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Persistently low inflation represents an important challenge to central banks
in several advanced economies. Inflation rates have remained below central
banks’ targets even though monetary policy rates have been cut to historically
low levels. These developments have substantially constrained the conduct of
monetary policy (BIS, 2019a). The limited scope to lower policy rates further
has prompted central banks to make use of asset purchase programs with the
aim of raising inflation. Using asset purchases to attain a target inflation rate
distinguishes these policy tools from the purchase programs implemented during the global financial and the European sovereign debt crisis, which primarily
addressed financial market disruptions (BIS, 2019b).
The effects of central bank asset purchases, especially when conducted in
relatively tranquil times, remain imperfectly understood. Based on surveys of
central bank governors and academics, Blinder et al. (2017) find that there
is scepticism about the usefulness of keeping large-scale asset purchases in
the monetary policy toolkit due to uncertainty about their costs and benefits.
Williamson (2016) adopts an even more cautious tone in arguing that asset
purchase programs seem to have been ineffective in increasing inflation. At
the same time, asset prices have been documented to respond strongly to the
introduction of asset purchase programs (BIS, 2019b). Central banks also
continue to pursue their objectives by making use of such policies. A case in
point is the decision by the European Central Bank to restart in November
2019 net purchases of assets in response to inflation below its target.2 In light
of these observations, further research into the effects of central bank asset
purchase programs appears warranted.
We contribute to the discussion about central bank asset purchases by
studying the effects of the corporate sector purchase programme (CSPP) of
the European Central Bank. Under the CSPP, 180 billion euros worth of
corporate bonds were purchased between June 2016 and December 2018. As
a result, close to a fifth of the bonds eligible for purchase were transferred from
1

We are grateful to an anonymous referee, Christoph Bertsch, Giovanni Cerulli, Fiorella
De Fiore, Paolo Del Giovane, José María Serena Garralda, Boris Hofmann, Stefano Neri,
Marcello Pericoli, Andrea Tiseno and Egon Zakrajšek for helpful comments and suggestions.
Part of this work was done while TM was visiting the Bank for International Settlements
(BIS) under the Central Bank Research Fellowship (CBRF) Programme. The hospitality of
the BIS is gratefully acknowledged. The views expressed herein are those of the authors and
not necessarily those of Bank of Italy. All remaining errors are ours.
2
See the “Introductory statement to the press conference (with Q&A)” (September
12, 2019), accessible at https://www.ecb.europa.eu/press/pressconf/2019/html/ecb.
is190912~658eb51d68.en.html.

5

the private sector to the balance sheets of the Eurosystem. Given that the
corporate bond market is relatively illiquid, with buy-to-hold investors playing
a large role, the CSPP provides a compelling setting to evaluate the price
effects of central bank asset holdings. Specifically, the program allows to
assess whether relative asset prices are permanently altered when the central
bank becomes a large holder of certain types of securities. In other words, we
focus on the stock effects of the program, i.e. the changes in prices over its
whole duration due to the permanent reduction in the amount of the eligible
securities in the hands of the private sector (D’Amico and King, 2013).
Our study of the relative price changes induced by the CSPP focuses on
the effects of the program on the bonds eligible for purchase. For these bonds,
we estimate the causal effect of the CSPP on their yield spreads at issuance
relative to those of bonds not eligible for purchase. The estimation strategy
exploits the feature of the program that only bonds whose highest rating exceeded a given threshold were considered to be eligible for purchase. Namely,
we make use of a regression discontinuity design specifically developed for applications in which the treatment-determining variable is ordered categorical
(Li et al., 2020), as is the case with the rating in our setting. Employing
both a simple weighting estimator and a doubly robust augmented weighting
estimator, we estimate the local average treatment effect of the program on
the yield spreads of eligible bonds.
We find that the program did not have a statistically significant causal
effect on the yield spreads of the eligible bonds, relative to those of noneligible
bonds, issued between the announcement of the program in March 2016 and
the end of net purchases in December 2018. The differential effect of the
program on the eligible bonds was not statistically different from zero also
when the holdings of corporate bonds under the CSPP reached their highest
level, and in countries in which a larger share of corporate bonds are held by
long-term investors. These results suggest that the transfer of even relatively
illiquid securities such as corporate bonds to the balance sheet of the central
bank can have no permanent effect on the prices of such securities relative to
those of their close substitutes. The absence of such an effect complements
the finding from previous analyses that the program initially exerted a negative
effect on the spreads of the eligible bonds relative to those of the noneligible
(Zaghini, 2019; Li et al., 2020). Put together, the results are consistent with
the view that the effects of central bank asset purchase programs are strongly
felt also by securities not eligible to be acquired.
In the next section, we discuss central bank asset purchase program in general and the CSPP in particular, as well as the related literature. In Section 3,
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we describe the empirical methodology employed. In Section 4, we first present
the data used, then provide some preliminary results and finally examine the
causal effects of the program. Section 5 contains some concluding remarks.

2
2.1

Motivation and background
Central bank asset purchase programs

Large-scale asset purchase programs have, over the last ten years, become to
play an increasingly important role in the implementation of monetary policy
for several central banks (BIS, 2019b). Such programs have taken many forms,
involving purchases of not only government bonds but also securities issued
by the private sector. Specifically, the acquired financial instruments have
included asset-backed securities, commercial paper and corporate bonds.
Asset purchase programs have been resorted to as a means of providing
additional monetary stimulus, as the scope to do so by cutting policy rates
further has been limited. The designs of the programs have reflected a diversity
of views about the channels through which they can affect financial conditions
and ultimately the real economy.
In an environment in which short-term nominal interest rates are very low,
an asset purchase program that expands the size of the central bank’s balance
sheet can affect the private sector’s expectations about the future path of
interest rates. Specifically, a central bank can more credibly commit to keep
the policy rate low in the future if it acquires long-term financial assets as their
price varies inversely with interest rates (Clouse et al., 2003; Eggertsson and
Woodford, 2003).
Central bank purchases can affect security prices also if there are financial
assets for which perfect substitutes cannot be constructed using other existing
assets. Namely, an asset purchase program that alters the relative amounts
of different financial assets outstanding can affect price changes by inducing
changes in the relative scarcity of assets (see, e.g., Bernanke and Reinhart,
2004 and the references therein). Notably, imperfect substitutability would
open the possibility of altering prices by changing the composition of assets
on the central bank’s balance sheet without increasing its size.
Finally, asset purchase programs which target private sector debt and securities markets, referred to as credit policies, have the potential to increase
the availability and lower the cost of funding (Borio and Disyatat, 2010). Such
effects can arise as the central bank can raise funds at a lower cost than private
sector lenders and may demand a lower premium for holding illiquid securities.
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Thus, purchases of claims on the private sector by the central bank can lead
to lower risk premia on such claims.

