Yes Yes Yes Yes Yes Yes
Country controls No No No No Yes Yes Yes Yes
Bank controls No No No No No No Yes Yes

Notes: The table shows 2SLS estimates of equation (2). The dependent variable is the value of banks’ outright U.S.
Treasury holdings, normalized by total assets and expressed in percent. The second part of the table shows the
total number of observations (n), the total number of Banks (N), the number of semesters (T), the Kleibergen-Paap
F-statistic (KP F-stat.), and the Stock-Yogo 10% bias-based critical value (SY 10%). Controls are gradually added as
indicated. The standard errors (in parentheses) are two-way clustered at the bank and the semester level. Asterisks
indicate significance at the 1%, 5%, and 10% level (***p < 0.01, **p < 0.05, *p < 0.1).
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Table C.8: Capital Ratios with the Raw Swanson (2021) Shocks

Tier 1 / RWAs Tier 1 / Tot. Assets

(1) (2) (3) (4)

Slope10y−1y
t -2.00*** -0.53***

(0.34) (0.11)

E$,€
t 3.65*** 1.11***

(0.76) (0.29)
n 1440 1440 1320 1320
N 96 96 96 96
T 22 22 22 22
KP F-stat. 36.5 15.0 22.6 11.4
SY 10% 11.5 11.5 11.5 11.5
Bank FE Yes Yes Yes Yes
Controls Yes Yes Yes Yes

Notes: The table shows 2SLS estimates of equation (2). The dependent variable is the Tier 1 capital ratio, the ratio of
Tier 1 capital to RWAs (1)-(2) and the Tier 1 leverage ratio, the ratio of Tier 1 capital to total assets (3)-(4), expressed
in percent. The second part of the table shows the total number of observations (n), the total number of Banks (N),
the number of semesters (T), the Kleibergen-Paap F-statistic (KP F-stat.), and the Stock-Yogo 10% bias-based critical
value (SY 10%). All regressions apply bank fixed effects. The controls are the country-level variables. The standard
errors (in parentheses) are two-way clustered at the bank and the semester level. Asterisks indicate significance at
the 1%, 5%, and 10% level (***p < 0.01, **p < 0.05, *p < 0.1).

xii



Table C.9: Leverage and Credit with the Raw Swanson (2021) Shocks

(1) (2) (3) (4)

Slope10y−1y
t 2.04** 2.78**

(0.92) (1.11)

E$,€
t -5.20*** -6.72***

(1.61) (1.77)

Slope10y−1y
t × 1LRi,j,t<P33t -1.80**

(0.70)

E$,€
t × 1LRi,j,t<P33t 3.83***

(1.12)

1LRi,j,t<P33t -2.45*** -2.36***
(0.69) (0.71)

n 1129 1129 1129 1129
N 87 87 87 87
T 21 21 21 21
KP F-stat. 14.9 9.1 61.5 6.6
SY 10% 11.5 11.5 11.1 11.1
Bank FE Yes Yes Yes Yes
Controls Yes Yes Yes Yes

Notes: The table shows 2SLS estimates of equations (2) and (3). The dependent variable is credit extended domes-
tically, normalized by total assets and expressed in percent. The second part of the table show the total number of
observations (n), the total number of Banks (N), the number of semesters (T), the Kleibergen-Paap F-statistic (KP
F-stat.), and the Stock-Yogo 10% bias-based critical value (SY 10%). All regressions apply bank fixed effects. The
controls are the country-level variables. The standard errors (in parentheses) are two-way clustered at the bank and
the semester level. Asterisks indicate significance at the 1%, 5%, and 10% level (***p < 0.01, **p < 0.05, *p < 0.1).
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Table C.10: U.S. Treasury Holdings with Quarterly Instruments

(1) (2) (3) (4) (5) (6) (7) (8)

Slope10y−1y
t -0.13*** -0.11*** -0.12*** -0.10***

(0.03) (0.03) (0.03) (0.03)

