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1. Introduction

While the European Central Bank (ECB) often highlights the market neutrality of its asset
purchase programs, such as the Corporate Sector Purchase Programme (CSPP) or the
more recent Pandemic Emergency Purchase Programme (PEPP), this may not always be
the case with respect to the financing conditions of firms in different market segments. The
available evidence suggests that eligible bonds benefit more strongly from asset purchase
programs, at least for a certain period of time, than the entire bond market does. CSPP,
for example, had a strong price effect on bonds eligible for the program (Todorovi, [2020;
De Santis et al., 2018)).

From a climate policy perspective, asset purchase programs can be an effective way of
fostering segments of the bond market that channel investment into firms’ sustainability
projects, such as greenhouse gas emission mitigation or adaptation to climate change to
decrease their future earnings risks. The improved financing conditions can enable firms
issuing green bonds eligible for the asset purchase programs to undertake such investments
at lower cost. As a consequence, the transition to a less carbon-intensive economy may be
supported by such monetary policies. On the downside, due to the much larger size of the
conventional bond market, asset purchase programs also support conventional bonds issued
to finance energy- and carbon-intensive activities. This may foster high-carbon technology
lock-in through preferable financing conditions for such investments, compared to less
emission-intensive ones (Matikainen et al., 2017; Dafermos et al.l 2020)). This tension
becomes even more relevant since the latest expansion of asset purchases by the ECB
through the PEPP, which made the ECB an even more important buyer in the market
for both green and conventional corporate bOHdSH With a volume of 1850 bn EUR at the
end of 2020, the PEPP makes up around 10% of the overall bond market within the euro
areaﬂ Furthermore, the ECB held around 18% of the universe of eligible corporate sector
bonds under its asset purchase program in 2020, both of conventional and green bondsﬁ

Against this background, the goal of this paper is to analyze the impact of ECB

corporate asset purchase programs on financing conditions in the market for green bonds.

iCampiglio et al| (2018)) and [Svartzman et al.| (2020) discuss potential solutions to recent controversies
regarding the role of the central bank and financial regulators in managing climate-related risks and
helping to mitigate climate change.

2According to data from the Bank for International Settlements, total debt securities
outstanding in the euro area in the second quarter of 2020 were at 18.3 tn euro
https://stats.bis.org/statx/srs/table/c1?7p=20202c=

3see Figure 9 in a 2020 speech by Isabel Schnabel at
https://www.ecb.europa.eu/press/key/date/2020/html/ecb.sp200717 1556b0f988.en.html



More precisely, we address the question of whether and how yields on corporate green
bonds eligible for purchases under the CSPP and PEPP are affected by increased demand
from the ECB in comparison to non-eligible corporate green bonds issued in euro, U.S.
dollars, and Swedish crowns.

To the best of our knowledge, this paper is the first to systematically analyze causal
implications of central bank asset purchase programs on yields in the green bond market.
In addition to the sustainability perspective, evaluating the impacts of asset purchase
programs on the green bond market is also an interesting case study of the consequences
of a sudden strong demand pull by a credible new market participant in a nascent segment
of the corporate bond marketﬁ In addition, we contribute to the literature by examining
the impact of the PEPP on corporate bond yields, and, hence, on funding conditions of
eligible corporate bonds.

To identify causal effects on the yields of eligible vs. non-eligible green bonds, we
pursue a difference-in-differences strategy and exploit exogenous variation in the demand
for green bonds in the euro area by focusing on the announcement of the ECB’s CSPP in
2016, and of the PEPP in 2020. As our data contain weekly bond yields together with
additional bond-level and issuer-level information, we are able to identify four alternative
control groups of corporate green bonds: euro-denominated bonds issued by non-financial
corporations and by financial institutions; U.S. dollar-denominated bonds, and Swedish
crown-denominated bonds, a rapidly emerging segment of the European and global green
bond market.

The following key findings emerge from our analysis. First, ECB asset purchase pro-
grams improve financing conditions for eligible green bonds relative to ineligible ones,
increasing the attractiveness both of these instruments to issuers and of the euro area
as a location of issuance for green bonds. Second, the effects of the CSPP and PEPP
are heterogeneous. The CSPP is estimated to decrease yields of eligible green bonds by
between 18 and 33 basis points (bp) relative to the four comparison groups of euro and
non-euro-denominated green bonds. This translates into a differential impact with respect
to relative financing conditions vis-a-vis each comparison group, depending on the differ-

ence in average yields between treatment and comparison groups. The baseline impact of

4The market for green corporate bonds has been growing rapidly since 2016. In the CSPP-eligible
corporate sector universe, the share of green bonds has increased from around 2.5% in 2016 to around
5% in 2020, see
https://www.ecb.europa.eu/press/key/date/2020/html/ecb.sp200717 1556b0f988.en.html



the PEPP varies more strongly, with an estimated effect of 135 bp compared to ineligible
green corporate bonds, 15 bp compared to Swedish crown-issued green bonds and no sig-
nificant effect compared to euro-denominated green bonds issued by financial institutions.
Third, the impact of ECB asset purchase programs differs in terms of persistence. Some of
the effects of the programs are fairly long-lived, such as the effect of the PEPP on eligible
green corporate bonds compared to euro-denominated non-eligible green bonds issued by
non-financial corporations, which lasted for about 30 weeks after the program’s announce-
ment. In other cases, the impact is immediately absorbed by market participants, e.g.
the effect of the PEPP on eligible green corporate bonds compared to non-eligible green
bonds issued by financial institutions.

Our findings are of clear policy relevance in at least two dimensions. First, we show
that both ECB asset purchase programs were effective at improving financing conditions
for issuers of eligible assets in the increasingly important market segment of green bonds.
Second, the impact on the euro-denominated green bond market shows that asset purchase
programs can be effective policy options in fostering a transition towards a low-carbon
economy.

Our research relates to two main strands of literature, namely the literature investigat-
ing the price and quantity effects of asset purchase programs in different regions and mar-
kets. Regarding the literature investigating the effects of the CSPP on (all, i.e. predom-
inantly conventional) eligible and non-eligible bonds, applying a difference-in-difference
analysis, Todorov| (2020) finds that the CSPP increased liquidity and prices of eligible
corporate bonds, with yields dropping 30 bp, on average, after the announcement. Ad-
ditionally, the issuance of eligible corporate bonds increased by about 25%. Similarly,
De Santis et al. (2018]) analyze the impact of the CSPP on corporate bond prices using
panel techniques. They identify a similar decline in bond spreads of 25 bp for eligible
corporate bonds compared to 20 bp for all ineligible corporate bonds. Findings by [De
Santis and Zaghini| (2019) point to an increase in bond issuance of around 14% for eligible
bonds compared to non-eligible bonds. |Zaghini (2019) assesses the impact of the CSPP
on bond spreads in the primary market at the time of issuance. His results indicate sig-
nificant effects on purchased bonds and indirectly on other bonds as well. Similarly, other
studies investigate the effect of quantitative easing programs in the US (Krishnamurthy
and Vissing-Jorgensen, [2011}; [Yang and Zhou, [2017; [Duca et al., [2016}; |Fratzscher et al.|
2018; Swanson, 2020) and the UK (Joyce et al., |2011; (Christensen and Rudebusch, [2012;



Breedon et al., 2012). [Rogers et al.| (2014) compare the effects of unconventional monetary
policy on asset prices in different regions, namely the US, UK, EU and Japan.

