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ABSTRACT
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rated BBB or below, with spread-reductions of up to 98 basis points. These effects are
predominantly related to product and employee scores. We do not find time trends for the
ES-spread relation but document strong supply effects, as the share of issuers with good ES

ratings has increased substantially. Finally, we provide evidence for a negative ES-credit-risk
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1 Introduction

The increasing importance of corporate objectives beyond narrowly defined profit maximiza-
tion has arguably been one of the most fundamental trends in financial markets over recent
years. In particular environmental, social and governance objectives, denoted as ESG, are
now explicitly recognized by a large number of asset managers and institutional investors
and by a fast growing number of CEOs (see Matos (2020) for an overview). At the center
of the debate surrounding these developments is the question, how such broader objectives
affect financial asset prices and in particular risk premia. Especially for equity markets, there
is by now a large academic literature that analyzes the connection between ESG objectives
and returns. As first shown in Heinkel et al. (2001), high ESG stocks should be valued
more highly and come with lower expected risk premia when a subset of investors has ESG
preferences. However, Pastor et al. (2021) and Pedersen et al. (2021) show that this result
may not always hold in settings, where some investors do not fully account for the relation
between ESG scores and the distribution of future corporate cash flows or where investors’
ESG preferences are changing stochastically over time. Essentially, unanticipated increases
in ESG preferences or unanticipated improvements of future cash-flow distributions of high
ESG firms may lead to further appreciation of such stocks, thus providing higher returns to
investors already following an ESG strategy.

Empirically, the effects of ESG investor preferences on equity risk premia are therefore
difficult to document, since expected risk premia are not directly observable. By contrast,
bond markets have the potential to provide a much cleaner setting to measure these relations.
In particular primary bond markets represent a setting, in which expected risk premia may
be quantified via observed spreads over a riskless reference rate. Primary markets have
the additional advantage that offering prices are usually intermediated by investment banks,
which should ensure that corporate bonds can be issued at a fair spread which is less likely to
be influenced by temporary market (il)liquidity levels, compared to secondary bond markets
(see Collin-Dufresne et al. (2001), or Chen et al. (2007)). At the issue stage, bonds generally
also have a recent credit risk rating, which effectively controls for many issuer and bond
characteristics. Furthermore, corporate bonds are frequently issued by repeat issuers, so
that time-series of issuer ES ratings are available and can be analyzed. Thus, this market
represents a good laboratory to study the joint time-series of ESG pricing effects and the
dynamics of issuing firms’ ESG-characteristics.

This paper presents the first comprehensive analysis of the effects of different ESG di-
mensions on corporate bond issue spreads and the supply-side consequences. We hereby

follow the literature and focus on the first two ESG components, i.e. E and S. To guide our



empirical analysis, we first develop a simple theoretical framework that identifies the three
possible channels, via which ES may affect issue spreads: ES-scores may contain information
about (i) expected cash flows generated by the bonds, (ii) the risk of these cash flows and (iii)
about extra demand from investors with ES preferences. Firms in the model may also invest
resources to improve their ES-score so that the supply of good-ES bonds is endogenously de-
termined in equilibrium. We show that bonds issued by firms with good ES performance are
priced above those issued by firms with poor ES performance and that the resulting yield
spread increases in absolute value if good ES-scores signal a larger reduction in expected
default losses or in the riskiness of payments to bondholders, and as more investors exhibit
ES preferences. The latter effect is mitigated since such a shift in investor preferences also
generates an increase in the relative supply of bonds with good ES ratings. Furthermore,
we find that the price premia of good ES bonds rise with the average cost of ES-improving
investments.

Using a large sample of U.S. issues from 2002 to 2020, we test these model predictions
and thereby address several main questions. First, are E and S scores correlated with
corporate bond spreads in the primary market, when controlling for bond ratings and other
firm characteristics? Second, are there differences in the importance of ES-scores for issue
spreads across the various F and S dimensions, rating classes and industries? These cross-
sectional tests map nicely into our theoretical framework by capturing, for example, variation
in investor preferences for certain ES-dimensions (e.g., the environmental dimension having
captured most of the attention in the public debate), in firms’ credit riskiness (e.g., rating
classes capturing variation in credit risk) and in adjustment costs to improve in a specific
ES-score (e.g., firms in the mining industry may find it particularly costly to improve their
environmental score). Third, is there time-variation in the relative supply of bonds issued by
firms with good ES-scores in response to shifting investor preferences, as our model suggests,
and what is the interaction between bond supply dynamics and the pricing effects of E and
S in primary bond markets?

We document several key results. Most importantly, we find a robust, negative relation
between ES ratings and issue spreads in primary corporate bond markets. Thus, these
markets reward firms for good ES-performance, even when controlling for bond ratings and
various firm characteristics, such as net book leverage, size, profitability, tangibility, dividend
status, experience as a bond issuer, and industry and time fixed effects.

However, the relation between ES and issue spreads is much more nuanced than this
general finding may lead us to suspect. First of all, this overall finding masks interesting
differences across the various dimensions of characteristics which are aggregated in firms’

ES-scores. When using the individual, more granular sub-scores, we find that the negative



association between aggregate ES-sores and issue spreads is largely due to product-related
dimensions of ES-scores. This seems intuitive, since these dimensions are most closely re-
lated to corporate value creation and should directly affect the valuation of corporate bonds
via the cash-flow channels featured in our model. Other dimensions such as environment,
community, or human rights, which get more attention in the media and by policy makers,
do not seem to matter for the pricing of corporate bonds when the full sample of issuers is
considered.

The theoretical framework that guides our empirical analysis suggests that the negative
relation between ES-scores and spreads should be more pronounced for low-rated bonds.
The underlying rationale is that “arbitrage” activities that offset potential ES-induced price
differences between bonds are less risky and therefore easier to implement for highly-rated
bonds. Empirically, we find support for this prediction, as the negative relation between a
good aggregate ES-score and issue spreads is only significant for bonds rated BBB or below
and for those that do not have a rating. While we find no significant relation for A-rated
bonds, the coefficient of the aggregate ES-score is even significantly positive for highly rated
issuers, i.e. AAA or AA. This last finding suggests that good ES-performance might even
be punished by the market through higher spreads, potentially because it is seen as a signal
of agency frictions. When we split the aggregate score into its components, we find across
the board, with the exception of A-rated bonds, that the product and employment related
subscores drive the negative association.

Given that the effects of ES ratings on spreads are predominantly due to lower-quality
issuers, this suggests that the spread-reducing effects may be risk-induced, i.e. good ES-
performance may be considered to signal lower credit risk, even when controlling for credit
ratings. This interpretation is consistent with predictions from the theory model, as equi-
librium bond price differences increase with the variances in bond cash flows. The model,
however, also highlights that if bond payoffs are less correlated among lower rated bonds,
pure demand effects due to investors’ preferences for sustainable investments are also con-
sistent with this empirical result. To further disentangle these two explanations, we study
the relation between ES-scores and credit risk. We find that for high-yield bonds good ES-
performance at the time of issuance is significantly associated with lower credit risk, measured
either via subsequent probabilities of defaults or via subsequent rating downgrades. Instead,
for investment-grade bonds the relation between ES-scores and subsequent credit risk is am-
biguous or even increasing. These findings suggest that the risk-based channel represents a
main mechanism through which ES-scores affect spreads.

We corroborate the above findings with complementary evidence. When analyzing the

cross-section of industries, we find that ES-scores reduce bond spreads for industry group



AgriForeFishMineCons (including agriculture, forestry, fishing, and mining) and for manufac-
turing firms. Most importantly, the environment-related score shows a significantly negative
and economically substantial impact on spreads for firms in industry group AgriForeFish-
MineCons which pools industries that are particularly exposed to environmental risks. While
the environmental score does not play a role in explaining bond spreads and credit risk in
the full sample, it is reassuring to observe that it matters in those industries that should
be materially exposed to environmental risks and that, most likely, face substantial costs to
improve their environmental scores.