2.2

The CSPP

The corporate sector purchase programme (CSPP) of the European Central
Bank (ECB) was announced on March 10, 2016 and purchases of eligible
securities began on June 8, 2016. The program was announced in a context of
falling actual and expected inflation. Prior to the announcement of the CSPP,
the ECB already had asset purchase programs in place, involving purchases
of public sector securities, covered bonds and asset-backed securities. The
aim of the CSPP was twofold. First, together with the other asset purchases,
the program sought to provide additional monetary policy accommodation and
to raise inflation rates. Second, the program aimed to improve the financing
conditions of the real economy.3
Under the CSPP, corporate bonds issued by euro-area non-bank corporations denominated in euro were purchased. Securities eligible for purchase were
required to be rated investment-grade by at least one rating agency. Moreover, the remaining maturity of the securities was restricted to lie between 6
months and 30 years at the time of purchase. Purchases of eligible securities
were carried out both in the primary and the secondary market. The bonds
acquired under the CSPP were made available for securities lending by the six
Eurosystem central banks that carried out the purchases.
The CSPP differed from central bank purchases of government bonds along
important dimensions. Most of the differences are related to the features which
distinguish the corporate bond market from that of government bonds. The
corporate bond market is significantly more heterogeneous, as issued bonds
are often embedded with options to better suit the financing needs of the
issuer. For instance, corporate bonds are often callable, allowing the issuer
to redeem the bond before it matures. In addition, the number of issuers far
exceeds that in the government bond market. The composition of investors
in the corporate bond market is also quite different from that in the market
for sovereign debt. Indeed, large fractions of some corporate bond issues are
bought by institutional investors who hold them until maturity (Biais et al.,
2006). Due to these differences between corporate and government bond
markets, the CSPP can be expected to have had significantly different effects
3

See the press release “ECB announces the details of the corporate sector purchase
programme (CSPP)” (April 21, 2016), accessible at https://www.ecb.europa.eu/press/
pr/date/2016/html/pr160421_1.en.html.
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than purchases of government bonds.4
There is a growing number of studies analyzing different aspects of the
CSPP. Zaghini (2019) estimates the effects of the program over the first
year of purchases, relying on a regression model for bond spreads at issuance.
Focusing instead on the secondary market, Abidi and Miquel-Flores (2018)
quantify the announcement effect of the program, exploiting differences between investors and the ECB in identifying investment-grade bonds. Arce et al.
(2017), Ertan et al. (2018), Grosse-Rueschkamp et al. (2019) and Betz and
De Santis (2019) study the indirect effects of the CSPP on the composition
of bank lending. Galema and Lugo (2017) investigate the capital structure
of the issuers whose bonds were purchased under the CSPP. De Santis and
Zaghini (2019) instead study the effects of the program on bond issuance.
Finally, Abidi et al. (2019) examine how bond ratings changed over the course
of the program. Differently from these works and from our preliminary evaluation of the CSPP (Li et al., 2020), we quantify the effect of the program on
bond yields over its whole duration. Doing so allows us to assess whether the
program permanently altered the yield spreads of eligible bonds vis-à-vis those
of bonds not eligible for purchase under the CSPP.

3

Methodology

The empirical approach exploits the feature of the program that the highest
rating of eligible bonds exceeded a given threshold. This policy rule allows
us to employ a regression discontinuity (RD) design to evaluate the causal
effects of the program.5 However, due to the ordinal nature of the treatmentdetermining variable, i.e. the rating, the standard RD methods are not applicable. For this reason, we adopt the RD approach developed in our previous
work (Li et al., 2020), specifically constructed for settings in which the variable
determining assignment to treatment, i.e. the running variable, is ordered categorical. The general framework underlying our approach is formally described
in Appendix A.1.
The estimation strategy combines the advantages conferred by the classical RD design with benefits deriving from the use of weighting estimators
(Hirano and Imbens, 2001; Li et al., 2018). Namely, exploiting the disconti4

At the same time, the CSPP was smaller, in terms of the acquired holdings as a percentage of the eligible assets, than the purchases of public sector securities by the ECB (BIS,
2019b). However, this difference could have been offset by the larger share of buy-to-hold
investors.
5
For a historical overview of RD designs, see Cook (2008), and for recent surveys Imbens
and Lemieux (2008); Lee and Lemieux (2010).
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nuity in the assignment rule ensures internal validity of the analysis, since the
treatment can be considered “as good as randomized in a local neighborhood”
of the threshold (Lee, 2008). Weighting estimators allow us to evaluate the
causal effects of the program around, rather than at, the threshold, improving
external validity. The stability of the estimates is enhanced by augmenting the
weighting estimators with regression models for the potential outcomes, which
guards against both model misspecification and covariate imbalance between
the treated and control units (Robins et al., 1995; Lunceford and Davidian,
2004).
The weighting estimators we employ are designed to quantify the average
treatment effect on the treated (ATT), which is the average of the unit level
effects for those units that received the treatment.6 Our analysis aims at
identifying the ATT locally, around the eligibility threshold. This local approach
is in the spirit of the RD framework of Angrist and Rokkanen (2015) and
increases the plausibility of the necessary identification assumptions, which
are stated in Appendix A.2.
The estimation strategy requires first specifying an ordered probit model
for the ordinal running variable. Estimating such a model yields a predicted
propensity score for each bond, which is the probability of being eligible for
purchase conditional on a set of observed covariates (Rosenbaum and Rubin,
1983). The propensity score is adopted as a surrogate running variable, whose
continuity allows us to measure the distance of each unit to the threshold. A
propensity score equal to 0.5 is employed as the threshold on the continuous
probability scale, given that it corresponds to a bond rating around the actual
ordinal threshold.
The second step of the strategy aims at maximizing the external validity
of our estimates. To this end, we seek to identify the largest subset of units
for which the causal effect can be estimated. Such a subsample should be
characterized by the distributions of the covariates being balanced between the
treatment and control group.7 Covariate balance can be assessed by checking
the difference in the weighted average of each pre-treatment covariate between
the treatment and control group. Thus, we select for use subsamples of units
with estimated propensity scores around 0.5 in which these differences are small
in absolute value. When employing the augmented weighting estimator, we can
tolerate some mild imbalance, which allows us to consider larger subsamples,
6

In our preliminary evaluation of the program (Li et al., 2020), we also consider its
counterfactual effect on the whole population of interest.
7
The equality of the weighted distributions of each pre-treatment covariate for units under
the treatment and the control is a consequence of the local unconfoundedness assumption,
stated in Appendix A.2 (Li et al., 2018).
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with units further away from the eligibility threshold.
In the third step of the strategy, the causal effect of interest is estimated by
applying a suitable propensity score weighting estimator to the chosen subsamples. A natural choice is the simple difference of weighted average outcomes
between the treatment and control group. The robustness of this weighting
estimator can be increased by augmenting it with regression models for the potential outcomes (Robins et al., 1995; Lunceford and Davidian, 2004). Doing
so leads to the so-called “augmented weighting estimator”, which for the ATT
has been introduced by Mercatanti and Li (2014). In our evaluation of the
CSPP, we employ both the simple and the augmented weighting estimator,
which are described more in detail in Appendix A.3.

