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Abstract

By developing a new measure that captures the relative mispricing of equity versus

bonds, we find evidence of market segmentation based on environmental criteria. From

2013 to 2020, the prominent outperformance of green firms over brown firms in the stock

market is entirely absent in the corporate bond market. This segmented green premium

considerably contributes to the relative overvaluation of green equity. We show that

green firms exploit their overvalued equity by issuing more equity and thus enjoy a

lower cost of capital.
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1 Introduction

Sustainable investing has surged to the forefront of finance in recent years, attracting atten-

tions from both practitioners and academics. While existing literature predominantly focuses

on green stocks, a crucial aspect remains underexplored: how different types of securities

issued by the same firm are priced with respect to the firm’s environmental footprint. We

address this gap by showing a striking divergence in how the stock and bond markets value

green assets.

Figure 1 provides a comparison of the cumulative returns on green-minus-brown (GMB)

portfolios1 in the U.S. stock and corporate bond markets for the same sample of firms. The

data reveal a significant disparity: while the stock market exhibits a pronounced increase

in returns for green firms relative to brown firms, the bond market shows only negligible

differences. This is surprising given that both securities are contingent claims on the same

asset value (Merton, 1974). Thus, this divergence highlights a considerable overvaluation of

green firms’ equity relative to their bonds.

Our paper aims to dissect whether firms’ environmental attributes affect equity-bond seg-

mentation (Collin-Dufresne et al., 2024; van Zundert and Driessen, 2022), and to evaluate

the implications of such a segmentation. Our main empirical findings are fourfold. (i) The

equity and bond markets are segmented: they show a substantial difference in how they price

green and brown assets, both in terms of realized returns and forward-looking expected re-

turns. (ii) This discrepancy in green premiums leads to a persistent and substantial valuation

gap between the equity and bonds of green firms. (iii) Although green firms take advantage

of the valuation gap by issuing overvalued equity, (iv) the additional capital from issuing

overvalued green equity does not translate into future changes in environmental score.

We study U.S. stocks and corporate bonds, focusing on the period from January 2013 to

December 2020. We follow Pastor et al. (2022) to construct a measure for firms’ environ-

mental footprint using environmental ratings from MSCI, a leading ESG rating provider and

most widely used by practitioners (Eccles and Stroehle, 2020). We sort firms into green,

neutral, and brown portfolios based on how green a firm is compared to other firms across

all industries in the market.

1The definition of GMB portfolios follows Pastor et al. (2022) with green firms in the top and brown

firms in the bottom tercile of firms sorted by their MSCI environmental score.
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Figure 1: Cumulative Returns on GMB Portfolios for Equity and Bond Markets. This

figure shows the cumulative return on the value-weighted portfolios that take a long position on

firms in the top third and a short position on firms in the bottom third of the environmental score

for the stock and bond markets from January 2013 to December 2020. The weights are determined

by the total amount outstanding for the bond GMB portfolio and the market capitalization for the

stock GMB portfolio. The stock GMB portfolio consists of only the firms that also exist in the

bond sample. The stock GMB shows a cumulative excess return of 96% at the end of the sample

period, while the bond GMB shows a slightly negative cumulative excess return.

First, we compare the price movements of stock and bonds by the same issuer and investi-

gate whether firms differ in the equity-bond segmentation depending on their green aspects.

Although the Merton (1974) model suggests that equity and bonds depend on the same asset

value process, differences in their cash flows and risk profiles still remain. Thus, we infer

the bond-implied equity returns using bond returns and estimated equity-bond elasticities.

The resulting estimates enable a direct quantitative comparison of the two markets as well

as a prediction of the returns in the equity market, given the bond price movements. As the

return difference in the equity and bond GMB portfolios foreshadowed (Figure 1), the eco-

nomic significance of the difference in the ex-post green premium in the two markets is large:

the arbitrage portfolio using the difference between the realized equity GMB return and the

bond-implied equity GMB return (green arbitrage return) generates a monthly 5-factor al-

pha of 1.15% from January 2013 to December 2020. We also estimate ex-ante bond-implied

equity returns using forward-looking bond returns, which further confirms that the bond

market predicts an absence of green premium in the equity market.

Second, we show that the segmented green premium leads to a significant valuation gap
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in equity and bonds for green firms. We define the valuation ratio (V R), which captures the

valuation gap between the two assets, as the ratio of the cumulative realized equity return

to the cumulative bond-implied equity return. We use cumulative returns to focus on the

persistent equity-bond segmentation that firms and investors would identify as mispricing

rather than temporary price dislocations. When regressing the V R on the environmental

score interacted with year dummies and controlling for firm and time fixed effects, we find

that firms’ environmental scores begin to positively affect the relative overvaluation of equity

only after 2015, coinciding with increased environmental awareness post-Paris Agreement.

The positive relationship between the environmental scores and V R intensifies toward the

end of the sample period. We then focus on the fitted values of this regression, defined as the

Green V R, and show that it explains a significant share of the green equity overvaluation.

The existence of an equity-bond green valuation gap, which is the core result of our paper,

speaks to the idea of capital structure arbitrage. When making financial decisions, firms

evaluate different capital markets they issue securities in and engage in capital structure

arbitrage by jointly timing multiple markets (Ma, 2019). Our regression results show that

green firms act as cross-market arbitrageurs. Indeed, lagged Green V R positively predicts the

net equity issuance of the following year, with the magnitude of the coefficient for Green V R

being nearly three times larger than that of the residual V R.2 This result is in line with the

idea of market timing in the corporate finance literature (Baker and Wurgler, 2002). From

the firm’s standpoint, the dislocation of equity versus bond can be considered as mispricing

since their prices have the same fundamentals, leaving the discount rate to be the driver

behind the mispricing. Thus, they enjoy a lower cost of capital by issuing stocks at a higher

price. Our results imply that the extra amount of capital green firms raised relative to

brown firms through green equity-bond segmentation cumulates to 1.92 billion dollars over

the sample period.

Finally, we study how green firms use the cheaper capital raised from overvalued equity.

Despite the potential for green investors’ preferences to yield positive externalities, we find

that this green equity-bond segmentation does not translate into significant future profits or

improvement in firms’ environmental footprint. Indeed, green firms could use the cheaper

2The residual V R is the residuals from the regression of V R on the environmental score interacted with

year dummies controlling for fixed effects. The result is robust when we look at the net equity issuance only

at one quarter ahead.
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capital they raised to invest in positive NPV projects, thereby increasing their profits and

growth rate or to further green their operations. To test this, we estimate regressions of

changes in future Earnings per Share (EPS) and environmental score on the interaction

term of net equity issuance and the Green V R. We find that issuing equity when the Green

V R is high does not predict an increase in EPS. In addition, we find a negative instead of a

positive effect of the interaction term on changes in firms’ future environmental score.

Our evidence of the segmented green premium provides several important implications for

firms and investors: (i) the volatility for green firms’ balance sheets may increase as equity

takes up a larger portion of the firms’ financing. (ii) Green firms’ market timing strategy

can dilute the ownership of existing shareholders and thus may send a negative signal to the

market. (iii) The equity market may underestimate the risk of green firms if not evaluated

in tandem with their bond values. (iv) Lastly, investors can produce abnormal returns by

buying bonds and selling stocks of green firms.

This paper contributes to several strands of literature on sustainable finance and capital

structure arbitrage. First, this paper relates to a large empirical literature studying the effect

of companies’ environmental footprint on their expected asset returns. Much of the focus

has been dedicated to identifying a green premium on stocks: most of the empirical evidence

suggests a negative premium on green stocks, as sustainable investors accept a lower expected

returns to hold them. Negative green premiums in stock returns have been evidenced using

various measures of environmental performance, including carbon emission intensity (Bolton

and Kacperczyk, 2021) and toxic emission intensity (Hsu et al., 2023). However, Pastor

et al. (2023) show that realized returns were higher on green stocks compared to brown

stocks, from 2013 to 2020, due to unexpected shifts in environmental concerns of stock

investors, thereby increasing flows towards green stocks that lead to a surge in their prices.

Similar to Pastor et al. (2023), we focus on the recent sample period from 2013 to 2020 —

a timeframe marked by heightened investor attention to sustainable finance following the

Paris Agreement in 2015 and improved data on firms’ environmental performance. We find

that green stocks outperformed brown stocks in the equity market. Yet, this outperformance

is notably absent in the corporate bond market for the same sample of firms, leading us to

identify this discrepancy as a, “segmented green premium”, whereby the relative mispricing

of stocks versus bonds highlights a significant divergence in market valuations.

A parallel stream of research examines green premiums in the debt market. Studies on
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green bonds reveal negative green premiums, suggesting that green bonds often offer slightly

lower yields compared to conventional bonds issued by the same entities (Zerbib, 2019; Baker

et al., 2018; Pastor et al., 2023). In the corporate bond market, Seltzer et al. (2022) find a

causal effect of climate regulatory risks on lower credit ratings and higher credit spreads using

the 2015 Paris Agreement as an exogenous shock. Like us, Duan et al. (2023) investigate

the cross-section of corporate bond returns from 2005 to 2017 and find that the corporate

bonds issued by less carbon-intensive (green) firms earn higher returns than the ones issued

by more carbon-intensive (brown) firms. They attribute this outperformance to investor

underreaction: carbon intensity predicts firm fundamentals and the market underreacts to

this predictability that carbon intensity provides. We differ from Duan et al. (2023) as our

question lies on the equity-bond segmentation rather than the corporate bond market in

isolation. To the best of our knowledge, this is the first paper performing a comparative

analysis of the effect of green investing on the stock and bond markets. By identifying

an effect of the environmental footprint of firms on the equity-bond valuation gap, our

results suggest that institutional and retail investors differ in terms of green preferences as

institutional investors dominate the corporate bond market (Koijen and Yogo, 2023), while

retail investors have a significant share of market participants in the equity market.