Finally, we also study the time-series dynamics of the relation between ES-performance
and spreads by estimating a rolling-window version of our empirical model. As mentioned
above, the topic of sustainable investing has received growing attention during our sample
period. If investor preferences and the resulting demand effects play an important role in
determining spread differences between bonds with high versus low ES-scores and if the
proportion of bonds issued by firms with good ES-scores is kept constant, then we should
find the regression coefficients on ES-scores to rise over time, both in terms of their economic
magnitude (i.e., to become more negative) as well as their statistical significance. Once we
allow the proportion of bonds issued by firms with good ES-scores to adjust endogenously,
the impact of increasing investor preferences on the dynamics of the regression coefficients
should be mitigated.

The empirical time-series results confirm these theoretical predictions and suggest a sig-
nificant role of investor preferences on capital allocation via corporate bond markets. While
regression coefficients of spreads on ES ratings do not show strong time trends, the supply
of corporate bonds from issuers with good ES ratings has generally increased substantially
over time. Importantly, we also document that this supply-side response in primary corpo-
rate bond markets is predominantly driven by repeat issuers. The product-related sub-score
represents a notable exception, as it retains negative and large spread regression coefficients
through time and shows hardly any supply response. This suggests that either the costs
of improving this particular score are very large, or that investor preferences along this
dimension have not changed much.

Our paper is related to a large literature that analyzes the relation between securities’
risk premia and their ESG ratings. Most of these contributions focus on equity markets,
however (for a recent literature survey see, for example, Matos (2020)). Substantially less

work exists on the interaction between ESG and corporate debt pricing.t

IThere is a first paper by Bauer and Hann (2010) that explores the effects of environmental scores on
bond issue spreads, using the KLD STATS database. But their sample only covers S&P 500 firms until
2001 and stops in 2006. They find that environmental concerns are related to larger spreads whereas firms’
proactive environmental practices imply lower spreads.



In a recent paper, Seltzer et al. (2020) show that climate regulatory risks affect corporate
bond risks, which manifests itself via lower credit ratings and higher spreads. Exploiting
differences in the stringency of environmental regulation across U.S. states and arguably
exogenous events such as the signing of the Paris Agreement and the subsequent U.S. with-
drawal under President Trump, they provide evidence for causal effects. In contrast to Seltzer
et al. (2020), we focus on the bond pricing effects of investor preferences along a broad set
of E and S dimensions, study the cross-sectional variation in the effects across bond ratings
and industries, and assess the impact of supply-side adjustments. We also provide novel
evidence that corporate E and S performances may reflect credit risk differences not fully
captured by ratings and other firm characteristics.

Amiraslani et al. (2021) also study a subset of ES-dimensions, namely corporate social
capital. Their main finding is that corporate social capital only matters for bond character-
istics (i.e., spreads, principal raised, maturities) during the 2008-2009 financial crisis. While
their main focus is on secondary markets, they also report some findings for primary markets.
During the crisis, firms with high social capital seem to be able to raise debt through bonds
at lower spreads, with larger principal amounts, better credit ratings and longer maturities.
In contrast to their study, we focus on primary markets, using a comprehensive sample that
also includes the most recent COVID-induced recession, and we consider both environmental
and social dimensions of ESG. Also, we update E and S scores all the way through 2018,
i.e. the last year for which data are available, whereas Amiraslani et al. (2021) use firms’
SRI scores from 2006. Our results differ substantially since we find that aggregate as well as
individual ES-scores matter in the primary markets not only during crises or recessions but
also during normal times. In addition, Amiraslani et al. (2021) focus only on the aggregate
SRI score, while some of our main results pertain to the differences between the effects of
the various dimensions of £ and S on bond prices.?

Yang (2020) provides an interesting analysis of the link between ESG scores and credit
ratings, since rating agencies announced in late 2015 (Moody’s and S&P) that they would
take ESG dimensions more explicitly into consideration when determining ratings. Ex-
ploiting the fact that Fitch only adopted similar strategies in 2017, the paper finds that this
announcement by the rating agencies seems to have improved the information content of rat-

ings changes, since rating downgrades by Moody’s and S&P were associated with stronger

2Several other papers look at ESG-related questions in corporate bond markets. Schneider (2011) studies
bond prices in secondary markets for bonds from two particularly polluting industries, namely the pulp
and paper and chemical industries. Menz (2010) and Stellner et al. (2015) focus on secondary markets for
European corporate bonds. Baker et al. (2021) analyze the pricing of U.S. green bonds and Barth et al.
(2020) study the impact of ESG on credit spreads in CDS markets. Our paper differs from these studies
by providing a theory-guided analysis of both aggregate and granular ES-subscores for a comprehensive
cross-section of bond issues and by studying time variation of the results and issuers’ supply responses.



stock price reactions than downgrades by Fitch. However, when studying negative news
about ESG issues of individual firms, the paper finds no evidence that ratings adjust or
respond to such negative news. Our results suggest that ratings do not fully subsume all the
effects of ESG scores on credit spreads.

Goss and Roberts (2011) analyze a risk mitigation and an overinvestment channel, via
which ESG may affect debt prices. Empirically they study bank loans and find that social
responsibility concerns result in an increase in loan costs. They also provide some evidence for
the ESG overinvestment channel in the case of low-quality borrowers that make discretionary
CSR investments. Chava (2014) estimates the effect of ESG on firms’ overall cost of capital.
He finds that “bad” firms face a higher cost of equity, based on analysts’ earnings forecasts,
as well as a higher cost of debt, measured via loan data.?

In contrast to the contributions discussed above, we present a theoretically motivated,
comprehensive study of the interaction between ES ratings and primary corporate bond
markets. It is based on a large number of issuers and on a sufficiently long sample period
so that both the cross-sectional effects of ES ratings as well as their dynamics and firms’
supply-side responses can be analyzed.

The rest of the paper is organized as follows. Section 2 provides a simple theoretical
framework that helps us derive predictions to guide our empirical analysis . Section 3 sum-
marizes the data and empirical methodology while Section 4 describes the results. Finally,

Section 5 concludes.

2 Bond IPO Pricing and ES-scores

In this section we derive a simple equilibrium model of a primary market for corporate
bonds where firms differ in their ES performance and some investors have non-pecuniary
preferences for holding bonds issued by firms with good ES ratings. A distinguishing feature
of the model is that firms are allowed to react to investor preferences and can improve their
ES performance, as in Heinkel et al. (2001). We then use the propositions derived from the

model to guide and focus our subsequent empirical strategy:.

2.1 Production technologies and bond cash flows

Consider an economy where firms use different production technologies. Green firms produce

with green technologies and polluting firms utilize polluting ones. The total number of

3Gao et al. (2020) use the staggered state-level adoption of constituency statues as quasi-natural exper-
iments to examine the causal effect of stakeholder orientation on loan spreads. Their results suggest that
stakeholder orientation could reduce borrowing cost through the governance channel.



firms is fixed and given by N = Ng + Np where Ng is the number of green firms and
Np the number of polluting firms. By making an investment K, firm ¢ can switch from a
polluting technology to a green technology. As it will be shown below, the choice of switching
technology characterizes endogenous bond supply, Ng and Np, in equilibrium.

