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Paola Fandella (Italy), Valentina Cociancich (Italy)

UNCOVERING THE GREENIUM:
INVESTIGATING THE YIELD
SPREAD BETWEEN GREEN
AND CONVENTIONAL BONDS

Abstract

Green bonds are an increasingly used instrument to catalyze cash flows towards a

low-carbon economy. Nonetheless, the existence of an actual price advantage is still

uncertain. This research paper aims to assess whether there is a green bond premium

“greenium”) for green bonds relative to conventional bonds with similar characteris-
tics, and how liquidity may affect the determination of a price advantage. It analyzes the
yield differentials between green and conventional bonds using three different meth-
ods. First, a Nelson-Siegel-Svensson method is executed, estimating the premium both
as the yield spreads and as the differentials in Z-spreads. Using a matching method and
creating a sample of green and synthetic conventional bonds, the second methodology
consists in calculating the distances between each categories’ yield for the same dura-
tion. Finally, a fixed-effect regression is performed to better control the liquidity bias.
In the first case, a positive premium emerges when analyzing the yield spreads (+37.89
basis points) and the Z-spreads (+10.62 basis points). The second method mitigates
the liquidity risk by creating a sample of synthetic bonds and reveals a yield spread of

-15.89 basis points. Lastly, the regression method shows a negative greenium equal to

-17.1487 basis points. Thus, a greenium emerges from all the three different methods,
but its nature, sign, and real determinants are still uncertain. It is, therefore, not pos-
sible to conclude a definite price advantage for issuers of green bonds.

Keywords green bonds, yield spread, greenium, liquidity, matching,
duration, regression
JEL Classification G11, G12, Q56

INTRODUCTION

The green bond premium, also called greenium, is the pricing ad-
vantage that issuers receive when placing green bonds compared to a
conventional bond issue. A greenium may increase the attractiveness
of such instruments, overcoming the perception that they are only a
preferred tool by a niche of investors and thus being crucial for the
realization of the market. Excess demand, high transaction costs, and
lack of standardization in labeling criteria are some of the elements
that can affect green bond yields: through the analysis of these compo-
nents and the study of the sector liquidity, the paper explores the mea-
surement of the green bond premium and provides a comprehensive
picture of its potential determinants.

The central scientific issue addressed in this study is the empirical vali-
dation of the existence of the green bond premium. Specifically, the
study aims to determine whether green bonds actually have a yield
advantage over conventional bonds and, if so, to clarify the factors
underlying this phenomenon. This study is particularly relevant given
the growing interest in sustainability issues among investors, issuers,
and policymakers, and the role of green bonds as a source of capital
market financing.

http://dx.doi.org/10.21511/imfi.21(2).2024.05
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To find the best methodology, it was decided to proceed along three different paths, which will then
be evaluated and compared: the development of a Nelson-Siegel Svensson (NSS) curve, the calculation
of the distances between the green and synthetic conventional bonds’ yield curves, and the analysis of
the unobserved effect of a fixed-effects regression model. The research dataset includes green bonds
and their conventional counterparts, specifically selected to ensure comparability by controlling for is-
suer, rating, maturity, and coupon type. A set of synthetic conventional bonds was created to mitigate
discrepancies and allow a more precise analysis of the impact of liquidity on the green bond premium.

1. LITERATURE REVIEW

The phenomenon of green bonds, albeit consider-
ably expanded, is still too recent to draw appro-
priate conclusions about the existence of the green
bond premium. However, the literature is increas-
ingly focusing on an in-depth study of the dynam-
ics involved in the greenium, and significant re-
sults are emerging.

The analysis conducted by Zerbib is one of the
most accredited works on the green bond pre-
mium investigation (Zerbib, 2019). Zerbib stud-
ied the difference in liquidity between green and
conventional bonds as an independent variable
to explain the yield spread. The study proceeds
through a matching method and controls of the
residual difference in liquidity between green and
conventional bonds, measured through the calcu-
lation of the bid-ask spread differential. Zerbib es-
timates the greenium through a regression model
with fixed effects. What emerges is a small but sig-
nificant negative premium of -2 basis points (b.p.).

The effects of liquidity on the yield differential are
also studied by Wundalari et al. (2018), who show
that the green bond yield spread is lower than the
grey one for values from 5 to 30 b.p. The authors
find that liquidity has a significant impact on
green bond price and, contrary to their initial ex-
pectations, green bonds turn out to be more liquid
than their conventional counterparts.

