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Abstract

This paper presents a comprehensive study of the ESG (Environmental, Social and
Governance) bond market which has experienced a dramatic expansion in the last few
years and is about to gain an additional boost due to the forthcoming
implementation of the Next Generation plan of the European Union. We use a
security-by-security data set comprising a large sample of ESG bonds (15,500)
exchanged on the main global security markets integrated with microdata employed
in official statistics such as financial accounts and security holdings. First we describe
the most salient features of the global supply of ESG bonds by analyzing issuers' and
securities' characteristics, the differences across countries, sectors and their evolution
over time. Second, we shed light on Italian residents' holdings of ESG bonds with a
focus on sectoral holdings in the context of the financial accounts statistics. Third, we
employ a twofold approach to the assessment of the greenium, i.e. the negative yield
difference between ESG bonds and their conventional counterparts. We estimate
monthly time-series of yield curves, we derive the implied yield difference and
investigate whether it is statistically significant. Finally we exploit an econometric
strategy based on security-level panel regressions and we find strong evidence for
the existence of the greenium and for its increase following the Covid-19 shock.
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1. Introduction

Climate change and its impact on financial markets and institutions have recently
become a significant topic in the economic debate.? The development of a
transitional economic model allowing a sustainable growth is one of the key-
challenges for policy makers, economic agents and financial markets in the coming
years. The pandemic crisis brought about a wake-up call on the correct assessment
of the climate-related risks, as pointed out by Schumacher (2020) and Schnabel
(2020):

The pandemic is therefore a stark reminder that preventing climate
change from inflicting permanent harm on the global economy requires
a fundamental structural change to our economy, inducing systematic
changes in the way energy is generated and consumed.

The green finance gap, i.e. the lack of the necessary financial resources to be
addressed towards green investments, represents a relevant limitation for the green
structural change of the economy. Apparently, green projects can be judged as not
sufficiently attractive for investors due to the seemingly low rate of return® and the
associated risks.* Nevertheless, the rapid growth of the environmental, social and
governance (ESG) bond® market suggests that a vigorous interest of investors does
exist. ESG bonds are debt securities whose proceeds are invested by the issuer so as
to pursue environmental, sustainability and social purposes such as the reduction of
CO; emissions, the increase of energy efficiency, enhancement of the health care and
of workers' conditions in terms of safety, inclusion. The increasing importance of such
instruments is proven by the fact that the main stock exchanges of the world have all
launched sustainable/green market segments or have come to participate in the
Sustainable Stock Exchanges initiative.®

The ESG bond market can be analyzed in several aspects. A first focus area is
represented by the implications that the environmentally-sustainable finance has on
the issuing firms value. Issuances of ESG bonds are generally more expensive than
those of conventional securities due to the external and independent reviewer cost
to certificate that the use of the proceeds of the green bonds is aligned to ESG criteria.
On the other hand, issuing ESG debt securities represents a positive signal in terms

See the 2015 Paris Agreement and the 2030 Sustainable Development Agenda.
3 See Yoshino et al. (2019).

Hafner et al. (2020) claims that investors' reluctance regarding green investments depends on several
factors as the lack of confidence given the technology risks, lack of information and experience,
unstable energy policies, high transition and commercialization costs, etc..

We will be using "ESG bonds' and "ESG debt securities' interchangeably throughout the paper when
referring to the whole set of debt securities with the ESG label and belonging to the commonly-
known sustainable market. Indeed, green bonds represent 85% percent of our ESG dataset;
furthermore, in some few cases we find a misclassification among sources for the same security, in
particular for green and sustainable securities.

See https://sseinitiative.org and https://www.climatebonds.net.
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of transparency and firms' value may increase in the long-run’ benefiting from a
reduced level of information asymmetry.

Second, green bonds may turn out to be a convenient source of funding. Many
studies have tried to verify the existence of a greenium puzzle, i.e. a negative premium
on ESG debt securities,® thus implying that investors obtain lower returns from such
instruments when compared to the conventional counterparts. At the same time this
would result in lower borrowing costs for issuers offering ESG instruments to
investors.

Third, the transition to a low-carbon economy can be favored by the role of
policy makers as central banks and regulators. Hence, both macroprudential and non-
standard monetary policies might affect investments in climate-friendly or
sustainable assets mitigating CO, emissions and favoring green projects financing.
This claim becomes even more relevant starting from 2020, with the Covid-19 shock
hitting the global economy and slowing down green investments, as shown by Guérin
and Suntheim (2021). A special role could be played by Governments leading and
managing the ecological transition:® following the positive experiences of Germany
and France, in March 2021, to finance public expenditures with positive environmental
impact, Italy successfully issued its first green bond with an enthusiastic response of
investors.™

The contribution of this paper is threefold. First, we comprehensively describe
the global supply of ESG bonds over time, across countries and sectors with an
analysis of the amount issued, the number of issuers, maturity, riskiness and liquidity.
Second, we focus on ltalian residents' holdings of ESG debt securities and we show
the increasing weight of such instruments in financial portfolios of banks and
institutional investors. Finally, we contribute to the debate on the greenium puzzle
with robust econometric results showing the existence of a negative premium on ESG
bonds and its heterogeneity across sectors and over time due to the Covid-19 shock.
The rest of the paper is structured as follows. The next section provides a review of
the growing literature on ESG instruments; section 3 describes the construction of the
data set whereas section 4 and section 5 focus on the characteristics of the global
supply of ESG bonds and on Italian residents' holdings, respectively. Section 6 sheds
light on the greenium puzzle and section 7 concludes.

On the other hand, the “"greenwashing" phenomena may arise when the communication strategy of
firms addressed to enhance their environmental reputation is not supported by data and results, or
it is voluntary used to distract investors from the true profile of the company.

The expression "greenium" is usually specifically referred to green bonds but for the sake of brevity
we will be using it for the entire set of ESG bonds.

See also the recent remarks by Banca d'ltalia Governor at the "Financing Carbon Neutrality' Round
Table of the annual conference of the Boao Forum for Asia and the presentation of the G20
TechSprint 2021 on sustainable finance.

0 See the MEF Press Release.
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2. Literature Review

Green bond markets can play a pivotal role in financing the transition to a low carbon
economy and a more sustainable growth (Sartzetakis, 2020). This process can be
supported by financial intermediaries: despite, the increase in green bonds' issues
banks do not seem to play a relevant role in the promotion of green projects. Xiao et
al. (2021) show that the regulatory arbitrage mechanism is a more relevant motivation
for Chinese commercial banks to issue green bonds rather than the climate goal.
Barua and Chiesa (2019) focus on the factors affecting the amount of funds raised
through the green bond supply: they find that the average funding size is significantly
lower for high-grade bonds whereas no significant effects are found in the case of
banking issuances. In this respect, based on the maturity mismatch between the asset
and liability sides of banks' balance sheets and the comparable costs between green
and conventional securities issues, Gianfrate and Lorenzato (2018) provide best
practices to promote capital allocation towards green projects by non-bank financial
institutions, such as mutual funds and insurance companies. Moreover, Riedl and
Smeets (2017) find that social preferences and signaling play a more relevant role
with respect to the financial motives for socially responsible investment (SRI)
decisions. Hartzmark and Sussman (2019) point out that sustainability can be viewed
as positively predicting future performance in US mutual funds market, even if no
evidence supports that high-sustainability funds outperform low-sustainability
ones.™

Nowadays, climate-related objectives can be read in the agenda of central banks
both from a macroprudential and monetary policies point of view (Bernardini et al,
2021). On the macroprudential side, a special focus is devoted to the effects of the
so-called brown penalizing factor, i.e. a setup where carbon-intensive assets are
penalized with a relatively higher risk-weight in capital requirements' calculations, in
contrast to the a “green supporting factor" that adjust capital requirements for green
bonds (Thoméa and Gibhardt, 2019). In this respect a critical review of the current
prudential framework is provided by D'Orazio and Popoyan (2019) who find that a
unique instrument for all scenarios does not exist even if buffers built during the
carbon-intensive credit cycle could be favorable too. From a monetary policy
perspective, by using a stock-flow-fund ecological macroeconomic model, Dafermos
et al. (2018) provide evidence for a climate-induced financial instability characterized
by a rise of defaults and an asset price deflation process that may be reduced by a
green quantitative easing (QE) programme; similarly, strong effects in reducing
detrimental emissions, are found by Ferrari and Nispi Landi (2020) by running a
temporary green QE in a DSGE model based on the assumption that green and
conventional bonds are not perfect substitutes. Returns of the two kind of securities
may be affected by exogenous shocks such as the Covid-19 pandemic one. Yi et al.
(2021) find that the pandemic shock increased the cumulative abnormal returns of
the Chinese green bond markets due to the production stop — in particular for
industries financed by green bonds — which determined both a decrease of the
demand for green energies and the increase in the duration of the green bond
projects. In this respect, a recent analysis by Ayaydin et al. (2021) argue that, following
the COVID-19 pandemic, the performance of green securities may outperform that
obtained by brown bonds. Moreover, based on the new definition of ESG risk scores

n See also ECB (2020) (Box 7) for an overview of the performance and resilience of the euro-

denominated ESG funds and green bonds.
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— measuring firms' exposure to ESG-related risks — provided by Morningstar, Ferriani
and Natoli (2020) show how, after the Covid-19 outbreak, investors preferred to invest
in low-ESG-risk funds (that have performed better than their peers) in order to hedge
against further market downturns.?

Empirical literature on the existence and the sign of a premium for investing in
ESG bonds focuses on the green market and on the commonly denominated
greenium showing mixed results.”® By examining data on US-issued green bonds
reported by Bloomberg at the end of 2017, Zerbib (2019), after running a matching
procedure, estimate a negative yield differential between a small sample of green
bonds and a counterfactual group of conventional securities. Similar conclusions are
reached by Ehlers and Packer (2017) for the primary market even if no differences in
the performance between green and conventional assets are found in the secondary
market.™ A negative premium is also estimated by Baker et al. (2018) for US municipal
bonds after-taxes adjustments and by Gianfrate and Peri (2019) for the euro-
denominated green bonds. Nonetheless, security and issuer characteristics can play
a role in determining the existence of a greenium: Fatica et al. (2021) find a negative
and statistical significant greenium when issuers are supranational institutions or
corporates but no evidence arises if the issuer is a financial institute; similar results
are found by Kapraun and Scheins (2019). Alessi et al. (2019) show that the risk
premium related to the green financing investing is also negative when one considers
the companies' greenhouse gas emissions and the quality of their environmental
disclosures. Tang and Zhang (2020) find no statistically significant premium in favor
of green bonds in a sample of securities drawn from Bloomberg and the Climate Bond
Initiative (CBI). This result is confirmed by Larcker and Watts (2020) when only US
municipal securities are considered; moreover Doronzo et al. (2021) find a substantial
alignment between yield of green and conventional bonds both in the primary and
secondary markets (also during the Covid-19 crisis) when only sovereign issuers are
analyzed. Higher returns for green bonds are instead found by Bachelet et al. (2019)
who also verify whether volatility and liquidity of green assets is affected by the
presence of a third-party certification of greenness of the bonds. Higher returns for
green bonds are also found by Karpf and Mandel (2017) by using the Oxaca-Blinder
decomposition over a large sample of US municipal bonds.

3. Data

An official register of ESG bonds does not exist. According to International Capital
Market Association (ICMA)™ ESG data base providers do not usually disclose
securities' standard identification codes, such as the ISIN ones, or do not allow for a
massive filtering based on the green label ag. Furthermore, ESG bonds can be labeled
or not: the green bond label is only assigned to instruments that meet specific criteria

See Faiella and Malvolti (2020) for an assessment of the climate risk for the Italian finance.
For surveys on this topic see Liaw (2020) and Cheong and Choi (2020).