For simplicity, we assume that each firm issues one zero-coupon corporate bond with a
face value normalized to one.* We will refer to bonds issued by a green firm as a G-bond and
a bond issued by a polluting firm as a P-bond. Thus, there is a total supply of Ng G-bonds
and Np P-Bonds. It will be convenient to aggregate all G-bonds and all P-bonds into two
distinct bond portfolios, referred to as portfolios G and P, respectively. We can then define
CFg = 1 — €g as the end-of-period cash flow per unit of face value from holding portfolio
G, where ég ~ N(ég,0%). € represents the expected default loss of portfolio G, per unit of
face value. Similarly, CFp = 1 — ép represents the end-of-period cash flow per unit of face
value from holding bond portfolio P, where ép ~ N(ép,0%). The covariance between the
two bond portfolios’ cash flows is denoted by ogp. The assumption of normally distributed
cash flows is not crucial for our results below and is only made to obtain particularly simple
expressions.®

Denote by 6 = €p — €5 the difference in the expected default losses between the two bond
portfolios. d, if positive, captures bond investors’ (expected) pecuniary benefits of corporate

ES investment.

2.2 Bond investors and their portfolio choice

We consider two types of bond investors: green investors (g) are pollution averse and only
buy bonds issued by firms with green technology (G-Bonds). Neutral investors (n), on the
other hand, may buy bonds issued by all firms. The total mass of investors is [ = I, + I,,
where I, (I,,) is the mass of green (neutral) investors.

Assume CARA preferences (with risk tolerance parameter 7) and that the riskless asset

is at perfectly elastic supply at a rate of zero. Both groups of investors choose the optimal

4Thus, we do not require firms to raise a fixed amount of capital via the bond issue. Imposing this, would
complicate the analysis without generating qualitatively different results. Essentially, we assume that debt
financing is optimal, but that the maximum amount of debt that a firm can issue is given by the normalized
debt face value of one.

5Note that we are only concerned with the payoffs of bond portfolios, for which the assumption of normally
distributed returns is less problematic. Also, one may interpret the one-period cash flow in a multi-period
world, where the bond payoffs at the end of the first period are affected by both credit risk and interest
rate risk, making the normal distribution assumption even less critical. In addition, € and o, can always be
calibrated to make payoffs larger than the bonds’ face values negligible.



portfolio weights to maximize their utility as follows

max Un == .l’n(;(l — €G - Pg) + l’np(l — €p — Pp)

TnGHrTnP
Lo 5 2 2 9 )
T o (%GUG + X,pop + $nG$nPUGP) ;
and .
_ _ 2 2
max U, = z,¢(l — éc — Pg) — 5. L4GOG-
TgG T

With a slight abuse of notation, we now denote the optimal portfolio weights by z,q, .p,

and z,¢. The first order conditions are

1
PG =1- €q — ; (ZL’nGUé + anPO-GP) ; (1)
_ 1 2
Pp:1—€p—;($n]30'p+an0-GP); <2)
and 1
PG =1- €G - ;Igcdé. (3)

2.3 Firms and their ES investment choice

All firms are endowed with polluting production technologies, but they can switch to the
green technology by investing in environmentally and/or socially beneficial projects. Firms
differ in how costly it is for them to improve their ES performance. K denotes a firm’s
cost of ES investment, where the firm subscript is suppressed for simplicity. The investment
cost is distributed on the interval K = [K, K| according to a measure p with continuous
distribution function F.5

Since prices at which G-Bonds can be sold at the primary market, Pg, will differ from
those of P-Bonds, Pp, some firms may have an incentive to undertake costly ES investments.
Given that the investment decision is a binary choice, we conjecture (and will verify later)
that there exists one and only one endogenously determined cutoff K¢ such that the corporate

ES investment choice, INV, follows a threshold policy given by
INV =1(K < K°). (4)

where 1(.) is an indicator function equal to one if the condition in the parenthesis holds and

zero otherwise.

6Note that y is not a probability measure.



Intuitively, firms with low investment costs are endowed with a positive-NPV ES project.
They turn green (INV = 1) and issue G-Bonds. By contrast, other firms face high in-
vestment costs and thus do not wish to invest in ES improvements. They remain brown
(INV = 0) and issue P-Bonds.

2.4 Aggregation and equilibrium

The difference in equilibrium bond prices is determined by the marginal firm with K =
K¢ e IC, that is,

Pg — Pp = K°. (5)
Note that the marginal firm has a zero-NPV project and to break the tie, we assume it pays
K¢ and turns green.”

The total mass of firms, N, is given by

K
N = (k) = [ dF(K) = F(R) - F(K) = F(R)
K
where the last equality follows from F'(K) = 0. Since each firm issues one bond, N is also

the total supply of bonds. Furthermore, the supply of G-Bonds is equal to the mass of green
firms for which INV =1 or equivalently, K < K¢. Therefore,

KC
No=ulK <K= [ dP(K) = F() (6)
K

and the supply of P-Bonds is given by Np = N — Ng.

Finally, market clearing requires
[nJ:nG + [gng = NG’; (7)

and
[nxnp = Np. (8)

In summary, equilibrium is defined by (i) bond investors choosing optimal bond portfolio
weights according to equations (1)-(3); (ii) firms making optimal ES investment decisions
according to equation (4) which, in aggregation, determine bond prices (equation (5)) and
the endogenous supply of G-Bonds (equation (6)), and (iii) corporate bond markets clearing

(equation (7) and (8) hold). Solving these equations simultaneously allows us to derive seven

"This assumption is not crucial because we have a continuum of firms and thus the marginal firm belongs
to a set of measure zero.

10



equilibrium quantities: Pg, Pp, Ng, K¢, 2y, Tnp, and z4q.

2.5 Main results and empirical predictions

This section states the model’s main results and discusses its predictions. All proofs are

provided in Appendix B. The first proposition derives the equilibrium bond prices and yields.

Proposition 1 For given supply of corporate bonds Ng and Np, prices are given by

1
Po=1—-¢€5— ﬁ [Ngd?; + NPO'GP] ; (9)
and
_ 1 9 I, ¢
szl—ﬁp—— NP0P+NGUGP+NP__2 (10)
7'[ [nUG

where ¢ = 0%0% — 0%p = 0405 (1 — pip) and pep 1s the correlation of the two bond portfo-

lios” cash flows. Yield spreads are given by

Sg = — = ! 1; (11)
G_PG _1—Eg—T—II[N00'é+NPO'Gp] ’
and . .
Sp=——1= —1. (12)
PP 1 — €p — % |:NGO-GP+NPO-12:J+NP§_9%
nCTG

Equations (9) and (10) reveal that bond IPO prices are negatively related to their ex-
pected default per unit of face value, represented by €p and €5, and to their riskiness, which
is captured by the terms in the square brackets and is pre-multiplied by investors’ aggregate
risk tolerance, % The average price of the polluting bonds, Pp, has an extra risk term in
the squared brackets, when compared to Pg. It is due to the lack of risk sharing with green
investors (see the last term in the squared bracket of equation (10)). It goes to infinity, if
all investors become green, i.e. if I, goes to zero.

Equations (9) and (10) also imply that the difference between equilibrium bond prices is
given by

1 I
Pg—Pp=0+— ( Npop — Ngog, + (Ng — Np)ogp + Np-L— | . (13)
71 I, 0¢

It is important to recognize that Ng and Np are endogenous and thus depend on K°.

In the cross-section of firms, the NPV of corporate ES investment is a function of K (a

11



firm’s own investment cost) and K¢ (that of the marginal firm). Precisely,

c\ __ 1 c 2 c 2 ]Q ¢
NPV ) =0+ 2 (NalK)oar = o2) + NolK) (o8 = oar + 2 -
depends on K¢ thvrough Ng and Np
(14)

For the marginal firm, K = K¢ and thus the NPV of the marginal firm’s ES investment
becomes NPV (K¢, K¢). Likewise, for an arbitary cutoff value K°, we can define a function
y(K°) as

y(K°) = NPV (K° K"). (15)

Assumption 1 The model parameters satisfy both
y(K) = NPV(K, K) >0

and

y(K)=NPV(K,K) < 0.

The assumption states that (i) the firm with the lowest investment cost K would have
a strictly positive NPV project if it were the marginal firm and (ii) the other firm with
the highest investment cost K would have a strictly negative NPV project if it were the
marginal firm. As a consequence, neither firm can be the marginal firm. We next derive the
equilibrium cutoff value for the ES investment.