The existence of a greenium may be determined by
factors intrinsic to the green bond market, which af-
fect its attractiveness and, hence, its price. The inves-
tigation of these determinants is therefore relevant to
understand whether the greenium is to be consid-
ered as systematic. That is the case of the analysis
conducted by Ehlers and Packer (2018). The observed
negative greenium is consistent with the excess de-
mand in the green market and supports the hypoth-

http://dx.doi.org/10.21511/imfi.21(2).2024.05

esis that investors may opt for holding green bonds in
their portfolio to exert influence on the price. Excess
of demand is also examined by Preclaw and Bakshi
(2015), who find a negative premium of -17 b.p. cal-
culated on the OAS spread of corporate green bonds.
According to the study, investors exhibit a willing-
ness to pay a yield premium, at least in the secondary
market, driven by an excess of demand for environ-
mentally sustainable funds.

The rising awareness of sustainability-related is-
sues increases the base of investors with envi-
ronmental preferences. Several studies show that
investors are willing to sacrifice part of the gains
from the investment to meet their preferences by
holding a green bond. Among others, Baker et
al. (2018) investigate this phenomenon, observ-
ing the yield structure in relation to bond ratings
(Strassberger, 2012). On a sample of US corporate
and municipal bonds, the authors note that green
bonds are priced as if they were in a higher “half
notch” rating category and have lower yields be-
tween -5 b.p. and -7 b.p.

Different findings are performed by Karpf and
Mandel (2018), whose empirical evidence records
a positive premium of +7.8 b.p. The study aims to
separate the impact on the yield produced by the
observable characteristics of the issuer and market
from that one produced by the green bond itself.
For this reason, the authors perform an Oaxaca-
Blinder decomposition (Oaxaca, 1973; Blinder,
1973) of the yield differential between green and
conventional bonds. Karpf and Mandel (2018) re-
port a change in the nature of the premium from
positive to negative in 2015 onwards, attributable
to the improvement in credit quality that green
bonds experienced in recent years.

An analysis of the US municipal bond market is al-

so conducted by Partridge and Medda (2018), both
of which show a lower yield for green bonds. The
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first research is based on the examination of 133
green bonds and a sample of conventional bonds
from issuers with a green profile; on average, each
green bond is paired with 14 grey bonds, and the
results show a negative greenium of 1.1 b.p., even
though about 37% of the green issues have a high-
er yield than the conventional bond interpolation
curve. Partridge and Medda, on the other hand,
analyze the primary and secondary markets, not-
ing an even more pronounced premium of around
-5 b.p. for the latter.

Also, the lack of standardization may affect the
green bond yield, as issuers could choose a differ-
ent issuance scheme. In this sense, Katori (2018)
compares the utilization status and the financial
product characteristics of each of the three green
bond issuing schemes, Climate Bonds Standard,
Green Bond Principles, and Green Bond Rating.
Katori (2018) performs a regression analysis to
find out the impact on the spread of the following
determinants: compliance with the Green Bond
Principles, consistency with the Climate Bonds
Standard, green bond rating, and the duration
of the bond. The study reveals a negative premi-
um affected by the three categories with different
intensities.

Finally, the Climate Bonds Initiative (CBI) exam-
ines the performance of 14 green bonds, observing
how many and to what extent they are positioned
above the yield curve: the results show a very het-
erogeneous distribution (Climate Bonds Initiative,
2017, 2018, 2019). CBI, acknowledging the limita-
tions of its sample, deduces that green and grey
bonds do not show different typical behaviors and
undertakes to monitor activities to obtain more
comprehensive results.

There appears to be no consensus in the literature
on the actual amount of the green bond premium
and no firm positions on its effective existence.
Liquidity could play a pivotal role in establish-
ing a green bond premium, with its dynamics in-
fluenced by various factors, including excess de-
mand, credit quality, and the absence of market
standardization.

Within the array of methodologies employed to

assess the greenium, this study aims to determine
whether a premium exists and estimate its magni-
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tude, particularly focusing on the role of liquidity.
To achieve this, the analysis applies three distinct
methods, each adept at controlling liquidity dis-
persion in different ways, while also delving into
their limitations and potential insights.

2. METHODS AND ANALYSIS

The green premium has been estimated through
a comparison between the yields of conventional
(grey) and green bonds with similar characteris-
tics. Three different methodologies have been val-
ued and compared, to compare grey and green
bonds, being equal all the conditions, as listed
below:

o Nielson-Siegel-Svensson method: evaluation
of the greenium through a Nielson-Siegel-
Svensson curve (Nelson and Siegel, 1987;
Svensson, 1994);

e Yield spread method: estimation of the

greenium through the calculations of dis-
tances between green and grey yield curves
and between green and grey Z-spread curves
(Lawler, 1982);

o Panel regression method: greenium’s valua-
tion conducted through a fixed-effect regres-
sion model (Zerbib, 2019).