Ehlers and Packer (2017) point out as issuing green bonds is a costly transaction due to the third-
party validations in order to reduce informational asymmetry and the risk of greenwashing (Baker et
al., 2018). In this respect, Hyun et al. (2020) examine the green bond market investors' pricing, by
finding that green bonds have lower yields than the conventional ones.

For more details see the summary of Green/Social/Sustainable Bonds Databases.
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defined by international guidelines such as those published by ICMA and CBI. In this
respect, data providers may publish both labeled and unlabeled ESG bonds and/or
use different certification standards.'® To overcome such practical issues, we construct
a unique multi-source database by exploiting public information on ESG bonds with
no distinction on the type of certification standard used to assign the ESG flag
(subsection 3.1). Detailed information on the characteristics of securities and issuers
are subsequently derived by using structured databases as the Centralised Securities
Database, the Securities Holdings Statistics and the intermediary supervision
statistical reporting (subsection 3.2).

3.1 Identification of ESG bonds

The first and crucial component of our comprehensive list is represented by ESG debt
securities which are quoted on dedicated ESG bond market segments of the most
prominent exchanges around the world up to the end of March 2021. The initial list
of ESG debt securities comprises 15,529 ISIN codes. The main part of the list of ESG
securities has been compiled thanks to a web-scraping procedure extracting the ISIN
codes' of the debt securities listed on the ad-hoc segments of the on-line market
platforms. Since the sustainable bonds represent a recent phenomena and given their
average long maturity, our dataset contains almost all of the securities issued and/or
exchanged on the market. Almost all securities contained in this component are
labeled ones and received favorable pre-issuance external reviews.

A second block of our list has been hand-collected by exploiting publicly
available information on ESG bonds published by providers such as CBI,
Environmental Finance (EF) and ICMA.™ By using information on the issuer (such as
the residence country and the type) and on the issuance (face value, currency, issue
and maturity dates) we scan issuers' official web sites and the main financial data
market platforms to find the relevant ISIN codes.™

A third component of the list is derived from the published basket composition
— if available at ISIN level — of some of the main green indexes, such as the Solactive
Green Index or the China Green Bond Index, or the sample definitions of previous

Evaluation steps and methodologies to ag a bond as \green" may slightly change based on different
procedures. Generally, on voluntary basis, ESG issuers try to design their ESG framework/bonds to
respect the most important criteria and guidelines as the Green, Social and Sustainability-Linked
Bonds Principles (https://www.icmagroup.org/sustainable-finance/), the Climate Bonds Standard
(https://www.climatebonds.net/market/best-practice-guidelines) or the recent release of the EU
Green Bond Standard. Nonetheless, validation provided by independent external reviewers can be
distinguished in different types of services (Second Party Opinion, Verification, Certification or Bond
Scoring/Rating) based on the tightness, timing (before or after the issuance) and focus of the
evaluation. For more details see Ehlers and Packer (2017) and the Guideline for the external reviewers
published by the ICMA.

In some cases the ISIN codes are not available. In particular, for US and Canadian' securities we detect
their CUSIP codes - specific identifiers used by the North-American States — and convert them in ISIN
codes by using the Luhn algorithm specified in ISO/IEC 7812-1.

See subsection A.1.

The platform Cbonds is a useful tool for a global bond market screening: it provides detailed
information on securities from 180 countries (100% coverage of Eurobonds worldwide) and attaches
the ‘green bond' label when applicable. Moreover, in presence of US municipalities a useful
instrument to obtain the securities' identifiers and to control for the multi-tranche cases is the
Electronic Municipal Market Access (EMMA) Dataport where it is possible to download all official
statements of issues by US municipalities.

Everything you always wanted to know about green bonds 7
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studies of investment banks' or research institutes. Finally, we exploit information
from the web sites of the main national and supranational institutions reporting their
ESG issuances and programs.

The relative importance of a source can be understood through the number and
volumes of ESG securities being listed. The same security may be listed on different
platforms or used by more reports (Table A.1). By focusing only on the green
segments of exchanges we can observe the weight of the Luxembourg Stock
Exchange whose green segment contains 961 ESG securities for a nominal value of
euro 475 billion, of which the largest shares are referred to green and sustainable
bonds. Other significant sources are the German and the Italian exchanges reporting
ESG securities for a total volume of euro 260 billion each (Table A.2). Additionally, an
important source of information is Euronext that lists ESG bonds from the Amsterdam,
Brussels, Dublin, Lisbon, Oslo and Paris exchanges.

3.2 Securities’ information

After the identification of the ESG bonds we use other databases to obtain details
on the instruments and on their issuers. To this end we draw information from the
Bank of Italy Securities Data Base and the European Central Bank Centralised
Securities Data Base (CSDB) from which we obtained security and issuer
characteristics such as the country and the institutional sector of the latter and the
price, maturity and currency of the former. Since CSDB data provides information on
securities issued by EU residents and/or held and transacted by EU residents as well
as securities denominated in euro, some ESG bonds, mainly those issued by US
municipalities, are excluded once we merge the ESG list with the CSDB. Remarkably,
many US ESG bonds are issued by municipalities or are asset-backed securities (ABS)
issued by government-sponsored agencies such as Fannie Mae or Freddie Mac.

Once we have identified ESG bonds and found their characteristics, we
investigate if and to what extent they are present in Italian residents' portfolios. The
third component of our data set is based on data drawn from Bank of Italy supervisory
statistics on individual banks' and mutual funds' balance-sheets. Data on banks have
been aggregated at banking group level when applicable.?® Such information are
collected at security level which allows us to precisely identify the ISIN codes
belonging to the above-mentioned list of ESG bonds. We complemented data on
banks' and mutual funds' balance-sheets with those drawn from the Bank of Italy
Securities Holdings Statistics (SHS) in order to exploit detailed information on the
portfolios of other institutional sectors, i.e. insurance corporations and pensions
funds, households and non-financial corporations. Finally we extensively use the
official harmonized statistics on sectoral financial accounts compiled by the Bank of
Italy on a quarterly basis (Banca d'ltalia, 2018) as we need them to scale the sectoral
issues and holdings of ESG bonds and to compare the dynamics of sectoral portfolios
of financial assets.

20 The observational unit is the banking group or the stand-alone bank if not affiliated to any banking

group. For the sake of brevity we will be using the term 'bank' to indicate the above-mentioned
observational unit.
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4. ESG Bond Supply

Based on the information of the ESG securities present in the SHS archive, it possible
to observe as the supply of ESG bonds has experienced a dramatic rise in the last few
years (Figure 1): at the beginning of 2015, including supranational entities, the
outstanding amount of debt securities issued was equal to euro 193 billion whereas
at the end of the first quarter of 2021 has reached almost euro 1,850 billion. The
annual net flows were euro 104 billion in 2015 and 567 billions in 2020 (185 in the
first quarter of 2021) with a quarterly growth rate of 10% in the last few quarters after
the slowdown due to the Covid-19 shock. Similarly, in the same time span the number
of issuers has widened from 204 to more than 1,600 (Table A.3).2" The distribution of
the face value of the securities is rather dispersed (Figure 1, right panel) reflecting the
wide variety of countries and sectors whose bonds are covered in our sample. The
median volume of the bonds is always lower than euro 100 million whereas the 75th
percentile ranges between euro 150 and 480 million.

Figure 1: ESG Bond Supply Expansion
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' Source: elaborations on data drawn from the ECB Centralised Securities Data Base. The left panel of the figure
depicts the outstanding amount reported in euro billions, the corresponding quarter-on-quarter growth rate and
the number of issuers of ESG debt securities between 2015 and 2021. In rightmost panel the box and whiskers plot
represent the distribution of individual amount ESG debt securities issues between 2015 and 2021. The three lines
of the box represent, from bottom to top, the 25th, 50th and 75th percentiles of the distribution in a given quarter
whereas the lower and the upper whiskers represent the 5th and 95th percentiles.

Leaving aside the role of the supranational issuers, a geographical overview of
the ESG security issuers in our data set is illustrated in Figure A.1 and Figure A.2
showing that in our sample China is the most represented country having a share

21 The “climate awareness bond", issued by the European Investment Bank (EIB) in 2007, is generally

considered the first green bond. On the other hand Tang and Zhang (2020) and Lebelle et al. (2020),
among the others, document that the sustainable instruments market started to be relevant only
after 2013 due to the increase of issues by commercial banks and corporation and the release of the
Green Bond Principles by ICMA.
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equal to 21 and 17% in terms of, respectively, amount issued and deals. > Other key-
countries in the ESG bond supply are the US, South Korea, Japan and Canada. As
already mentioned, the relative importance of the countries represented in our
sample reflects the fact that the initial comprehensive list of securities is merged with
the CSDB, thus leading to a loss of non-euro-denominated instruments or other
instruments which are not held by euro area residents. In Europe, whose securities
represent almost half of the volumes of the ESG bonds in our sample, the most
significant countries are Germany and France (Figure A.3). At the end of the first
quarter of 2021 the largest amount of ESG securities is issued by China (euro 328
billion) followed by France and Germany with a bit more than euro 200 billion (Table
A4). The median volumes of security tranches is less than euro 100 million whereas
the average maturity is rather long, coherently with the long duration of the projects
financed by green bonds.?* ESG securities issued by UK (20.3 years), US (13.3 years)
and Canada (13.7 years) tend to have longer maturities whereas residents in Asian
countries — namely China (7.6 years), Republic of Korea (5.2) and Honk Kong (7.2) -
tend to issue shorter maturity instruments. When considering the median value of the
ESG bonds, French, German and US issuances are characterized by lower face values
— less than euro 50 million — whereas Dutch, Italian and Belgian ones are ten times
bigger (euro 500 million). The number of issuers is in the order of hundreds in China,
US and Japan, it is more limited in Italy (33) and Spain with France and Germany in
the middle.

Most of the securities in our sample are denominated in euro and US dollars
(Table A.3): in the first quarter of 2021 two-thirds of the ESG bonds were euro or US
dollar denominated. Italian issuers represent 1.9 per cent of the total whereas German
and French issuers are about 22 per cent of the total. Interestingly, the Chinese
sustainable market seems to have a very relevant role from the beginning of our
sample period. In this respect, Table A.5 reports information about the ESG bonds'
supply by country and sector of the issuer: overall, financial issuers have a prominent
role in addressing resources by issuing ESG bonds. Nonetheless, this view slightly
change at country level. Hence, on the one hand in Germany and France a pivotal role
is played by the Government, consistently with a public strategy for the green
financing; on the other hand, in China and US the non-government sectors prevail
and over 50% of the volumes are issued by non-financial corporations. In Italy one
can observe a certain balance between financial and non-financial private institutions
whereas the government has launched its first green bond issuance (BTPs Green) only
in March 2021.%

The ESG bond supply by Italian residents has expanded at the same pace as the
global one. The total amount of ESG debt securities issued by Italian residents has
jumped to euro 34 billion in the first quarter of 2021 thanks to the already-mentioned
euro 8.5 billion issuance by the Italian government. Nonetheless the largest issuers

22 The China Green Bond Index provided by the Luxembourg Stock Exchange includes bonds which are

compliant with different green bond principles. In this respect, the minimum share of the proceeds
should be used in green projects to mark a security as ‘green' ranges between 50% (in the case of
People's Bank of China — PBOC - Green Bond Endorsed Project Catalogue and the National
Development and Reform Commission — NDRC — Green Bond Guidelines) and 95% (in the case of CBI
Climate Bonds Standards). This explains our sample's higher coverage of Chinese bonds than those
reported on the CBI platform. For more details on the key differences between international and
domestic standards see also Clifford Chance (2020).

3 In August 2019, a French State-owned company issued the world's first ever 100-year green bond.

2 For more details see also Banca d'ltalia (2021).
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are the non-financial corporations and the banking sectors with, respectively, euro 14
and 8 billions of bonds issued (Figure 2, left panel). Over the total amount of debt
securities issued by the private sector, ESG bonds reached 3.8% in March 2021 (Figure
2, right panel). Such share is even higher for non-financial corporations (9%) and
slightly smaller for banks.

