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Abstract

Using an informationally-robust monetary policy instrument we identify a strong

heterogeneity in the monetary policy transmission across commercial banks. We show that

the degree of liquidity systematically influences how banks change their lending behavior

when faced with an unexpected change in monetary policy. Highly liquid banks (those

with excess reserves exceeding 1% of total assets) react with a significant expansion of

loans, whereas less liquid banks have a largely muted response. Finally, our instrument

allows us to distinguish between conventional and unconventional monetary policy. We

find that our results are qualitatively robust, but exhibit quantitative differences across the

different policy regimes.
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1 Introduction

What are the roles of bank liquidity and the information effect of monetary policy announce-

ments in determining commercial banks’ responses to monetary policy shocks? These questions

are motivated by the fact that at the peak of the Great Financial Crisis (GFC henceforth) the

Fed implemented unconventional (for that time) policies that relied on increasing transparency

and public communication, such as forward guidance, and on liquidity injections via large-scale

asset purchases (LSAPs henceforth)1 that significantly expanded the amount of excess liquidity

in the financial system. Commercial banks are at the core of the financial system and play a key

role in the transmission of monetary policy to the real economy through several channels.

Among the various transmission mechanisms that have been analysed in the literature two

are closely related to our questions, namely the bank-lending channel and the information

channel of monetary policy. First, the broad interpretation of the bank-lending channel2 predicts

that as long as banks are liquidity constrained they will contract their credit supply, while leaving

their securities portfolio unchanged, after a monetary tightening. Arguably, the assumption

of banks being at their liquidity constraint was largely valid until the early 1990’s. However,

making this assumption when looking at more recent data turns into a more difficult exercise.

As shown in figure 1, in the decades preceding the GFC the share of banks with high excess

liquidity was always below 20% of all banks and decreasing over time (i.e., largely in line

with the assumption of the bank-lending channel). However, the implementation of LSAPs to

mitigate the GFC reversed this trend, and after 2008Q3 the share of cash-liquid banks reached

almost 80% in 2011 and stabilizes above 60% by the end of our sample.3

Second, the information channel of monetary policy, as proposed by Nakamura & Steinsson

(2018), highlights that Fed announcements do not only affect beliefs about (the future path

of) monetary policy “but also about other economic fundamentals”. That is, economic agents

are also updating their beliefs about the economic outlook in reaction to Fed announcements.

Disregarding of the information content of Fed announcements leads to biased inference, as

has been manifested in long-standing puzzles in the literature on monetary policy shocks. For

example, Miranda-Agrippino & Ricco (2021) show that in reaction to a monetary contraction

established instruments, not accounting for the information effect, produce an expansion in

industrial production and a decline in the unemployment rate.

The changes in the financial system’s liquidity levels together with an increasing reliance

on central bank communication policies raises the question of whether banks’ reactions to

monetary shocks are still in line with pre-GFC estimates. Specifically, we first ask whether banks’

reactions to monetary policy shocks depend on their cash-liquidity levels and, second, whether

they also depend on the information effect from policy announcement.

In order to answer these questions, we employ a state-dependent lag-augmented (panel)

1This is also referred at times simply as quantitative easing (QE). We use both terms interchangeably throughout
this paper.

2The original formulation of this transmission mechanism is owed to the seminal contribution by Bernanke &
Blinder (1988, 1992).

3Figure B.1 in Appendix B splits figure 1 by size categories. Although, the share of liquid banks used to be
slightly larger among small banks in the early 1990s, the difference between them and large and medium banks
was imperceptible right before the financial crisis.
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Figure 1: Share of banks in the US with an excess reserves to total assets ratio exceeding 1%.

local projection instrumental variables (LP-IV) setup, which allows us to distinguish between

liquid and illiquid banks, and also to control for large sets of bank-level characteristics. We

further use an informationally-robust monetary policy instrument (MPI henceforth) following

Miranda-Agrippino & Ricco (2021). This instrument has two significant advantages: First, it is

orthogonal to both the central bank’s projections as well as past market surprises. And, second,

we can differentiate between aggregate, conventional and unconventional monetary policy

shocks.4

Our results highlight two key insights. First, monetary policy transmission crucially depends

on banks’ individual liquidity levels, as well as the resulting aggregate liquidity composition of

the banking sector, i.e., our findings depend on the inclusion of post-2007 data. In the pre-GFC

sample, we find supporting evidence for an active bank-lending channel independently of a

bank’s liquidity state, i.e., we find homogeneous bank responses. After a 100bp monetary policy

tightening banks reduce lending by five percent after four years (cumulative). Additionally,

we show that before the crisis the information channel had no significant effect on balance

sheet variables. Our full sample results, however, highlight that banks do react systematically

differently to monetary policy shocks depending on their liquidity state. In reaction to a 100bp

contractionary monetary policy shock, highly liquid banks show a cumulative increase in their

loan supply by six percent after two years. In contrast, illiquid banks show a largely muted

impulse response to the same shock. The reaction of illiquid banks in particular suggests that

the broad bank-lending channel is inactive in the US. Instead of observing a decline in the

credit supply of these banks, we find balance sheet adjustments of other assets only.

Second, as emphasized in various recent contributions on the information effect of monetary

policy, monetary policy instruments neglecting this effect ultimately deliver biased impulse

4Aggregate monetary policy refers to our instrument where we consider both conventional and unconventional
shocks simultaneously.
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response functions when used as external instruments in (S)VAR or local projections (LPs)

setups. In this regard we show that in our full sample analysis instrumenting the changes in

the policy rate with the high-frequency market-based surprises coming from Swanson (2021)

(which do not control for the information effect of monetary policy) lead to opposite reactions

of what our estimates depict when employing our own informationally-robust MPI in the

spirit of Miranda-Agrippino & Ricco (2021) or the informationally-robust monetary shock

series from Bu, Rogers & Wu (2021). This suggests that similar to the previously mentioned

long-standing puzzles in the monetary literature, informational robustness of MPIs leads to

qualitative differences in the dynamic consequences of monetary policy shocks.

