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1 Introduction

Conventional thinking on monetary policy has led to the concept of a liquidity trap that materializes

when the policy rate falls below zero. Bonds and cash become perfect substitutes when the nominal

rate reaches zero, and cash becomes relatively more attractive to hold when the nominal rate

becomes negative. Rather than reducing the opportunity cost of saving and inducing more lending

in the economy, monetary policy that lowers the rate below zero instead induces consumers to

hoard cash. Thus, expansionary monetary policy is ineffective below zero. Despite these theoretical

conclusions, several regions, including Japan, the Euro Area, and Switzerland, have implemented

negative policy rates.

Traditional theory assumes (1) there are no storage costs associated with holding cash, and (2)

the demand for currency is perfectly elastic when interest rates fall below zero. Relaxing one or

both assumptions would suggest that the effective lower bound of monetary policy actually lies

below zero. The question remains: What exactly is the effective lower bound?

One interpretation is that the lower bound is the rate below which expansionary monetary

policy, which operates by cutting the interest rate, leads to a contraction in lending. Brunnermeier

and Koby (2016) call this the “reversal rate” because policy reverses its intended effect on lending

below this rate. Their contribution to date is purely theoretical; in their working paper, they

develop a model in which the reversal rate depends on banks’ asset holdings with fixed payments,

interest rate pass-through to loan and deposit rates, degree of wholesale funding, and dividend

policy.

Consider what happens to banks when the policy rate is cut below zero. Initially, when the

interest rate falls but remains positive, one may expect to see an increase in lending, consistent with

the conventional effects of expansionary monetary policy. Depending on the elasticity of demand

for loans, a bank may choose to decrease its deposit rates accordingly, thereby maintaining its

lending spread as necessary. Consequently, a bank’s stock price may increase in response to an

expansionary monetary shock. Moreover, when rates are low, the present value of a bank’s cash

flows should increase, leading to a higher valuation from a discounted cash flow calculation, holding

all else equal.

However, if the interest rate falls below zero and in particular, below some threshold value,
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a bank may find it nearly impossible to cut its deposit rates further. Imposing a negative rate

on deposits may force depositors to look for other, perhaps more risky, higher-yielding investment

options. Therefore, a bank may have to accept a narrower lending spread together with decreased

earnings from exploiting this spread. The bank’s stock price and valuation fall in response to an

expansionary monetary shock below this critical threshold interest rate. I call this value the reversal

rate for bank equity.

This paper aims to quantify this rate through an event study involving banks and interest rates

in three regions with negative rate regimes: Japan, Euro Area, and Switzerland. In the process,

I seek to quantify a semielasticity—the percentage change in bank stock price in response to a

percentage point change in the monetary shock—as a function of the interest rate level. I ex-

plore three econometric methods to identify the monetary shocks: ordinary least squares (OLS),

heteroskedasticity-based estimation, and Sims (2016) estimation, listed in order of increasing ro-

bustness. In the heteroskedasticity-based estimation, the identifying assumption is that on shock

dates, the variance of the pure monetary shock increases, while the variance of the nonmonetary

shock remains unchanged. These variance assumptions form a subset of the Sims (2016) estima-

tion whose identifying asumption is simply that on shock dates, the variance of the pure monetary

shock increases by a greater factor than the variance of the nonmonetary shock does. For the

heteroskedasticity-based estimation, I draw upon the work of Rigobon and Sack (2004) and Naka-

mura and Steinsson (2013); additionally, I derive a pooled, heteroskedasticity-based estimator that

incorporates fixed effects for my panel dataset, and I define two instruments that I use separately

and together to arrive at an estimation of the semielasticity. For the Sims (2016) approach, I follow

a concise methodology that uses weaker assumptions than those required for the heteroskedasticity-

based estimation.

By estimating the semielasticities for two interest rate bins at a time, separated by some rate

value m, I can test whether m is a reversal rate at the 5% significance level. I test this for m = 0

and m = the median interest rate over the time period for the region in question. I find through

OLS estimation that Japan and Switzerland have reversal rates according to particular 3-month

interest rate time series used: (1) Using the 3-month Japanese bond yield, I conclude that the

reversal rate for Japan occurs around 0.44% using its 100 largest1 banks (if applicable) and 0.47%

1Size measured by market capitalization on the day of the first negative interest rate announcement.
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using its 10 largest banks; and (2) using the Swiss 3-month LIBOR, I conclude that the reversal

rate occurs around 1.86% for Switzerland using its 100 largest banks (if applicable). The other

OLS results do not provide convincing evidence for a reversal rate. The heteroskedasticity-based

and Sims (2016) estimation methods suggest that neither 0% nor the median interest rate is a

reversal rate. Additionally, these two estimation methods show that the response of bank equity to

monetary shocks does not change across positive and negative interest rate ranges or across interest

rate ranges defined around the median rate.

1.1 Related Literature

The relevant literature can be divided into theoretical and empirical studies. In the former category,

Brunnermeier and Koby (2016) work to formulate a general equilibrium model to solve for the

reversal rate. They find that it rises with banks’ holding of fixed payment legacy assets, the

stringency of capital requirements, and the degree of competition in the banking sector. On negative

interest rates more generally, Rognlie (2016) shows theoretically that negative rates can be optimal

for stabilizing aggregate demand depending on the elasticity of currency demand, so the effective

lower bound of monetary policy can fall below zero.

The relevant empirical literature has studied policy consequences in regions that have adopted

negative rate regimes. For example, Jensen and Spange (2015) show that negative rates in Denmark

have not affected interest rate pass-through to money market rates but have weakened pass-through

to bank deposit rates. In particular, households witness more deposit rate stickiness than corpora-

tions do. Jobst and Lin (2016) show that in the Euro Area, negative rates have induced banks to

increase fees, cut costs, and lower lending rates. Heider, Saidi, and Schepens (2016) focus on the dis-

tributional consequences of negative rates for the lending behavior of high-deposit and low-deposit

banks in the Euro Area. Areteta et al (2016) provides a survey of negative interest rate policies in

Switzerland, Sweden, Denmark, Hungary, Euro Area, and Japan, that includes the effects on key

financial variables and risks to financial stability.

On the identification of structural monetary shocks, the VAR methodology has been applied to

various countries. For instance, Christiano, Eichenbaum and Evans (1999) identify monetary policy
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shocks on a quarterly basis; Franta (2011) uses TVP-VAR (time-varying parameter autoregression)

to identify monetary shocks in Japan; Schenkelberg and Watzka (2013) do the same for Japan

using SVAR (structural vector autoregression); and Sousa and Zaghini (2008) detect monetary

policy shocks using SVAR for the Euro Area. Critics of the VAR approach include Rudebusch

(1998) who contends that current VAR identification of monetary shocks suffers from structural

fragility and conflicts with evidence on the U.S. Federal Reserve’s reaction function. Other methods

for identifying monetary policy shocks include the narrative approach used by Romer and Romer

(2004).

The heteroskedasticity-based estimation pioneered by Rigobon and Sack (2003) is an especially

promising scheme for identifying monetary shocks due to its flexibility. In contrast to VAR models

that risk misspecifying the functional form, heteroskedasticity-based estimation only assumes a

change in variance regime. In particular, we only require that for a subset of the dates in the time

series, the variance of monetary shocks increases while the variance of nonmonetary shocks stays

constant. This assumption is a natural one, especially if the time window in the event study is

small enough to rule out a simultaneous increase in the variance of the monetary shock and of a

different structural shock. Rigobon and Sack (2003) use their heteroskedasticity-based estimation

technique within a VAR framework to estimate the reaction of U.S. monetary policy to changes in

the S&P 500 index. Moving closer to my topic, Rigobon and Sack (2004) apply their methodology to

estimate the effect of monetary policy on stock market indices in the U.S. More recently, Nakamura

and Steinsson (2013) use heteroskedasticity-based estimation in their identification of monetary

non-neutrality using a reduced form specification that I have adapted for my purposes.

The paper proceeds as follows: Section 2 provides a simple model establishing the relationship

between bank equity and lending, and in particular how a fall in bank equity in response to an

expansionary monetary shock might induce a contraction in bank lending. Section 3 describes the

data, and Section 4 details the event study methodology. Section 5 establishes the identification

scheme, and Section 6 discusses the results. Finally, Section 7 concludes.
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2 Model

I develop a simple model of bank equity constraints that relates the reversal rate on bank equity to

the reversal rate on lending, which is the focus on Brunnermeier and Koby (2016). Suppose banks

have a very simple equity constraint in the form of a minimum ratio of equity, E—i.e. shareholders’

equity—to assets, A.

E

A
> c (1)

The assets of a bank consist mostly of loans, L̃. Thus, I can approximate L̃ ≈ A. Rearranging

this equation yields:

E

A
> c

approx.
=⇒ E

L̃
> c =⇒ L̃ <

E

c
=⇒ L̃ ∝ E (2)

The last relation holds only when the equity constraint binds. The equity constraint likely binds

at low interest rates: If deposit rates are sticky and the banking sector is relatively competitive, then

lending rates would fall by more than deposit rates following a rate cut. Lending spreads narrow, so

net income falls, thereby decreasing retained earnings and shareholders’ equity. If assets, or loans,

do not fall proportionally, then the bank may face a binding equity constraint.

This outlines a potential mechanism through which loans may decrease with equity prices

following a rate cut, contrary to the intended expansionary effect.2

3 Data

My dataset consists of daily bank stock price data and 3-month rate data sourced from Bloomberg

on trading days from January 1, 2007 to November 11, 2016, for Japan, the Euro Area, and

2 To be clear, the model refers to shareholder’s equity, or book value of equity, which differs from the market value

of equity. If I assume that market value moves in the same way as book value, then movements in the stock price of

a bank are a reasonable proxy for movement in its book value.
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Switzerland. The data range chosen is long enough to generate substantial variation in the interest

rate.

In general, higher frequency data would better lend itself to the identification of monetary

shocks. However, Bloomberg’s intraday data retrieval for my desired financial instruments is re-

stricted to the last 140 days. A few other private data vendors outside of Harvard provide access to

the global equity and fixed income intraday data required, but the prohibitive cost of the latter has

preempted efforts to leverage intraday data to arrive at more accurate results. My methodology in

this paper can be applied to higher-frequency datasets and doing so would likely yield more precise

results.

3.1 Banks

I have compiled the last stock prices of the 100 largest banks in each region (if applicable).3 For

the Euro Area, I have gathered the 100 largest banks (if applicable) by market cap in the 19

member Euro Area countries that the ECB directly influences. The banks are ranked by market

capitalization on the date of the first negative rate announcement, i.e. January 29, 2016, for Japan;

June 5, 2014, for Euro Area; and January 15, 2015, for Switzerland. It is possible that market cap

has changed over the time horizon of the event study. However, the ranking is not crucial unless

it changes dramatically so that a large number of banks that were previously not in the top 100

should later be incorporated. Importantly, the number of banks at each date cross section per

region varies, since some banks may lack price data on certain days.

Since bank behavior may vary depending on market cap, I separately analyze all banks and

the ten largest banks by market cap on the day of the first negative rate announcement in each

region. Banks that are larger may have better access to wholesale funding and more resilient client

relationships such that they may not face narrowing lending spreads as easily as would smaller

banks. Moreover, larger banks may have more liquid equity, so their stock prices may be more

3 If fewer than 100 such banks exist in the region according to Bloomberg’s database, then I have just collected

data on those banks.
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sensitive to monetary shocks.

The time of the last price quote depends on the exchange on which the bank is listed. The

banks for each region are listed on multiple exchanges, so the time of the last price quote varies

across banks.

3.2 Rates

The policy rate does not move continuously, or approximately continuously, since central banks

usually cut or hike policy rates incrementally by some tens of basis points at a time. Therefore, I

use a short term money market rate to serve as an approximately continuous proxy for the policy

rate.

I chose a tenor of three months for the interest rate in my analysis. The 3-month rate should

reflect some degree of pass-through from the policy rate. Furthermore, it reflects short-term ex-

pectations of the policy rate and inflation. These observations allow me to use fluctuations in the

3-month rate as a proxy for locating monetary shocks.

I use a variety of 3-month rates to cover gaps in data availability for the time range. For example,

Bloomberg lacks generic 3-month Japanese government bond data4 on the day of the negative

interest rate announcement date, January 29, 2016. However, the 3-month Japanese government

bill index is recorded on this date. So I include the 3-month Japanese government bill index, which

consists of a different collection of member securities. In general, for each region, I include all

3-month sovereign bond yields and overnight bank lending rates, such as LIBOR and EURIBOR.

Movements in the overnight interbank rates are likely correlated with movements in the 3-month

sovereign bond yields. The two sets of rates differ in their counterparty risk, and the overnight

interbank rates may affect bank valuations more directly. Notably, LIBOR and EURIBOR are

interbank rates set by a daily fixing based on a survey of banks, whereas the sovereign bond rates

can vary over the course of a given day. Given that the frequency of my event study is daily, this

distinction is not important.

For Japan, I include data series for the 3-month generic Japanese government bond, the 3-month

4In particular, I retrieve the mid yield to maturity.
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Japanese government bill index, and Japanese 3-month LIBOR.

For the Euro Area, I include data series for the 3-month generic German bund, the 3-month

German bubill index, and the 3-month EURIBOR.

For Switzerland, I include data series for the 3-month Swiss LIBOR. Bloomberg does not report

Swiss 3-month sovereign debt because it does not have enough reporters in that area.

Similar to equities, the rates are not recorded at the same time of day. Additionally, the timing

of the rate data may not match that of the equities data for a given region. While Bloomberg

records the last stock price when the exchange closes,5 it records the daily rate on a 24-hour rate

market according to Bloomberg’s own timing conventions.

4 Event Study Methodology

I investigate the reaction of bank equity prices to monetary shocks in each region by first finding the

semielasticity of bank stock prices with respect to the monetary shock through a daily frequency

event study. The semielasticity is defined as the percentage change in bank equity price divided by

the percentage point change in the monetary shock.

I seek to find events on which structural monetary shocks likely occur. These monetary shocks

are orthogonal to nonmonetary shocks and signify a shift in the central bank’s reaction function or

a change in the market’s perception of that function. In contrast, endogenous shocks could refer

to monetary policy actions driven by a different set of inflation and GDP growth inputs into an

unaltered reaction function. I am interested in classifying exogenous monetary shocks as events

in the study. Henceforth, the terms “monetary shock” or “monetary policy shock” refer to these

structural monetary shocks.

5This is an approximation. Bloomberg actually records the price of the last stock trade as the “last price,” so this
trade takes place a little after the exchange closes.
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4.1 Identification of Events

I define my criteria for identifying events and compare the high-frequency event study approach

that I use with the VAR approach that is common in the literature.

4.1.1 High-frequency approach

Event dates are dates on which monetary policy shocks likely occurred.6 Again, the monetary

shocks signify a shift in the central bank’s reaction function or a change in the market’s perception

of that function. Generally, it is impossible to clearly distinguish between the two in the data. One

way to identify a subset of these dates is to first identify dramatic movements in the 3-month rate

that occur on days featuring some sort of monetary authority action; if these days do not feature

data releases or other information that likely influence monetary policy decisions, then the change

in the 3-month rate probably indicates a change in the market’s perception of the central bank’s

reaction function. Identifying a subset of the true set of monetary shock dates reduces the power

of the study without introducing bias.

To identify these dates, I set thresholds for the rate movement in each region as a crude gauge of

market surprise. The 3-month rate spans a wider range and is more volatile during periods when the

central bank’s target rate is positive because it is not limited by the theoretical zero lower bound.

The absolute change in the 3-month rate may be more or less volatile during the period when rates

are positive than when they are negative. To control for the volatility discrepancies across rate

regimes, I set different thresholds for the periods before and after (and including) the year of the

first negative interest rate announcement in each region. In particular, I set a lower threshold for

the change in the 3-month rate after the year of the negative interest rate announcement.

