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The environmental transition is also an investment issue

COP 21: ”Making finance flows consistent with a pathway towards low
greenhouse gas emissions and climate-resilient development”.

Need for cumulative investment in energy supply and energy efficiency
(1.5 degrees path) by 2030: USD 93 trillion

Total assets held by the OECD institutional investors (2013): USD
92.6 trillion

⇒ Key role of private investors to amplify the environmental transition.

Today: Private investors = 1/3 total investments in sustainable energy.
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Private and public initiatives

Many initiatives have therefore been launched to decarbonize portfolios
and redirect assets towards green investments, e.g.:

The Portfolio Decarbonization Coalition

The Montreal Carbon Pledge

These trends have also been supported and strengthened by national
regulations in both industrialized and emerging countries, e.g.:

China

France

The Bank of England and the Securities and Exchange Board of India
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The Green bond market (Source: Climate Bond Initiative)

GB ≈ 1.2% (USD 266bn) of the global bond market and ≈ 2.2% (USD 150bn, exp. 2017) of
the total issuances. ≈ 80% are investment grade bonds and the energy sector is the main sector
involved (38%). The USD (36%) and the EUR (38%) are the main currencies involved.
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Motivating example

On Nov. 14, 2017, Iberdrola issued a green hybrid bond (perpetual 5.5Y callable, step up
coupon after 10 and 25Y) for EUR 1 bn.

With an initial order book at EUR 3.4bn, the yield at issuance plummeted to 1.875%,
i.e. 43bps inside the initial pricing and 5bps below the conventional yield curve.
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The funding cost: a crucial variable

A low funding cost is valuable to achieving sustainable infrastructure
development...

... However, a low green bond yield could indicate a strong buying
pressure on the green bond market and a risk of green bubble
(suggested by DNB (2017)).

⇒ Main question: Is there a negative premium specific to green bonds? In
other words, is a green bond yield lower than that of a completely
equivalent non-green bonds?
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Literature review

Existing literature on the relative price of Green bonds:

Banks/Market articles: Barclays (2015), Bloomberg (2017), HSBC (2017)

Academic working paper: Karpf and Mandel (2017)

This work builds on three strands in the literature:

Studies assessing the effects of firms’ environmental performances on
their bond yields (see notably Menz (2010), Stellner et al. (2015), Bauer and Hann
(2010), Frooman et al. (2008), Oikomonou et al. (2014), Ge and Liu (2015), Goss and
Roberts (2011))

Studies based on the matching method, in which a model-free
approach is used to determine the intrinsic value of specialized
financial instruments (see notably Kreander et al. (2005), Renneboog et al. (2008),
Bauer et al. (2005), Longstaff and Schwartz (1995), Amihud and Mendelson (1991),
Kamara (1994), Strebulaev (2001), Helwedge et al. (2014))

Studies on liquidity proxies (see notably Bao et al. (2011), Houweling et al.
(2005), Beber et al. (2009), Dick-Nielsen et al. (2012), Van Loon et al. (2015), Chen et
al. (2007))
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Main contributions

Main contributions:

1 First academic study focusing on the specific cost of green bonds

2 Method for analyzing the costliness of bonds with specific proceeds

3 There is a negative premium on green bonds yield which we quantify
and explain on the basis of the characteristics of the bond:
⇒ Evidence a shortage of green bonds vs. non-green bonds + early
warning signs of a green bubble risk
⇒ Opportunity to keep on increasing the supply of green bonds +
need for public support to feed the pipeline of green bond issuances
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Green bonds candidates : a matching method

→ To compare a green bond (GB) with a synthetic equivalent conventional (CB)
we take matched pairs of bonds consisting of a GB and a CB with identical
charecteristics except for its liquidity (see Helwege et al. (2014)).
⇒ We examine the entire sample of 681 green bonds (GB) complying with the
Green Bonds Principles on December 30, 2016 searching for the two conventional
bonds (CB1 and CB2) from the same issuer with the closest maturity, having the
same characteristics: same currency, rating, bond structure, seniority, collateral
and coupon type.
Additional constraints:
- Restriction on the maturity: |∆ Maturity| < 2 years
- Restriction on the liquidity:

1
4 < GB issued amount / CB issued amount < 4

|∆ Date of issuance| < 6 years

⇒ 161 GB ⇒ 141 investment grade senior bullet fixed-coupon GB.
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Construction of the difference in yield and filtering of the sample

We interpolate or extrapolate the two CB linearly to remove the maturity
bias and we get the synthetic equivalent conventional bond’s yield ỹCBi ,t .