This section explores the phases of data collection
and matching method development and provides
the main features of the three implemented meth-
odologies, to assess the existence ofa greeniumand,
controlling liquidity, analyze its determinants.

2.1. Data collection

The construction of the data sample has been devel-
oped on two different levels: the selection of green
bonds and their conventional counterparts and the
creation of a new category of synthetic bonds. The
empirical analysis has required a larger sample for
the NSS method (132 bonds in total, of which 44
green and 88 grey) and a shorter one for the oth-
er two methods. Therefore, both the yield spread
method and the panel regression method have
been calculated on a dataset consisting of 44 green
bonds and 44 synthetic conventional bonds created

http://dx.doi.org/10.21511/imfi.21(2).2024.05
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Table 1. Main features of green bonds

Source: Bloomberg.

Field Description
Security Status Active
e Use of Proceeds R Green Bond/Loan e
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ Currency Euro .
Maturity From 09/27/2018 to 09/27/2028
o ooy
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ Coupon Type Fixed
Is Still Callable No
o e than o el 10 888 o
MiFID Bond Seniority Indicator Senior Debt

Country Rating Grade on Transaction Date

Investment Grade

by interpolating a pair of conventional bonds with
specific characteristics. Both the green bonds and
original conventional bonds have been obtained by
the Bloomberg platform. The dataset was developed
between September and November 2018. The green
bonds refer to specific performance parameters, se-
lected to better capture their green nature and fa-
cilitate the comparison with conventional bonds.

The bonds’ time horizon was shaped by the period
of analysis: imposing a maturity between the first
day of the research and 10 years later, and an issue
date from the start date back to July 2013. This is
because from 2007 to 2013, the trading volumes of
green bonds, as well as the number of issues, were
relatively small. The decision has been made to
limit the analysis to the most recent years, as dur-
ing this period, green bonds have become more
established in the market, and the availability of
data has increased exponentially.

Since the green bonds denominated in emerging
markets, currencies tend to have more volatile and

11%

2%

14%

11%
° 61%

less stable spreads against local benchmarks than
those denominated in euros or US dollars (Ehlers
& Packer, 2018), the research was narrowed to a
more specific geographical area, focusing only on
bonds denominated in euros.

Finally, only non-callable bonds were selected
to simplify the comparison of the yields: op-
tion-embedded securities require a more com-
plex and specific valuation for each underlying,
which includes the right to redeem at future
maturities.

The resulting dataset consisted on 55 green
bonds, which were further reduced to 44 dur-
ing the construction of the final dataset. In the
green bond sample, most of the bonds are senior
unsecured, whit the remaining evenly split be-
tween local, government and company guaran-
teed' (Figure 1).

Figure 1 shows the sample distribution of collat-
eral typologies for the number of bonds.

m Senior Unsecured

® Local government guaranteed
Government guaranteed
Covered

= Company guaranteed

Figure 1. Collateral type distribution

1 A collateral requirement has been excluded because it could excessively damage the creation of a sufficiently large dataset.

http://dx.doi.org/10.21511/imfi.21(2).2024.05
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0% 10%

> 200 min
200 - 150 min
150 - 100 min
100 - 50 min
50-25min
<25min

20% 30%

Figure 2. Sample distribution by number of bonds of issued volumes in million EUR

The issued amounts are between 50 and 100 mil-
lion euros, with a minimum value of just over 20
million euros and a maximum of over 2 billion eu-
ros (Figure 2).

Figure 2 shows the distribution of the total issued
amount.

If the distribution between rating classes by
number of bonds appears quite homogenous,
the distribution by volume of issuances shows

0% 10%

AAA
AA
AA-

A+

H No. of green bonds (%)

that class AAA is predominant over the others
(Figure 3).

Figure 3 shows the distribution of rating classes.

Lastly, almost all issuers belong to the financial
sector, which dominates, with most of the compa-
nies being national commercial banks and federal
credit agencies (Figure 4).

Figure 4 shows the industry distribution.

20% 30%

M Total issued amount (%)

Figure 3. Sample distribution of rating classes by number of bonds and total issued amount

25%

.‘

5% !
2%
64%

m Financial sector (other than banking)
= Banking and credit sector

m Energy sector

= Oil and gas

= Real estate

Figure 4. Sample distribution of sectors for the number of issuers
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2.2. Matching method

Once the green bonds had been classified, the
next step was to identify their counterparts.
Conventional bonds had to be selected with a
similar profile to green bonds, considering factors
that can influence the bond yield, such as currency,
maturity, and rating. As it was impossible to find
two identical bonds, a matching method was per-
formed, combining a green and a grey bond after
creating a sample of synthetic conventional bonds.
Therefore, a pair of securities identical in all but
one characteristic was matched to highlight differ-
ences and variations that occur in the latter.