Figure 2: ESG Bonds issued by Italian Residents

(euro billions and percentage values)
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' Source: elaborations on Bank of Italy's Financial Accounts. The figure reports data on the amount of ESG bonds
issued by Italian residents (right panel) and the share of this amount in total volumes of debt securities issued by
issuer sector.

The risk profile of the ESG bonds supply is skewed towards the lower-risk area
when compared to conventional ones. The top panel of Figure 3 shows that the rating
distribution for ESG bonds is more concentrated in the investment grade area than
their conventional counterparts with peaks in the A- and AA levels. The lower panel
of Figure 3 shows the comparison between euro-denominated and USD-
denominated securities within the ESG subsample. The rating distribution of euro-
denominated bonds is more concentrated in the investment grade area especially
around the A- level. The rating distribution of USD-denominated ESG bonds is
characterized by less pronounced peaks in the investment grade area. Differences in
the rating distribution may reflect differences in the characteristics of the issuers. Low-
risk corporations or triple-A governments may be more willing to issue ESG bonds as
they are considered more credible in their commitment to use the bond proceeds in
green or sustainable projects. Hence we suspect that the lower-risk profile of ESG
bonds merely reflects a self-selection bias.
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Figure 3: Debt Securities Ratings - March 2021
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' Source: elaborations on data drawn from the ECB Centralised Securities Data Base. This figure depicts the
distribution of ratings across categories of securities in the sample. The dotted vertical line at BBB- delimits the
investment grade region from the non-investment grade one.

5. Italian Residents’ Holdings of ESG Bonds

Debt securities are a key component of Italian residents' portfolio with the share of
total financial assets being equal to, on average, 19% in the last two decades even
though their weight has been declining since the 2011 sovereign debt crisis and the
Italian banking crises of the following years. The households sector held more than
40% of Italian residents' debt securities before the Lehman collapse at the end of
2008 and has progressively reduced its exposure down to less than 10% in 2020
(Figure 4, left panel). Banks, insurance corporations and pension funds have replaced
households as leading sectors in bond holdings with a share of, respectively, 25% and
30% in 2020. The picture within sectors is mostly consistent with that across sectors.
Banks have experienced an increasing weight of bonds in their portfolios from 10 to
20% (Figure 4, right panel) whereas the portfolio share of insurance corporations and
pension funds has been stable around 60% and that of investment funds has been
declining from 80% to 50%.
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Figure 4: Debt Securities held by Italian Residents

(percentage values)
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' Source: Bank of Italy's Financial Accounts. The left panel of the figure depicts the sectoral share in total debt
securities held by Italian residents between 2003 and 2020. The rightmost panel depicts the portfolio share of debt
securities across Italian sectors between 2003 and 2020.

Against this background, the rise of the global supply of ESG bonds has been
mirrored by a similar growth of their weight in Italian residents' portfolios. The
amount of ESG instruments in Italian residents' portfolios, which was negligible 5
years ago, has steadily increased up to euro 16.6 billion in 2019 and has more than
doubled in the last 5 quarters reaching euro 37.4 billion at the end of the first quarter
of 2021 (Table A.6). The share of ESG bonds in total holdings of debt securities
amounts to 1.4% at the end of 2020 and to 1.9% in the following quarter. The vast
majority of the ESG instruments are denominated in euro (92%) and exchanged on
regulated markets (88%). Portfolios are rather diversified when considering the
number of issuers — almost 500 —, securities — more than 1,000 — and countries.
Nevertheless ESG securities issued by Italian residents represent less than one third
of the bond portfolios (Table A.7) whereas among the non-resident issuers France,
Netherlands, Germany and Spain represent 40%. Other prominent ESG issuers, whose
securities are held by lItalian residents, are supranational entities, namely the
European Union (EU), the International Bank for Reconstruction and Development
(IBRD) and the European Investment Bank (EIB) together accounting for 15% of bond
portfolios. The share of ESG instruments exchanged on regulated markets is almost
100% for securities issued by non-residents whereas it falls to two thirds for those
issued by residents.

More than 70% of Italian residents' portfolios of ESG bonds are represented by
securities issued by non-resident institutions (Table A.8). Instruments issued by
supranational entities?® and non-resident financial intermediaries represent more
than one fourth of the ESG bond portfolio, followed by those issued by foreign non-
financial corporations and general governments. Lower shares concern domestic
banks and non-financial corporations and non-resident banks.

2 The European Union, the European Investment Bank (EIB) and the World Bank (WB)
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In March 2021 the most significant ESG bond holding sectors are the insurance
corporations (37%) and the banking sector (35%) thus accounting for almost three
quarters of all the ESG debt securities held by Italian residents (Table A.9). Other
important ESG bond holding sectors are that of the investment funds whose share is
15% and, to a lesser extent, households and pension funds (5%). Yet, one has to
consider that two thirds of resident investment funds' shares are held by households
thus total holdings of ESG bonds are in principle higher due to the indirect holdings.
This is the idea behind the methodology commonly known as the look through
approach entailing the reclassification of asset management products from the
institutional investors sector to that of their subscribers, mostly households.

The risk profile of Italian residents' portfolios invested in ESG bonds is moderate-
low. Most of the securities held by Italian residents are classified into the investment
grade category?® (Figure 5). The risk profile is rather similar across sectors with
insurance corporations holding a slightly higher share of investment grade securities
but not on the highest end — AA or higher — of the rating range.

Figure 5: Holdings characteristics by sector
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' Source: elaborations on data drawn from the Bank of Italy Securities Data Base. The top panel depicts the
distribution of the ratings and of the residual maturity of ESG debt securities held by Italian residents. The 21
categorial rating classes of the three main rating agencies — Moody's, Fitch and Standard & Poor's —~have been
mapped into a sequence of integers going from 1 (C rating) to 21 (AAA rating) on which the estimation has been
performed. The curves have been estimated through weighted kernel density estimation with the portfolio share
being the weight. The vertical line at BBB- in the top panel figure delimits the investment grade area from the non-
investment grade one.

The weight of ESG bonds in Italian banks' portfolios has risen in the last few years.
The share of ESG bonds in total holdings of debt securities has reached 1.2% at the
end of 2020, whereas such share was less than 0.5% two years before (Figure 6, left
panel). The expansion is even more notable when the holdings of ESG debt securities
are scaled by the holdings of debt securities issued by the private sector with a
proportion of 3.4% at the end of 2020 and a bit more than 1% two years before.

%6 Securities with a BBB- or higher rating are considered as investment grade ones.
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Similarly, the number of banks holding ESG bonds in their portfolios has surged from
less than 20 at the end of 2015 to more than 50 intermediaries out of 165 holding
debt securities?” five years later (Figure 6, right panel). Among such banks, the
distribution of ESG portfolio shares has moved upwards with the median value
reaching 4.5% and with at least one fourth of the ESG-bond-holding banks having a
portfolio share of 7%.28 The larger ESG bonds investors are bigger banks as suggested
by the weighted mean being higher than the median portfolio share. Such trend has
been reducing in the last two years with a wider number of medium banks investing
in ESG securities.

Figure 6: Banks' holdings of ESG bonds

(percentage values)
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' Source: elaborations on Bank of Italy Supervision Statistics. This figure depicts the share of ESG debt securities in
banks' portfolios between 2015 and 2021 at aggregate level in left panel. In the rightmost panel the box and
whiskers plot represent the distribution of ESG debt securities share in banks' portfolios. The three horizontal lines
of the box represent, from bottom to top, the 25th, 50th and 75th percentile of the distribution in a given quarter
whereas the lower and the upper whiskers represent the 5th and 95th percentiles.

Mutual funds have experienced a similar pattern of growth of ESG debt securities
in their portfolios. Their share in total holdings of debt securities was 3% at the end
of 2020, whereas the proportion in total holdings of debt securities issued by the
private sector has risen to more than 5% (Figure 7, left panel). The share of mutual
funds that have invested in ESG bonds has increased to 40%, whereas 70% of asset
management companies (AMC) manage a green-bondholding mutual fund (Figure 7,
left panel). Analogously, the number of ESG-bond-holding funds has surged to 400%
at the end of 2020 with one fourth of the distribution lying above 4% in terms of ESG

27 The total number of banking groups and stand-alone banks in Italy at the end of March 2021 was
276.

28 Considering that 50 banks were holding green debt securities at the end of 2020, this implies that 25
of them had at least a portfolio share of 4.5% and 12 held green bonds accounting for at least 7% of
their non-Italian government portfolio.

2 The universe of open-end mutual funds which are resident in Italy consists of 1,190 funds at the end
of 2020.
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portfolio share and one fourth having a share ranging between 2 and 4% (Figure 7,
right panel).

Figure 7: Investment funds' holdings of ESG bonds
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" Source: elaborations on Bank of Italy Supervision Statistics. This figure depicts the share of ESG debt securities in
banks' portfolios between 2015 and 2021 at aggregate level in left panel. In the rightmost panel the box and
whiskers plot represent the distribution of ESG debt securities share in funds' portfolios. The three horizontal lines
of the box represent, from bottom to top, the 25th, 50th and 75th percentile of the distribution in a given quarter
whereas the lower and the upper whiskers represent the 5th and 95th percentiles.

As already mentioned, insurance corporations represent the sector with the
largest share of ESG debt securities among lItalian residents. The portfolio share
invested in ESG bonds amounts to nearly 2% and the ratio to holdings of debt
securities issued by the private sector is more than 4% at the end of 2020 (Figure 8,
left panel). Three quarters of Italian insurance corporations have invested in ESG
bonds and for half of them the portfolio share is higher than 5% (Figure 8, right panel).

Figure 8: Insurance corporations' holdings of ESG bonds

16 Everything you always wanted to know about green bonds



(percentage values)

ESG bonds portfolio share Distribution of ESG bonds portfolio shares
|i's)
~ " . =1
Ratio .c.n‘ E$G bonds to totgl holdings of debt - . Distribution of partfalio shares o
securities issued by the private sector - of ESG bonds (<- left axis) e
w -— Share in total holdings of debt securities =3 Number of ESG-bond-holding
Share of ESG-bond-holding insurance corp. insurance corp. (right axis —>) B
(right axis ==>)
w I r-k?
= 8
s 8
Lo ]
L=}
o w
(=] =) cnt s i S S N S SO LA - = o

2017 2018 2019 2020 2021  2016-03-31 2017-09-30 ' 2019-03-31 2020-09-30

' Source: elaborations on Bank of Italy Supervision Statistics. This figure depicts the share of ESG debt securities in
banks' portfolios between 2015 and 2021 at aggregate level in left panel. In the rightmost panel the box and
whiskers plot represent the distribution of ESG debt securities share in insurance corporations' portfolios. The three
horizontal lines of the box represent, from bottom to top, the 25th, 50th and 75th percentile of the distribution in
a given quarter whereas the lower and the upper whiskers represent the 5th and 95th percentiles.

6. The Greenium Puzzle

In the previous sections we have delineated the supply characteristics of the ESG bond
market and we have provided a detailed description of the sectoral holdings of these
instruments by focusing on Italian residents. Now we assess to what extent the pricing
and the underlying yields of ESG debt securities are different from their conventional
counterparts. More precisely, we investigate whether a negative premium on ESG
bonds, commonly known as greenium, exists and whether it is heterogeneous across
issuer sectors. The puzzling aspect of such topic is that the existence of the greenium
would imply that financial investors are willing to purchase ESG debt securities at
higher prices than those of analogous securities in terms of liquidity, riskiness and
maturity. Yet, financial theory predicts that securities with the same characteristics
should guarantee the same yield regardless of the ESG label. A possible explanation
can be attributed to inner nature of investing in a socially-responsible way, which
entails that the investor evaluates the assets not only in terms of portfolio payoffs but
also in light of her own tastes as she would do for consumption goods (Fama and
French, 2007). A second explanation can be contextualized in the asset pricing theory
(APT) where green bonds would bear lower risk thanks to the certification process
which would guarantee a more regular monitoring and, in turn, higher transparency
(Fama, 1998). In the same APT context, a third explanation is related to the ESG assets
being less exposed to long-term climate change risks, be them a carbon tax or
physical risks.