In equilibrium the difference between bond prices must be equal to K¢ for the marginal

firm, i.e., y(K¢) = 0. We formally state this result in Proposition 2 below.

Proposition 2 The cutoff value of the ES investment, K¢, is the unique solution satisfying
K< K¢< K and

y(K°) =46+ L (Ng(KC)(O'GP —0%) + Np(K°) (U?D —ogp + £%>) —K°=0 (16)
71 In 0G

where Ng(K¢) = F(K°) and Np(K°¢) = N — F(K°).
Moreover, the endogenous supply of G-Bonds is given by

N(U]ZD—UGP‘F%%) — (K¢ —0)1l an
Iy ¢ ’

In O'é

Ng = F(K°) = 5 5
oa+op—20ap +

Equation (17) has an intuitive interpretation. First, N increases with § because it is the

reduction (or increase, if it is negative) in the expected default losses offered by G-Bonds.

12



Second, G- and P-Bonds differ in the riskiness of their cash flows, which is captured by the
variance and covariance terms. Third, P-Bonds do not offer any risk-sharing benefit because

I
green investors do not hold them. Such difference is reflected by _gi;.s

Finally, Assumption 1 and Proposition 2 together imply that we have an interior equi-

librium, in which some firms invest to become green and others do not. That is, G- and

P-Bonds co-exist in equilibrium.

2.5.1 Sources of bond yield differences

Equation (13) illustrates that price differences may occur due to three channels. The first
mechanism is driven by differences between expected default losses. The second channel is
related to differences between the riskiness of bond payoffs. If 03 — o2 increases, risk-averse
investors will ask for higher risk premia to buy P-Bonds. Both these mechanisms are related
to credit risk. The third channel, in contrast, is driven by green investors’ preference for
G-Bonds. Intuitively, the fraction of investors with a preference for green bonds, i.e. as the
ratio I,/1, increases, affects the relative pricing of G-Bonds compared to P-Bonds.

To identify the effect of each of these channels on the price and yield differences between
the two bond portfolios, it is crucial to account for the endogeneity of the ES ratings of bond
issuers. As parameters change, firms may respond by investing to improve their ES ratings,
which in our model corresponds to switching to a green technology. This supply response
will affect price differences and, thus, the impact of the different channels discussed above.

The following proposition summarizes the results.

Proposition 3 Let + = f—g = Iigl and assume op > ——29LGE_ 9 Pirst. firing Ng and
n 9 2(1+u(1-p%p))
NP;
J(Pg — Pp)
1. —==1
o) ’
8(PG —Pp) NGgngP+Np(2O'p —UGPGP+2LUP(1 —pép))
2. = >0,
dop 71
g M= Pr) _ Nezt >0
' oL o7l '
Second, when bond supply becomes endogenous, i.e., No = F(K°) and K° = Pg — Pp,
oK*® I
1. = T >0,

9o [+ F'(K¢) <Jé+0§3—20(;p+ba%>
G

8See Section 2.5.1 for a thorough analysis of different channels underlying bond price differences.
9This assumption is mild. E.g., op > %O'G is a sufficient, but not necessary, condition for the assumption
to hold. Also, this assumption is only required for the riskiness of bond payoffs channel.
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0K¢ F(KC)O'GpGP + (N — F(KC))<2(TP —ogpgp + 2L(7p(1 — p?}P))

2. = > 0,
dop Tl + F'(K°) (aé + 0% —206p + L(%)
G
c))_ @
OKe (N = F(K)) 7
3. O = d > 0.

o 71+ F'(K¢) <Ué+0%—200p+bg%>
G

Third, since Ng = F(K°) increases with K¢, the partial derivatives of N with respect to 9,

op, and L are also positive.

Since K¢ is equal to the difference between bond prices, it is also monotonically related
to spread differences.'® Consequently, the first part of Proposition 3 implies that an increase
in either P-Bonds’ credit risk (the first two channels) or an increase in investor demand for
G-Bonds (the third channel) all decrease spread differences, Sg — Sp (i.e., spread differences
become less positive or more negative).

Comparing the first part of Proposition 3 to the second one can see that endogenizing
firms’ ES investment decisions and thus the supply of G- and P-Bonds, attenuates the effects
of the credit risk and investor demand channels. Indeed, partial derivatives in the second
part of Proposition 3 can be mapped one-to-one to those in the first part except that the
denominators in the second part all have an additional term, F’ (0% + 0% — 20ap + L%),
which is positive. That is, despite of being deflated by larger denominators, the second part
of the proposition shows that predictions on price and spread differences still hold even when

the supply of G-Bonds is endogenous.

2.5.2 Comparative statics analyses

This section explores how bond yield differences across issuers with different ES ratings are
affected by the riskiness of bond returns and by the technologies that are available to firms
to adopt socially and environmentally more attractive business models. These comparative

statics will guide the empirical analyses and the interpretations of the results.!!

Proposition 4 If investment costs K shift for all firms by Ay, K¢ and the equilibrium bond
price differences become larger (smaller) when Ag >0 (Ag < 0).

0Precisely,
S S 1 1 _PFPp-PFeg —K°
¢ PP, T Pp  PpPs | PpPa

UTesting these comparative statics results empirically assumes that bond markets are not fully integrated
across ratings and across industries with different distribution functions for the investment cost K.
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Proposition 4 predicts that K¢ is larger and, thus, spread differences are more negative
in industries and/or for ES-dimensions (e.g., environmental concerns versus human rights
issues) for which larger investments are required to switch to an environmentally or socially

more attractive business model.

Proposition 5 Let K¢ > § > 0. K° increases with the variances of bond cash flows, o2

and o%. In the limit, K¢ converges to § as the variances approach zero.

Proposition 5 implies that the spread differences are less negative and converge towards §
as bond cash flows become less volatile. Furthermore, it is plausible to expect that 6 = ép—ég
is smaller (that is, closer to zero) for bonds with less risky cash flows. Such risk-related bond
characteristics are usually reflected in bond credit ratings. Thus, a testable model prediction
is that the effect of ES-performance on spread differences is less negative (i.e., closer to zero)

for bonds with higher ratings.

3 Data Description and Empirical Methodology

3.1 Data Sources and Variable Definitions

Our analysis covers the period from 2002 through 2020. We obtain information on new bond
issues by non-financial, non-utility, publicly listed firms from the Mergent FISD database.'?
For each bond issue, we collect information on its principal amount (in $M), yield spread
(over the treasury benchmark; bond issues with missing spread information are excluded),
maturity, rating, and industry group. For each bond issuer, we also extract all past issuance
activities covered in the Mergent FISD database since 1984. Using these data, we calculate
the total number of past issues to proxy issuer-level experience with primary bond markets.
We use the available industry classifications to control for industry fixed effects throughout
all regressions, except for situations in which we focus on individual industries to begin with.
To make sure that we have a sufficient number of bond issues within each industry group,
we pool individual industries into five groups using bond issuers’ main industry classification
(that is, SIC code) reported in the Mergent FISD database. We explain how we define these
industry groups in Table A1l in the Appendix.