We set ∆ỹi ,t = yGBi ,t − ỹCBi ,t , which include a reduced liquidity premium +
the GB premium.

We apply Bernoth et al. (2006) filter and we then winsorized the
transactions below the 2.5% and above the 97.5% percentile based on the

distribution of ∆%ỹi ,t =
yGB
i,t −ỹ

CB
i,t

|ỹCB
i,t |

.

⇒ 135 remaining GB, 43,445-line unbalanced panel. The earliest
information dates back to April 23, 2012 and the latest information is
dated December 30, 2016.
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Significant variations in the yield levels between the issue currencies (in %)
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General characteristics of the bonds in the database

The difference in yield is skewed to the left: 65% negative values. Average
of -6 bps and median of -2 bps.
⇒ Is there a premium attributable to the greenness of a bond within ∆ỹi ,t ?
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Step 1: The green bond premium
Step 2: The determinants of the green premium
The liquidity-control variable

Empirical methodology
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Step 1: The green bond premium
Step 2: The determinants of the green premium
The liquidity-control variable

A liquidity bias

∆ỹi ,t , still shows a slight liquidity bias.

We therefore need to carry out a second liquidity control to exctract the
premium.
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Step 1: The green bond premium
Step 2: The determinants of the green premium
The liquidity-control variable

Extracting the green bond premium

We design a proxy ∆Liquidityi ,t reflecting the difference in liquidity:

∆Liquidityi ,t = LiquidityGBi ,t − LiquidityCBi ,t (1)

Since the synthetic conventional bonds are based here on the two closest
conventional bonds (CB1 and CB2), let
d1 = |Green Bond maturity - CB1 maturity| and
d2 = |Green Bond maturity - CB2 maturity|.
The synthetic conventional bond’s liquidity proxy will therefore be:

LiquidityCBi ,t =
d2

d1 + d2
LiquidityCB1

i ,t +
d1

d1 + d2
LiquidityCB2

i ,t (2)

The green bond premium pi is therefore defined as the unobserved effect in
the fixed effect panel regression of ∆ỹi ,t on ∆Liquidityi ,t :

∆ỹi ,t = pi + β∆Liquidityi ,t + εi ,t , with εi ,t being the error term (3)
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Step 1: The green bond premium
Step 2: The determinants of the green premium
The liquidity-control variable

A Fixed Effect panel regression

Why a fixed effect regression?

To bring out the bond-specific time-invariant unobserved effect
without imposing any distribution or using any information about the
other bonds

We do not require the difference in liquidity proxy to be uncorrelated
with the unobserved specific effect => broader range of potential
control parameters

Strict exogeneity holds (see next section): the idiosyncratic error term
is not correlated with either the previous or forthcoming differences in
liquidity

We control for serial correlation and heteroscedasticity (Fixed Effect
Generalized Least Squares (FEGLS) estimator, see Kiefer (1980), and
Arellano estimator, see Arellano (1987)).
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Step 1: The green bond premium
Step 2: The determinants of the green premium
The liquidity-control variable

Homogenous dependence structure across currencies

The determinants of the green bond premium are assessed, based on both
the structure of the curve (Structural part) and the specific features of
each bond (Variable part).

