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I. INTRODUCTION

In the past 15 years, most central banks have conducted asset purchases as part of their
unconventional monetary policy, often labeled as “quantitative easing” (QE). In this paper,
we propose a new method to identify and estimate the aggregate effects of central bank’s
asset purchases, and apply it to the euro area.

It has been common in the empirical literature to study the dynamic effects of asset pur-
chases by employing vector autoregressions (VARs), and by imposing traditional sign and
zero restrictions on the contemporaneous impulse response of endogenous variables to iden-
tify asset purchases shocks (e.g., Gambacorta, Hofmann, and Peersman, 2014; Weale and
Wieladek, 2016). However, this method is often subject to criticism, because economic the-
ory rarely justifies such exact restrictions. In response, an increasing literature now considers
a less dogmatic approach by using external instruments to identify VARs, commonly known
as Proxy-VARs." Building on the methodology developed by Kuttner (2001) and Giirkaynak,
Sack, and Swanson (2005), high-frequency (HF) changes in interest rates around the policy
announcements have typically served as popular instruments for identifying asset purchases
shocks in VARs (e.g., Rogers, Scotti, and Wright, 2018; Kim, Laubach, and Wei, 2020).” How-
ever, the presence of multiple dimensions of policy complicates the task of isolating the asset
purchases component from other policy components (target rate, forward guidance). Asset
purchase decisions have often been announced together with other policy changes during the
same time frame. For this reason, the HF instrument requires computing decompositions
on asset prices, which combine questionable exclusion and narrative restrictions, to isolate
pure asset purchases surprises. In addition, Wright (2019) shows that the choice of an insuf-
ficient set of financial variables may skip key channels of asset purchases, and therefore casts
doubt upon the relevance of these monetary policy surprises obtained via HF price changes
as instruments for asset purchases shocks.

We propose a novel, more flexible instrument built on the information from quantitative
surveys conducted with market participants to identify asset purchases shocks and its effects
on the economy. More specifically, we work with euro area data and exploit Bloomberg and

Reuters surveys conducted ahead of each Governing Council of the FEuropean Central Bank

1Stock and Watson (2012) and Mertens and Ravn (2013) have pioneered the development of this method-
ology using a frequentist approach, while Caldara and Herbst (2019), Drautzburg (2020), and Arias, Rubio-

Ramirez, and Waggoner (2021) have introduced Bayesian inference.
2See, for example, Gertler and Karadi (2015), Caldara and Herbst (2019), Hachula, Piffer, and Rieth

(2020), Jarocinski and Karadi (2020), and Lhuissier and Szczerbowicz (2021), for the effects of conventional
and unconventional monetary policy measures using Proxy-VARs, and Hartmann and Smets (2018), Pfister
and Sahuc (2020) and Rossi (2020) for a recent review.
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(ECB).” Since late 2014, these surveys — typically released 3 days before the ECB decision
— include questions about market participants’ expectations on the future course of asset
purchases, and especially on the amount of additional asset purchases (if any) announced by
the upcoming Governing Council. For each policy announcement, we compute the difference
between the median additional amount expected by market participants, and the additional
amount officially announced by the monetary authority. The resulting series directly deter-
mines the size of the unexpected component of each asset purchases announcement without
imposing any additional assumptions, and in particular without relying on the decomposi-
tion assumptions needed by HF identification.” In addition, a parallel can be drawn between
the construction of our instrument and Rudebusch (1998)’s definition of a monetary policy
shock. The author defines it as the difference between the realized policy rate target and the
market-based expectation. Therefore, our instrument can be seen as an application of the
definition, but to asset purchases.

We then use our surprise measure as a proxy within a Proxy-VAR framework to trace out
the dynamic effects of asset purchases on aggregate activity. To deal with our relatively short
sample size inherent to asset purchases in the euro area, we adopt a Bayesian estimation
procedure in line with the literature. By doing so, we are able to fully characterize the
uncertainty of our results by generating draws from the posterior distributions of functions
of parameters (such as impulse responses, variance decompositions, etc...). In our baseline
specification, we find that asset purchases policy have expansionary and relatively rapid
effects on economic activity and prices. Specifically, we find out that an immediate increase
in asset purchases of one percent of GDP leads to a maximum impact in industrial production
and consumer prices by 0.15 percent and 0.06 percent, respectively. The response of prices is
positive with high posterior probability for the first 20 months after the shock. The response
of output is less precisely estimated; although the corresponding 68% posterior probability
band lies within the positive region, there is a 90% posterior probability mass that implies
a zero response. The contribution of these shocks to macroeconomic variability appears
modest but non-negligible. They account for about less than a fifth of variability in long-run
output and consumer prices. The minor historical role of asset purchases policy in generating
business cycle fluctuations is quantitatively similar to the ones typically found in the literature
on the effects of conventional monetary policy (e.g., Leeper, Sims, and Zha, 1996; Peersman

3In the following we use indistinctly ECB and Eurosystem (ECB + national central banks), while in

practice the Eurosystem is in charge of asset purchases in a decentralized manner.
4To the best of our knowledge, our paper is the first to explore surveys on the market participants’ view

of the central bank’s asset purchases to construct an instrument for asset purchases shocks. Hesse, Hofmann,
and Weber (2018) and Kim, Laubach, and Wei (2020) use similar surveys but to build a time series of

expected asset purchases, which enters directly to the VAR system as an endogenous variable.
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and Smets, 2003), and results mainly from the fact that much of the observed variations in
asset purchases is systematically responsive to the state of the economy.

Since ECB actions, via asset purchases, have historically been systematic reactions to the
state of the economy, we run a number of counterfactual exercises to assess the effects of
the systematic component of asset purchases, as opposed to the effects of the unpredictable
component of policy. Specifically, we ask what would have happened if ECB would have not
announced and implemented major asset purchase recalibrations (December 2015 & March
2016, December 2016, October 2017 & March 2018, and September 2019). To do so, we run
counterfactual simulations with alternate time series of asset purchases shocks so that asset
purchases are completely unresponsive to other variables in the system. Our simulations
show that each major phase of recalibration has been successful in boosting both output and
prices and instrumental in preventing inflation to fall into negative territory. Since we are
potentially ignoring changes in the dynamics of the private sector that would occur following
a policy intervention which would induce agents to update their beliefs about policy (the
Lucas critique), we test if our counterfactual simulations can be viewed as “modest” in the
sense of Leeper and Zha (2003), which would imply that economic agents do not revise their
expectations and simulations are plausible. The evidence clearly suggests this is the case.

Finally, we compare our approach with a workhorse HF instrument based on Altavilla,
Brugnolini, Giirkaynak, Motto, and Ragusa (2019). We find our survey-based instrument
captures different information and only loosely correlates with the HF instrument. When
running an alternative VAR using the HF instrument, we find an impact on macroeconomic
variables, but with substantially more uncertainty than our Proxy-VAR based on surveys.
This exercise suggests that survey-based measures contain useful information on top of HF
price changes. We confirm the relevance of our survey-based surprises in two ways. First,
we show our surprises are systematically corroborated by financial press accounts on the
market sentiment over the asset purchases decision whereas this is not always the case for
HF instruments. Second, we provide a more formal comparison of both instruments by
testing their strength using standard statistical tests following Gertler and Karadi (2015).
Our surprises pass the usual weak instrument tests but not the HF instrument.

The paper is organized as follows. Section [l discusses the identification via external
instruments in the Proxy-VAR framework. Section [l introduces the construction of the
proxy for asset purchases shocks used to identify the VAR model. Section IV presents the
main results and Section V compares our approach to an alternative high-frequency proxy,
tests the relative strength of the two instruments and discusses their differences. Section VI
conducts counterfactual exercises to assess the role of asset purchases as a source of business

cycle fluctuations. Section VII concludes.
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II. THE ProOXY-VAR MODEL

This section outlines the empirical approach that is used to estimate the macroeconomic
impact of asset purchases shocks in the euro area. Since the seminal paper by Sims (1980),
VAR models have been widely employed to estimate the effects of monetary policy shocks
on the economy. Identified VAR modeling allows us to analyze and interpret the data while
avoiding potentially “incredible restrictions” on the structure of the economy. In this respect,
and following the methodology established by Stock and Watson (2012) and Mertens and
Ravn (2013), we propose to use an external instrument for identifying asset purchases shocks.

We consider that the euro area economy can be described by a VAR with the following
general form

p
yiAo = Zyé_ﬁAg +cte for 1 <t<T, (1)

=1
where y; is an n X 1 vector of endogenous variables, €; is an n X 1 vector of exogenous
structural shocks, A, is an n X n matrix of parameters for 0 < ¢ < p with Ag invertible, ¢
is a 1 x n vector of parameters, p is the lag length, and T is the sample size. The vector e,
conditional on past information and the initial conditions yy, ..., y1-p, is Gaussian with mean
zero and covariance matrix I,,, the n x n identity matrix. The model described in equation

(1) can be compactly written as
ViAo =xA, +e for 1 <t <T, (2)

where A, = [A] -+ Al /] and X} = [y, -+ y;_, 1] for 1 <t < T. The dimension of
A, is m x n, where m =np + 1.

The reduced-form representation implied by Equation
y;=xB+u,forl <t<T, (3)

where B = AL A;Y, v, = €/A;?, and E[uu)] = ¥ = (AgA})~". The matrices B and X
are the reduced-form parameters, while Ay and A, are the structural parameters. Follow-
ing Rubio-Ramirez, Waggoner, and Zha (2010), the parameters (Ag, AL) and (A, A,) are
observationally equivalent if and only if they have the same reduced-form representation.