Among these studies on the effects of asset purchase programs, there is a small but
growing literature concerned with the financing conditions of carbon-intensive versus low-
carbon companies. Matikainen et al.[(2017) and Dafermos et al.[(2020) present descriptive
evidence that ECB corporate bond purchases contains a high share of bonds from carbon-
intensive sectors compared to their contribution to employment and economic output.
However, specific price effects or causal effects are not investigated.

Turning to the second closely related strand of literature, several studies investigate
price differences between green and conventional bonds and the effect of environmental
preferences therein. |Goss and Roberts (2011)) find that in the US, firms where concerns
about social responsibility issues are known need to pay higher interest rates on average.
Similarly, Chava, (2014) finds that banks charge higher interest rates and investors expect
higher returns from firms faced with environmental concerns. |Albuquerque et al| (2019)
find supporting evidence that engaging in corporate social responsibility decreases firm
risk and increases firm value.

Tang and Zhang| (2020)) present evidence that additionally, green bond issuance has
a positive effect on stock prices of the issuer, indicating a signalling effect. |Flammer
(2020) finds that issuers of green bonds improve their environmental performance and
attract long-term investors, whereas she finds no price difference between green bonds
and a conventional bonds issued by the same firm. These results are also in line with a
signalling effect. Zerbib (2019) shows that investors’ pro-environmental preferences lead to
slightly lower yields for green bonds, compared to their counterfactual conventional bonds,
using a global dataset. [Kapraun and Scheins| (2019) find that only green corporate bonds
with a large size and green bonds from governments or supranational entities profit from
lower yields. Furthermore, they show that the credibility of green bonds, indicated by a
third-party verification or by being listed in a green bond segment, is the most important
determinant of their yields. For the U.S. municipal bond market |Karpf and Mandel (2018])
find that green bonds trade at higher prices than comparable conventional bonds since
2015. Findings by |[Baker et al.| (2018]) suggest similar price difference for U.S. municipal
and corporate green bonds, especially when green bonds are externally verified. So far,
the influence of asset purchase programs on the yields of green corporate bonds has not

been investigated in the literature.



The remainder of this paper is structured as follows. Section 2 provides background
information on central bank asset purchasing programs in general and the CSPP and
PEPP in particular. Section 3 describes our dataset and presents stylized facts on the
market for green bonds. Section 4 describes the research design, while Section 5 presents

the results. Section 6 summarizes and concludes.

2. Background

The focus of this analysis is the evolution of bond yields in the small but growing segment
of green corporate bonds around the announcement of the ECB’s CSPP in March 2016
and its extension within the PEPP in 2020. In this section, first, we discuss the timing and
design of asset purchases programs by the ECB, the Federal Reserve (Fed) and the Swedish
central bank (Riksbank). The goal is to set the stage for our choice of control groups and
identification strategy that allows us to analyze if green bonds eligible under the CSPP
and PEPP are affected differently than non-eligible green bonds. Second, we provide a
brief discussion of potential transmission channels of central bank asset purchases to the

bond market.

2.1. Central bank asset purchase programs

In response to the financial and the sovereign debt crisis in the euro area, the ECB launched
its asset purchase program (APP) in 2014. Such unconventional monetary policy instru-
ments aim at ensuring price stability and at increasing the lending capacity so that real
activity is supported. The first phase of the APP started in March 2015. Under the public
sector purchase program (PSPP) public sector bonds were bought at a volume of about
60 bn EUR per month.

In March 2016, the ECB announced an extension of its asset purchases from 60 to 80
bn EUR, partly by adding a corporate sector purchase program (CSPP) (Figure . This
was the first ECB-program targeted at the corporate bond market in order to support
financing conditions in the real economy, and it ”caught the market by complete surprise”
(Todorovl [2020). The CSPP was announced on March 10, 2016 and implemented on June
8, 2016 with a monthly volume of purchases of around 10 bn EURE In March 2016, the

governing council of the ECB also decided on further measures, such as an additional

SFor an overview of the asset purchase programme see:
https://www.ecb.europa.eu/mopo/implement/app/html/index.en.html



reduction in policy rates as well as a series of targeted longer-term refinancing operations
(TLTROs), which provide long-term funding to banks if they provide loans to non-financial

institutions and households.

ECB: Corporate Sector Purchase
Programme (CSPP)

+ Announced 10 March 2016, ECB: Pandemic Emergency
implemented 8 June 2016 FED: QE4 (Covid-19 relief) Purchase Programme (PEPP)

+ Target: investment-grade euro- * Announced March 15, 2020: + Announced 12 March 2020,
denominated bonds issued by $500 bnin Treasury bills, + Increased 18 March 2020,
non-bank corporations $200 bn of MBS + Started 26 March, 2020

+ Firstinstance of QF including * 23 March 2020: decision to + €750 bn purchases of corporate and
corporate bonds in Europe & include investment grade public sector securities (CSPP, PSPP,
North America ) corporate bonds ABSPP, CBPP)

Q1/2015 Q3/2020
ECB: Public Sector Purchase
Programme (PSPP) Riksbank: Pandemic Relief Riksbank:
* Announced on 22 January 2015, + Announced 16 March 2020, SEK 300 Pandemic Relief
* Started9 Ma_n:h 2015 ) bn, started immediately * Extended to corporate
* euro-denominated public » Extended July 1, 2020 for SEK 200 bn bonds for the firsttime
sector bonds « government, municipal and covered starting September
bond
Riksbank: QF onds 2020 (SEK 10 bn)
« Announced 12 February, 2015
« SEK 10 bnin government bonds

Figure 1: Timeline of asset purchase programs in the EU, US and Sweden

At the time of announcement of the CSPP, no other corporate sector purchase programs
were announced or implemented in the US or Sweden (see Figure [1). Sweden has also
introduced a public sector purchasing program for government bonds on February 12th
2015, but no corporate sector program. In the United States, the Fed started its first
quantitative easing (QE) program much earlier, in 2008. There were three QE programs
running from 2008 until 2014. Mainly two types of assets were bought, sovereign bonds
and mortgage-backed securities, while corporate bond purchases were not implemented
until very recentlyﬁ

On March 12, 2020, in response to the start of the Covid-19 pandemic in Europe, the
ECB announced an additional asset purchase program (Figure . On March 18, 2020,
its large-scale additional Pandemic Emergency Purchase Program (PEPP) with an initial
volume of 750 bn EUR (including both public and corporate sector bond purchases) was
announced. The program was implemented on March 26, and was later on expanded
to 1850 bn EUR until the end of 2020[] At the same time, the ECB announced to

conduct additional longer-term refinancing operations (LTROs) as well as additional asset

Shttps://www.federalreserve.gov/newsevents/pressreleases/monetary20200615a.htm
"https:/ /www.ecb.europa.cu/mopo/implement /pepp/html/index.en.html



purchases of 120 bn EUR until the end of 2020, with a strong share of the private sector
program. Policy rates were kept unchanged.

Shortly before, on March 15, 2020, the Fed announced a large-scale asset purchasing
program (QE4) in response to the Covid-19 pandemic, including 500 bn USD treasury bill
purchases and 200 bn USD of mortgage backed securities. On March 23, 2020, for the
first time, the Fed announced to also purchase investment grade corporate bonds. The
Riksbank announced its Pandemic Relief program on March 16, 2020 with purchases of
up to 300 bn SEK of government, municipal and covered bonds, which was extended on
July 1st. On September 1, 2020 the Riksbank announced to also purchase corporate sector

bonds for the first time, starting on September 14.