We will also test the hypothesis that negative premia on ESG debt instruments
may have changed after the Covid-19 shock in 2020 due to a wake-up call mechanism
which is analogous to that described by Goldstein et al. (1998) for the Asian crisis of
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the 1990s and by Giordano et al. (2013) for the more recent sovereign debt crisis. Our
hypothesis is that the pandemic has triggered the acquisition of new information
leading to a higher awareness and to the reassessment of the climate change risk in
the medium-long term. Prior to the shock, the bond fundamentals would have
already justified a shift in preferences towards ESG bonds before but the risks were
not correctly perceived by investors. Such wake-up call can be seen as analogous to
that of the sovereign debt crisis when fiscal and macroeconomic fundamentals would
have justified a shift from riskier bonds of more indebted countries to those issued
by Germany even before the outbreak of the crisis. We employ a twofold approach
for the assessment of the greenium and of a Covid-19 shock.

In subsection 6.1 we present a yield-curve-based approach whereas in
subsection 6.2 the analysis is based on a security-level panel regression analysis with
high-dimensional fixed effects.

6.1 Yield Curves Analysis

The estimation of yield curves is carried out using a dataset consisting of monthly
observations on the prices of debt securities issued by financial and non-financial
corporations resident in the euro area and in the rest of the world. Data are drawn
from the Bank of Italy Securities Data Base reporting information on end-of-month
instruments' prices and yields at single security (ISIN code) level. The descriptive
statistics on the distribution of the yields-to-maturity of the debt securities selected
into the sample (Table A.10 and Table A.11) indicate that ESG bonds are characterized
by higher yields in the first two years of the sample period and by lower yields in the
subsequent two years.

The Nelson and Siegel (1987) yield curve model is the one we chose to
characterize the relationship between yields and residual maturities of the debt
securities in our sample. The Nelson-Siegel approach and its Svensson (1994)
refinement are the two most widely used specifications across central banks for the
estimation of yield curves, as summarized by Bank for International Settlements
(2005). According to such model, the yield y,(t) of a zero coupon bond with time to
maturity T at the end of month t is given by a function of four parameters:

1 — exp(—A:75) 1 — exp(—A:75)
ygVS(TS) = lgl,t - ﬁZ,t |:lt—TSt:| — P3t |:lt—TSt - exp(_AtTS) (1)

where By, B, and B3, can be seen as three latent factors whose loadings are

represented by L,(1,7) = 1, L,(A,7) = %T(_m and L;(A,7) = %T(_'m
The three latent factors can be interpreted in terms of curve characteristics, the level
L, the slope S; and the curvature S, respectively associated to the long-term, short-
term and medium-term factors. Such interpretation derives from the observation of
the factor loadings with the first one being constant and equal to one, thus the
corresponding factor f3; ;, can be viewed as a long-term factor. The second loading is
equal to one on the shortest maturity and rapidly decays to zero, hence it can
interpreted as the short-term factor. The third factor loading is equal to zero at the
beginning, increases, reaches its maximum and finally decays to zero in the long-
term, which leads to the medium-term interpretation of the corresponding factor. The

— exp(—A1).
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functional form of the third factor is governed by the A parameter determining the
maturity that maximizes the loading. The estimation entails the minimization of the
residuals of the Nelson-Siegel specification3® with respect to the vector of unknown

parameters (8, B, B3 1).

{ﬁ;:lzi:nﬁi: te )M ed(ly.(z) — y{"* (z))

)
S. t'ﬁl,f > 0, lgl,t + ﬁZ,f > O, Af > 0

In accordance with other studies such as Ibanez (2015), three constraints were
imposed to the optimization, i.e. a positive 1 and 8, >0 and ; + 3, > 0. In each
monthly reference date between June 2017 and March 2021 we run the estimation
on the original sample and subsequently draw 250 samples of securities belonging
to 8 categories based on the disaggregation by ESG/non-ESG, currency of
denomination (euro and USD) and institutional sector of the issuer (non-financial and
financial corporations). We omit the securities issued by the government sector as the
sample would be extremely small giving rise to unreliable estimates. The securities
selected into each of the 8 subsamples are those with an investment grade rating, i.e.
equal or over BBB- whereas all the remaining securities with a rating below that
threshold have not been considered in the estimation of the yield curve. By doing so,
we make sure that the securities are homogeneous in terms of riskiness. The result of
the estimation is a data set of more than 90,000 observations®' comprising the
estimated vector of parameters (B; B, B3 1) for each of the 8 categories of bonds in
each month of the sample period. Next we evaluate the 90,000 estimated yield curves
at each residual maturity between 1 month and 20 years (240 residual maturities in 1
month steps). The estimation results are reported in Table A.13 with the breakdown
of the sample into the 4 subcategories of instruments by type and issuer country of
residence. The final estimate of the yield curve is obtained by collapsing the data set
by instrument, reference area, reference date and residual maturity through the
calculation of the mean of the 250 yields corresponding each to one of the drawn
samples.

Overall, once we calculate the average values of the yields across the various
maturities, we can compare the average yield curve derived from the subsample of
ESG debt securities to the one derived from the subsample of non-ESG bonds issued
by non-financial corporations distinguishing euro-denominated from USD-
denominated instruments. The average yield curve of euro-denominated ESG bonds
lies below the non-ESG curve (Figure 9) resulting in a constantly negative spread
between ESG and non-ESG bonds. More precisely, the yield spread on euro-
denominated bonds increases in the residual maturity of the instruments: it starts
from less than 3 basis points for up-to-one-year maturity, rapidly grows to 10 basis
points at 10 years and ends at 11 basis points at the 20-year maturity (Figure 9, left

30 The model has been estimated for each month of the sample period using a non-linear optimization
procedure aimed at minimizing the median absolute errors (MAE) through the Augmented
Lagrangian Minimization Algorithm for optimizing smooth nonlinear objective functions with
constraints. The estimation is carried out on the subsamples of ESG euro and USD-denominated
securities and of conventional euro and USD-denominated ones issued by non-financial and financial
corporations.

31 45 reference dates between June 2017 and March 2020 x 251 samples (250 drawn samples + the
original one) x 8 categories (ESG/conventional-sector-currency).
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panel). The yield spread between USD-denominated ESG bonds and non-ESG bonds
is close to zero at very short maturities and subsequently increases at an analogous
pace reaching 13 basis points at 20-year residual maturity (Figure 9, right panel). The
overall mean value of the yield spread is extremely similar (9 basis points).

Figure 9: Average yield curves between 2017 and 2021
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" Source: elaborations on data drawn from the Bank of Italy Securities Data Base. This figure depicts the average
estimated yield curves estimated according to the Nelson-Siegel specification using end-of-month yields-to-
maturity for ESG and non-ESG debt securities between June 2017 and March 2021. The figure depicts the average
yields by residual maturity — expressed in years — of ESG and non-ESG instruments and their difference in terms of
basis points over the sample period.

The same exercise has been carried out on the sample of securities issued by financial
corporations and its results are shown in Figure 10 with the same currency
breakdown. We find a greenium on euro-denominated securities which is decreasing
in the residual maturity and amounting on average to 2 basis points (Figure 10, left
panel). On the other hand the average spread is 20 basis points for USD-denominated
bonds with the range being between 10 and 21 basis points depending on the
maturity (Figure 10, right panel).
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Figure 10: Average yield curves between 2017 and 2021
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' Source: elaborations on data drawn from the Bank of Italy Securities Data Base. This figure depicts the average
estimated yield curves estimated according to the Nelson-Siegel specification using end-of-month yields-to-
maturity for ESG and non-ESG debt securities between June 2017 and March 2021. The figure depicts the average
yields by residual maturity — expressed in years — of ESG and non-ESG instruments and their difference in terms of
basis points over the sample period.

Such results can be summarized in a more formal way by running a linear fixed-
effects regression of the yield of the debt securities issued by residents in area a at
the end of month ¢ on the ESG indicator variable which is equal to one if the security
is an ESG one and zero otherwise:

Yais = VESGq: + 0. My + HzMé,t + gzMg,t TN+ N+ Eqr 3)

where the third degree polynomial in the residual maturity M, should capture the
functional form of the yield curves we have just estimated through the Nelson and
Siegel (1987) approach. The model also includes area and time fixed effects so as to
account for, respectively, time-invariant characteristics of the economic areas and
common economic shocks and the economic cycle. The model is separately estimated
for non-financial and financial corporations (Table 1).

We find that ESG debt securities issued by non-financial corporations are
characterized by 8 basis points lower yields than their non-ESG counterparts. The
yield spread is a slightly higher for financial corporations (11 basis points). Next we
test whether the pandemic shock has increased such spreads with the introduction of
the interaction of the ESG indicator variable with a COVID indicator variable which is
equal to one for all the observations following March 2020. Once we control for the
COVID shock, we obtain a small reduction of the base ESG effect and at the same
time we find an incremental effect of the negative premium. The additional greenium
is estimated to be 10 basis points for non-financial corporations and 5 basis points
for financial corporations. Hence the result obtained with the analysis of the yield
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curves is again corroborated by a more formal analysis through linear fixed effects
regressions.

Determinants of Bond Yields - Yield Curves Samples

Table 1
Corporations
Non-financial Financial Non-financial Financial
ESG -0.0843*** -0.1140%** -0.0554*** -0.1009***
(0.0002) (0.0003) (0.0003) (0.0003)
ESG x COVID -0.0998*** -0.0454***
(0.0005) (0.0006)
MATURITY -0.1963*** -0.1949%*** -0.1963*** -0.1949***
(0.0002) (0.0002) (0.0002) (0.0002)
MATURITY2 -0.0087*** -0.0084*** -0.0087*** -0.0084***
(0.00002) (0.00003) (0.00002) (0.00003)
MATURITY3 -0.0007*** -0.0007*** -0.00071*** -0.00071***
(0.000001) (0.000001) (0.000001) (0.000001)
Area FE Yes Yes Yes Yes
Time FE Yes Yes Yes Yes
N 10,805,040 10,805,040 10,840,560 10,840,560
adj. R? 0.9048 0.8622 0.9051 0.8623

T This table reports the estimation results of a linear fixed effects model where the outcome variable is the yield
to maturity of a security measured at the end of the month. The explanatory variables are the residual maturity
of the security in terms of years (M), the indicator variable ESG and the COVID indicator variable being equal to
one after February 2020 and zero before.