Table 1 summarizes the volatility of the 3-month rates, denoted by i, for each region. ∆i refers

to changes in the 3-month rate over one calendar day. #dates refers to the number of unique dates

that result for each 3-month rate series. I define trigger dates as dates on which (1) the 3-month

rate movement over one calendar day exceeds the thresholds shown in the table, and (2) more than

6Other news may occur on an event date in addition to monetary news. I elaborate on event date (a.k.a. shock
date) selection later in this section.
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ten bank stock prices are available on that date. Note that if the 3-month rate change exceeds the

thresholds on a date that does not have more than ten banks, then that date is discarded here but

is added back into the dataset later, once shock dates have been identified.

date range [imin, imax] sd(i) sd(|∆i|) #dates |∆i| threshold

Japan

3mo bond rate
1/1/07-12/31/15 [-0.08, 0.76] 0.22 0.009

1,463
≥ 3bp

1/1/16-11/11/16 [-0.40, -0.02] 0.12 0.01 ≥ 2bp

3mo bill index
1/1/07-12/31/15 [-0.11, 0.73] 0.21 0.009

1,868
≥ 3bp

1/1/16-11/11/16 [-0.48, -0.02] 0.10 0.04 ≥ 2bp

3mo LIBOR
1/1/07-12/31/15 [0.07, 1.09] 0.30 0.005

1,808
≥ 3bp

1/1/16-11/11/16 [-0.07, 0.08] 0.03 0.005 ≥ 2bp
≥ 14bp

Euro Area ≥ 2bp

3mo bund rate
1/1/07-12/31/13 [-0.21, 4.48] 1.60 0.04

2,008
≥ 14bp

1/1/14-11/11/16 [-0.88, 0.10] 0.27 0.01 ≥ 2bp

3mo bubill index
1/1/07-12/31/13 [-0.21, 4.31] 1.58 0.04

2,000
≥ 14bp

1/1/14-11/11/16 [-0.88, 0.10] 0.27 0.01 ≥ 2bp

3mo EURIBOR
1/1/07-12/31/13 [0.18, 5.39] 1.71 0.01

1,999
≥ 14bp

1/1/14-11/11/16 [-0.31, 0.35] 0.20 0.003 ≥ 2bp

Switzerland

3mo LIBOR
1/1/07-12/31/14 [-0.07, 3.13] 1.09 0.02

1,914
≥ 5bp

1/1/15-11/11/16 [-0.95, -0.09] 0.10 0.02 ≥ 2bp

Table 1: Description of rate data with trigger date thresholds

A trigger date qualifies as an event if it satisfies the following criteria:

• Related to the monetary authority, e.g. policy announcement, comment by influential member

of the central bank, appointment of influential member of the central bank, etc. Does not

include fiscal policy measures unless they are directly relevant, e.g. sale of a large amount of

sovereign debt.

• Does not include data releases, e.g. reports on GDP, CPI, industrial production, business

confidence, etc., that appear in the results of the Bloomberg news search according to the
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procedure below.

• Cross section consists of more than 10 bank stock prices.7

I use the news search function in Bloomberg Terminal to find the headlines pertaining to either

the Bank of Japan, European Central Bank, or Swiss National Bank. The exact procedure is as

follows:

1. Input date into Bloomberg’s news advanced search and specify topic as BoJ, ECB, or SNB

depending on region.

2. Sort the resulting headlines by “top ranked,” which depends on readership, relevance, and

editorial staff judgment.

3. Classify events according to the criteria above.

Importantly, I am interested in finding dates on which the central bank’s reaction function has

changed. However, a central bank action could simply change investors’ forecasts and thereby lead

to rate movements that indicate market surprise. For example, a comment by an influential member

of the central bank on the forecast of macro variables such as GDP and inflation could change the

forecasts of investors and induce market changes reflecting the adjustment. However, the central

bank’s reaction function may or may not have shifted; perhaps the comment was simply meant to

express the central bank’s forecast, or perhaps it was meant to express the central bank’s forward

guidance to the public in order to communicate a shift in the bank’s reaction function. Thus, the

question of whether to classify the date on which this comment occurred as a shock date does not

have a straightforward answer. As a matter of standardizing the procedure, I choose to classify the

dates on which the central bank divulges a forecast as shock dates.

A table of trigger dates, along with the relevant headlines on the day, for each region is included

in Appendix A. I describe some common issues and their solutions below.

7and the change in rates and change in log price are not missing. Note that the cross section of non-shock dates
may have fewer than 10 bank stock prices available.
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On some days, a monetary-policy related headline coincides with a data release. To be con-

servative, I do not classify this date as a valid event even if the monetary policy-related headline

addresses the data release. One example is 4/15/08 in the Euro Area: German confidence and

French inflation were both revealed. On the same day, ECB President Trichet and council mem-

bers Stark and Ordonez commented on inflation. Thus, 4/15/08 does not qualify as a monetary

shock date. 11/15/11 in the Euro Area is an example to the contrary: The data release showed

growth in the Euro Area economy, and on the same day, ECB council member Mersch noted that

monetization of public debt implies inflation. There is no clear way to distinguish between the

effect of the ECB comment on the rate change and that of the data release. In fact, the comment

may likely have been influenced by the data release. So I exclude these “dual news” events to be

conservative.

Another issue is that several of the trigger dates feature similar headlines, so later repetitions

of the same headline may not surprise markets or move rates. For instance, on 8/10/11, 8/16/11,

9/1/11, and 9/13/11, news headlines either reported that the ECB would purchase Italian bonds

in the future or they would do so today. On its own, without any other news, the last repetition on

9/13/11, does not provide a compelling case to be classified as monetary shock because the market

may have anticipated this action. This approach to classifying the trigger dates as events requires

subjective judgment and can be improved by a more rigorous model.

Furthermore, some dates conflate monetary policy actions from different regions. For example,

on 9/18/15 in the Euro Area, one headline states that European bonds surged after the Federal

Reserve kept rates at a record low because this move suggests that the ECB may increase easing.

This headline alone does not argue that 9/18/15 is a monetary shock date. However, the accompa-

nying headlines state that (1) ECB executive board member Coeure sees the Fed delay as justifying

the ECB’s assessment of global risk, and (2) Coeure rules out Greek Euro-exit. Taken together,

these three news events allow 9/18/15 to qualify as a monetary shock date. Action by a foreign

central bank is not enough to qualify as a monetary shock. Instead, I assume that the domestic

central bank’s reaction to policies by foreign central banks suffices to render a monetary shock to

the region in question.

The classification of dates based solely on headlines that result from such a simple Bloomberg

search may fail to capture more or equally dominant market movers. For example, searching for
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news that relates to the BoJ as a topic may lead to results that exclude important, non-BoJ factors

such as the release of U.S. payroll numbers. Occasionally, I can infer that such a data release

occurred from references in articles that relate to the BoJ. In general, however, data releases from

other regions are unlikely to show up in my limited search of news related to one central bank.

A further problem is that the timestamp on headlines drawn from Bloomberg is generally not

precise. Only some headlines, such as data releases, are easily located and reported immediately.

For most other headlines, especially those that are sourced from Bloomberg News (“BN”), rather

than Bloomberg First Word (“BFW”), the time of publication is most likely not the earliest one

in existence. However, given that Bloomberg Terminal is a global trading vehicle, it is reasonable

to assume that the earliest publication time on Bloomberg terminal is essentially when the market

began to react to the news.

Many of these classification problems would not occur if more precise news and financial data

were available so that the event window can be decreased to a matter of minutes around central

bank news. In that case, I would likely not encounter situations in which the existence of monetary

shocks is confounded by other events that occur in the same time window. In addition, with more

precise data, I would be able to match the times of the stock price and yield data to better track

the effect of a monetary shock.

The following graphs show the 3-month rate time series for each region. The monetary shock

dates are denoted by points as detailed in the legends. The exact dates of these shocks can be

found in Appendix A.
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Figure 1: Japan 3-month rates and monetary shock dates

Figure 2: Euro Area 3-month rates and monetary shock dates
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Figure 3: Swiss 3-month rate and monetary shock dates

Once I have identified the monetary shock dates using the threshold on the 1-calendar-day

interest rate change, I manipulate the data to ensure that the time window of the change in

rate or equity price always straddles the news event time as recorded from my Bloomberg search

methodology. I take the following steps in this time-matching procedure for each 3-month rate in

each region:

1. On each monetary shock date t, I check to see whether the shock event takes place before or

after the time of the last rate and last price. If the shock event occurred after the time of the

last rate, then the rate change is calculated as ∆it = it+1 − it where t+ 1 refers to the next

available trading day. Otherwise, the rate change is ∆it = it − it−1 where t− 1 refers to the

immediately preceding trading day. The same goes for the last price. Simply replace i with

log s in the preceding. I am interested in the change in log price for reasons that will be clear

later in Section 5 where I discuss my reversal rate identification scheme.

2. I calculate the proportion of shock observations (includes the multiple bank observations

on each date) for which the shock event transpires after the time of the last rate. Call this
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proportion pi. I do the same for the last price and call this proportion ps. I assign a number, u,

drawn from Uniform[0, 1] to each nonshock date, or control date, c. If u ≤ pi, then I calculate

∆ic = ic+1 − ic where the increment +1 refers to one trading day, as defined in step (1).

Otherwise, I calculate ∆ic = ic − ic−1. If u ≤ ps, then I calculate ∆ log sc = log sc+1 − log sc.

Otherwise, I calculate ∆ log sc = log sc − log sc−1.

3. I calculate a day difference variable that is equal to the number of calendar days over which

∆i or ∆ log s are determined. Since a weekend corresponds a 3-calendar-day difference—e.g.

Friday, March 24, 2017, to Monday, March 27, 2017—I keep all observations with at most

a 3-calendar day difference. Since I arrived at the shock dates by locating triggers based on

a 1-calendar-day rate change, I keep a separate data set containing only observations with

a 1-calendar-day difference. The dataset with at most 3-calendar day difference is the main

dataset I work with throughout the paper.8

Table 2 at the beginning of Section 6 describes the two datasets.

4.1.2 Comparison of VAR and high-frequency approach

The exogenous monetary shocks as measured by market surprises may differ from the structural

monetary shocks that are commonly derived from VAR and its variations. In general, the VAR

approaches are limited by functional form assumptions of the central bank’s reaction function.

Moreover, to the extent that the functional form includes infrequently recorded variables such

as GDP, event studies using these shocks would have to settle for a much wider time window.

Especially since equities trade in a forward-looking market, it is important to narrow the time

horizon of the event study, so the inability to do so is a severe drawback of the VAR approach.

The ideal, high-frequency approach identifies exogenous monetary shocks by tracking market

surprises very precisely, usually down to the minute. For instance, if immediately after a certain

monetary news event, the 3-month rate moves dramatically, then the event would probably be

classified as a shock date because most likely no other event occurred over the same time window

8Results obtained using the dataset containing only 1-calendar-day differences are similar.

16



that would influence the 3-month rate. Most of the move in the 3-month rate would probably be

due to the exogenous monetary shock. It is exogenous in the sense that no other variables (e.g. data

releases, actions by foreign central banks) that may enter the central bank’s reaction function have

changed in the time window, so the 3-month rate must have been exposed almost exclusively to a

shock that arose from a change in the central bank’s reaction function or in the market’s perception

of that function. In terms of measuring the bank equity price reaction to such a shock, ideally I

would ensure that no corporate earnings announcements or other idiosyncratic events occurred in

the same time window. However, since the stock prices of many banks are included in each cross

section, checking for these idiosyncratic events should not dramatically change my results.

The ideal, high-frequency approach would also not limit its candidate monetary shock dates

to dates on which the 3-month interest rate changed by more than a set threshold as I do in this

paper. Instead, the ideal event study would start with a list of monetary news dates and their

publication times. The subset of monetary shock dates would be chosen from this list based on

whether data releases or other confounding news happened during the x-minute event window

around the monetary news. My methodology of starting with a list of interest rate changes above

some threshold just simplifies the process; the sacrifice is that I may be missing monetary shock

dates on which the interest rate did not change more than my threshold or the interest rate did

change dramatically, but settled down by the end of my 24-hour time window.

For an intraday event study, the high frequency approach – if executed appropriately – strictly

dominates the VAR approach, which operates better on a long term basis. For a daily event study

as I have here, the most compelling argument against using a VAR is that it risks misspecifying

the functional form and demands a wider time window.

5 Identification of Semielasticity and Reversal Rate

After compiling a list of events through the above method, I estimate the reversal rate using

each of the three econometric methods below. My analysis encompasses all banks and then restricts

to a subsample of the ten largest banks per region. The size ranking is based on the market cap

on the day of the first negative rate announcement in the region. While I used a one-calendar day

change in rates to identify the shock dates, I include at most three calendar days for the changes
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in either the rate or stock price for my estimation. A three-calendar-day gap corresponds to a

weekend. A more detailed description of the data using exactly one and at most three calendar day

changes can be found in Table 2.

5.1 Ordinary Least Squares Estimation

5.1.1 Semielasticity

Non-time-varying bank characteristics may affect the percentage change in stock price on monetary

shock dates. I include bank fixed effects in the parametric estimation method as follows:

∆ log sjt = γt∆it + δj + εjt (3)

t ∈ T ≡ {1, ..., # of shock dates}, j ∈ Jt ≡ {cross sectional bank sample}

where the ∆ refers to a difference across at most three calendar days, s is the bank stock price, i

is the 3-month rate, and δj is the fixed effect for bank j. Jt varies based on t, since not all banks

have available price data on any given shock date.

The regression model implies

γt =
∂∆ log sjt
∂∆it

=
∂ log sjt
∂it

. (4)

It follows that the γt are the semielasticities for the shock dates. Conditional on the fixed effects,

γt is the average stock price response across banks at a given shock date, t. I run this regression

for all banks and then for the ten largest banks in each region.

The OLS specification fails to account for the fact that ∆ log sjt and ∆it are simultaneously

determined, so there may be some unobserved factor that affects both variables. In that case, γt is

not the response of bank equity to a pure monetary shock because ∆it in our daily event study is

influenced by nonmonetary as well as a monetary shocks in the 24-hour event window. OLS works

best in an ideal, intraday event study because there is a greater chance that ∆it is only affected by

the monetary shock during the x-minute event window. However, even then, it is best to eliminate

the simultaneity. Subsequent estimation methods presented in Sections 5.2 and 5.3 attempt to
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resolve this simultaneity problem.

5.1.2 Reversal rate

The 3-month rate at which the semielasticity changes sign marks a reversal in the direction of bank

equity in response to a change in the rate. On a graph of the semielasticity as a downwards-sloping

linear function of the interest rate, the x-intercept would be the estimated reversal rate.9

I test for a linear relationship between the semielasticity and the level of the 3-month interest

rate according to the following model:

γt = β0 + β1it + εt (5)

where γt refers to the semielasticity at shock date t. So the total number of observations in this

regression is T as defined in equation (3).

If β̂1 turns out to be significantly negative, then the interest rate at which the best-fit line crosses

zero from above is the estimated reversal rate. In other words, an expansionary monetary shock in

the form of an interest rate cut leads to an increase in bank equity price for interest rates higher than

the reversal rate, and a decrease in bank equity price for interest rates lower than the reversal rate.

This method of checking the 95% confidence intervals to reach a conclusion uses the hypothesis test

H0 : β̂1 = 0, H1 : β̂1 6= 0. However, according to the way that I have defined the reversal rate, I

am interested in performing the one-sided hypothesis test H0 : β̂1 = 0, H1 : β̂1 < 0. I calculate

the p-values to reach a conclusion at the 5% significance level. If I reject the null hypothesis, then

I estimate the reversal rate as the x-intercept of the best-fit linear relationship of the semielasticity

as a function of interest rate.

9The downward slope of the linear relationship ensures that the reversal rate is the point below which the semielas-
ticity is negative and above which the semielasticity is positive. This is consistent with the definition of the reversal
rate established earlier.
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5.2 Heteroskedasticity-Based Estimation

5.2.1 Semielasticity

It is reasonable to believe that both monetary and non-monetary shocks affect the change in the

3-month rate, ∆it, and the change in the log of the bank stock price, ∆ log st. Neglecting this

fact is a flaw of the OLS method in Section 5.1. I now introduce an estimation method based on

Rigobon and Sack (2004) and Nakamura and Steinsson (2013).

Let εt and ηt be the pure monetary shock and nonmonetary shock, respectively. I normalize

the effect of εt and ηt on ∆it to unity for convenience. Furthermore, I de-mean the data such that

∆it and ∆ log st each have mean zero.