4

Evaluation of the CSPP

We evaluate the effect of the CSPP on the yield spreads of the bonds eligible
for purchase under the program in the primary market. Focusing on the effect
on these bonds is motivated by the following considerations. We seek to assess
the effect of the CSPP on yield spreads of the eligible bonds relative to those of
the noneligible that prevailed during the whole duration of the program, i.e. its
stock effect. If we instead defined the treatment in terms of actual purchases,
we would probably capture a more transitory effect that partly reflects the
illiquidity of the corporate bond market. Indeed, even in the case of central
bank purchases of government bonds, the effect of actual purchases, referred
to as the flow effect, has been found to be only temporary, as well as being
small in magnitude (D’Amico and King, 2013).
The advantage of focusing on the primary market is that a yield at issuance accurately reflects investors’ valuation of the bond. Secondary market
prices, on the contrary, are more noisy due to variations in liquidity conditions
(Friewald et al., 2012). Moreover, under the CSPP, the Eurosystem purchased
a higher percentage of the eligible bonds that were issued after than before
the announcement of the program. Specifically, 85 per cent of the eligible
bonds we analyze were purchased by the Eurosystem, while the percentage
acquired is approximately 60 per cent for the bonds that were issued prior to
the announcement of the program.8
8

We estimated the latter percentage based on the eligible bonds in the ICE BofAML Euro
Corporate Index (ER00) as of March 10, 2016.
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4.1

Data

Our interest lies in estimating the effect of the program on yields at issuance
of the eligible bonds in the population of euro-denominated bonds issued by
euro-area non-bank corporations. To this end, we obtained from Bloomberg all
the bonds issued after the announcement of the program until the end of net
purchases, i.e. between March 11, 2016 and December 31, 2018, satisfying
all the eligibility criteria of the program referring to characteristics other than
the rating of the bond. This sample is representative of the population of
our interest; the maturity criterion eliminates only 2 per cent of the eurodenominated bonds issued by euro-area non-bank corporations over the period
considered.
For the bonds in the sample constructed in this manner, we obtained information about their yield spreads and credit ratings, as well as other characteristics that can potentially explain these two variables. The yield spread
measure we use is the option-adjusted spread (OAS), which is defined as the
difference between the yield to maturity of the bond, adjusted to take into
account its embedded options, and the yield of a government bond of a similar maturity. We employ the first available value of the OAS in the nine-day
period starting from the issue date.9 The ratings of each bond, assigned by
Standard & Poor’s, Moody’s, Fitch and DBRS, if any, are as of its issue date.
These ratings allow us to determine whether the bond was eligible for purchase
under the CSPP when it was issued. Figure 1 summarizes, within each rating
category, the distribution of the OAS of the bonds issued over the duration of
the program. For comparison, also the spreads of the bonds issued in the two
years preceding the announcement of the program are illustrated. It is worth
pointing out that the spreads of the eligible bonds, especially of those with
ratings just above the eligibility threshold, were lower during the period which
we analyze than before it.10
The other bond characteristics that we obtained from Bloomberg are:
coupon rate (cpn), original maturity (mat), maturity type, issue date, coupon
type and amount sold. Maturity type (callable, putable, convertible or at maturity) indicates the embedded options of the bond, with at maturity indicating
a bullet bond. Coupon type (fixed, zero-coupon, pay-in-kind or variable) refers
to the coupon payments that an investor holding the bond obtains. We excluded from the analysis the 9 bonds with variable coupon rates in our sample
9

In this way the number of bonds with missing data on the OAS is significantly reduced.
However, for most bonds the OAS is as of the issue date.
10
This fact is not compatible with the CSPP having been associated with an increase in
the riskiness of the eligible bonds which fully offset its negative effect on the spreads.
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Figure 1: Option-adjusted spreads by rating.
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due to the unavailability of the OAS for these securities. Summary statistics
of the bond characteristics are reported in Table 1.
Table 1: Summary statistics for the bond characteristics.
variable
coupon rate
original maturity
amount sold
OAS

mean
2.7
8.0
459
199

sd
2.1
4.2
385
180

Q1
1.1
5.0
150
78

Q2
2.0
7.0
450
125

Q3
4.0
10
650
277

N
1,654
1,654
1,643
1,131

NOTE: Coupon rate in per cent, original maturity in years, amount
sold in millions of euros, OAS in basis points.

The information on the bonds was complemented with data on their issuers
obtained from S&P Capital IQ. Specifically, we employ balance sheet and
income statement data for the issuers or, in case they were subsidiaries, their
ultimate parent companies. When data for the ultimate parent company is
unavailable, because of, for instance, it being a private company, we use data
referring to the parent of the issuer on the highest level in the business group.
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We employ data for the 2015 fiscal year to ensure that the issuer information
predates the program being evaluated.
We obtained all the balance sheet and income statement items necessary to construct the following variables: profitability (prof), cash flow (cf),
liquidity (liq), interest coverage (cov), leverage (lev), solvency (solv), size,
age and long-term debt (ltdebt), defined in Table 2. These variables were
chosen because of their good predictive power for credit ratings (Mizen and
Tsoukas, 2012). A few anomalous values of the variables, suggesting incorrectly reported data, were removed. Specifically, we excluded the units for
which profitability was smaller than -400 (1 issuer), interest coverage was below -500 (1 issuer) or above 250 (4 issuer), leverage exceeded 1 (6 issuers) or
solvency was below -2 (3 issuers). As a result, 41 observations were removed.
Summary statistics of the issuer variables, calculated after the removal of the
anomalous observations, are reported in Table 2.
Table 2: Summary statistics for the issuer characteristics.
variable

definition

mean

sd

Q1

Q2

Q3

N

0.14

0.34

0.046

0.10

0.18

1,370

0.055

0.089

0.032

0.066

0.095

1,232

0.094

0.14

0.047

0.095

0.15

1,232

7.9

18

1.4

3.8

8.0

1,295

0.37

0.20

0.23

0.36

0.49

1,332

solv

EBIT
total revenue
cash from operations
total assets
cash from operations
total liabilities
EBIT
interest expenses
total debt
total assets
common equity
total assets

0.29

0.20

0.18

0.29

0.41

1,365

size

log(total revenue)

3.5

1.1

2.9

3.7

4.4

1,379

age

2017 − year founded
long-term debt
total assets

74

72

22

58

114

1,277

0.32

0.31

0.16

0.26

0.40

1,325

prof
cf
liq
cov
lev

ltdebt

NOTE: The variable size is calculated with total revenue recorded in millions of euros.