6.2 Regression Analysis

The estimation of the yield curves, albeit carried out on rather homogeneous cross-
section samples of securities, may be subject to some factors we do not control for,
as shown by Table A.12 where one can notice that, depending on the particular
subsample we are focusing on, ESG bonds are structurally different from conventional
ones. ESG securities could be on average more liquid and the lower yields may reflect
such feature. We have carefully selected a subsample of the available securities based
on their investment grade rating, this nonetheless could be not enough if ESG bonds
are characterized by higher ratings even within the investment grade subsample as
Figure 3 could seem to suggest. A third factor we have not been considering is the
security listing on an exchange market thus leading on principle to higher
transparency and to a more reliable observed price. We could easily solve such
potential pitfalls by selecting narrower samples of securities for the estimation of the
yield curve or we could run our optimization procedures by minimizing a weighted
measure of errors accounting for the amount issued of the security. A viable
alternative could be a regression analysis based on the data at security level with the
following linear fixed effects model specification accounting for all the above-
mentioned confounding factors:
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where the yield to maturity of security s at the end of month t is regressed on the ESG
indicator variable being equal to zero prior to the Covid-19 shock in March 2020 and
equal to one in the following months. Additionally, the model includes a third degree
polynomial in the residual maturity M;, and a vector of time-varying control variables,
namely the indicator variable LISTED equal to one if the security is traded on an
exchange, the quadratic form of the RATING of the security and the logarithm of the
issued amount. The model is saturated with issuer-time fixed effects in order to
account for unobserved time-varying characteristics of the issuer such as managerial
skills, size of the firm, financial structure, etc.. We further saturate the model with
country-time fixed effects to account for economy-wide shocks and the financial cycle
affecting the dynamics of GDP, real interest rates, government debt. Finally we control
for the currency of denomination of the securities which usually coincides with the
country but in the case of monetary unions and of international corporations issuing
in several currencies could a factor to control for. The model is estimated on three
sectors, i.e. non-financial corporations, financial corporations and the government
sector. The specification is additionally enriched by the interaction of the ESG
indicator variable with a COVID indicator variable being equal to one after March
2020 and zero before. Such interaction should capture the effects of the Covid-19
pandemic on the ESG market yields and isolate them from the base difference.

The estimation results of the model provide a picture which is mostly consistent
with our a priori. In the baseline model we find that if the bond is traded on an
exchange then, as expected, this leads to a lower yield of 4-6 basis points depending
on the sector (Table 2). A higher rating determines a lower yield as this incorporates
lower risk premia, the larger the amount issued, the lower the yield which is
attributable to benefits of securities that are traded in larger volumes and by a larger
number of investors. The coefficients of the ESG indicator variable are all statistically
significant across the three sectors in the baseline model. The greenium, i.e. the
difference between the yields on ESG bonds and the yields on their non-ESG
counterparts, is estimated to be 10 basis points for the non-financial corporations
and is even higher (16 basis points) for financial corporations. On the other hand, the
yield spread for debt securities issued by the government sector is half as much as
that of the non-financial corporations (5 basis points). On the one hand, such findings
are slightly greater than the one found by Zerbib (2019) that on average finds a
greenium equal to 2 basis points by running a matching estimation on Bloomberg
database; then they show that such negative premium is more pronounced for low-
rating bonds and when the issuer is a financial institution. On the other hand, our
results are lower than those reported by Fatica et al. (2021) who run a regression
analysis on a Dealogic DCM and CBI data: by controlling for maturity, currency, rating
and bond size they find a large greenium for non financial institutions (22 bps) and
no significant difference for the financial ones. As for the securities issued by
Governments, our results are consistent with anecdotal findings by Banca d'ltalia
(2021) related the emission the first Italian green bond in March 2021.
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Determinants of Bond Yields - Debt Securities Sample

Table 2
Corporations Corporations
'Nonj Financial Government 'Nonj Financial Government
financial financial
ESG -0.0981***  -0.1574***  -0.0532*** -0.0461*** -0.1280*** -0.0451*
(0.0093) (0.0091) (0.0195) (0.0131) (0.0122) (0.0253)
ESG x COVID -0.1035***  -0.0663*** -0.0201
(0.0185) (0.0182) (0.0397)
LISTED -0.0645***  -0.0350*** -0.0367*** -0.0646*** -0.0351*** -0.0367***
(0.0030) (0.0038) (0.0070) (0.0030) (0.0038) (0.0070)
RATING -0.3750%**  -0.2477***  -0.2256***  -0.3749***  -0.2477*** -0.2256***
(0.0031) (0.0009) (0.0025) (0.0031) (0.0009) (0.0025)
AMOUNT -0.0220***  -0.0935***  -0.0113*** -0.0219*** -0.0935*** -0.0113***
(0.0008) (0.0011) (0.0006) (0.0008) (0.0011) (0.0006)
MATURITY -0.1237***  -0.1035***  -0.0840*** -0.1239*** -0.1036*** -0.0840***
(0.0022) (0.0027) (0.0050) (0.0022) (0.0027) (0.0050)
MATURITY? -0.0044***  -0.0059***  -0.0069***  -0.0044*** -0.0059***  -0.0069***
(0.0003) (0.0004) (0.0006) (0.0003) (0.0004) (0.0006)
MATURITY3 -0.0003***  -0.0003***  -0.0004*** -0.0003*** -0.0003*** -0.0004***
(0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
Issuer x Time FE Yes Yes No Yes Yes No
Country x Time FE Yes Yes Yes Yes Yes Yes
Currency x Time FE Yes Yes Yes Yes Yes Yes
N 331,134 376,082 97,797 331,134 376,082 97,797
adj. R? 0.931 0.852 0.896 0.931 0.852 0.896

" This table reports the estimation results of a linear fixed effects model where the outcome variable is the yield
to maturity of a security measured at the end of the month. The explanatory variables are the residual maturity
of the security in terms of years (M), the indicator variable LISTED being equal to one if the security is listed on an
exchange, the RATING mapped into a numeric sequence of integers as illustrated in Figure 3, the log amount
issued AMOUNT, residual MATURITY, the indicator variable ESG and the COVID indicator variable being equal to
one after February 2020 and zero before.

Next, we investigate whether the Covid-19 shock had an effect on the yield
spread between ESG securities and conventional counterparts. To this end we
introduce an additional indicator variable COVID being equal to one after the shock
has occurred in March 2020 and zero before. We interact the COVID indicator variable
with the ESG indicator variable in order to estimate the possible additional premium
following the Covid-19 outbreak. The magnitude and the significance of all the
control variables remain the same as in the baseline model. We find that the base
effect of the ESG label on the yield falls to 5 and 13 basis points for non-financial and
financial corporations and is unchanged for the government sector, even though with
a reduced statistical significance level of 10% for the latter. The pandemic shock has
induced an additional negative premium on ESG bonds issued by non-financial and
financial corporations (10 and 7 basis points) whereas we do not find evidence of an
additional negative premium on those issued by the government sector.
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7. Conclusions

ESG bonds are bound to be a key financial instrument to channel financial resources
into green, sustainable and social projects. The adoption of such instruments by
corporations and governments has rapidly increased in the last five years, with a
dramatic expansion of the volumes issued and of the number of issuers. We compiled
a comprehensive list of ESG securities, partly web-scraped and partly hand-collected,
by exploiting only publicly available information from a wide variety of online sources.
Next we merged this list with microdata used for official statistics such as financial
accounts, security holdings, banks' and investment funds' balance-sheets.

Based on the integrated data base we show that the euro area, China and the US
are three major players in the global supply of ESG bonds. In Europe, Germany and
France are by far the countries with the largest share of ESG bond supply especially
due to the role of the government sector. The expansion of the ESG instruments
supply is mirrored by the increase of their weight especially in financial intermediaries'
assets, exceeding 4% in funds' portfolios and 2% for banks and insurance
corporations.

Finally, we analyzed the yields of ESG debt securities in order to contribute to the
literature debate on the greenium puzzle, i.e. the negative premium on ESG bonds
when compared to conventional ones with the same characteristics in terms of
liquidity, riskiness and maturity. We find evidence for a statistically significant
negative premium on ESG bonds with heterogeneity across sectors and over time.
The negative premium is estimated to be 5 basis points for the non-financial
corporations and government sectors whereas it is higher (13 basis points) for the
financial sector. We also find evidence of an additional negative premium following
the Covid-19 shock only for the non-financial corporations (10 basis points) and
financial sector (7 basis points).
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Appendix

A.1 Information Sources

CBI reports a "Bond Library' where provides an overview of new green bond issuers
entering the market; moreover, we check for repeated issues by using the "Market
Blogs Archive' where CBI highlights a summary of the green bond market by
reporting the list of the new and repeated issuers as well as the excluded and pending
bonds starting from 2018; even if subsequent issues are not reported before 2018,
we check for them. This information is strictly linked to the “Labelled Green Bonds
Database' and the “Certified Bond Database' where CBI publishes the full list of
latest 3 months new and repeated green bonds and the list of all bonds aligned to
the certification scheme under the Climate Bonds Standards, respectively (to meet
Climate Bonds Standards securities must be certified by third-party approved verifiers
and aligned to more tight criteria ensuring consistency with the goals of the 2015
Paris Agreement to limit warming under 2 Celsius degrees). A similar exercise is
carried out by using the daily updated "EF bond database’ listing the 25 most recent
ESG bond issuances (categorized in green, sustainable, sustainability-linked and social
bonds) and augmented by using the list of issuer reported by the "Sustainable bonds
database' provided and monthly updated by the ICMA.
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ESG Bonds — Sources

(euro billions) Table A1
Source Total GRE SOC NN CSDB Volumes
CBI/ICMA/EF 9,221 7,72 794 707 3,871 1,341.6
US Nasdaq 5,556 5,254 270 32 510 130.1
Green indexes 1,963 1,963 0 0 1,718 852.0
Luxembourg Stock

Exchange 961 522 74 365 919 4751
Research institutes 798 481 10 307 727 352.5
Other 437 354 37 46 399 2124
Euronext 392 362 15 15 378 244.2
Nasdaqg Nordic 328 320 3 5 309 27.2
London Stock

Exchange 284 210 2 72 274 78.8
Bérse Frankfurt 259 259 0 0 255 261.5
Singapore

Exchange 222 145 26 51 202 80.7
BIX Malaysia 201 187 0 14 200 13
Borsa ltaliana 138 71 14 53 134 264.8
Asean Capital

Market Forum 125 125 0 0 119 1.9
World Bank 108 108 0 0 29 1.8
Oslo Bars 68 68 0 0 68 7.5
Taipei Exchange 53 49 0 4 52 4.6

T This table reports statistics on the number of ESG debt securities broken down by market or information
provider. The following classification is applied: 'GRE': green bonds included those that also are aligned to the
social and/or sustainable principles as well as infrastructure green, transition, climate action, climate resilience,
climate awareness, environment and blue bonds; 'SOC": social bonds include infrastructure social, health and
microfinance ones; ; 'SUS": sustainable bonds include infrastructure sustainable, sustainable awareness, SDG-
linked and COVID-19 ones; ‘CSDB": number of securities found in the ECB CSDB. Volumes: euro billions
outstanding amounts.