For bank j at shock date t, I define a new dependent variable that subtracts off bank fixed

effects: 10

∆ log s̃t,j ≡ ∆ log st,j − Et∆ log st,j (6)

My model is

∆it,j = ∆it = εt + ηt

∆ log s̃t,j = γjεt + βηt + θt,j , j ∈ Jt (7)

where Jt refers to the number of banks with price data on shock event date t, and I assume

Et(εt) = 0, Et(ηt) = 0, Et(θt,j) = Ej(θt,j) = 0 (8)

The semielasticity I am interested in is

γj =
∂∆ log s̃t,j

∂εt
=
∂ log s̃t,j
∂εt

(9)

10 The bank fixed effects are just the average change in the log stock price over banks across time, Et∆ log st,j .
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11

Define two subsamples C and H corresponding to the control and shock dates. The identifying

assumptions of this model are

σε,H > σε,C , ση,H = ση,C = ση, σθ,j,H = σθ,j,C = σθ,j (10)

In other words, the variance of the pure monetary shock increases on shock event dates, while

the variance of all other shocks remains the same as “background noise.” Since I have chosen my

monetary shock dates based on changes in the interest rate above some threshold overlapping with

central bank news, the variance of the pure monetary shock likely does increase on each shock

date. Arguably, the variance of the nonmonetary shock may also rise on the shock date since the

event window is so wide. I assume not for now but discuss this possibility along with the results in

Section 6.

I find that the last assumption in (10) is required for estimating γj . This assumption is plausible,

though, since the variance of the bank-specific residual in (7) most likely does not change on

monetary shock dates. However, given the wide time window of my event study, it is conceivable

that the variance of this residual does change on shock dates because larger banks may behave

differently from smaller banks over a length of time in response to central bank news; perhaps

depositors will move funds from smaller banks to larger banks, increasing the variance of the

change in the log of bank equity prices. In any case, the model plausibly claims that if the stock

price does change dramatically on monetary shock dates and the time window is sufficiently narrow,

the change should be reflected in the increased monetary shock variance because the central bank

11 I can complicate the model without loss of generality by including bank fixed effects and a bank-specific βj ,

which suggests that bank stock prices are differentially sensitive to nonmonetary shocks – in other words, the effect

of the nonmonetary shocks on ∆ log st,j would be bank-specific. For bank j at shock date t, I can assume

∆it,j = ∆it = εt + ηt

∆ log st,j = γjεt + βjηt + δj + θt,j , j ∈ Jt

The estimation of γj and the identifying assumptions are unchanged by these complications.
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news on that date is the driving factor of the disturbance.

The covariance matrices for [∆it,j , ∆ log s̃t,j ] are

ΩH,j =

 σ2ε,H + σ2η γjσ
2
ε,H + βσ2η

γjσ
2
jε,H + βσ2η γ2j σ

2
ε,H + β2σ2η + σ2θ,j


ΩC,j =

 σ2ε,C + σ2η γjσ
2
ε,C + βσ2η

γjσ
2
ε,C + βσ2η γ2σ2ε,C + β2σ2η + σ2θ,j

 (11)

I can write the difference of the two covariance matrices and use the variance assumptions in

(1) to get

∆Ωj = ΩH,j − ΩC,j = (σ2ε,H − σ2ε,C)

 1 γj

γj γ2j

 (12)

Two estimators of γj can be derived as

γj,1 =
∆Ωj,12

∆Ωj,11
=
covH(∆it,j ,∆ log s̃t,j)− covC(∆it,j ,∆ log s̃t,j)

varH(∆it,j)− varC(∆it,j)

=
∆cov(∆it,j ,∆ log s̃t,j)

∆var(∆it,j)
(13)

γj,2 =
∆Ωj,22

∆Ωj,12
=

varH(∆ log s̃t,j)− varC(∆ log s̃t,j)

covH(∆it,j ,∆ log s̃t,j)− covC(∆it,j ,∆ log s̃t,j)

=
∆var(∆ log s̃t,j)

∆cov(∆it,j ,∆ log s̃t,j)
(14)

There is a third estimator, given by γj,3 =
√

∆Ωj,22/∆Ωj,11 but we set this aside because Rigobon

and Sack (2004) show that it is a geometric average of the first two. I define two new quantities

that are apply expectations to (13) and (14) across banks:

γ1 ≡
Ej∆var(∆ log s̃t,j)

Ej∆cov(∆it,j ,∆ log s̃t,j)
, γ2 ≡

Ej∆cov(∆it,j ,∆ log s̃t,j)

Ej∆var(∆it,j)
(15)

I estimate pooled γ̂j,1 and γ̂j,2 across all banks, and I call the resulting estimators γ̂1 and γ̂2,

dropping the subscript j.
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γ̂1 =
∆Ω̂12

∆Ω̂11

=
ĉov(∆iH ,∆ log s̃H)− ĉov(∆iC ,∆ log s̃C)

v̂ar(∆iH)− v̂ar(∆iC)
(16)

γ̂2 =
∆Ω̂22

∆Ω̂12

=
v̂ar(∆ log s̃H)− v̂ar(∆ log s̃C)

ĉov(∆iH ,∆ log s̃H)− ĉov(∆iC ,∆ log s̃C)
(17)

where ∆iH refers to the stacked ∆it,j ∀j ∈ J ∀t ∈ H, and ∆iC refers to the stacked

∆it,j ∀j ∈ J ∀t ∈ C. The variables ∆ log s̃H and ∆ log s̃C are defined similarly. Let TH be

the number of elements in H (including the multiple bank stock prices on each shock date) and TC

be the number of elements in C (including the multiple bank stock prices on each control date).

So ∆iH and ∆ log s̃H are each TH × 1, and ∆iC and ∆ log s̃C are each TC × 1. I note that γ̂1
p→ γ1

and γ̂2
p→ γ2 and prove these assertions in Appendix B.

IV formulation: This problem can also be solved using an IV approach. Stack the two subsam-

ples C and H to create (TH + TC)× 1 vectors ∆i and ∆ log s̃:

∆i = [∆i′H∆i′C ]′, ∆ log s̃ = [∆ log s̃′H∆ log s̃′C ]′ (18)

Consider the following instruments for ∆i to generate the two estimators γ̂1 and γ̂2:

z1 =

(
1(t ∈ H)

1

TH
− 1(t ∈ C)

1

TC

)
∆i (19)

z2 =

(
1(t ∈ H)

1

TH
− 1(t ∈ C)

1

TC

)
∆ log s̃ (20)

12

I prove that z1and z2 are valid instruments for ∆i in Appendix B.13 The proof follows from the

12 Statistical packages subtract 1 in the denominators of (19) and (20) in order to create an unbiased sample

estimator; however, the subtraction should be trivial given such large sample size, so I do not include the subtraction

in this exposition.

13Lewis (2017) has a similar formulation of z1.
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variance assumptions in (10).

Intuitively, it’s straightforward to see that z1 satisfies the relevance since it contains multiplica-

tion by ∆i. The exogeneity condition for z1 and both the relevance and exogeneity conditions for

z2 are less straightforward. The interested reader is referred to the proofs in Appendix B.

For both γ̂1 and γ̂2, the system has one instrument and one endogenous regressor and is therefore

just-identified. The IV estimators are

γ̂1,IV = (z′1∆i)
−1(z′1∆ log s̃) =

∆i′H∆ log s̃H −∆i′C∆ log s̃C
∆i′H∆iH −∆i′C∆iC

=
ĉov(∆iH ,∆ log s̃H)− ĉov(∆iC ,∆ log s̃C)

v̂ar(∆iH)− v̂ar(∆iH)
(21)

γ̂2,IV = (z′2∆i)
−1(z′2∆ log s̃) =

∆ log s̃′H∆ log s̃H −∆ log s̃′C∆ log s̃C
∆ log s̃′H∆iH −∆ log s̃′C∆iC

=
v̂ar(∆ log s̃H)− v̂ar(∆ log s̃C)

ĉov(∆iH ,∆ log s̃H)− ĉov(∆iC ,∆ log s̃C)
(22)

14

I test the strength of identification for γ̂1 and γ̂2 by performing a first-stage F-test. Allowing

heteroskedasticity, Olea and Pflueger (2013) provide a critical value of F > 23 for the first-stage

weak instruments test at the 5% significance level and relative bias of 10%. This threshold works

for just-identified systems with only one endogenous regressor. Empirically, I record the robust

F-statistic calculated for the first-stage regression with clustering by date to account for correlation

across banks within each time cross section. I then compare this F-statistic to the critical value of

23. Since there is no empirical test of exogeneity for a just-identified system, I do not perform one.

I obtain 95% confidence intervals from the IV regressions with clustering by date.

Using two instruments together: I can use z1 and z2 together to instrument for ∆i. This

results in an overidentified regression and an estimate for γ that I call γ̂IV . While I do record the

F-statistic, there is no consensus in the econometrics literature about the threshold to which this

14 I have therefore confirmed that the IV approach produces estimators that match those derived previously.
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F-statistic should be compared when the system is overidentified and the errors are heteroskedastic.

I perform the J-test to empirically test for exogeneity. Once again, I obtain 95% confidence intervals

from the IV regressions with clustering by date.

Comparing γ̂1 and γ̂2: First, I compare γ̂1 and γ̂2 by comparing γ̂j,1 and γ̂j,2. Equations (13)

and (14) are reproduced below in a different but equivalent form:

γ1,j =
∆Ω12

∆Ω11
=

∆cov(∆it,j ,∆ log s̃t,j)

∆var(∆it,j)
=
γj(σ

2
ε,H − σ2ε,C) + β(σ2η,H − σ2η,C)

(σ2ε,H − σ2ε,C) + (σ2η,H − σ2η,C)
(23)

γ2,j =
∆Ω22

∆Ω12
=

∆var(∆ log s̃t,j)

∆cov(∆it,j ,∆ log s̃t,j)

=
γ2j (σ2ε,H − σ2ε,C) + β2(σ2η,H − σ2η,C) + (σ2θ,j,H − σ2θ,j,C)

γj(σ2ε,H − σ2ε,C) + β(σ2η,H − σ2η,C)
(24)

Rigobon and Sack (2004) state that γ̂1,j = γ̂2,j asymptotically if the variance assumptions hold

perfectly. In my case, γ1,j = γ2,j if all the variance assumptions in (10) hold. I argue that γ̂1,j is

the better estimator because it does not require all of the variance assumptions.

First, it is clear that γ1,j does not require the third variance assumption, i.e. σθ,j,H = σθ,j,C .

Second, we can see that the exogeneity conditions for both instruments z1 and z2 depend

on σε,H 6= σε,C , so the strength of identification is reflected in the first term of the numerator and

denominator in (16) and (17). The difference between the two estimators can be due to the violation

of any of the three variance assumptions in (10). If ση,H = ση,C is the only assumption in (10) that

is not satisfied, then either estimator can become an inaccurate measure of the true γ. Furthermore,

whether γ1,j or γ2,j is better depends on the magnitude of β; in particular, if β is small, then γ2,j

might be better than γ1,j because it dampens the effect of the violation, ση,H 6= ση,C . The point

estimates and confidence intervals for β can be obtained using the Sims’ estimation approach in

Section 5.3. They are documented in Appendix C.

If there is no convincing evidence that β is small (which is the case as Appendix C shows), it may

be best to default to γ1,j and eliminate the third variance assumption in (10) that σθ,j,H = σθ,j,C ,

which may be a source of the discrepancy if that assumption is not satisfied.
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Second, I compare γ̂1 and γ̂2 by comparing the values to which they converge, i.e. γ1 and γ2,

respectively.

Using (15), (23), and (24), I obtain

γ1 =
γ(σ2ε,H − σ2ε,C) + β(σ2η,H − σ2η,C)

(σ2ε,H − σ2ε,C) + (σ2η,H − σ2η,C)
(25)

γ2 =
Ej(γ

2
j )(σ2ε,H − σ2ε,C) + β2(σ2η,H − σ2η,C) + (σ2θ,j,H − σ2θ,j,C)

γ(σ2ε,H − σ2ε,C) + β(σ2η,H − σ2η,C)
(26)

Notably, γ2 may not be equal to γ1 even if the variance assumptions in (10) hold perfectly. This

may be a compelling reason why I find empirically that γ̂1 6= γ̂2. In sum, I conclude that γ̂1 should

be the preferred estimator, since there is no evidence that β is small, and γ2 uses the third variance

assumption σθ,j,H = σθ,j,C .

5.2.2 Reversal rate

In contrast to my OLS estimation approach in Section 5.1, which estimated a semielasticity for

each shock date, the model here restricts γ to be the same across the dataset using either pooled

estimator in (16) and (17). This is a drawback of the model because I might expect a different

semielasticity for each event date, since the monetary shock may affect bank equity differently on

each shock date. One way to generate different semielasticities is to partition the interest rate range

and calculate γ̂1 and γ̂2 for each partition. Since the variance assumptions in (10) are unlikely to

hold over large interest rate ranges, partitioning the range as described would lend more credibility

to the assumptions. I develop two partitions for each region and calculate γ̂1 and γ̂2 accordingly.

The partition strategy relates to the hypothesis test that checks for a reversal rate described below.

The reversal rate as defined earlier in this paper is the rate below which expansionary monetary

policy in the form of an interest rate cut leads to a decrease in bank equity; in other words, the

semielasticity is positive below the reversal rate. Above this reversal rate, the semielasticity is

negative. Suppose the interest rate range has a minimum value of ρ and a maximum value of ϕ.

I partition the interest rate range at point m, thereby dividing the range into two bins, [ρ, m)
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and [m, ϕ], and I estimate the semielasticity for each bin. Call these two estimates γ̂lo and γ̂hi

for the bins [ρ, m) and [m, ϕ], respectively. The hypothesis test should be H0 : γlo = 0, γhi =

0, H1 : γlo > 0 ∩ γhi < 0 ⇔ m is a reversal rate. A simpler way to test this is by conducting

the test H0 : γlo = γhi, H1 : γlo 6= γhi. If the conclusion of this test is that I fail to reject the

null hypothesis, then no further test is needed to conclude that m is not a reversal rate at the 5%

significance level. In fact, the results in Section 6 show that the conclusion is always the failure to

reject the null hypothesis that γlo = γhi for m = {0, median interest rate}. The failure to reject

that γlo = γhi suggests that bank equity does not react differently to monetary shocks across the

bins defined by m.

To conduct a hypothesis test that considers γlo and γhi jointly, I need to create a nested model

so that I can estimate both semielasticities in one regression. I do so by introducing indicator

variables for the interest rate bins and adjusting my regression accordingly. For example, if I am

running the IV regression to find γ̂1,IV in equation (21) for both interest rate bins defined by the

threshold m, then I would first perform the following regression15:

∆ log s̃ = αlo1(i < m)∆i+ αhi[1− 1(i < m)]∆i+ e (27)

where the instruments for the endogenous regressors 1(i < m)∆i and [1 − 1(i < m)]∆i are

1(i < m)z1 and [1− 1(i < m)]z1, respectively.

The point estimates, α̂lo and α̂hi, match γ̂1,IV and γ̂2,IV . The setup of the nested model is similar

for estimating γ̂2,IV and γ̂IV . I then perform the joint hypothesis test H0 : γlo = γhi, H1 : γlo 6=

γhi using this nested model.

5.3 Sims (2016) Estimation

5.3.1 Semielasticity

The most robust estimation method requires a weaker identifying variance assumption:

σ2ε,H
σ2η,H

>
σ2ε,C
σ2η,C

(28)

15This method of nesting models is well-known and can be found in Goldberger (2003).
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It is reasonable to believe that the ratio of the variance of the monetary shock to the variance of

the nonmonetary shock simply rises on shock dates. In other words, the variance of the nonmonetary

shock may increase in shock dates but presumably by a smaller factor than does the variance of

the monetary shock. The stronger assumptions in (10) are a subset of the assumptions in (28).

Sims (2016) provides a simple model for estimating γ under these more flexible assumptions.

His method requires that I first rearrange my model and use a generated regressor in order to

require (28) as the sole variance assumption.

Recall that the model in (7) is

∆it,j = ∆it = εt + ηt

∆ log s̃t,j = γεt + βηt + θt,j , j ∈ J

I first create a generated regressor by taking the expectation of the second equation with respect

to the bank index j.

∆it = εt + ηt

Ej∆ log s̃t,j = Ej [γεt + βηt + θt,j ] = γεt + βηt (29)

The last equality follows from (8). Now I have one price data point per date, and I can eliminate

the variance assumption on θt,j in (10).