In the benchmark specification, the vector of endogenous variables y; consists of five
monthly euro area variables: the logarithm of industrial production (ip;); the logarithm
of the Harmonized Index of Consumer Prices, HICP (p;); the cumulative amount of as-
set purchases announced scaled by the annualized 2014 euro area GDP (b;); the De Santis
(2018a,b)’s excess bond premium, EBP (ebp,); and the spread between the 10-year euro area
government bond yields of the four largest euro area countries (Germany, France, Italy, and
Spain) and the 10-year OIS rate (sp).
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All variables are monthly time series covering November 2014 through December 2019.°
Our main sources for the data are the ECB’s Statistical Data Warehouse and Bloomberg.
The asset purchase announcement series (Figure 1) is constructed from ECB official an-
nouncements in the Weale and Wieladek (2016)’s manner: asset purchase announcements
are simply cumulated over time, i.e., it reflects the total purchases announced. Regarding
our financial variables, our 10-year spread — sometimes called swap spread but the denomi-
nation bond-OIS spread would be the most accurate — has been widely used by the ECB in
assessing asset purchases (e.g., Coeuré, 2017) and is a convenient model-free way to proxy
the term premium.’ It is also justified by our focus on asset purchases: retrenching the
OIS rate controls for the expected path of short-term interest rates which is more directly
connected to other instruments like forward guidance. Our second financial variable is a
euro area excess bond premium (De Santis, 2018a,b) computed similarly to Gilchrist and Za-
krajsek (2012). The series is the credit spread component capturing the investors’ appetite
for bearing corporate debt exposure, correcting from default risk. Put differently it measures
the compensation investors ask to invest in corporate debt market, above the simple com-
pensation they require for default risk. The series is computed from secondary market prices
of senior unsecured bonds, purged from observable determinants at firm and bond level, like
default risk, maturity, etc. Favara, Gilchrist, Lewis, and Zakrajsek (2016) show that the
excess bond premium is a good predictor of economic downturns. More details about data
are presented in Appendix B.

Based on a standard lag-length selection criterion (BIC), our Proxy-VAR is estimated
over the sample period January 2015—December 2019, so that the data allow inclusion of a
two-period lag.”

Our structural approach requires the identification of the coefficients of A;'. Since we
only study the effects of asset purchases shocks, only the coefficients of the fifth column of
A; ' have to be identified. Our approach to identify asset purchases is based on the use of an
external instrument, z;, along the lines of Stock and Watson (2012) and Mertens and Ravn

(2013). Both studies show how the external instrument can be used to identify structural

50Our dataset does not cover the COVID-19 pandemic period because of unprecedented variation in our
macroeconomic variables, which in turn severely distorts parameter estimates. See, for example, Lenza and

Primiceri (2020) for further details.

6Term premium can be extracted from term structure models and reflects the yield curve component
remunerating the interest rate risks. A bond-OIS spread cannot capture these full risks as the OIS curve

itself embeds a risk component.
"The small lag length corroborates other monthly VAR studies that report a lag length of 2 when studying

the period of unconventional monetary policy. See, for example, Gambacorta, Hofmann, and Peersman (2014)
and Weale and Wieladek (2016).
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shocks. Specifically, the identification must satisfy several critical assumptions in order to
identify movements in the policy indicator that are due to purely exogenous monetary policy
disturbances. In particular, the instrument must be correlated with asset purchases shocks &?
but uncorrelated with all other structural shocks gff P This assumption can be summarized

as follows:

Elze] = (4)
E [ztgfp} ~0 (5)

Given the small sample size, we adopt a Bayesian approach along the lines of Arias, Rubio-
Ramirez, and Waggoner (2021) to estimate our Proxy-VAR. The authors have developed an
efficient algorithm to independently draw from the posterior distribution over the structural
parameterization of a Proxy-VAR conditional on exogeneity restrictions as shown in equations
(4) and (5). For the estimation of the model, we augment the vector of endogenous variables
to include the instrument, such that the dimension of y; is now a n x 1 matrix, with n =
n + 1, and we use a restricted normal-generalized-normal posterior distribution over the
triangular-block parameters, which is characterized by four parameters; NGN (v, ®, ¥, €2).
Our choice of prior density parameterization is v = n = 6, ® = 055, ¥ = 0542, and
Q= Opnimin, With m = pn + 1. Such a parameterization is common in the literature and
leads to prior densities that are equivalent to those in Uhlig (2005). For more details and
implementation, we refer to Arias, Rubio-Ramirez, and Waggoner (2021). Below, we propose

a novel instrument to identify asset purchases shocks.

III. A PROXY FOR ASSET PURCHASES SHOCKS

Our focus is on the asset purchase programme (APP) conducted by the ECB since Janu-
ary 2015. Instituional details about the programme are provided in the online appendix. In
this section, we introduce the construction of our proxy, which equals the unexpected size of
additional asset purchases announced by the monetary authority. To infer market expecta-
tions over the APP announcements, we rely on surveys conducted by Reuters and Bloomberg
ahead of each Governing council®. These surveys include questions about the interest rate
path, the size, pace and composition of APP, or the macroeconomic forecasts for the euro
area. Both ask participants about their expectations of monetary policy decisions at the next

Governing Council. In particular, we use two types of information:

8In the euro area, there is no publicly-available equivalent to the Survey of primary dealers conducted
by the New York Fed, used for instance by Cao and Foerster (2013) and Kim, Laubach, and Wei (2020).
Both Bloomberg and Reuters survey results are typically published three or four business days before the

Governing councils.
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i. the likelihood of an APP announcement at the next Governing Council: e.g. “Do you
expect the ECB to announce QF at its January 22 meeting?”
ii. the median amount of additional purchases to be announced, e.g. “What total do you

expect the ECB to announce?”

Questions were often asked in different ways (eg. a pace + a length of purchases, or a
total additional amount) but it is rather straightforward to infer the next Governing Council
expectations in terms of APP. Table 2 details the sources and questions we have exploited
at each date.

We use preferably the surveys conducted by Bloomberg, as they have more respondents
(around 60) and are available during the whole period, while Reuters asked direct questions on
APP less frequently and on a smaller sample. When the two surveys overlap, we find both are
remarkably similar in terms of APP expectations. On a few occasions when the Bloomberg
survey is unclear or incomplete, this allows us to complement the answers with the Reuters
one. For instance, in March 2016, Bloomberg reports a majority of market participants
believes the ECB will “expand QF purchases above Eur 60 billion a month”, while in the
Reuters survey market participants were asked to give directly their expectations of monthly
amount. The median was 70 billion Eur a month, which is what we use.

We also check the consistency of the expectations with two internal sources: a Banque de
France survey (BDF) among market participants since 2017 and the ECB Survey of Monetary
Analysts (SMA) conducted by the ECB since April 2019, both confidential and conducted
before each Governing Council. Both largely convey the same information and corroborate
our measure from Bloomberg and Reuters surveys. In total, this allows us to cross-check our
expectation measure using four independent sources.

We then compute a surprise as the difference between these expectations and the additional
APP amount effectively announced by the ECB, which happened 7 times (initial announce-
ment in January 2015 followed by 6 recalibrations). More specifically, we compute surprises
as the difference at each relevant Governing Council between the median additional purchases
expected and the additional purchases effectively announced by the ECB. Figure 2 shows the
distribution of additional amount expectations across market participants ahead of 3 major
announcement dates. Interestingly, the dispersion of expectations varies considerably: while
some (small) recalibrations seem perfectly consensual (e.g. June 2018), the most important
recalibrations in terms of amount take place with a larger uncertainty. In September 2019
the 25/75 percentiles of expectations lay between Eur 300 and 500 billion, with min and max
between Eur 200 and 700 billion.

In all but one case during our period of interest, computing these surprises is straightfor-

ward as the ECB announced a fixed and predetermined additional amount. For instance, in
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December 2015, the Governing Council announced an extension of the APP by 6 months at
the same pace of Eur 60 billion per month: “we decided to extend the asset purchase pro-
gramme (APP). The monthly purchases of Eur 60 billion under the APP are now intended
to run until the end of March 2017” (See Table 1). However, in September 2019, the ECB
announced an open-ended restart of the APP: “Net purchases will be restarted under the
Governing Council’s asset purchase programme (APP) at a monthly pace of Eur 20 billion
as from 1 November. The Governing Council expects them to run for as long as necessary
to reinforce the accommodative impact of its policy rates, and to end shortly before it starts

279

raising the key ECB interest rates.””. The ECB statement conveys two important indica-
tions: the APP extension is linked to the horizon of the first hike, and the net asset purchases
will stop “shortly before” this happens. In the September polls, the first DFR hike was ex-
pected around mid-2022 and “shortly before” was interpreted as around 3 months. In the
Bloomberg poll conducted on 16-Oct-2019, at the question “The ECB says asset purchases
will end "shortly” before the first rate increase. How do you define ”shortly”?”, the median
answer was 3 months, while the first rate hike was expected around end-2022. As purchases
restarted in November 2019, this means 2 months in 2019 + 3*12 months (in 2020, 2021
and 2022) - 3 months (“shortly before”). This implies market participants understood what
ECB announced in September 2019 as around Eur 700 billion APP extension (assuming a
Eur 20 billion/month pace, which is expected by virtually all the poll respondents), while
they expected Eur 384 billion (See Table 2).

To cross-check, we also use the OIS curve on the days just before the September 2019
Governing Council to derive the horizon of the next 10 basis points rate hike priced by the
swap market. We take all Eur OIS contracts with standard maturities (3,6,9,12 months
and 2 to 10 years) and build the OIS curve using the Nelson-Siegel procedure in order
to obtain a precise data point at each date in the future. The OIS curve just before the
September 2019 Governing Council (Figure C.1 in Appendix) suggests one or two further
cuts and a first rate hike in January 2023, perfectly consistent with the survey. We also look
at how much did the market participants rescale their expectations over the total size of
the APP between September 2019 (before the Governing Council) and October 2019 (next
survey) using internal sources (SMA and BDF described above). This information broadly
corroborates the magnitude of our back-of-the-envelope estimation.

Figure 3 shows our proxy: surprises in Eur amount scaled by the euro area nominal GDP,
that we lag as of 2014 Q1 — before any discussion on APP. The value of the proxy is positive

when the ECB announces a bigger extension in APP purchases than expected by the market.

https://www.ecb.europa.eu/press/pr/date/2019/html/ecb.mp190912~08de50b4d2. en.html


https://www.ecb.europa.eu/press/pr/date/2019/html/ecb.mp190912~08de50b4d2.en.html
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The average surprise is 1.9 % of GDP. The first surprise in January 2015 and the last one in
Sept. 2019 are by far the most important, respectively at 6.1% and 4.9%.

Interestingly, there is always a large consensus of market participants on the timing ac-
cording to which actual APP decisions are announced: for each of the 7 APP decisions, all
have been predicted by at least 60% of respondents (and 4 by at least 80%). Conversely,
there is no example of a significant proportion of respondents expecting an APP decision at
a Governing Council which turned out to be a non-event. Put differently, this excludes ma-
jor negative surprises occurring because market participants expected a decision when none
was taken.'” This suggests market participants have inferred correctly the timing of APP
announcements, probably because most decisions are prefigured via different communication
means — eg. Governing council members interviews, speeches, past Governing Council ac-
counts, etc. Conversely, the Governing council members may also partly form their decisions
with in mind the market expectations — all surveys being publicly released few days before
the meeting.