Our paper also contributes to the literature on capital structure and firms’ financing deci-

sions. By investigating the impact of physical climate risks on capital structure, Ginglinger

and Moreau (2023) show that increased risks lead to reduced leverage in the post-Paris

Agreement period. More traditional capital structure literature explores how firms exploit

relative mispricing of securities for market timing strategy. Ma (2019) finds that firms act

as cross-market arbitrageurs in their own securities in response to shifts in the relative val-

uation of equity and debt. She shows that firms increase net equity repurchases and net

debt issuance when expected excess returns on debt are particularly low, or when expected

excess returns on equity are relatively high. On a similar note, Chen et al. (2023) study

the equity-bond valuation gap by constructing the debt-equity spread (DES) with the actual

and equity-implied credit spreads where high DES implies stock undervaluation relative to

bond. Their results suggest that DES negatively predicts the cross-section of stock returns

and positively bond returns. Our paper extends this literature by focusing on the specific

component of the valuation gap driven by firms’ environmental performance and investor

preferences for green assets. Our measure of valuation gap provides new insights into how
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green firms take advantage of the equity overvaluation and tilt their capital structure in favor

of equity financing. Yet, the capital they raised at a cheaper cost does not translate into

positive environmental externalities.

The remainder of the paper is organized as follows. Section 2 describes the data construc-

tion. In Section 3 and 4, we discuss the methodology and results of our empirical analysis:

specifically, the forward-looking bond expected returns and the bond-implied equity returns

on green versus brown firms. Section 5 presents evidence of the effect of the equity-bond

valuation gap on equity issuance. Section 6 explores whether the gains from green valuation

gap leads to a positive social impact. Section 7 provides robustness checks and Section 8

concludes.

2 Data on bonds and environmental score

2.1 Corporate bond data

We collect monthly firm-level corporate bond data from the WRDS Bond Return database

for the period January 2013 to December 2020.3 This dataset merges TRACE Enhanced and

Mergent FISD, providing comprehensive information for bonds such as price, trading volume,

offering amount, amount outstanding, coupon, maturity, duration, and credit rating. The

WRDS Bond Return data is pre-cleaned following Dick-Nielsen (2009, 2014) and Asquith et

al. (2013), removing errors, corrections, and trade reversals. We restrict the sample to fixed

or zero-coupon bonds, excluding those under 144A rule, structured notes, mortgage-backed,

asset-backed, agency-backed, or equity-linked bonds. Following Bai et al. (2019) we also

exclude convertible bonds, bonds that trade below $5 or above $1000, and those with less

than 1 year to maturity.

Credit ratings are from S&P, and they are replaced with Moody’s ratings when S&P ratings

are unavailable. If neither S&P nor Moody’s ratings are available, we use Fitch ratings. We

use numeric ratings where 1 is the highest for bonds with a AAA rating, and 22 is the

lowest for bonds in default. Missing ratings in a given month are imputed using the bond’s

time-series average, or the issuer’s average rating if no ratings exist for the bond.

3We restrict our attention to this period since the MSIC’s coverage of firms increases substantially from

2013, as noted by Pastor et al. (2022).
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Default probabilities are obtained from the default rates table in the Annual Default Study

2021 by Moody’s Investors Service. For each rating, we take the average of the default

probabilities from 1998 to 2020 and calculate the cumulative default probabilities for each

maturity and for each rating. A more detailed explanation follows in Section 4.1.1.

Treasury bond yields for off-the-run bonds come from the Federal Reserve Board, using the

Svensson model to fit the yield curve (Gurkaynak et al., 2007). The dataset provides zero-

coupon and par yields for all off-the-run bonds with maturities of 1 to 30 years. Treasury

returns are from the Fama Maturity Portfolio provided by WRDS.

We supplement this with accounting data from Compustat and stock price data from

CRSP to construct bond-implied equity returns. When studying the bond-implied equity

return, we only use the US common stocks (with share codes 10 and 11) and non-financial

firms (excluding SIC codes between 6000 and 6999). All accounting variables are lagged by

two months to account for potential reporting delays.

2.2 Measuring environmental score

Our approach to measuring firms’ environmental score follows Pastor et al. (2022). They

evaluate a firm’s greenness level using best-in-universe criteria. This approach looks at

the entire universe of firms and ranks them based on their environmental footprint. With

this approach, investors care not only about how green a firm is compared to its industry

counterparts but also about how green the firm’s industry is.

Our primary data source is MSCI ESG Ratings, specifically the “Environmental Pillar

Score” and “Environmental Pillar Weight.” The “Environmental Pillar Score,” ranging from

0 (worst) to 10 (best), assesses a firm’s management of and exposure to key environmental

risks and opportunities. The “Environmental Pillar Weight” ranges from 0 to 100 and

is assigned to each GICS sub-industry based on its contribution to negative environmental

externalities. This reflects the environmental score of each sub-industry. Then, the greenness

score g̃it of Pastor et al. (2022) is defined as follows

Git = −(10−Git) ∗ wGit/100,

g̃it = Git − Ḡt, (1)

where Git is the Environmental Pillar Score and wGit is the Environemntal Pillar Weight.

The term 10 − Git measures how much a firm deviates from the perfect green score of 10
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(i.e., how brown the firm is), multiplied by the environmental impact of the firm’s industry.

The negative sign converts this deviation into a greenness measure. Finally, g̃it is normal-

ized by subtracting the cross-sectional average environmental score and thus adjusts for the

environmental score of the market portfolio at a given time. By construction, the market

portfolio has a zero environmental score. As in Pastor et al. (2022), we use the g̃it score

as our benchmark measure of firm environmental footprint and restrict the sample to bonds

with available MSCI environmental ratings data from 2013 onward, reflecting the expanded

MSCI coverage since November 2012.

While previous studies have employed various measures of environmental ratings, the cor-

relation between different ESG ratings is often low (Alves et al., 2024; Berg et al., 2022).

However, we focus on one measure because, a consistent outperformance of green firms over

brown firms in one market under a particular environmental measure (in our case, MSCI)

should, theoretically, manifest similarly in another one. As a robustness check, we also use

a different measure of environmental score that looks at best-in-class performance, which

ranks firms relative to others within their industry in Section 7.1.

3 Realized returns of green versus brown firms

In this section, we analyze the performance of green and brown firms in the corporate bond

market. Figure 1 compares the performance of green-minus-brown (GMB) portfolios in both

stock and bond markets. Despite including the same firms, the two markets show remarkably

different GMB performance, prompting further investigation into the bond market. We first

examine the performance of risk-adjusted returns on green and brown firms in the bond

market using panel regressions of realized bond returns on prominent risk factors. We then

calculate bond-implied equity returns using the Merton (1974) approach and compare these

to the actual returns realized in the equity market. The bond-implied returns enable a

quantitative comparison of corporate bond and equity returns, which differ in risk profiles

and cash flows.

3.1 Realized corporate bond returns

Following Pastor et al. (2022), we construct a GMB portfolio for the bond market by

dividing firms into terciles based on their environmental score (g̃it) and construct value-
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Figure 2: Bond Excess Returns. The figure plots the value-weighted excess return on the

tercile portfolios sorted on g̃ where the weights are determined by the total amount of outstanding

from January 2013 to December 2020.

weighted portfolios using the amount outstanding of the bonds as weights. Firms in the top

tercile form the green portfolio, while those in the bottom tercile form the brown portfolio.

Table 1 reports descriptive statistics for the green, neutral, and brown portfolios sorted on g̃.

The size of the bonds is negatively correlated with g̃ and the firm-level amount outstanding

is almost three times as large for the firms in the green portfolio compared to the firms in

the brown portfolio. This suggests that large firms tend to be greener. The credit rating

is negatively correlated with g̃, indicating that brown firms tend to have higher credit risks

compared to green firms.

We first explore whether there is a divergence in corporate bond returns between green and

brown firms. As shown in Ardia et al. (2021), positive climate-concern shocks have consis-

tently been realized in our sample period. Unexpected shifts in investor preferences drive up

the price of green firms while suppressing that of brown firms in the equity market. In classic

asset pricing theory, the corporate bond market should also exhibit an outperformance of

green firms over brown firms if the two markets are integrated.

Figure 2 shows the monthly excess corporate bond returns on brown and green portfolios

from January 2013 to December 2020, while Figure 3 plots the cumulative excess returns on

them. The main takeaway is that green and brown firms show very similar returns in the

corporate bond market. This is in stark contrast to the results of PST in the equity market.
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Figure 3: Cumulative Excess Returns. The figure shows the cumulative excess return on the

value-weighted tercile portfolios sorted on g̃ where the weights are determined by the total amount

of outstanding from January 2013 to December 2020.

Figure 1 directly compares the green-minus-brown cumulative returns, on the same firms, in

the corporate bond versus equity market. While green firms outperform brown firms by 96%

over the 2013-2020 sample period, in the corporate bond market the green outperformance

is close to zero and even slightly negative.

This observation is remarkable given that these stocks and bonds are issued by the same

firms. These are claims to the same cash flows of the firm, and hence with integrated markets,

one would not expect such divergence in prices. If the recent outperformance of green stocks

was due to firm fundamentals such as the ability to hedge against climate-related risks,

similar patterns should be observed in the corporate bond market. This is especially likely

as the corporate bond market is mainly driven by institutional investors with expertise and

informational advantage.

Our first results thus point more in the direction of investor segmentation in terms of green

preferences. Empirical evidence shows a large flow of capital to green firms in the stock

market (van der Beck, 2023). On the other hand, the green capital flows to the corporate

bond market are significantly less pronounced. As a brief check, we identify balanced or

corporate bond ESG funds in the CRSP mutual fund universe using the keywords in van der

Beck (2023). The number of these funds is about 23 across our sample period 2013-2020,

which is less than 10% of the number of the ESG stock funds as of 2020, as reported in van
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der Beck (2023). Such difference in the number of ESG funds in the stock and corporate bond

markets shows how investors in the two markets have noticeably different green preferences.