The system can be written in matrix form as

 ∆it

Ej∆ log s̃t,j

 =

 1 1

γ β


 ε

η

 = H

 ε

η

 (30)

where

H ≡

(
1 1

γ β

)
⇒ H−1 =

1

β − γ

(
β −1

−γ 1

)

(Note that the H matrix is different from the H used to denote shock subscripts). The covari-
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ances for the sample of shocks and controls, or nonshock dates, are given by

ΣH = cov(∆it,H , Ej∆ log s̃t,j,H)

ΣC = cov(∆it,C , Ej∆ log s̃t,j,C) (31)

I define the diagonal variance matrices as follows:

ΛC =

(
σ2ε,C 0

0 σ2η,C

)
, ΛH =

(
σ2ε,H 0

0 σ2η,H

)
(32)

It follows that

ΣC =

 σ2ε,C + σ2η,C γσ2ε,C + βσ2η,C

γσ2ε,C + βσ2η,C γ2σ2ε,C + β2σ2η,C


=

 1 1

γ β


 σ2ε,C γσ2ε,C

σ2η,C βσ2η,C


=

 1 1

γ β


 σ2ε,C 0

0 σ2η,C


 1 γ

1 β


= (β − γ)HΛCH

−1 (33)

By replacing the C with H above, we get

ΣH =

 σ2ε,H + σ2η,H γσ2ε,H + βσ2η,H

γσ2ε,H + βσ2η,H γ2σ2ε,H + β2σ2η,H

 =

 1 1

γ β


 σ2ε,H 0

0 σ2η,H


 1 γ

1 β

 = (β−γ)HΛHH
−1

(34)

Following Sims, we get
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Σ−1C ΣH = (H−1)′Λ−1C ΛHH
′ = (H ′)−1Λ−1C ΛHH

′

⇒ H ′Σ−1C ΣH = Λ−1C ΛHH
′ (35)

where

Λ−1C ΛH =

 σ2
ε,H

σ2
ε,C

0

0
σ2
η,H

σ2
η,C

 (36)

And by assumption,

σ2ε,H
σ2ε,C

>
σ2η,H
σ2η,C

⇔
σ2ε,H
σ2η,H

>
σ2ε,C
σ2η,C

(37)

Therefore, the estimates of γ and β are contained in the left eigenvector matrix of Σ−1C ΣH after

I normalize the first row to unity so that the left eigenvector matrix represents the estimate of 1 1

γ β

. The first column should be made to correspond to the eigenvector with the largest

eigenvalue under my identifying assumptions, consistent with the placement of the ratio of variances

along the diagonal of the eigenvalue matrix in (36).

Using Sims’ method, I estimate the semielasticity, γ̂S , in each interest rate bin. I bootstrap to

obtain confidence intervals through a stratified resampling technique. Specifically, if the interest

rate bin contains distinct shock dates, S = {s1, , s2, ..., sm}, and distinct non-shock dates, C =

{c1, , c2, ..., cn}, then I resample with replacement from S and C.

Note that I can obtain point estimates and bootstrapped confidence intervals for both γ and β.

I only report the estimates and confidence intervals for γ̂S in the text, and I place the estimates

and confidence intervals for β̂S in Appendix C.

5.3.2 Reversal rate

I use the 95% confidence intervals for γ for each interest rate bin (defined by threshold m) to

test H0 : γ = 0, H1 : γ 6= 0. If I fail to reject the null at the 5% significance level, then the
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claim that m is a reversal rate is not convincing.

5.4 Nonparametric Estimation of Semielasticity

A nonparametric method for finding semielasticities is to calculate the mean semielasticity

across banks in each cross section for each monetary shock date. For a given shock date t, the

nonparametric semielasticity is given by

γ̄t =
1

Jt

Jt∑
j=1

γjt, γjt =
%∆sjt

∆it
(38)

where γjt is the semielasticity of bank j on shock date t, and Jt is the number of banks in each

cross section t; again, Jt varies according to t due to the availability of bank stock price data on a

given shock date.

This calculation of semielasticity weights each semielasticity equally, but there is no compelling

reason to do so. A market-weighted average semielasticity is another nonparametric method that

would favor larger banks, but there is again no reason to do so.

I mention this method because it would seem to simplify things dramatically in the estimation

methods above because we would no longer be dealing with a panel dataset. In fact, (38) is

essentially OLS without the bank fixed effects; instead, it is a uniform average of γjt, whereas OLS

provides a weighted average. Since the uniform weighting the γjt is not well-justified, I do not use

it.

6 Results and Discussion

The table below shows a summary of the data with the following variable definitions:

• d refers to the number of calendar days in the time window of ∆i or ∆ log s .

• Proportion refers to the proportion of the raw dataset, so for d ≤ 3 for the Japanese 3-month

bond rate, the proportion of 0.86 means that 86% of the total observations in the raw dataset

have ∆i or ∆ log s spanning at most three calendar days.

• #dates refers to the number of distinct dates; #shocks refers to the number of distinct shock
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dates.

• nshocks= number of observations in the subsample of shocks. ntotal = number of observations

in the total sample; this is distinct from the total number of observations in the raw dataset,

which is related to the proportion.

• avg #banks
shock refers to the mean number of (distinct) banks per shock date. This quantity is

equivalent to nshocks
#shocks and is restricted to be greater than 10 according to my shock date

identification methodology explained in Section 4.1.1.

Japan 3mo bond 3mo bill index 3mo LIBOR

d ≤ 3 d = 1 d ≤ 3 d = 1 d ≤ 3 d = 1
proportion 0.86 0.72 0.96 0.76 0.94 0.76

#dates 1,747 1,463 2,326 1,868 2,230 1,808
#shocks 19 19 27 27 11 11
nshocks 1,549 1,535 2,312 2,284 892 878
ntotal 141,321 117,898 191,007 152,401 183,119 147,425

avg #banks
shock 82 81 86 85 81 80

Euro Area 3mo bund 3mo bubill index 3mo EURIBOR

d ≤ 3 d = 1 d ≤ 3 d = 1 d ≤ 3 d = 1
proportion 0.98 0.78 0.98 0.78 0.98 0.78

#dates 2,513 2,008 2,501 2,000 2,507 1,999
#shocks 47 47 47 47 1 1
nshocks 3,827 3,806 3,827 3,806 87 85
ntotal 208,562 165,629 208,428 165,731 209,089 166,057

avg #banks
shock 81 81 81 81 87 85

Switzerland 3mo LIBOR

d ≤ 3 d = 1
proportion 0.92 0.73

#dates 2,382 1,914
#shocks 14 14
nshocks 321 309
ntotal 52,012 41,236

avg #banks
shock 23 22

Table 2: Description of data by region, 3-month rate, and calendar day difference

Table 2 shows that keeping differences that span at most three calendar days is equivalent to keeping

almost all of the observations.
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I generate OLS results for all rates in each region. For the sake of concision, I use one rate per

region to generate the non-OLS results.16 For Switzerland, the choice of rate is obvious because

there is only one rate, i.e. the 3-month LIBOR, available. For the Euro Area, I rule out the

3-month EURIBOR because only one shock date exists in the dataset, complicating the estimation

methodologies described in the previous section.

Since the three rate datasets for Japan and two rate datasets (after ruling out EURIBOR) for

the Euro Area all have a similarly large number of total observations, I choose the rate that has

the greatest date coverage. In other words, I pick the rate with the greatest number of distinct

dates, represented by #dates. This leads to the choice of the 3-month bill index for Japan and the

3-month bund for the Euro Area.

6.1 Japan

6.1.1 OLS estimation

The following graphs show OLS-estimated semielasticities using the sample of all banks and the

subsample of 10 largest banks for each region and each 3-month rate. The red error bars denote the

95% confidence intervals 17 for the coefficient estimates, γ̂t, from the OLS regressions. The green

line represents the best fit linear relationship between the semielasticity and the 3-month rate

without accounting for the standard errors in red. The errors are allowed to be heteroskedastic for

each regression.

16The results generated from the other rates in each region are similar to those generated from the chosen rate per
region.

17 1.96 multiplied by the coefficient’s standard error because large sample asymptotics apply.
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Figure 4: OLS semielasticities using 3-month Japanese bond rate with 95% confidence intervals
using full sample

Figure 5: OLS semielasticities using 3-month Japanese bond rate with 95% confidence intervals
using top ten banks
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Figure 6: OLS semielasticities using 3-month Japanese bill index with 95% confidence intervals
using full sample of banks

Figure 7: OLS semielasticities using 3-month Japanese bill index with 95% confidence intervals
using top ten banks
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Figure 8: OLS semielasticities using 3-month Japanese LIBOR with 95% confidence intervals using
full sample of banks

Figure 9: OLS semielasticities using 3-month Japanese LIBOR with 95% confidence intervals using
top ten banks
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Full sample Top 10 banks

T β̂0 β̂1 β̂0 β̂1

3mo bond rate 19
0.29 -0.65 0.25 -0.53

[-0.05, 0.62] [-1.32, 0.02] [-0.007, 0.50] [-1.09, -0.03]

3mo bill index 27
0.03 -0.22 -0.03 -0.04

[-0.30, 0.36] [-1.05, 0.61] [-0.37, 0.30] [-0.93, 0.85]

3mo LIBOR 11
0.42 -0.50 0.59 -0.66

[-1.02, 1.87] [-2.32, 1.32] [-0.64, 1.81] [-2.26, 0.93]

p-values18 of test H0 : β1 = 0, H1 : β1 < 0
3mo bond rate 0.02 0.02
3mo bill index 0.29 0.46
3mo LIBOR 0.27 0.17

Table 3: Japan, γt = β0 + β1it + εt, t ∈ T where T is the set of shocks. Point estimates, γ̂t, and
95% confidence intervals are shown, along with the p-values of the hypothesis test for the reversal
rate

Using the 3mo Japanese bond rate with the full sample and subsample of top ten banks, β̂1

is significantly negative at the 95% level. Under the 3mo bill index and 3mo LIBOR, the 95%

confidence intervals for β̂1 include 0, indicating that we fail to reject the null hypothesis that

β1 = 0.

The p-values for the one-sided hypothesis test H0 : β1 = 0, H1 : β1 < 0 indicate that at

the 5% significance level for the 3-month bond rate, I reject the null hypothesis in favor of the

alternative hypothesis that β1 < 0. Therefore, I can conclude that there exists a reversal rate

using the 3-month bond time series. From the 3-month bond best-fit line coefficients, the reversal

rate is 0.44% for the full sample and 0.47% for the largest ten banks. In other words, 0.44% and

0.47% are the x-intercepts of the best-fit lines in Figures (4) and (5). Below the reversal rate, an

expansionary monetary shock in the form of an interest rate cut results in a decrease in bank equity

price, whereas above the reversal rate, the shock results in an increase in bank equity price.

6.1.2 Heteroskedasticity-based and Sims estimation

The following tables show the results with variable definitions below:
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• The bins are created according to a dividing threshold m = {0, median of interest rate range}.

The decision to test the reversal rate at m = 0 makes sense in the context of the paper, since

I am interested in testing the legitimacy of the zero lower bound concept. I also test the

reversal rate at m =median of the interest rate range (including repeated rate observations

for each cross section corresponding to multiple bank price observations) since this partition

results in a more equal distribution of observations and shocks across the bins, allowing the

estimation to be more efficient. Bin 1 and Bin 2 use m = 0, while Bin 3 and Bin 4 use

m =median of interest rate range.

• γ̂1,RS and γ̂2,RS are the Rigobon-Sack estimators as a ratio of covariances given in equations

(16) and (17); γ̂1,IV and γ̂2,IV are the IV estimators given in equations (21) and (22); γ̂IV is

the IV estimator that uses both instruments z1 and z2; and γ̂S is the Sims estimator.

• The F-statistic for the overidentified regression is the Kleibergen-Paap rk Wald F-statistic,

which accounts for clustering by date. Under heteroskedastic robust errors and overidentifi-

cation, there is no consensus in the econometrics literature on what threshold should be used

to determine whether the F-statistic’s value indicates strong or weak identification. I can

only claim that a larger F-statistic suggests stronger identification.

• J refers to Hansen’s J-statistic, which tests the null hypothesis that both instruments satisfy

the exogeneity conditions, i.e. that neither instrument is correlated with the error term. A

rejection of the null hypothesis occurs at p-values less than 0.05 and implies that at least one

instrument does not satisfy the exogeneity condition.

• For the Sims’ estimation, CI refers to the bootstrapped 95% confidence interval using stratified

resampling with replacement using 1,000 iterations.

• The ratios σ2ε,H/σ
2
ε,C and σ2η,H/σ

2
η,C represent the diagonal elements of the matrix, Λ−1C ΛH ,

given in (36), which is the eigenvalue matrix of Σ−1C ΣH in (35). I assume that σ2ε,H/σ
2
ε,C is

always greater than σ2η,H/σ
2
η,C as mentioned in (28).
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Full rate range Bin 1 Bin 2 Bin 3 Bin 4

[-0.48, 0.73] [-0.48, 0) [0, 0.73] [-0.48, 0.1) [0.1, 0.73]

#dates 2,326 432 1,894 911 1,415

#shocks 27 18 9 19 8

nshocks 2,312 1,606 706 1,693 619

ntotal 191,007 38,131 152,876 79,039 111,968

γ̂1,RS 0.22 -0.04 0.40 0.14 0.33

γ̂2,RS 2.97 -17.70 2.08 4.23 2.56

γ̂1,IV pt. 0.22 -0.04 0.40 0.14 0.33

CI [-0.10, 0.54] [-1.22, 1.13] [0.08, 0.71] [-0.49, 0.77] [0.07, 0.59]

F 288.71 1.74 4589.83 26.84 2486.35

γ̂2,IV pt. 2.97 -17.70 2.08 4.23 2.56

CI [-1.23, 7.17] [-496.95, 461.54] [0.16, 4.01] [-13.92, 22.37] [0.13, 5.00]

F 1.89 0.01 5.89 0.19 6.13

γ̂IV pt. 0.24 -0.09 0.40 0.16 0.34

CI [-0.09, 0.56] [-1.24, 1.07] [0.08, 0.73] [-0.48, 0.79] [0.07, 0.61]

F 181.43 0.96 3790.59 13.78 2067.60

J 4.31 1.22 2.23 2.78 2.00

p-val 0.04 0.27 0.14 0.10 0.16

γ̂S pt. 0.30 -1.60 0.43 0.25 0.38

CI [-0.18, 1.01] [-9.29, 3.80] [-0.24, 1.64] [-1.60, 1.50] [-0.35, 2.30]

β̂S pt. -4.75 0.33 -8.21 -3.97 -6.90

CI [-35.03, 39.32] [-14.87, 7.62] [-30.07, 19.23] [-28.30, 25.91] [-20.17, 17.54]

σ2
ε,H/σ

2
ε,C 10.00 2.05 51.67 4.21 39.98

σ2
η,H/σ

2
η,C 3.56 1.78 5.20 2.69 5.48

p-values of test H0 : γ same across bins. H1 : γ different across bins

γ̂1,IV γ̂2,IV γ̂IV
bin divider 0 0.48 0.94 0.42

0.1 0.58 0.86 0.60

Table 4: Heteroskedasticity-based and Sims estimation of semielasticity γ for Japan using 3-month
bill index and full sample of banks
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Full rate range Bin 1 Bin 2 Bin 3 Bin 4

[-0.48, 0.73] [-0.48, 0) [0, 0.73] [-0.48, 0.1) [0.1, 0.73]

#dates 2,326 432 1,894 911 1,415

#shocks 27 18 9 19 8

nshocks 257 179 78 188 69

ntotal 20,887 4,129 16,758 8,440 12,447

γ̂1,RS 0.24 -0.03 0.42 0.11 0.41

γ̂2,RS 4.22 -24.19 3.56 5.41 4.10

γ̂1,IV pt. 0.24 -0.03 0.42 0.11 0.41

CI [-0.14, 0.62] [-1.42, 1.35] [0.05, 0.80] [-0.62, 0.84] [0.04, 0.79]

F 253.36 1.58 3620.81 23.66 1,937.42

γ̂2,IV pt. 4.22 -24.19 3.56 5.41 4.10

CI [-2.30, 10.74] [-998.82, 950.45] [-0.02, 7.15] [-28.28, 39.11] [0.14, 8.05]

F 1.62 0.00 4.41 0.09 4.95

γ̂IV pt. 0.26 -0.08 0.43 0.12 0.43

CI [-0.13, 0.65] [-1.44, 1.28] [0.05, 0.82] [-0.61, 0.85] [0.03, 0.83]

F 154.08 0.85 2823.50 11.93 1,645.28

J 3.88 1.11 2.41 2.53 2.30

p-val 0.05 0.29 0.12 0.11 0.13

γ̂S pt. 0.37 -2.66 0.51 0.19 0.53

CI [-0.34, 2.51] [-9.48, 9.43] [-0.96, 3.27] [-1.58, 1.94] [-1.58, 4.23]

β̂S pt. -5.14 0.24 -10.00 -5.98 -7.94

CI [-59.89, 39.87] [-13.82, 9.86] [-40.08, 11.85] [-39.931, 33.12] [-31.65, 7.38]

σ2
ε,H/σ

2
ε,C 9.60 2.10 47.11 4.05 36.63

σ2
η,H/σ

2
η,C 4.08 1.78 7.36 2.73 7.47

p-values of test H0 : γ same across bins. H1 : γ different across bins

γ̂1,IV γ̂2,IV γ̂IV
bin divider 0 0.53 0.96 0.48

0.1 0.47 0.94 0.47

Table 5: Heteroskedasticity-based and Sims estimation of semielasticity γ for Japan using 3-month
bill index and top ten banks

I provide key observations on (4) and (5), some of which are general and apply to the results

for the Euro Area and Switzerland:

First, γ̂1 is usually not equal to or close to γ̂2. This observation probably suggests that the
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variance assumptions in (10) do not hold perfectly; this is expected since the data are daily and

the variances of both the monetary and nonmonetary shock may increase together on shock dates.