We consider two specifications:

(i) Homogeneous dependence structure across currencies:

p̂i =

Structural part︷ ︸︸ ︷
α0 + α1Yieldi +

Variable part︷ ︸︸ ︷
α2,1Issued Amounti + α2,2Issued Amount

2
i + α3,1Maturityi + α3,2Maturity

2
i

+

p∑
j=1

α4,ratingj
1ratingj

+

q∑
j=1

α5,currencyj
1currencyj +

r∑
j=1

α6,groupj
1groupj︸ ︷︷ ︸

Variable part

+ηi (4)
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Step 1: The green bond premium
Step 2: The determinants of the green premium
The liquidity-control variable

Heterogeneous dependence structure across currencies

(ii) Heterogeneous dependence structure across currencies:

p̂i =

Structural part︷ ︸︸ ︷
αCUR,0 + αCUR,1Yieldi +

Variable part︷ ︸︸ ︷
αCUR,2,1Issued Amounti + αCUR,2,2Issued Amount

2
i

+αCUR,3,1Maturityi + αCUR,3,2Maturity
2
i +

p∑
j=1

αCUR,4,ratingj
1ratingj

+

q∑
j=1

αCUR,5,groupj
1groupj︸ ︷︷ ︸

Variable part

+ηi (5)

Regarding the independent variables:

Rating: Qualitative variable, the four modalities of which are AAA, AA, A,
BBB

Maturity: number of years

Issued amount: in USD billions with the reference date of December 30, 2016

Group: Bloomberg BICS level 1 (Government, Utilities and Financials in our
sample)
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Step 1: The green bond premium
Step 2: The determinants of the green premium
The liquidity-control variable

The liquidity-control variables

The liquidity proxies which can be used here are subject to three
constraints:

We cannot use intraday liquidity indicators (Amihud measure, Range
measure or intraday Roll and Gamma measure) ⇒ We focus on low
frequency data

We do not have any information about the daily trading volumes
(contrary to TRACE) that might have been used as liquidity proxies

To ensure the full rank condition of the Within regression, any
variable that does not change over time with a given bond is not
suitable (the issued amount or the issue date)

We therefore use:

The yield bid-ask spread

The Zero trading day measure
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Step 1: The green bond premium
Step 2: The determinants of the green premium
The liquidity-control variable

The liquidity-control variables

∆Liquidityi ,t is calculated with equations (1) and (2). The distribution of
the average value of the three liquidity proxies applied to each pair of
bonds is presented in the table below.

The statistics show that the variables are concentrated around zero and a
low standard deviation is observed, especially in the case of ∆ZTD.
⇒ The first liquidity control on the amounts issued and the date of
issuance in the data construction procedure yields satisfactory results.
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A mostly negative green bond premium
The determinants of the green bond premia

The green bond premium
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A mostly negative green bond premium
The determinants of the green bond premia

Step 1 regression tests, focusing on ∆BA

The strict exogeneity is confirmed by the Su et al (2016)’s test.
To improve the efficiency of the estimation, we therefore use :

Within / Fixed Effect regression (FE)

Fixed Effect Generalized Least Square regression (FEGLS):
heteroscedasticty and intra-group serial correlation

Arellano estimator of the variance: heteroscedasticity and serial
correlation
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A mostly negative green bond premium
The determinants of the green bond premia

Step 1 regression results

The FE-Arellano estimation provides the same result as the FEGLS one.
The sign of β̂ differs between the two regressions for two reasons:

These two proxies do not capture the same kind of illiquidity

In the regression of ∆ỹi ,t on ∆BA, β̂ can be negative in various cases
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A mostly negative green bond premium
The determinants of the green bond premia

The green bond premia

We extract the 135 p̂i constituting each of the green bonds’ premia. They
are similar for the three types of regressions and for the two liquidity
controls.

64% of the premia are negative and the amplitudes are greater on the
downside than on the upside.
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A mostly negative green bond premium
The determinants of the green bond premia

The green bond premia distribution

(a) Distribution of the green bond
premia across all bonds.