It may worth mentioning that the fact that many observations are censored to zero and
that the number of respondents in quantitative surveys is limited is not an issue with our
Proxy-VAR approach because it allows to explicitly account for possible measurement errors
in the construction of the proxy for asset purchases shocks.

Our preferred measure of surprises takes into account the fact that sometimes a proportion
of respondents expected no announcement at all at the upcoming Governing Council. We
set their expectations at 0. In the robustness section, we also recompute the surprises using
only the answers by the respondents who believed in an announcement at the next Governing
Council (see Figure E.2 in Appendix).

Finally, to further substantiate our approach, for all our surprises we check the narrative
with external sources. To ensure for instance that what we compute as negative surprises
correspond to the market sentiment, we check how the ECB decision has been reported in
major economic newspapers. In all cases, the sign of our surprises is corroborated by the

press, as can be seen in Table 3.

IV. MAIN RESULTS

This section presents the main results. First, Section [V.] presents the time series of as-
set purchases shocks. Second, Section V.2 reports the impulse responses of asset purchases
shocks. Third, Section V.3 assesses the quantitative importance of asset purchases shocks

through a variance decomposition. Fourth, to establish the contribution of asset purchases

ONote also that no APP decision has been made outside of a Governing Council.
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shocks to business cycle fluctuations over time, Section [V.4 displays the historical decom-

position. Fifth, Section IV.5 conducts some robustness of the results.

IV.1. Identified asset purchases Shocks. Before describing the dynamic effects of APP
shocks on the economy, we provide an empirical interpretation of the evolution of these
disturbances over time. Figure 4 displays the time series of APP shocks from January 2015
to December 2019. The black line reports the median, while the blue areas report the 68%
and 90% probability intervals. A positive value means an expansionary APP shock.

As can be seen, APP shocks capture remarkably well the dates of the introduction and
recalibrations of APP, notably January 2015, December 2017 and September 2019. The
largest of the historical positive APP shocks occurred in January 2015 when ECB announced
the introduction of APP to further ease the monetary policy stance.

Overall, this pattern is in line with the corresponding instrument, as shown by the high
correlation between the instrument and the identified shock in Figure 5. The posterior
distribution of correlation, which is relatively tight, has the entire of its mass far from zero
with a median value equal to 0.69, thus reflecting the relevance of our APP instrument.'!

In the spirit of Forni and Gambetti (2014), we perform a test of “structuralness” of the
estimated APP shocks to verify that the VAR contains sufficient information to identify
the structural APP shocks. We do so by projecting the structural APP shocks onto the
factors summarizing the information content of a large set of information available ahead of
each Governing Council. The results, reported in Appendix D, indicate that our structural
shocks are not predictable based on past information available, and thus the structuralness

is accepted.”

IV.2. Impulse Response Analysis. The macroeconomic impact of an asset purchases
shock is traced out in Figures 6. The median is reported in solid black line, and the 68%
and the 90% error bands in blue areas. The size of an APP shock is scaled to induce an
immediate increase in asset purchases of 1% of GDP."

After the initial rise, asset purchases stay persistently above the level expected prior to

the shock, and gradually converge to the pre-shock expected level in the longer run. Most

11Follovving Gertler and Karadi (2015), we have also regressed the residuals of the fifth equation (“asset
purchases” equation) of the baseline VAR equation on our proxy and we have computed the robust F statistic
to check that a weak instrument problem is not present. Clearly, our econometric test confirms the validity

of our proxy.
2By contrast, Andrade and Ferroni (2020) and Miranda-Agrippino and Ricco (2021) emphasize that

high-frequency monetary policy surprises are predictable using information available at the time of monetary
policy decisions.

131% of the euro area GDP is roughly equivalent to a Eur 100 billion.
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importantly, the rise in asset purchases provides a substantial short-run output and price
stimulus. Both variables immediately rise, and then begin to return to their pre-shock levels
in a steady manner. The maximum impact is 0.12 percent on industrial production and 0.06
percent on prices. Interestingly, the response of prices appears much more persistent, which is
also a pattern observed in the effects of conventional monetary policy shocks. Regarding the
uncertainty surrounding those estimates, the response of prices is positive with high posterior
probability (both at 68% and 90%) for the first 20 months after the shock. The response of
output is less precisely estimated; while the corresponding 68% posterior probability band
lies within the positive region, there is a 90% posterior probability mass that implies a zero
response.

The estimated Proxy-VAR suggests smaller price effects of APP shocks than those found
in previous studies, including Garcia Pascual and Wieladek (2016) and Gambetti and Musso
(2020). For example, Garcia Pascual and Wieladek (2016), using VARs with a sign restric-
tions approach, find that the peak (core) price effect is about 0.075 percentage points after
an APP shock of 1% of GDP. While we employ industrial production as a proxy for output,
the two previous studies use real GDP, making difficult the comparison of output effects.

Compared to the existing literature on U.S. and U.K. asset purchases, our proxy-VAR
suggests much lower effects. In the U.S., Weale and Wieladek (2016), Hesse, Hofmann, and
Weber (2018), and Kim, Laubach, and Wei (2020) find an asset purchases shock equivalent to
1% of GDP leads to a rise in industrial production by about 0.58, 0.20 and 0.68 percentage
points, respectively. For U.K., the peak output effect is about 0.20 and 0.25 percentage
points according to Hesse, Hofmann, and Weber (2018) and Weale and Wieladek (2016),
respectively.'* Thus, the effect is roughly 1.5 to 5 times smaller than in the U.S and the
U.K. For consumer prices, our estimated model also suggests lower effects than U.S. and
U.K estimates. For the U.S., Hesse, Hofmann, and Weber (2018), Weale and Wieladek
(2016), and Kim, Laubach, and Wei (2020) estimate a maximum impact of an asset purchases
shock equivalent to 1% of GDP on prices of about 0.20, 0.62, and 0.16 percentage points,
respectively, while for the U.K., Hesse, Hofmann, and Weber (2018) and Weale and Wieladek
(2016) document a rise of about 0.20 and 0.32 percentage points, respectively.

Turning to financial variables, the excess bond premium declines on impact roughly 2
basis points and then remains below its pre-level shock for about one year. Recall that the
excess bond premium is a component of corporate bond credit spreads that is not directly
attributable to expected default risk. As argued by Gilchrist and Zakrajsek (2012), it provides

a measure of investors’ sentiment and risk appetite in the corporate bond market. Its sizeable

MKim, Laubach, and Wei (2020) report the effects of a “asset purchases” shock equivalent to 2.5% of

nominal GDP. To make the comparison possible, we standardized it to a shock equivalent to 1% of GDP.
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decrease signals a positive effect on corporates’ financial conditions. Interestingly, the effect
is far more persistent (lasting more than 1 year) than for the 10-year sovereign rates (see
below), which means that APP has a persistent effect on private market conditions on top
and not only related to the fall of risk-free rates.

Our 10-year bond-OIS spread falls immediately about 1.5 basis points. This effect fades in
about one month and is typically lower than other estimates using event study methodology.
Andrade, Breckenfelder, De Fiore, Karadi, and Tristani (2016) compile a selection of event
studies on the APP announcement which give an impact on the 10-year yield between -2.45
and -5.8 basis points (27-64 basis points for a 11% GDP shock). The impact is typically lower
on the 10-year rate than in the US or UK. Altavilla, Carboni, and Motto (2021) among others
attribute this difference to the financial conditions at the start of APP, noting financial stress
was already low in January 2015, and “various yields and spreads [were] already compressed”.

A back-of-the-envelope estimation suggests the January 2015 announcement (around 10%
of GDP) lowers the 10-year spread by around -15 basis points based on our results, which
is not far from what Altavilla, Carboni, and Motto (2021) find in their controlled event
study on the January 2015 announcement: -17 basis points on a 1-day change in the 10-year
Bund yield and -29 basis points in the euro area average 10-year yield. They also find that
this immediate effect starts to fade from the day after, by looking at 2-day windows. By
contrast, Eser, Lemke, Nyholm, Radde, and Vladu (2019) using a calibrated term-structure
model with a supply factor find an impact of the January 2015 announcement on the 10-
year term premium (average of 4 biggest euro area countries) of about -50 basis points, with
long-persisting effects.

These differences may come first by our data frequency. With monthly data, we capture a
10-year yields compression persistency, rather than relying uniquely on the day of announce-
ment. Second, our 10-year spread controls for the evolution of the OIS curve, meaning that
potential effects coming purely from a signaling channel is in principle taken out. This is
an advantage of our measure as these signaling effects can be confounded with other instru-
ments like the forward guidance strategy. By contrast, taking the 10-year bond-OIS spread is
a model-free way to proxy the impact on the term premium which is in principle only related
to APP.

IV.3. Variance Decomposition. Using variance decomposition, we now assess the relative
importance of APP shocks in driving fluctuations in endogenous variables. Table 4 reports the

percentage of the variances of the error made (at the median) in forecasting each endogenous
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variable due to APP shocks at forecasting horizons between the first (1M) and the forty-
eighth months (48M) after the initial shock. The 68 percent error bands are indicated in
brackets.

Variance decomposition shows that the contribution of disturbances to asset purchases to
business cycle fluctuations is modest but non-negligible. These shocks explain about 12 (19)
percent of long-run output (prices) variability. APP shocks account for about 19 percent of
long-run fluctuations in the excess bond premium and for about 11 percent in the 10-year
spread. The majority of their fluctuations are therefore caused by non-policy innovations, in
line with the conventional wisdom that monetary policy contributes little to business cycle
fluctuations. Note also that posterior uncertainty surrounding these estimates is large.

Interestingly, long-run variation in asset purchases is dominated by sources of variation
other than policy. APP shocks explain less than half of its variation in the long run. This
implies most APP actions have historically been systematic reactions to the state of the

economy.

IV.4. Historical Decomposition. This section looks at the cumulative role played by the
estimated APP shocks in driving the variables of the model. Figure 7 shows the historical
decomposition of variables with respect to the impact of the APP shock. In particular, we
suppress APP shocks throughout the sample in order to quantify their importance. To do so,
we simply set the disturbances to APP to zero. The actual data (solid line) and the median
counterfactual paths (dotted line) with the 68% and 90% error bands in blue areas for each
endogenous variable are displayed.