E$,€
t 0.16*** 0.14*** 0.14*** 0.10***

(0.03) (0.04) (0.04) (0.04)
n 1333 1333 1331 1331 1331 1331 1170 1170
N 99 99 97 97 97 97 92 92
T 23 23 23 23 23 23 22 22
KP F-stat. 24.2 16.8 20.1 18.2 19.3 18.1 14.1 9.4
SY 10% 10.8 10.8 10.8 10.8 10.8 10.8 10.8 10.8
Bank FE No No Yes Yes Yes Yes Yes Yes
Country controls No No No No Yes Yes Yes Yes
Bank controls No No No No No No Yes Yes

Notes: The table shows 2SLS estimates of equation (2). The dependent variable is the value of banks’ outright U.S.
Treasury holdings, normalized by total assets and expressed in percent. The second part of the table shows the
total number of observations (n), the total number of Banks (N), the number of semesters (T), the Kleibergen-Paap
F-statistic (KP F-stat.), and the Stock-Yogo 10% bias-based critical value (SY 10%). Controls are gradually added as
indicated. The standard errors (in parentheses) are two-way clustered at the bank and the semester level. Asterisks
indicate significance at the 1%, 5%, and 10% level (***p < 0.01, **p < 0.05, *p < 0.1).
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Table C.11: Capital Ratios with the Quarterly Instruments

Tier 1 / RWA Tier 1 / Tot. Assets

(1) (2) (3) (4)

Slope10y−1y
t -1.73*** -0.41***

(0.30) (0.10)

E$,€
t 2.06*** 0.52***

(0.37) (0.14)
n 1512 1512 1394 1394
N 97 97 97 97
T 23 23 23 23
KP F-stat. 12.2 15.8 17.2 15.9
SY 10% 10.8 10.8 10.8 10.8
Bank FE Yes Yes Yes Yes
Controls Yes Yes Yes Yes

Notes: The table shows 2SLS estimates of equation (2). The dependent variable is the Tier 1 capital ratio, the ratio of
Tier 1 capital to RWAs (1)-(2) and the Tier 1 leverage ratio, the ratio of Tier 1 capital to total assets (3)-(4), expressed
in percent. The second part of the table shows the total number of observations (n), the total number of Banks (N),
the number of semesters (T), the Kleibergen-Paap F-statistic (KP F-stat.), and the Stock-Yogo 10% bias-based critical
value (SY 10%). All regressions apply bank fixed effects. The controls are the country-level variables. The standard
errors (in parentheses) are two-way clustered at the bank and the semester level. Asterisks indicate significance at
the 1%, 5%, and 10% level (***p < 0.01, **p < 0.05, *p < 0.1).
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Table C.12: Leverage and Credit with Quarterly Instruments

(1) (2) (3) (4)

Slope10y−1y
t 1.77** 2.44**

(0.82) (1.02)

E$,€
t -2.75*** -3.57***

(0.99) (1.14)

Slope10y−1y
t × 1LRi,j,t<P33t -1.64**

(0.64)

E$,€
t × 1LRi,j,t<P33t 2.04***

(0.76)

1LRi,j,t<P33t -2.47*** -3.23***
(0.70) (0.83)

n 1194 1194 1194 1194
N 87 87 87 87
T 22 22 22 22
KP F-stat. 18.1 14.1 12.0 7.1
SY 10% 10.8 10.8 10.6 10.6
Bank FE Yes Yes Yes Yes
Controls Yes Yes Yes Yes

Notes: The table shows 2SLS estimates of equations (2) and (3). The dependent variable is credit extended domes-
tically, normalized by total assets and expressed in percent. The second part of the table show the total number of
observations (n), the total number of Banks (N), the number of semesters (T), the Kleibergen-Paap F-statistic (KP
F-stat.), and the Stock-Yogo 10% bias-based critical value (SY 10%). All regressions apply bank fixed effects. The
controls are the country-level variables. The standard errors (in parentheses) are two-way clustered at the bank and
the semester level. Asterisks indicate significance at the 1%, 5%, and 10% level (***p < 0.01, **p < 0.05, *p < 0.1).
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