These results are robust to a number of factors: We show that these differences are robust

to different lag specifications and to alternative liquidity thresholds. In fact, there is a clear

positive relationship showing a growing responsiveness with rising liquidity thresholds. The

qualitative responses of bank variables do not depend on the specific type of monetary policy

regime or tools. That is, when constructing our MPI only with the forward guidance and LSAP

factors from Swanson (2021) we still find the same qualitative differences across liquid and

illiquid banks. Our results show that the different policy dimensions do not yield different

impulse responses other than expected quantitative differences.

Let us relate our findings to the literature. First, we contribute to the empirical literature

on the bank-lending channel by showing that banks’ credit supply decision crucially depends

on their cash-liquidity levels when including post-2007 data in our analysis. This strand of

the literature can be traced back to the seminal contribution by Bernanke & Blinder (1992),

who developed a simple VAR model to asses the relevance of the bank-lending channel using

U.S. data. Other studies have built on Bernanke & Blinder’s approach by looking at different

categories of bank loans (see, e.g., den Haan, Sumner & Yamashiro (2007, 2009), Dave, Dressler

& Zhang (2013) and Greenwald, , Krainer, Paul & and (2020)), or by focusing on the housing

market (see Iacoviello & Minetti (2008)). Other related studies analysing bank-level data (see,

e.g., Kashyap & Stein (1994, 2000), Cetorelli & Goldberg (2012), Cao & Dinger (2018) and

Eggertsson, Juelsrud, Summers & Wold (2019)) or a mix between aggregate and micro-level

data (see, e.g., Carpenter & Demiralp (2012) or Dave et al. (2013)) have found mixed evidence

on the presence of an active lending channel. To the best of our knowledge, our contribution

is the first to shed some light into the systematically different responses based on bank-level

cash-liquidity after both conventional and unconventional monetary shocks.

Second, our paper further contributes to the literature on monetary policy shocks and

the relevance of informational effects conveyed around monetary policy announcements. Our

contribution lies in contrasting high-frequency market-based surprises with informationally

robust shocks. We show the importance of information effects in determining the impact of

monetary policy shocks on key bank variables using informationally-robust monetary policy

instruments a la Miranda-Agrippino & Ricco (2021).

Related to the high-frequency shock identifying literature, early path-setting contributions

are Kuttner (2001) and Gürkaynak, Sack & Swanson (2005). The key element of these methods

is to examine changes in a benchmark rate in 30-minute windows around FOMC announcements.

For example, in Jarociński & Karadi (2020) this is done for the three-months Federal Funds
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futures rate, and in Barakchian & Crowe (2013) a factor model using different futures contracts

is being employed, whereas in Nakamura & Steinsson (2018) as well as Swanson (2021) the

market surprises are extracted through principal components analyses using a number of Fed

Funds futures with different maturities; where the latter is identifying separate effects of the

Fed Funds rate, forward guidance and LSAPs, respectively. High-frequency identified shocks are

able to bridge periods of conventional and unconventional monetary policy, a key characteristic

that has made them more appealing since the onset of the GFC compared to, e.g., a narrative

approach as in Romer & Romer (2004). However, recently, a number of studies have highlighted

the relevance of the “information channel” of monetary policy. Among others, this includes

Hoesch, Rossi & Sekhposyan (2020), Jarociński & Karadi (2020), Cieslak & Schrimpf (2019)

and Nakamura & Steinsson (2018). The major insight of this literature’s strand is that unbiased

monetary policy instruments need to account for the information effect of monetary policy

adjustments. Popular instruments such as the Gürkaynak et al. (2005) or Swanson (2021) high-

frequency market surprises do not control for these information effects. Bu et al. (2021) also

show that Jarociński & Karadi (2020)’s series still contains an information effect. In contrast,

Miranda-Agrippino & Ricco (2021) (as well as Bu et al. (2021)) develop an approach to control

for these information effects allowing them to find a solution for long-standing puzzles in

the monetary policy literature, as further documented in Ettmeier & Kriwoluzky (2019). In

this spirit, our contribution is to show that failing to control for the information channel of

monetary policy leads to significant qualitative differences when employing such monetary

policy instruments in a macro-finance setup.

Finally, the econometric specification is closely related to the recent branch of the empirical

literature on estimating impulse response functions using local projections (LPs henceforth)

following Jordà (2005). This rapidly evolving literature shows that LPs are not only more flexible

in estimating dynamic responses than standard SVAR models by imposing less restrictions

(see, e.g., Ramey (2016)), but also that the impulse responses are the same as the ones from

VARs (see, e.g., Plagborg-Møller & Wolf (2021)). Recently, Montiel Olea & Plagborg-Møller

(2021) prove that lag-augmented LP models, i.e., models that include sufficient lags of the

variables in the regressions as controls, yield robust estimates even at longer horizons or if

the data is highly persistent. Additionally, Montiel Olea & Plagborg-Møller (2021) show that

by including enough lags as controls, i.e., in a lag-augmented LP model, there is no need to

compute Heteroskedasticity and Autocorrelation Robust (HAR) standard errors and that the

simple Eicker-Huber-White heteroskedasticity-robust standard errors are sufficient since, under

weak assumptions, the regression scores are serially uncorrelated. Our approach to estimate

dynamic responses of key banks’ balance sheet items is based on the “external instruments”

insights obtained by Mertens & Ravn (2013) and Stock & Watson (2012, 2018), given that we

instrument the changes in the policy rate with our informationally-robust MPIs when estimating

our lag-augmented LP models.

The following sections are organized as follows: Section 2 briefly describes our data, and

section 3 describes the construction of our monetary policy instrument. In section 4 we present

the empirical setup using lag-augmented LP-IV models. The results of our quantitative exercise

are given in section 5. Finally, section 6 concludes.
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2 Data

Our analysis draws on several data sources. First, for the construction of our MPIs, we use the

high-frequency policy factors from Swanson (2021) and the Philadelphia Fed’s Greenbook data

set.5 The high-frequency data from Swanson (2021) covers the period from 1990Q1 to 2019Q3.