The estimated model shows modest but non-negligible responses of output and prices to
APP shocks, and thus rules out from the start a strong explanatory role in macroeconomic
movements by APP shocks. As can be seen from the figure, the contribution of APP shocks
at the median is sometimes positive sometimes negative, but uncertainty about the estimates
remains relatively large as shown by the 68% and 90% posterior probability bands, which
makes the interpretation of the results difficult. Finally, the history of asset purchases is
attributed almost entirely to non-policy sources since the counterfactual path closely follows
its actual path throughout the sample, meaning that most of the observed variations in asset

purchases are systematically responsive to the state of the economy.

IV.5. Robustness of the results. In order to assess the robustness of our results, we study
a number of alternative specifications. First, we exclude January 2015 from the sample in
Section [V.5.1. Second, Section [V.5.2 employs an alternative proxy, which is built only from
market participants who expect changes in ECB’s announcements. Third, our structural

estimation is carried out by ordering the proxy first in a recursive VAR in Section [V.5.3.
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Fourth, instead of scaling the size of asset purchases with GDP, we use the volume of free
float in Section [V.5.4. Fifth, Section [V.5.5 purges our proxy from the effects of central bank
information shocks that could potentially bias our estimates. For brevity the results of this

section are available in the Online Appendix.

IV.5.1. Excluding January 2015. In absolute terms, the largest APP shock occurred in Jan-
uary 2015, the date of the introduction of APP. Given the small sample size, this date might
be the main driver of our results. To check whether our results depend on this date, we
re-estimate our model on a sample that starts in February 2015. We obtain similar results,

as shown in E.1.

IV.5.2. Alternative prozy. In our baseline specification, our preferred measure of surprises
used as a proxy takes into account the fact that a (small) proportion of respondents were
not expected the announcement of a new APP recalibration. Their expectations were set to
zero. In this section, we recompute the surprises using only the answers from the respondents
who expected an APP recalibration at the next Governing Council. The resulting new time
series proxy is depicted in Figure E.2 (thereafter called “reweighted proxy”), together with
the baseline proxy. Qualitatively, the proxy delivers similar values to the baseline proxy.
Quantitatively, there are however several major differences. The most striking difference
between both proxies is found in the September 2019 recalibration. While the baseline proxy
indicates unexpected changes in APP by about 5 percent of GDP, such a surprise is only about
3 percent of GDP for the reweighted proxy. Another difference with the baseline proxy is that
there is no significant surprise in APP in June 2018. Finally, the small difference between
both proxies in January 2015 reveals that the introduction of APP was almost fully expected
by all market participants.

Given the sizeable differences between proxies, we re-estimate our VAR model by replacing
our baseline proxy with our reweighted proxy. Figure E.3 displays the impulse responses.
Clearly, changing the construction of our proxy does not affect the dynamics effects of APP
shocks. Impulse responses are close to those reported with the VAR identified from the

baseline proxy; the effects of APP shocks are still expansionary.

IV.5.3. Proxy within a recursive VAR. A number of studies employ an “internal instrument”
strategy consisting in ordering the proxy first in a recursive (i.e., Cholesky) VAR instead of
the “external instrument” approach. Notable examples include Kilian (2009), Ramey (2011),
Jarocinski and Karadi (2020), and Miranda-Agrippino and Ricco (2021). Through the prop-
erties of the Cholesky decomposition, the identifying restrictions given by equations (4) and
(5) still hold. According to Plagborg-Moller and Wolf (2021), the “internal instrument”

strategy leads to valid impulse response estimates even if the proxy is contaminated with
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measurement error that is unrelated to the shock of interest. Furthermore, it yields to esti-
mates that are closely tied to those obtained from the “local projections” approach proposed
by Jorda (2005) at short horizons (see Corollary 1 in Plagborg-Mgller and Wolf (2021)).

As a robustness check, we estimate our baseline VAR model using the “internal instrument”
strategy. We augment our VAR to include the proxy and order it first using a recursive
ordering. By doing so, we are also able to check whether our results remain valid through a
“local projections” approach. Impulse responses are displayed in Figure E.4. The responses
are qualitatively similar to the responses of Figure 6 which are obtained from the “external
instrument” approach. But there are notable quantitative differences. First, the response
of industrial production is less precisely estimated, and there is a posterior probability mass
that lies within a region of negative values when looking at 90% error bands. Second, the
impact on the excess bond premium appears slightly stronger. At its peak, the decline is

about one basis point lower.

IV.5.4. Free float. In this section, we explore an alternative scaling of our shock variable.
In our baseline specification, we normalize the APP shocks by the euro area GDP. While
this scaling is consistent with most of the literature, we may use instead the stock of debt
really available in the market (“free float”), in the spirit of Eser, Lemke, Nyholm, Radde,
and Vladu (2019) and Altavilla, Carboni, and Motto (2021).

This approach is notably guided by the preferred habitat theory. Intuitively, the amount of
debt held by inelastic investors (e.g. “preferred habitat” debt with particular characteristics
in terms of maturity, invested in held-to-maturity portfolios) is in a way retrenched from
the free float available for trading in the market. Vayanos and Vila (2021) develop formally
a term-structure model in which the yield curve response to a bond supply shock varies
depending on the residual debt to be held by non-preferred habitat investors.

We follow Eser, Lemke, Nyholm, Radde, and Vladu (2019) in defining the “free float”
as the amount outstanding of market debt held by investors other than the ECB in its
monetary policy portfolio and by insurance and pension funds (ICPF), known to be inelastic
investors.'”” To do so, we use the Securities Holdings statistics Database (SHS-S), which
tracks quarterly the holdings of European investors at the security levels. Free float hovers
around Eur 6,000 billion from 2013Q4 and 2015Q1 and then steadily decreases to Eur 4,500
billion, reflecting the APP purchases. The free float rises again after December 2018 and the
end of net purchases. We rescale our APP surprises and the APP announced size in the VAR

on this free float measure (contemporaneous and lagged in 2014Q1 as for GDP), Impulse

5Due to data limitation, we cannot include foreign officials in the inelastic holdings.
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responses yield extremely similar results in both cases, and we do not report them for this

reason. These results are available upon request.

IV.5.5. Instrument purged from ECB information effects. It is well known that monetary
policy announcements reveal information not just about policy, but also sometimes about the
central bank’s assessment of the economic outlook (see, for example, Miranda-Agrippino and
Ricco (2021) and Jarociniski and Karadi (2020)). Thus, our instrument for the identification
of APP disturbances is potentially a mixture of the true policy shock and information about
the state of the economy due to the information reported by the ECB action.

In this section, we adjust our proxy for central bank information effects by means of
Jarocinski and Karadi (2020)’s poor man sign restrictions. This restriction involves setting
the APP surprise to zero in cases where stock price (Euro Stoxx 50) on announcement days
move in the opposite direction as the surprise in APP. The resulting proxy is very close to
our baseline proxy since there is only one announcement where the APP surprise and the
stock prices do not positively co-move (October 2017).

Impulse responses are displayed in Figure E.4. They are indistinguishable from our baseline

respomnses.

V. COMPARISON WITH HF INSTRUMENT

In this section, we compare our approach to a workhorse HF instrument. To run a com-
parison in the euro area, we rely on the methodology by Altavilla, Brugnolini, Giirkaynak,
Motto, and Ragusa (2019). The authors extract an orthogonalized factor from a set of OIS
rates, associated with asset purchases, and called “QE factor”. We replicate their HF factor,
extend it until the end of 2019, and use it as an instrument in an alternative Proxy-VAR.'®
Impulse responses are shown in Figure 8. The posterior median responses of output and
prices are positive, but the posterior probability bands of the impulse response functions are
extremely wide and lie within both negative and positive regions. The HF proxy appears to
be less relevant than our survey-based proxy to identify APP shocks.

We provide a more formal comparison of both proxies by testing their strength following
Gertler and Karadi (2015). A strong instrument is an instrument that is sufficiently correlated
with the reduced-form shocks of interest from equation (3). Formally, we regress the residuals
of our asset purchase announcement series on each instrument. The residuals are computed
from our baseline VAR described earlier.

Table 5 reports the results of the tests. The residual on the asset purchase announcement
series has a strong and positive correlation with the survey-based proxy, producing an F

6Thanks to the data and code made available in Julia via Giirkaynak’s website: http://refet.bilkent.

edu.tr/research.html
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statistic as high as 61. By contrast, the HF proxy turns out to be a weak instrument, with
a corresponding F-statistic of less than one.

To dig deeper into the differences between both approaches, we show that our proxy cap-
tures a different information content compared to the OIS rates. Figure 9 shows that our
survey-based surprises, solely related to asset purchases, do not always go in the direction
predicted by moves in the 10-year OIS, for instance. Consistently, we obtain a weak corre-
lation between the QE factor and our proxy (0.24), suggesting that both approaches indeed
bring alternative identifications. By contrast, and now using qualitative data, we show in
Table 3 a selection of financial press reactions to the ECB decisions, which overall appears
to better corroborate our surprises.

This exercise suggests that our survey-based measure contains useful information, not
contained in high-frequency price changes. First, it might be the case that the price changes
of financial instruments do not fully contain, or not only, the information about a monetray
policy surprise in terms of asset purchases. Wright (2019) suggests for instance that APP
cannot be identified only from high-frequency moves of the OIS curve but foremost from term
premia and intra euro area sovereign spreads. Second, a key challenge is the factor extraction
for HF instrument, which require questionable restrictions to disentangle different dimensions
of monetary policy (target rate, forward guidance, asset purchases). By contrast, our method
directly determines the size of the unexpected component of each APP announcement but has
no information whatsoever on the other instruments. Third, OIS price changes, for instance,
may embed information about the expected course of action of the central bank and its
decisions at future meetings, while our proxy is only a surprise at the current monetary

policy meeting.