30 Everything you always wanted to know about green bonds



ESG Bonds Volumes by Purpose of the Proceeds

(euro billions and percentage values) Table A2
Outstanding amounts Share
Source Total GRE SOC SuUsS GRE SOC SUsS
CBI/ICMA/EF 1,341.6 975.5 222.6 143.5 72.7 16.6 10.7
US Nasdaq 130.1 109.5 16.8 3.8 84.1 129 2.9
Green indexes 852 852 0 0 100 0 0
Luxembourg Stock
Exchange 4751 201.2 111.9 162 424 23.6 34.1
Research institutes 3525 304.9 5.9 41.7 86.5 1.7 11.8
Other 2124 179.4 5.7 27.3 84.5 2.7 129
Euronext 244.2 194.4 424 74 79.6 174 3
Nasdaqg Nordic 27.2 26.5 0.4 0.3 97.5 14 1.1
London Stock
Exchange 78.8 61.5 2.8 144 78.1 3.6 183
Bérse Frankfurt 2615 2615 0 0 100 0 0
Singapore
Exchange 80.7 54 104 16.4 66.9 12.8 20.3
BIX Malaysia 13 1.1 0 0.2 82.2 0 17.8
Borsa Italiana 264.8 135.7 66.3 62.7 51.3 25 23.7
Asean Capital
Market Forum 1.9 1.9 0 0 100 0 0
World Bank 1.8 1.8 0 0 100 0 0
Oslo Bars 7.5 7.5 0 0 100 0 0
Taipei Exchange 4.6 44 0 0.2 95.6 0 44

T This table reports statistics on the number of ESG debt securities broken down by market or information
provider. The following classification is applied: 'GRE': green bonds included those that also are aligned to the
social and/or sustainable principles as well as infrastructure green, transition, climate action, climate resilience,
climate awareness, environment and blue bonds; 'SOC": social bonds include infrastructure social, health and
microfinance ones; ; 'SUS": sustainable bonds include infrastructure sustainable, sustainable awareness, SDG-
linked and COVID-19 ones; ‘CSDB': number of securities found in the ECB CSDB. Volumes: euro billions

outstanding amounts.
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ESG Bond Supply Characteristics over Time

Table A3
Reference Total New Numberof:  ysp gyr Share of bonds issued by residents in:
date amount issues securities issuers share share ys. China Germany France Italy
2015 Q1 1927 127 528 204 49 155 23 555 0.7 6.2 0.2
2015 Q2 2159 232 658 236 50 182 22 545 1.3 6.0 0.2
2015 Q3 2635 476 760 253 50 283 24 482 11.1 5.0 0.1
2015 Q4 2839 204 892 285 68 277 24 482 10.8 6.1 0.1
2016 Q1 3324 485 962 310 74 332 25 443 18.7 5.2 0.1
2016 Q2 3569 245 1,069 342 84 334 29 430 179 5.2 0.2
2016 Q3 3843 276 1,157 381 9.5 317 2.7 441 16.7 4.8 0.2
2016 Q4 4245 407 1,274 427 102 308 28 450 15.6 52 0.2
2017 Q1 4794 554 1,359 461 10.1 353 29 414 14.2 11.4 0.2
2017 Q2 5196 40.7 1,488 520 105 349 31 420 137 10.7 0.2
2017 Q3 5662 469 1,699 592 123 338 34 415 12.8 104 0.2
2017 Q4 620.2 546 1979 683 13,5 338 3.8 409 12.2 10.0 0.5
2018 Q1 6735 535 217 729 135 343 38 396 1.7 9.6 04
2018 Q2 723.7 506 2374 798 142 340 43 389 11.0 9.1 04
2018 Q3 776.5 540 2,569 853 152 335 44 383 104 8.7 0.6
2018 Q4 8373 658 2,79 934 153 341 45 380 10.0 8.4 0.6
2019 Q1 9019 709 3,061 1012 16.0 342 50 36.2 9.7 8.5 0.7

2019 Q2 10099 110.1 3,401 1,106 171 353 52 339 94 83 0.8
2019 Q3 11018 970 3781 119 178 342 52 338 9.3 8.0 0.9
2019 Q4 11718 888 4103 1297 189 353 59 310 9.1 8.2 1.0
2020 Q1 12354 739 432 1347 196 360 63 289 9.0 83 1.0
2020 Q2 13748 1530 4576 1394 207 384 66 258 10.8 8.5 1.1
2020 Q3 15183 1652 4939 1494 226 398 72 224 12.5 9.1 1.2
2020 Q4 16728 1754 5364 1579 230 419 73 197 11.6 10.2 12
2021 Q1 18476 1849 5676 1647 235 436 68 1738 10.9 11.2 19

" This table reports summary statistics on ESG bond market supply between 2015 and 2021. Total outstanding
amount and new issues are reported in euro billions.
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ESG Bond Supply Characteristics by Issuer Country - March 2021

Table A4

Country Total  Median Numbgr of Ngmber Ampunt Number Origin.al ResidL'JaI
amount amount securities of issuers for issuer of sectors maturity maturity
CN 3282 0.2 843 372 0.9 11 7.6 4.1
FR 206.8 0.03 393 67 31 12 114 9.3
DE 202.2 0.03 281 41 49 11 8.5 6.9
us 1264 0.04 654 202 0.6 20 133 10.5
NL 109.1 0.5 178 50 2.2 11 11.0 8.9
KR 534 0.1 248 49 1.1 10 5.2 4.1
JP 425 0.1 321 122 0.3 14 10.1 8.8
ES 421 0.2 113 32 13 9 8.1 6.3
SE 40.5 0.05 455 84 0.5 11 54 3.8
GB 39.7 0.1 188 60 0.7 11 20.3 14.8
IT 343 0.5 65 33 1.0 9 8.8 7.1
Nz 323 0.1 20 6 54 3 93 7.0
BE 32.0 0.5 24 13 2.5 8 11.0 9.8
CA 26.3 0.2 80 38 0.7 12 13.7 114
HK 19.8 04 52 25 0.8 7 7.2 5.7
NO 17.2 0.1 104 40 04 9 6.1 44
KY 16.1 0.3 48 25 0.6 8 8.0 6.6
LU 16.0 0.3 49 25 0.6 9 8.1 6.5
AU 149 0.2 45 26 0.6 11 8.0 6.1
DK 14.6 0.5 30 10 15 5 14.6 13.0
CL 13.9 04 25 10 14 7 19.2 17.5
Fl 12.0 04 34 16 0.7 8 7.2 5.6
MX 9.9 0.2 24 11 0.9 8 1.2 83
IE 9.6 0.2 14 8 12 5 8.8 7.8
ID 85 04 18 8 1.1 5 6.6 4.8
IN 7.7 0.3 34 16 0.5 5 7.6 48
MU 6.1 04 18 8 0.8 4 53 3.0
AT 5.5 0.01 38 15 04 7 9.1 7.1
SG 48 0.1 26 14 0.3 5 6.9 49
VG 43 0.2 20 13 0.3 4 7.6 5.9

T This table reports summary statistics on ESG bond market supply by domicile country of the issuer at the end
of first quarter of 2021. Total, median and per-issuer amounts of the issues are reported in euro billions, original
and residual maturity are expressed in terms of years. The sectors considered in the calculation of the number of
sectors are the ESA 2010 institutional sectors, i.e. S.11, S.122-5.129, S.13, as reported in Table A.5.
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ESG Bond Supply by Country and Sector of the Issuer - March 2021

(euro billions) Table A5
Non-financial Dt?li?:gi;t_ OF| Financial ~ Captive  Insurance  General

Country corporations institutions auxiliaries institutions corporationsgovernment

S.11 S.122 S.125 S.126 S.127 S.128 S.13

CN 238 43 174 10.1 0 0 19.6
FR 35.7 30.6 1 1 0 0.8 137.7
DE 16.5 56.6 0 0.1 0.6 12 127.2
us 68 84 354 6.9 12 0.8 53
NL 16 421 47 6.5 29.1 0 10.7
KR 17 17.6 16.7 0.5 0 12 0.4
JP 179 5.1 12.8 12 0.4 0 49
ES 15 17.6 0 0 0 0 94
SE 184 129 0 0 0.2 0 9
GB 94 85 16.3 0.1 45 0.3 0.6
IT 143 9.1 0 1 0 1.4 8.5
Nz 31.8 0 0 0 0 0 0.5
BE 0.9 0 0.7 1 0 0 164
CA 43 5.5 6.7 0.2 0 12 8.5
HK 15 8.9 33 0.1 0 0 43
NO 4.1 12.2 0.2 0.5 0 0 0.1
KY 7.3 1.8 6.5 0.1 0.5 0 0
LU 0.2 2.8 0.6 0 104 0 1.5
AU 0.6 6 1.6 0.5 0 0.2 6
DK 54 9.1 0 0 0 0 0
CL 3.8 0.2 0 0.1 0 0 9.9
Fl 5.6 5.6 0.7 0 0 0 0.1
MX 0.7 0.6 74 0.1 0 0 0.8
IE 0 0 13 1 12 0 6.2
ID 2.1 0.4 5.9 0 0 0 0.1
IN 34 0.2 4 0 0 0 0
MU 0.8 0 48 0.6 0 0 0
AT 1.7 3 0 0 0.6 0.2 0
SG 0.8 2.8 0.1 1.1 0 0 0
VG 0 0 42 0 0.2 0 0
Total 557.6 325.2 157.2 34.1 51.2 7.9 402.5

" This table reports data on the break-down of ESG debt securities by residence country and sector of the issuer
excluding supranational institutions. Outstanding amounts are reported in euro billions. Sectors considered in the
table are the ESA 2010 institutional sectors whose corresponding codes are reported in the headers.
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Figure A.1: Share of ESG Bonds Supply by Country - Amount issued

(percentage values)

' This figure depicts the world share of the outstanding amount of ESG debt securities by country at the end of
March 2021. Data on the outstanding amount of the security and on the country of residence of the issuer are
drawn from the ECB Centralised Securities Data Base (CSDB). Supranational entities are excluded from the
calculation of the country shares.
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Figure A.2: Share of ESG Bonds Supply by Country - Number of securities

(percentage values)

" This figure depicts the world share of the total number of ESG debt securities issued by country at the end of
March 2021. Data on the outstanding amount of the security and on the country of residence of the issuer are
drawn from the ECB Centralised Securities Data Base (CSDB). Supranational entities are excluded from the
calculation of the country shares.
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Figure A.3: Share of ESG Bonds Supply by Country in Europe - Amount issued

(percentage values)

' This figure depicts the world share of the outstanding amount of ESG debt securities by country at the end of
March 2021. Data on the outstanding amount of the security and on the country of residence of the issuer are
drawn from the ECB Centralised Securities Data Base (CSDB). Supranational entities are excluded from the
calculation of the country shares.
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Italian Residents’ Holdings of ESG Bonds — Summary Statistics

Table A6

Reference Outstanding Number of: Maturity Currency share  |jsted

date amount  secuyrities issuers countries original residual EUR ~ USD share

2015 Q2 0.8 103 56 25 10.8 89 516 16.3 87.2
2015 Q3 23 116 61 26 11.2 93 837 6.3 98.8
2015 Q4 2.7 134 68 25 10.5 85 855 5.6 98.9
2016 Q1 4.0 144 74 27 104 83 896 39 994
2016 Q2 49 164 85 29 10.3 82 902 44 994
2016 Q3 6.0 181 89 30 10.3 8.1 911 4.1 99.5
2016 Q4 57 194 95 31 10.5 82 89.6 44 99.5
2017 Q1 4.1 211 105 34 10.5 84 839 6.6 994
2017 Q2 5.0 237 120 37 10.0 80 848 6.8 99.3
2017 Q3 5.1 277 138 42 10.2 83 829 9.1 98.7
2017 Q4 6.3 318 161 44 9.8 79 826 10.0 96.0
2018 Q1 6.8 342 173 48 9.3 74 835 94 96.7
2018 Q2 7.0 371 181 47 9.1 72 822 10.1 95.8
2018 Q3 7.6 389 189 46 9.0 69 826 10.0 92.9
2018 Q4 8.6 432 211 47 8.9 68 824 9.8 92.9
2019 Q1 10.9 482 222 48 9.0 69 852 8.6 90.1
2019 Q2 131 535 254 50 8.9 70 87.1 7.8 90.2
2019 Q3 14.6 575 269 50 9.3 73 876 75 90.2
2019 Q4 16.6 634 302 54 9.3 73 885 6.9 90.1
2020 Q1 17.8 700 322 52 9.5 75 892 6.3 89.6
2020 Q2 20.9 781 349 56 9.6 76 898 5.8 87.1
2020 Q3 24.5 871 391 58 9.6 75 912 5.1 87.3
2020 Q4 28.6 958 417 61 9.6 76 915 49 88.0
2021 Q1 374 1,090 471 66 12.1 10.1 925 4.5 884

" This tables reports summary statistics on Italian residents' holdings of ESG debt securities between 2015 and
March 2021. Data are drawn from the harmonized Securities Holdings Statistics (SHS). The outstanding amount,
net of Bank of Italy's holdings, is reported in euro billions, original and residual maturities are expressed in terms
of years. Listed share is the percentage proportion of ESG debt securities that are listed and traded on a financial
exchange.
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Italian Residents' Holdings of ESG Bonds by Issuer Country