The first step was to create a synthetic, con-
ventional bond, i.e., a bond that does not exist
on the market and has certain characteristics.
Again, using Bloomberg, two corporate bonds
were selected with the same characteristics as
green bonds in terms of bond structure, curren-
cy, seniority, and coupon type. The two bonds
had the same issuer and issuing country and
were investment grade. Doing this, the variables
left out of the matching procedure were those
related to liquidity: the volume of the issued
amount and the maturity.

To avoid matching matured long-term bonds with
recently issued short-term bonds and to limit the
liquidity premium embedded in the yield of the
oldest bonds, the issue date and the maturity date
were controlled. Since bonds tend to be less liquid
as they approach the maturity date (Sarig & Warga,
1989), only conventional bonds with maturities no

Table 2. Statistics of conventional bonds

more than 3 years before or after the green bonds
were selected. The same procedure was applied to
the issue date.

Any green bond with less than two corresponding
conventional bonds meeting the liquidity require-
ment was removed from the dataset. In total, 11
green bonds were dropped because it was not pos-
sible to find one or both the conventional bonds
that met the time constraints. When the opposite
situation occurred — more than two correspond-
ing grey bonds - the Macaulay duration was used
as a further selection filter. Bonds with Macaulay
duration closer to that of the green bond were
chosen for comparison. The descriptive statistics
of the original conventional bond sample are rep-
resented in Table 2.

After defining the initial dataset of 44 triplets —
one green bond and two conventional bonds - the
sample was used in the analysis of the NSS meth-
od. Then, the conventional synthetic bonds were
created by linearly interpolating the yields of the
two grey bonds with the Macaulay duration. The
final dataset consisted of 44 pairs of green and
conventional bonds, identical in all but liquidity.
The comparison in terms of descriptive statistics
of the yield distribution for each class of bonds is
shown in Table 3.

2.3. Nelson-Siegel-Svensson method
This first method, introduced by Nelson and Siegel

(1987) and improved by Svensson (1994), consists
in creating green bond and conventional bond

Source: Bloomberg.

Variable Min. 1st. Qu. Median Mean 3rd. Qu. Max.
Jssuedamount i 10988000 591495000 : . 929940000 1145060946 . 1357845000 6767750000
Macaulay Duration ¢ 0,10958904 2,19331656 4,00732099 4,08548616 5799037201 : 10,1082933

Note: Table 2 shows the descriptive statistics of the original conventional bond sample, the distribution of the sample for is-

sued volume and Macaulay duration, and R calculations.

Table 3. Data sample statistics

Source: Bloomberg.

Bond category Min. 1st. Qu. 3rd. Qu. Max.
Greenbonds | 0726022827 . 0014425195 . 0484854513 . 0,486549356 . 0,897589906 . 176354093
Originalgreybonds 0612661457  -0,04307551 | 0,379162476  0,361295709 - 0676230852 19018398

Synthetic grey bonds ; —0,592865148 ; 0,138200418 0,495764838 0,645475977 0,862648076 ; 4,6634115

Note: Table 3 shows descriptive statistics of yield distribution for each bond category: green bonds (44), original grey bonds

(88), and synthetic grey bonds (44); R calculations.

http://dx.doi.org/10.21511/imfi.21(2).2024.05
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yield curves using the Svensson technique, an ex-
tension of the Nelson-Siegel model. This approach
was used to calculate the green bond premium as
interpreted in two different ways:

« as a spread between the performance of the
two classes of bonds, and

o as a differential between the green and con-
ventional bond Z-spreads.

The Nelson-Siegel-Svensson model is widely used
by central banks to analyze the forward structure
of interest rates. The approach is based on the ob-
servation of bond yields at a given time, on the
creation of a weighted rate curve with certain pa-
rameters and on the minimization of rate residues’
sum (Gilli et al., 2010).

According to the model, the yield y, at a certain

time, is defined as:
t
I—exp (— J
A

LS
A

l—expL—tj
—/11_6,@( ! j (1)

J’(t)::Bf"ﬂz

-
A

il

r
A

where y = yield of the bond; t = Macaulay dura-
tion; 8, = parameter for the level of the yield curve;
B, = parameter for the slope of the yield curve; f3,
= parameter for the curvature of the yield curve;
B, = parameter for the magnitude of the second
curvature factor; and AZ = parameters for the ex-
ponential decay rate (in years to maturity) of the
slope and curvature factors

The parameters are set to minimize the sum of the
yield standard deviations. Specifically, B, is inde-
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pendent of the time variable and, for this reason, is
often interpreted as the long-term level of return;
2, 3, and 4, on the other hand, are dependent on
the t variable’s trend and decrease as the t variable
increases, under the influence of the parameters
A, and A,. According to the model, by setting A, a
fixed factor loading on a given maturity was im-
posed (Wahlstrem et al. 2022).