Another reason for this discrepancy is that there are not enough shocks in the sample for the

asymptotic equality to hold. A third reason is that the true values to which the two estimators

converge may not be equal, as expressed in equation (25) and (26). I put aside γ̂2 because it is

based on a weaker instrument z2 and utilizes the third assumption in (10) as discussed in Section

5.2.1.

The F-statistic measures the strength of identification. Ideally, if the variance assumptions in

(10) hold perfectly, then identification should be very strong. This claim follows directly from

the fact that the theoretical proof of the relevance of the instruments z1 and z2 (in Appendix B)

exploits the presumed increase in the monetary shock variance.

Furthermore, the observation that the F-statistic for γ̂1,IV is usually greater than the F-statistic

for γ̂2,IV is consistent with the proofs of instrument relevance. In particular, assuming the nonmon-

etary variance does not change, I can write E(z′1∆i) = σ2ε,H − σ2ε,C and E(z′2∆i) = γ(σ2ε,H − σ2ε,C).

Since almost all of the 95% confidence intervals for γ in each estimation method contain 0, the true

value, γ, is probably very small, so while both E(z′1∆i) and E(z′2∆i) are both nonzero, E(z′2∆i)

may be much smaller due to the multiplication by a small γ. This would lead to a smaller F-

statistic for γ̂2,IV than for γ̂1,IV . Intuitively, the direction of this inequality makes sense because

z1 contains multiplication by ∆i in its expression whereas z2 does not, suggesting that E(z′1∆i)

should be nonzero and larger in magnitude than E(z′2∆i).

The F-statistic for γ̂1,IV is usually above 23, indicating strong identification. In contrast, γ̂2,IV ’s

F-stat is consistently below 23. The overidentified regression using two instruments, γ̂IV , is heavily

weighted toward γ̂1,IV in its point estimate, confidence interval, and F-statistic.

In general, the F-statistic increases as the number of distinct shocks (i.e. #shocks) increases.

These dynamics are evident in the comparison of the various estimated semielasticities in Bin 1

and Bin 3 and in the comparison of those in Bin 2 and Bin 4 for both Japan tables. Moreover, as

the number of distinct dates (i.e. #dates) and number of total observations (ntotal) increase with

#shocks, the confidence intervals become narrower, and the standard error of the semielasticity

estimate falls. This can be seen in the comparison of Bin 1 and Bin 3 in both tables.

Additionally, besides the increased number of observations, distinct shocks, and distinct dates,
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another striking difference between Bin 1 to Bin 3 is that the ratio of
σ2
ε,H/σ

2
ε,C

σ2
η,H/σ

2
η,C

is more elevated

in Bin 3 than in Bin 1. The changes in this ratio across bins may be another reason (or perhaps

the main reason) for the changes in the F-statistic across bins. A larger ratio leads to a larger

F-statistic; for example, consider the increase in the F-statistic that occurs from Bin 1 to Bin 2

and from Bin 3 to Bin 4. The ratio,
σ2
ε,H/σ

2
ε,C

σ2
η,H/σ

2
η,C

, also increases across these two pairs of bins.

The J-statistic’s associated p-value is close to 0.05, the critical value, for the entire interest

rate range for the full sample of banks and the largest ten banks. A p-value smaller than 0.05

rejects the null hypothesis that both instruments z1 and z2 in (19) and (20) satisfy the exogeneity

conditions. Therefore, a rejection of the null hypothesis implies that at least one instrument does

not satisfy the exogeneity condition empirically. My results show that the J-statistic’s p-value is

higher for the separate bins as opposed to the full rate range, indicating that the variance assump-

tions—particularly the assumption that the nonmonetary shock variance stays constant—tend to

hold better within smaller rate ranges. In general, to assume that the nonmonetary shock variance

is constant across a large interest rate range is less plausible than to assume that the nonomonetary

shock variance is constant across a smaller sub-range.

Aside from the observation that the F-statistic is generally greater for estimates using the full

sample of banks, the results generated using either the full sample or the subsample of ten largest

banks are similar. This suggests that the equity prices of the largest ten banks and of smaller banks

may not react very differently to monetary shocks.

For both samples of banks, all of the 95% confidence intervals for γ̂19 contain 0, with the

exception of the confidence intervals for γ̂1,IV and γ̂2,IV and γ̂IV in Bin 4. This feature by itself

does not imply whether the bin divider m = 0 and m =median of rate range, are each reversal

rates. Instead, to test whether m is a reversal rate, I test H0 : γ same across bins, H1 : γ different

across bins. Since all of the p-values are greater than 0.05, I fail to reject the claim that the true

semielasticities about m are the same in value, suggesting that m is not a reversal rate at the 5%

significance level.

The Sim’s estimator, γ̂S , tends to have wider confidence intervals than γ̂1,IV and γ̂IV that

each contain 0. This suggests that I consistently fail to reject the null hypothesis in the test

H0 : γ = 0, H1 : γ 6= 0. Consequently, I cannot conclude that m is a reversal rate.

19The lack of a subscript allows γ̂ to refer to all semielasticity estimates.
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6.2 Euro Area

6.2.1 OLS estimation

I do not show results for EURIBOR because there is only one shock date.

Figure 10: OLS semielasticities using 3-month German bund rate with 95% confidence intervals
using full sample of banks

Figure 11: OLS semielasticities using 3-month German bund rate with 95% confidence intervals
using top ten banks
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Figure 12: OLS semielasticities using 3-month German bubill index with 95% confidence intervals
using full sample of banks

Figure 13: OLS semielasticities using 3-month German bubill index with 95% confidence intervals
using top ten banks

Under the 3mo bund rate and 3mo bubill index, the 95% confidence intervals for β̂1 include 0,

so I fail to reject the null hypothesis that β1 = 0. Additionally, the p-values of the test H0 : β1 = 0,

H1 : β1 < 0 are all greater than 0.05, so I cannot conclude that β1 < 0 at the 5% significance level.

Therefore, the OLS estimation method does not provide convincing evidence of a reversal rate for

bank equity.
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Full sample Top 10 banks

T β̂0 β̂1 β̂0 β̂1

3mo bond rate 47
0.13 -0.05 0.22 -0.08

[-0.04, 0.29] [-0.12, 0.03] [-0.10, 0.54] [-0.23, 0.06]

3mo bubill index 47
0.13 -0.05 0.22 -0.08

[-0.04, 0.29] [-0.12, 0.03] [-0.10, 0.54] [-0.23, 0.06]

p-values of test H0 : β1 = 0, H1 : β1 < 0
3mo bund rate 0.10 0.13

3mo bubill index 0.11 0.13

Table 6: Euro Area, γt = β0 + β1it + εt, t ∈ T where T is the set of shocks. Point estimates,
γ̂t, and 95% confidence intervals are shown, along with the p-values of the hypothesis test for the
reversal rate
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6.2.2 Heteroskedasticity-based and Sims estimation

Full rate range Bin 1 Bin 2 Bin 3 Bin 4

[-0.88, 4.48] [-0.88, 0) [0, 4.48] [-0.88, 0.06) [0.06, 4.48]

#dates 2,513 995 1,518 1,227 1,286

#shocks 47 23 24 24 23

nshocks 3,827 1,946 1,881 2,031 1,796

ntotal 208,562 84,589 123,973 104,246 104,316

γ̂1,RS 0.02 0.12 0.02 -0.01 0.02

γ̂2,RS 1.70 13.61 0.81 -131.01 0.75

γ̂1,IV pt. 0.02 0.12 0.02 -0.01 0.02

CI [-0.03, 0.07] [-0.54, 0.78] [-0.03, 0.07] [-0.63, 0.60] [-0.03, 0.07]

F 653.26 1.57 1,082.99 2.04 864.48

γ̂2,IV pt. 1.70 13.61 0.81 -131.01 0.75

CI [-3.83, 7.23] [-87.79, 115.01] [-0.91, 2.53] [-6,340.34, 6,078.32] [-0.91, 2.40]

F 0.63 0.11 0.92 0.00 0.86

γ̂IV pt. 0.02 0.18 0.02 -0.02 0.02

CI [-0.03, 0.07] [-0.51, 0.87] [-0.03, 0.07] [-0.64, 0.61] [-0.03, 0.07]

F 365.09 0.85 615.40 1.07 492.16

J 0.81 0.22 1.35 0.29 1.18

p-val 0.37 0.64 0.24 0.59 0.28

γ̂S pt. 0.02 -74.71 0.02 10.46 0.02

CI [-0.04, 0.12] [-70.78, 56.88] [-0.02, 0.09] [-54.20, 64.73] [-0.02, 0.09]

β̂S pt. -168.99 0.01 46.21 -0.04 44.21

CI [-54.94, 54.26] [-12.51, 11.41] [-53.49, 68.05] [-7.98, 1.51] [-40.57, 51.89]

σ2
ε,H/σ

2
ε,C 9.23 4.21 10.58 4.17 11.67

σ2
η,H/σ

2
η,C 2.81 1.66 1.80 1.61 1.93

p-values of test H0 : γ same across bins. H1 : γ different across bins

γ̂1,IV γ̂2,IV γ̂IV
bin divider 0 0.77 0.80 0.66

0.06 0.91 0.97 0.90

Table 7: Heteroskedasticity-based and Sims estimation of semielasticity γ for the Euro Area using
the 3-month bund rate and full sample of banks
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Full rate range Bin 1 Bin 2 Bin 3 Bin 4

[-0.88, 4.48] [-0.88, 0) [0, 4.48] [-0.88, 0.08) [0.08, 4.48]

#dates 2,505 995 1,510 1,251 1,254

#shocks 47 23 24 26 21

nshocks 457 226 231 256 201

ntotal 24,807 9,855 14,952 12,399 12,408

γ̂1,RS 0.065 0.249 0.069 0.036 0.064

γ̂2,RS 1.662 21.712 0.908 135.284 0.955

γ̂1,IV pt. 0.06 0.25 0.07 0.04 0.06

CI [-0.06, 0.19] [-0.80, 1.30] [-0.06, 0.19] [-0.92, 0.99] [-0.06, 0.19]

F 671.64 1.36 1,074.92 1.83 983.20

γ̂2,IV pt. 1.66 21.71 0.91 135.28 117.35

CI [-1.71, 5.03] [-94.31, 137.74] [-0.34, 2.16] [-3,666.64, 3,937.20] [-69.32, 304.02]

F 1.13 0.16 1.90 0.00 1.52

γ̂IV pt. 0.07 0.54 0.07 0.09 0.06

CI [-0.06, 0.19] [-0.85, 1.93] [-0.06, 0.20] [-0.82, 0.99] [-0.06, 0.19]

F 401.45 0.73 685.23 0.95 605.25

J 2.52 0.75 3.68 0.80 3.59

p-val 0.11 0.39 0.06 0.37 0.06

γ̂S pt. 0.07 16.92 0.07 60.29 0.07

CI [-0.07, 0.37] [-117.01, 110.51] [-0.03, 0.25] [-187.02, 179.90] [-0.04, 0.23]

β̂S pt. -9.87 -0.09 -10.32 -0.04 -13.28

CI [-75.98, 75.80] [-6.51, 2.49] [-68.61, 84.25] [-17.49, 8.62] [-62.28, 67.34]

σ2
ε,H/σ

2
ε,C 9.48 4.39 11.83 4.22 11.44

σ2
η,H/σ

2
η,C 3.34 1.58 2.92 1.61 2.93

p-values of test H0 : γ same across bins. H1 : γ different across bins

γ̂1,IV γ̂2,IV γ̂IV
bin divider 0 0.74 0.73 0.51

0.08 0.95 0.95 0.97

Table 8: Heteroskedasticity-based and Sims estimation of semielasticity γ for the Euro Area using
the 3-month bund rate and the top ten banks

Many of the observations for Japan apply here. All of the 95% confidence intervals using all banks

and the largest ten banks contain 0. Again, because all of the p-values are greater than 0.05, I fail

to reject the claim that the semielasticities in each bin around m are equal. Therefore, I conclude
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that m is not a reversal rate at the 5% significance level.

The confidence intervals for γ̂S all contain 0, meaning that I fail to reject the null hypothesis

in the test H0 : γ = 0, H1 : γ 6= 0. m is therefore not a reversal rate at a 5% significance level.

6.3 Switzerland

6.3.1 OLS estimation

Figure 14: OLS semielasticities using 3-month Swiss LIBOR with 95% confidence intervals using
full sample of banks

Figure 15: OLS semielasticities using 3-month Swiss LIBOR with 95% confidence intervals using
top ten banks
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Full sample Top 10 banks

T β̂0 β̂1 β̂0 β̂1

3mo LIBOR 14
0.13 -0.07 0.36 -0.15

[-0.04, 0.30] [-0.15, 0.01] [-0.17, 0.90] [-0.39, 0.10]

p-values of test H0 : β1 = 0, H1 : β1 < 0
3mo LIBOR 0.03 0.10

Table 9: Switzerland, γt = β0 + β1it + εt, t ∈ T where T is the set of shocks. Point estimates,
γ̂t, and 95% confidence intervals are shown, along with the p-values of the hypothesis test for the
reversal rate

Under 3mo LIBOR, the 95% confidence intervals for β̂1 include 0, so I fail to reject the null

hypothesis that β1 = 0. However, the p-value from the test H0 : β1 = 0, H1 : β1 < 0 for the full

sample of banks is 0.03, which is less than 0.05. This indicates that β1 < 0 at the 5% significance

level for this sample. Therefore, the x-intercept of the best-fit line, 1.86%, is the estimated reversal

rate for bank equity.
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6.3.2 Heteroskedasticity-based and Sims estimation

Full rate range Bin 1 Bin 2 Bin 3 Bin 4

[-0.96, 3.13] [-0.96, 0) [0, 3.13] [-0.96, 0.05) [0.05, 3.13]

#dates 2,382 457 1,925 1,095 1,287

#shocks 14 6 8 6 8

nshocks 321 153 168 153 168

ntotal 52,012 11,338 40,674 25,912 26,100

γ̂1,RS -0.03 -0.05 -0.04 -0.05 -0.04

γ̂2,RS -5.21 -8.17 -2.22 -8.23 -1.90

γ̂1,IV pt. -0.03 -0.05 -0.04 -0.05 -0.04

CI [-0.10, 0.03] [-0.26, 0.15] [-0.07, 0.00] [-0.25, 0.14] [-0.07, -0.01]

F 878.74 127.10 1009.58 733.76 399.14

γ̂2,IV pt. -5.21 -8.17 -2.22 -8.23 -1.90

CI [-18.15, 7.73] [-47.15, 30.81] [-5.95, 1.51] [-47.24, 30.78] [-5.43, 1.63]

F 0.69 0.17 2.25 0.17 2.41

γ̂IV pt. -0.04 -0.06 -0.04 -0.05 -0.04

CI [-0.10, 0.02] [-0.26, 0.14] [-0.07, -0.01] [-0.25, 0.14] [-0.07, -0.01]

F 473.78 67.63 1037.92 396.24 437.39

J 3.11 2.45 1.04 2.48 0.76

p-val 0.08 0.12 0.31 0.12 0.38

γ̂S pt. -0.04 -0.32 -0.04 -0.08 -0.04

CI [-0.12, 0.19] [-0.83, 2.03] [-0.10, 0.01] [-0.48, 1.73] [-0.11, 0.01]