In the analysis that follows, we employ the bonds for which we have data
on their coupon rate, original maturity and the issuer characteristics listed in
Table 2. We have 1,058 such bonds, of which 635 are callable, 364 bullet
bonds, 52 convertible and 1 putable. The convertible and putable bonds are,
however, not used to estimate the causal effect of the program because the
option-adjusted spread is unavailable for them. For future reference, let call
be the indicator function taking the value 1 when the bond is callable and 0
otherwise.
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4.2

Results

Our analysis consists of three parts. First, we postulate and estimate a model
for the probability of being eligible for purchase under the CSPP. The estimated
probabilities allow us to quantify, on a continuous scale, the distance of each
bond to the eligibility threshold, around which we estimate the effect of the
program. Second, we use the estimated probabilities of eligibility to provide
preliminary evidence on the effects of the program on the bonds of our interest.
Finally, we present and discuss our estimates of the effect of the program,
obtained using the methodology described in the previous section.
4.2.1

Eligibility for the CSPP

A key input in our estimation strategy is the probability of being eligible for
purchase under the CSPP. This probability is the propensity score, i.e. the
probability of receiving the treatment of our interest conditional on the covariates. When conditioning on the propensity score, the distribution of the
covariates is the same for the treatment and control group (Rosenbaum and
Rubin, 1983). Consequently, covariate balance is an important diagnostic in
evaluating the estimated propensity scores. Yet, our primary concern in the
search for an adequate specification of the propensity score model is its predictive power. Specifically, we seek a specification that yields accurate predictions
around the eligibility threshold. A further reason for proceeding in this manner
is that our doubly robust augmented weighting estimator can reduce any bias
due to covariate imbalance.
Let us recall that the sample under study comprises bonds that satisfy all
the eligibility criteria of the program with the exception of the rating requirement. Consequently, we can define the eligibility of each bond solely in terms
of its highest rating. Specifically, all bonds whose maximum rating is greater
than or equal to BBB-, or equivalent, are classified to be eligible for purchase
under the program; the remaining bonds constitute the control group. It is
important to distinguish this rating threshold from that employed by market
participants to identify investment-grade and high-yield bonds. The latter
classification is based on either the average or the minimum rating of a bond
(Abidi and Miquel-Flores, 2018). Therefore, eligibility for purchase under the
CSPP does not coincide with having the status of an investment-grade bond
in the market. Due to this distinction, we employ the term eligibility rating
for the highest rating of a bond, which is above that determining whether the
bond is considered to be investment grade.
As explained in Section 3, we postulate an ordered probit model for the
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eligibility rating. In specifying the model, we are guided by the literature on the
determinants of bond and issuer ratings. Specifically, we consider specifications including our bond and issuer characteristics, that are typically employed
in this literature.11 Naturally, we require the variables to be determined before the bond is issued, which excludes the amount sold and the OAS. We
seek a subset of the variables which accurately predicts the eligibility rating.
Guided by this objective, we include in the specification the following variables: coupon rate, original maturity, profitability, interest coverage, solvency
and size. We also consider all the quadratic terms formed from these variables
and inspect whether adding them improves the predictive power of the model.
This procedure leads us to adopt the specification whose in-sample predictions
are illustrated in Figure 2.

1.0

Figure 2: Estimated propensity scores by rating in the full sample.
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The model is able to predict the eligibility rating accurately, especially in
the case of the eligible bonds. The estimated propensity scores for the BBB11

See, e.g., Hickman (1958); Pogue and Soldofsky (1969); Pinches and Mingo (1973);
Ang and Patel (1975); Pinches and Mingo (1975); Kaplan and Urwitz (1979); Kao and Wu
(1990); Blume et al. (1998).
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and BBB bonds, just above the eligibility threshold, are above 0.5 for 93 and
97 per cent of these units, respectively. For the bonds in the two rating
categories just below the threshold, BB+ and BB, 38 and 70 per cent of
the estimated propensity scores are below 0.5, respectively. The less precise
predictions below the eligibility threshold imply that the subsamples of units
around the threshold that we consider contain more control than treated units.
However, this difference between the two groups is moderated by the larger
overall number of treated than control units.12
We also assess the adequateness of the ordered probit specification in
terms of the resulting covariate balance. The measure that we use for doing
so is the standardized bias (SB):
!
PN
PN
q
x
z
w
x
(1
−
z
)w
i
i
i
i
i
i
i=1
SB =
− Pi=1
s02 /N0 + s12 /N1 ,
PN
N
z
w
(1
−
z
)w
i
i
i=1 i i
i=1
where sz2 denotes the sample variance of the unweighted covariate and Nz the
number of units in group z = 0, 1 (Mercatanti and Li, 2014). When all units
are weighted equally, the standardized bias equals the two-sample t-statistic.
Consequently, we consider the distributions of the covariates for which the
SB in absolute value exceeds 1.96 to be unbalanced between the treated and
control units.
Table 3 contains the SBs of each pre-treatment variable in several symmetric subsamples around the eligibility threshold.13 The units are weighted by
the ATT weights. The first five subsamples feature no significant imbalance,
as all the SBs in absolute value are below 1.96. In the successive subsamples,
containing units further away from the propensity score threshold of 0.5, signs
of covariate imbalance, on the contrary, begin to appear. For this reason, in
what follows, the simple weighting estimator is applied only to the first five
subsamples. In the remaining subsamples, the augmented weighting estimator,
which can reduce any bias due to violations of unconfoundedness, is employed
instead.
4.2.2

Preliminary evidence

The estimated propensity scores can be used to provide preliminary evidence on
the effect of the program on bond yields, exploiting the fact that conditional on
12

The fact that the sample contains fewer controls than treated units reduces the precision
of the predictions from the ordered probit model for the former group.
13
In constructing the subsamples, the maximum permitted distance between the estimated
propensity score and 0.5 is adjusted such that each successive subsample contains at least
one additional unit.
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Table 3: SBs of the covariates in symmetric intervals around ê(xi ) = 0.5.
N0
25
25
27
27
28

N1
4
5
5
6
6

cpn
−0.31
−0.39
−0.45
−0.88
−0.58

mat
−0.143
−0.130
−0.158
−0.179
−0.003

28
29
30
32
33
33
34

7
7
7
7
7
8
8

−0.87
−0.78
−0.82
−0.52
−0.47
−0.33
−0.39

0.59
0.60
0.67
0.72
0.72
0.97
1.02

prof
1.02
1.18
1.12
1.15
1.16

cf
−0.65
−0.64
−0.66
−0.19
−0.24

liq
−0.55
−0.50
−0.54
−0.07
−0.15

cov
−0.88
−1.14
−1.24
−1.08
−0.96

lev
1.85
1.84
1.91
1.74
1.78

solv
1.57
1.59
1.47
1.34
1.21

size
age
−1.89 −0.29
−1.36
0.17
−1.33
0.13
−1.79 −0.26
−1.68 −0.45

ltdebt
0.50
0.32
0.28
0.47
0.52

−0.53
−0.52
−0.52
−0.52
−0.50
−0.46
−0.47

−0.70
−0.60
−0.63
−0.75
−0.90
−0.92
−0.49

−0.56
−0.48
−0.57
−0.69
−0.84
−0.85
−0.38

−1.35
−1.41
−1.52
−1.66
−1.70
−1.84
−1.87

0.07
0.23
0.30
0.39
0.57
0.74
0.73

1.48
1.35
1.29
1.28
1.28
1.26
1.25

−2.18
−2.24
−2.27
−2.30
−2.37
−1.95
−1.82

−0.42
−0.22
−0.14
−0.10
0.15
0.16
0.21

−0.82
−0.78
−0.83
−0.94
−0.83
−0.45
−0.42

NOTE: Nz is the group z sample size.