(b) Green bond premia and
yield-normalized green bond premia
sorted across all bonds.
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A mostly negative green bond premium
The determinants of the green bond premia

Summary table of the average green bond premia and significance levels
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A mostly negative green bond premium
The determinants of the green bond premia

Step 2 regression with a heterogeneous dependence structure across
currencies

In this presentation, we focus on the regression (4) with the heterogeneous
dependence structure across currencies.
We apply it to USD and EUR bonds. We exclude bonds with an issued
amount lower than USD 100 million (i.e. 1 EUR bond among 26 and 3
USD bonds among 29).

For the 18 specifications (9 EUR and 9 USD) considered:

No heteroscedasticity

No multicolinearity

3 cases of an AR(1) serial correlation ((g), (h) and (t))

⇒ We apply an OLS or a GLS with an AR(1)-structure of the
variance-covariance matrix of the error term to estimate the determinants
of the green bond premium.
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A mostly negative green bond premium
The determinants of the green bond premia

Step 2 regression for EUR bonds

Positive and concave effect of increasing the issued amount
Negative effect of a AA rating < AAA < A < BBB
Negative effect of Corporate bonds, mainly Financials, versus Gov-related bonds

Olivier David Zerbib The Green Bond Premium



Introduction and motivations
Data description

Empirical methodology
The green bond premium

Robustness checks
Discussion and conclusion

A mostly negative green bond premium
The determinants of the green bond premia

Step 2 regression for USD bonds

Negative effect of the yield

Positive effect of lowering the rating, compensated by a...

... strong negative effect of Financials vs. Gov-related
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A mostly negative green bond premium
The determinants of the green bond premia

Heatmaps of green bond premia
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Building green bond curves
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Zoom on a green bond curve
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1. Does the green premium reflects a lower level of risk?
2. Is the green premium constant over time?
3. Is the green premium related to the market risk premium?
4. Is the CB yield approximation a fair one?
⇒ Practical use

Robustness checks
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1. Does the green premium reflects a lower level of risk?
2. Is the green premium constant over time?
3. Is the green premium related to the market risk premium?
4. Is the CB yield approximation a fair one?
⇒ Practical use

1. Does the green premium reflects a lower level of risk?

We calculate the annualized volatility of each GB and the closest CB and
we take the difference between the members of each pair.
⇒ The average difference in the case of the 135 pairs is found to amount
to almost zero: 0.2%.

We then add this difference in volatility as an independent variable to
regressions (o) and (x).
⇒ No significance (P-Value= 88% and 66%, respectively).

⇒ The green bond premium does not reflect a lower level of risk.
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1. Does the green premium reflects a lower level of risk?
2. Is the green premium constant over time?
3. Is the green premium related to the market risk premium?
4. Is the CB yield approximation a fair one?
⇒ Practical use

2. Is the green premium constant over time?
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1. Does the green premium reflects a lower level of risk?
2. Is the green premium constant over time?
3. Is the green premium related to the market risk premium?
4. Is the CB yield approximation a fair one?
⇒ Practical use

3. Is the green premium related to the market risk premium?

We run a Within-two-ways regression and extract the daily time effects.

1 The correlation between the daily return of the Eurostoxx 50, S&P
500 and the MSCI World on the one hand and the daily time effect
returns is in each case close to zero.

2 The regression of the daily time effects return on the market returns
does not show any significant effect (P Value of 71%, 25% and 88%,
respectively).

⇒ The green bond premium is not a market risk premium.
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1. Does the green premium reflects a lower level of risk?
2. Is the green premium constant over time?
3. Is the green premium related to the market risk premium?
4. Is the CB yield approximation a fair one?
⇒ Practical use

4. Is the CB yield approximation a fair one?

If the maturities of CB1 and CB2 differ greatly from that of the green
bond, the synthetic conventional bond yield is liable to be over- or
under-estimated.
⇒ Any green bonds showing a difference in maturity of more than one year
with the closest conventional bond, CB1, are therefore excluded (6 bonds).
⇒ The green bond premia are very similar to those estimated previously
(Step 2 regression also yields similar results).