VI. HISTORICAL COUNTERFACTUALS

Our estimated model implies not only that asset purchases shocks have accounted for
little of the historical pattern of business cycles, but also that they account for a relatively
important but non-overwhelming proportion of variation in asset purchases. This implies that
most ECB actions have historically been systematic reactions to the state of the economy.
Assessment of the effects of APP policy, as opposed to the effects of unpredictable changes
in policy, must therefore consider what would have happened if the systematic component
of APP were different. In this section, we now run a number of counterfactual exercises
to assess the role of the systematic part of asset purchases by considering what would have

happened if major APP recalibrations would not have been implemented.
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The procedure is straightforward. Given the actual data, a set of draws is generated from
the posterior distribution using the algorithm developed by Arias, Rubio-Ramirez, and Wag-
goner (2021). For each draw, we recover the sequence of APP shocks in the model. We
then simulate the history (i.e., a set of new series), but replace the actual APP shocks with
shocks such that APP recalibrations would not have happened. As a result, the counter-
factual simulations report what would have happened if the systematic part of APP policy
had not responded to the economy. In these exercises, all other equations of the system
are held fixed, which implied that changes in dynamics of the private sector are potentially
ignored since private agents may change their behavior under the new policy. Our counter-
factual scenarios potentially ignore the Lucas critique. That being said, and according to
Leeper and Zha (2003), a counterfactual exercise may imply “a change in policy that does
not significantly shift agents’ belief about policy regime and does not generate quantitatively
important expectations-formation effects of the kind Lucas (1976) emphasizes”. Therefore,
the distribution of structural APP shocks required may not necessarily violate the Lucas
critique.

In this section, we discuss simulations for the four major APP recalibrations (December
2015 and March 2016 together, December 2016, October 2017 and June 2018 together, and
September 2019)'" in Figures 10 to 13. The main conclusion is that the estimated APP policy
changes have been successful in boosting prices with high posterior probability. The positive
effects of APP on output turn out to be less precisely estimated, as the 90% probability
interval exhibits significant uncertainty. In each of these figures, the solid lines represent the
actual series, while the dotted lines represent the series under the modified policies, along
with their 68% and 90% error bands in blue areas. In the online appendix (Section (i), we
quantify, for each counterfactual, how implausible our APP counterfactual scenarios are using
the “modesty statistics” developed by Antolin-Diaz, Petrella, and Rubio-Ramirez (2020).

We run a first simulation in which the APP extensions by Eur 360 billion in December
2015 and Eur 240 billion in March 2016 would not have been implemented. The results are
shown in Figure 10. Here, we impose a sequence of APP shocks such that asset purchases
remain at their pre-December 2015 level until November 2016, the last month before the
date of the next major recalibration. We can see that (year-over-year) industrial production
output growth would have reached a lower value by around one percentage point at its
peak — although the posterior probability bands are very wide — and the (year-over-year)

HICP inflation level would have lowered at its maximum by 0.90 percentage points with high

1TWe study jointly December 2015 and March 2016 recalibrations due to their proximity. Also, given the
relatively small amount announced in June 2018, we investigate its cumulative effects with the October 2017

recalibration. See Table 1 for the details about the amount announced by the ECB.
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posterior probability. This counterfactual simulation implies that the two first major APP
recalibrations have mitigated the decline in output while preventing inflation from reaching
negative values.

When we repeat our exercise with December 2016 recalibration (Eur 540 billion), we obtain
the results in Figure 11. This policy counterfactual, in which the path of asset purchases
remains constant from December 2016 to September 2017, would have kept output lower
by around 0.90 percentage points at its peak and would have delivered a lower inflation
by about the same amount. Clearly, this recalibration has been successful in preventing
mounting deflationary pressures. The response of output is less precisely estimated since
there is a posterior probability mass that lies above the actual series in 2017. Furthermore,
without the policy intervention taken by the ECB, the excess bond premium would have
been a great deal higher, while the 10-year spread would be slightly higher but only during
a very short period.

The effects of the absence of October 2017 (Eur 270 billion) and June 2018 (Eur 45 billion)
recalibrations are shown in Figure 12. The major difference with the previous simulations is
that the size of this APP extension has been relatively smaller but its duration were much
longer. Indeed, we assume an intervention that maintains the level of asset purchases to its
pre-October 2017 level until August 2019, the last month before the announcement date of
the “open-ended” recalibration. Interestingly, our counterfactual simulation produces modest
posterior median effects on output in the beginning of 2018 — with a 90% probability interval
exhibiting significant uncertainty — and then leaves the time path of output almost unchanged
for the rest of the sample. By contrast, the simulation cuts inflation in late 2017, and keeps
it well below historical values (by about 0.4 percentage points) for most of 2018 and 2019.
Also noticeable is the long-term deterioration of financial intermediaries’ financial positions
as shown through the excess bond premium.

The last simulation in which September 2019 recalibration (Eur 700 billion) would not
have been put in place is reported in Figure 13. At its peak, inflation would have reached
a lower value by around 0.25 percentage point with high posterior probability, while effects
on output remain relatively modest and uncertain. As shown by both financial variables,
financial conditions would have been tighter without the ECB intervention. Note however
that, since our data sample ends in December 2019, we cannot fully evaluate the impact of
this recalibration on the economy.

Overall, our counterfactual simulations provide strong evidence that APP recalibrations
had beneficial effects both on the real and financial economy since 2015, and prevented several

times inflation from falling into negative territory.
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To compare our estimates with the literature, we record the estimated effects of the system-
atic part of asset purchases on output (i.e., real GDP or industrial production) and inflation
(consumer prices) based on major studies’ baseline model. Following the Fabo, Jancokova,
Kempf, and Pastor (2021)’s rule, we record the effects on the level — the level of output
and the price level. We denote Y the actual level of the outcome variable (i.e., with as-
set purchases) and Y its counterfactual level (i.e., without asset purchases), and derive the
percentage difference, (Y — Y) / Y. We standardize the effects to a common asset purchases
increase equal to 1% of the respective country’s GDP around the time asset purchases were
first implemented. We proceed in a similar manner with our estimates by taking the average
of the median peak effects on the level of both variables among the first three APP recal-
ibrations: December 2015 & March 2016, December 2016, and October 2017 & June 2018,
and then standardize the effects in the same way as above. We do not include the last APP
recalibration since we have not fully evaluated its impact. The (standardized) peak effects
drawn from our baseline estimates are reported in the Online Appendix in Figures F.1 and
F.2.

Table 6 shows the estimated effects of asset purchases on the levels of output and prices for
our baseline and major studies’ estimates. For prices, our peak effects are smaller than those
from Andrade, Breckenfelder, De Fiore, Karadi, and Tristani (2016) and Weale and Wieladek
(2016), but much larger than those from Garcia Pascual and Wieladek (2016), Gambetti and
Musso (2020), and Baumeister and Benati (2013). For output, the estimate of the peak effect
lies within the high side of the range of values reported by the literature.

VII. CONCLUSION

In this paper we assess the macroeconomic impact of the ECB’s asset purchase programme
and its recalibrations within a Proxy-VAR framework. We propose a novel proxy for exoge-
nous asset purchases shocks by exploiting quantitative surveys that report market partic-
ipants’ expectations ahead of each key announcement date. We derive surprises from the
difference between these expectations and the ECB announcement. Our computed surprises,
which we cross-check using four independent sources, prove to be in line with the financial
press comments’ on each major APP decision.

Estimating the effects of asset purchases shocks identified according to our methodology

leads to the following conclusions:

e APP shocks have expansionary effects: an immediate increase in asset purchases
equivalent one percent of GDP leads to a maximum impact in industrial production
and consumer prices by 0.15 percent and 0.06 percent, respectively. Even if the 10-

year impact is short-lived, the macroeconomic impact is sizeable and persistent. This
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implies HF event studies focused on yields may not capture the entire macroeconomic
effect of APP.

e The contribution of these shocks to business cycle fluctuations is modest but non-
negligible. They explain less than a fifth of the long-run variability in output and
consumer prices.

e Counterfactual estimates imply the APP and its successive recalibrations were central
in stimulating the economy, and notably in preventing inflation from falling into

negative territory in 2015 and 2016.

Our analysis leaves several interesting avenues for future research. For instance, it would
be interesting to investigate the potentially nonlinear effects of asset purchases on aggregate
activity. Indeed, from a theoretical perspective, Ciirdia and Woodford (2011) claim, under
an active credit policy by central banks, that “it is only at times of unusual financial distress
that [this] will have substantial benefits.”
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APPENDIX A. TABLES
TABLE 1. APP announcements 2015M1 — 2019M12

Event Date Start End Length Add. Pace Add. amount Cumulated

(month)  (/month) (bn Eur) (bn Eur)
Announcement 22/01/2015 Mar-15 Sep-16 19 60 1140 1140
Extension 03/12/2015 Sep-16 Mar-17 6 60 360 1500
Extension 10/03/2016 Apr-16 Mar-17 12 20 240 1740
Extension 08/12/2016 Apr-17 Dec-17 9 60 540 2280
Extension 26/10/2017 Dec-17 Sep-18 9 30 270 2550
Extension 14/06/2018 Sep-18 Dec-18 3 15 45 2595
Re-start 12/09/2019 Nov-19 open-ended - 20 700* 3315

Source: ECB, Bloomberg. *The September 2019 restart is announced in an “open-ended”

way, i.e., the ECB commits only to a monthly size, and gives two indications: net purchases

will stop “shortly before” the next interest rate hike. We infer the total size from these

parameters, their qualitative interpretation by market participants from surveys and quan-

titatively from the OIS curve. See section III for the detailed explanation.
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TABLE 2. Market expectations on APP announcement/re-calibration

Dates

Source and comments

22-Jan-2015

03-Dec-2015

10-Mar-2016

08-Dec-2016

26-Oct-2017

14-Jun-2018

12-Sep-2019

We use of a Bloomberg poll conducted on 19-Jan-2015. At the question “Do you expect the
ECB to announce QFE at its Jan. 22 meeting 2”7, 93% of respondents answered “Yes”, 7%
‘No” (over 60 respondents). The median estimate for the total size of purchases was 550
billion Eur.

We use a Bloomberg poll conducted on 30-Nov-2015. 100% of respondents (over 53) expected
an announcement at the Dec-2015 GovC of an extension of APP. However information is
sparse on the expected additional amount. We use the information contained in the Reuters
ECB December pre-meeting poll: the median extension is 6 months to end-March 2017 and
the pace of purchases is expected to increase to 75 bn Eur (+6*75 = 450)

We use a Bloomberg poll conducted on 07-Mar-2016. At the question “what new measures
will Draghi announce on March 1027, 73% of respondents (over 59) answered “Frzpand QF
purchases above EUR60b/month” with a median increase by Eur 15 bn a month. The large
majority (72%) expected an unchanged end in March 2017. The Reuters poll gives the
median expected ( “What monthly total do you expect the ECB to announce”) at 70 billion
Eur/month. Therefore the median additional purchases were at Eur 120 billion (410*12
months).