Now we zoom in on the time-series variation of corporate bond returns in Figures 2 and

3. The periods when the return differences between green and brown firms are the most

pronounced are from late 2015 to early 2016 and around 2020. The former is the period

of mini-recession in the US manufacturing sector4 and the latter is the Covid-19 market

crash. For the mini-recession period, brown firms realized much lower returns than green

and neutral firms, followed by a sharp increase in returns in the subsequent periods until

April 2016. In fact, the reversal engenders the cumulative returns on the brown portfolio

to fully catch up with those on the green portfolio until the Covid market crash hits in

February 2020. The Covid crash delivers a similar pattern of a price plunge followed by

a sharp reversal in returns. Overall, the return differences between green and brown firms

almost entirely ensue from how the two portfolios of firms react in crisis times. The nature

of these crises (mini-recession mainly affecting brown firms) and the credit risk of the bonds

(brown firms having lower credit ratings on average) give rise to the volatile price movements

of the bonds issued by brown firms in these periods. Interestingly, Figure 1 shows that, in

the equity market, the mini-recession had much less impact on the divergence between green

and brown firms.

Green firms underperformed brown firms in the bond market with an average monthly

return difference of -2 bps, as presented in Column (1) of Table 2. Then, we regress the

monthly GMB portfolio on prominent return factors in asset pricing literature to see if green

and brown firms have different exposures to market-wide factors (Fama and French, 1993).

Specifically, we use the bond market factor, the default risk factor (DEF) constructed by

the return difference between long-term corporate bonds and long-term Treasury bonds and

the term factor (TERM) which is the return difference between long-term Treasury bonds

and the T-bill rate for the bond market. We also include stock market factors such as the

three-factor model plus the momentum factor of Fama and French (1993, 2015), and the

liquidity factor (LIQ) of Pastor and Stambaugh (2003).

When regressed on the bond market factor, the bond GMB portfolio produces an eco-

nomically sizable alpha of 0.2%, but statistically insignificant. The CAPM beta is -0.69 in

4See The New York Times article: https://www.nytimes.com/2018/09/29/upshot/

mini-recession-2016-little-known-big-impact.html.
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Column (2), which suggests that the brown firms’ market beta is higher by 0.69 than the

green firms’ on average. The positive, albeit statistically insignificant, alpha stems almost

entirely from the recession period. When we include the dummy for the period of the man-

ufacturing mini-recession (Nov 2015 - Apr 2016) and COVID-19 (Feb 2020 - Dec 2020) and

its interaction with the bond market return, the magnitude of bond GMB alpha decreases

to 0.006% and its statistical significance becomes extremely low. Even after controlling for

the recession, brown firms are still riskier than green firms in terms of market risk suggested

by the coefficient of the market portfolio of -0.176. This contrasts the coefficient of -0.05

from the same regression for the stock GMB portfolio in Pastor et al. (2022). After con-

trolling for additional bond factors, the bond GMB alpha becomes statistically significant

with a magnitude of 0.15% per month. Additionally, we adjust for the equity risk factors

in Columns (5) to (7). When regressed on the stock market factor, the bond GMB alpha

becomes negative although not significant. The equity 5-factor model produces a positive

bond GMB alpha but the statistical significance remains very low. Controlling for all equity

and bond risk factors, the bond GMB portfolio generates a monthly alpha of 0.198% with

a t-statistic of 1.789. However, most importantly, the statistical significance of all alphas

disappears when we exclude the recession periods from the estimation as shown in Column

(8). Thus, our results show that there is no strong outperformance of green firms over brown

firms in the bond market after adjusting for different risks.

3.2 Realized bond-implied equity returns

In the previous subsection, we focused on the pricing of green and brown firms in the cor-

porate bond market with a loose comparison to the stock market. Since the two securities

have different risk levels, we now transform the realized corporate bond returns to realized

bond-implied equity returns by adjusting for the hedge ratio of equity to bonds. We can

then directly compare these bond-implied returns, in a quantitative way, to the actual real-

ized equity returns. This transformation is performed using a Merton-style (1974) approach.

Specifically, we define the realized bond-implied equity return RS
it as follows

RS
it = rft +

(
∂Sit

∂Bit

Bit

Sit

)
(RB

it − rft ), (2)

where RB
it is the realized bond return and rft is the one-month T-bill rate, and where Sit and

Bit denote the equity and bond values at time t, and ∂Sit

∂Bit

Bit

Sit
is the elasticity of the equity value
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with respect to the bond value (also referred to as the hedge ratio). Equation (2) provides,

for each month, an estimate of what the realized equity return should have been given the

corporate bond return of the same firm, taking into account the equity-bond elasticity.

Empirically, we determine the equity-bond elasticities using a regression approach. We

first calculate the realized elasticity per firm for each month as the changes in the market

value of equity divided by the changes in the market value of debt ( δE/E
δB/B

). As in van Zundert

and Driessen (2022), the market value of debt is calculated as the book value of debt times

the market price of the bonds divided by their nominal value. Book value of debt is lagged

by two months to account for a reporting lag. In the second step, the equity-bond elasticity

is assumed to be a function of the firm value, the interest rate, the equity volatility and

maturity. All these determinants follow from the Merton (1974) model. We then perform a

pooled OLS of the realized elasticities on these variables5(
δE/E

δB/B

)
j,t

= a+ βLEVLEVj,t−1 + βV OLV OLj,t−1 + βyyg,t−1 + βTMTTMTj,t−1 + ϵj,t, (3)

where LEV is the leverage ratio of book debt to total value of the firm, V OL is the 1-

month annualized daily stock return volatility, y is the maturity-matched government bond

yield, and TMT is the firm-level average bond maturity. Table 3 reports the estimation

results. Both leverage and volatility have a strong positive effect on the equity-bond elasticity,

consistent with what the Merton (1974) model predicts. Finally, we use the fitted values

for the equity-bond elasticity from the estimation of Equation (3) as the expected elasticity

given the values of the variables and use these to construct the bond-implied equity returns

as in Equation (2). Applying this procedure, we obtain realized bond-implied equity returns

for green versus brown firms from February 2013 to December 2020.

Figure 4 displays these returns for the green-minus-brown portfolio, cumulated over time.

The realized bond-implied equity returns predict that the cumulative GMB stock return

should be negative and decreasing over our sample period. This comes as no surprise given

that the bond GMB portfolio had a slightly negative cumulative return over the full sample,

and the equity-bond elasticity scales these returns (though potentially differently across firms

and over time). This bond-implied equity performance is in contrast to the actual realized

performance of the GMB portfolio in the stock market as shown in Figure 1. Thus, our

5Following van Zundert and Driessen (2022), we winsorize elasticities at the 5th and 95th percentile from

the regression estimation.
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Figure 4: Bond-Implied Cumulative Realized GMB Returns. The figure displays the

cumulative GMB return spread using the bond-implied realized return estimated by Equation (2).

quantitative comparison of the bond and stock GMB performance points to the segmentation

of the stock and bond markets in the pricing of environmental issues.

In a frictionless and integrated world, a relative mispricing of one security in comparison to

the other suggests an arbitrage opportunity for investors. Thus, we study the risk-adjusted

returns on the “mispricing” portfolio of realized GMB equity return minus the bond-implied

GMB equity returns. In Table 4, we regress the mispricing portfolio return on stock risk

factors. First, the average monthly return on the mispricing portfolio is 0.93% with a t-

statistic of 3.03. We thus statistically strongly reject the integration of the bond and stock

markets. When we adjust for the market risk, the monthly alpha is 1% and adding additional

stock risk factors further increases the monthly alpha to 1.15% with a t-statistic of 4.51.

Hence, the divergence of stock and bond markets cannot be explained by some differential

exposure to stock market risk factors. In sum, we see that the divergence in pricing of green

firms in bond versus equity markets is both economically and statistically substantial.

4 The ex-ante green premium

Our analysis so far focused on realized returns. We now shift focus to the ex-ante green

premium. For this, we first obtain ex-ante corporate bond expected returns under simple

assumptions, which are then converted to ex-ante bond-implied equity returns using the

hedge ratios in the same manner as before. With the resulting estimates, we study the levels
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and time trends of the ex-ante green premium in the corporate bond market, and of the

ex-ante bond-implied equity green premium.

4.1 Methodology

Several studies develop methods to assess ex-ante corporate bond expected returns, by cor-

recting credit spreads for expected default losses. In this paper, we follow the approach of

Campello et al. (2008) and van Zundert and Driessen (2022), who construct firm-specific

measures of expected bond and equity returns using bond yields. We assume that bonds

only default at maturity and approximate coupon-paying bonds with zero-coupon bonds

with maturity equal to the duration of the original coupon-paying bonds. Then we first

estimate the holding-to-maturity bond risk premium as follows

Et[R
B
it ]− ygt = (1 + yit)(1− Lπit)

1/Tit − (1 + ygt), (4)

where Et[R
B
it ]− ygt is the bond risk premium with the expected return Et[R

B
it ] and the yield

on the maturity-matched Treasury bond, ygt. yit is the weighted average of the yields on the

bond by a given firm using the amount outstanding as weights. We also assign each firm the

weighted average of the maturity of the zero-coupon bonds and the weighted average of the

credit ratings of the bonds in the same manner. L denotes the loss rate in case of default

and πit denotes the cumulative default probability of the bond which we obtain following

the procedure discussed in the following subsection. Intuitively, Equation (4) provides a

forward-looking estimate of the bond risk premium using yield spread corrected for loss in

case of default.

Next, we estimate the bond-implied expected equity return using the resulting expected

excess bond returns from Equation (4) as

Et[R
S
it] = ygt +

(
∂Sit

∂Bit

Bit

Sit

)
(Et[R

B
it ]− ygt). (5)

Based on the idea that both equity and bond are contingent claims on the same assets, Equa-

tion (5) approximates the bond-implied equity premium using bond risk premium multiplied

by the ratio of instantaneous equity return to bond return.
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4.1.1 Expected default loss rate

Our estimation of the expected default loss rate relies on simple assumptions following

Campello et al. (2008). We use Moody’s annual default rates provided for each credit

rating from 1998 to 2020. Since Moody’s provides only one default probability for credit

ratings Ca (CC in S&P) and C (C), we assume the default probabilities are the same for

them. We first take a time-series average of the default rates for each rating for the period

1998-2020. Assuming the term structure of the default probabilities to be flat, we compound

the default probabilities for years until maturity to obtain cumulative default probabilities.