The analysis was conducted by defining the greeni-
um, firstly, as the difference between the yield rates
and, secondly, as the difference between Z-spread
of the two bond categories.

To define the time horizon, the duration of the
total bonds was ordered from the smallest value
of 0.008 to the largest one of 10.1083. Each dura-
tion of the bond i was assigned to the correspond-
ing yield, considering the green bonds’ rate curve
and the grey one separately. The NSS curve and its
residues with bond yields were estimated by mini-
mizing the sum of the residues by adjusting the
parameters ﬁl, ﬁz, ﬁ3, B » Al, and )LZ. For each distri-
bution of the yields as a function of the duration, a
trend curve of the yields was configured. Thus, it
was possible to estimate what the yields of green
bonds would be if they had the same duration as
conventional bonds, and vice versa.

2.4.Yield spread method

The model measures the greenium by comparing
the yield distribution of green bonds and synthetic
conventional bonds. The aim is to minimize the
liquidity risk that emerges when considering se-
curities with different maturity. Indeed, the use
of synthetic conventional bonds shows what the
yield of a conventional bond would be if it had the
same duration as a green bond. On a dataset of
44 pairs of bonds, the yield spread is calculated as
the difference between the yields of each category
with the same duration.

2.5. Panel regression method

The method examines the existence and the extent
of the greenium by implementing a fixed effects
regression. As described above, the constraints
limiting the difference in liquidity between green
and grey bonds were already set in the construc-
tion of the dataset; however, an additional control

http://dx.doi.org/10.21511/imfi.21(2).2024.05
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was introduced to include a proxy for the variable
in estimating the premium. Notably, the differ-
ence in the bid-ask spread between green and grey
bonds was used as a liquidity proxy. This measure
is a valid indicator of the trading volume of a given
security: a larger bid-ask corresponds to a lower
trading volume, hence a lower liquidity. If a bond
is subject to high transaction costs, reflected in
the bid-ask price differential, it loses its attractive-
ness: potential traders in the market will turn to
other securities, reducing the number of trades in
that security and thus the liquidity in the market
(Febrian & Herwany, 2008). Since the synthetic
conventional bond is created by interpolating two
original conventional bonds, its bid-ask spread
must be considered as the difference between the
values of their bid and ask prices.

The bid-ask (BA) of the synthetic conventional
bond (CB) is represented as follows:

4 ABA +— 2 ApsE

ABAi,CtB =7 it it
d +d, d,+d,

@

with d, = |durationGB-duration CB|; d
|durationGB-duration CB,|; where for each
bond i at the time t: ABA , = bid-ask spread;
durationGB = Macaulay duration of the green
bond; duration CB, = Macaulay duration of the
first conventional bond; duration CB,= Macaulay
duration of the second of conventional bond.

Hence, the liquidity differential - the independent
variable in the fixed effects regression - was cal-
culated. In formula (3), the liquidity differential
is calculated as the bid-ask spread differential be-
tween green and synthetic conventional bond.

Aliquidity,, = BAS’ —BAIC;B , 3)
where for each bond i at time t: fAliquidity, , = li-
quidity differential; BA, °* = bid-ask spread of the
green bond; BA, ¥ = — bid-ask spread of the conven-
tional bond.

The regression line has thus been configured as
suggested by Zerbib. The yield premium is to be
interpreted as the unobserved effect of the regres-
sion model:

Ay, =p;+ ,BAliquidilyi,t +&,, “4)

http://dx.doi.org/10.21511/imfi.21(2).2024.05

where for each bond i at time #: Ay, = yield spread
differential between green and synthetic conven-
tional bond; p, = yield premium, the unobserved ef-
fect of the fixed-effects regression; fAliquidity, =
bid-ask spread differential between green and syn-
thetic conventional bond; €,, = error term.

The model allows coherent estimates of fixed ef-
fects presented as a vector of T constant elements
equal to p, which, therefore, ranges over a single
dimension (t is constant). The vector represents
the individual effect, that is, the set of specific
characteristics for each individual and that do not
change in time (it must therefore be valid that:
a,# a, for eachi#j).

3. RESULTS AND DISCUSSION

Depending on the methodology implemented, the
greenium changes in sign and magnitude. This
section illustrates the study’s main findings, de-
scribing the determinants that influenced the mag-
nitude and sign of the greenium and the strengths
and limitations of the three methodologies.