2.2. Transmission channels to bond markets

The effects of asset purchase programs on bond yields are unclear ex ante, due to sev-
eral possible transmission channels, some of which have contrary effects on yields. The
literature on quantitative easing effects describes different possible transmission channels
and effects of asset purchase programs. The main effect of QE is its impact on long-term
interest rates. Through asset purchases, which increase demand, central banks commit to
low-interest rates, also called signalling channel (Meaning and Zhu, 2011). Another po-
tential effect is the portfolio rebalancing effect, which occurs when markets are segmented
into different asset classes and investors try to find alternative investments in another,
usually more risky, asset class (without additional demand from central banks) (Krishna-
murthy and Vissing-Jorgensen, 2011; [Meaning and Zhu, 2011; [Abidi and Miquel-Flores,
2018; |Zaghini, 2019). However, the safety premium channel might dampen this effect.
As discussed in Krishnamurthy and Vissing-Jorgensen| (2011)) there is significant demand
for long-term safe assets, e.g. from institutional investors such as pension funds (at the
cut-off between investment grade and non-investment grade securities). These risk averse
investors will avoid investing into non-investment grade securities, despite lower yields due
to additional demand from central banks.

Knock-on effects between segments of bond markets due to asset purchase policies may
occur not only within, but also between currency areas. Duca et al. (2016]) investigate
international spillover effects of the U.S. QE programs, finding that it had a large impact
on corporate bond issuance, especially in emerging markets. This indicates that portfolio

rebalancing across regions is another transmission channel of QE-policies. [Fratzscher et al.



(2018) also find evidence that especially QE2 and QE3 have led to portfolio rebalancing
towards non-US regions (based on data from equity and bond funds). However, Rogers
et al.|(2014) notes that spillovers are found mainly in one direction, from U.S. monetary

policy to non-US yields.

3. Data

To analyze the impact of corporate sector purchases of the ECB on the yields of eligible
green bonds under the CSPP and the PEPP, we use two main data sources. In the
following, we first describe the dataset and then provide descriptive statistics on the market

for green bonds.

3.1. Data sources

Information on the the timing of corporate bond purchases and on the detailed eligibility
criteria under the CSPP and PEPP are taken from the ECB website and respective press
releases ]

Bond- and issuer-level data are taken from Bloomberg. We make use of data for all
green bonds available from Bloomberg issued in euro, U.S. dollars, and Swedish crowns.
We retrieve weekly averages of bond yields and all other bond- and issuer characteristics
for the period 2013 - 2020. For the regression analysis, we cover the sample period from
January 4 - December 30, 2016 (52 weeks) for the CSPP, and from January 6 - October
30, 2020 (44 weeks) for the PEPP.

Besides yields to maturity, we use information on maturities, currency denomination,
country of incorporation of the issuer, bond ratings by Fitch, Moodys and S&P, Bloomberg
Industry Classification System (BICS) and NACE Level-3 codes, amounts outstanding,
and amounts issued. In order to reduce the number of missing values for ratings, additional
data points are sourced from EIKONH We then apply the respective eligibility criteria
to identify the bonds that are eligible for purchase by the ECB. Under the CSPP, the

eligibility criteria announced on April 21, 2016 included all bonds that

e are denominated in euro

8See https://www.ecb.europa.eu/press/pr/date/2016 /html/pr160421;.en.htmlandhttps
/ Jwww.ech.europa.eu/mopo/implement/pepp/html/pepp — qa.en.html

9In cases where there is no bond-level rating available but a rating at the issuer level is, we follow the
guidelines by the ECB and use the latter to evaluate whether a bond is investment grade or not.



e are issued by a non-bank corporation

e are issued by a corporation established in the euro area as defined by the country

where the issuer is incorporated

e have a minimum remaining maturity of six months and a maximum remaining ma-

turity of 30 years

e and are rated investment grade by at least one of the major rating agencies.

Under the PEPP, which was announced on March 12 and extended on March 18, 2020,
these eligibility criteria were adjusted to include securities of a remaining maturity of at
least 28 days for those with an initial maturity of one year or less. For securities with an
initial maturity of 366/367 days or more, the remaining maturity at the time of purchase
has to be at least six months and 31 years at most.

In order to identify green bonds, we use the Bloomberg classification. We consider all
bonds labeled as ”green bond” in the Bloomberg fixed income search for the initial sample.
The Bloomberg green bonds indicator is based on the Green Bonds Priciples (GBP) and
identifies bonds as ”green” if their proceeds are used for projects that promote climate

change mitigation, adaptation or other environmentally sustainable goalsm

3.2. Descriptive overview

The global green bond market remains small compared to the overall bond market, but
has been growing rapidly. It contains green bonds from different types of issuers, whose
proceeds are used for climate-friendly projects Flammer| (2020)). The first green (suprana-
tional) bonds were issued by the European Investment Bank (EIB) and the World Bank
in 2007 and 2008. The first green corporate and green municipal bonds followed in 2013.
According to the Climate Bond Initiative, global annual issuance increased from below 50
bn USD (45 bn EUR) in 2015 to 270 bn USD (236.8 bn EUR) in 2020[7T] From 2016 to
2017, the aggregate amount issued more than doubled both in Europe (from 24.4 to 57.9
bn USD, or 22 to 51.2 bn EUR) and North America (from 21.1 bn to 50.6 bn USD, or 19
to 44.8 bn EUR)

0The GBP are voluntary guidelines by the International Capital Market Association
to increase transparency and disclosure in the process of issuing bonds with envi-
ronmental benefits. They are intended to inform both investors and issuers. See
https://www.icmagroup.org/assets/documents/Regulatory /Green-Bonds/Green-Bonds-Principles-
June-2018-270520.pdf

Hhttps:/ /www.climatebonds.net/2021/01 /record-2695bn-green-issuance-2020-late-surge-sees-pandemic-
year-pip-2019-total-3bn

10



The European and U.S. markets for green bonds are the fastest growing as well as
the largest segments of the global green bond market during our sample periods@ In
our empirical analysis we additionally consider corporate green bonds issued in Swedish
crowns which make up for an important part of the European green corporate bond market
outside the euro area.

We start our analysis by descriptively examining the evolution and key characteristics
of the green bond market based on bond-level data provided by Bloomberg for the 2013 -
2020 period. Regarding issuer type, we focus on corporations given our goal of evaluating
the effects of the ECB’s corporate sector purchase programs CSPP and PEPP. In line with
the empirical model presented below, in the following, we focus on corporate green bonds
issued in euro, U.S. dollars and Swedish crowns for which data on yields are available.

To present general information on the evolution of the size of the green bond market,
Figure 2| depicts annual data for three important segments of the global green bond market,
namely for bonds issued in euro, U.S. dollars and Swedish crowns. Figure plots the
number of green bonds issued per year for all green bonds and for the subsample of public
sector green bonds, whereas Figure shows the cumulative annual amounts issued by
currency. Both the number and volumes of green bonds have strongly expanded since
2013, particularly after 2016. While the number of green bonds in our dataset was 17
in 2013, it increases up to 1527 in 2020, with corporate bonds gaining in importance
relative to public sector bonds. At the same time, the cumulative amounts issued also
rose significantly, and stood at roughly 600 bn EUR at the end of 2020.

This strong increase in the volumes of green bonds was particularly driven by the
European market, accounting for nearly 60% of the cumulative amounts issued at the end
of the observation period. When focusing on the market for green bonds issued in euro,
we observe an increase in the number of green bonds from three in 2013 to 595 in 2020
with the share of corporate green bonds rising from 33% to 81% during this period.