The default loss rates, L, are calculated as one minus the recovery rates where we use the

recovery rate estimates by Altman and Kishore (1998): 68.34% (for AAA bonds), 59.59%

(AA), 60.63% (A), 49.42% (BBB), 39.05% (BB), 37.54% (B), and 38.02% (CCC). For all

other ratings with recovery rates not given by Altman and Kishore (1998), we use linear

interpolation and extrapolation. Lastly, we calculate the expected default loss rate as the

expected default probability times the default loss rate as in Equation (4).

4.2 Bond-implied green premium

We next explore the forward-looking bond-implied equity green premium. With the estimates

from Section 4.1, we investigate whether the cost of capital for green firms in comparison to

brown firms becomes progressively lower over the period when they have a strong outperfor-

mance, as theories suggest. For the stock market, Pastor et al. (2022) document a negative

green premium: using an implied cost-of-capital approach they find an average ex-ante ex-

pected return on the GMB portfolio of -1.4% per year. Moreover, they argue that this green

premium becomes more negative over time: due to the unexpected strengthening of climate

concerns realized equity returns are higher for green firms, but this lowers their subsequent

expected returns. Our analysis of ex-ante bond-implied green premium provides a direct

comparison of the findings by Pastor et al. (2022) and what one predicts of the performance

of green and brown firms in the stock market, given the data in the bond market. Thus,

disparate predictions by the two estimates, our bond-implied expected returns and the ICC

estimates by Pastor et al. (2022), further confirm the segmented markets in green asset

pricing.

For the ex-ante returns, we study the green premium after controlling for credit ratings.
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(a) High Ratings (b) Mid Ratings

(c) Low Ratings

Figure 5: Bond-Implied Expected Returns (Control: Ratings). Panel (a) plots the value-

weighted average of the bond-implied expected return for the green and brown portfolios for firms

in the top third sorted on average bond ratings. Panel (b) and (c) show the same for firms in the

middle and bottom third sorted on average bond ratings.

In Table 1, we showed that green firms tend to have higher credit ratings than brown firms.

Since credit spread largely differs across ratings, we first sort firms into tercile portfolios

based on their average credit ratings and within each rating portfolio, create green, neutral,

and brown portfolios in the same manner as before. Figure 5 displays the ex-ante bond-

implied returns on double-sorted portfolios and Figure 6 shows the bond-implied expected

GMB spreads for each rating portfolio.6 For firms with high-rated bonds on average, green

and brown portfolios do not show much difference in the bond-implied expected returns with

a minimal decrease in green premium by the end of the sample period. The green and brown

firms in the medium ratings portfolio do show a large difference in return during the mini-

6The bond-implied expected returns for green, brown, and neutral portfolios without controlling for credit

ratings, and the bond-implied expected GMB spread are in Figure 9 and 10, respectively.
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Figure 6: Bond-Implied Expected Return GMB Spreads (Control: Ratings). The figure

plots the bond-implied expected GMB spread for the rating portfolios in Figure 5.

recession period, and also for a short period around the COVID market crash. In normal

times, the return difference is negligible especially in the second half of the sample when ESG

investing gained significantly more popularity. Looking at firms with lower-rated bonds, we

show that the negative green premium mostly stems from firms with higher default risks.

However, we also note that the spread between green and brown firms for low-rated bonds

is less likely to be driven by green preferences. The average realized GMB return is -0.05%

for low-rated firms, suggesting no outperformance of green firms over the brown. Moreover,

these bonds tend to be less liquid with high credit spread volatility, which could make green

investors refrain from investing in them.

Taken together, our investigation of the bond-implied realized and expected equity returns

as a direct comparison of the two markets points to the segmented green premiums. For the

same period when green stocks have a strong outperformance over brown stocks, the bond-

implied realized returns suggest an underperformance. Except for the crisis period, the bond

market would expect the stock market to have the exact opposite of the realized returns in

the stock market: a consistent decrease in the GMB returns. Similarly, the forward-looking

estimates of the bond-implied expected return do not predict the cost of capital for green

firms to consistently fall for the periods of unexpected increase in environmental concerns as

suggested by Pastor et al. (2022).

To briefly discuss possible explanations for the segmented green premium, we argue that
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this may be attributed to the different investor clientele in the two markets. The shares of

corporate bonds held by retail investors are only 6% as of 2019, while they represent 37%

of the stock market according to the Federal Reserve Board Flow of Fund data. Although

retail investors still indirectly hold corporate bonds through ETFs and mutual funds, green

investment funds are dominated by stocks while their bond counterparts are almost non-

existent. Since retail and institutional investors have substantially different risk appetite

and investment objectives, their preferences for green assets could largely differ, which is

then reflected in the disparity in the pricing of green assets in the bond and equity markets.

Also, private investors are less constrained in their portfolio allocation and thus, the rising

public attention to climate change can be thoroughly passed on to their portfolios. On the

other hand, institutional investors face a variety of constraints such as regulatory restrictions

and contract requirements. Moreover, life insurance companies, the largest corporate bond

investors, tend to hold a concentrated portfolio of bonds by a small number of issuers, rather

than a diversified portfolio of different issuers (Barbosa and Ozdagli, 2023). This environment

of institutional bondholders points to the difficulty in transmitting green preferences into the

bond market. Meanwhile, some institutional investors still tilt their equity portfolios toward

green firms (Atta-Darkua et al., 2023). When we briefly look at the ESG mutual funds in

the CRSP Mutual Fund database,7 there exists 278 equity ESG funds within our sample

period, while the number of balanced or corporate bond ESG funds is only 37. Thus, even

among institutional investors (in this case mutual funds), those with green preferences tend

to allocate their portfolios to green stocks rather than green corporate bonds. A separate

analysis looking at the holdings of different types of institutional investors is needed to

empirically confirm our arguments of the investor clientele effect.

5 The effect of the equity-bond valuation gap on equity

issuance

In this section, we test whether the green equity overvaluation predicts firms’ capital struc-

ture decisions. Thus far, we have shown that the stock and bond markets show evidence

of a segmented green premium. This segmentation provides an opportunity for firms and

7We identify mutual funds that have an ESG keyword in the fund name as ESG mutual funds. The

definition of ESG keywords follows from van der Beck (2023).
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investors because distinct and persistent pricing fluctuations of one security compared to the

others lead to relative mispricing that they can exploit. Firms can issue cheaper security

while repurchasing more expensive ones. Investors can make an arbitrage profit by setting up

a portfolio with the hedge ratio as the weight. In the context of segmented green premiums,

green firms’ equity becomes overvalued relative to their bonds. Thus, we investigate how

firms react to the equity-bond valuation gap that arises from Green V R in their financing

decisions. We focus on firms’ role as arbitrageurs in their securities rather than private

investors’. Unlike private arbitrageurs, firms are in a unique position to counteract pricing

inefficiencies across markets to capitalize on the mispricing (Ma, 2019).

5.1 Cumulative equity-debt spread

We construct a measure of the equity-bond valuation gap by constructing the ratio of the

realized equity returns to the bond-implied equity returns. Specifically, the Valuation Ratio

(VR) is constructed as follows

VRit =
Πt

s=1(1 +Re
is)

Πt
s=1(1 +Re,bond−implied

is )
, (6)

where Re
is is the excess stock return and Re,bond−implied

is is the bond-implied realized excess

stock return based on Equation (2). Our valuation gap measure cumulates the stock and

bond-implied equity return since the beginning of our sample period, January 2013, for each

firm. This quantifies how much the two securities of the same firm diverged compared to

the level at the beginning of our sample period. The V R value of 1 indicates no valuation

gap while a value higher (lower) than 1 indicates equity (bond) overvaluation. The raw V R

values capture the valuation gap under the assumption of no equity-bond segmentation in

January 2013. In our regression, we focus more on the dynamics of V R than level as we

include both firm and time fixed effects.

We first study the impact of firms’ environmental footprint on the equity-bond valuation

gap. In a panel regression, we regress V R on g̃ interacted with year dummies. This captures

the variation in the effect of g̃ on V R over the years. Table 5 presents the estimates from

the regression with firm and time fixed effects. The standard errors are clustered at firm

and time levels. The results show that the effect of firms’ environmental score on the equity-

bond valuation gap increases over time. This implies that the magnitude of the equity

overvaluation for green firms becomes progressively larger. Also, it is important to note that
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Figure 7: VR Decomposition. The figure shows the decomposition of V R into green and

residual V R averaged across firms within each portfolio. Green V R takes the fitted value from the

regression in Table 5.

the effect of g̃ on V R starts as negative in 2013. The sign of the coefficients flips from 2015

while the effect is insignificant in 2014, the transition period from a negative to a positive

relationship between g̃ and V R. This is in line with the extant literature and confirms that

the rise of green investing was especially propelled after the 2015 Paris Agreement. In 2013,

a 1 standard deviation increase in g̃ is associated with a decrease of 6.1 p.p in V R.8 In

contrast, in 2020, a 1 standard deviation increase in g̃ is associated with a 36.4 p.p increase

in V R.

We now decompose VR into the part accounted for by environmental score and the rest.

Specifically, we take the fitted values from the regression in Table 5 and refer to it as the

Green VR and we refer to the residual component as the Residual VR. Figure 7 displays the

cross-sectional averages of each component of V R for green, neutral, and brown firms. The

plots are presented in the order of the total V R, the Green V R and the residual V R. The

total V R for brown firms fluctuates around 1, while its green counterpart has an upward-

sloping trend over the years. The decomposition shows that the variation in the total V R

mostly stems from the variation in the Green V R. The residual component shows a noise-

like pattern that fluctuates around zero.9 In sum, consistent with the results in the previous

sections, our results suggest that firms’ environmental score positively predicts persistent

8Monthly standard deviation of g̃ is 1.49.
9When we take out the firm and fixed effects, the difference between green firms’ and brown firms’ V R

becomes even larger. Brown firms show a down-ward-sloping trend for total and Green V R.
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equity overvaluation.