the propensity score the distributions of the covariates are balanced between
the treatment and control group. Thus, also units whose estimated propensity
scores are within a given narrow range should be similar in terms of their
covariates. Consequently, any differences in the relation between the outcome
of interest and the estimated propensity score between the treated and control
units provide suggestive evidence about the effect of the program.
Motivated by these observations, we illustrate, in Figure 3, the optionadjusted spread as a function of the estimated propensity score, separately
for the treated and control units. The scatter plot excludes all the units
with propensity scores below 0.15 and above 0.85, this way providing a clearer
illustration of the distribution of the outcome around the eligibility threshold.14
For values of the estimated propensity scores for which there are both treated
and control units, there is no noticeable difference between the two groups in
terms of their option-adjusted spreads. This would suggest that the program
did not appreciably affect the spreads of the bonds eligible for purchase relative
to those of the noneligible bonds. However, definite conclusions are difficult to
draw due to the relatively large dispersion in the outcomes of the two groups.15
14

The observations around the threshold are used to estimate the causal effect of the
program in Section 4.2.3. That being the case, it is worth mentioning that the few eligible
bonds in the immediate vicinity of the threshold are in no way unusual observations. On the
contrary, they represent bonds whose issuers resorted to the bond market also before the
CSPP was announced.
15
At first sight, it may seem puzzling that several noneligible bonds have propensity scores
significantly above 0.5. A closer inspection reveals that this pattern is related to the fact
that the estimated propensity score model yields less precise predictions for the BB+ and
BB bonds, just below the eligibility threshold. A beneficial effect of this additional noise is
that the subsamples around the threshold in which the effect of the program is identified and
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Figure 3: The OAS as a function of the estimated propensity score.
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4.2.3

Causal effects of the CSPP

We proceed by examining whether the preliminary findings of the previous
section are confirmed when employing the estimators described in Section 3.
First, we estimate the effect of the program on spreads at issuance over the
whole sample period. Then, we investigate whether the effect changed in the
course of the program. Finally, we inspect the heterogeneity of the effect
along other dimensions.
Before being able to apply the augmented weighting estimator we need
to specify a model for our outcome variable, the spread at issuance. We are
guided by economic theory in choosing the variables to include in the model.
According to Merton (1974), the rate of return of a corporate bond above
that of riskless debt is determined by the terms of the bond issue (maturity,
coupon rate, call provisions, etc.) and the probability of default of the issuer.
Consistent with this theory, we model the spread of a bond as a function of
its coupon rate (cpn), maturity (mat), the solvency of its issuer (solv) and the
indicator variable call. These variables enter the model linearly. We estimate
estimated contain a larger number of units.
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this outcome model separately for the noneligible and eligible bonds and use
the estimates for the former in the augmented weighting estimator.
Table 4: Estimates of the effect of the CSPP in the full sample.
N0

N1 ATT
se (p-val.)
Panel A. Weighting est.
25 4 15.9 20.2 (0.432)
25 5 12.8 19.4 (0.510)
27 5 10.2 18.7 (0.585)
27 6 −3.4 18.5 (0.856)
28 6
2.4 20.2 (0.906)
Panel B. Aug. weighting est.
28 6 35.1 29.9 (0.241)
28 7 29.7 25.6 (0.247)
29 7 18.4 26.5 (0.487)
30 7 17.1 26.5 (0.518)
32 7 11.2 26.1 (0.669)
33 7 23.9 28.7 (0.404)
33 8 29.2 25.9 (0.259)
34 8 25.0 26.1 (0.337)

NOTE: Nz is the group z sample size.

Full sample. Table 4 contains the estimates of the causal effect for the
whole sample period, covering the period from the announcement of the program until the end of net purchases. This period is chosen to obtain the
largest possible sample to evaluate the effect of the program on the eligible
bonds. The choice is supported also by the fact that the eligibility criterion
that we exploit became known when the program was announced.16 Panel
A contains the estimates of the effect of the program on the eligible bonds
obtained by applying the weighting estimator to the subsamples presented in
Table 3. Given that the covariate distributions are not significantly unbalanced
in these subsamples, applying the simpler weighting estimator is justified. In
Panel B, we report the estimates obtained from larger subsamples, in which
some covariates are no longer balanced.17 These estimates are obtained employing the augmented weighting estimator, which can reduce the possible bias
16

The results do not, however, change if only the period of positive net purchases, starting
in June 8, 2016, is considered.
17
Specifically, in some of the subsamples the SB of the variable size exceeds 1.96 in
absolute value.
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which may arise when considering these subsamples.
All of the estimates in Table 4 suggest that the program did not have a
significant effect on the spreads of the eligible bonds at issuance vis-à-vis those
of the noneligible. This finding confirms the preliminary conclusion drawn from
an inspection of the distribution of the spreads at issuance in Figure 3. We are
thus led to conclude that the program did not permanently alter the primary
market prices of the bonds that were eligible for purchase relative to those of
the noneligible bonds. This conclusion accords with Zaghini (2019), finding
that the differential effect of the program on the eligible bonds vanished in
2017 when there was a reduction in the spreads of noneligible bonds, similar
in magnitude to that observed for the eligible bonds after the announcement
of the program.
Selected subperiod. The results presented thus far concern the whole
sample period. During this period, the Eurosystem’s holdings of eligible bonds
gradually increased. It is therefore possible that the CSPP significantly affected
the relative prices of the eligible bonds only during the later part of the program.
We investigate this possibility formally by applying the two weighting estimators
to bonds issued during the last ten months of the program, March–December
2018.
The Eurosystem’s holdings of eligible bonds had reached 140 billion euros
by March 2018, and increased further to 180 billion by the end of the year. As
a percentage of the outstanding eligible bonds, the holdings at these two points
in time amounted to 17 and 18 per cent, respectively.18 If the program was
expected to affect the spreads of eligible bonds by altering their amount in the
hands of the private sector, it could have exerted a substantial effect during this
later subperiod. However, the estimates for the bonds issued during the last
ten months of the program, presented in Table 5, do not lend support to this
conjecture.19 The effect of the program on the eligible bonds is statistically
significant neither when applying the simple weighting estimator nor when the
augmented weighting estimator is employed.
It is worth pointing out that in our preliminary evaluation of the CSPP (Li
et al., 2020) we analyze an earlier part of the program, between March 2016
and September 2017. For this period, employing the weighting estimator,
we obtain a marginally statistically significant, negative effect on the eligible
bonds. The effect becomes somewhat smaller in absolute value but more
18

The percentages were estimated based on the eligible bonds in the ICE BofAML Euro
Corporate Index (ER00) as of February 28, 2018 and December 28, 2018.
19
The SBs of the pre-treatment variables in the subsamples considered in Table 5 are
reported in Table B.1 in Appendix B.
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Table 5: Estimates of the effect of the CSPP in Mar. 1 – Dec. 31, 2018.
N0

N1 ATT
se (p-val.)
Panel A. Weighting est.
15 5
−8.9 50.1 (0.859)
15 6
3.8 46.1 (0.935)
Panel B. Aug. weighting est.
15 6
25.4 29.2 (0.384)
15 7
25.5 26.1 (0.328)
15 8
23.0 22.8 (0.313)
15 9
22.2 19.6 (0.257)
17 9
23.1 19.8 (0.244)
17 10
22.9 18.0 (0.202)

NOTE: Nz is the group z sample size.