Figure 3| shows histograms of the bottom 95%-percentile of the amounts issued (in
million EUR) of green bonds over time and by sectorE Figure underscores the
increase in the number of green bonds over time. Regarding the size of the amounts

issued, it appears that the majority of issues is distributed between amounts of a few

12 Asia-Pacific, especially China, became an important market for green bonds since 2016. Annual issuance
increased from 27 bn USD in 2016 to 46.5 bn USD in 2019 according to CBI. However, China is not
considered in this analysis, due to differences in its financial market structure and monetary policy.

13We do not show the largest values in the top 5%-percentile for reasons of readability.

11



(a) annual number of bonds issued (b) cumulative amounts issued
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Note: This figure plots the number of all green bonds, as classified by Bloomberg, for bonds issued
in euro, U.S. dollars and Swedish crowns (LHS), as well as the cumulative annual amounts issued
(RHS). Source: Bloomberg.

Figure 2: Evolution of the green bond market

thousand EUR and one billion EUR. Interestingly, the histograms show a kink around
a value of 500 mn EUR as of 2015, which is also evident when looking at the European
market only. Figure reveals that bonds issued by financial corporations (BICS sector
35), by corporations in the utilities sector (BICS sector 39), and by the public sector (BICS
sector 50) drive this pattern.

The most important sectors issuing green bonds in our sample, as measured by the
shares in the total amount issued between 2013 and 2020 are, besides the public sector,
financial firms and firms from the utilities sector (Table|l} column (4)). One reason for the
small number of eligible green bonds in our CSPP sample, thus, relates to the fact that a
large part of green bonds are issued by governmental institutions and banks which are not
eligible for central bank corporate bond purchases. Regarding the number of bonds issued,
the energy sector (BICS sector 34) is also important with a similar number of observations
as utilities. Yet, given the small average and especially median amount issued (columns
(5)-(6)), the energy sector only represents a share of about 2% in the total amount issued.

Summing up, when considering all green bonds issued in euro, U.S. dollars and Swedish
crowns with information on yields, it appears that during the 2013 - 2020 period, the
average bid-yield to maturity lies at about 3.7% for the corporate green bonds and varies
quite significantly, while the average amount issued amounts to roughly 300 mn EUR (not
reported). Given some large outliers observed for these variables, we carefully check our
estimation sample in the analysis presented in Section [5.1] and winsorize yields at the 2.5%

and 97.5% levels.

12



(a) by year (b) by sector

2013 2014 2015 30 3 32 33

0 50 100 150
0 50 100 150 200

2016 2017 2018 3 35 36 37

Frequency
0 50 100150
Frequency
0 50 100 150 200

0 560 1000 3 500 000

2019 2020 38 39 50

0 50 100 150
0 50 100 150 200

T T o T v
0 500 1000 0 500 1000 3 ED 00 6 500 1000 © 530 1600
Graphs by year Graphs by Bloomberg Industry Classification System, Level 1

Note: This figure plots the histograms of the amount issued (in million euro) of all green bonds
provided by Bloomberg, issued in euro, U.S. dollars and Swedish crowns. For reasons of readability,
we cut observations at the 95%-percentile. Sectors are classified according to the Bloomberg Industry
Classification System (BICS) with 30=Materials, 31=Communications, 32=Consumer Discretionary,
33=Consumer Staples, 34=Energy, 35=Financials, 36=Health Care, 37=Industrial, 38=Technology,

39=Utilities, 50=Government. Source: Bloomberg.

Figure 3: Size distribution of green bonds, amount issued

4. Research design

4.1. ldentification

The causal effect of the announcement of corporate bond purchases by the ECB on yields
to maturity of green bonds eligible for the programs is identified through a comparison
of within-bond changes in yields of eligible bonds with those not eligible for the CSPP
and PEPP, conditional on common shocks at the weekly frequency, unobserved yet fixed
bond-level characteristics, and country-time or sector-time fixed effects.

As we are unable to observe yields for the counterfactual scenario of eligible green
bonds not being eligible, we must rely on the parallel trends assumption, i.e. that post-
CSPP/PEPP yields in the control group(s) are a fair representation of the counterfactual
development of the yields of green corporate bonds eligible under these programs. For the
credibility of the parallel trends assumption it is important that pre-CSPP /PEPP trends in
yields between treatment and control groups evolve in parallel and that concurrent policy
interventions can be excluded. We probe the validity of the parallel trend assumption in
two ways. First, we descriptively present average yields in treatment and control groups
(Section . Second, we estimate an event study design and inspect point estimates and
confidence bands for pre-CSPP/PEPP periods (Section [5.3)). The idea is to estimate, for

each pre-treatment time period, whether the evolution of the outcome variable significantly
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Table 1: Green bond market by sector

(1) (2) (3) (4) (5) (6)
BICS Level 1 Freq. Percent Cum. Market share Av. amt. iss. Med. amt. iss.

30 3,887 2.25 2.25 2.31 338.02 325
31 405 0.23 2.49 0.91 731.68 700
32 2,527 1.47 3.95 1.97 407.53 500
33 1,334 0.77 4.73 0.55 319.44 200
34 23,5689  13.68 18.41 1.83 68.14 8.89
35 56,326  32.66 51.07 27.71 265.50 77.41
36 262 0.15 51.22 0.20 574.77 638.93
37 7,711 4.47 55.69 5.29 497.12 265
38 915 0.53 56.23 1.10 774.35 907.77
39 24,758  14.36 70.58 19.92 549.75 500
50 50,728  29.42  100.00 38.20 592.24 250

Note: This table summarizes the sectoral amounts issued (in million euro) of all green bonds with
non-zero observations on yields provided by Bloomberg, issued in euro, U.S. dollars and Swedish crowns.
Sectors are classified according to the Bloomberg Industry Classification System (BICS) with
30=Materials, 31=Communications, 32=Consumer Discretionary, 33=Consumer Staples, 34=Energy,
35=Financials, 36=Health Care, 37=Industrial, 38=Technology, 39=Utilities, 50=Government. Columns
(1) - (3) show the frequency of observations in absolute and relative terms, columns (4) and (6)
summarize the share of each sector in the total amount issued between 2013 and 2020 and the average
and median amount issued by sector, respectively. Source: Bloomberg.

differs between bonds assigned to the treatment and control group. As the policy was not
in place during the pre-treatment period, point estimates of the policy variable that are
insignificantly different from zero during the pre-treatment period indicate the validity of
parallel trends.