3.1. Nelson-Siegel-Svensson method

The NSS model was performed using a sample of
44 green and 88 conventional bonds, with similar
characteristics in terms of issuer, rating, maturi-
ty, and coupon type. The sample includes a global
premium of +37, 89 b.p., measured as the distance
between the yield curves of green and convention-
al bonds with the same duration.

Another way to compare green and grey bonds is
to look at the Z-spread of the two stock samples.
In this case, the results are slightly different from
the previous performance: indeed, the yield curve
has a linear trend, and the premium is positive
(+10.62 b.p.) and constant over time (Figure 6).

A positive green bond premium means that green
securities have, on average, a higher yield than
their conventional counterparts. This could be
explained by looking at liquidity: the green bond
market is still young and small-scale, it has a re-
stricted number of participants, and it lacks stan-
dardization, which leads to high transaction costs.
Thus, it is possible to conclude that green bonds
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Source: Bloomberg.

2
1.8 ®
1.6 )
1.4
1.2

1
0.8
0.6
0.4
0.2

Yield to Maturity
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06 «%
08 @

1

-1.2 Duration

11

® Yield to maturity GB NSS curve GB ® Yield to maturity CB =®=—NSS curve CB

Note: The distribution of the yield spread between green and conventional bonds is analyzed using the Nelson-Siegel-Svens-
son method. The average green premium is positive and equals +37.89 b.p. Excel calculation.

Figure 5. Nelson-Siegel-Svensson method: Yield spread differentials

are less liquid than grey bonds and that investors  as a measure of riskiness between an investment
ask for higher yields as compensation for the risk. in a specific bond and one in a zero-coupon

bond, it is possible to imagine that this risk can
There could be another explanation as regards vary for several reasons, related, for instance, to
the difference between the two approaches used liquidity, volatility, and the interest rate curve.
- differential in the yield curves and differential  If even only one of these variables changes over
in the Z-spread curves. Defining the Z-spread time, then this could cause a distortion with

2
1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0
-0.2
-0.4
-0.6
08 ¢

-1
-1.2 Duration

Yield to Maturity

11

® Yield to maturity GB NSS curve GB ® Yield to maturity CB =@ NSS curve CB

Note: The distribution of Z-spread differential between green and conventional bonds is analyzed using the Nelson-Siegel-
Svensson method. The average green premium is positive and equal to +10.62 b.p. Excel calculation.

Figure 6. Nelson-Siegel-Svensson method: Z-spread differentials
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reference to the methodology of “mere” analy-
sis of the yield. This would explain the different
amounts of the premium.

The NSS method allows optimal comparison of
bonds paying different coupons. However, there
are several weak points in the NSS method. To
begin with, the quality of the model strongly
depends on the quality of the sample (Schmitt,
2017). Because of the nature of the methodol-
ogy, the analysis considered green and grey
bonds with different durations - to build the
NSS curve based on the related yields’ distri-
bution - but this has led to a lower control of
the duration bias?. Moreover, Gilli et al. (2010)
found two main issues related to the calculation
of the model: first, the optimization problem is
not convex and has more than one local opti-
mum, which generates difficulties in obtaining
appropriate values of the parameters through
the available statistical packages. Secondly, the
optimization is not bound, so the estimated pa-
rameters become unstable in the presence of
small disturbances in the data (Gilli et al. 2010).
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Yield to maturity
N
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® Yield to maturity GB

NinirHa (Yield to maturity GB)

3.2.Yield spread method

In contrast to the previous methodology, a negative
premium has emerged, with green bonds having, on
average, a lower return by -15.89 b.p. (Figure 7). In
this way, it can be inferred that there is an advan-
tage in issuing green bonds against investing capital
in these financial instruments. One reason for this
phenomenon could be the pressure of high transac-
tion costs, the perception of higher risk and the small
number of green market participants exert on the
yield of environmental bonds. However, the excess
demand for green investments in the market, despite
the possibility for issuer to offer green bonds at lower
interest rates, may lead to divergent conclusions. This
contradiction is important to keep in mind when
drawing conclusions from the study.

The Yield Spread Method (Lawler, 1982) has sever-
al limitations. When setting up the model, the hy-
pothesis to be verified is that the yield differential be-
tween the two bond categories is determined by their
specific characteristics. To get a better comparison
sample, the synthetic conventional bonds’ dataset

Source: Bloomberg.
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Note: Yield distribution of green and synthetic conventional bonds. The average green premium is negative and equals —15.83

b.p. Excel calculation.