12Tn an earlier version of this paper, we used bond issues from SDC as our main sample. We decided to
switch to Mergent in order to exploit its information on defaults and rating downgrades. Both, the Mergent
and SDC database have good coverage of the bond universe but do not perfectly overlap. Unfortunately,
there is also not a unique identifier that one could use to merge the two databases (some identifiers are
available but suffer from missing and repetitive values). Importantly, however, our results are similar and
consistent across the two databases.
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We use two primary sources to obtain issuer-/firm-level data. First, the MSCI ESG KLD
database provides ESG scores covering seven categories: Community, Diversity, Employee
Relations, Environment, Product, Human Rights, and Corporate Governance. Each category
includes individual indicators (zero-one-dummies) representing strengths or concerns regard-
ing a firm’s performance with respect to a specific ESG-dimension. Following Albuquerque
et al. (2020), we use the first six categories to construct our ES-score. Table A2 provides
further details regarding individual sub-categories included within each ES-dimension. Fol-
lowing the literature on sustainability, we do not consider the seventh category that focuses on
corporate governance. To aggregate the individual indicator variables across ES-dimensions,
we first sum the total number of strengths across the six categories and do the same for the
total number of concerns. We then scale the aggregate number of strengths (concerns) for
each firm-year by the cross-sectional maximum, that is, the maximum number of strengthens
(concerns) across all firms in that year. In the final step, we subtract the scaled number of
concerns from the scaled number of strengths to get an ES-score for each firm-year.

Second, we use Compustat balance sheet variables to construct key firm characteristics
that are likely to be related to bond spreads. Those variables include net book leverage
(total debt less cash and short term investments to total assets ratio), size (logarithm of net
sales), profitability (operating income before depreciation to total assets ratio), tangibility
(net PPE to total assets ratio), and dividend payer (a dummy equals one if the issuer has
paid a dividend at least once in the four quarters prior to the issue and zero otherwise). Table
Al in the Appendix provides a detailed description for each variable used in the empirical

analysis.

3.2 Empirical Methodology and Link to Theory

To estimate the effect of corporate ES-performance on primary market bond spreads, we use
a panel regression model similar to that in Halling et al. (2020). The exact specification is
as follows:

Spread; 1 = a + X 18+ vES; 1 + u; + vip1 + €41 (18)

where bond issues are indexed by i and years by ¢, ES is a measure of corporate ES perfor-
mance (either the aggregate ES-score or one of the six individual ES-scores), X is a vector of
control variables including the issuer-level characteristics discussed in the previous section.
We also control for industry and year fixed effects (that is, u; and v, respectively) in all
regressions except for the industry groups analyses (Table 3), where we only control for year
fixed effects.

In Section 4.3, where we study the association between ES-scores and credit risk we
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extend the above specification to logit models, which use dummy variables to capture credit
events as dependent variables. In those models, we only control for industry fixed effects.
The empirically estimated effect of ES on corporate bond spreads is given by ~ in equation

(18), and corresponds to the partial derivative:

~ OSpread

7T T RS

To link this empirical setup to the discrete firm types in the theoretical model, ES-scores can
be interpreted as affecting the likelihood with which firms are able to place their bonds as
G-bonds, i.e. to make them eligible for the bond portfolios of green investors. The discrete

counterpart in the model, where two types of bond-issuing firms are modelled, is therefore

_ Se—5Sp
~ ESg— ESp

where E'S; and ESp represent the average ES-scores of issuers of G- and P-bonds.

v

To relate firm and investor characteristics to potential spread differences across ES rat-
ings, recall that the theoretical model implies that K¢, the cost at which a P-firm is indifferent
between investing to become a G-firm and remaining a P-firm, is an important variable that
not only reflects the difference in bond prices, and thus our empirical proxy, 7, but also the
fraction of G-Bonds issued as Ng = F(K°).

When relating the empirical estimates for v to the model, we recall that the model
propositions are derived under Assumption 1, which imposes parameter restrictions such
that G- and P-Bonds co-exist. In practice, this assumption may not hold, i.e. it may be
the case that (nearly) all P-firms adjust their production technology along a certain ES-
dimension, so as to make their bonds acceptable to both neutral and green investors. In
this case, our theory implies (i) an insignificant 7 along this specific ES-score and (ii) a
large fraction of firms with good scores compared to other ES-dimensions, for which we find
significant effects on bond prices.

An alternative reason why the theoretical model may be consistent with an empirically
insignificant coefficient v could be negligible diversification costs of G-investors. If P-bonds
and G-bonds are almost perfect substitutes, then neutral investors can costlessly arbitrage
between these portfolios of bonds, thereby ensuring insignificant spread differences between
bonds issued by firms with different ES ratings along this dimension (see also Berk and van
Binsbergen (2021) for a similar argument in equity markets). As a consequence, P-firms
would not invest to improve along that ES-dimension and we should not find a significant
~. Finally, the analyzed ES-score may simply be irrelevant or immaterial for investor pref-

erences. In this case, we would not predict any spread differences, as this case can be
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interpreted as the number of green investors being zero.

Note that in none of the three “irrelevance” cases discussed above would we expect a clear
time-trend in average ES-scores. By contrast, in the scenarios discussed earlier, in which
there is an interior K¢, shifting investor preferences induce more firms to invest and adjust
their ES-scores over time, leading to increasing trends in average ES-scores. More specifically,
Proposition 3 predicts that the spread between G-bonds and P-bonds should widen when
the fraction of investors with preferences for G-bonds, I,/1, increases. This effect, however,
might be attenuated by the endogenous supply of G-bonds. Thus, in the empirical analysis,
we would expect v to become more negative over time, as investor preferences for sustainable
investments are becoming more wide-spread, as long as the proportion of issuers with high
ES-scores does not increase too much.

The discussion also suggests that bond spread differences as well as average ES-scores
should vary across ES-dimensions and industries, see Proposition 4, and that such variations
are informative about the underlying economic mechanisms. Specifically, we would expect
that environmental scores are more costly for firms to improve than other ES-dimensions
(e.g., community-related aspects), in particular for firms in industries (e.g., mining) whose
business activities are inherently linked to potential ecological damages and are considered
to be important contributors to environmental risks (i.e, the cost of switching, K, should
be particularly high for these firms). Furthermore, we would expect more bond investors
to have the desire to avoid issuers with poor environmental ES ratings in industries with
potentially large environmental impacts, i.e. I, should be high as well. Thus, Proposition 4
implies cross-industry variation in the environmental ES-score’s impact on bond-spreads.

Finally, our theoretical model has implications for the cross-sectional heterogeneity of
ES-related spread differences across rating groups. To see this, we first observe that for
bonds in the highest rating classes, expected losses and the variances of these losses should
be small, since these bonds should be almost risk-free. According to Proposition 5, price
differences between G- and P-bonds should therefore be small for bonds in the highest rating

classes compared to those in lower rating classes.

4 Empirical Findings

The main goal of our paper is to study the relation between ES-performance of issuing firms
and bond spreads in primary markets. Before we address this question, we briefly describe

our sample and present some simple, univariate tests.
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4.1 Summary Statistics

Table 1, Panel A, provides summary statistics for the entire sample, which covers the period
2002 to 2020. Our sample consists of a total of 5,227 bond issues. For the average bond
issue, the spread is equal to 212 bps, the principal amounts to USD 748 million, and the
maturity is slightly shorter than 12 years. Only around 2.2% of all bond issues receive a
rating of AAA, while more than 38% have a rating of BBB and, thus, are at-risk of being
downgraded from investment grade. The average issuing firm has issued 19 bonds during
the sample period, has 31% tangible assets, and a net book leverage of 22%. Around 80%
of the sample firms pay dividends.

We also split the sample into “good” and “bad” firms based on the aggregate ES-score.
More precisely, the ES-good dummy is set to one (zero) if the ES-score is greater than or
equal to zero (is less than zero), which means that ES-good firms have more strengths than
weaknesses. Slightly more than 60% of the sample observations come from ES-good firms.
Those bond issues are larger (significant difference of USD 112 million) and pay lower spreads
(significant difference of 59 bps). They have a maturity that is, on average, identical to the
one of issues from ES-bad firms, which is somewhat surprising if one considers ES-related
risks as being predominantly long-term risks. As a consequence, one would expect that
ES-good firms, keeping all other firm and bond characteristics constant and ignoring other
determinants of optimal maturity choice, are less exposed to those risks and, thus, have an
advantage in raising longer-term funds. It seems, however, that ES-good firms do not exploit
this advantage. In terms of firm characteristics, ES-good firms are larger, have lower net
book leverage and fewer tangible assets; they are also more profitable, pay dividends more
frequently and have slightly more experience with primary bond markets (i.e., more issues
in our sample). All of these differences are statistically significant.