β̂S pt. 3.37 0.39 4.00 3.23 2.96

CI [-14.39, 23.85] [-0.30, 4.12] [-4.34, 38.82] [-0.99, 12.34] [-4.01, 30.94]

σ2
ε,H/σ

2
ε,C 17.99 10.79 24.53 21.76 15.96

σ2
η,H/σ

2
η,C 4.47 8.20 1.93 9.33 1.65

p-values of test H0 : γ same across bins. H1 : γ different across bins

γ̂1,IV γ̂2,IV γ̂IV
bin divider 0 0.86 0.77 0.82

0.05 0.90 0.76 0.89

Table 10: Heteroskedasticity-based and Sims estimation of semielasticity γ for Switzerland using
the 3-month LIBOR and full sample of banks
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Full rate range Bin 1 Bin 2 Bin 3 Bin 4

[-0.96, 3.13] [-0.96, 0) [0, 3.13] [-0.96, 0.07) [0.07, 3.13]

#dates 2,371 457 1,914 1,151 1,220

#shocks 14 6 8 6 8

nshocks 132 60 72 60 72

ntotal 23,026 4,570 18,456 11,508 11,518

γ̂1,RS -0.08 -0.10 -0.41 -0.09 -0.64

γ̂2,RS -10.95 -8.07 -6.16 -8.19 -5.55

γ̂1,IV pt. -0.08 -0.10 -0.41 -0.09 -0.64

CI [-0.31, 0.15] [-0.43, 0.23] [-1.25, 0.44] [-0.41, 0.22] [-2.41, 1.13]

F 87.55 171.95 5.04 1180.42 0.82

γ̂2,IV pt. -10.95 -8.07 -6.16 -8.19 -5.55

CI [-54.95, 33.04] [-41.71, 25.57] [-16.61, 4.29] [-42.57, 26.20] [-14.90, 3.79]

F 0.25 0.22 1.22 0.22 1.27

γ̂IV pt. -0.09 -0.11 -0.58 -0.10 -1.19

CI [-0.31, 0.13] [-0.43, 0.21] [-1.65, 0.48] [-0.41, 0.22] [-4.12, 1.73]

F 46.22 91.27 5.08 636.25 1.73

J 3.23 2.52 1.42 2.53 1.04

p-val 0.07 0.11 0.23 0.11 0.31

γ̂S pt. -0.26 -0.41 -0.90 -0.14 -1.13

CI [-3.03, 9.16] [-1.19, 3.92] [-17.71, 0.69] [-0.76, 3.28] [-11.92, 0.88]

β̂S pt. 1.73 0.88 0.58 5.79 0.36

CI [-1.25, 7.29] [-0.52, 6.24] [-12.59, 26.46] [-1.86, 17.78] [-13.40, 15.59]

σ2
ε,H/σ

2
ε,C 8.16 12.05 3.98 27.21 3.05

σ2
η,H/σ

2
η,C 5.21 8.68 1.87 10.41 1.27

p-values of test H0 : γ same across bins. H1 : γ different across bins

γ̂1,IV γ̂2,IV γ̂IV
bin divider 0 0.51 0.92 0.40

0.07 0.55 0.89 0.46

Table 11: Heteroskedasticity-based and Sims estimation of semielasticity γ for Switzerland using
the 3-month LIBOR and top ten banks

Again, many of the observations for Japan apply here. The relationship between the ratio
σ2
ε,H/σ

2
ε,C

σ2
η,H/σ

2
η,C

and the F-statistics for each bin is clearer here: Comparing the F-statistics across Bin 1 and Bin 3

and across Bin 2 and Bin 4 shows that even though the number of unique shocks has not increased
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across each pair of bins, the ratio
σ2
ε,H/σ

2
ε,C

σ2
η,H/σ

2
η,C

has, and so have the F-statistics.

The results generated using the full sample of banks are quite different from those generated

using the largest ten banks. For example, the F-statistics differ dramatically for Bin 4 across the

two samples. This discrepancy may suggest that the equity prices of the largest ten banks were

more resilient to movement given their size, so the variance of the monetary shock did not increase

by as much as it did for the sample that also contained smaller banks whose equity prices were more

sensitive to the effects of expansionary monetary shocks on their lending spreads and earnings.

Almost all of the 95% confidence intervals using all banks and the largest ten banks contain 0.

In addition, the p-values for the test H0 : γ same across bins, H1 : γ different across bins, are

all greater than 0.05. Thus, neither 0% nor the median interest rate is a reversal rate at the 5%

significance level.

Again, confidence intervals for γ̂S all include 0, so using Sims’ method and its weaker variance

assumptions, I conclude that m is not a reversal rate at a 5% significance level.

7 Conclusion

Using the 3-month interest rate with the greatest coverage of dates in Japan, the Euro Area, and

Switzerland, I find mixed evidence in favor of a reversal rate using my OLS estimation method. My

OLS results show that the reversal rate for Japan occurs around 0.44% using its 100 largest banks

(if applicable) and 0.47% using its 10 largest banks, and (2) the reversal rate occurs around 1.86%

for Switzerland using its 100 largest banks (if applicable). The other OLS results do not providing

convincing evidence for a reversal rate.

Using the heteroskedasticity-based and the more flexible Sims (2016) estimation, I show that

neither 0% nor the median interest rate is a reversal rate in each region at the 5% significance level.

This conclusion holds in the full sample of the 100 largest banks (if available) by market cap and

in the subsample of the ten largest banks by market cap. In other words, I find that the reaction of

bank equity to an expansionary monetary shock does not change from positive to negative at 0%

or the median interest rate in each region. This finding challenges the liquidity trap theory, which

suggests that 0% is the reversal rate barring storage costs. Moreover, I find that the magnitude
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of the semielasticity does not change across interest rate bins defined around the median interest

rate. This conclusion questions the claim that the semielasticity increases monotonically as the

interest rate falls towards zero and towards a potential reversal rate. Therefore, this result does

not indicate increasing slope around the median interest rate, which is greater than but close to

0% in all instances.

To summarize, my methodology includes ordinary least squares, heteroskedasticity-based, and

Sims (2016) estimation of the semielasticities within interest rate bins formed around 0% and

around the median interest rate. I adapt Rigobon and Sack’s heteroskedasticity-based estimation

approach to a panel dataset with fixed effects. In the process, I find two instruments and generate

semielasticity estimates using each instrument separately in a just-identified regression and using

both instruments together in an over-identified regression. I use the identifying assumption that the

monetary shock variance increases on shock dates while the nonmonetary shock variance remains

constant. Under a weaker set of variance assumptions, I generate semielasticity estimates via Sims’

estimation technique. With the exception of the OLS method applied to Japan and Switzerland,

all estimation methods lead to the same conclusion about the reversal rate.

A natural extension is to form interest rate bins with a number of values other than 0% and

the median interest rate as the dividing threshold. Ideally, I would like to test the hypothesis that

m is a reversal rate for all possible m in the interest rate range. A method that does so efficiently

would be able to conclude at the 5% significance level whether a reversal rate exists, and if so, what

that rate is. There may even be more than one reversal rate. Furthermore, a micro-level analysis

of banks’ capital structure and regulations in each region would enrich this analysis.

Another extension would be to establish a more rigorous methodology for setting the 3-month

rate change thresholds to locate the trigger dates and for classifying the trigger dates as monetary

shock dates. For the former, I could derive a threshold change based on the quantiles of the

interest rate changes over a given time period. For the latter, I could compile a list of search

terms related to a given region’s central bank and to large economies to conduct a more thorough

news search. Taking these steps would increase the likelihood that the variance assumptions in the

heterskedasticity-based estimation hold.

In terms of compiling a more accurate set of monetary shocks, the most effective way to do so is

by using intraday data of the rates and stock prices in my study. A smaller time window may lead
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to sharper changes in monetary shock variance and stronger identification. An ideal high frequency

event study, paired with heteroskedasticity-based or Sims’ estimation, would yield the best results.
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Appendix A

The following tables show the trigger dates and associated relevant news events for Japan, the Euro Area, and Swizterland. The trigger
dates classified as monetary shock dates are in bold and starred.

Japan

Date Time [source] Headline and commentary sourced from Bloomberg

1/5/2007 06:29:24 BN Yen rises most in 3 months as investors may bring cash home, after newspaper reports suggested BoJ may
raise borrowing costs this month

11:48:26 BN Dollar rises to six-week high after US job growth quickens
1/17/2007* 23:12:07 BFW BoJ keeps rate unchanged; 3 members dissent
2/15/2007* 04:15:56 BN Abe says BoJ will make ”appropriate” rate decision at monetary policy meeting next week, after a report

showed the economy grew at the fastest pace in almost three years
2/21/2007* 01:24:10 BN BoJ raises interest rate to 0.5% in 8-1 vote
2/22/2007* 22:45:29 BN BoJ Gov Fukui says BoJ will gradually raise rates as economy expands
7/27/2007 03:39:09 BN BoJ’s Momma (Head of research and statistics) says yen exchange rate is ”not abnormal” and ”Japan’s

economy continue to support growth if it were to be increased ”a little”
01:39:08 BN Yen fell on speculation BoJ will delay raising rates; slump in Japan’s stocks and consumer prices
12:26:51 BN Japan’s core consumer prices fell 0.1% from a year earlier according to statistics bureau in Tokyo

8/8/2007* 01:26:24 BN BoJ policy not to blame for vote loss, Shiozaki (Chief Cabinet Secretary) says; disputed by Nakagawa
(Liberal Democratic Party Secretary) who will lose his job as a result of the election; Abe’s Liberal
Democratic Party and its coalition partner lost majority in the Upper House to Democratic Party of Japan
and others

02:53:45 BN Japan’s bonds decline on concern central bank will raise rates after Fed said yesterday that ”robust” global
growth will support US economic expansion despite ”tighter” credit conditions

8/9/2007 21:13:25 BN BoJ boosts funds in system to ease credit; added 1T yen, largest same-day operation since June, joining
ECB and Fed in injecting to cash to resist credit crunch

20:06:09 BN Japan’s wholesale inflation climbs 2.1% on rising oil; matched median estimate of 36 economists surveyed
8/10/2007* 04:28:42 BN BoJ, RBA boost funds to ease credit crunch
8/14/2007* 02:49:03 BN BoJ drains 1.6T yen as rates fall; withdrew 600b yen at 9:20am in Tokyo and another 1T yen almost

4 hours later
01:00:13 NYT In reversal, Japan’s central bank pulls back $5b; took action after overnight call rate was at 0.1%, below

0.5% target, said bank official Hideshima
8/16/2007* 21:47:15 BN BoJ adds 1.2T yen to banking system after overnight call rate was above target of 0.5%
12/19/2007 22:54:11 BN BoJ keeps interest rate at 0.5% in unanimous decision; after drop in business confidence; expected by all
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economists surveyed by BN
2/28/2008 20:06:31 BN Japan’s inflation rate matched fastest in nine years

18:35:13 BN Japan’s consumer prices rise 0.8%, matching fastest in nine years
3/18/2008* 01:05:34 BN Japan proposed former MOF Head Tanami as BoJ Chief; standoff between ruling LDP and DPJ raises

likelihood of leadership vacuum
07:48:31 BN Japan opposition rejects Tanami, assuring BoJ vacancy
03:41:54 bn BoJ nominee Tanami says risks to economy are rising

9/17/2008* 01:32:38 BN BoJ may inject more cash after keeping rate at 0.5%; ”bank will continue to strive to ensure smooth
settlement of funds and maintain market stability,” said in statement

00:14:18 BN BoJ keeps rate at 0.5% after pumping cash into market; pumped more than 5T yen into market after
Lehman Brothers crash

08:54:47 BN BoJ’s Shirakawa says AIG rescue ”best option” available
03:24:29 BN Japan’s economic outlook hasn’t worsened, BoJ’s Shirakawa says

9/30/2008 20:33:28 BN BoJ injects 800b yen into financial system
00:53:06 BN G-7 may mull accepting foreign collateral, Ex-BoJ’s Hirano says
19:53:54 BN Tankan confidence falls to 5 year low on export slump

10/2/2008* 00:40:07 BN BoJ injects 1.6T yen into financial system to keep global credit crunch from increasing interest rates
20:33:49 BN Yosano (Japan’s Economic and Fiscal Policy Minister) said rate cut would not help economy because

benchmark rate is already low
10/8/2008* 07:04:46 BN BoJ welcomes coordinated rate cuts with UK, Europe, Sweden, Canada, Switzerland, keeps own rate

at 0.5%
01:05:52 BN BoJ says growth ”sluggish”
00:29:33 BN BoJ Governor Shirakawa says economic recovery likely to be delayed and economic expansion will

remain ”sluggish”
20:27:29 BN BoJ injects 2T yen after Fed, ECB cut rates
21:31:35 BN BoJ may consider paying interest on deposited funds, Asahi newspaper says

10/15/2008* 02:24:30 BN Japan Nominates Yamaguchi to fill BoJ deputy post
20:27:09 BN BoJ injects 600b yen into financial system after ECB, BOE, SNB offered lenders unlimited dollar liquidity

for the first time
04:20:48 BN Shirakawa says no need to resume BoJ share buying from banks

10/29/2008* 19:50:12 BN BoJ may have to cut rates as investors see ”done deal” after a Nikkei newspaper report raised investors’
expectations that it would

10/30/2008 19:46:15 BN Japan’s inflation slows, giving BoJ scope to cut rate
21:46:37 BN Japan’s inflation slows, job prospects worsen; BoJ may cut rate
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10/31/2008* 01:31:12 BN BoJ cuts rate to 0.3%; Shirakawa casts deciding vote
11/26/2008 19:00:23 BN Minutes show Mizuno (BoJ board member) voted against the Oct. 31 decision to cut interest rates, saying

BoJ should focus on providing liquidity to financial system
04:43:17 BN BoJ’s Shirakawa says zero rates would impede money market by decreasing investor returns and

discouraging trading
12/17/2008 23:53:13 BN Yen declines as Nakagawa says Japan may take currency action (signal ready to sell)
12/19/2008 23:53:54 APW Japan proposes record budget to bolster economy (spending increase of 6.6% to 88.5T yen for next fiscal

year—biggest figure ever in an initial proposal)
2/6/2009 02:00:00 FTI MPs step up clash with BoJ: politicians draw up plan to print some 50,000b yen of new currency to fund

pump-priming projects
3/6/2009 14:06:37 BN Dollar, yen fall as pace of job losses reduced safety demand; pace of U.S. job losses slowed in Feb
8/10/2012 01:12:08 BN BoJ’s monthly economic report summary released
10/24/2014 00:16:11 BFW Japan’s 5y yield falls to 0.115%, lowest since March 2013
10/31/2014 01:02:03 BN BoJ boosts unprecedented stimulus as Abe eyes tax rise; targeting 80T yen increase in monetary base
11/14/2014 No relevant titles
11/21/2014 Draghi, China cuts interest rates for first time since 2012
12/5/2014 08:35:45 BN Dollar rises as U.S. economy adds more workers than forecast
1/6/2015 02:26:15 BN Global sovereign bonds rally as yields fall to record low after oil tumbled and traders prepared for ECB

government debt buying program as soon as this month
1/23/2015* 06:58:30 BN Kuroda says BoJ to mull fresh options in case of more easing in Davos interview by BB

06:26:36 BN Kuroda applauds ECB stimulus (intro of QE); unconcerned about fed rate outlook (likelihood that U.S.
Fed would raise rates)

7/10/2015 06:01:11 FTI Japan’s government pension investment fund posts record returns
7/17/2015 03:31:54 GO4 BoJ monthly report of recent economic and financial developments released
11/18/2015* 23:10:45 BN BoJ keeps policy unchanged after recession
11/19/2015* 10:01:00 BN Kuroda highlights importance of getting higher wages in Japan
11/27/2015 00:05:17 BFW Japan Oct. CPI ex. Fresh food, energy rise 1.2% yoy
1/29/2016* 04:36:09 BN Japanese banks drop as BoJ unveils NIRP (start charging lenders 0.1% on new deposits, may crimp

bank profitability)
00:47:06 BN Japan’s bond yields plunge to records on BoJ’s minus rate policy

2/4/2016* 00:18:34 BFW BoJ’s Kuroda: Doesn’t see negative rate on retail bank deposits; can’t rule out chance of bank
deposit rates going below 0%; won’t hesitate to add stimulus if needed to attain 2% inflation;
expects CPI to reach 3% around FY2017H1

