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1. Introduction
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1. Introduction

• Green bonds are fixed income securities which usually 

differ from conventional debt instruments only in that they 

finance environmental or climate-related activities.

• The green bond market kicked off in 2007 with the AAA-

rated issuance from multilateral institutions like the 

European Investment Bank (EIB) and the World Bank. 

• The market of green bonds is rapidly expanding since its 

inception in 2007, notwithstanding the absence of a 

commonly agreed definition of ‘greenness’.

• Green bonds annual issuance rose from about $3 bn in 

2012 to $257 bn in 2019. Estimate issuance for 2020 is 

around $350 bn.
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1. Introduction
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• For green bonds, non-corporate issuance

is dominated by sovereigns and

supranationals, while corporate issuance is 

dominated by utilities and banks. 

• Additional transparency on how the

proceeds have been/will be used is 

provided.

• Alternative energy projects is the most 

common use of funds, followed by green 

building.

• Risk wise: green bonds are pari-pasu with

their non-green counterparts.
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Source: the Climate Bonds Initiative and the International Finance Corporation

A green bond may be issued with lower/higher yield compared to existing debt. 

This is termed it greenium.

1. Introduction
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2. Data Set



2. Preliminary Data Set
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• Daily ASW of 521 bonds from 58 companies, including 107 green bonds 

and 414 non-green bonds

• EUR denominated bonds currency 

• Comparable maturities

• In total 717 bond pairs 

For each green bonds:

a synthetic non-green bond with maturity matching the green bond maturity via 

interpolation of the ASW curve of the non-green bonds
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3. Stylized Features
• Descriptive Statistics

• Fat-tail Distribution of ASW Changes

• Two-sample QQ-plots of Green Bond against Non-Green Bond returns

• Extreme Value Index Estimation: Hill estimator
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• Descriptive Statistics



3. Stylized Features

11

• Fat-tail Distribution of ASW Change
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• Two-sample QQ-plots of Green Bond against Non-Green Bond

3. Stylized Features
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• Two-sample QQ-plots of Green Bond against Non-Green Bond

3. Stylized Features

 QQ-plots exhibit quite a straight line in the main central parts of the returns in almost all 

sub-figures, suggesting that the green bond and non-green bond from one company 

follow the same underlying distribution of ASW returns in the center.

 In several cases, some deviations can be observed at the extreme negative returns. For 

instance, in cases (a), (b), (e), (g) and (h) the size of the most extreme negative green 

bond returns are less extreme than the corresponding non-green bond returns.
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• Extreme Value Index Estimation: Hill estimator

3. Stylized Features

ො𝛾𝑘 =
1

𝑘
σ𝑖=0

𝑘−1 log 𝑋𝑛−𝑖,𝑛 − log 𝑋𝑛−𝑘,𝑛 ,

where 𝑘 is the number of upper order statistics and 𝑋1,𝑛 ≤ ⋯ ≤ 𝑋𝑛,𝑛 denote the ordered 

absolute values of the negative returns. 
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3. Stylized Features

 From these results, we observe these curves of ො𝛾𝑘 as a function of 𝑘 for the green bonds and 

non-green bonds are very close. That is, the bond pairs have a similar type of tail heaviness, 

while in the cases (a), (b), (e), (g) and (h) discussed in last part, the tail index is somewhat 

lower for the green bonds. 

• Extreme Value Index Estimation: Hill estimator
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4. Statistical Analysis
• Hypothetical Tests: mean, median, variance and distribution
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4. Statistical Analysis

• Hypothetical Tests – Distribution (daily)

In Kruskal-Wallis tests, 𝑝 > 0.05 means 

that all bonds from one company have the 

same distribution;

Kruskal-Wallis (KW) test for each company

 In this table, only one p-value is smaller than 

0.05. 

 Hence, at first sight there is no evidence of 

significant difference between the ASW 

returns of green bond and non-green bond. 
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4. Statistical Analysis

• Hypothetical Tests – Distribution (daily)

The null hypothesis of Kolmogorov-Smirnov test is green bond and non-green bond 

have the same continuous distribution. 

 About 12.55% of all bond pairs can’t pass the Kolmogorov-Smirnov test. 

 There is some evidence of  significant differences between the distributions of green bonds 

and non-green bonds in about 1/8 of the cases. 
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• Hypothetical Tests – mean and median (daily)

4. Statistical Analysis

 ℎ1 ℎ2, ℎ3 (T-test) hypothesis : the mean of former is equal (greater/smaller) than the latter;

 ℎ6 Wilcoxon rank−sum test null hypothesis : the two samples are from continuous 

distributions with equal medians.