Because the Fed’s Greenbook data is published with a five year lag, our MPI construction ends

in 2015m12 (or 2015Q4 at quarterly frequency).6

Balance sheet data is taken from the Consolidated Report of Condition and Income ( “Call

Reports”). These reports include detailed information on a number of key variables, allowing us

to obtain our estimates of interest while incorporating a broad set of bank-level controls in our

subsequent analysis. The details of the excess reserves construction can be found in the Data

Appendix A.1.1. We then merge this with excess reserves information from Afonso, Armenter

& Lester (2019). Specifically, we use and extend their procedure to obtain bank-level data on

excess and required reserves prior to 2007, which is the earliest year in Afonso et al. (2019)’s

calculations.7 A minor drawback of this approach is that it requires regulatory information that

only banks with at least $300 million in total assets have to regularly report. Nevertheless, the

majority of reserves are held in these large institutions as shown in Afonso et al. (2019).

Finally, our full sample period starts in 1990Q1 and ends in 2016Q4, and contains close to

250,000 bank-quarter observations.

3 An Informationally-Robust Monetary Policy Instrument

The construction of our monetary policy instrument closely follows that in Miranda-Agrippino

& Ricco (2021). We combine the high-frequency identification of Swanson (2021) with the

narrative approach in Romer & Romer (2004). This combination ensures that the resulting MPI

picks up both market surprises and changes in the monetary policy stance not due to current

or anticipated economic conditions.8 Further controlling for informational rigidities (such

as the slow absorption of information) allowed Miranda-Agrippino & Ricco (2021) to solve

long-standing empirical puzzles in the monetary policy literature. Therefore, we are following

the same steps in our construction. Appendix C.1 shows the construction of an additional

feature of using a moving average of the raw shocks weighted by the number of days in the

month after the shock occurs, see Ottonello & Winberry (2020). This ’smooth aggregation’

further accounts for the fact that shocks occurring at the end of some given month m may

unfold their full impact in the month following, m+1. This smoothing procedure is motivated

by the fact that the underlying variables of, for example, banks cannot always be quickly and

fully adjusted to a monetary policy shock. This goes beyond the above considerations regarding

the slow absorption of information. Appendix C.1 provides more details on this method and

5Available at https://www.philadelphiafed.org/surveys-and-data/real-time-data-research/greenbook.
6However, because the analysis is based on an instrumental variables approach, the effective observation period

is driven by our balance sheet data.
7They calculate excess reserves at the bank-level from 2007Q1 until 2016Q4.
8The latter would not facilitate a monetary policy shock since the central bank publishes its economic forecasts

a week prior to each scheduled FOMC meeting.
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the construction of the smoothing weights. The next paragraphs turn back to the construction

of our baseline monetary policy instruments.

The procedure involves four steps. In the first step, the high-frequency market based

surprises in the fourth federal funds futures (FF4) market around FOMC announcements is

projected on the Federal Reserve’s Greenbook forecasts and forecast revisions for real output

growth, inflation (measured as the GDP deflator) and the unemployment rate. This step is

similar to the Romer & Romer (2004) method and controls for the central bank’s private

information. Thus, in the first step we run the following regression at FOMC meeting frequency

F F4m = α0 +
3
∑

j=−1

θ j F
cb
m xq+ j +

2
∑

j=−1

ϕ j

�

F cb
m xq+ j − F cb

m−1 xq+ j

�

+M PIm, (1)

where F F4m denotes the high-frequency market-based surprise around meeting m stem-

ming from Swanson (2021)’s series.9 Furthermore, F cb
m xq+ j denotes Greenbook forecasts

for the vector of variables x at horizon q + j that are assembled prior to each meeting, and
�

F cb
m xq+ j − F cb

m−1 xq+ j

�

denotes revisions to forecasts between consecutive FOMC meetings. The

forecast horizon is expressed in quarters, and q denotes the current quarter. The residual of the

first step, M PIm, delivers an instrument for monetary policy shocks that reflects changes in the

monetary policy stance that cannot be accounted for by the central bank’s information set, nor

the information transfer to market participants.

Next, in the second step, we aggregate the daily M PIm from the previous step to a monthly

frequency. This happens through a simple summation of all intra-monthly daily shocks

M PI t =
I
∑

i=1

M PIi,t , (2)

where M PIi,t reflects the i’th FOMC announcement-specific M PIm in month t.

In the third step we further account for the slow absorption of information by the agents by

removing the autoregressive component in the monthly surprises M PI t .
10 In order to to so, we

run the following autoregressive setup

M PI t = φ0 +
12
∑

j=1

φ j M PI t− j +M PIt . (3)

Finally, aggregating the residuals of equation (3) to the quarterly frequency denotes our

monetary policy instrument M PIt .
11 The resulting M PIt is now orthogonal to both past high-

frequency market-based surprises and the information set of the central bank.

9Swanson (2021)’s method is largely identical to Gürkaynak et al. (2005), extending that analysis with the
identification of a third, LSAP, factor.

10As mentioned by Miranda-Agrippino & Ricco (2021), this is a trademark of models of imperfect information,
see e.g. Coibion & Gorodnichenko (2015).

11Note that in non-meetings months the M PIt is equal to zero.
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3.1 Conventional versus Unconventional Monetary Policy

Our monetary policy instrument covers the period 1992m8-2015m12 and therefore a significant

amount of time with two different monetary policy regimes. Traditional instruments, such as

that of Romer & Romer (2004), cannot be used during the zero-lower bound (ZLB) period. The

dependent variable (i.e., the Fed’s Federal Funds Rate target) for a narrative identification of

conventional monetary policy shocks is, of course, not available at the ZLB.

Because our MPI builds on the three factors identified in Swanson (2021), we can not

only overcome these problems (due to the high-frequency identification approach), but also

embrace the fact that our analysis covers two monetary policy regimes. Hence, we perform the

steps described in section 3 for the three different MPIs we can utilize in our empirical setup.

The first version of our MPI denotes the total policy shock, M PI tot
t , in a given period. The next

version covers conventional monetary policy only, denoted by M PI con
t and is constructed using

the first factor of the Swanson-series only. Finally, our last instrument is obtained by using the

second and third factors from the Swanson-series. We denote this factor by M PIump
t , covering

unconventional monetary policy stemming both from forward guidance and LSAPs factors.

Figure (2) shows the three MPIs at quarterly frequency. Figure B.2 in appendix B plots our MPI

against the market-based surprises (at the more detailed monthly frequency).

Figure 2: MPItot (blue), MPIcon (green) and MPIump (red), the residuals to Eq. (3) for each of
the three specifications, plotted for the period 1992q3-2015q4.