Table A.7

Country Qutstanding Amount Number of: Maturity CL;Lraerr;cy Listed

Institute amount share share

securities issuers countriesoriginalresidual EUR USD

IT 11.2 30.1 50 24 8 7.9 6.4 100 0 65.4
FR 6.3 16.8 132 52 8 104 8.2 98.1 1.9 98.6
NL 35 9.3 120 43 8 8.6 6.7 97.7 1.8 99.5
EU 2.6 7.1 9 1 8 150 147 100 0 100
DE 2.5 6.7 83 33 8 123 10.5 98.0 1.6 96.5
ES 2.5 6.7 55 20 8 74 5.7 100 0 96.1
IBRD 1.8 47 125 1 8 7.1 46 243 325 94.7
EIB 1.0 2.7 39 1 8 11.6 76 515 36.5 100
BE 0.5 14 13 6 7 123 10.7 100 0 100
IE 0.5 14 6 5 8 104 8.9 989 1.0 100

CL 0.5 14 9 3 7 227 213 939 5.9 100
GB 0.5 13 44 30 8 9.0 6.2 829 04 99.9
PT 04 1.0 4 1 8 494 483 100 0 100
Other 35 9.4 401 251 8 175 157 833 134 97.5

T This tables reports summary statistics on Italian residents' holdings of ESG debt securities at the end March
2021. Data are drawn from the harmonized Securities Holdings Statistics (SHS). The outstanding amount, net of
Bank of Italy's holdings, is reported in euro billions, original and residual maturities are expressed in terms of
years. Listed share is the percentage proportion of ESG debt securities that are listed and traded on a financial

exchange.
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Italian Residents' Holdings of ESG Bonds by Issuer Sector

(euro billions and percentage values) Table A.8
Resident issuers Non-resident issuers
Reference Outstanding 'Nonj Depgsit— General 'Nonj Depgsit— General
date amounts financial tgkmg government financial ta'akmg government Other
corp. inst. corp. inst.
S.11 S.122 S.13 S.11 S.122 S.13
2015 Q2 0.8 3.1 0 0 26.8 6.4 38 59.9
2015 Q3 23 1.1 0 0 8.7 2.1 7.7 16.5
2015 Q4 2.7 1 0 0 7.7 38 71.8 15.6
2016 Q1 4.0 24 0 0 19 6.8 55.6 16.1
2016 Q2 5.0 6.5 0 0 17.1 5.2 55.9 15.4
2016 Q3 6 53 0 0 15.1 47 61.4 13.5
2016 Q4 57 6.5 0 0 18.6 5 544 15.5
2017 Q1 4.1 7.8 0 0 30.3 9.3 255 27.2
2017 Q2 5.0 6.4 1 0 25.8 9.3 31.6 259
2017 Q3 5.1 73 1 0 29 9.9 23.8 29.1
2017 Q4 6.3 10.9 35 0 253 9.9 20.9 29.5
2018 Q1 6.8 9.9 3.1 0 24.7 84 233 30.5
2018 Q2 7 9.4 3 0 24.7 11.2 18.7 33
2018 Q3 7.6 114 5.8 0 229 11.5 16.8 317
2018 Q4 8.6 10.7 5.6 0 21.5 125 16 337
2019 Q1 10.9 12.7 8 0 213 10.6 16.3 311
2019 Q2 131 13.2 9.2 0 204 121 15.3 29.8
2019 Q3 14.7 15.1 8.7 0 20.3 11.6 15.7 283
2019 Q4 16.6 15.6 10.1 0 19.6 11.5 14.2 27.8
2020 Q1 17.8 133 11.1 0 19.2 10.8 16.7 28.1
2020 Q2 20.9 12 133 0 19.9 10.8 16.8 26.3
2020 Q3 24.5 10.6 13 0 19 11 20.2 24.3
2020 Q4 28.6 9.5 11.2 0 19.8 11.2 18.8 27.6
2021 Q1 374 10 10.3 8.3 16.2 9.6 19 25.1

T This table reports data on Italian residents' holdings of ESG debt securities, broken down by issuer sector.
Outstanding amounts held by Italian residents are reported in euro billions whereas the following columns report
the percentage share issued by resident and non-resident institutional sectors according to the ESA 2010
classifications. Bank of Italy's holdings of ESG debt securities are excluded from the total outstanding amount.

40 Everything you always wanted to know about green bonds



Italian Residents' Holdings of ESG Bonds by Holding Sector

(euro billions and percentage values) Table A9

Non- Deposit- . General Household
Reference Outstanding financial taking Investme Insuran Pension govern  sand Other
date amount corp. inst. nt funds ce corp. funds ment  NPISH

S.11 S122  S124  S128 S129 S13 S.14+S.15
2015 Q2 0.8 3.6 25 123 0 5.8 0.8 50.9 1.6
2015Q3 23 1.1 69.4 9.5 0 23 0.3 16.7 0.6
2015 Q4 27 1.2 65.6 124 0 4 0.6 153 1
2016 Q1 4.0 0.9 452 9.1 26.6 5.6 0.5 11.6 0.4
2016 Q2 5.0 0.8 50.8 8.8 23.1 6 0.5 9.6 0.4
2016 Q3 6 0.7 577 84 19.5 47 0.5 8.1 0.3
2016 Q4 57 1.7 50 8.5 24.6 49 0.6 93 0.4
2017 Q1 4.1 2.6 16.5 129 447 7 0.7 15 0.6
2017 Q2 5.0 22 244 13.2 40 53 0.7 135 0.7
2017 Q3 5.1 22 20.5 13.8 429 49 1 13.8 0.8
2017 Q4 6.3 1.8 22.7 14 415 4.6 2.2 125 0.6
2018 Q1 6.8 1.7 21.3 13.1 436 5 2.2 124 0.7
2018 Q2 7 1.7 164 123 484 53 2.1 13.2 0.7
2018 Q3 7.6 1.7 174 124 482 5.1 19 125 0.9
2018 Q4 8.6 1.5 16.2 12.6 50.2 5 1.8 121 0.7
2019 Q1 10.9 13 21.1 13.2 472 48 1.5 10.2 0.6
2019 Q2 13.1 0.7 234 15.3 438 49 2.2 9.2 0.5
2019 Q3 147 0.6 238 16.9 427 5 2 8.6 0.5
2019 Q4 16.6 0.8 254 15.9 415 5.1 19 8.6 0.7
2020 Q1 17.8 0.8 28.3 14.2 412 5.2 17 7.9 0.7
2020 Q2 20.9 0.8 28.9 15.5 40.7 5 13 7.1 0.7
2020 Q3 24.5 0.7 29.2 15.6 413 5.2 12 6.1 0.6
2020 Q4 28.6 0.6 28.6 16.2 421 5.4 1.1 5.6 0.5
2021 Q1 374 1.8 35.1 15 36.7 4.6 1.1 5.2 0.5

" This table reports data on Italian residents' holdings of ESG debt securities, broken down by holding sector.
Outstanding amounts are reported in euro billions whereas the following columns report the percentage share
held by lItalian resident institutional sectors according to the ESA 2010 classifications. Bank of Italy's holdings of

ESG debt securities are excluded from the total outstanding amount.
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Yields to maturity of Euro-denominated Bonds - Summary statistics

(percentage values) Table A.10
Sector  Instrument Year 25t Mean 50th 75t SD N

2017 0.46 0.94 0.88 1.28 0.64 4,379

2018 0.57 1.13 1.06 1.53 0.77 8,08

Conventional 2019 0.27 0.78 0.60 1.09 0.71 8,863

2020 0.27 0.83 0.61 1.13 0.81 10,561

ﬁ:‘az:i'al 2021 0.16 0.52 0.37 0.72 0.57 2,487
corp. 2017 0.74 1.16 1.06 141 0.74 199

2018 0.87 1.31 1.23 1.65 0.71 405

ESG 2019 0.29 0.75 0.62 1.00 0.66 628

2020 0.23 0.71 048 0.93 0.72 922

2021 0.19 0.51 0.39 0.63 0.57 290

2017 0.34 1.25 0.75 1.51 137 11,972

2018 0.41 1.33 0.89 1.71 1.31 24,191

Conventional 2019 0.25 1.07 0.67 142 1.20 23,589

2020 0.25 1.05 0.67 143 1.19 22,652

Financial 2021 0.19 0.86 0.44 0.98 124 4,986
corp. 2017 0.19 0.52 0.39 0.75 042 291

2018 0.30 0.74 0.62 1.18 0.56 711

ESG 2019 0.18 0.55 0.40 0.74 0.54 871

2020 0.20 0.64 0.44 0.87 0.64 1,176

2021 0.14 0.44 0.31 0.53 0.48 315

2017 0.37 1.13 0.86 1.61 0.96 3,864

2018 0.39 1.23 0.91 1.75 1.07 6,882

Conventional 2019 0.28 1.06 0.71 1.55 1.01 5,262

2020 0.18 0.80 0.50 1.19 0.85 4,207

General 2021 0.16 0.66 0.38 0.81 0.93 881
government 2017 0.30 0.58 0.50 0.76 0.41 100
2018 0.35 0.68 0.63 0.94 043 198

ESG 2019 0.18 0.46 0.38 0.64 0.35 191

2020 0.09 0.31 0.26 043 0.30 217

2021 0.10 0.29 0.25 0.38 0.27 84

" This table reports summary statistics on the yields of the euro-denominated debt securities issued by euro area
residents broken down by issuer sector, type of instrument (ESG/non-ESG) and reference year.
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Yields to maturity of USD-denominated Bonds - Summary statistics

(percentage values) Table A.11
Sector  Instrument Year 25t Mean 50th 75t SD N
2017 2.75 3.29 3.19 3.75 0.84 20,184

2018 3.52 4.02 3.94 4.41 0.82 37,381

Conventional 2019 2.60 3.29 3.12 3.79 0.96 48,904

2020 1.31 2.27 2.06 293 1.33 58,615

ﬁ:‘az:i'al 2021 1.03 1.94 1.78 2.66 113 15679
corp. 2017 3.01 3.41 323 396 061 145
2018 3.67 4.22 3.99 4.77 0.76 325

ESG 2019 2.61 3.23 3.08 3.69 0.79 642

2020 1.42 2.29 1.95 2.89 1.32 1,081

2021 1.31 1.94 1.98 2.54 0.86 361

2017 2.54 3.1 3.03 3.62 0.98 17,402

2018 3.28 3.80 3.76 4.32 1.04 36,66

Conventional 2019 2.50 3.10 3.00 3.59 0.93 49,54

2020 0.98 1.98 1.81 2.62 1.32 58,421

Financial 2021 0.62 1.50 127 2.10 113 14,924
corp. 2017 2.08 2.52 2.55 2.87 0.78 180
2018 294 3.34 3.23 3.74 0.86 481

ESG 2019 2.34 2.78 2.72 3.24 0.75 883

2020 0.84 1.52 1.24 2.13 1.00 1,292

2021 0.59 1.17 1.00 1.59 0.75 403

2017 2.08 2.73 2.58 332 1.07 2,85

2018 2.77 333 3.19 3.92 1.07 5,321

Conventional 2019 1.83 2.52 2.37 3.02 1.03 7117
General 2020 0.32 1.37 0.99 2.05 1.30 8,404
government 2021 0.30 1.25 0.86 1.91 1.19 2,184
2019 1.97 2.01 2.02 2.09 0.14 15

ESG 2020 0.91 1.33 1.15 1.81 0.58 50

2021 0.91 1.33 1.33 1.76 0.58 35

T This table reports summary statistics on the yields of the USD-denominated debt securities issued by non-euro
area residents broken down by issuer sector, type of instrument (ESG/non-ESG) and reference year.
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Yield Curve Estimation - Sample Characteristics