⇒ The CB yield approximation is a fair one.
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1. Does the green premium reflects a lower level of risk?
2. Is the green premium constant over time?
3. Is the green premium related to the market risk premium?
4. Is the CB yield approximation a fair one?
⇒ Practical use

Practical use: Natixis Research Report using the methodology of this paper
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Discussion and conclusion
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A high Demand to Offer ratio for Green Bonds

We have presented a methodology for analyzing the costliness of bonds
with specific proceeds.

⇒ The results point to D
S |GB >

D
S |CB in various market segments.

⇒ Can be due to an excess of GB demand or a lack of GB issuances (not
exclusive):

Excess of GB demand: support the findings of the stakeholder theory
via the increase of the size of the bondholder base (Heinkel et al.
(2011) and Ge and Liu (2015))

Lack of GB issuances: support the barriers evidenced at the issuer’s
level in I4CE (2017):

Barriers to green projects investment pipeline
Barriers to green bonds labelling
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Effects and possible responses

Implications
+ Positive + − Negative −

� Possibility to issue more GB
GB issuers � Possibility to issue at a yield � Reveals a lack of green projects

lower than the CB benchmark
� Indicates a risk of green bubble
� Tends to concentrate GB among
green investors:

GB investors - Increases the systemic risk
- Reduces the base of retail investors
accessing to green investments

May call for a regulatory and fiscal support to the developement of the GB market:

Draw up a precisely defined framework for GB requirements on an international scale (to
avoid greenwashing) and streamline the approval process (25% of the climate-aligned
bonds universe)

Fostering risk pooling to enable minor players to enter the GB market

Credit enhancement by public institutions

Beneficial tax regime for GB issuers or green projects?
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Appendix: Heteroscedastic and serially correlated panels

Here, denote xi,t ≡ ∆Liquidityi,t , yi,t ≡ ∆ ˜yi,t , Xi = (xi,1, ..., xi,T )′ and

X̄i = (IT − jT (j ′T jT )−1j ′T )Xi the regressor and the time-demeaned regressor, respectively.
Recall that the following assumptions:

(FE1) Strict exogeneity: E(εi,t |xi , pi ) = 0, t = 1, 2, ...T . [Consistent estimator]

(FE2) No multicolinearity: rank[E(X̄
′
i X̄i )] = 1 is satisfied since ∆Liquidityi,t varies over

time

(FE3) Homoscedasticity and no serial correlation of idiosynchratic errors:
E(εi ε

′
i |xi , pi ) = σ2

εIT [Efficient estimator]

Under (FE1) and (FE2), β̂FE = (
∑n

i=1 X̄
′
i X̄i )

−1(
∑n

i=1 X̄
′
i Ȳi ) and, under (FE3),

ˆAvar = σ̂2
ε(
∑n

i=1 X̄
′
i X̄i )

−1, with σ̂2
ε =

∑N
i=1

∑T
i=1 ε̂

2
i,t/[N(T − 1)− K ].

If (FE3) does not hold, the previous variance matrix estimator is improper. Thus:

Robust asymptotic variance matrix estimator of βFE (Arellano (1987)):
ˆAvar = (X̄ ′i X̄i )

−1(
∑n

i=1 X̄
′
i ε̂i ε̂
′
i X̄i )(X̄ ′i X̄i )

−1

Fied Effects GLS (FEGLS) consistent estimator (with rank[E(X̄
′
i Ω−1X̄i )] = 1): assume

that E(εi ε
′
i |xi , pi ) = Λ (TxT), denote Ω ≡ E(ε̄i ε̄

′
i ), ε̂i = ȳi − X̄i β̂FE . We have

Ω̂ = N−1
∑N

i=1 ε̂i ε̂
′
i and therefore: βFEGLS = (

∑n
i=1 X̄

′
i Ω̂−1X̄i )

−1(
∑n

i=1 X̄
′
i Ω̂−1Ȳi ) and

ˆAvar = (
∑n

i=1 X̄
′
i Ω̂−1X̄i )

−1.
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