The following section will develop the empirical model where we employ our

informationally-robust MPIs to account for exogenous monetary policy shocks and their effects

on balance-sheet variables.
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4 Local Projections Instrumental Variables Models

For our analysis we are mostly interested in the reactions of key balance sheet variables that

are related to the bank-lending channel. Hence, we obtain the dynamic responses by estimating

two Local Projections Instrumental Variables (LP-IV) models (see Jordà (2005) and Stock &

Watson (2018)) using our panel of US banks described in section 2. The assets of interest are

bank-level total, required and excess reserves, total loans, commercial and industrial loans

(C&I loans, henceforth), real estate loans, consumer loans, liquid securities, cash and total

assets. On the liability-side of the balance sheet we are interested in total deposits and total

capital. All variables are deflated by the CPI.

4.1 Linear Model

The baseline LP-IV model we estimate is a simple linear model. Thus, the dynamic average

cumulative response of the variable of interest zt at horizon h is computed by estimating the

following panel regression

zi,t+h − zi,t−1 = αi,h +µ j,h + γh t + β IV
h ∆rt +ψ

BS
h (L)yi,t +ψ

M
h (L)x t + εi,t+h, (4)

for h= 0, 1, ..., H and where ∆rt denotes the change in the effective federal funds rate, which

is instrumented by our MPIs. Coefficient αi,h stands for bank fixed effects (hence, i for the

cross-section), µ j,h are fixed effects for any region j, and t is a time trend. Both ψBS
h (L) and

ψM
h (L) are polynomials in the lag operator (L = 4), associated with a vector of balance-sheet

controls, yi,t , and a vector of macroeconomic regressors, x t , respectively. The balance-sheet

controls in ψBS
h (L) include the bank’s capitalization ratio, securities to total assets ratio, and

lags of the dependent variable, zi,t−1. The vector of macroeconomic controls, ψM
h (L), contains

lags of our MPI, GDP growth, industrial production log-differences and the unemployment rate.

4.2 State-Dependent Model

The linear model presented in equation 4 allows us to identify the average effect of a monetary

policy shock on our variables of interest. In order to find out whether bank liquidity plays a

role in the transmission of monetary policy, we now develop a state-dependent model.

The level of excess reserves determines our two states for cash-liquid and cash-illiquid

banks. Let 1t = 1 if ERt/TAt > 1%, and 1t = 0 otherwise. Similarly to the linear model, we

estimate the dynamic average cumulative responses in the following state-dependent model

zi,t+h − zi,t−1 = 1t

�

αR
i,h +µ

R
j,h + γ

R
h t + βR,IV

h ∆rt +ψ
R,BS
h (L)yi,t +ψ

R,M
h (L)x t

�

+ . . .

· · ·+ (1−1t)
�

αB
i,h +µ

B
j,h + γ

B
h t + βB,IV

h ∆rt +ψ
B,BS
h (L)yi,t +ψ

B,M
h (L)x t

�

+ εi,t+h,

(5)

for h = 0,1, ..., H, and where coefficients {βR,IV
h }Hh=0 and {βB,IV

h }Hh=0 trace out the response

of the dependent variable, zt , to a +100bp shock in the liquid (red) and illiquid (blue) state,
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respectively.

5 Results

In this section we present the estimated dynamic responses of both models to an unexpected

contractionary monetary policy shock. For our linear model we perform pre-GFC, post-GFC, and

full-sample estimations. Due to data limitations on excess reserves (as well as the Greenbook

data), the state-dependent estimations are performed for the pre-GFC and full-sample period.

5.1 Pre-GFC Estimates

For the pre-GFC sub-sample (1990Q1-2007Q4) the linear model provides supporting evidence

for an active bank-lending channel, as can be seen in figure 3. As the bank-lending channel

predicts, after a contractionary shock, total loans show a cumulative fall of 4% after 16 quarters,

as depicted by the top-left panel, while top-right panel shows a similar reaction of total deposits.

The lower panels show that total capital oscillates around zero and securities fall rapidly and

in a persistent way.

The fact that our results support an active bank-lending channel prior to the GFC is in

contrast to the findings by Carpenter & Demiralp (2012). However, in Carpenter & Demiralp

(2012) monetary policy shocks are identified via Choleski ordering. Hence, we consider that our

informationally-robust MPIs allows us to disentangle any information effects behind the results

in Carpenter & Demiralp (2012) and to overcome the strong implications such an ordering

imposes on the results.12

It is useful to further decompose the impulse responses of total loans into their main compo-

nents. Figure 4 presents the dynamic reaction of total loans and the three main components, i.e.,

C&I, real estate and consumer loans. While the response of consumer loans remains insignificant

for most of the impulse horizon, we can observe that C&I and real estate loans are the main

drivers of the reduction in total loans.

Figure 5 below plots the estimates of the state-dependent pre-GFC model. Looking at

the results, we are able to identify homogeneous bank responses. In other words, before the

financial crisis and the current monetary regime of ample liquidity, banks with excess reserves

(i.e., those with ample liquidity) reduced their credit supply in similar fashion to illiquid banks.

Although we identify homogeneous bank responses in the pre-GFC sample, the reactions

of excess reserves and consequently, of total reserves, do differ from each other. This is not

surprising given that we define our two states using exactly this variable. Nevertheless, it is

interesting to see the responses of the central bank’s liabilities held by the commercial banking

system. Therefore, figure 6 depicts the cumulative responses for cash, required (RR), excess

(ER) and total reserves (TR).13 Similar to the variables in figure 5, the top right and bottom

right panels in figure 6 demonstrate that cash and required reserves do not differ among liquid

and illiquid institutions. However, excess and total reserves indicate that illiquid banks, after

12Note further that the drop in banks’ securities is in line with what Miranda-Agrippino & Ricco (2021) have
found.

13Note that figure 6 depicts the same setup as in figure 5, only for the different set of dependent variables.
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Figure 3: Cumulative responses (in %) to a +100bp monetary shock. Dark-gray and light-gray
shaded areas are 65% and 90% confidence bands, respectively.

Figure 4: Cumulative responses (in %) to a +100bp monetary shock. Dark-gray and light-gray
shaded areas are 65% and 90% confidence bands, respectively.
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Figure 5: Cumulative responses (in %) for liquid (dash) and illiquid (solid) banks to a +100bp
monetary shock. Dark-gray and light-gray shaded areas are 65% and 90% confidence bands,
respectively.