Figure 7. Yield spread method: Yield distribution

2 Inthis model, green and grey bond have different duration. This was necessary in order to build the NSS curve on the yield basis and with

reference to a complete timeline for each security.
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was set, containing less dissimilarities. Then, bonds
with the same characteristics were matched, leav-
ing only liquidity factors to study the influence on
the yield premium. These constraints were also im-
posed in the sample used in the previous approach
(NSS method), but by creating a synthetic grey bond,
the discrepancies between bonds were controlled by
eliminating the bias caused by the different dura-
tions. However, the advantage of less dispersion was
offset by a greater reliance on the goodness of the
bond selection model. In fact, the more constraints
are imposed on the data, the more bonds are exclud-
ed from the sample.

In addition, although the approximation for short-
er maturities (up to one year) is not sometimes
adequate enough, numerous studies confirm the
ability of the NSS model to capture the correct
yield values and to optimally estimate the term
structure of interest rates over time (Kazemie,
2014). Moving away from this approach is not nec-
essarily the best choice regarding investigation
accuracy. Finally, liquidity has been considered
merely implicit in this model, although being so
important to define the yield differential: a nega-
tive greenium indicates a lower green bonds’ yield,
and this result appears incoherent with previous
assumptions about liquidity. For this reason, the
analysis further focused on liquidity’s influence
with the Panel Regression Method.

3.3. Panel regression method

The third method, mainly applied by Zerbib
(2019), processed a regression to calculate the
within regression and to investigate the nature
of the green bond premium. The variables of the

model were represented by the dependent vari-
able y consisting in the yield differential, and by
the independent variable x, that is, the variation
of the bid-ask spread (Table 4).

Once the linear regression was set, panel data
was created, on which the fixed-effects regres-
sion was performed. To assess the quality of the
estimated model, it was helpful to compare it
with others, such as the pooled model, where
there is no difference between individuals, the
random-effects model, which incorporates a
zero-variance hypothesis for the randomly ex-
tracted individual variable, and the model based
on the between estimators, which regresses the
differences between individuals. The p-value
showed that the fixed-effects model was the
best choice in all cases. In particular, F-test and
Hausman test were performed. The Hausman
one tests the fixed-effects model against the ran-
dom-effects one. Hence, it is possible to under-
stand the affinity of the coefficients of the two
models by verifying the correlation between
constant terms and the regressors, thus check-
ing the efficiency of the fixed-effects estimator’.
The robustness of the estimates of the standard
errors was also tested to assess the presence of
heteroscedasticity, i.e. the uneven dispersion
of data with different variances. Verifying the
heteroscedasticity of residues is necessary to de-
tect problems with incorrect specification of the
model, such as omission of relevant variables®.
The Breusch-Pagan test® was also conducted,
as well as the Breusch-Godfrey/Wooldridge
test, to check the presence of serial correlation®.
The analysis of the results of the regression re-
vealed that, with an increase of 1 basis point in

Table 4. Panel regression method: Statistics of the variables

Source: Bloomberg.

Variable Min. 1st. Qu. Median Mean 3rd. Qu. Max.
Ay, | -3,66603003 : -0,00860766 : 0,04806280 | =-0,15399840 : 0,10123744 : 0,88714250
Aliquidity,»,, —3,53238656 —0,05530832 0,01051422 —0,09358320 0,09293784 0,48290835
Note: Descriptive statistics of dependent variable Ay,, and independent variable Aliguidity,, R calculations.
3 In this case, the null hypothesis (no fixed effects) is rejected. The same results emerge from the p-value of the F-test comparing fixed-effect

regression with pooled OLS regression.

4 Usually, regression models imply errors with same variance, but if it is not, i.e., heteroscedasticity, this is reflected on residues. Thus, it is
necessary to conduct an opportune test and a coherent standard error estimate to permit the adaptation of the model with the residues.

5  Adaptation test of the model with the residues; the null hypothesis is homoscedasticity.

Fixed-effect model regression provokes serial correlation of error terms and so lower efficiency. The Newey-West test gives an estimate of
the covariance matrix controlling both serial correlation and heteroscedasticity.
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Table 5. Panel regression method: Statistics of the greenium

Source: Bloomberg.

Variable Min. 1st. Qu.

Median

Mean 3rd. Qu. Max.

D; —3,13482521 —0,04946808

0,01003878

—-0,1714865 0,07260248 0,88953010

Note: Descriptive statistics of green bond premium as an unobserved effect of panel regression: Ay,, = p, + pAliquidity,, + ¢, ,,.