5.2 Capital structure decision

In this section, we study firms’ financial decisions in response to the green equity overvalu-

ation. We have shown that higher levels of g̃ lead to a persistent equity-bond valuation gap

and that this effect progressively strengthens over time. Since firms generate the cash flows

that underlie their securities, they are well positioned to take the role of arbitrageurs in their

own securities (Ma, 2019). By observing the misalignment between market prices of their

securities and the true value of their cash flows, firms can make informed financial decisions.

Specifically, we examine whether green firms capitalize on the green equity-bond valuation

gap by issuing more equity when their stock is overvalued relative to their bonds. These

firms are well-suited to engage in such cross-market arbitrage, as the valuation gap driven

by green equity investors is unlikely to stem from fundamental differences in risk profiles or

cash flows.

To test this, we assess whether the cumulative valuation gap V R predicts net equity and

debt issuance. We regress net equity and debt issuance on lagged Green V R and lagged

residual V R including lagged control variables. This allows us to isolate how much of the

issuance decision was driven by green investing and other determinants. Lagged control

variables include net income, cash holding and capital expenditure following Ma (2019),

along with market-to-equity to account for equity mispricing (Baker and Wurgler, 2002).

Additionally, we include controls from Rajan and Zingales (1995), namely, asset tangibility,

profitability and log sales. Following Chen et al. (2023), we include market leverage as the

leverage ratio tends to be mean reverting (Leary and Roberts, 2005). Detailed definitions of

the variables are explained in Appendix A.

We follow Cho and Salarkia (2022) for the definition of net equity issuance which measures

the growth in market cap not attributable to stock returns:

Net Equity Issuancei,t =
MEi,t

MEi,t−1

− (1 +Ri,t). (7)

This differs from only considering the sale and purchase of common and preferred stock in

that we assume that other policies, such as cash payout and employee stock option plans,

are a part of the firm’s capital structure decision. Net debt issuance is defined as long-term

debt issuance minus long-term debt reduction divided by lagged total assets.
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Table 6 presents the summary statistics of the variables used in the analysis of the capital

structure decisions, which are now in quarterly frequency. Net equity and debt issuance

are winsorized at 1% level. On average, firms in our sample slightly tend to be net equity

repurchasers and net debt issuers. Firms tend to show a large dispersion in the net equity

and debt issuance decisions.

We then estimate the regressions of net equity and debt issuance on Green and residual

V R. Table 7 shows the results of baseline regressions with only the V R variables and of

the regressions with controls. Regardless of the specifications for net equity issuance, the

coefficients of Green V R are positive and significant. In Column (1) a 1 standard deviation

increase in Green V R10 predicts an increase of 0.95 p.p. in net equity issuance. After

including the controls, the effect of a 1 standard deviation increase in Green V R rises to

1.18 p.p. While the coefficient of residual V R is also positive, the statistical significance is

very low without the controls and remains much lower than Green V R even after adding

the control variables. The magnitude of its effect is also much smaller compared to the

effect of Green V R. A 1 standard deviation increase in residual V R is associated with a

0.11 p.p increase in net equity issuance.11 Looking at the net debt issuance decision, the

coefficients of the Green V R are statistically insignificant with mixed signs depending on

the specifications. The coefficient of the residual component is negative and significant when

controlled for other effects, suggesting that bond overvaluation relative to equity (low V R)

predicts debt issuance decisions but based on factors other than green.

Further, we study the same regressions but with cumulative net equity and debt issuance.

Firms’ capital structure decisions may take some time to react to the valuation gap and may

be spread out over a longer period than one quarter. In Table 8, we regress net equity and

debt issuance summed over t to t + 3 on green and residual V R at t − 1. Similar to the

previous results, we find a strong positive effect of Green V R on net equity issuance. A 1

standard deviation increase in Green V R predicts an increase of 4.35-5.50 p.p in next year’s

net equity issuance. After adding the control variables, the effect of 1 standard deviation

increase in residual V R on next year’s net equity issuance is 1.52 p.p, less than one-third

of the effect of Green V R. We then turn to net debt issuance in Column (3) where we find

a negative relationship between Green V R and net debt issuance. However, once we add

10The standard deviation of Green V R is 0.62.
11The standard deviation of residual V R is 0.52.
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the control variables, the statistical significance disappears and the sign of the coefficient

switches to positive. This suggests that the estimates in Column (3) could be subject to an

omitted variable bias. When we add the control variables, the coefficient of residual V R is

negative and significant, which is consistent with the results in Table 7.

We now convert the effect of the green equity-bond valuation gap on equity issuance to

monetary terms. Thus far, we showed that Green VR predicts higher equity issuance. Then

how much more capital do green firms raise compared to brown firms as their equities become

relatively overvalued? When firms issue overvalued equity, they are taking advantage of a

lower cost of capital. Thus, quantifying the amount of capital green firms raised relative to

brown firms provides indirect evidence of their benefits from issuing overvalued security.

By construction, (V R − 1)+ represents equity overvaluation relative to bonds. Thus, we

multiply β(GreenV R − 1) with lagged shares outstanding to obtain the dollar value of the

equity issuance.12 This quantifies the amount of equity that was issued at a lower cost of

capital relative to what is implied by the Merton model due to green equity mispricing.

Figure 8 presents the green, neutral, and brown portfolios’ aggregate and value-weighted

average equity issuance accounted for by Green V R. Over the sample period, the Green V R

equity issuance increases for green firms while that for brown firms does not deviate much

from zero. As can be seen in Table 5, the magnitude of V R explained by g̃ progressively

increases over time. Naturally, the equity-bond valuation gap cumulates substantially by

the end of the sample to make the difference in aggregate gains for green firms versus brown

firms at 1.92 billion dollars. This is surprising given that green firms’ quarterly aggregate

net equity issuance is -35.5 billion dollars on average from 2013 to 2020, which suggests that

green firms buy back shares on average. However, once we control for other determinants

for capital structure decisions, the marginal effect of Green V R on net equity issuance is

positive and leads to a large amount of extra capital in dollar value. Similarly, the difference

in value-weighted average gains for green and brown portfolios is about 74 million dollars by

the end of the sample.

Taken together, we show that green firms act on green equity overvaluation relative to debt

in their capital structure decisions. Green V R, which proxies how much of the equity-bond

valuation gap was due to green stock investors, positively predicts future equity issuance.

This effect of environmental score is much stronger than that of other factors contributing to

12Our net equity issuance variable is growth in market cap that is not accounted for by the stock return.
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(a) Aggregate (b) Value-Weighted

Figure 8: Extra Capital from Issuing Equity. The figure shows the aggregate and value-

weighted average extra capital for each environmental score portfolio. The extra capital from

issuing equity for each firm is the overvaluation part of the net equity issuance explained by Green

V R (β{GreenV R− 1}). We multiply this by lagged shares outstanding to obtain dollar value.

the equity-bond valuation gap. At the same time, our results are inconclusive about whether

brown firms conversely tend to resort more to the bond market to avoid the high cost of

capital in the equity market. Although firms do issue more debt when their debt is relatively

overvalued (or equity undervalued), these decisions are driven by factors other than the green

exposures of firms. Previous studies also note that debt issues react mostly to a decrease in

interest rates and the substitution of debt for equity seems to be of secondary importance

(Henderson et al., 2006).

6 Green equity overvaluation and positive externalities

In this section, we investigate whether the cheap capital green firms raise from green eq-

uity overvaluation translates to positive externalities. If green firms invest the proceeds

from their overvalued equity into positive NPV projects, their firm value should increase,

contributing to a greener market overall. Also, these funds could be used to transition to

greener operations, which brings about a positive social impact for the transition to a greener

economy. We therefore investigate whether net equity issuance, in conjunction with green

equity overvaluation (Green V R), can predict growth in EPS and changes in environmental

score.
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Table 9 reports results from regressions of change in Earnings per Share (EPS) from t to

t+ 4 (1 year) or t+ 8 (2 years) on net equity and debt issuance, green equity overvaluation

(Green V R − 1) and the interaction terms of the issuance variables and green V R − 1 at

t. Across full and sub-samples, our primary variable of interest, the interaction term of net

equity issuance and Green V R − 1, does not show a statistically significant relationship at

either horizon. This suggests that green firms’ cheap capital raised from overvalued green

stocks does not predict growth in EPS.

Next, we study whether net equity issuance and Green V R predict changes in future

environmental score. Green firms could also use the proceeds from cheap equity they raised

for the greening of their operations. Table 10 reports results from regressions of 1 or 2-year

change in g̃ on net equity and debt issuance, Green V R − 1 and the interaction terms of

the issuance variables and Green V R − 1. The interaction term in Column (3) shows that

when green firms issue equity during periods of high green equity overvaluation, it predicts

a decrease in g̃ over the following year. This finding suggests that instead of advancing

their sustainability efforts, green firms might be undermining their future g̃ by capitalizing

on overvalued equity. This goes against the positive impact that green investors may aim

to achieve by participating in the stock market. Aside from the 1-year change in g̃, we

find no significant effects from the interaction term. Overall, our results indicate that the

funds raised from overvalued green equity do not translate into positive social impacts or

advancements in sustainability, thereby suggesting a disconnect between the intentions of

green investors and the actual outcomes.

7 Robustness checks

In this section, we assess the robustness of our results by subjecting them to various checks

in different dimensions. Firstly, we investigate whether the green equity-bond segmentation

still exists using another environmental criterion, best-in-class. Under this measure, firms are

evaluated based on how green they are compared to other firms within the same industry.