We use the additional questions asked in a Reuters poll “European Central Bank Monetary
Policy Poll - December 8, 2016”7, as the Bloomberg poll is less explicit about the next
GovC expectations. 87% (52 of 60 respondents) said ‘the ECB will announce on Dec. 8
an extension to its QE programme beyond the current plan of March 2017”. The median
estimate was an extension from Mar-2017 to Sep-2017 at a monthly pace of 80 billion
Eur/month, or an additional amount of purchases of 480 billion Eur.

We use a Bloomberg poll conducted on 18-Oct-2017. 98% of the 57 respondents expected a
decision at the 26-Oct meeting regarding APP. The median estimate of additional purchases
was 300 billion Eur.

We use a Bloomberg poll conducted on 7-Jun-2018. At the question “When Will ECB
Announce QE End Date?”, 30% of respondents (over 56) answered “June 2018”. The
median estimates of additional purchases to be announced after Sep-2018 was 45 billion
Eur.

We use a Bloomberg poll conducted on 6-Sep-2019. 59% of respondents expected a decision
regarding the restart of APP at the Sep. 12 meeting. The median estimate of additional
purchases was 12 months at a pace of 32.5 billion Eur, or a cumulative additional amount
of 390 billion Eur.
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TABLE 3. Selected newspapers’” accounts on APP announcement/re-

calibrations

Dates

Source and comments

22-Jan-2015

03-Dec-2015

10-Mar-2016

08-Dec-2016

26-Oct-2017

14-Jun-2018

12-Sep-2019

FT: “Mario Draghi’s bond-buying plan outstrips expectations” https://www.ft.com/
content/8f215db8-a256-11e4-9630-00144feab7de

FT: “the measures seem to have disappointed market participants who were ex-
pecting even bolder steps” http://blogs.ft.com/the-world/liveblogs/2015-12-
03/. The Guardian: “European stocks slide after ECB dashes hopes of major
QE expansion” https://www.theguardian.com/business/2015/dec/03/ecb-launches-
new-stimulus-package-eurozone

FT: “The European Central Bank has unleashed a bigger than expected package of measures
to stimulate the eurozone economy, [...] The ECB raised the amount of bonds the eurozone’s
central bankers buy each month under QE from Eur 60bn to Eur 80bn — a greater sum
than many analysts had expected.” https://www.ft.com/content/92a45a960-e6ac-11e5-
a09b-1£8b0d268c39

WSJ: “ECB Extends but Scales Back Stimulus, Whipsawing Markets” https:
//www.wsj.com/articles/ecb-to-extends-stimulus-program-by-nine-months-
at-reduced-rate-1481201978

FT: “Although purchases under its historic quantitative easing programme will from January
be cut from the current pace of Eur 60bn a month to Eur 30bn, the scale of the reduction
matched the consensus among investors, economists and traders.” https://www.ft.com/
content/2849d4ec-ba24-11e7-9bfb-4a9c83ffa852

FT: “ECB to phase out Eur 2.4tn bond-buying programme by year end euro falls as mar-
kets respond to cautious elements in plan to end QE” https://www.ft.com/content/
7514a734-6fbe-11e8-92d3-6c13e5c92914

NYT: “The European Central Bank took unexpectedly aggressive steps on Thursday |...]
The measures [...] go beyond what many analysts were expecting. Recent comments by
members of the Governing Council had cast doubt on whether the bank would restart
purchases of government and corporate bonds.” https://www.nytimes.com/2019/09/12/

business/ecb-europe-recession-stimulus.html



https://www.ft.com/content/8f215db8-a256-11e4-9630-00144feab7de
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http://blogs.ft.com/the-world/liveblogs/2015-12-03/
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https://www.wsj.com/articles/ecb-to-extends-stimulus-program-by-nine-months-at-reduced-rate-1481201978
https://www.ft.com/content/2849d4ec-ba24-11e7-9bfb-4a9c83ffa852
https://www.ft.com/content/2849d4ec-ba24-11e7-9bfb-4a9c83ffa852
https://www.ft.com/content/7514a734-6fbe-11e8-92d3-6c13e5c92914
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TABLE 4. Forecast Error Variance Decomposition

Horizon IP Prices EBP Spread APP
1M 5.91 9.71 17.74 9.32 90.84

[2.69;11.46] [3.15;19.69]  [8.01;31.14]  [3.02;19.26] [84.54;94.82]

6M 8.78 15.55 22.63 9.33 77.02
[3.13;19.59] [4.70;20.71] [10.47;36.21] [4.31;16.66] [66.40;85.84]

12M 11.69 17.98 22.14 10.36 64.01
[3.73;25.88]  [5.37;35.40] [10.22;36.05] [5.23;17.88] [46.69;76.93]

24M 12.78 20.33 21.06 11.07 50.07

[3.72;28.18]  [5.73;41.80]  [9.75;35.27]  [5.62;18.76] [30.98;68.01]

36M 12.86 21.14 20.60 11.48 45.60
[4.19;28.60] [6.01;43.08]  [9.72;35.20]  [6.16;19.07] [25.48;64.35]

48M 13.41 21.52 20.48 11.71 43.52
[4.40;28.93] [6.19;43.57]  [9.55;35.59]  [6.36;19.74] [23.22:63.17)

Note: Fraction of variances (computed from the posterior median) of each endogenous vari-
ables explained by APP shocks at various horizons. The 68 percent probability intervals are

indicated in brackets.

TABLE 5. Tests on the strength of the instruments

Survey-based proxy HF proxy

(1) (2)
B 1.0845%** 0.0675
Observations 60 60
F-statistic 61.5335 0.13
R-squared 0.5148 0.0023

Note: The models estimated are us ; = o+ 32 +1; with us+ the residual in the 5t equation
of the VAR corresponding to the asset purchases announcement series, and z; the proxy

variable.

30



REVISITING THE DYNAMIC IMPACT OF ASSET PURCHASES

TABLE 6. Standardized peak effects on prices and output

Country Model Prices (%) Output (%)

Baseline estimates EA VAR 0.22 0.31
Andrade, Breckenfelder, De Fiore, E.A DSGE 0.41 0.12
Karadi, and Tristani (2016)

Garcia Pascual and Wieladek (2016) E.A VAR 0.09 0.13
Gambetti and Musso (2020) E.A VAR 0.04 0.02
Baumeister and Benati (2013) U.K VAR 0.06 0.08
Baumeister and Benati (2013) U.sS VAR 0.06 0.09
Weale and Wieladek (2016) UK VAR 0.46 0.30
Weale and Wieladek (2016) U.S VAR 0.96 0.96
Chen, Ciirdia, and Ferrero (2012) U.S DSGE 0.02 0.02
Kim, Laubach, and Wei (2020) U.S VAR 0.19 0.93

Note: This table summarizes the standardized peak effects on prices and output in the liter-
ature. The effects are standardized to a common increase size equal to 1% of the respective

country’s GDP around the time asset purchases was first introduced.
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TABLE 7. Plausibility of Counterfactual Scenarios

KL divergence Calibrated q
December 2015 31.80 0.72
[29.36; 35.19] [0.71; 0.73]

December 2016 24.46 0.70
[23.44; 25.58] [0.69; 0.70]

October 2017 55.01 0.78
[52.72; 57.45] [0.78; 0.79]

September 2019 10.25 0.63
[9.46; 11.55] [0.63; 0.64]

Note: Median of the KL divergence and the calibrated q. The 68 percent probability intervals

are indicated in brackets.
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APPENDIX B. FIGURES

FiGURE 1. Total APP size, as announced by the ECB
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Note: Sample period: 2014.M11 — 2019.M12. * The Sept 2019 restart is announced in an
“open-ended” way ie. ECB commits only to a monthly size, and gives two indications: net
purchases will stop “shortly before” the next interet rate hike. We infer the total size from
these parameters, their qualitative interpretation by market participants from surveys and
quantitatively from the OIS curve. See section III for the detailed explanation.

Source: ECB, ECB Statistical Data Warehouse.
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F1GURE 2. Distribution of market expectations on APP recalibrations
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Note: This figure illustrates the distribution of market expectations on the additional APP
purchases ahead of three key Governing Councils (GovC). Sources used are described in Table
2, the respondents’ distribution come from Bloomberg polls. We take the median value to
compute our surprise measure. Boxes represent the 25/75 percentiles and bars min/max

once outliers are removed.
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FIGURE 3. Proxy.
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Note: Sample period: 2014.M11 — 2019.M12. Unexpected Components around Governing

Council Announcements. Unexpected Components are scaled to GDP 2014.
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FIGURE 4. Historical Path of Structural APP Shocks
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Note: Sample period: 2015.M01 — 2019.M12. Historical (median) path of structural APP

shocks. The blue areas denote 68% and 90% error bands areas.
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F1GURE 5. Correlation between Proxy and APP Shock
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Note: Histogram based on 1805 independent draws generated from the algorithm developed
by Arias, Rubio-Ramirez, and Waggoner (2021).
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FIGURE 6. Impulse responses to an APP shock
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Note: The size of the shock is scaled to induce an immediate increase in asset purchases of

1% of GDP. In each panel, the median is reported in solid line, while the 68% and 90% error
bands are shown by blue areas.
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FIGURE 7. Suppressing APP shocks.
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Note: Sample period: 2016.M01 — 2019.M12. Historical decomposition — i.e., suppressing
APP shocks throughout the entire period. In each panel, actual and median counterfactual
paths of endogenous variables are in black solid and dotted lines, respectively. The blue

areas denote the counterfactual’s 68% and 90% error bands areas.



percentage points

percent

o
()

o
)

-0.4
0 6 12

o

REVISITING THE DYNAMIC IMPACT OF ASSET PURCHASES

40

F1GURE 8. Impulse responses to an APP shock, using an HF proxy
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Note: We use as an instrument in the VAR the “QE factor” from Altavilla, Brugnolini,
Giirkaynak, Motto, and Ragusa (2019), extracted from OIS changes around monetary policy

announcements.