Table A.12
Area Issuer ESG Rating Numb(—:jr.of (log) amount Re5|dgal
sector securities maturity
Non- no 144 1,257.3 20.1 7.1
financial yes 147 64.5 20.1 8.1
no 16.2 2,600.3 19.5 7.1
Euro area Financial
yes 15.7 85.1 20.2 6.0
no 15.9 563.2 171 94
Government
yes 18.0 1.2 20.6 9.9
Non- no 144 4,021.9 19.8 7.0
financial yes 15.0 518 19.8 7.0
Rest of the World no 15.5 3,947.7 20.0 53
Financial
(USD) yes 16.9 56.4 20.0 39
no 18.0 575.8 21.9 6.2
Government
yes 184 2.9 20.3 6.1

T This table reports summary statistics on the samples used for the estimation of the yield curves over time. The
samples include only securities with rating information and with investment grade characteristics, i.e. those with
a BBB or higher rating. The rating class has been mapped into a numeric sequence of integers as illustrated in
Figure 3.
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Yield Curves Estimation Results

Table A.13
Area Sector  Instrument Parameter 25t Mean 50t 75t SD N
A 1.80 1.85 1.91 1.97 0.21 11,294
Bi 1.47 1.79 1.94 2.16 0.48 11,294
Conventional
B2 -213 -161 -187 -1.28 0.76 11,294
Non- Bs -282 -259 -245 -220 075 11,294
financial
corp. A 1.82 1.85 1.95 199 026 11,289
ESG B 1.22 167 184 213 057 11,289
B2 -208 -151 -178 -110 0.85 11,289
Bs -280 -251 -241 -216 0.85 11,289
Euro area
A 1.77 1.81 1.92 1.98 0.28 11,294
Bi 1.54 1.75 1.80 2.07 0.47 11,294
Conventional
B -197 -149 -169 -126 084 11,294
Financial B3 -278 -253 -242 -217 091 11,294
corp. A 1.82 1.87 194 199 020 11,294
ESG B 1.41 1.80 183 222 0.56 11,294
B2 -215 -159 -172 -1.20 0.84 11,294
Bs -3.02 -276 -265 -229 0.93 11,294
A 1.03 1.31 1.30 1.58 0.35 11,295
B 308 363 370 419 067 11,295
Conventional
B2 -206 -188 -183 -166 0.38 11,295
Non- Bs -207 -194 -187 -176 033 11,295
financial
corp. A 0.90 1.25 1.29 170 0.52 11,143
ESG Bi 2.86 3.49 3.51 4.05 0.75 11,143
B2 -205 -175 -180 -1.58 0.74 11,143
Rest of Bs -208 -185 -185 -1.68 065 11,143
the World
(USD) A 1.00 1.25 1.24 1.51 0.35 11,295
B 308 364 374 420 070 11,295
Conventional
B2 -209 -185 -180 -160 041 11,295
Financial B3 -206 -192 -185 -173 037 11,295
corp. A 1.07 1.31 1.33 1.57 0.37 11,286
ESG Bi 2.99 343 3.48 3.90 0.64 11,286
B2 -211 -175 -180 -1.50 0.69 11,286
Bs -209 -190 -188 -1.71 0.47 11,286

T This table reports the estimated parameters of the Nelson-Siegel yield curve model on a sample of investment
grade debt securities issued by non-financial corporations of the euro area and of the rest of the world. Data are
referred to the period spanning from June 2017 to December 2020. For each combination of reference area (euro
area and rest of the world), instrument type (ESG and non-ESG bonds) and reference date 250 random samples
with repetition have been drawn from the available sample of securities as described in Table A.10 and Table A.11.
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Data base components

An official register of ESG bonds does
not exist. We used three main components
for our list:

@ ESG debt securities which are quoted
on dedicated bond markets ;

@ available information published by
providers such as CBI, Environment
Finance (EF) and ICMA ;

© composition of some of the main green
indexes and previous reports.

D. Liberati, G. Marinelli

Other components from official statistics
micro-data:

© Bank of Italy Security Data Base ;

@ Bank of Italy supervisory statistics on
individual banks’, mutual funds’ and
insurance corporations balance-sheets;

© Bank of Italy Security Holdings
Statistics (SHS);

@ Harmonized statistics on sectoral
financial accounts compiled by the
Bank of Italy.
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© Global Supply
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ESG Bond Supply Expansion
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Share of ESG Bonds Supply by Country - Amount issued
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Share of ESG Bonds Supply by Country - Amount issued
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ESG Bond Supply by Country and Sector of the Issuer

Non-financial ~ Deposit-taking Financial Captive Insurance General

Corporations Institutions OFl  Auxiliaries Institutions  Corporations  Government
Country S.11 S.122  S.125 S.126 S.127 S.128 S.13
CN 238 43 174 10.1 0 0 19.6
FR 35.7 30.6 1 1 0 0.8 137.7
DE 16.5 56.6 0 0.1 0.6 1.2 127.2
us 68 8.4 35.4 6.9 1.2 0.8 5.3
NL 16 42.1 4.7 6.5 29.1 0 10.7
KR 17 17.6 16.7 0.5 0 1.2 0.4
JP 17.9 5.1 12.8 1.2 0.4 0 4.9
ES 15 17.6 0 0 0 0 9.4
SE 18.4 12.9 0 0 0.2 0 9
GB 9.4 8.5 16.3 0.1 4.5 0.3 0.6
IT 14.3 9.1 0 1 0 1.4 8.5
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ESG Bonds' Ratings

Rating Distribution by Instrument
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© Italian Residents’ Holdings
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ESG security holdings - Italian residents

Reference Outstanding Number of Maturity Currency share Listed

date amount securities  issuers  countries | original residual | EUR USD | share

2015 Q4 2.7 134 68 25 10.5 8.5 85.5 5.6 98.9

2016 Q4 5.7 194 95 31 10.5 8.2 89.6 4.4 99.5

2017 Q4 6.3 318 161 44 9.8 7.9 82.6 10.0 96.0

2018 Q4 8.6 432 211 47 8.9 6.8 82.4 9.8 92.9

2019 Q4 16.6 634 302 54 9.3 7.3 88.5 6.9 90.1

2020 Q1 17.8 700 322 52 9.5 7.5 89.2 6.3 89.6

2020 Q2 20.9 781 349 56 9.6 7.6 89.8 5.8 87.1

2020 Q3 24.5 871 391 58 9.6 7.5 91.2 5.1 87.3

2020 Q4 28.6 958 417 61 9.6 7.6 91.5 4.9 88.0

2021 Q1 37.4 | 1,090 471 66 12.1 10.1 | 92.5 4.5 | 88.4

Reference Outstanding Non-financial Deposit-taking Investment Insurance Pension General Households
date amount corporations institutions funds corporations funds Government and NPISH Other
S.11 S.122 S.124 S.128 S.129 S.13 S.144S.15
2015 Q4 2.7 1.2 65.6 12.4 0 4 0.6 15.3 1
2016 Q4 5.7 1.7 50 8.5 24.6 4.9 0.6 9.3 0.4
2017 Q4 6.3 1.8 22.7 14 41.5 4.6 2.2 12.5 0.6
2018 Q4 8.6 1.5 16.2 12.6 50.2 5 1.8 12.1 0.7
2019 Q4 16.6 0.8 25.4 15.9 41.5 5.1 1.9 8.6 0.7
2020 Q1 17.8 0.8 28.3 14.2 41.2 5.2 1.7 7.9 0.7
2020 Q2 20.9 0.8 28.9 15.5 40.7 5 1.3 7.1 0.7
2020 Q3 24.5 0.7 29.2 15.6 41.3 5.2 1.2 6.1 0.6
2020 Q4 28.6 0.6 28.6 16.2 42.1 5.4 1.1 5.6 0.5
2021 Q1 37.4 | 1.8 35.1 15 36.7 4.6 1.1 5.2 0.5
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Banks' holdings

ESG bonds portfolio share Distribution of ESG bonds portfolio shares
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Investment funds’ holdings

ESG bonds portfolio share
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Insurance corporations’ holdings
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e The Greenium Puzzle

D. Liberati, G. Marinelli
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What is the greenium?

Previous findings and anecdotal
evidence

@ Negative yield spread between ESG and
conventional bonds on the primary and
secondary market

@ Size of the premia ranges between 1
and 69 bps

o A few studies show a positive spread

Possible explanations

@ Socially responsible investing — not
only portfolio payoffs but tastes for
assets as consumption goods (Fama
and French 2007).

@ Asset pricing theory (Fama, 1998):
green bonds with lower risks due to:
© regular monitoring — higher
transparency

@ conventional bonds exposed to
long-term climate-change risks
(carbon tax or physical risks)

D. Liberati, G. Marinelli Everything You Always Wanted to Know About Green Bonds

17



Yield Curve Estimation - Nelson-Siegel (1987) model

— exp(=AiTs)

1 —exp(—MTs) 3 1 — exp(—NeTs)
AiTs Bt AiTs

Y5 (1) = Brt — Bay [

minimize Med 7o) — NS (r
{B1,t,82,t,03,¢, A\t } (}yt( S) vi ( S)D

s.t. 517,5 >0
Bt + P2, >0
At >0

@ In each monthly reference date between June 2017 and March 2021 we run the estimation
on the original sample of investment grade securities

o We subsequently draw 250 samples of securities belonging to 8 categories based on the
disaggregation by ESG/non-ESG, currency of denomination (euro and USD) and
institutional sector of the issuer (non-financial and financial corporations).
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Yield Curve Analysis - Non-financial corporations
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Yield Curve Analysis - Financial sector
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Panel Regression

We carefully selected our subsamples The yield v, of security s in month ¢ is regressed
for the yield curves estimation but... on:

@ ESG securities could be on average
more liquid and the lower yields
may reflect such feature

Yst = YESGt + 0" Xt + it + Nt + Nut + Est

ESG indicator variable

X+ vector of time-varying control variables at
security level

@ ESG bonds are characterized by
higher ratings even within the
investment grade subsample

75+ issuer-time fixed effects

@ Security listing on an exchange Ne,t country-time fixed effects

market

Ty, currency-time fixed effects
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Securiy-level Estimation Results

Corporations

Corporations

Non-financial Financial Government Non-financial Financial Government
ESG -0.098*** -0.1574%** -0.0532%** -0.0461%** -0.1280%*** -0.0451*
(0.0093) (0.0091) (0.0195) (0.0131) (0.0122) (0.0253)
ESG x COVID -0.1035%** -0.0663*** -0.0201
(0.0185) (0.0182) (0.0397)

LISTED -0.0645*** -0.0350*** -0.0367*** -0.0646*** -0.0351*** -0.0367***
(0.0030) (0.0038) (0.0070) (0.0030) (0.0038) (0.0070)

RATING -0.3750%** -0.2477%** -0.2256*** -0.3749%** -0.2477%** -0.2256%**
(0.0031) (0.0009) (0.0025) (0.0031) (0.0009) (0.0025)

AMOUNT -0.0220%** -0.0935*** -0.0113*** -0.0219%** -0.0935*** -0.0113%**
(0.0008) (0.0011) (0.0006) (0.0008) (0.0011) (0.0006)

MATURITY 0.1237%%* 0.1035%** 0.0840%** 0.1239%** 0.1036*** 0.0840***
(0.0022) (0.0027) (0.0050) (0.0022) (0.0027) (0.0050)

MATURITY? 0.0044*** 0.0059%** 0.0069*** 0.0044%** 0.0059*** 0.0069***
(0.0003) (0.0004) (0.0006) (0.0003) (0.0004) (0.0006)

MATURITY?3 -0.0003*** -0.0003*** -0.0004*** -0.0003*** -0.0003*** -0.0004***
(0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)

Issuer x Time FE Yes Yes No Yes Yes No
Country x Time FE Yes Yes Yes Yes Yes Yes
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Conclusions

© Dramatic rise of the global supply

@ Analogous weight increase in Italian residents’ portfolios
© Negative premia — greenium does exist

@ Heterogeneity across sectors

@ Covid-19 pandemic effect (wake-up call on climate change risks?)
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