We secondly explore the heterogeneity in green equity overvaluation to assess whether a

small subset of firms with certain characteristics is driving our results. Lastly, we examine

whether the segmented green premium stems from liquidity risk having different effects in

the two markets.
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7.1 Industry-adjusted environmental score

A natural extension to our analysis raises a question: is the segmented green premium present

when different criteria are used to assess firms’ environmental performance? To address this,

we re-evaluate our findings using a best-in-class approach instead of the best-in-universe

approach. In the best-in-class classification, firms are ranked based on their environmental

footprint compared to their industry counterparts. Consequently, the greenest firm in one

sector, such as energy, might have an environmental score comparable to that of the greenest

firm in another sector, such as healthcare. Details on constructing this industry-adjusted

environmental score are provided in Appendix B.

Using the best-in-class criteria, we construct the GMB portfolio for the bond market and

adjust the returns for various risk factors as outlined in Section 3.1. Table B1 presents

the regression of the bond GMB portfolio using best-in-class on prominent risk factors.

The average return on the GMB portfolio is -0.048%, suggesting that green firms slightly

underperform brown firms. Furthermore, across all specifications, the GMB alpha remains

statistically insignificant, even without taking out the recession periods as we did in Table 2.

Moreover, the magnitude of the alphas is smaller compared to the case with best-in-universe

criteria. Overall, our regression analysis suggests that the bond market still shows little

evidence of a green premium under the best-in-class approach. Figure B1 compares the

cumulative returns for the stock and bond GMB portfolios using the best-in-class criteria.

Unlike the significant differences observed with the best-in-universe approach, the bond and

stock GMB portfolios exhibit minimal difference in returns. This suggests that the most

substantial equity-bond segmentation occurs when assessing firms on a best-in-universe basis,

highlighting how stock investors’ preferences diverge most sharply when evaluating firms

based on the environmental performance across the entire market.

7.2 Heterogeneity in green equity overvaluation

In this subsection, we examine possible dimensions for heterogeneity in green equity over-

valuation. In Section 5, we showed that on average, firms’ environmental score predicts an

equity-bond valuation gap and that this effect becomes stronger over the sample period.

However, the green equity-bond valuation gap could be concentrated on a subset of firms

with specific characteristics. Thus, we control for a few firm characteristics that could drive

28



our regression results. The dimensions of heterogeneity we consider include a) volatility :

volatile stocks face more severe limits-to-arbitrage, resulting in a higher green stock overval-

uation; b) size: investors could either refrain from large firms and enjoy the size premium or

conversely, be more in favor of them to stay closer to the market portfolio; c) book-to-market :

investors could tilt their portfolios toward value stocks within green firms for diversification

since green stocks tend to be growth stocks.

Table C2 presents panel regressions for the heterogeneity in the effect of g̃ on V R. We

add interaction terms of g̃ and the firm characteristics mentioned above, namely, log lagged

three-month moving average of monthly stock volatility, log market cap, and book-to-market.

After accounting for the characteristics, the effect of g̃ on V R still increases over time as in

Table 5. In Column (1), we find negative coefficients of both the volatility and the interaction

term for g̃ and volatility. This suggests that green stocks with higher past volatility show

lower V R. This result is more in line with the volatility anomaly that low-volatility stocks

have higher future returns, which leads to a larger green equity overvaluation. Column (2)

shows a positive coefficient of the interaction of g̃ and their market cap. This speaks to the

green investors’ tendency to stay closer to the market portfolio. Lastly, Column (3) presents

the result of the interaction between g̃ and book-to-market. The negative coefficient suggests

that green investors tilt their portfolios toward growth stocks rather than value among green

firms.

7.3 Liquidity risks of the stock versus bond GMB

As a robustness check, we study if liquidity risk could explain the segmented green premium.

Illiquidity is an important feature of corporate bond markets while stock markets are much

more liquid and have smaller liquidity effects. Therefore, we want to rule out different

liquidity effects driving our results. In our regression in Table 4, we adjust returns for the

liquidity factor, which controls for the difference in liquidity risk of the stock and bond GMB

portfolios. On top of controlling for the average liquidity effect, we further examine the time

variation in the liquidity risks of green and brown firms in stock and bond markets.

Specifically, for each firm, we estimate the stock market liquidity beta for the Pastor and

Stambaugh (2003) liquidity factor using the excess bond returns controlled for the stock

market risk. This follows Bongaerts et al. (2017) who show that the bond returns price the

stock market liquidity factor instead of the bond market liquidity risk. Figure D5 Panel (a)
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presents the cross-sectional averages of the liquidity risk beta for bonds in the green, neutral

and brown portfolios, while Panel (b) presents the same for stocks. We find that the bonds

by brown firms have two to four times higher liquidity risk betas than green firms. At the

same time, liquidity risk betas for stocks by the same firms also show a similar pattern over

time. Therefore, the liquidity risk difference for green versus brown in the stock and bond

markets does seem to not explain the segmented green premium.

8 Conclusion

Green investor preferences have driven a notable surge in the prices of green stocks (Pastor

et al., 2022; van der Beck, 2023). However, our analysis reveals a stark contrast in the

corporate bond market, where we find minimal outperformance of green versus brown firms.

This discrepancy challenges classic asset pricing theory, which posits that equity and bonds

from the same firms should be consistently priced, given their dependence on the same

underlying asset value.

Our study provides robust evidence of a segmentation between corporate bond and equity

markets in the pricing of green assets. We first quantitatively compare equity and bond

returns for green and brown firms, adjusting for their differing risk profiles and cash flows.

This analysis highlights a significant divergence in green premiums across the two markets.

Secondly, we show that this segmented green premiums accumulate to a substantial amount

of equity-bond valuation gap. Lastly, despite green firms taking advantage of their overvalued

equity to issue more shares, this additional capital fails to generate a positive social impact.

Our consistent findings of green equity-bond segmentation may be attributed to differ-

ences in investor clientele between the two markets. While the stock market is substantially

influenced by retail investors with strong green preferences, the corporate bond market is

predominantly populated by institutional investors, who may not share these preferences.

Consequently, if the recent outperformance of green stocks is driven primarily by retail in-

vestors, the bond market’s muted response could be expected. Future research exploring the

green preferences of retail versus institutional investors could further illuminate the factors

behind the segmented green premium and its implications.
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Figure 9: Bond-Implied Expected Equity Return. The figure plots the value-weighted aver-

age of the bond-implied expected equity return estimated by Equation (5) for the tercile portfolios

sorted on g̃.
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Figure 10: Bond-Implied Expected Return GMB Spread. This figure shows the return

spread of green minus brown portfolios in Figure 9.
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Table 1: Descriptive Statistics

Panel A: Brown Firms

N Mean SD Min 25th Median 75th Max

Firm-level Amount Outstanding 20,932 2,738 4,832 0 500 1,150 2,972 78,500

Firm-level Excess Return 20,926 0.417 3.370 −55.714 −0.426 0.388 1.325 35.839

Firm-level Yield Spread 20,864 3.061 3.285 −0.441 1.181 2.179 3.823 43.914

Firm-level Duration 20,932 5.592 2.392 0 4 5 7 19

Firm-level Credit Rating 20,932 10.740 3.117 0 9 10 13 22

Firm-level Time to Maturity 20,932 7.831 4.747 0 5 7 9 43

Firm-level Relative Green Score 20,932 −1.873 1.453 −7.586 −2.984 −1.879 −0.617 1.082

Brown Portfolio Return 96 0.420 1.957 −9.730 −0.394 0.408 1.171 7.000

Brown Portfolio Yield 96 2.023 0.850 1.253 1.501 1.695 2.243 5.375

Panel B: Neutral Firms

Firm-level Amount Outstanding 21,592 4,075 7,241 5 600 1,500 4,197 76,900

Firm-level Excess Return 21,571 0.415 2.414 −55.714 −0.356 0.374 1.207 35.839

Firm-level Yield Spread 21,516 2.105 2.145 −0.441 0.870 1.472 2.715 43.914

Firm-level Duration 21,592 6.152 2.582 1 4 6 8 19

Firm-level Credit Rating 21,592 9.483 3.006 1 8 9 11 22

Firm-level Time to Maturity 21,592 8.658 5.007 1 5 7 11 43

Firm-level Relative Green Score 21,592 −0.944 1.098 −4.346 −1.680 −0.823 −0.132 1.242

Neutral Portfolio Return 96 0.371 1.589 −8.093 −0.439 0.389 1.014 5.797

Neutral Portfolio Yield 96 1.297 0.460 0.528 1.031 1.264 1.495 3.638

Panel C: Green Firms

Firm-level Amount Outstanding 22,119 7,743 13,915 5 950 2,700 8,250 109,351

Firm-level Excess Return 22,107 0.381 2.014 −55.580 −0.358 0.343 1.132 31.044

Firm-level Yield Spread 22,093 1.850 2.010 −0.441 0.719 1.173 2.344 43.416

Firm-level Duration 22,119 6.075 2.384 1 4 6 7.5 19

Firm-level Credit Rating 22,119 8.991 3.354 1 7 8 11 22

Firm-level Time to Maturity 22,119 8.458 4.472 1 5 7 11 82

Firm-level Relative Green Score 22,119 0.388 0.690 −2.291 0.057 0.691 0.863 1.462

Green Portfolio Return 96 0.372 1.297 −4.462 −0.234 0.361 1.066 4.484

Green Portfolio Yield 96 1.124 0.301 0.578 0.938 1.117 1.257 2.643
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Table 2: Baseline Regressions

We estimate monthly time series regression using the realized return difference between

green and brown firms (GMB return) as a dependent variable and different bond market

and stock market factors as independent variables. Rm −Rf is the excess bond market

return. DEF is the default spread defined as the return difference between long-term

corporate bonds and long-term Treasury bonds. TERM is the term spread which is the

return difference between long-term Treasury bonds and the T-bill rate. SMB and HML

are the size and value factors of Fama and French (1993). UMD is the momentum factor of

Carhart (1997). LIQ is the liquidity factor of Pastor and Stambaugh (2003). The recession

dummy is 1 to mark the manufacturing mini-recession (Nov 2015 - Apr 2016) and the

COVID-19 (Feb 2020 - May 2020). For the purpose of readability, the coefficient on these

interaction terms between the factors and the recession dummy are omitted in Column (8).

Newey-West t-statistics are presented in parentheses.