The size of the shock is scaled to induce an immediate increase in asset

purchases of 1% of GDP. In each panel, the median is reported in solid line, while the 68%

and 90% error bands are shown by blue areas.
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Fi1GURE 9. Comparison of HF identification and survey-based surprises
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Note: Panel (a) reports the change in OIS rates during the monetary policy window, from
Altavilla, Brugnolini, Giirkaynak, Motto, and Ragusa (2019) and using their public EA-MP
database. Their QE factor is extracted from the changes in long-term OIS rates. Panel (b)
reports our APP surprises, extracted from surveys and scaled by 2014 GDP. To convey the

same information, the two metrics should go in opposite directions.
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F1GURE 10. Effects of December 2015 & March 2016 APP recalibrations.
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Note: Sample period: 2016.M01 — 2019.M12. Counterfactual — i.e., modifying APP shocks
such that asset purchases remain unchanged from December 2015 to November 2016. In each
panel, actual and median counterfactual paths of endogenous variables are in black solid and

dotted lines, respectively. The blue areas denote the counterfactual’s 68% and 90% error

bands areas.
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Ficure 11. Effects of December 2016 APP recalibration.
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Note: Sample period: 2016.M01 — 2019.M12. Counterfactual — i.e., modifying APP shocks
such that asset purchases remain unchanged from December 2016 to September 2017. In
each panel, actual and median counterfactual paths of endogenous variables are in black
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Ficure 12. Effects of October 2017 & June 2018 APP recalibrations.
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such that asset purchases remain unchanged from October 2017 to August 2019. In each
panel, actual and median counterfactual paths of endogenous variables are in black solid and

dotted lines, respectively. The blue areas denote the counterfactual’s 68% and 90% error
bands areas.
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FiGurE 13. Effects of September 2019 APP recalibration.
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error bands areas.
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This Appendix consists of the following sections:

A. Institutional details
B. Data
C. Using the OIS curve to price the September 2019 APP
D. Testing for structuralness
E. Robustness Analysis
E.1. Excluding January 2015
F.2. Alternative instrument
E.3. “Internal instrument” recursive VAR
E.4. APP shocks purged from the effects of the information shocks
F'. Median peak effects of APP recalibrations
. Plausibility of counterfactual scenarios
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APPENDIX A. INSTITUTIONAL DETAILS

The ECB launched its extended Asset Purchase Programme (APP) in January 2015 to
address the mounting risks of a prolonged period of low inflation. As shown in Figure A.1,
the APP has been the main factor driving the expansion of the balance sheet of the ECB.
In February 2020, the amount of securities held for monetary policy purposes by the ECB
accounted for about Eur 2,700 billion — approximately 25% of the euro area nominal Gross

Domestic Product (GDP).

FIGURE A.1. Size and composition of the Eurosystem’s balance sheet
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Note: Sample period: Jan 1999 — Oct 2020. Source: ECB Statistical Data Warehouse.

The extended APP was announced on January 22, 2015, for an initial size of Eur 1140
billion. The programme consisted for the first time in large-scale purchases of public secu-
rities'®, which completed the existing smaller scale purchases of covered bonds (CBPP) and
ABS (ABSPP). In March 2016, the ECB added a programme on corporate bonds (CSPP)

18Prior to the extended APP, the ECB ran several smaller-scale purchase programmes, on peripheral debts
(SMP 2010-2011) and on specific market segments (covered bonds and ABS).
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consisting of the purchase of investment-grade (rated higher than BBB-) bonds issued by
non-financial companies.

The APP has been re-calibrated several times in terms of pace and length of purchases.
The initial announcement in January 2015 has been followed by 6 recalibrations during our
period under review, see Table 1. The first recalibration was announced in December 2015,
as a 6 months extension from the initial ending date (September 2016) to the end of March
2017. In March 2016 the monthly pace of purchases was increased from 60 to 80 billion —
starting from April 2016 — with an unchanged ending date in March 2017. In December
2016, the Governing council announced a 9-month extension to December 2017 at 60 billion
per month. In October 2017 APP purchases were extended until September 2018 at a lower
monthly pace of 30 billion. In June 2018, the ECB added 3 additional months at Eur 15
billion per month until the end-December 2018. Finally, in September 2019, the Governing
council restarted the APP purchases, from November 2019 at Eur 20 billion per month.

While net purchases stopped between December 2018 and November 2019, the securities
purchased by the Eurosystem under its various sub-APP programmes are meant to be held
until maturity and redemptions in the monetary policy portfolio are reinvested — for a horizon
linked by the ECB to the next policy rate hike — which explains why the ECB balance sheet
did not shrink since 2015. In February 2020 — before the Covid-19 crisis triggered additional
emergency stimulus — the amount of securities held by the Eurosystem accounted for Eur
2,700 billion, or around 25% of the euro area nominal GDP.

The purchases are intended to be implemented in a market neutral way, meaning they are
conducted in proportion of the market outstanding (See Hammermann, Leonard, Nardelli,
and von Landesberger (2019)). This means, notably, that the weighted average maturity
(WAM) of the APP portfolio closely follows the WAM of the market, which can be verified
cach month on the ECB website.'” In addition, set aside one technical change in the eligibility
criteria (eg. bond residual maturity lowered to 1 year instead of 2 years in Dec 2016), there
has been no change in the maturity composition of purchases. As a result, the WAM of the
PSPP has been remarkably stable around 7 years. Put differently, by analogy to the metrics
used in Eser, Lemke, Nyholm, Radde, and Vladu (2019) this means the ratio of 10-year
equivalent of 100 Eur bn additional purchases scaled by 10-year equivalent of the eligible
outstanding remains stable over time.

In terms of the asset composition of purchases, the share between public and private
securities has been remarkably stable (around 80% in public securities). The purchases
under the CSPP merely substitute to those in the small covered and ABS markets.

Bhttps://www.ech.europa.eu/mopo/implement/omt/html/index.en.html#pspp
iii


https://www.ecb.europa.eu/mopo/implement/omt/html/index.en.html##pspp

To sum up, for these two reasons, we think the information on the size of APP is an
appropriate summary of the degree of accommodation provided by APP in the euro area,
while we acknowledge this can be more complex in the U.S. for instance, where the Federal
Reserve also actively used as a policy tool the maturity of asset purchases (MEP) or their

relative composition between MBS and Treasuries.
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APPENDIX B. DATA

All data are organized monthly from November 2014 to December 2019. Data comes from
the ECB - Statistical Data Warehouse, Reuters and Bloomberg, except for the excess bond
premium which has been generously given by Roberto De Santis. Figure B.1 displays the

time series data.

e 1p;: Output is the logarithm of industrial production index, working day and season-
ally adjusted.

e p;: Prices is the logarithm of harmonized index of consumer price (HICP), working
day and seasonally adjusted.

e app;: Total size of asset purchases announced by the ECB, divided by 2014.Q1 GDP.
The end-of-month value is used;

e cbpy: De Santis (2018a,b)’s excess bond premium (regularly updated by Roberto De
Santis). The end-of-month value is used;

e sp;: Difference between GDP-weighted (Big4) 10-year government bond yields and
the 10-year overnight index swaps (OIS). The end-of-month value is used;

FIGURE B.1. Time series of data (November 2014 — December 2019)
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APPENDIX C. OIS CURVE

Results from Section I11.

Ficure C.1. Forward OIS curve pre-September 2019 Governing Council

meeting
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Note: Liftoff date is defined as +10bps above the minimum reached by the OIS curve. OIS
contracts from Bloomberg, as of 10-Sep-2019. We build the curve using standard Nelson

Siegel procedure.
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APPENDIX D. TESTING FOR STRUCTURALNESS

Our approach to APP identification relies on a relatively small amount of information
drawn from a 5-variables Proxy-VAR. This small number of variables is unlikely to span the
information sets used by the ECB, who has access to richer information about the state of
the economy, or by the the financial market participants. If the information sets used in our
VAR does not span that of the agents, then the structural shocks might be contaminated
(i.e., non-fundamental).

In the spirit of Forni and Gambetti (2014), we perform a test of “structuralness” of the
estimated APP shocks to verify whether our VAR suffers from this informational problem.
To do so, we project the structural APP shocks onto the factors summarizing the information
content of a large set of information available ahead of each Governing Council.

More formally, let ¢; be the vector containing APP shocks at time ¢, and let X; be a
vector collecting a number of macroeconomic, survey and financial variables. We define the

following system:
X = Ay + uy,
ery1 = 5B+ e,

where f; are factors summarizing the information content in X;; u; and e; are independent
identically distributed (i.i.d) shocks; and B is the matrix that loads factors onto structural
APP shocks. if B is statistically significant, then shocks can be predicted using past common
information, meaning that they are not structural. Following Andrade and Ferroni (2020), we
consider a set of 38 variables in X; that are related to macroeconomic, survey and financial
time series. The list of variables is reported in Table D.1. We then extract their principal
components using the factor extraction technique developed by Bai and Ng (2002). The
number of factors is equal to 5. We then regress APP shocks on these factors and look at
their statistical significance.

Table D.2 reports the individual p-values of the coefficients of the regression of APP shocks
on lagged factors. Clearly, APP shocks are not predictable by the available information ahead

of each Governing Council.
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TABLE D.1. List of variables included in X; to test the predicability of APP

shocks. Transformations: 1=first difference; 2=growth rate.