Panel B of Table 1 provides some perspective on the interaction between ES-scores and
industries in our sample of primary bond issues. We pool firms into 5 industry groups. The
large majority of observations comes from the Manufacturing industry, followed by Trade-
related industries and the Services industry. For each group, we report ES-scores as well as
scores of individual ES dimensions. Similarly, we report the fraction of ES-good firms for
the aggregate score and individual dimensions.

The fraction of ES-good firms is largest, amounting to 73%, among industry group Ser-
vices and smallest, with only 46%, among group AgriForeFishMineCons. Some individ-
ual values stand out. For example, 100% of firms in the Services industry are ENV-good
(i.e., have an ENV-score — a score with respect to the environmental dimension — that
is above zero). On the other end, only 54% of sample firms in industry group Trade show

good performance (i.e., having a score above zero) with respect to employee relations. The
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TransCommEGSSve group of industries contains the smallest fraction of good firms within
the ES-dimensions community and product-related. Finally, the AgriForeFishMineCons-
Industry holds the bottom spot for the environmental as well as the diversity dimension.
These pronounced differences in average ES-performance across industries highlight that it
is important to control for industry effects in our empirical analysis. As a consequence all
regression models include industry fixed effects.

Finally, Panel C of Table 1 shows a correlation matrix of ES-scores as well as spreads,
principals and maturities of issued bonds. As one would expect, individual ES-scores are
positively related to each other but the magnitudes of the correlations are small. The highest
correlation, amounting to 0.30, is observed between the environmental score and the employee
relations score. On the other end, the human rights score shows correlations below 0.1
with all other ES-dimensions. The correlation table also suggests a predominantly negative
correlation between ES-scores and spreads and a mostly positive association between ES-
scores and principal amounts. Whether these simple, univariate results also hold up in a

comprehensive multivariate framework will be discussed in the next section.

4.2 ES-Scores and Bond Spreads

We now estimate the panel models described in Section 3.2. As discussed before, the base
case model without ES-related variables represents a comprehensive set of potential drivers
of bond spreads, including year fixed effects, industry fixed effects (we use the 5 groups
of industries as discussed above) and rating fixed effects!® together with continuous issuer
characteristics.

Table 2 shows the corresponding results. Before focusing on the impact of ES-scores, we
briefly describe the explanatory power of the models and the coefficients estimated for the
base case variables. The model works well in terms of explanatory power with r-squares of
around 60%. Furthermore, coefficients estimated for rating dummies as well as for firm char-
acteristics are plausible across all specifications and are frequently estimated to be significant.
In general, net book leverage increases spreads while size, profitability, being a dividend payer
and having experience with the bond market all decrease spreads. Coefficients obtained for
rating dummies are also consistent with the interpretation that better-rated bonds are less
risky and pay significantly lower spreads, as one would expect.

We now focus on the main object of our empirical analysis, namely the relation between

13We create dummies for AAA, AA, A and BBB rated bonds; high-yield issues are captured by the
constant. Results are robust to the inclusion of an even finer grid of rating fixed effects that capture each
individual credit rating notch (see Table A3 in the Appendix for details). The motivation to focus on the
coarser grid in the main results is that this set of fixed effects can be used consistently across all subsequent
sub-sample results as well.
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ES-scores and the pricing of corporate bonds in the primary market. Overall, we find that
good ES-performance is related to a statistically significant reduction in spreads. The co-
efficient of -18.8 implies that for the issuer with the best ES-score in a given year (i.e.,
an ES-Score equal to one) there is, on average, a reduction of bond spreads by around 19
bps. While this may appear to be a moderate effect in economic terms, we will see later
that these aggregate, full sample estimates hide substantial variation of ES effects across
industries, rating classes, or different dimensions of ES-scores.

When considering the individual ES-dimensions in columns 2, 4, 6 and 8 in Table 2, we
find that the significantly negative coefficient of the aggregate ES-score is driven to a large
extent by the product-related category. The observation that this dimension of ES matters
for bond spreads accords well with economic intuition, given that it captures aspects of
product quality and safety, customer treatment, etc. and, thus, is very closely related to
the core of any corporate activity. The only two other individual dimensions that receive
negative coefficients that pass or are close to passing the 10% significance threshold, but that
are substantially smaller in absolute magnitude, are the scores related to employee relations
and diversity. Again, these dimensions represent aspects of ES that appear intuitive in
affecting spreads, as employees and human capital, more broadly speaking, are core value
drivers for almost all firms.

The remaining ES-dimensions such as the environmental, community and human rights
score do not seem to explain variation in corporate spreads. One interpretation of these non-
results is that these ES-dimensions are neither related to the credit risk of firms nor relevant
for ESG-oriented investors. As discussed above and motivated by our theoretical framework,
there is, however, an alternative interpretation, namely that the supply of good firms (i.e.,
firms for which strengths exceed concerns) has increased over time, thereby largely offsetting
the demand-driven spread effects of ES performance. We will explore this channel in more
detail in Section 4.2.3.

One limitation of our ES data is that the latest scores are from 2018. As we do not want
to lose the most recent bond issuance observations, we forward fill the ES data from 2018
until 2020, assuming that variation in firms’ ES-performance is small over a short period
such as two years. To check whether this approach has any noticeable effect on our results,
columns (3) and (4) in Table 2 show coefficient estimates when we rerun the panel regressions
for a sample period that ends in 2019'. We see that the main results as discussed before

are robust to estimating the models for this slightly shorter sample period.

14 As we lag all explanatory variables including ES-related information by one year, we can include bond
issuance data up to the end of 2019 in those regressions.
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4.2.1 Non-crisis and crisis periods

In a next step, we study the dynamics of the link between ES-performance and corporate
bond spreads by separately estimating the regression models during “normal” and “crisis”
times where crisis times include the Global Financial Crisis (GFC) and the COVID-19 pan-
demic. As discussed earlier, the literature (see, for example, Albuquerque et al. (2020) and
Matos (2020)) studying sustainability and equity returns suggests that sustainable firms are
more resilient and earn higher returns during crises. Similarly, Amiraslani et al. (2021) find
that social trust only matters for bond prices in secondary markets during the GFC. In con-
trast to this evidence, we find that the ES effects in primary bond markets are not restricted
to crisis times but instead are largely due to observations during normal times.

During normal times, the aggregate ES-score receives a significantly negative coefficient
that is slightly smaller than the one estimated from the full sample (see column (5) in Table
2). When considering the individual dimensions of ES, we find that only the product-related
ES-score drives the spread decreasing effect of sustainability during normal times. In stark
contrast, during crisis periods we neither find any impact for the aggregate ES-score on
spreads nor for the product-related sub-score (see columns (7) and (8) in Table 2). We find,
however, substantial variation in coefficients across the remaining individual ES-dimensions:
good employee-related scores are highly rewarded in crises periods via large drops in spreads
(the coefficient estimates are more than ten times as large as during normal times) while
good scores in community and environment lead to significant and very substantial increases
in spreads. These results challenge some of the conventional wisdom which suggests that
sustainable firms do better during crises. In our case, this does not seem to be the case, when
sustainability is measured by the community or the environmental score. It is important to
note, however, that the number of observations during recessions is small (especially, at the
issuer-level at which ESG information varies). Thus, these somewhat controversial results
have to be interpreted with caution.