Concurrent policies that may affect yields represent a potential threat to identifica-
tion. However, as shown in Section [2| no other concurrently introduced corporate sector
purchasing policies affect yields either in the treatment or in the control groups during our
sample period. Despite monetary policy actions that were announced at the same time as
the CSPP, we follow the related literature and disentangle the effects of the CSPP on the
yields of green bonds, focusing on control groups that include corporate (green) bonds only
and that are unaffected by other central bank corporate sector purchase programs (bonds
issued in Swedish crowns and in U.S. dollars). For the evaluation of the effects of the
corporate sector purchases under the PEPP, we disregard U.S. dollar-denominated green
bonds due to the concurrent corporate sector purchases by the Fed in March 2020. Sweden
only added corporate sector bonds in September 2020. Therefore, corporate green bonds
denominated in Swedish crowns can be used as a control group during the announcement

and implementation of the PEPP in March 2020.
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Table 2: Summary statistics for the regression samples
Obs. Mean SD Min  Max

CSPP
Control group: ineligible EUR-denominated green non-financial bonds
Yield to maturity 936 2.20 221 0.02 7.51
CSPP-eligible bond = 1 936 0.56 0.50 0.00 1.00
Investment grade bond =1 936 0.61 049 0.00 1.00
Euro-denominated bond = 1 936 1.00 0.00 1.00 1.00
Non-financial corporate bond = 1 936 1.00 0.00 1.00 1.00

Eligible maturity at time of purchase =1 936 1.00 0.00 1.00 1.00

Control group: ineligible EUR-denominated green financial bonds

Yield to maturity 884 0.66 046 0.01 1.60
CSPP-eligible bond = 1 884 0.59 049 0.00 1.00
Investment grade bond =1 884 0.94 024 0.00 1.00
Euro-denominated bond = 1 884 1.00 0.00 1.00 1.00
Non-financial corporate bond = 1 884 0.65 0.48 0.00 1.00

Eligible maturity at time of purchase =1 884 1.00 0.00 1.00 1.00

Control group: quasi-eligible USD-denominated bonds

Yield to maturity 1077 2.83 291 0.11 11.38
CSPP-eligible bond = 1 1077  0.48 0.50 0.00 1.00
Investment grade bond = 1 1077  1.00 0.00 1.00 1.00
Euro-denominated bond = 1 1077 048 0.50 0.00 1.00
Non-financial corporate bond = 1 1077 1.00 0.00 1.00 1.00

Eligible maturity at time of purchase =1 1077 1.00 0.00 1.00 1.00

Control group: quasi-eligible SEK-denominated bonds

Yield to maturity 624 0.87 047 0.05 1.91
CSPP-eligible bond = 1 624 0.83 0.37 0.00 1.00
Investment grade bond =1 624 1.00 0.00 1.00 1.00
Euro-denominated bond = 1 624 0.83 037 0.00 1.00
Non-financial corporate bond = 1 624 1.00 0.00 1.00 1.00

Eligible maturity at time of purchase =1 624 1.00 0.00 1.00 1.00

PEPP
Control group: ineligible EUR-denominated green non-financial bonds
Yield to maturity 6570 1.67 2.85 -0.08 13.60
PEPP-eligible bond =1 6570 0.65 0.48 0.00 1.00
Investment grade bond =1 6570 0.86 0.35 0.00 1.00
Euro-denominated bond = 1 6570  1.00 0.00 1.00 1.00
Non-financial corporate bond = 1 6570  1.00 0.00 1.00 1.00

Eligible maturity at time of purchase =1 6570 0.94 0.23 0.00 1.00

Control group: ineligible EUR-denominated green financial bonds

Yield to maturity 8970 0.60 0.70 -0.33 2.71
PEPP-eligible bond = 1 8970 0.50 0.50 0.00 1.00
Investment grade bond =1 8970 0.98 0.14 0.00 1.00
Euro-denominated bond = 1 8970 1.00 0.00 1.00 1.00
Non-financial corporate bond = 1 8970 0.53  0.50 0.00 1.00

Eligible maturity at time of purchase =1 8970 0.98 0.13  0.00 1.00

Control group: quasi-eligible SEK-denominated bonds

Yield to maturity 4928 0.83 0.77 -0.08 291
PEPP-eligible bond = 1 4928 0.87 0.34 0.00 1.00
Investment grade bond = 1 4928 1.00 0.00 1.00 1.00
Euro-denominated bond = 1 4928 0.87 0.34 0.00 1.00
Non-financial corporate bond = 1 4928 1.00 0.00 1.00 1.00

Eligible maturity at time of purchase =1 4928 1.00 0.00 1.00 1.00

Note: This table summarizes key variables used in the analysis below for the regression samples of green
bonds issued in euro, U.S. dollars and Swedish crowns with non-zero yield observations. Source:
Bloomberg. 15



Another potential threat to identification are spillovers from the treatment to the
control group. For instance, the additional demand for eligible green bonds due to the
CSPP and PEPP may encourage investors to increase their purchases of non-eligible green
bonds also, for example by rebalancing their portfolios towards similar but ineligible green
bonds. Increased demand for similar but ineligible bonds that are part of the control group
will then increase prices and lower their yields. Such potential spillovers would bias our
analysis against the expected direction of the treatment effect of the CSPP and PEPP on
yields of eligible green bonds. Our regression analysis would thus estimate a lower bound

effect.

4.2. Empirical model

As our baseline model, we estimate the following two-way fixed effects difference-in-
difference model over the period January 2016 - December 2016 for the evaluation of
the CSPP and for January 2020 - October 2020 for the PEPP to capture the causal effect

of being eligible under these programs on the bid yields of green corporate bonds,

yit = P(eligible - post)ir + 'y + pi + €, (1)

where y;; is the outcome of interest, namely the average bid yield to maturity of bond
i in week t. The policy indicator (eligible - post);; is a dummy variable that switches from
0 to 1 for eligible bonds after the announcement of the CSPP during the week of March
10, 2016, and after the announcement of the PEPP during the week of March 12, 2020.
As the policy indicator is credibly exogenous, this parsimonious specification provides a
useful baseline estimation of the treatment effect of interest. The parameter 8 captures the
treatment effect of being eligible for the CSPP/PEPP on eligible green bonds. Given that
not all eligible green bonds are actually bought by the ECB, § captures an intention to
treat effect on the treated. As a fraction of eligible bonds do not end up being purchased,
our estimate of the effectiveness of the CSPP /PEPP with respect to green bonds represents
a lower bound of the average treatment effect on the treated.

Information kindly provided by the ECB on the bonds actually bought directly after
the start of the CSPP show that, in the beginning of the CSPP, the majority of (the small
number of) eligible green bonds were also purchased. In terms of volumes, both under the

CSPP and PEPP, about 20% of the universe of the outstanding amount of eligible green
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bonds were actually bought by the ECB on average between 2018 and 2020@ Therefore,
the more conservative intention-to-treat interpretation of 8 may be more appropriate.

I'; are week fixed effects, while u; are bond fixed effects. In the two-way fixed effects
model with week and bond fixed effects, the subcomponents of the policy variable, namely
treated; and posty, are absorbed. In order to gauge the individual effects of the subcom-
ponents post and eligible, in addition to our baseline specification described in equation
, we also estimate a less restrictive model without fixed effects. Further, to control
for time-varying factors at the country and at the sector level, we add country-by-month
as well as sector-by-month fixed effects to the specification in . In all specifications,
we cluster standard errors at the bond level to robustify against serial correlation in the
outcome (Bertrand et al., 2004)).

As a second step in our empirical analysis, we disaggregate the policy indicator over
time in an event-study set-up. We estimate the following equation:

q
Yit = Z pm(treated - post); j—oym + I't + i + €t (2)

m=—p

where y;; is, again, the average bid yield to maturity of bond i in week . In contrast
to equation the policy indicator is disaggregated into p pre-treatment and ¢ post-
treatment periods, with the last pre-treatment period left out as the baseline period. t =0
indicates the start of the post-treatment period. Point estimates for coefficients during the
pre-treatment period insignificantly different from zero indicate that pre-treatment trends
are parallel. The behavior of point estimates during the post-treatment period provides
evidence about the persistence of the treatment effect. As in equation , I'; are week
fixed effects and p; are bond fixed effects; standard errors are clustered at the bond level.

We estimate both models using different samples. When defining treatment and control
groups, we impose the minimum balancing condition that each bond must be observed in
at least one pre-treatment periodE While the group of green bonds eligible for the CSPP
and PEPP always remains the same in the respective sample, we vary the subsample of
non-eligible bonds to account for different control groups.