GMB Return

(1) (2) (3) (4) (5) (6) (7) (8)

α (in %) −0.020 0.201 0.006 0.152∗∗ −0.009 0.146 0.198∗ 0.079

(−0.137) (1.475) (0.093) (2.340) (−0.047) (0.789) (1.789) (1.287)

Rm −Rf −0.693∗∗∗ −0.176∗∗ −2.866∗∗∗ −2.670∗∗∗ −1.578∗∗

(−3.582) (−3.557) (−2.901) (−2.884) (−2.382)

DEF 1.938∗∗ 1.765∗∗ 1.134∗

(2.169) (2.104) (1.851)

TERM 2.067∗∗ 1.904∗∗ 1.197∗∗

(2.412) (2.358) (1.999)

Rstock
m −Rf −0.009 −0.017 −0.019 −0.020∗

(−0.210) (−0.565) (−0.655) (−1.948)

SMB −0.081∗ −0.014 −0.00002

(−1.910) (−0.603) (−0.002)

HML 0.014 0.011 0.001

(0.426) (0.439) (0.036)

UMD −0.024 0.011 −0.003

(−0.908) (0.573) (−0.227)

LIQ −0.083∗∗ −0.016 −0.005

(−2.507) (−0.983) (−0.498)

Recession 0.788∗∗ 0.535∗∗∗

(2.082) (8.750)

Recession * Rm −Rf −1.052∗∗∗ −3.114∗∗∗

(−7.682) (−4.707)

Observations 96 96 96 95 96 96 95 95

R2 0.000 0.512 0.814 0.781 0.001 0.123 0.790 0.929

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01



Table 3: Equity-Bond Elasticity Estimates

Estimates t-Statistic

Intercept -0.0305 -0.08

LEV 1.4412 4.40

VOL 1.2064 4.60

yg 3.0805 1.20

TMT -0.0518 -2.47
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Table 4: Arbitrage Return Regression

We estimate monthly time series regression using the difference between the realized GMB

return and the bond-implied GMB return as a dependent variable and the stock market

factors as independent variables. Rstock
m −Rf is the excess stock market return. SMB and

HML are the size and value factors of Fama and French (1993). UMD is the momentum

factor of Carhart (1997). LIQ is the liquidity factor of Pastor and Stambaugh (2003).

Newey-West t-statistics are presented in parentheses.

Arbitrage Return

(1) (2) (3)

α(%) 0.929∗∗∗ 1.008∗∗∗ 1.154∗∗∗

(3.027) (3.947) (4.506)

Rstock
m −Rf −0.066 −0.081

(−0.972) (−1.080)

SMB −0.021

(−0.136)

HML −0.103

(−1.042)

UMD −0.035

(−0.354)

LIQ −0.119∗∗

(−2.020)

Observations 95 95 95

R2 - 0.010 0.070

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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Table 5: Effect of Environmental Score on Valuation Gap

We estimate fixed effects monthly panel regression using data from January 2013 to

December 2020. The dependent variable is the V R for each firm using Equation (6). We

use relative environmental score g̃ from MSCI as defined in Section 2.2 interacted with year

dummies. The baseline year is 2013. Standard errors are calculated using two-way

firm-month clustered standard errors (Petersen, 2009). t-statistic using clustered standard

errors are reported in parentheses.

Dependent variable:

VRit

g̃i,t−1 −0.041∗∗

(−2.319)

g̃i,t−1 * 2014 0.025

(1.497)

g̃i,t−1 * 2015 0.054∗∗∗

(3.111)

g̃i,t−1 * 2016 0.068∗∗∗

(3.620)

g̃i,t−1 * 2017 0.092∗∗∗

(4.692)

g̃i,t−1 * 2018 0.164∗∗∗

(8.046)

g̃i,t−1 * 2019 0.156∗∗∗

(7.567)

g̃i,t−1 * 2020 0.244∗∗∗

(11.361)

Time FE Yes

Firm FE Yes

Observations 43,758

R2 0.004

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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Table 6: Summary Statistics

Statistic N Mean St. Dev. Min Max

Net Equity Issuance (%) 13,471 −0.432 3.188 −9.855 19.610

Net Debt Issuance (%) 13,517 0.557 3.659 −8.261 20.705

Net Income 14,121 1.218 2.775 −44.874 35.510

Cash Holding 14,125 9.579 10.937 0.000 82.405

Capital Expenditure 14,125 1.313 1.805 −1.508 88.215

ME/BE 14,118 1.908 1.249 0.330 15.684

Tangibility 14,076 33.617 26.493 0.104 98.596

Profitability 13,973 3.312 2.609 −95.638 27.469

Log Sale 14,123 7.530 1.302 2.194 11.861

Market Leverage 14,118 41.360 19.322 7.791 91.536

Dividend Yield 14,118 0.450 1.328 0.000 51.211

Log Total Assets 14,125 9.327 1.281 5.531 13.416

Log Market Cap 14,118 9.217 1.584 1.337 14.492

Within Score 14,125 −1.797 2.261 −7.013 4.238

Across Score 14,125 −0.979 1.483 −7.584 1.449
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Table 7: Capital Structure Decision Determinants

We estimate quarterly fixed effects panel regression using data from March 2013 to

December 2020. The dependent variables are net equity and net debt issuance. For the

independent variables, we use the fitted values and residuals from a regression of V R on g̃

interacted with year dummies. The control variables include net income, cash holding,

capital expenditure, market-to-book equity, asset tangibility, profitability, log of sale,

market leverage, and dividend yield. Standard errors are calculated using two-way

firm-month clustered standard errors (Petersen, 2009). t-statistic using clustered standard

errors are reported in parentheses.

Dependent variable:

Net Equity Issuancet Net Debt Issuancet

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

Green VRt−1 1.525∗∗∗ 1.910∗∗∗ −0.276 0.354

(2.913) (3.539) (−0.622) (0.788)

Residual VRt−1 0.126 0.221∗ 0.150∗ −0.316∗∗∗

(1.277) (1.817) (1.788) (−3.134)

Net Incomet−1 −4.207 −1.543

(−1.481) (−0.660)

Cash Holdingt−1 7.020∗∗∗ −1.494

(5.854) (−1.498)

Capital Expendituret−1 −5.522 −0.953

(−1.284) (−0.272)

ME/BEt−1 0.218∗ 0.146

(1.706) (1.348)

Asset Tangibilityt−1 0.001 0.091∗∗∗

(0.040) (8.540)

Profitabilityt−1 0.008 0.029

(0.238) (1.048)

Log Salet−1 −1.044∗∗∗ −1.814∗∗∗

(−4.100) (−8.623)

Market Leveraget−1 0.798 −9.653∗∗∗

(0.884) (−12.902)

Dividend Yieldt−1 −0.662 −1.903

(−0.121) (−0.424)

Time FE Yes Yes Yes Yes

Firm FE Yes Yes Yes Yes

Observations 13,432 13,215 12,848 12,640

R2 0.001 0.007 0.0003 0.031

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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Table 8: Capital Structure Decision Determinants (Cumulative)

We estimate quarterly fixed effects panel regression using data from March 2013 to

December 2020. The dependent variables are net equity and net debt issuance cumulated

over the period t to t+ 3. For the independent variables, we use the fitted values and

residuals from a regression of V R on g̃ interacted with year dummies. The control variables

include net income, cash holding, capital expenditure, market-to-book equity, asset

tangibility, profitability, log of sale, market leverage, and dividend yield. Standard errors

are calculated using two-way firm-month clustered standard errors (Petersen, 2009).

t-statistic using clustered standard errors are reported in parentheses.

Dependent variable:

Net Equity Issuancet,t+3 Net Debt Issuancet,t+3

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

Green VRt−1 7.012∗∗∗ 8.877∗∗∗ −2.466∗∗ 1.284

(6.532) (8.095) (−2.572) (1.362)

Residual VRt−1 0.860∗∗∗ 2.930∗∗∗ 1.416∗∗∗ −1.169∗∗∗

(3.734) (9.967) (6.755) (−4.572)

Net Incomet−1 −10.374∗∗ 2.905

(−2.049) (0.672)

Cash Holdingt−1 10.791∗∗∗ 1.724

(5.010) (0.933)

Capital Expendituret−1 −12.768∗ 8.809

(−1.753) (1.463)

ME/BEt−1 0.541∗∗ 0.410∗

(2.205) (1.927)

Asset Tangibilityt−1 0.043∗ 0.258∗∗∗

(1.790) (12.856)

Profitabilityt−1 0.121∗ 0.156∗∗∗

(1.914) (2.948)

Log Salet−1 −7.220∗∗∗ −5.217∗∗∗

(−14.196) (−12.054)

Market Leveraget−1 20.383∗∗∗ −36.350∗∗∗

(11.610) (−24.092)

Dividend Yieldt−1 −1.991 6.516

(−0.188) (0.729)

Time FE Yes Yes Yes Yes

Firm FE Yes Yes Yes Yes

Observations 11,571 11,378 10,793 10,608

R2 0.005 0.041 0.005 0.112

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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Table 9: Green Equity-Bond Gap and Growth in EPS

We estimate quarterly fixed effects panel regression using data from March 2013 to

December 2020. The dependent variables are change in EPS from t to t+ 4 (1 year) or

t+ 8 (2 years). For the independent variables, we use the net equity and debt issuance and

fitted values from a regression of V R on g̃ interacted with year dummies. Standard errors

are calculated using two-way firm-month clustered standard errors (Petersen, 2009).

t-statistic using clustered standard errors are reported in parentheses.