Figure 6: Cumulative responses (in %) for liquid (dash) and illiquid (solid) banks to a +100bp
monetary shock. Dark-gray and light-gray shaded areas are 65% and 90% confidence bands,
respectively.
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an initial decline, remain fairly stable in the first two years after the shock. On the other hand,

liquid banks reduce their excess liquidity in a significant manner, cumulatively contracting it by

50% after four years.

All in all, the pre-crisis results from the linear and state-dependent model are in line with

each other and show not only that banks’ reactions to monetary policy shocks are, in general,

independent of their liquidity levels, but also that the (broad) bank-lending channel was active

until the eave of the financial crisis.

5.2 Full Sample Estimates

The results in this section are based on our full sample, which starts in 1990Q1, includes the

GFC and the period until 2016Q4. In contrast to the pre-GFC results, the full sample estimates

indicate that the bank-lending channel in the U.S. is inactive.

Figure 7 is the full sample analog of figure 3, i.e., it presents the same four panels for the

linear model. The figure shows that the bank-lending channel is clearly inactive. Including

periods of significant excess liquidity in the banking system causes total loans to exhibit a

steady cumulative increase in reaction to a contractionary monetary polciy shock, peaking at

around 3% after 9 quarters. It takes more than three years to see any contraction in total loans.

Moreover, total deposits do not fall after a contractionary shock anymore, but rather move

Figure 7: Cumulative responses (in %) to a +100bp monetary shock. Dark-gray and light-gray
shaded areas are 65% and 90% confidence bands, respectively.

around zero, while total capital increases by one percent after one year and then decline to

−2% after 16 quarters. Banks’ total securities show a clear and relatively strong decline. This

12



is in line with what Miranda-Agrippino & Ricco (2021) have found in reaction to a monetary

contraction.

What is driving this new and counter-intuitive response of total loans? Figure 8 provides an

answer by again looking at the main constituents of total loans. From the bottom panels it is

evident that real estate and consumer loans are behind the total loans increase. Meanwhile,

Figure 8: Cumulative responses (in %) to a +100bp monetary shock. Dark-gray and light-gray
shaded areas are 65% and 90% confidence bands, respectively.

C&I loans remain unchanged for the first 3 years after the policy shock and decline to −5%

after 16 quarters. A similar but smaller delayed fall is also present in real estate loans, and thus,

total loans decline, to a lesser extend, after 14 quarters.

Turning to figure 9, we identify heterogeneous bank responses by looking into the results

from the state-dependent model for the full sample. The top-left panel shows that after a

contractionary shock, liquid banks react with a cumulative increase of six percent in their credit

supply after two years, while illiquid banks present a largely muted impulse response. Moreover,

total deposits and total capital decrease now only for the illiquid banks. In contrast, liquid

banks see an increase in both total capital and deposits. Note also that while illiquid banks

reduce their securities portfolio in a significant manner, liquid banks are able to maintain their

portfolios largely unchanged.

Finally, comparing the pre-GFC reactions of cash and reserves (see figure 6) with the full

sample estimates given in figure 10 we see that while required reserves are still moving together,

cash holdings for illiquid banks do not decline anymore. In fact, similar to the evolution of

excess and total reserves, illiquid banks increase their liquid holdings on impact and also

persistently. On the other hand, liquid banks present a similar overall response to the pre-crisis

13



Figure 9: Cumulative responses (in %) for liquid (dash) and illiquid (solid) banks to a +100bp
monetary shock. Dark-gray and light-gray shaded areas are 65% and 90% confidence bands,
respectively.

estimates, only with larger initial reductions.

Our full sample results are in stark contrast with the estimates prior to the financial crisis.

Not only do we now identify a systematic difference between the responses of illiquid and

liquid banks, but we also show that the bank-lending channel is inactive. As counter-intuitive

as it might appear, our full sample results demonstrate that banks’ loans rise after a monetary

policy contraction if there is an abundance of central bank liquidity, as has been the case since

the on-set of the GFC. In what follows we document a battery of robustness tests to our baseline

estimation results presented above.

5.3 Post-GFC Estimates

One limitation of the state-dependent model is that due to data availability we cannot estimate

it using only post-crisis data. On the one hand our data set necessary to calculate bank-level

excess reserve holdings is only available until the end of 2016 (see appendix A.1.1 for more

details). On the other hand, Greenbook forecasts are also only available until 2015 preventing

us to extend our informationally-robust MPIs beyond that date.

Thus, in this subsection, in order to estimate dynamic responses for the post-crisis period

we rely exclusively on the linear model. Additionally, we employ the monetary policy shock

series identified by Bu et al. (2021), which is, similar to our MPI, robust to information effects

and has the additional perk of being available until 2019Q3.

Figure 11 depicts cumulative responses to a 100bp tightening shock using Bu et al. (2021)’s
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Figure 10: Cumulative responses (in %) for liquid (dash) and illiquid (solid) banks to a +100bp
monetary shock. Dark-gray and light-gray shaded areas are 65% and 90% confidence bands,
respectively.

shock series as a policy instrument. Bank loans increase by almost 50% after 8 quarters, while

deposits fluctuate around a 20% increase after the first year. Moreover, total securities fall and

total capital rises.

Zooming in into the main components of total loans, figure 12 shows a very similar reac-

tion across C&I, real estate and consumer loans. All three lending variables increase after a

contractionary shock. Two years after the shock C&I loans do so by 30%, real estate loans rise

by 40%, and consumer loans by close to 45%.

The magnitude of these responses are close to an order of magnitude larger than the

full sample estimates using our own informationally-robust MPIs above. Nevertheless, the

cumulative responses (using the Bu et al. (2021) series) during the pre-crisis sample (see figure

C.3 and C.4 in the appendix) depict similar magnitudes as figure 3 above which is based on our

own MPI. For example, total loans and deposits decline by approximately 5% after two years.

All in all, the post-GFC sample estimates suggest that our full sample estimates presented

previously are a conservative lower bound on the rise of banks’ loans and deposits after a

tightening shock since our results in this subsection are significantly larger.