2/5/2016* 08:37:06 BFW Abe adviser Honda sees possible further BoJ actions this year
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2/26/2016* 00:16:19 BFW Kuroda: no plan to cut negative rates based on fixed schedule; will watch impact of NIRP to gauge
4/7/2016 No relevant titles
4/8/2016 No relevant titles
4/14/2016* 22:57:48 BN Kuroda ally (Ito) says BoJ is better off easing now rather than later

22:57:35 BFW Kuroda’s ally Ito recommends that BoJ add stimulus this month
15:42:29 BFW Kuroda: excessive yen gains corrected somewhat in past few days

4/15/2016* 18:50:26 BFW BoJ monitoring markets, won’t hesitate to act if needed; Kuroda says difficult to estimate economic
impact of Kumamoto earthquake now

4/21/2016* 21:45:08 BN Ruling party’s Yamamoto calls for $182b debt sales for quake relief
04:30:00 BN BoJ officials are said to share rising concern about yen’s gain

4/22/2016* 00:30:00 BN BoJ officials said to eye possible negative rate on loan program (subsidies to commerical banks, probably
via BoJ Stimulating Bank Lending Facility, which currently offers 0 rate on loans)

4/28/2016* 03:13:56 BN Yen surges most in 8 months as BoJ refrains from adding stimulus
5/11/2016* 11:44:09 BFW BoJ’s Kuroda says rates can technically go as low as ECB (ECB deposite rate is -0.4%)

23:57:41 BFW Kuroda: desirable for currency to move in stable manner
5/13/2016* 05:03:24 BN Yen drops second week as BoJ’s Kuroda reiterates easing stance
6/3/2016* 06:28:55 BN Abe’s LDP party signals dramatic shift on BoJ in election pledge
7/1/2016 10:54:58 BN Tankan business conditions large manufacturers’ survey showed Japan business confidence stabilized

after Brexit fallout
01:05:26 BFW BoJ’s price index shows Japanese inflation slowed to 0.8% yoy

7/29/2016* 01:50:26 BN Kuroda’s $26b gift to stock market underwhelms investors; speculation that policy announcement might
involve helicopter money and cut to negative rate; continues to inject $26b per year

04:41:05 BN Yen climbs as BoJ’s fresh easing excludes bond purchase program
8/5/2016 No relevant titles
9/9/2016* 06:33:59 BFW BoJ to mull cutting negative rates further for easing, says Kyoto News without citing source

06:11:01 BFW Abe advisor Honda says BoJ should add easing this month according to interview by Nikkei
00:33:55 BFW Kuroda says he didn’t discuss buying foreign bonds with Abe

9/16/2016 02:55:10 BN Japan shares rise for first time in eight days as banks rebound; investors awaiting monetary decision next
week from Fed, BoJ; banks lead gains after declining for four straight seasons

9/21/2016* 00:21:52 BFW BoJ to introduce QQE with yield curve control; BoJ to expand monetary base until inflation is stable
above 2%; BoJ scraps average maturity target of JGB holdings

9/27/2016* 01:10:00 BN IMF gives thumbs up to BoJ’s shift, suggests more communication; new framework counters perceptions
BoJ easing faces limits; monetary, fiscal and reforms all needed to boost economy

18:00:00 BN Yen strength threatens to hurt BOJ, Abe’s advisor Hamada says
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02:11:04 BFW BoJ’s Nakaso says Japan’s growth potential has fallen below 0.5%
22:47:14 BFW Abe says will continue to work closely with BoJ

9/30/2016* 04:37:41 BFW BoJ set to buy smallest amount of super long bonds in two years; summary of opinions from Sept 20-21
policy meeting released

10/7/2016* 21:26:28 BFW Finance Minister Aso says BoJ, Government will cooperate closely
10/21/2016* 05:31:11 BN BoJ’s Kuroda says no immediate need to reduce asset purchases

02:56:46 BFW Kuroda: New framework adds flexibility, policy sustainability
01:37:22 BFW BoJ new framework is implicit tapering, says former board member

10/27/2016 20:29:42 BFW Kuroda: BoJ bond buying isnt helicopter money or monetization
21:34:26 BN Japan consumer prices keep falling, household spending slips

10/28/2016* 02:35:57 BFW Kuroda: consumer spending to rise as labor conditions improve
11/2/2016* 01:01:27 BFW Kuroda: will adjust policy appropriately to keep momentum

01:12:35 BFW Kuroda: Hard to think of buying local bonds as policy tool
11/11/2016 10:52:39 BLG BoJ reported that Oct. corporate goods prices (GCPI) fell 0.1% vs. flat reading in September. Yoy GCPI

fell 2.7% in Oct. vs. decline of 3.2% in Sept.
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Euro Area

Date Time [source] Headline and commentary sourced from Bloomberg

1/31/2007 05:01:58 BN European inflation stays below ECB’s 2% ceiling for fifth month
08:38:53 BN ECB’s Ordonez (governing council member) comments on inflation, rates, Spain; ”The inflation number

[for Jan.] was positive and, what’s more, unexpected. . . data doesn’t alter anything.”
3/19/2008* 11:53:20 BN ECB’s Mersch, Quaden (council members) say turmoil will ”drag on,” hurt growth

07:24:17 BN ECB’s Mersch says Europe can’t escape from U.S. slowdown
3/26/2008* 06:51:30 BN Trichet (ECB president) says interest rate will curb inflation risks
3/27/2008* 04:47:42 BN ECB says ready to inject more cash into money market if needed
4/3/2008* 09:20:33 BN European bonds rise as ECB’s Leibscher (policy maker) says inflation will slow

08:00:05 BN ECB’s Wellink (council member) says Euro’s gains getting ”difficult”
4/15/2008 11:24:42 BN ECB signals it won’t cut rates as German confidence falls

06:32:30 BN ECB’s Stark, Ordonez (governing council members) say 4% key rate may not contain inflation
05:34:52 BN French inflation accelerates to 3.5%; ECB officials resist cut
18:06:59 BN ECB’s Trichet sees inflation expectations ”firmly anchored”

9/24/2008* 11:02:47 BN ECB’s Nowotny (governing council member) sees ”no fast trend reversal” in financial sector
07:15:46 BN ECB’s Bonello (governing council member) says economy to be past worst in fourth quarter
03:07:30 BN ECB offers extra cash to banks to soothe volatile money market

9/25/2008* 02:06:33 BN Nowotny says ECB sees no room for rate cuts, Austria’s Format magazine reports
11:27:52 BN ECB’s Gonzalez-Paramo (executive board member) says market turmoil increased uncertainty
09:21:28 BN ECB’s Ordonez says ECB ”fully fulfilling” mission on inflation
10:05:10 BN ECB’s Ordonez says Spain wage-indexation toxic, destroys jobs
09:50:39 BN ECB’s Weber (council member) says current risk aversion ”considerably” higher
08:50:57 BN ECB’s Bini Smaghi (executive board member) says turbulence would be worse without Euro

10/3/2008* 05:09:55 BN Trichet poised for rates ”volte face” as summit nears
10/16/2008* 02:17:12 BN ECB may loan Hungary Central Bank as much as 5b euros

05:11:18 BN Quaden (council member) says ECB will act ”firmly” if needed as growth slows
10/21/2008* 08:03:24 BN ECB’s Draghi (council member) hints at Italian Recession in second half of year

06:40:40 BN ECB’s Noyer (council member) predicts global growth to recover during 2009
03:53:31 BN ECB offers banks unlimited dollars in effort to boost lending

10/22/2008* 01:59:24 BN ECB’s Nowotny says markets should be past worst, Falter magazine reports
19:01:10 BN Gonzalez-Paramo says lower ECB rates may not add to inflation

11/11/2008* 01:21:28 BN ECB’s Quaden sees forecast revisions paving way for lower rates
08:00:01 BN Slovakis cuts key rate to ECB level before Euro entry
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11/12/2008 09:33:27 BN ECB’s Nowotny sees room to cut rates further as inflation slows
05:05:58 BN European September industrial production drops most since 2002

11/14/2008 11:22:41 BN Trichet says ECB will restore confidence as economy contracts
11/20/2008* 10:33:10 BN Weber says ECB may have to raise rates faster after crisis
12/16/2008* 01:18:56 BN ECB’s Draghi (Financial Stability Forum chairman) calls for more action to counter crisis

07:45:29 BN Trichet sees rate-cut limit, signals ECB may pause
12/17/2008 16:43:11 BN Carney says mimicking Fed moves in Canada would be premature

05:04:11 BN European inflation rate drops most in almost two decades
12/31/2008* 18:06:31 BN Slovakia adopts Euro, shielding its economy from global crisis

1/14/2009 05:01:39 BN European Nov. Industrial production falls most in 18 years
7/20/2011* 08:36:35 BN Stark (ECB executive board member) says ECB expects governments to avoid selective default

23:21:00 BN Euro rises to week high on German-French agreement on Greece debt crisis
7/28/2011 04:06:24 BN ECB’s Mersch says fears of ”premature end” to Euro unfounded

05:00:00 BN Euro Area July economic confidence falls to 103.2 vs 105.4 estimate
05:00:00 BN Euro Area economic confidence falls to 103.2; analyst est. 104

8/4/2011* 09:15:48 BN Trichet signals ECB buying bonds as debt crisis spreads
8/10/2011* 03:59:24 BN ECB said to purchase Spanish, Italian bonds
8/16/2011* 03:53:21 BN ECB said to buy Italian, Spanish bonds today

8/17/2011 17:32:50 BN ECB’s Nowotny says Italy not Greece, too early for Euro bonds
09:02:55 BN ECB’s Orphanides optimistic Cyprus can ”avoid the worst”
17:32:50 BN ECB’s Nowotny has ”Japanese fears” as global growth slows down

8/19/2011 No relevant titles
9/1/2011 04:27:05 BN ECB said to purchase Italian government bonds

16:00:00 BN ECB’s Nowotny sees ”great concern” over Italy austerity path
04:37:07 BFW Euro slips as August PMIs disappoint; rates pare rise

9/7/2011 04:09:50 BN Euro rescue suits rejected by German top court
04:52:56 BN Cyprus considers asking ECB to buy Cypriot bonds, minister says

9/8/2011* 12:12:24 BN Trichet may hand rate cut task to Draghi as economy worsens
07:47:45 BN Euro stays lower against dollar after ECB keeps rate unchanged

9/9/2011* 03:20:56 BN Trichet clears the decks for Draghi to use all ECB tools
11:19:07 BN ECB dealt a blow as executive board member Stark resigns

9/13/2011 05:02:31 BN ECB said to be purchasing Italian bonds today
9/16/2011 03:20:11 BN ECB says Euro Area banks reduced emergency overnight borrowing

11/8/2011* 10:15:32 BN Weidmann (council member) says ECB cant print money to finance public debt
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07:50:01 BN Carney says ECB will prevent ”European Equivalent of Lehman”
11/15/2011 05:00:00 BN Euro Area economy grows 0.2% in 3Q from prior quarter’

08:48:34 BN Mersch says monetization of public debt amounts to inflation
11/18/2011* 07:03:43 BN Draghi (ECB president) says ECB must stay course, presses governments to act

10:50:11 BN Spanish, Italian bonds rise as ECB said to purchase their debt
1/31/2014 05:45:59 BN Euro Area inflation rate at 0.7% adds to rate pressure on Draghi

09:30:00 BFW Coeure (ECB executive board member) says ECB has tools to employ if deflation risks appear
2/28/2014 06:53:13 BN Euro inflation holding at 0.8% eases pressure on ECB

3/6/2014* 08:35:18 BFW Draghi says ECB expects to keep rates low for extended period
3/7/2014 06:53:29 BFW U.S. nonfarm payroll, unemployment rate

05:20:00 BN Mersch says ECB alone cant boost business lending through ABS
3/25/2014* 13:01:42 BN Draghi sees ECB easing stance as more effective as economy heals

4/23/2014 05:18:37 BN Euro factory surveys rise as price weakness persists
12:00:00 BFW Nowotny says ECB shouldn’t take action before June, interview with Austria’s Der Standard

4/30/2014 05:51:12 BN Euro Area inflation below forecast maintains pressure on ECB
5/7/2014 No relevant titles

6/6/2014* 08:58:00 BN Draghi is bonds’ best friend as European yields fall to records; fresh package of stimulus measures
from ECB

6/13/2014* 12:00:00 BFW Coeure says ECB QE is not needed for now
7/22/2014 No relevant titles

9/4/2014* 13:18:01 BN Draghi calls for almost $1T of stimulus with no QE fight
07:50:50 BN ECB unexpectedly cuts interest rates as economic outlook darkens

9/5/2014 07:21:29 BN Euro Area foundations weaken as Draghi pushes stimulus; investment fell in the second quarter for
first time in more than a year

9/19/2014 No relevant titles
10/8/2014* 04:30:00 BN Constancio (ECB vice president) says $1.3T of assets qualify for ECB’s plan; assets refer to ABS and

covered bonds that can be purchased by ECB
10/15/2014* 03:16:28 BFW Draghi says ECB must integrate statistical and supervisory data
10/16/2014* 05:40:09 BN ECB said to sign off covered bonds law as Draghi deadline looms
12/18/2014* 14:23:36 BFW Draghi says investment plan could help boost confidence in EU; 315b euro investment plan promoted

by European Commission chief Juncker
12/19/2014* 10:42:12 BFW Praet (ECB executive board member) says ECB will not hesitate to act to fulfill its mandate
12/31/2014* 04:55:42 BN Praet (ECB Chief Economist) warning of oil effects signals higher chance of ECB QE
2/25/2015* 12:40:31 BFW Draghi says ECB needed more forceful monetary policy reponses in Jan. 2015 as possible reason for
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announcing QE in Jan. 22
08:30:30 BFW Praet says QE timing favorable as ECB may raise forecast

4/8/2015 No relevant titles
4/15/2015* 08:52:42 BN Draghi sees ”clear evidence” that ECB monetary policy is working

08:36:59 BFW Draghi says QE to run until sustained adjustment in inflation
09:07:28 BFW Draghi says ECB will not cut deposit rate

4/24/2015* 07:36:46 BN ECB said to start buying covered bonds with negative yields
10:07:08 BFW ECB said to discuss May 6 raising Greek collateral haircut

5/7/2015 12:27:25 BN ECB’s Mersch says Greek IOUs would have high cost
5/8/2015 07:19:37 BN ECB’s Draghi sees QE ”sufficiently flexible” to change if needed

07:12:48 BFW ECB’s Draghi sees no need to change QE composition at the moment
5/13/2015* 12:42:44 BFW ECB said to be concerned by Greek Central Bank
5/14/2015* 11:09:13 BN Draghi says ECB policy potent so far as low rate risks monitored
7/3/2015* 04:54:35 BN Constancio says ECB relying on Greek vote for liquidity decision
7/7/2015* 10:21:00 BN ECB’s Nowotny says Greek bridge loan option could be discussed

02:08:55 BFW Greek banks must post a third more collateral: ECB’s Rimsevics (governing council member)
9/18/2015* 10:58:56 BFW Coeure says Fed delay vindicates ECB assessment of global risks

12:58:49 BFW ECB’s Coeure says Greek Euro-exit ”completely ruled out”
11:39:57 BN Europe’s bonds surge as more ECB easing foreseen after Fed holds; Fed keeps interest rates at record

low, cites global risks
10/29/2015 06:00:00 BFW Euro Area economic confidence rises to 105.9; estimate was 105.1
11/26/2015 04:03:00 BFW ECB says Eurozone bank lending to households accelerated in Oct.