Table [2| presents summary statistics separately for all regression samples, that is, in-

HMsee Figure 9 in a 2020 speech by Isabel Schnabel at
https://www.ecb.europa.eu/press,/key/date/2020/html/ecb.sp200717 1556b0f988.en.html and
the ECB  Economic Bulletin, Issue 7/2018 https://www.ecb.europa.eu/pub/economic-
bulletin/focus/2018/html/ecb.ebbox201807¢1.en.html

150ur results are robust to not imposing this balancing condition.
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cluding CSPP-eligible green bonds and four different control groups for the CSPP, and
PEPP-eligible corporate green bonds with three different control groups for the PEPP.
In all cases, the number of eligible green bonds is close to or above 50% of the included
observations. Depending on the control groups, average yields differ quite substantially
between 0.66 and 2.83% for the CSPP-sample (2016) and between 0.6 and 1.67% for the
PEPP-sample (2020).

For the evaluation of the CSPP, first, we compare eligible green bonds to green bonds,
issued in euro, by non-financial corporations that are ineligible under the CSPP, e.g. as
they are rated below investment grade (see Table |2 top section). Thus, we compare the
performance of corporate green bonds, CSPP-eligible and not, when using this sample. As
a second control group, we consider ineligible green bonds issued by financial corporations.
The idea behind this alternative control group is to compare the evolution of ”treated”
green bond yields to a group of green corporate bonds that is more similar to eligible
bonds, e.g. in terms of ratings. Table [2| second section, reveals that with this control
group, a higher share of bonds is rated investment grade. The third control group consists
of corporate green bonds issued in U.S. dollars that fulfill all other CSPP-eligibility criteria
apart from the currency of issue. We call this group ”quasi-eligible” green bonds. The
advantage of this control group is that the bonds have similar characteristics, e.g. in terms
of rating categories, remaining maturities and sector of the issuer, and that a relatively
large number of bond observations is available. Finally, we compare CSPP-eligible green
corporate bonds to ”quasi-eligible” green bonds from another important European green
bond market, namely green bonds issued in Swedish crowns.

For the PEPP, we consider a parallel set of control groups as for the CSPP (see Table
bottom part). However, the Fed announced a corporate sector purchase program on
March 15, 2020, i.e. during the same days as the ECB announced increased corporate
sector purchases under the PEPP (Figure . Thus, due to these concurrent policy events,
we refrain from using U.S. dollar-issued quasi-eligible bonds for the evaluation of the
effects of the PEPP on green bond yields. For green bonds denominated in Swedish
crowns, though, there are no concurrent policy events close to the announcement of the
PEPP. The Riksbank started buying corporate bonds in response to the Covid-pandemic
in September 2020 only. Hence, an impact evaluation of the PEPP on eligible green bond
yields in comparison to corporate green bonds denominated in Swedish crowns seems

reasonable, especially for the period before September.
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5. Results

In this section we first consider descriptively whether the parallel trends assumption ap-
pears plausible for the different control groups (Section . We then present our baseline
estimation of the causal effect of being eligible on the yields of eligible green bonds for the
CSPP (Section and for the PEPP (Section , respectively. In Section we
implement an event study design to formally evaluate the validity of parallel pre-treatment

trends as well as to analyze the persistence of treatment effects, both for the CSPP (Section

5.3.1) and for the PEPP (Section [5.3.2)).

5.1. Parallel trends

We inspect parallel trends for our seven estimation samples, four for the CSPP (Figure
and three for the PEPP (Figure . In each panel, the vertical red line indicates the
week when each program was announced (CSPP on March 10, 2016, and PEPP on March
12, 2020), while the blue line marks their implementation (June 8, 2016 for CSPP, and
March 26 for PEPP). The delay between announcement and implementation was much
more pronounced for the CSPP than for the PEPP.

Figure shows average bid yields to maturity of CSPP-eligible green bonds and
EUR-denominated ineligible green bonds issued by non-financial corporations. During
the weeks after both the announcement and the implementation date, the average yield of
eligible green bonds declines by more than 20 bp. The yields of green bonds not eligible
for the CSPP are much higher than those of eligible ones, among others due to the inferior
ratings and hence higher risk premia, and vary more strongly. Qualitatively, they appear
to move in parallel.

The case for parallel trends is even more clear-cut for ineligible EUR-denominated
green bonds issued by financial institutions (Figure . Pre-treatment yields appear
to move in parallel, with a convergence after both announcement and implementation of
CSPP, and a renewed divergence toward the end of the sample period.

We next turn to our control groups drawn from non-euro corporate green bonds: quasi-
eligible U.S. dollar and Swedish crown-denominated green bonds. Quasi-eligible bonds are
corporate bonds denominated in currencies other than EUR but that meet all other eligibil-
ity criteria (for a detailed explanation see Section . Figure depicts average yields of

CSPP-eligible green bonds and U.S. dollar-denominated quasi-eligible green bonds. When
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Figure 4: Yields to maturity, CSPP sample

Note: The graphs depict bid yields to maturity for the treatment group of CSPP-eligible corporate
green bonds and for different control groups. The red line indicates the announcement of CSPP,
the blue line its implementation. Sample sizes with eligible green bonds and: ineligible non-financial
(EUR) control group (Panel a) - 936 observations; ineligible financial (EUR) control group (Panel
b) - 884 observations; quasi-eligible USD control group (Panel ¢) - 1,077 observations; quasi-eligible
SEK control group (Panel d) - 624 observations.

the CSPP is announced, the average yield of U.S. dollar-denominated quasi-eligible green
bonds is in the region of 5%. We observe a decrease in their average yields starting before
the announcement of the CSPP. However, during the remainder of the sample period,
average yields of our "treated” and of quasi-eligible USD-denominated green bonds move
rather in parallel.

In the beginning of the sample period, the yields of Swedish crown-denominated quasi-
eligible green bonds are very similar to those in the treatment group (Figure in terms
of levels. Yet, they diverge sharply after the announcement of the CSPP with CSPP-
eligible green bonds dropping significantly while after the announcement while Swedish
crown-denominated quasi-eligible bond yields remain more or less constant. The yield

differential remains until a renewed convergence at the end of the sample period.
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The descriptive analysis of yields around the announcement of the CSPP suggests that
the parallel trends assumption is broadly plausible for the control groups of corporate
green bonds. However, note that due to small sample sizes the averages vary substan-
tially, so that the formal analysis of pre-treatment trends in Section will provide final
confirmation.

The descriptive case is more clear-cut for the PEPP (Figure [5)). Here, we conduct an
analogous exercise, with the difference that quasi-eligible U.S. dollar-denominated green
bonds are excluded due to concurrent asset purchasing policy measures by the Fed that
began virtually simultaneously (see Section. Therefore, three control groups remain: in-
eligible euro-denominated green bonds issued by non-financial corporations (Figure ,
ineligible EUR-denominated green bonds issued by financial institutions (Figure and
quasi-eligible Swedish crown-denominated corporate green bonds (Figure .

Pre-treatment average yields in all three control groups move in parallel with average
yields in the treatment group. In all cases, yields increase sharply just prior to and imme-
diately after the announcement of the PEPP. This reflects the severity of the initial shock
of the uncertainty about the Covid-19 pandemic and its associated lockdowns, several of
which were announced around the same time as the announcement of PEPP. Average
yields behave differently after the start of the post-treatment period. The difference in
average yields between the treatment group and ineligible EUR-denominated non-financial
green bonds remains roughly stable, with a difference of about 2.5-3 percentage points. In
contrast, yields of eligible green bonds and bonds issued by financial institutions diverge
somewhat, while yields of Swedish crown-denominated bonds strongly diverge after the
announcement of the PEPP and later converge again.