5.4 The Information Effect of Monetary Policy on Banks’ Variables

In order to highlight the importance of accounting for the informational effect contained in high-

frequency identified shock series we now reproduce full sample estimates of the state-dependent
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Figure 11: Cumulative responses (in %) to a +100bp monetary shock. Dark-gray and light-gray
shaded areas are 65% and 90% confidence bands, respectively.

Figure 12: Cumulative responses (in %) to a +100bp monetary shock. Dark-gray and light-gray
shaded areas are 65% and 90% confidence bands, respectively.
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model using the sum of the three factors identified by Swanson (2021).14

Figure 13: Cumulative responses (in %) for liquid (dash) and illiquid (solid) banks to a +100bp
monetary shock. Dark-gray and light-gray shaded areas are 65% and 90% confidence bands,
respectively.

Figure 13 provides impulse responses for the full sample using the raw shock series from

Swanson (2021) rather than the informationally-robust instruments developed in section 3

above. In contrast to figure 9 we see that not taking into account the information effect of

monetary policy generates qualitatively different responses only for liquid banks. More con-

cretely, liquid banks’ total loans, deposits and capital decline now after a monetary contraction,

i.e. taking the opposite sign of what we have found before. Focusing on the main components

of total loans in figure 14 we see that real estate and C&I loans fall by around 5% after two

years. However, once we control for the informational effects, as we do in figure 15, we see

that C&I loans do not react significantly and that real state loans actually increase for liquid

banks driving the total loans expansion among this group.

Hence, if we do not take into account the information effect of monetary policy on banks’

lending variables, especially real estate loans, one might consider that the bank-lending channel

was not affected by the GFC and the resulting changes in liquidity levels in the commercial

banking system. However, taking this effect into consideration demonstrates that monetary

policy shocks affect bank lending in a counterintuitive way. Irregardless of the differences

between the informationally-robust MPIs used in our study and the Swanson control series, we

find for all specifications including post-2007 data significant heterogeneity across cash-liquid

14The results of the pre-GFC sample using this raw shock series are depicted in figures C.5 and C.6 in appendix
C. These impulse responses are similar to the ones presented in figure 5 above.
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Figure 14: Cumulative responses (in %) for liquid (dash) and illiquid (solid) banks to a +100bp
monetary shock. Dark-gray and light-gray shaded areas are 65% and 90% confidence bands,
respectively.

Figure 15: Cumulative responses (in %) for liquid (dash) and illiquid (solid) banks to a +100bp
monetary shock. Dark-gray and light-gray shaded areas are 65% and 90% confidence bands,
respectively.
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and cash-illiquid banks.

5.5 Robustness

In our robustness analyses we focus mainly on three points: What are the different contributions

of conventional (i.e., the federal funds factor in Swanson (2021)) and unconventional (i.e., the

forward-guidance and LSAPs factors in Swanson (2021)) monetary policies? Are the results

sensitive to the choice of our liquidity threshold? Finally, how robust are our baseline estimations

to alternative lag specification?

In order to answer the first question we re-estimate our two models for the two sub-samples

using our regime-specific MPIs instead of the total MPI depicting the full impact of both types of

monetary policy instruments. For the second question we have repeated our exercise with two

alternative liquidity thresholds at 0.5% and 2% (of total assets) excess reserves, respectively. To

address the third and final point we employ two alternative lag specifications, one with fewer

lags, L = 1, than the baseline (recall that L = 4 in the baseline results), and one with more

lags, L = 6.

As we will show below, our results remain qualitatively stable and exhibit only expected

quantitative changes.

5.5.1 Conventional versus Unconventional Monetary Policy

Figures C.7 and C.8 in Appendix C show the impulse responses of our variables of interest to

our two alternative MPIs (MPIcon, MPIump). Similar to Swanson (2021) we find that both con-

ventional and unconventional measures of monetary policy exhibit an equivalent impact on the

economy. We also find that the heterogeneity between liquidity constrained and unconstrained

banks remains stable across all three of our analyses (total, conventional, unconventional) and

for almost all variables of interest.

The biggest differences we can observe occur in banks’ securities, total capital and deposits

when comparing an unconventional monetary policy (UMP) shock with the two alternatives.

After a contractionary UMP shock, illiquid banks increase their securities and total capital now,

although this increase is smaller than the one for liquid banks. Despite the fact that deposits

from illiquid banks do not fall in this case, their reaction is significantly lower than for liquid

banks. Nevertheless, the main finding of our previous analyses still holds: there is a clear

heterogeneity in the loan supply of liquid (rising supply) and illiquid banks (muted reaction).15

5.5.2 Different Liquidity Thresholds

Figures C.9 and C.10 in Appendix C show the impulse responses of our variables of interest to

two alternative liquidity threshold. Our baseline liquidity threshold at 1% excess reserves as of

total assets is driven by two concerns: Choosing an economically sensible choice requires us to

15Note that in contrast to the conventional factors, a one-standard deviation shock to the LSAP factor in Swanson
(2021) exhibits its major impact on the longer end of the yield curve. In order to achieve a 100bp effect on the
federal funds rate, we have to send an unusually large shock into the system, explaining the magnitudes found in
figure C.8.
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set the threshold not too low. However, data limitations also dictate us to not set this bar too

high. We consider the 1% threshold to be the optimal choice for two reasons: It largely evenly

splits the observations around the mid 2000s while also not having a too extreme split at the

very beginning and end of our observation period. Second, it is reasonable to assume that any

banks beyond that threshold are holding reserves not only for liquidity buffer concerns but

simply out of an abundance of liquidity on their balance sheets.

In light of these considerations it is therefore not surprising that there is a less pronounced

heterogeneity across the two groups when performing our analysis for a lower, 0.5% threshold,

as shown in figure C.9. However, we can still observe qualitatively similar results to our baseline

threshold: The loan supply of liquid banks is unambiguously positive, whereas illiquid banks’

loan supply roughly nets out at zero over the impulse horizon.

As expected, figure C.10 further strengthens the heterogeneity in impulse responses. These

experiments show that the heterogeneous reactions across banks can indeed be traced back to

our dimension of heterogeneity: Bank liquidity crucially matters in the determination of the

effects of monetary policy.