12/3/2015* 08:45:52 BN Draghi says ECB to extend QE by six months with broader buying
12/15/2015 05:34:55 BN German investor confidence gained after ECB steps up stimulus
12/16/2015 07:02:03 BN Czech Central Bank keeps koruna cap, zero rate as ECB in focus
1/5/2016 05:00:00 BN Euro Area inflation stuck close to zero may add pressure on ECB
1/19/2016 10:06:50 BFW Greek president Pavlopoulos visited ECB, met with Draghi

1/26/2016* 00:26:20 BN Draghi says ECB credibility hinges on meeting its inflation goal
2/24/2016* 06:01:15 BN Weidmann remains upbeat on economy as inflation risks increase

07:37:15 BN Euro falls for 3rd day as Brexit contagion spreads beyond U.K.
2/25/2016 04:03:46 BFW ECB says Euro Area bank lending to companies accelerated in Jan.
3/31/2016 05:53:41 BN Euro Area prices drop for 2nd month beofre ECB beefs up QE on Friday
4/6/2016 No relevant titles

6/15/2016* 12:04:15 BFW ECB’s Constancio says rates ”very far” from cash-hoarding level
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10:00:00 BFW Weidmann says must give agreed ECB stimulus time to show effect
6/24/2016* 07:16:52 BFW ECB’s Nowotny says Brexit decision no reason to stir up panic

04:09:34 BN Carney (BOE) pledges $345b to fund first line of Brexit defense
8/11/2016 No relevant titles
8/19/2016 No relevant titles

9/28/2016* 10:26:17 BN Draghi defends ECB policy in speech to German critics
9/30/2016 05:26:30 BN Euro Area inflation accelerates to fastest rate since 2014
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Switzerland

Date Time [source] Headline and commentary sourced from Bloomberg

6/22/2007* 06:30:01 BN SNB’s Roth (SNB president) says Swiss economic growth prospects are favorable
08:27:40 BN Trichet (ECB president) says price stability is central banks’ primary concern

8/16/2007 No relevant titles
9/14/2007* 06:37:33 BN SNB’s Roth sees ”no reason” for pessimism on economic outlook

05:02:03 BN SNB sees need to raise key rate ”from time to time,” Roth says
6/6/2008* 06:06:30 BN SNB’s Jordan (governing board member) says central banks need to be ”alert” on inflation
6/19/2008* 08:21:14 BN SNB leaves benchmark rate unchanged at six-year high
10/22/2008* 13:56:37 BN Swiss 3mo rate (LIBOR) drops after SNB provides extra franc funding
10/29/2008* 05:34:45 BN SNB offers swaps, cuts repo rate, to boost liquidity

11/7/2008 02:27:51 BN Swiss unemployment rises as companies cut payrolls
11/11/2008 No relevant titles
11/13/2008 03:56:39 BN Swiss producer, import price inflation slow on oil

11/21/2008* 05:05:44 BN SNB drops one-week repo rate 40 bp, close to zero
01:00:05 NYT Swiss Central Bank cut its key rate in half to 1%

12/11/2008* 06:35:54 BN Swiss Central Bank cuts rate to 0.5%, recession looms
05:11:46 BN UBS, Credit Suisse may face losses, SNB says
06:30:23 BN Roth says SNB ready to operate with current ”low” rate level

12/18/2014* 02:25:12 BN SNB starts negative interest rate of 0.25% to stave off inflows; 0.25% charge on sight deposits, cash-like
holdings of commercial banks at the central bank

1/6/2015 No relevant titles
1/15/2015* 04:52:33 BN SNB unexpectedly gives up cap on franc, lowers deposit rate
1/16/2015* 16:07:47 BN Jordan says entire SNB governing board backed franc cap exit

00:53:05 BN UBS’s richest clients seen flocking to dollars after SNB shock
1/20/2015 11:50:19 BN SNB’s ”nuclear explosion” spreading as Credit Suisse, Saxo hurt
1/21/2015 04:16:36 BN UBS’s Weber (chairman) defends SNB decision to abandon cap on franc
1/22/2015 No relevant titles
1/23/2015 04:53:21 BN UBS had no loss in turmoil after SNB scrapped franc cap

1/27/2015* 05:28:08 BN Swiss franc weaker as Danthine (Vice President of SNB) says SNB willing to intervene
09:44:49 BN Saxo faces lawsuits for repricing franc trades retroactively
03:30:27 BN Saxo face legal fights as clients told to cover franc losses

2/24/2015 No relevant titles
3/4/2015 10:16:06 BFW Swiss Finance Minister wants new minimum exchange rate, according to HZ
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3/5/2015 13:31:14 BFW Swiss MPs urge no negative rates for pension funds, AWP reports
3/6/2015 05:02:38 BFW CHF weakens as Swiss CPI weighs
12/4/2015 No relevant titles

12/10/2015* 05:00:55 BN SNB leaves rate unchanged as economy forecast to pick up on 2016
03:57:25 BN SNB keeps deposit rate at record low, says franc overvalued

3/11/2016 No relevant titles
6/24/2016* 03:16:33 BN SNB intervened to stabilize franc, will remain active in market

03:54:51 BN SNB steps into currency market amid Brexit-induced stress
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Appendix B

Proof of equations (16) and (17)

Claim : γ̂1
p→ γ1

Proof.

γ̂1 =

1
TH

∑
(∆iH −∆iH)(∆ log s̃H −∆ log s̃H)− 1

TC

∑
(∆iC −∆iC)(∆ log s̃C −∆ log s̃C)

1
TH

∑
(∆iH −∆iH)2 − 1

TC

∑
(∆iC −∆iC)2

p→ ∆Ej,t [(∆ij,t − Ej,t∆ij,t)(∆ log s̃j,t − Ej,t∆ log s̃j,t)]

∆Ej,t [(∆ij,t − Ej,t∆ij,t)2]
, t ∈ {H, C}

by the continuous mapping theorem since each of the barred quantities converges to an expec-

tation. Thus, it follows that

γ̂1
p→ γ1 �

The proof for (17) is similar.

Proof that z1 and z2 are instruments

Claim : E(z′1∆i) 6= 0, E [z′1(βη + θ)] = 0.

Proof.

Recall the system of two equations and that we are interested in estimating γ.

∆it,j = ∆it = εt + ηt

∆ log s̃t,j = γεt + βηt + θt,j , j ∈ J

with the variance assumptions

σε,H > σε,C , ση,H = ση,C = ση, σθ,j,H = σθ,j,C = σθ,j

The relevance proof follows from the variance assumptions:
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E(z′1∆i) = E(∆i′H∆iH −∆i′C∆iC) = var(∆iH)− var(∆iC)

= σ2ε,H + σ2η,H − (σ2ε,C + σ2η,C) = σ2ε,H + σ2η − (σ2ε,C + σ2η)

= σ2ε,H − σ2ε,C 6= 0

Stack the variables across t and j as we did with ∆i and ∆ log s to create ε, η, δ, and θ. So we

have the system

∆i = ε+ η

∆ log s̃ = γε+ βη + θ

which can be written in matrix form:

 ∆i

∆ log s̃

 =

 1 1 0

γ β 1




ε

β

θ


We start with the following equation in which the residual, e, is correlated with the observed

regressor, ∆i:

∆ log s̃ = α∆i+ e

The first stage regression produces a vector of fitted values, ∆̂ log s̃ that must be orthogonal to

βη + θ. We show that this is the case:
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E
[
z′1(βη + θ)

]
= E

[
z′1 (βη + θ)

]
= E

[(
1(t ∈ H)

1

TH
− 1(t ∈ C)

1

TC

)
∆i′ (βη + θ)

]
= E

[(
1(t ∈ H)

1

TH
− 1(t ∈ C)

1

TC

)
(ε+ η)′(βη + θ)

]
= E

[(
1(t ∈ H)

1

TH
− 1(t ∈ C)

1

TC

)
(βε′η + ε′θ + βη′η + η′θ)

]
=

1

TH
E
(
βε′η + ε′θ + βη′η + η′θ | t ∈ H

)
− 1

TC
E
(
βε′η + ε′θ + βη′η + η′θ | t ∈ C

)
=

1

TH
E
(
βη′η | t ∈ H

)
− 1

TC
E
(
βη′η | t ∈ C

)
= σ2η,H − σ2η,C = 0 �

Claim : E(z′2∆i) 6= 0, E [z′2(βη + θ)] = 0.

Proof.

E(z′2∆i) = E(∆ log s̃′H∆iH −∆ log s̃′C∆iC) = cov(∆ log s̃H ,∆iH)− cov(∆ log s̃C ,∆iC)

= γσ2ε,H + βσ2η,H − (γσ2ε,C + βσ2η,C) = γσ2ε,H + βσ2η − (γσ2ε,C + βσ2η)

= γ(σ2ε,H − σ2ε,C) 6= 0

where the inequality follows from the variance assumptions.

As in the previous proof, we are interested in estimating γ from the system

∆i = ε+ η

∆ log s̃ = γε+ βη + θ

So to show exogeneity, we want to prove that E [z′2(βη + θ)] = 0.
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E
[
z′2(βη + δ + θ)

]
= E

[
z′2 (βη + δ + θ)

]
= E

[(
1(t ∈ H)

1

TH
− 1(t ∈ C)

1

TC

)
∆ log s̃′ (βη + θ)

]
= E

[(
1(t ∈ H)

1

TH
− 1(t ∈ C)

1

TC

)
(γε+ βη + θ)′(βη + θ)

]
=

1

TH
E
(
βγε′η + β2η′η + βθ′η + γε′θ + βη′θ + θ′θ | t ∈ H

)
− 1

TC
E
(
βγε′η + β2η′η + βθ′η + γε′θ + βη′θ + θ′θ | t ∈ C

)
=

1

TH
E
(
βη′η + θ′θ | t ∈ H

)
− 1

TC
E
(
βη′η + θ′θ | t ∈ C

)
= (σ2η,H − σ2η,C) + (σ2θ,H − σ2θ,C) = 0 �

where the last equality follows from the variance assumptions.
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Appendix C

The following tables show the estimates and 95% confidence intervals for β̂S in addition to γ̂S
and the ratios of variances σ2ε,H/σ

2
ε,C and σ2η,H/σ

2
η,C . In general, the point estimates, β̂S , span a

large range for each region. Additionally, the confidence intervals are wide and include 0. These
observations do not support preferring γ̂2 over γ̂1 according to the argument in Section 5.2.1. Since
it is not evident that β is truly small, it may not mitigate the violation of the variance assumption
σ2η,H = σ2η,C in (10), so it is not obvious that γ̂2 would be better than γ̂1 in this regard.

Full rate range Bin 1 Bin 2 Bin 3 Bin 4
[-0.48, 0.73] [-0.48, 0) [0, 0.73] [-0.48, 0.1) [0.1, 0.73]

#dates 2,326 432 1,894 911 1,415
#shocks 27 18 9 19 8
nshocks 2,312 1,606 706 1,693 619
ntotal 191,007 38,131 152,876 79,039 111,968

γ̂S pt. 0.30 -1.60 0.43 0.25 0.38
CI [-0.18, 1.01] [-9.29, 3.80] [-0.24, 1.64] [-1.60, 1.50] [-0.35, 2.30]

β̂S pt. -4.75 0.33 -8.21 -3.97 -6.90
CI [-35.03, 39.32] [-14.87, 7.62] [-30.07, 19.23] [-28.30, 25.91] [-20.17, 17.54]

σ2ε,H/σ
2
ε,C 10.00 2.05 51.67 4.21 39.98

σ2η,H/σ
2
η,C 3.56 1.78 5.20 2.69 5.48

Table 15: Sims estimation of β for Japan using 3-month bill index and full sample of banks

Full rate range Bin 1 Bin 2 Bin 3 Bin 4
[-0.48, 0.73] [-0.48, 0) [0, 0.73] [-0.48, 0.1) [0.1, 0.73]

#dates 2,326 432 1,894 911 1,415
#shocks 27 18 9 19 8
nshocks 257 179 78 188 69
ntotal 20,887 4,129 16,758 8,440 12,447

γ̂S pt. 0.37 -2.66 0.51 0.19 0.53
CI [-0.34, 2.51] [-9.48, 9.43] [-0.96, 3.27] [-1.58, 1.94] [-1.58, 4.23]

β̂S pt. -5.14 0.24 -10.00 -5.98 -7.94
CI [-59.89, 39.87] [-13.82, 9.86] [-40.08, 11.85] [-39.931, 33.12] [-31.65, 7.38]

σ2ε,H/σ
2
ε,C 9.60 2.10 47.11 4.05 36.63

σ2η,H/σ
2
η,C 4.08 1.78 7.36 2.73 7.47

Table 16: Sims estimation of β for Japan using 3-month bill index and top ten banks
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Full rate range Bin 1 Bin 2 Bin 3 Bin 4
[-0.88, 4.48] [-0.88, 0) [0, 4.48] [-0.88, 0.06) [0.06, 4.48]

#dates 2,513 995 1,518 1,227 1,286
#shocks 47 23 24 24 23
nshocks 3,827 1,946 1,881 2,031 1,796
ntotal 208,562 84,589 123,973 104,246 104,316

γ̂S pt. 0.02 -74.71 0.02 10.46 0.02
CI [-0.04, 0.12] [-70.78, 56.88] [-0.02, 0.09] [-54.20, 64.73] [-0.02, 0.09]

β̂S pt. -168.99 0.01 46.21 -0.04 44.21
CI [-54.94, 54.26] [-12.51, 11.41] [-53.49, 68.05] [-7.98, 1.51] [-40.57, 51.89]

σ2ε,H/σ
2
ε,C 9.23 4.21 10.58 4.17 11.67

σ2η,H/σ
2
η,C 2.81 1.66 1.80 1.61 1.93

Table 17: Heteroskedasticity-based and Sims estimation of β for the Euro Area using the 3-month
bund rate and full sample of banks

Full rate range Bin 1 Bin 2 Bin 3 Bin 4
[-0.88, 4.48] [-0.88, 0) [0, 4.48] [-0.88, 0.08) [0.08, 4.48]

#dates 2,505 995 1,510 1,251 1,254
#shocks 47 23 24 26 21
nshocks 457 226 231 256 201
ntotal 24,807 9,855 14,952 12,399 12,408

γ̂S pt. 0.07 16.92 0.07 60.29 0.07
CI [-0.07, 0.37] [-117.01, 110.51] [-0.03, 0.25] [-187.02, 179.90] [-0.04, 0.23]

β̂S pt. -9.87 -0.09 -10.32 -0.04 -13.28
CI [-75.98, 75.80] [-6.51, 2.49] [-68.61, 84.25] [-17.49, 8.62] [-62.28, 67.34]

σ2ε,H/σ
2
ε,C 9.48 4.39 11.83 4.22 11.44

σ2η,H/σ
2
η,C 3.34 1.58 2.92 1.61 2.93

Table 18: Heteroskedasticity-based and Sims estimation of β for the Euro Area using the 3-month
bund rate and the top ten banks
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Full rate range Bin 1 Bin 2 Bin 3 Bin 4
[-0.96, 3.13] [-0.96, 0) [0, 3.13] [-0.96, 0.05) [0.05, 3.13]

#dates 2,382 457 1,925 1,095 1,287
#shocks 14 6 8 6 8
nshocks 321 153 168 153 168
ntotal 52,012 11,338 40,674 25,912 26,100

γ̂S pt. -0.04 -0.32 -0.04 -0.08 -0.04
CI [-0.12, 0.19] [-0.83, 2.03] [-0.10, 0.01] [-0.48, 1.73] [-0.11, 0.01]

β̂S pt. 3.37 0.39 4.00 3.23 2.96
CI [-14.39, 23.85] [-0.30, 4.12] [-4.34, 38.82] [-0.99, 12.34] [-4.01, 30.94]

σ2ε,H/σ
2
ε,C 17.99 10.79 24.53 21.76 15.96

σ2η,H/σ
2
η,C 4.47 8.20 1.93 9.33 1.65

Table 19: Heteroskedasticity-based and Sims estimation of β for Switzerland using the 3-month
LIBOR and full sample of banks

Full rate range Bin 1 Bin 2 Bin 3 Bin 4
[-0.96, 3.13] [-0.96, 0) [0, 3.13] [-0.96, 0.07) [0.07, 3.13]

#dates 2,371 457 1,914 1,151 1,220
#shocks 14 6 8 6 8
nshocks 132 60 72 60 72
ntotal 23,026 4,570 18,456 11,508 11,518

γ̂S pt. -0.26 -0.41 -0.90 -0.14 -1.13
CI [-3.03, 9.16] [-1.19, 3.92] [-17.71, 0.69] [-0.76, 3.28] [-11.92, 0.88]

β̂S pt. 1.73 0.88 0.58 5.79 0.36
CI [-1.25, 7.29] [-0.52, 6.24] [-12.59, 26.46] [-1.86, 17.78] [-13.40, 15.59]

σ2ε,H/σ
2
ε,C 8.16 12.05 3.98 27.21 3.05

σ2η,H/σ
2
η,C 5.21 8.68 1.87 10.41 1.27

Table 20: Heteroskedasticity-based and Sims estimation of β for Switzerland using the 3-month
LIBOR and top ten banks
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