statistically significant if the augmented weighting estimator is applied instead.
These findings suggest that after the program was announced it exerted a
negative effect on the yield spreads of the eligible bonds, as also documented
in Zaghini (2019).
Selected jurisdictions. Another dimension of heterogeneity that we wish to
explore relates to different institutional sectors’ holdings of corporate bonds.
Certain classes of investors have a preference for long-term assets, such as
corporate and government bonds. Pension funds and insurance companies,
for instance, prefer to match their long-term liabilities with asset of similar
maturities (BIS, 2011). Such definite preferences can give rise to market
segmentation by which the net supply of a given security affects its price
(Modigliani and Sutch, 1966). Were this the case, central bank asset purchases
would likely exert a stronger price impact in jurisdictions in which a larger share
of the acquired assets are held by such long-term investors (LTI). We examine
this conjecture by estimating the effect of the program in countries in which
pension funds and insurance companies hold a larger share of corporate bonds.
Specifically, we only consider the bonds issued by companies incorporated in
countries in which the share of the stock of debt securities issued by resident
non-financial corporations held by euro-area insurance corporations and pension
funds exceeds 24 per cent, the median in the sample. These high-LTI-share
countries are Latvia, France, Slovenia, Italy, Belgium, Estonia, Austria, the
Netherlands and Slovakia (see Figure 4).
The results of this subsample analysis are presented in Table 6.20 Dif20

The corresponding SBs are reported in Table B.2 in Appendix B.
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share held by euro−area insurance corporations and pension funds (%)

Figure 4: Stock of long-term debt securities issued by resident NFCs, 2016Q1.
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ferently from the results obtained using the full sample, the estimates of the
effect of the program are negative when employing the simple weighting estimator. However, they are not statistically significant. Similarly, the augmented
weighting estimator yields estimates which are not statistically different from
zero. Thus, the program does not appear to have affected the spreads of
eligible bonds differently in markets in which a large share of corporate bonds
are held by insurance companies and pension funds.
Taken together, the estimates presented in this section suggest that the
program did not appreciably affect the yield spreads of the eligible bonds relative to those of the noneligible, even though it entailed the Eurosystem becoming an increasingly large holder of euro-dominated corporate bonds. The
results do not, however, rule out the possibility that the CSPP, along with
the ECB’s other asset purchase programs that were in place during the period
analyzed, raised the prices of the eligible and noneligible bonds proportionally.
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Table 6: Estimates of the effect of the CSPP in high LTI-share countries.
N0

N1 ATT
se (p-val.)
Panel A. Weighting est.
34 12 −12.8 22.1 (0.563)
34 13 −17.8 21.5 (0.407)
Panel B. Aug. weighting est.
34 13
8.2 17.7 (0.642)
34 14
9.3 16.4 (0.568)
36 14
9.3 16.3 (0.569)
36 15
9.8 15.3 (0.521)
38 15
11.2 15.3 (0.465)

NOTE: Nz is the group z sample size.

Moreover, it is possible that the CSPP allowed euro-area companies to issue a
larger amount of CSPP-eligible bonds. The program could have had such an
effect if there was limited demand for these securities before the announcement
of the program.

5

Conclusion

The persistence of low inflation despite the historically low levels of monetary
policy rates have impelled central banks to rely increasingly on large-scale
asset purchase programs in pursuit of their objectives. How the effects of such
programs propagate is, however, not yet fully understood. We try to shed light
on this question by studying the corporate sector purchase programme (CSPP)
of the European Central Bank. Specifically, we estimate the causal effect of
the program on the yield spreads of the corporate bonds that were eligible
for purchase under the CSPP. We do so by employing weighting estimators
expressly developed for evaluating the causal effects of the program.
We find that the average effect of the program on the spreads of the eligible
bonds was not statistically different from that on the spreads of the noneligible
bonds. This result is robust to considering periods and jurisdictions in which
the Eurosystem’s holdings can be expected to have been most relevant.
The present study, however, only addresses the issue of whether central
bank asset purchase programs permanently alter the prices of eligible assets
relative to those of securities not eligible for purchase. The question about how
they affect the level of asset prices is not investigated. Given that providing
convincing estimates that can shed light on this second question may require
developing novel methods of causal inference, we leave it for future research.

24

References
Abadie, A. and G. W. Imbens, “Bias-Corrected Matching Estimators for Average Treatment Effects,” Journal of Business & Economic Statistics 29
(2011), 1–11.
Abidi, N., M. Falagiarda and I. Miquel-Flores, “Credit rating dynamics: evidence from a natural experiment,” Working Paper Series 2274, European
Central Bank, April 2019.
Abidi, N. and I. Miquel-Flores, “Who benefits from the corporate QE? A regression discontinuity design approach,” Working Paper Series 2145, European
Central Bank, April 2018.
Ang, J. S. and K. A. Patel, “Bond Rating Methods: Comparison and Validation,” The Journal of Finance 30 (1975), 631–640.
Angrist, J. D. and M. Rokkanen, “Wanna Get Away? RD Identification Away
from the Cutoff,” NBER Working Papers 18662, National Bureau of Economic Research, December 2012.
———, “Wanna Get Away? Regression Discontinuity Estimation of Exam
School Effects Away from the Cutoff,” Journal of the American Statistical
Association 110 (2015), 1331–1344.
Arce, O., R. Gimeno and S. Mayordomo, “Making Room for the Needy: the
Credit-Reallocation Effects of the ECB’s Corporate QE,” Documentos de
Trabajo 1743, Banco de España, December 2017.
Bank for International Settlements, Annual Economic Report (2019).
Ben-Michael, E., A. Feller and J. Rothstein, “The Augmented Synthetic Control Method,” arXiv:1811.04170 [stat.ME] (2018).
Bernanke, B. S. and V. R. Reinhart, “Conducting Monetary Policy at Very
Low Short-Term Interest Rates,” American Economic Review 94 (2004),
85–90.
Betz, F. and R. A. De Santis, “ECB corporate QE and the loan supply to
bank-dependent firms,” Working Paper Series 2314, European Central Bank,
September 2019.
Biais, B., F. Declerck, J. Dow, R. Portes and E.-L. von Thadden, “European Corporate Bond Markets: Transparency, Liquidity, Efficiency,” CEPR
Research Report, City of London, May 2006.