The result that ES-induced effects on bond spreads are weaker during crises periods is
somewhat surprising. One potential reason could be that only firms for which ES-dimensions
are less relevant tend to issue bonds during recessions. Our theoretical framework suggests
that firms with low credit risk represent an example of such firms (see Section 2 for details).
Empirically, ratings are comprehensive measures of credit risk. Thus, we evaluate whether
average ratings of bond-issuing firms vary systematically across the business cycle and find
that they do. While the fraction of investment-grade bonds is 75% during normal times, it
increases to almost 86% during recessions. In particular, the share of bonds with an A (Aa)
rating increases substantially during recessions, from 27.1% (6.6%) during normal times to

35.5% (11.2%) during crises periods. Thus, one potential explanation for the different and
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reduced effect of ES-scores on spreads during recessions is that firms with low credit risk,
whose valuation is expected to be less affected by ES-dimensions according to our model,
represent a disproportionally large share of the sample during these periods. We will revisit

the link between credit risk and the importance of ES-scores for bond spreads in Section 4.3.

4.2.2 Results by Industry Group

The next set of empirical results investigates the variation across different industries. It
is well-known that ES-scores vary substantially across industries and that firms in certain
industries are more affected by some ES-dimensions than firms in other industries due to the
specific nature of a given industry. In our theoretical model we capture these effects through
variation in the cost that a P-firm (i.e., a firm with bad ES-performance) must incur to
become a G-firm (i.e., a firm with good ES-performance, see proposition 4).

Our discussion of the summary statistics has already pointed out strong industry effects.
We have therefore controlled for industry fixed effects across all regressions discussed up to
now. To better understand this cross-industry variation, we now split the sample of bond
issues into the five sub-samples based on groups of industries introduced before (see the
Appendix for a detailed definition).

Table 3 shows the corresponding results. We find pronounced differences in the relation
between ES-scores and spreads across industries. In the case of industry group AgriFore-
FishMineCons (including agriculture, forestry, fishing, mining, and construction) and the
Manufacturing industry (Panel A) we find significantly negative coefficients of the aggregate
ES-score. This finding is consistent with the idea that firms in those two industry groups are
particularly exposed to ES-related risks (for example, mining, paper and pulp, chemical in-
dustry are often considered to be “brown” industries). As a consequence, ES-scores become
more informative and relevant for bond spreads. For industry groups TransCommEGSSve
and Services (Panel B), in contrast, we do not find any significant effects of the aggregate
ES-score on spreads while for industry group Trade (Panel B) we document a significantly
positive coefficient.

Importantly, we find that the ENV-score is significantly negatively related to spreads for
firms in industry group AgriForeFishMineCons. Given that this group of industries contains
predominantly industries that are ex-ante exposed to environmental risks, this result seems
plausible and reassuring. Furthermore, the absolute magnitude of the estimated effect is
large with a coefficient of -78.8 suggesting that for firms in these industries having a good
environmental score reduces spreads, on average, by a non-trivial amount. In most other
industry groups, however, the environment-related score does not significantly affect spreads,

potentially because environment-related risks do not represent large enough risks for firms
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in those industries.

When interpreted in light of the theoretical framework, these findings also suggest that
adjustment costs of firms with low ENV-scores to improve their scores vary across industries.
Specifically, such firms in industry AgriForeFishMineCons must face substantial costs if they
prefer to issue bonds at spread premiums of up to 80 basis points compared to firms in the
same industry but with better ENV-scores. On the other hand, it seems plausible that firms
in agriculture, forestry, fishing, mining and construction find it particularly costly to improve
their ENV-score given the nature of their business.

Finally, in the context of this analysis we also find several positive coefficients for in-
dividual ES-dimensions suggesting that some activities that result in good ES-scores are
not appreciated by bond investors for firms in certain industries. Instead, the significantly
positive coefficients suggest that investors require an additional premium from these firms
to buy their bonds. In our theoretical framework, the parameter ¢ captures the difference
in the expected default losses. Whereas it seems sensible to focus on the case in which the
expected default losses are lower for G-Bonds than P-bonds (that is, § is positive), agency
costs could manifest themselves via high ES-scores and thus imply a negative ¢, consistent
with the observed positive coefficients. Again, these results reinforce that industry charac-
teristics matter for ES-related analyses and that the link between ES-performance (at the

aggregate and the individual score level) and spreads is multi-faceted and nuanced.

4.2.3 Time-Series Dynamics of the Relevance of ES-scores

The final set of empirical results in this section studies the dynamics of the relation between
ES-scores (aggregate and individual) and spreads in more detail. Intuitively, we would expect
pronounced time-series effects, showing an increasing importance of ES ratings in recent
years, given the increase in overall awareness, in media attention, in ES-related regulation,
and in the share of institutional capital being invested according to ES principles.

In the model, a growing fraction of investors with preferences for sustainable investments
leads to increasing differences (more negative) in spreads between bonds issued by high
ES firms (G-firms) and low ES firms (P-firms). It also shows, however, that this effect is
reduced by the endogenous increase in the supply of G-bonds in equilibrium. To study this
empirically, we estimate the panel regression described in Equation (18) including rating,
industry and year fixed effects using 5-year rolling estimation windows. Then we plot the
coefficient of the ES-score from each of those regressions in Figure 1 for the aggregate ES-
score and in Figure 2 for individual ES-scores. In addition, we also calculate the fraction of
bond issuers, again across 5-year rolling windows, with corresponding positive ES-scores, as

we interpret such firms as “good”or G-firms in the notion of our theoretical model.
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For the aggregate ES-score (Figure 1), we find that the coeflicient estimate (solid line) is
consistently negative, with the exception of 2015. We do not observe, however, any negative
trend over time that would reflect the increase in investor preferences for ESG. However, the
supply of firms with a positive aggregate ES-score has increased noticeably over time, from
below 40% in 2009 to almost 80% in 2020. As explained in the theoretical section, such an
increase in the supply of “good”firms will attenuate any impact that the observed increase
in investor preference for sustainable investments would otherwise have on the coefficient
estimate.

Focusing on the different dimensions of ES-scores (Figure 2), we observe consistently
negative coefficient estimates for the product-related score, which has been found to be
strongly negatively related to corporate spreads in the earlier analysis. Only during the
most recent years, the coefficient estimates are close to zero implying a reduced impact of
this ES-dimension. Interestingly, however, we do not observe a pronounced increase in the
supply of firms with positive product-related ES-scores. While this fraction is around 60%
in the beginning of the sample period, it reaches slightly above 70% towards the end, which
represents the lowest level among all individual sub-scores at the end of the sample period.
Given the large spreads that are associated with the product-related ES-score according to
our analysis, this result suggests either that improving these scores is particularly costly for
firms, or that investments in product-related performance is largely driven by shareholder
value maximization, and not by green investors’ preferences.

Another important sub-score according to our analysis focuses on employment-related
aspects. The time-series results show that during early years (until 2012) the associated
coefficient estimate is basically zero while the fraction of firms with a positive score is close
to 50%. After 2012, however, the supply of issuing firms with a positive EMP-score increases
strongly, reaching 80% until the end of the sample period. Despite this, we observe that the
coefficient estimate decreases over the more recent period, reaching an estimate of roughly
-20 bps at the end of the sample period. Overall, these patterns suggest that there was
a structural break in the importance of the employment-related ES-dimension for credit
spreads around 2012. One possible interpretation of this break is that investor preferences for
firms that consider their employees as important stakeholders have become more important
over time.

The patterns for the ENV-score look somewhat similar, but both the decreasing trend
of the coefficient estimates as well as the increase in the supply of “green”firms start earlier
and are somewhat weaker than those of the EMP-score. Towards the end of the sample,
however, more than 90% of the bond issuing firms have a positive ENV-score while the

discount in spreads, for being an environmentally-friendly firm, is estimated to be around 10
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bps. Together these patterns indicate a pronounced impact of “greener” investor preferences
over time on primary bond markets.