5.5.3 Alternative Lag Specifications

Finally, figures C.11 and C.12 in Appendix C show the impulse responses of our variables

of interest using 1 lag and 6 lags, respectively. The main findings can be observed in both

alternative lag specifications: Our qualitative results are completely robust to different lag

specifications and the heterogeneity between our two liquidity groups remains as well. However,

some variables’ reactions show different magnitudes. For example, while in our baseline model

the peak increase in total loans from liquid banks is 6%, using one lag only pushes this peak

up, close to 18%. On the other hand, using six lags instead lead to a smaller peak increase in

liquid bank’s total loans of 2%, as can be seen in figure C.12.

Regardless of the lag specification, our baseline specification’s result remains unchanged,

i.e., liquid banks increase their total loans and illiquid banks show a muted response after a

contractionary policy shock.

6 Conclusion

In this paper we asked whether banks’ reactions to monetary policy shocks depend on their

liquidity levels and whether their responses are sensitive to informational effects of Fed an-

nouncements. To answer these questions we first constructed informationally-robust MPIs,

following the approach of Miranda-Agrippino & Ricco (2021). These instruments allow us to

avoid long-standing empirical puzzles following monetary policy shocks. We use these MPIs as

proxies for monetary policy shocks when estimating dynamic responses of key balance-sheet

variables via Local Projections.

Our findings suggest that prior to the GFC, banks had homogeneous responses, i.e., their

reaction to monetary shocks do not differ when conditioning on their liquidity levels, and

that the information channel does not systematically affects banks’ reactions. This provides

20



supporting evidence for an active bank-lending channel in the U.S. for the period preceding

the GFC.

In contrast to the pre-crisis period, estimates including the GFC and the years following

show a clear heterogeneity in impulse responses of key bank balance sheet variables in reaction

to contractionary monetary policy shocks. Most prominently, total deposits and total loans of

cash-liquid banks exhibits an expansionary reaction to contractionary monetary policy shocks.

Further, cash illiquid banks show a largely muted reaction to contractionary monetary policy

shocks. These results do not support the bank lending channel and suggest that the bank lending

channel is inactive in the U.S. data. Our analysis shows that real estate and consumer loans

are the driving factors of the increase in total lending shown for liquid banks. Additionally,

we show that in our full sample estimates the information channel significantly affects the

reactions of cash-liquid banks to monetary shocks.

Finally, we have performed a number of robustness checks, showing that the force behind the

heterogeneity we have identified is indeed the liquidity dimension of our paper. Our results are

not sensitive to the type of monetary policy (conventional versus unconventional), they show a

clear positive relationship between the degree of liquidity and the heterogeneity between banks,

and we show that alternative lag specifications of our LP-IV model do not impact our results.

Neither illiquid banks (nor liquid banks) exhibit the behavior predicted by the bank-lending

channel.
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Appendix

A Data

A.1 Balance Sheet Variables

The sample between 1990Q1 and 2000Q4 was taken from the Chicago Fed web page,I and the

sample from 2001Q1 until 2019Q3 directly from the Federal Financial Institutions Examination

Council.II

For the individual variables I constructed the key time series following Kashyap & Stein

(2000). Total loans is taken from rcfd2122 (“Total Loans and Leases, Net of Unearned Income”)

between 1990Q1 and 2000Q4, and from rcfdb529 (“Loans and Leases, Net of Unearned Income

and Allowance”) thereafter.III C&I loans are taken between 1990Q1 and 2000Q4 from rcfd1600

and rcon1766 for the remaining of the sample (if rcfd1600 or rcon1766 was missing, I used

the sum of rcfd1763 and cfd1764). Real estate loans can be found using item rcfd1410 (“Loans

secured by real estate”), and if a bank is missing this item then real estate loans are given by

the sum of rcon1415 (replaced by the sum of rconf158 and rconf159 after 2008), rcon1420,

rcon1797, rcon5367, rcon5368, rcon1460 and rcon1480 (replaced by the sum of rconf160

and rconf161 after 2008). Consumer loans can be obtained from item rcon1975 (“Loans to

individuals for household, family, and other personal expenditures (i.e., consumer loans)”),

and if missing from the sum of items rconb538, rconb539 and rcon2011 (replaced by the sum

of rconk137 and rconk207 after 2010). Total assets is taken from rcfd2170, and “total bank

equity capital” from rcfd3210.

The more challenging variable is the securities one, since over the past 30 years there have

been considerable changes in the reporting format of securities across different institutions.

Between 1990Q1 and 1993Q4 I added “Available-for-sale securities” (rcfd0390) with “Held-

to-maturity securities” (rcfd2146) and “Federal funds sold and securities purchased under

agreements to resell” (rcfd1350). From 1994Q1 until 2001Q4 I use the same variables, which

are now identified by rcfd1773, rcfd1754, rcfd1350, respectively. Later, starting in 2002Q1 the

variable rcfd1350 (“Federal funds sold and securities purchased under agreements to resell”)

was split in two separates variables which I add up to keep consistency, i.e., rconb987 (“Federal

funds sold”) and rcfdb989 (“securities purchased under agreements to resell”).

A.1.1 Excess Reserves

We follow the approach from Afonso et al. (2019) to calculate bank-level excess reserves simply

defined as the difference between total reserve balances and required reserve balances, i.e.,

ERt = TRt − RRt . Total Reserve balances, TRt , can be obtain directly from item RCFD0090IV.

Ihttps://www.chicagofed.org/banking/financial-institution-reports/commercial-bank-data-complete-1976-2000
IIhttps://cdr.ffiec.gov/public/PWS/DownloadBulkData.aspx

IIIIn recent years, regulators have introduce different reporting formats for different bank’s total assets. Thus, in
many cases, where an individual bank has no foreign activities, the variable used is rcon. For example, for total
loans, starting in 2001, for small banks the variable reporting total loans is called rconb529.

IVAfonso et al. (2019) limit their sample to banks that report this item, which considerably reduces the amount
of observations in the Call Reports, since only banks with at least $300 million in assets need to report this item.
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Required reserve balances, RRt , on the other hand, cannot be find in a particular Call Report

item, but is rather defined as the difference between required reserves and vault cash.