25

Blinder, A., M. Ehrmann, J. de Haan and D.-J. Jansen, “Necessity as the
mother of invention: monetary policy after the crisis,” Economic Policy 32
(2017), 707–755.
Blume, M. E., F. Lim and A. C. Mackinlay, “The Declining Credit Quality of
U.S. Corporate Debt: Myth or Reality?,” The Journal of Finance 53 (1998),
1389–1413.
Borio, C. and P. Disyatat, “Unconventional monetary policies: an appraisal,”
The Manchester School 78 (2010), 53–89.
Clouse, J., D. Henderson, A. Orphanides, D. H. Small and P. A. Tinsley,
“Monetary Policy when the Nominal Short-Term Interest Rate is Zero,”
Topics in Macroeconomics 3 (2003).
Committee on the Global Financial System, “Fixed income strategies of insurance companies and pension funds,” CGFS Papers 44, Bank for International
Settlements, July 2011.
———, “Unconventional monetary policy tools: a cross-country analysis,”
CGFS Papers 63, Bank for International Settlements, October 2019.
Cook, T. D., “ “Waiting for Life to Arrive”: A history of the regressiondiscontinuity design in Psychology, Statistics and Economics,” Journal of
Econometrics 142 (2008), 636–654.
D’Amico, S. and T. B. King, “Flow and stock effects of large-scale treasury
purchases: Evidence on the importance of local supply,” Journal of Financial
Economics 108 (2013), 425–448.
De Santis, R. A. and A. Zaghini, “Unconventional monetary policy and corporate bond issuance,” Working Paper Series 2329, European Central Bank,
November 2019.
Eggertsson, G. and M. Woodford, “The Zero Bound on Interest Rates and
Optimal Monetary Policy,” Brookings Papers on Economic Activity (2003),
139–233.
Ertan, A., A. Kleymenova and M. Tuijn, “Financial Intermediation Through
Financial Disintermediation: Evidence from the ECB Corporate Sector Purchase Programme,” Fama-Miller Working Paper Series 18-06, University of
Chicago Booth School of Business, June 2018.

26

Friewald, N., R. Jankowitsch and M. G. Subrahmanyam, “Illiquidity or credit
deterioration: A study of liquidity in the US corporate bond market during
financial crises,” Journal of Financial Economics 105 (2012), 18–36.
Galema, R. and S. Lugo, “When Central Banks Buy Corporate Bonds: Target
Selection and Impact of the European Corporate Sector Purchase Program,”
Discussion Paper Series 17-16, Utrecht University School of Economics,
December 2017.
Grosse-Rueschkamp, B., S. Steffen and D. Streitz, “A capital structure channel
of monetary policy,” Journal of Financial Economics 133 (2019), 357–378.
Hickman, W. B., Corporate Bond Quality and Investor Experience (Princeton,
NJ: Princeton University Press, 1958).
Hirano, K. and G. W. Imbens, “Estimation of Causal Effects Using Propensity
Score Weighting: An Application to Data on Right Heart Catheterization,”
Health Services and Outcomes Research Methodology 2 (2001), 259–278.
Hirano, K., G. W. Imbens and G. Ridder, “Efficient Estimation of Average
Treatment Effects Using the Estimated Propensity Score,” Econometrica
71 (2003), 1161–1189.
Imbens, G. W., “Nonparametric Estimation of Average Treatment Effects Under Exogeneity: A Review,” The Review of Economics and Statistics 86
(2004), 4–29.
Imbens, G. W. and T. Lemieux, “Regression Discontinuity Design: A Guide to
Practice,” Journal of Econometrics 142 (2008), 615–635.
Imbens, G. W. and D. B. Rubin, Causal Inference for Statistics, Social, and
Biomedical Sciences (Cambridge, UK: Cambridge University Press, 2015).
Kao, C. and C. Wu, “Two-Step Estimation of Linear Models with Ordinal
Unobserved Variables: The Case of Corporate Bonds,” Journal of Business
& Economic Statistics 8 (1990), 317–325.
Kaplan, R. S. and G. Urwitz, “Statistical Models of Bond Ratings: A Methodological Inquiry,” The Journal of Business 52 (1979), 231–261.
Lee, D. S., “Randomized experiments from non-random selection in U.S. House
elections,” Journal of Econometrics 142 (2008), 675–697.
Lee, D. S. and D. Card, “Regression discontinuity inference with specification
error,” Journal of Econometrics 142 (2008), 655–674.

27

Lee, D. S. and T. Lemieux, “Regression Discontinuity Designs in Economics,”
Journal of Economic Literature 48 (2010), 281–355.
Li, F., A. Mercatanti, T. Mäkinen and A. Silvestrini, “A Regression Discontinuity Design for Ordinal Running Variables: Evaluating Central Bank Purchases of Corporate Bonds,” arXiv:1904.01101v1 [stat.ME] (2019).
———, “A Regression Discontinuity Design for Ordinal Running Variables:
Evaluating Central Bank Purchases of Corporate Bonds,” The Annals of
Applied Statistics (2020), forthcoming.
Li, F., K. L. Morgan and A. M. Zaslavsky, “Balancing Covariates Via Propensity Score Weighting,” Journal of the American Statistical Association 113
(2018), 390–400.
Lunceford, J. K. and M. Davidian, “Stratification and weighting via the propensity score in estimation of causal treatment effects: a comparative study,”
Statistics in Medicine 23 (2004), 2937–2960.
Mercatanti, A. and F. Li, “Do debit cards increase household spending? Evidence from a semiparametric causal analysis of a survey,” The Annals of
Applied Statistics 8 (2014), 2485–2508.
Merton, R. C., “On the Pricing of Corporate Debt: The Risk Structure of
Interest Rates,” The Journal of Finance 29 (1974), 449–470.
Mizen, P. and S. Tsoukas, “Forecasting US Bond Default Ratings Allowing
for Previous and Initial State Dependence in an Ordered Probit Model,”
International Journal of Forecasting 28 (2012), 273–287.
Modigliani, F. and R. Sutch, “Innovations in Interest Rate Policy,” American
Economic Review 56 (1966), 178–197.
Pinches, G. E. and K. A. Mingo, “A Multivariate Analysis of Industrial Bond
Ratings,” The Journal of Finance 28 (1973), 1–18.
———, “The Role of Subordination and Industrial Bond Ratings,” The Journal
of Finance 30 (1975), 201–206.
Pogue, T. F. and R. M. Soldofsky, “What’s in a Bond Rating,” The Journal
of Financial and Quantitative Analysis 4 (1969), 201–228.
Robins, J. M., A. Rotnitzky and L. P. Zhao, “Analysis of Semiparametric Regression Models for Repeated Outcomes in the Presence of Missing Data,”
Journal of the American Statistical Association 90 (1995), 106–121.

28

Rosenbaum, P. R. and D. B. Rubin, “The central role of the propensity score
in observational studies for causal effects,” Biometrika 70 (1983), 41–55.
Rubin, D. B., “Estimating Causal Effects of Treatments in Randomized and
Nonrandomized Studies,” Journal of Educational Psychology 66 (1974),
688–701.
———, “Randomization Analysis of Experimental Data: The Fisher Randomization Test Comment,” Journal of the American Statistical Association 75
(1980), 591–593.
Williamson, S. D., “Current Federal Reserve Policy under the Lens of Economic
History: A Review Essay,” Journal of Economic Literature 54 (2016), 922–
934.
Zaghini, A., “The CSPP at work: Yield heterogeneity and the portfolio rebalancing channel,” Journal of Corporate Finance 56 (2019), 282–297.

29

Appendix A
A.1

General framework and notation

The RD design is formalized in terms of the potential outcomes approach
(Rubin, 1974; Imbens and Rubin, 2015). Consider a sample of i = 1, . . . , N
bonds. For each bond i , let Yi (1) and Yi (0) be the potential outcomes, i.e. the
bond spreads, under the treatment (Zi = 1) and control (Zi = 0) conditions.
The assignment to either condition depends on an observable ordinal pretreatment variable Ri , the bond rating. The policy rule is such that Zi =
1(Ri ≥ rt ), where 1(·) is the indicator function and rt represents the eligibility
threshold. For each bond, besides the running variable, a set of pre-treatment
covariates Xi is also available. The propensity score, i.e. the probability of
being assigned to the treatment condition conditional on the covariates, is
denoted by e(Xi ).