The descriptive analysis of yields before and after the announcement of the PEPP

suggests that the parallel trends assumption is plausible.

5.2. Main results

5.2.1. CSPP

We first consider the treatment effect of the announcement of the CSPP on yields of
eligible green bonds, compared to EUR-denominated green corporate bonds ineligible for
the CSPP. We divide the group of EUR-~denominated corporate bonds into those issued by

non-financial corporate issuers (Table[3] columns (1)-(4)) and financial institutions (Table

columns (5)-(8)).
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For the group of bonds issued by non-financial firms, we find no effect of the CSPP-
announcement on yields for the simpler specifications without fixed effects, the standard
two-way fixed effects model or when controlling, in addition, for country-by-month fixed
effects. The insignificant effect could indicate that there are no market distortions in
response to the CSPP-announcement between eligible and ineligible green bonds (see, e.g.
the discussion by Zaghini (2019)). Yet, it can also mask counteracting effects across the
post-treatment period or indicate portfolio rebalancing effects towards the control group
considered here.

In line with the descriptive evidence presented in the previous section, the estimation
results in column (1) indicate that eligible green bonds have a much lower yield compared
to ineligible bonds in this sample. Moreover, yields on all green bonds are on average signif-
icantly lower after the CSPP-announcement than before, as indicated by the negative and
significant effect of the post-dummy. Only in the specification including sector-by-month
fixed effects (column (4)) do we find a statistically significant and negative effect of the
announcement of corporate bond purchases by the ECB. In this case, the results suggest
that the CSPP reduced the yields of eligible green bonds by 18 basis points compared to
non-eligible bonds issued by non-financial corporations. A clearer and more robust picture
emerges when using green bonds issued by financial institutions as a control group. We find
a statistically significant impact of the CSPP announcement, which is stable across all four
specifications. According to our estimations, the announcement of the CSPP decreased
the yield to maturity of eligible green bonds by 20-29 basis points relative to the yield of
the control group. These finding are broadly in line with the literature studying effects of
the CSPP on yields of the whole eligible corporate bond universe that consists mainly of
conventional bonds (Todorov, 2020; |De Santis et al., 2018; De Santis and Zaghini, 2019;
Zaghinil, 2019).

Hence, it appears that the ECB’s announcement to buy corporate bonds reduces yields
of eligible green bonds, i.e. investment grade green bonds of non-financial corporations
more than for ineligible bonds. Intuitively, this may be due to the fact that investors took
some time to rebalance their portfolios towards similar bonds, such that there is not much
additional demand for the ineligible green bonds issued by financial institutions during
our sample period that could reduce yields in the control group, too. As shown by the
event-study results presented below (Figure , after several months, yield differences

between treatment and control group start to become smaller. In line with the findings
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by Zaghini| (2019), this may point to a portfolio rebalancing effects that start to unfold
after several month.

Our results are similar when using quasi-eligible U.S. dollar-denominated (Table
columns (1)-(4)) and Swedish crown-denominated green bonds (Table {4 columns (5)-
(8)) as control groups. Our results reveal that in response to the CSPP-announcement,
yields of eligible green bonds fall by 23 bp compared to U.S. dollar-denominated green
bonds. Relative to green bonds denominated in Swedish crowns, our analysis suggests an
impact of the CSPP of up to 33 bp. We therefore conclude that the CSPP introduced
a significant wedge in financing conditions both within the euro area and compared to
non-euro currencies. However, the wedge is of varying relative size.

While the magnitude of the treatment effect in terms of basis points is of similar size
across the four control groups, the impact of the CSPP on financing conditions for issuers of
eligible green bonds vis-a-vis the various control groups is very different due to differences
in average yields between the control groups and the treatment group. When evaluating
the differential effect relative to the average difference between the yields of eligible bonds
and ineligible bonds issued by non-financial firms (-300 bp), the CSPP effect only amounts
to 6%. For the difference in yields between eligible bonds and ineligible bonds of financial
firms (40 bp), the impact of the CSPP corresponds to 50-75% of this difference though.

5.2.2. PEPP

We next consider the impact of the announcement of the PEPP on the yields of eligible
green bonds, compared to three control groups already used in our analysis of the impact
of the CSPP above. Unfortunately, the group of quasi-eligible U.S. dollar-denominated
green bonds cannot be considered due to a concurrent asset purchasing policy by the U.S.
Fed (Figure [If). We note that due to the severe and asymmetric shock due to the first
wave of the Covid-19-pandemic and the subsequent lockdowns and other policy measures
mostly taken at the country level, it is crucial to control for country-time effects during
this sample period. This is why the specification controlling for country-by-month fixed
effects is our preferred specification when analyzing the impact of the PEPP on bond
yields.

Overall, as discussed descriptively in Section after a strong increase in yields before
the announcement of the PEPP, yields decreased again after the implementation of the

PEPP. Table [5| presents our estimates for the control groups of euro-denominated corpo-
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rate bonds issued by non-financial corporations (Table |5, columns (1)-(4)) and financial
institutions (Table |5, columns (5)-(8)). We find a both statistically and economically
highly significant effect of the PEPP for the control group of ineligible corporate green
bonds. Our estimates suggest that yields of eligible green bonds declined by up to 135 bp
during the sample period compared to ineligible green bonds issued by non-financial cor-
porations (column (3)). The stronger effect of the PEPP compared to the CSPP for this
control group may suggests that investors were far more averse to holding below-investment
grade (green) bonds than they were when the CSPP was announced, suggestion a stronger
safety premium channel. Thus, portfolio rebalancing may have been much weaker under
the PEPP, especially when considering below-investment grade green bonds as a control
group. This may be due to the severity and uncertainty of the Covid-19 shock and the
associated lockdown measures on bond markets.

In contrast, the PEPP did not have a significant average treatment effect on eligible
green bonds compared to ineligible green bonds issued by financial institutions - which
may support the idea that investors were searching for alternative investments of similar
(low-risk) characteristics and green bonds of financial firms mostly being investment grade
(Table . As shown in Section the difference compared to ineligible bonds issued by
non-financial corporations is explained by the speed of adjustment. While the initial
shock on yields was even stronger for bonds issued by financial institutions, their yields
converged to those of PEPP-eligible green corporate bonds rapidly. In contrast, the yields
of non-eligible bonds issued by non-financial corporations only converge toward the end
of our sample period, leading to a large negative average treatment effect for this control
group.

Finally, we consider the effect of the PEPP on the yields of Swedish crowns-issued
quasi-eligible green bonds (Table @ We obtain that the PEPP decreased the yields of
eligible green bonds by 15 basis points relative to similar bonds denominated in Swedish
crowns in our preferred specification (column (3)). Financing conditions of issuers of green

bonds therefore improved compared to those issuing in Swedish crowns.

5.3. Event study design
5.3.1. CSPP

This section presents the results using the event study design (Equation . The purpose

of this exercise is to investigate the evolution of treatment effects on yields pre- and post-
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Table 6: Effect of PEPP on yields to maturity, vs. quasi-eligible SEK-denominated green

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

post x eligible -0.164**  -0.154** -0.150***  0.0193

(0.0779)  (0.0713)  (0.0501) (0.0935)
post 0.499***

(0.0715)
eligible -0.470"*

(0.126)
Bond FE v v v
Week FE v v v
Country x month FE v
Sector x month FE v
Observations 4928 4928 4928 4928

Notes: OLS regressions of the bid yield to maturity on a policy dummy switching from 0 to 1 after

announcement of the PEPP. Robust standard errors clustered at the security level are in parentheses. ***,

ok

and ** indicate significance at the 1%, 5% and 10% level, respectively.

treatment in greater detail by disentangling the effects across time. Pre-treatment, this
disaggregation allows us to investigate the validity of the parallel trends assumption, while
post-treatment, we can evaluate the persistence of treatment effects.