Full Sample Green Leg Brown Leg

∆ EPS (1yr) ∆ EPS (2yr) ∆ EPS (1yr) ∆ EPS (2yr) ∆ EPS (1yr) ∆ EPS (2yr)

(1) (2) (3) (4) (5) (6)

Net Equity Issuance −0.050 0.425∗ −0.436 −0.548 −0.016 0.405

(−0.231) (1.723) (−0.772) (−0.859) (−0.046) (1.020)

Net Debt Issuance 0.599∗∗ 0.689∗∗ 0.730 0.225 0.352 0.864

(2.031) (2.025) (1.544) (0.426) (0.669) (1.376)

Green VR - 1 −0.265∗∗ −1.030∗∗∗ 1.029 0.779 −1.159∗∗∗ −2.908∗∗∗

(−2.348) (−8.039) (1.375) (0.931) (−3.222) (−7.030)

Net Equity Issuance · (Green VR - 1) 0.163 −0.118 0.339 0.301 0.861 0.680

(1.023) (−0.659) (1.188) (0.941) (0.999) (0.691)

Net Debt Issuance · (Green VR - 1) −0.330 −0.438 −0.639 0.117 −0.722 0.005

(−0.889) (−1.034) (−1.169) (0.192) (−0.931) (0.006)

Time FE Yes Yes Yes Yes Yes Yes

Firm FE Yes Yes Yes Yes Yes Yes

bservations 12,266 11,828 4,074 3,944 4,106 3,942

R2 0.001 0.006 0.001 0.001 0.003 0.014

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01



47

Table 10: Green Equity-Bond Valuation Gap and Change in Environmental Score

We estimate quarterly fixed effects panel regression using data from March 2013 to

December 2020. The dependent variables are change in g̃ from t to t+4 (1 year) or t+8 (2

years). For the independent variables, we use the net equity and debt issuance and fitted

values from a regression of V R on g̃ interacted with year dummies. Standard errors are

calculated using two-way firm-month clustered standard errors (Petersen, 2009). t-statistic

using clustered standard errors are reported in parentheses.

Full Sample Green Leg Brown Leg

∆ G (1yr) ∆ G (2yr) ∆ G (1yr) ∆ G (2yr) ∆ G (1yr) ∆ G (2yr)

(1) (2) (3) (4) (5) (6)

Net Equity Issuance 0.014 0.093 0.229∗ 0.044 −0.059 0.144

(0.168) (0.803) (1.906) (0.305) (−0.453) (0.832)

Net Debt Issuance 0.023 −0.087 −0.026 0.004 0.011 −0.121

(0.213) (−0.622) (−0.273) (0.038) (0.053) (−0.435)

Green VR - 1 −0.240∗∗∗ −0.074 −1.014∗∗∗ −1.054∗∗∗ −1.065∗∗∗ −1.020∗∗∗

(−4.605) (−0.887) (−4.757) (−3.476) (−5.580) (−3.162)

Net Equity Issuance · (Green VR - 1) −0.113 −0.235 −0.255∗∗ −0.118 −0.109 −0.242

(−0.879) (−1.238) (−2.097) (−0.739) (−0.324) (−0.557)

Net Debt Issuance · (Green VR - 1) −0.026 0.078 −0.068 −0.108 −0.036 −0.029

(−0.194) (0.430) (−0.608) (−0.751) (−0.121) (−0.074)

Time FE Yes Yes Yes Yes Yes Yes

Firm FE Yes Yes Yes Yes Yes Yes

Observations 9,783 7,668 3,273 2,600 3,262 2,529

R2 0.002 0.0004 0.010 0.006 0.010 0.005

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01



A Variables

A.1 Definition

• VR (main variable of interest)

– Construction: Ratio of the cumulative realized return to cumulative bond-implied

realized return.

V Ri,t =
Πt

s=0(1 + rstocki,s )

Πt
s=0(1 + rbond−implied

i,s )

– Assumption: No arbitrage at the beginning of the sample (s = 0) in February

2013.

– High VR means equity overvaluation.

• Net equity issuance (quarterly)

– Construction:

Net Equity Issuancei,t =
MEi,t

MEi,t−1

− (1 +Ri,t)

• Net debt issuance (quarterly)

– Construction: (Long-term debt issuance - LT debt reduction) / L.Total assets

– The units of all variables are millions.

• Market leverage (quarterly)

– Construction: Book debt / (Total assets - Book equity + Market equity)

• Dividend (yearly)

– Construction: Dividends / Market equity

– The units of all variables are in millions.

– The quarters without dividend payment reports have 0 values.

• Asset tangibility (quarterly)

– Construction: PPENT (Property, plant, and equipment) / Total assets
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– The units of all variables are in millions.

• Profitability

– Construction: Operating income before depreciation / Total assets

– The units of all variables are in millions.
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B Industry-adjusted Environmental score

In this section, we briefly show the construction of the best-in-class score following Pastor

et al. (2022). In Pastor et al. (2022), they decompose g̃ in Equation (1) into the overall

industry greenness and the greenness of the firm within its industry such that

g̃it = gAcrossit︸ ︷︷ ︸
Overall industry greenness

+ gWithinit︸ ︷︷ ︸
greenness within its industry

.

They define gAcrossit as the average g̃it of all firms within the industry and gWithin as

g̃it− gAcrossit. Following this definition of best-in-class environmental score, we look at the

bond market GMB performance and the bond-implied GMB returns.
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Figure B1: Cumulative Returns on GMB (Industry-Adjusted) Portfolios

This figure shows the cumulative return on the value-weighted portfolios that take a long

position on firms in the top tercile and a short position on firms in the bottom tercile of

the industry-adjusted environmental score for the stock and bond markets from January

2013 to December 2020. The weights are determined by the total amount outstanding for

the bond GMB portfolio and the market capitalization for the stock GMB portfolio. The

stock GMB portfolio comes from Pastor et al. (2022).
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Table B1: Baseline Regressions

We estimate monthly time series regression using the realized return difference between

green and brown firms (GMB return) sorted on gWithin minus the one-month T-bill rate

as a dependent variable and different bond market and stock market factors as independent

variables. Rm −Rf is the excess bond market return. DEF is the default spread defined as

the return difference between long-term corporate bonds and long-term Treasury bonds.

TERM is the term spread which is the return difference between long-term Treasury bonds

and the T-bill rate. SMB and HML are the size and value factors of Fama and French

(1993). UMD is the momentum factor of Carhart (1997). LIQ is the liquidity factor of

Pastor and Stambaugh (2003). Newey-West t-statistics are presented in parentheses.

GMB Return

(1) (2) (3) (4) (5) (6)

α (in %) −0.048 0.054 0.018 −0.058 0.024 0.029

(−0.668) (0.650) (0.533) (−0.837) (0.299) (0.673)

Rm −Rf −0.317∗∗ −1.403∗∗∗ −1.260∗∗∗

(−2.455) (−3.637) (−3.307)

DEF 0.941∗∗ 0.813∗∗

(2.551) (2.279)

TERM 1.048∗∗∗ 0.922∗∗∗

(3.006) (2.718)

Rstock
m −Rf 0.009 0.003 0.001

(0.499) (0.260) (0.108)

SMB −0.049∗∗ −0.013

(−2.231) (−0.945)

HML −0.011 −0.003

(−0.555) (−0.234)

UMD −0.027 0.003

(−1.506) (0.262)

PS INNOV −0.046∗∗∗ −0.011

(−2.686) (−1.459)

Observations 96 96 96 96 95 95

R2 - 0.371 0.791 0.003 0.151 0.799

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01



Figure B2: Bond-Implied Cumulative Realized GMB Return

The figure displays the cumulative GMB return spread using the bond-implied realized

return estimated by Equation (2).
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C Heterogeneity in green equity overvaluation

Table C2: Heterogeneity in the Effect of Environmental Score

We estimate fixed effects monthly panel regression using data from January 2013 to December 2020.

The dependent variable is the V R for each firm using Equation (6). We use relative environmental

score from MSCI as defined in Section 2.2 interacted with year dummies. The baseline year is 2013.

Other independent variables include log of lagged moving average of monthly stock return volatility,

log of market capitalization, and book-to-market equity. Standard errors are calculated using two-way

firm-month clustered standard errors (Petersen, 2009). t-statistic using clustered standard errors are

reported in parentheses.

Dependent variable:

VRit

(1) (2) (3)

g̃i,t−1 −0.316∗∗∗ −0.885∗∗∗ 0.314∗∗∗

(−4.657) (−10.694) (15.631)

g̃i,t−1*2014 0.024 0.014 0.0004

(1.457) (0.826) (0.041)

g̃i,t−1*2015 0.046∗∗ −0.003 −0.033∗∗∗

(2.547) (−0.193) (−2.946)

g̃i,t−1*2016 0.063∗∗∗ 0.015 0.025∗∗

(3.202) (0.781) (2.089)

g̃i,t−1*2017 0.084∗∗∗ 0.046∗∗ 0.063∗∗∗

(4.214) (2.301) (5.013)

g̃i,t−1*2018 0.176∗∗∗ 0.113∗∗∗ 0.122∗∗∗

(8.462) (5.407) (9.348)

g̃i,t−1*2019 0.172∗∗∗ 0.135∗∗∗ 0.199∗∗∗

(8.048) (4.022) (11.650)

g̃i,t−1*2020 0.284∗∗∗ 0.180∗∗∗ 0.243∗∗∗

(11.689) (6.122) (14.454)

Log avg volatilityt−3,t−1 −0.427∗∗∗

(−13.374)

g̃i,t−1 * Log avg volatilityt−3,t−1 −0.062∗∗∗

(−4.063)

Log market capt−1 0.934∗∗∗

(43.887)

g̃i,t−1 * Log market capt−1 0.093∗∗∗

(10.202)

B/Mt−1 −2.489∗∗∗

(−50.404)

g̃i,t−1 * B/Mt−1 −0.457∗∗∗

(−22.345)

Time FE Yes Yes Yes

Firm FE Yes Yes Yes

Observations 43,515 42,793 40,177

R2 0.011 0.048 0.077

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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D Liquidity risks for stock and bond GMB

Figure D3: Bond Portfolios

Figure D4: Stock Portfolios

Panel (a) plots the cross-sectional averages of the full-sample liquidity betas using the

Pastor and Stambaugh (2003) liquidity factor for the corporate bond green portfolios.

Panel (b) plots the stock portfolio counterparts.

Figure D5: Cross-Sectional Averages of Liquidity Beta for Stock and Bond Green Portfolios
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