A.2

Identifying assumptions

The following assumptions, invoked also in (Li et al., 2020), allow to identify
the average treatment effect on the treated, i.e. E[Yi (1) − Yi (0)|Z = 1].
Assumption 1 (Local overlap). There exists a subpopulation Ωo of the entire
population Ω such that, for each i in Ωo , 0 < e(Xi ) < 1.
That is, we require the existence of a subpopulation whose units could be
be assigned to either the treatment or the control condition with a non-zero
probability conditional on the covariates. Within such a subpopulation, we
further invoke the stable unit treatment value assumption (SUTVA; Rubin,
1980) and unconfoundedness.
Assumption 2 (Local SUTVA). For each i in Ωo , consider two realizations of
the running variable ri0 and ri00 with possibly ri0 6= ri00 . If zi0 = zi00 , that is, if either
0
00
0
00
ri ≤ rt and ri ≤ rt , or ri > rt and ri > rt , then Yi (zi0 ) = Yi (zi00 ), irrespective
of the realized value of the running variable rj for any other j 6= i in Ωo .
Local SUTVA implies that potential outcomes for each unit are independent (i) of the running variable given the treatment status of the unit and (ii)
of the treatment assignments of other units. It is worth pointing out that the
latter implication is equivalent to assuming that the program does not affect
the units in the control group. If this assumption is violated, the approach we
employ still allows us to estimate the differential effect of the program on the
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eligible bonds vis-à-vis those not eligible for purchase.21
Assumption 3 (Local unconfoundedness). For each unit i in Ωo , the treatment
assignment is unconfounded given Xi : Pr(Zi |Yi (1), Yi (0), Xi ) = Pr(Zi |Xi ).
Local unconfoundedness requires that in the subpopulation around the
threshold potential outcomes are independent of the assignment to treatment
conditional on the covariates. This assumption is similar to that of bounded
conditional independence in Angrist and Rokkanen (2012) and allows us to
identify the causal effect of interest in a wider window around the threshold
than if we instead invoked the local randomization assumption in Lee and Card
(2008). In this way a higher degree of external validity of the RD estimates
can be achieved.

A.3

Estimation

The simple weighting estimator for the ATT takes the following form:
ˆ AT T
∆

Pn
Pn
ê(Xi )
Y
Z
i=1 Yi (1 − Zi ) 1−ê(Xi )
i
i
i=1
P
=
− Pn
,
n
ê(Xi )
i=1 Zi
i=1 (1 − Zi )

(A.1)

1−ê(Xi )

where ê(Xi ) is the estimated propensity score and i = 1, 2, . . . , n is the subsample of interest. Under Assumptions 1–3, (A.1) is a valid estimator for the
ATT (Hirano et al., 2003; Imbens, 2004). However, the weighting estimator
in (A.1) can be biased when the propensity score model is misspecified. This
limitation does not apply to the augmented weighting estimator for the ATT,
introduced by Mercatanti and Li (2014):
T
ˆ AT
∆
DR

Pn
Pn
Yi Zi
i=1
i=1
= Pn
−
Z
i=1 i

Yi (1−Zi )ê(Xi )+µ̂0 (Xi )(Zi −ê(Xi ))
Pn 1−ê(Xi )
i=1 Zi

,

(A.2)

where µ̂0 (Xi ) represents the regression model for the potential outcome of
the control group. Mercatanti and Li (2014) prove that the estimator in (A.2)
is “doubly robust” (DR), meaning that it is consistent if either the propensity
score model or the potential outcome model is correctly specified, but not
necessarily both. Moreover, a recent literature (Abadie and Imbens, 2011;
Ben-Michael et al., 2018) has highlighted that model augmentation provides
additional robustness to covariate imbalance. Thus, augmented estimators
21

Given that we define the treatment as the eligibility for purchase, the assumption would
be violated if the bonds in the treatment group being eligible for purchase were to influence
the spreads of the noneligible bonds. In the context of the CSPP, Zaghini (2019) considers
the possibility of such an effect.

31

can be applied in principle even when covariates are moderately unbalanced
between the treated and control units.
Conducting inference about the causal effect of our interest requires evaluating the variances of the two weighting estimators. This task is complicated
by the fact that the estimators are functions of estimated model parameters; both estimators depend on the estimated propensity score model and the
augmented weighting estimator additionally on the estimated outcome model.
The additional uncertainty stemming from estimating these models can be accounted for by M-estimation. M-estimation-based analytical formula for the
variance of the weighting estimator in (A.1) can be derived following the steps
in Li et al. (2019), while one for the augmented weighting estimator in (A.2)
can be found in Li et al. (2020).
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Appendix B
Table B.1: SBs of the covariates for bonds issued in Mar. 1 – Dec. 31, 2018.
N0
15
15

N1
5
6

cpn
−0.37
−0.24

mat
prof
cf
liq
cov
1.04 −0.78 −0.58 −1.40 −0.08
0.57 −0.71 −0.28 −0.40
0.37

15
15
15
17
17

7
8
9
9
10

−0.71
−0.93
−1.26
−1.40
−1.43

0.74
0.81
0.83
0.82
1.19

−1.29
−1.08
−0.99
−0.99
−1.03

−0.54
−0.56
−0.50
−0.56
−0.67

−0.63
−0.68
−0.79
−0.86
−0.94

−0.03
−0.14
−0.06
−0.03
−0.20

lev
solv
size
age
1.38 −0.69 −1.52 −1.20
1.20 −0.37 −0.64 −1.61

ltdebt
1.55
1.37

0.86
0.07 −1.05 −2.03
1.22
0.06 −1.26 −2.27
1.42 −0.57 −1.44 −2.37
1.38 −0.58 −1.47 −2.44
1.45 −0.47 −1.26 −2.67

1.09
1.51
1.77
1.70
1.83

NOTE: Nz is the group z sample size.

Table B.2: SBs of the covariates for bonds issued in high LTI-share countries.
N0
34
34

N1
12
13

cpn
−1.22
−1.49

mat
1.37
1.31

34
36
36
38

14
14
15
15

−1.79
−1.90
−2.06
−2.16

1.38
1.38
1.45
1.45

prof
cf
liq
0.05 −1.02 −1.46
0.23 −0.39 −0.78
−0.49
−0.49
−0.45
−0.45

−0.80
−0.85
−0.72
−0.75

−1.11
−1.20
−0.94
−0.99

NOTE: Nz is the group z sample size.
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cov
0.24
0.27
−0.09
−0.15
−0.11
−0.09

lev
solv
size
age
0.90 −0.31 −1.57 −1.22
1.05 −0.26 −1.79 −1.39
0.63
0.66
0.60
0.60

0.20
0.14
0.27
0.25

−2.15
−2.16
−2.10
−2.09

−1.67
−1.62
−1.69
−1.76

ltdebt
0.75
0.96
0.59
0.62
0.55
0.54
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