Figure [6] depicts point estimates and 95% confidence bands for the two-way fixed ef-
fects model (e.g. Table 3] column (3)) for each of the four control groups. Note that while
the estimates are obtained using the full sample period covering the entire year 2016,
for better comparability with the results for the PEPP the graphs show point estimates
and confidence bands up to 30 week after the announcement of the CSPP. Pre-treatment
trends coefficients move in parallel for all four control groups, while post-treatment dy-
namics differ. For the group of non-eligible euro-denominated corporates (Figure, the
treatment effect dynamics are insignificant, in line with our finding in Table |3} column (3).

In contrast, Figure shows that for euro-denominated bonds issued by financial
institutions the effect of the CSPP on yields of eligible green bonds is persistent. The
estimated treatment effect is significantly negative in most periods throughout the sample
period, suggesting that financing conditions for issuers of eligible green bonds remain
favorable due to the CSPP, compared to bonds issued by financial corporations.

The event study using U.S. dollar-denominated quasi-eligible green bonds as the com-
parison group (Figure shows that post-treatment coefficients in the basic two-way

fixed effects model are not significantly different from zero throughout the post-treatment
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period. This confirms our result for this group from the baseline regression analysis,
which had shown that the estimate of the treatment effect only turns negative once we
additionally control for country-by-year effects or sector-by-year effects.

Finally, the control group of Swedish crown-denominated quasi-eligible green bonds
offers clear insights on treatment effect dynamics for this comparison group. Similarly
to our result for ineligible euro-denominated bonds issued by financial institutions, the
treatment effect on yields of eligible green bonds remains negative and significant for the
majority of the post-treatment period. This finding suggests that the CSPP persistently
improved financing conditions for eligible green bonds compared to similar Swedish crown-

denominated bonds, other than the currency of issue.
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Figure 6: Effect of CSPP on yields to maturity

Note: OLS regressions of bid yields to maturity on a temporally disaggregated policy indicator
for an event window of 9 weeks before and 43 weeks after the announcement of the CSPP. For
consistency with PEPP results 30 post-treatment periods are depicted. The graphs depict point
estimates and 95% confidence intervals using robust standard errors clustered at the security level.
Samples sizes: ineligible euro-denominated non-financial corporates control group (Panel a) - 936
observations; ineligible euro-denominated financials control group (Panel b) - 884 observations; quasi-
eligible U.S. dollar-denominated control group (Panel c¢) - 1,077 observations; quasi-eligible Swedish
crown-denominated control group (Panel d) - 624 observations.
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5.3.2. PEPP

We now analyze pre-treatment trends and post-treatment dynamics for the PEPP (Figure
. As in our main analysis of the effects of PEPP on yields, we leave out the comparison
group of U.S. dollar-denomiated green bonds due to a concurrent asset purchasing policy
by the Fed. Again, for all three cases estimates of the pre-treatment policy indicator are
in line with the parallel trends assumption.

For the comparison group of non-eligible euro-denominated bonds issued by non-
financial corporates we confirm the strong negative treatment effect of the PEPP on the
yields of eligible bonds found in the main analysis (Table . Additionally, Figure
shows that the divergence in yields is persistent, with negative point estimates for the
policy indicator throughout the post-treatment period. Financing conditions for eligible
green bonds therefore permanently improved compared to those of ineligible ones. As the
difference in eligibility is mostly due to being rated investment grade, we conclude that
investment-grade green bonds permanently benefit from the PEPP, compared to lower-
rated bonds.

We next consider the treatment effect dynamics for the comparison group of euro-
denominated bonds issued by financial institutions (Figure. Here, the PEPP strongly
lowered the yields of eligible bonds in the short run. However, about one month after the
announcement of the PEPP the differential in yields converges back to zero. The lack of
a persistent effect for this case may be due to the much higher share of investment-grade
bonds in this comparison group.

As the final step in our analysis of treatment effect dynamics we revisit the con-
trol group of quasi-eligible Swedish crown-issued green bonds. As in the other cases,
the PEPP had a strong negative effect of the yields of eligible green bonds in the short
term of more than 40 basis points. In terms of persistence the group of Swedish crown-
denominated bonds presents an intermediate case between the two euro-denominated com-
parison groups. Yields converge after about four months, faster than for euro-denominated
bonds issued by corporates and more slowly than for euro-denominated bonds issued by
financials. We conclude that the PEPP improved financing conditions of eligible green
bonds compared to Swedish crown-issued bonds, but this advantage dissipated in the

medium term.
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6. Conclusion

In this paper, we identify the causal effect of the ECB’s corporate sector purchases under
the CSPP and PEPP on the yields of green bonds. In a first step, we investigate whether
and how the yields of green bonds that are eligible under these programs respond to the
announcement of this program relative to ineligible euro-denominated green bonds, e.g.
corporate bonds rated below investment grade or bonds issued by financial corporations.
Second, we examine whether eligible corporate green bonds are affected compared to bonds
issued in other currencies, namely the U.S. dollars and Swedish crowns.

The empirical analysis yields three main results. First, the yields of eligible green
bonds significantly decline after the announcement of the ECB’s corporate bond purchases
both under the CSPP and PEPP relative to the yields of ineligible green bonds. Hence,
additional demand via asset purchase programs improved financing conditions for eligible
green corporate bonds. Second, the effects of both programs are heterogeneous. For
the CSPP, yields of eligible green bonds decreased between 18 and 33 bp compared to
different control groups. Regarding the relative size of this improvement in financing
conditions, our findings are in line with the findings on the effects of the CSPP on the
whole universe of eligible corporate bonds. Yield differences after the introduction of
the PEPP are even larger, up to 135 bp compared to ineligible euro-denominated green
corporate bonds. Results for sub-investment grade bonds differ greatly between the two
asset purchase programs. The finding that the CSPP did not have a clear effect on yields of
eligible green corporate bonds compared to ineligible euro-denominated green bonds issued
by non-financial firms suggests that the latter bonds also benefited from the program at
that time, potentially due to portfolio rebalancing effects. In case of the PEPP, yields of
eligible green corporate bonds declined very strongly compared to yields of non-eligible
euro-denominated green bonds issued by non-financial firms. This result suggests that
investors were more hesitant to rebalance their portfolios towards non-investment grade
bonds, possibly due to general economic concerns and stronger preferences for safe assets
in response to the start of the Covid-pandemic. Third, in some cases these effects persist
for several months after these exogenous policy events.

Regarding policy implications, our analysis is of clear relevance in several dimensions.
First, we show that ECB corporate bond purchases were effective at improving financing

conditions for issuers of eligible green assets in this increasingly important market seg-
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ment. It has also made the euro area more attractive as a location of issuance of green
bonds. Second, the analysis informs the debate on a possible role of monetary policy for
a transition towards a low-carbon economy. One such role would be to stimulate green
investment through asset purchase programs. Third, our results show that the improved
financing conditions for green bonds may make it more attractive for firms to finance in-
vestments via green bonds that are eligible for the asset purchase program, as opposed to

other forms of financing.
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