 CONCLUSION: there is no evidence of significant differences in the mean and median of the daily 

ASW return distribution between the green and non-green bonds from one company. 
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• Hypothetical Tests – mean and median (weekly)

4. Statistical Analysis

 The results of weekly ASW values are similar to the daily results. 

 CONCLUSION: there is no evidence of significant differences in the mean and median of the 

weekly ASW return distribution between the green bonds and non-green bonds from one 

company. 
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• Hypothetical Tests – Variance (daily)

4. Statistical Analysis

 ℎ4 (ℎ5) F-test hypothesis : the variance of the former is equal (greater) than the latter;

 There is some evidence of differences in variance/volatility.

 From the table, only about a quarter of bond pairs indicate the variance of the green bond is 

greater than that of the non-green bond.

Two-sample F-tests for variance
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• Hypothetical Tests – Variance (weekly)

4. Statistical Analysis

 The weekly results are similar to the daily results.

 There is some evidence that the return of a green bond is less volatile than a non-green 

bond.

Two-sample F-tests for variance
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5. Greenium of Green Bond
• The ASW values of the synthetic bonds 

• Hypothesis tests for green bonds and synthetic bonds 

• Greenium

• Extreme Value Index Estimation 

• Greenium during COVID-19 period

• Explanations about the greenium
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5. Greenium of Green Bond

• Synthetic Bonds 

The synthetic bonds are created by interpolating the ASW term structure of non-green bonds at 

the green bonds maturity, and the synthetic bonds have the same maturity as the green bonds. 

BACR FRPTT
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5. Greenium of Green Bond

• Extreme Value Index Estimation 

 From the case (a)/(b), the tail index for the green 

bonds is lower/higher than that of their corresponding 

synthetic bonds.

 There are a total of 98 green bonds, of which 45 pairs 

of bonds have the γ value of green bond greater than 

that of synthetic bond. 

 Therefore, there is no obvious difference in tail index 

between green bonds and synthetic bonds.
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5. Greenium of Green Bond

• Hypothesis Tests for Green Bonds and Synthetic Bonds 

 Some evidence that the synthetic bonds could have a different distributions with the 
corresponding green bonds.

 No evidence there is significant difference in the mean and median of green bonds and synthetic 
bonds. 

 There is some evidence of differences in variance (volatility). 
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5. Greenium of Green Bond

• Average Dataset Greenium

𝐺𝑟𝑒𝑒𝑛𝑖𝑢𝑚 = 𝑡ℎ𝑒 𝐴𝑆𝑊 𝑜𝑓 𝑔𝑟𝑒𝑒𝑛 𝑏𝑜𝑛𝑑 − 𝑡ℎ𝑒 𝐴𝑆𝑊 𝑜𝑓 𝑠𝑦𝑛𝑡ℎ𝑒𝑡𝑖𝑐 𝑏𝑜𝑛𝑑

 The mean of greenium is around -7.07 bps

 The greenium value changes over time and 

fluctuates around zero.

 The greenium changes from positive to 

negative in recent years.

 Sharp decline in greenium in March 2020.
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5. Greenium of Green Bond

• Greenium during COVID-19 period

The relationship between greenium and VIX during 2020

 Sharp drop of the greenium in 

March 2020 almost at the moment 

the VIX spikes. 

 Greenium has a lag of about 17 

trading days compared with the 

VIX index.
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5. Greenium of Green Bond

• Explanations about the Greenium

 A potential explanation is that green bonds are proportionally more held in portfolios of 

investors focusing on non-pecuniary (environmental) aspects of the bonds and are part of more 

buy-and-hold long-term strategies and therefore hence less affected by market volatility. 

 Another potential explanation is that although global financial markets saw large net outflows 

during the crisis, ESG focused strategies continued to see net inflows. This may have led to 

proportionally more flows into green bonds compared to non-green bonds, and hence increased 

demand on a relative basis. Rising spreads of the ordinary bonds in distressed markets, due to 

selling pressure and a flight to cash, could cause the greenium to become more negative.

 Sustainable investments like green bonds seem to be hence more robust in systemic crises. 
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6. Conclusion
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6. Conclusion

 From the results of hypothesis tests we can conclude: 

 there is at first sight no evidence that green bonds have significantly different distributions than their 

conventional counterparts;

 there is no evidence of significant difference in the mean and median, but

 there is some evidence that some green bonds are less volatile then their conventional counterparts.

Comparing the green bonds with the synthetic bonds constructed by interpolation of non-green bonds, we have no 

evidence of a significant systematic long term greenium. The greenium fluctuating near zero over time.

However, currently the greenium is negative and around its overall average of -7 bps.

We do observe evidence that the greenium becomes more negative in times of financial market stress. 

These findings could have important consequences for construction of fixed income corporate bond portfolios.
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Thank you! 