Variables

Code Series (ECB SDW)

Transf

Adjusted loans to euro area private sector
Monetary aggregate M3

Japanese yen/Euro

Unemployment rate (as a % of labour force)
Euribor 3-month

EER-42/Euro

CPI deflated EER-42/Euro

Dow Jones Euro Stoxx 50 Price Index
Standard and Poors 500 Composite Index
HICP - Overall index

ECB Commodity Price index

Unemployment rate, Male

New passenger car registration

Industrial new orders; total

Industrial production for the euro area
Industrial production; intermediate goods
Industrial production; consumer goods
Industrial production; energy

Industrial production; including construction
Industrial production; excl. construction, energy
Industrial production; durable consumer goods
Industrial turnover, nominal; manufacturing
Retail trade turnover

UK pound sterling/Euro

EONIA

US dollar/Euro

HICP; excluding energy and unprocessed food
Euribor 1-year

Brent crude oil 1-month Forward

Consumer Confidence Indicator

Economic Sentiment Indicator

U.S. Consumer Price Index

U.S. all Employees, Total Nonfarm

U.S. 10-Year Treasury Constant Maturity Rate
U.S. Advance Real Retail and Food Services Sales
U.S. 3-Month Treasury Bill

U.S. Unemployment Rate

U.S. ISM Manufacturing PMI

BSI.M.U2.Y.U.A20TA.A.1.U2.2200.Z01.E
BSIL.M.U2.Y.V.M30.X.1.U2.2300.Z01.E
EXR.M.JPY.EUR.SP00.A
STS.M.I8.S.UNEH.RTT000.4.000
FM.M.U2.EUR.RT.MM.EURIBOR3MD_HSTA
EXR.M.E7.EUR.EN00.A
EXR.M.E7.EUR.ERC0.A
FM.M.U2.EUR.DS.ELDJES501. HSTA
FM.M.US.USD.DS.ELS_PCOMP.HSTA
ICP.M.U2.Y.000000.3.INX
STS.M.I8.N.UWIE.CTOTNE.3.000
STS.M.I8.S.UNEH.RTM000.4.000
STS.M.IS.Y.CREG.PC0000.3.ABS
STS.M.IS.Y.ORDT.NSC002.3.000
STS.M.I8.Y . PROD.NS0020.4.000
STS.M.I8.Y.PROD.NS0040.4.000
STS.M.I.Y.PROD.NS0080.4.000
STS.M.I.Y.PROD.NS0090.4.000
STS.M.I8.Y.PROD.NS0010.4.000
STS.M.IS.Y . PROD.NS0021.4.000
STS.M.I.Y.PROD.NS0060.4.000
STS.M.IS.Y.TOVT.2C0000.4.000
STS.M.I8.Y.TOVT.NS4701.4.000
EXR.D.GBP.EUR.SP00.A
EON.D.EONIA_TO.RATE
EXR.D.USD.EUR.SP00.A
ICP.M.U2.Y XEFUN0.3.INX
RTD.M.S0.N.C_LEUR1Y.E
RTD.M.SO0.N.P_OILBR.E
RTD.M.S0.S.Y_CSCCLF
RTD.M.S0.S.Y_ESIND.F

CPIAUCSL (FED FRED)

PAYEMS (FED FRED)

DGS10 (FED FRED)

RRSFS (FED FRED)

TB3MS (FED FRED)

UNRATE (FED FRED)

NAPMPMI Index (Bloomberg)

N = =N NN DN DN DN N NN DN DN DN DN DN NN NN NN NN =N




TABLE D.2. Predictability of structural APP shocks

Factors in set of 38 variables APP shocks

fi 0.97
f 0.66
f3 0.81
fa 0.42
fs 0.94

Note: P-values of the regression of APP shocks on macroeconomic, survey, and financial

lagged factors.
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E.1. Excluding January 2015. Results from Section [V.5.1.

percent

percentage points

APPENDIX E. ROBUSTNESS ANALYSIS

Ficure E.1. Excluding January 2015 from the sample
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Note: The size of the shock is scaled to induce an immediate increase in asset purchases of
1% of GDP. In each panel, the median is reported in solid line, while the 68% and 90% error

bands are shown by blue areas.



E.2. Alternative Instrument. Results from Section [V.5.2.

Ficure E.2. Baseline Proxy versus Reweighted Proxy around Governing

Council Announcements.
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Note: Unexpected components are scaled to GDP 2014. Our baseline measure of surprises
takes into account the fact that a proportion of respondents were not expected the announce-
ment of a new APP recalibration at the upcoming GovC. Their expectations were then set
to zero. The reweighted proxy recompute the surprises using only the answers by the re-

spondents who expected an APP recalibration at the next Governing Council.
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FicURE E.3. Impulse responses to an APP shock
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Note: The size of the shock is scaled to induce an immediate increase in asset purchases of

1% of GDP. In each panel, the median is reported in solid line, while the 68% and 90% error
bands are shown by blue areas.
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E.3. “Internal instrument” recursive VAR. Results from Section [V.5.3.

percent GDP 2014

F1GURE E.4. Impulse responses to an APP shock using an “Internal instru-

ment” approach
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bands are shown by blue areas.

xiii



E.4. APP shocks purged from the effects of the information shocks. Results from
Section 1V.5.5.

FicUure E.5. Impulse responses to an APP shock that are purged from the
effects of the ECB information
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Note: The size of the shock is scaled to induce an immediate increase in asset purchases of
1% of GDP. In each panel, the median is reported in solid line, while the 68% and 90% error
bands are shown by blue areas.
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APPENDIX F. MEDIAN PEAK EFFECTS

FIGURE F.1. Peak effect of APP recalibration rounds
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Note: Blue squares denote the median and yellow bars the 68% uncertainty bands. Sep 2019
recalibration not shown as its full impact may not be reflected in our sample ending in Dec
2019.
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FIcURE F.2. Peak effect of APP recalibration rounds - rescaled for 1% of euro
area GDP.
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Note: Blue squares denote the median and yellow bars the 68% uncertainty bands. We rescale
each recalibration round by 2014Q1 euro area GDP. Sep 2019 recalibration not shown as its

full impact may not be reflected in our sample ending in Dec 2019.
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APPENDIX G. THE PLAUSIBILITY OF COUNTERFACTUAL SCENARIOS

We examine whether our counterfactual simulations can be regarded as “modest policy
interventions” in the sense of Leeper and Zha (2003). The idea is to assess the plausibility
of the counterfactual paths for each endogenous variable of the VAR system from the per-
spective of a forecast. If the distribution of a conditional forecast under a policy intervention
deviates significantly from the unconditional distribution, then the alternative policy should
be deemed implausible; there is something that has changed in the VAR system. As a con-
sequence, conditional forecasts are not viewed as credible, and the formation of expectations
needs to be taken into account when forecasting under this alternative policy.

Using the methodology developed in Antolin-Diaz, Petrella, and Rubio-Ramirez (2020),
we construct our conditional forecasts (or also called “structural scenarios”) by choosing a
sequence of APP shocks that keep asset purchases constant over a predefined horizon, which
is specific to each round of interest. Other shocks of the model are perturbed stochastically
but without any constraint. Conditional forecasts are done directly on the structural form
of the VAR, as opposed to the reduced form as in Waggoner and Zha (1999), which does
not require identifying the structural shocks. This allows us to guarantee that the path of
variables results from a sequence of APP shocks that keep asset purchases constant over a
predefined horizon.

We compute four conditional and unconditional forecasts over a horizon of h = 48 months
by taking as initial conditions the data up to the announcement date of each major recali-
bration. Our forecasts are based on the VAR estimated over the entire sample period from
November 2014 to December 2019. The reason is simply that the sample period would be
otherwise too short to produce reasonable estimates, which would lead to more dispersed
posterior distributions. For brevity, the conditional and unconditional forecasts are available
in Figure H.1 in the Online Appendix.

Following Antolin-Diaz, Petrella, and Rubio-Ramirez (2020), we now quantify how plausi-
ble a structural scenario is by determining how “far” the distribution of conditional forecast
is from the unconditional distribution using the Kullback-Leibler (KL) divergence as “mod-
esty statistics”. KEquivalently, this amounts to determining how different the distribution
of the structural shocks compatible with the structural scenario is from the unconditional
distribution of the structural shocks (i.e., from the standard normal distribution). By doing
so, we take into account the uncertainty induced by the future realization of all shocks in the

model, as opposed to the original framework of Leeper and Zha (2003), in which only policy
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shocks are active.”’ The KL divergence between the distribution of the structural shocks,

Ny, and the unconditional distribution of structural shocks, Ngg, is given as follows
1
D (Ny||Nss) = 5 (tr (B7") 4+ @B e — nh + In (detX,)) (6)

where tr denotes the trace of a matrix, det denotes the determinant, and p. and 3. are the
mean and variance of the shocks under the conditional forecasts.

In order to ease the interpretation of the KL divergence and to say how far the conditional
forecast is from the unconditional forecast, we “calibrate” the KL divergence along the lines
of McCulloch (1989); i.e., the discrimination information between the flips of a fair coin and
a biased coin. Dgr(Bern(0.5)||Bern(q)), is proposed to calibrate the KL divergence, where
Bern(q) is a Bernoulli distribution with probability ¢q. Given the dimensional issues with
the Bernoulli distribution, we follow Antolin-Diaz, Petrella, and Rubio-Ramirez (2020) and

replace it with a binomial distribution. It follows that

_1+\/1—e’% (7)
= 5 ,

where 2 = Dgr(Ny||JNss). It can be shown that ¢ € [0.5;1]. Thus, a value of ¢ close

to 1 suggests that the distribution of the structural shocks under the structural scenario

q

considered is very far from the unconditional distribution of the shocks, and therefore that
such a policy intervention can be regarded as implausible or, say differently, not “modest”
in the sense of Leeper and Zha (2003). By contrast, a value of ¢ close to 0.5 makes the
intervention highly plausible.

Table 7 reports the median of “modesty statistics” for each counterfactual experiment
using the KL divergence and its calibration as proposed above along with 68 probability
intervals. The first striking result is that the calibrated ¢ is below 1 with narrow probability
intervals for all four cases, meaning that our counterfactual experiments are all plausible.
The least likely policy intervention among the ones considered is October 2017. Although the
intervention is relatively small, the overall intervention is very persistent since the intervention
is in place until August 2019. As a consequence, this requires a sequence of APP shocks
that substantially deviate from their unconditional distribution. This result corroborates the
Leeper and Zha (2003)’s evidence, namely that the longer the intervention last the least likely
the policy is plausible. Say it differently, expectations-formation effects become apparent at

longer horizons.

20Adolfson, Laséen, Lindé, and Villani (2005) and Benati (2021) have also taken into account the uncer-
tainty induced by all shocks of the model to assess the plausibility of some conditional forecasts. However,

they do not use the KL divergence as modesty statistics.
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APPENDIX H. CONDITIONAL VERSUS UNCONDITIONAL FORECASTING

FiGure H.1. Conditional versus Unconditional Forecasts.
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Note: Each column represents the conditional and unconditional forecasts starting at dif-
ferent periods: December 2015, December 2016, October 2017, and September 2019. The
median of conditional forecasts is reported in solid blue line with 68% and 90% error bands
in blue areas. The median of unconditional forecasts is reported in solid black line, along
with 68% and 90% error bands in dotted lines.
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