R calculations.

the variation of the bid-ask spread of the bonds
for each issuer, there is a decrease in the yield
differential equal to -2,3873 b.p. By extrapolat-
ing the descriptive statistics of the fixed effect,
what emerges is a green bond premium equal to
-17,1487 b.p. on average (Table 5).

However, the fixed-effect regression shows a
far too low R-squared (the value is close to ze-
ro). This means a poor ability of the indepen-
dent variable - the liquidity in terms of bid-ask
spread - to explain the dependent variable -
the yield spread differential. At this point, the
above-defined model has to be overcome and
implemented with other variables through a
dedicated study of significance.

Zerbib suggests the integration of volatility as a
second independent variable. However, after a ro-
bustness test of the standard error, the author re-
jects the idea of its relevance in determining the
yield differential (Zerbib, 2019). Nevertheless, the
results seem to recall the conclusions of Wulandari
et al. (2018) about a correlation between liquidity
risk and the yield spread. In any case, such rela-
tion appears to lose its significance in more recent
years, probably because of the negative link be-
tween liquidity and the age of bonds.

Moreover, liquidity’s low explanatory power
could be explained by the presence of noise
disturbing its grade of reliability: according to
Helwedge et al. (2014), the factors used as prox-
ies in the yield spread analysis often capture
both liquidity and credit risk. They also present
a certain variability over time, making separat-
ing the two components during empirical anal-
ysis even more complex.

The fixed-effect regression method aims to ex-
ceed the limits of the previous approach by
imposing an additional liquidity requirement.
However, the concerns related to the quality of
the collected data are, in this case, even more

http://dx.doi.org/10.21511/imfi.21(2).2024.05

decisive in defining the accuracy of the model,
since the selection of filters used to identify the
pairs of conventional bonds becomes a param-
eter of sensitivity to model precision.

When comparing the results obtained from each
methodology, it emerges that there are many el-
ements that can be further adjusted.

First, it is worth noticing in the reference da-
taset that some requirements have been inten-
tionally excluded from the selection process,
but their omission could have affected the final
results. The proportionality constraint between
the issued volume of the green bond and that
of the grey bond was avoided to leave a liquid-
ity movement margin. Still, the decision could
have excessively influenced the liquidity premi-
um embedded in the bond yield. A deeper anal-
ysis should also introduce the issued volume as
an additional constraint and the same type of
guarantee for green and grey bonds as a com-
parability requirement. However, it is impor-
tant to remember that the more limitations are
placed on the final sample, the higher the odds
that such constraints will degrade the quality of
the estimates.

Furthermore, some characteristics of bond tax-
ation, such as the calculation of tax advantages
or the different taxation imposed by the various
countries, could affect the yield premium, and
its omission could distort data interpretation.

Lastly, the investigation of yield premium deter-
minants does not consider the volatility of secu-
rities. If green bonds, as it seems, are less volatile
than their conventional counterparts, investors
will tend to keep the more stable green bonds in
their portfolio. Therefore, in case of a negative
premium, lower volatility could be considered
as a compensation tool for the lower return: ex-
cluding it from the analysis criteria could repre-
sent a mistake.
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CONCLUSION

This analysis aims to determine whether a yield spread exists between green and conventional bonds
and which factors may influence it. Applying three different methodologies, the research provides a
solid analysis of the correlation between liquidity and yield spread, highlighting strengths and limita-
tions of each method.

A green bond premium emerges from all the three different models performed, but its entity, sign and
real determinants are still uncertain. Besides, depending on the sample used and the variables linked to
the yield differential, also the quantum of the observed premium changes.

Using the Nelson-Siegel-Svensson method, the premium was calculated in terms of both yield spreads
and Z-spreads differentials. The two different approaches show a positive greenium, although with a dif-
ferent extent: +37.89 b.p. and +10.62 b.p., respectively. This could be due to high transaction costs, the
perception of higher risk, and the limited size of the green bond market.

The other two approaches, namely calculating the distances between green and grey yields and imple-
menting the fixed-effects regression model, produced different results: in both cases, the premium is
indeed negative, at around -16 b.p.

The similarities between the results of the last two approaches may be attributable to the same composi-
tion of the data sample but also to a lack of effectiveness of the liquidity used in the panel regression in
explaining the yield differential.

The study thus provides the basis for refining the analysis, both by including new constraints and vari-
ables in the construction of the dataset — such as tighter restrictions on the issued amounts, the control
of volatility, or the calculation of fiscal effects — and by examining the impact of liquidity differently,
using different measures to calculate this variable.

The factors influencing the green bond yield can be various, and much work remains to be done to ob-
tain comprehensive results. A long-term approach is needed to assess the green yields and the efficiency
of the market while constantly monitoring the expansion of the green bond sector into a large and de-
veloped market.
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