Required reserves are obtained as an increasing function of a bank’s net transaction ac-

counts minus amounts due from other depository institutions and cash items in the process of

collection. “To calculate net transactions, we take from the Call item RCON2215 (the bank’s

“Total Transaction Accounts” (including “Total Demand Deposit” in domestic offices, which also

includes ATS and NOW accounts)) to estimate total transaction accounts, and subtract from it

our estimate of amounts due from other depository institutions (the sum of item RCFD0083

(“Balances due from depository institutions in the U.S.: U.S. branches and agencies of foreign

banks (including their IBFs)”) and RCFD0085 (“Balances due from depository institutions in the

U.S.: Other depository institutions in the U.S. (including their IBFs)”) and cash in the process of

collection, item RCON0020 (“Cash items in process of collection and unposted debit”)” Afonso

et al. (2019).

Finally, required reserves are obtained using reserve requirement information from the

Federal Reserve Board.V

VThe reserve requirement information can be found under https://www.federalreserve.gov/monetarypolicy/reservereq.htm.
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B Additional Information

Figure B.1: Share of banks in the US with an excess reserves to total assets ratio exceeding 1%.
Split by size. Data from Afonso et al. (2019), own elaboration.
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Figure B.2: Plot of MPItot against market-based surprises coming from Swanson (2021).
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C Robustness Checks

Figure C.3: Pre-GFC (1994Q1-2007Q4) using Bu et al. (2021) shock. Cumulative responses
(in %) to a +100bp monetary shock. Dark-gray and light-gray shaded areas are 65% and 90%
confidence bands, respectively.

Figure C.4: Pre-GFC (1994Q1-2007Q4) using Bu et al. (2021) shock. Cumulative responses
(in %) to a +100bp monetary shock. Dark-gray and light-gray shaded areas are 65% and 90%
confidence bands, respectively.
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Figure C.5: Pre-GFC (1992Q3-2007Q4) using the sum of the three policy factors in Swan-
son (2021). Cumulative responses (in %) for liquid (dash) and illiquid (solid) banks to a
+100bp monetary shock. Dark-gray and light-gray shaded areas are 65% and 90% confidence
bands, respectively.
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Figure C.6: Pre-GFC (1992Q3-2007Q4) using the sum of the three policy factors in Swan-
son (2021). Cumulative responses (in %) for liquid (dash) and illiquid (solid) banks to a
+100bp monetary shock. Dark-gray and light-gray shaded areas are 65% and 90% confidence
bands, respectively.

Figure C.7: Conventional MPI only. Cumulative responses (in %) for liquid (dash) and illiquid
(solid) banks to a +100bp monetary shock. Dark-gray and light-gray shaded areas are 65% and
90% confidence bands, respectively.
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Figure C.8: Unconventional MPI only. Cumulative responses (in %) for liquid (dash) and
illiquid (solid) banks to a +100bp monetary shock. Dark-gray and light-gray shaded areas are
65% and 90% confidence bands, respectively.

Figure C.9: Lower ER/TA threshold (0.5%). Cumulative responses (in %) for liquid (dash)
and illiquid (solid) banks to a +100bp monetary shock. Dark-gray and light-gray shaded areas
are 65% and 90% confidence bands, respectively.
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Figure C.10: Higher ER/TA threshold (2%). Cumulative responses (in %) for liquid (dash)
and illiquid (solid) banks to a +100bp monetary shock. Dark-gray and light-gray shaded areas
are 65% and 90% confidence bands, respectively.

Figure C.11: Fewer lags (L = 1). Cumulative responses (in %) for liquid (dash) and illiquid
(solid) banks to a +100bp monetary shock. Dark-gray and light-gray shaded areas are 65% and
90% confidence bands, respectively.
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Figure C.12: More lags (L = 6). Cumulative responses (in %) for liquid (dash) and illiquid
(solid) banks to a +100bp monetary shock. Dark-gray and light-gray shaded areas are 65% and
90% confidence bands, respectively.

C.1 Smooth Time Aggregation (STA)

Our smooth time aggregation follows the idea shown in Ottonello & Winberry (2020). The

underlying motivation is to account for frictions faced by banks (and other economic agents)

in the adjustment of balance sheet variables in reaction to a monetary policy shock. For this, a

shock is being split into two parts: Its effect on the current end-of-month reported variables

and its effect on the end-of-month variable of the next month. To give a motivating example:

Suppose a shock occurred on the 25th of January. Then, as shown in equation A-1, its weight

for the current month is about 0.19 and, therefore, about 81% of the shock will be counted

towards the following month (February), accounting for frictions in how fast banks can adjust

their balance sheets to an unexpected change in monetary policy.

Formally, the smoothing will be implemented into the second step of our original MPI

construction. That is, into equation 2 of section 3. The new aggregation from announcement-

frequency to monthly frequency takes the following form:

M PI t =
∑

i∈J(t)

ωa
t M PIi,t +

∑

i∈J(t−1)

ωb
t M PIi,t (A-1)

where ωa
t ≡

dt−di,t
dt

, ωb
t ≡

di,t
dt

, and di,t denotes the day of MPIi,t in month t and dt the total

number of days in month t. J(t) refers to the set of MPIs in any given month t. Hence, in the

above example ωa = 0.19 and ωb = 0.81.
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Figure C.13: Pre-GFC 1990-2007. MPI with Smooth-Time Aggregation (STA). Cumulative
responses (in %) for liquid (dash) and illiquid (solid) banks to a +100bp monetary shock.
Dark-gray and light-gray shaded areas are 65% and 90% confidence bands, respectively.

Figure C.14: Pre-GFC 1990-2007. MPI with Smooth-Time Aggregation (STA). Cumulative
responses (in %) for liquid (dash) and illiquid (solid) banks to a +100bp monetary shock.
Dark-gray and light-gray shaded areas are 65% and 90% confidence bands, respectively.
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Figure C.15: Full Sample 1990-2016. MPI with Smooth-Time Aggregation (STA). Cumula-
tive responses (in %) for liquid (dash) and illiquid (solid) banks to a +100bp monetary shock.
Dark-gray and light-gray shaded areas are 65% and 90% confidence bands, respectively.

Figure C.16: Full Sample 1990-2016. MPI with Smooth-Time Aggregation (STA). Cumula-
tive responses (in %) for liquid (dash) and illiquid (solid) banks to a +100bp monetary shock.
Dark-gray and light-gray shaded areas are 65% and 90% confidence bands, respectively.
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