The remaining three sub scores — diversity, community and human rights — show weaker
and more ambiguous patterns. In all three cases, the fraction of firms with positive scores is
high throughout the entire sample period. At the same time, their effects on spreads are small
(i.e., coefficient estimates are not significantly different from zero). Thus, an incremental
increase or decrease in a given score does not have a noticeable effect on spreads, which may
not be surprising, given that 80% to 90% of firms have positive scores throughout the sample
period. In the context of our theoretical model, this situation would be consistent with an
equilibrium in which almost all firms have made the investment to become Good-firms with
respect to that ES-dimension.

As a next step, we investigate the documented increases in the supply of issuing firms
with positive ES-scores in more detail. There are two potential channels. First, issuers that
have issued bonds before might improve their ES-score in order to benefit from the discount
in spreads, as modelled and discussed in detail in our theoretical framework. Second, a new
set of firms, with on average better ES-scores, that have previously not used the primary
bond markets might start issuing bonds. Distinguishing between this intensive and extensive
margin is important, because one specific challenge in the area of sustainable finance is to
document that the reallocation of capital, represented by the documented differences in
spreads, actually has an impact on the ES-characteristics of the firms.

A first piece of relevant empirical evidence is that only 10% of our sample of bond issues
are issued by firms that come to the bond market for the very first time. This is a simple
reflection of the well-documented fact that the process of bond issuance incurs substantial
fixed costs including, for example, costs due to a lack of reputation for first-time issuers, as
well as costs to establish a network of investment banks and institutional investors. Thus,
most of the supply dynamics we observe will naturally be related to repeat issuers adjusting
their ES-characteristics.

This, however, still leaves open the question how prevalent and economically relevant
these adjustments are. To study this in more detail, we calculate for each repeat issuer
the simple change in aggregate ES-score and individual sub-scores. Figure 3 shows the
distribution of those changes by reporting the median together with the 10th and 90th-
percentile using a 5-year rolling window.

Across all three sub-graphs, the figure shows that the median change in the aggregate ES-
score as well as in the individual sub-scores is zero. Thus, it does not seem to be the case that
the majority of repeat bond issuers consistently improves its ES-scores. The 90th-percentile,

however, implies that some firms improve their scores quite considerably between subsequent
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issuances of bonds. For example, in the case of the aggregate ES-score the 90th-percentile
corresponds to increases between 0.1 and 0.2 (note that scores are normalized between -1
and +1) consistently since 2011. In the case of the employment-related scores, we observe
periods in which the improvements at the 90th-percentile are even larger.

Focusing on the 10th-percentile, the change in ES-scores is frequently close to or equal to
zero but with some noticeable exceptions. For the employment-related sub-scores some firms
show sizable drops in their scores early in our sample period while for the environmental
dimension we observe some bond-issuing firms with deteriorating ENV-scores towards the
end of the sample period. In general, however, the positive effects of the 90th-percentile
outweigh the negative effects of the 10th-percentile and due to this asymmetry the overall
supply of good ES-score firms has increased over time, as discussed before.

Overall, the time-series results accord well with an increase in investor preferences for
sustainable investment. The supply of corporate bonds from issuers with good ES ratings
has generally increased and comes to a large extent from repeat issuers. For those ES-scores
for which we document the strongest supply effects (i.e. aggregate ES-score, EMP-score,
and ENV-score), the spread coefficients show little downward-trend, consistent with the
prediction in Proposition 3. Finally, while the product-related score retains a negative and
large spread regression coefficient, we do not find a supply response. This suggests that either
the cost of improving these scores are very large, or that investments along this dimension
are not driven by shifting investor preferences, but may instead be determined in a standard
shareholder value maximizing paradigm. In summary, corporate bond markets suggest a

significant role of investor preferences for capital reallocation.

4.3 ES-Scores and Credit Risk

After having analyzed the link between ES-scores and spreads in detail, we now shed light on
the underlying mechanisms. As discussed in Section 2, one such mechanism is related to risk:
firms with good ES-scores could be less risky than firms with low ES-scores. This risk-based
mechanism should matter more for issuers that are already closer to the default boundary
and, thus, have lower credit ratings. As a consequence, we expect that the negative link
between ES-scores and spreads will be stronger for bonds with low ratings if the explanation
for the difference is risk-related.

An alternative mechanism could be the higher demand for bonds with high ES-scores. If
a subset of investors excludes bonds with low ES ratings from their portfolios, then bonds
with high ES ratings are faced with relatively higher demand. The latter ones can be bought

by both investors, i.e. by those with “green” preferences as well as by investors without such
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preferences, whereas bonds with low ES ratings can only be bought by the latter type of
investors. In this case, we expect spreads of high-ES issues to be lower. However, as discussed
above, this demand-based mechanism should also matter more for issuers with lower ratings
and thus, more default risk. As shown in Section 2, investors without green preferences can
“arbitrage” between bonds with high and low ES-scores. In other words, they can reduce
or even short-sell the more expensive high-ES bonds and load up on issues with low ES
ratings, without incurring large diversification costs. Demand effects from investors with
green preferences are therefore likely to be limited for these highly rated bonds. By contrast,
for low ratings, exploiting any price differences between bonds with high and low ES-scores
is risky, since there will be some idiosyncratic default risk. Both our proposed channels are
therefore related to the bonds’ credit risk.

In a first step we therefore study the relation between ratings and ES-scores in more
detail. While we controlled for different rating groups in the full sample results discussed
in the previous section, we now split the sample into the following four sub-samples based
on the available rating information: (i) issues with AAA and AA ratings, (ii) issues with A
ratings, (iii) issues with BBB ratings, and finally (iv) high-yield issues and issues without
rating information. This approach allows us to study the interaction between ES-scores and
credit ratings.

Table 4 shows the corresponding results. Most importantly, the aggregate ES-score is
significantly negatively related to bond spreads only for low rated bonds — i.e., BBB-rated as
well as HY and unrated bonds. For these issues, coefficients on the ES-score are substantially
larger than in the full sample results. For example, in the most risky group of high-yield and
unrated bonds, the coefficient of the aggregate ES-score is estimated to equal -98.4 while, in
comparison, the same coefficient has been estimated to be -18.8 in the full sample results.
Even for BBB-rated bonds, the coefficient is much larger in absolute terms at -39.4. Thus,
for risky bonds with low ratings, being a sustainable firm with a good ES-score results in an
economically substantial reduction of bond spreads.

When analyzing the individual ES-dimensions, we find that, as before, the results are
driven by the product-related ES-dimension. However, in both cases — BBB-rated bonds
and HY /unrated bonds — the employee-related dimension also contributes significantly, both
statistically and economically, to spread reductions. In the case of high-yield and unrated
bonds, for example, the employee-related effect is even larger than the one coming from
product-related ES-dimensions with a coefficient estimate of -64.4. For this sub-sample of
bonds, we also find negative and sizable coefficient estimates for the environmental score
and the community score, albeit not statistically significant in the case of the environmental

score.
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Focusing on the results for single-A rated bonds in more detail, we find that the aggregate
ES-score does not matter at all. When analyzing the individual ES-dimensions, all coefficient
estimates are insignificant and small in absolute magnitude with the only exceptions being the
scores associated with the community (diversity) dimension, for which we find a significant,
spread-increasing (spread-decreasing) effect. Finally, in the case of top-rated bond issues (i.e.,
AA and AAA) we find a significantly positive, but economically relatively small coefficient
of the aggregate ES-score. When considering the sub-scores, we find significantly negative
effects of the product-related and employment-related scores and significantly positive ones
of the environment-related and diversity-related scores.

Overall, our analysis shows patterns across rating sub-samples that match the predictions
of the theoretical framework well, especially regarding the variation in the importance of the
aggregate and individual ES-scores across rating sub-samples. As discussed above, these
findings are consistent with the two proposed channels, via which an effect of ES on spreads
may take place. If better ES-scores indicate lower risk, not fully captured in ratings or firm
fundamentals, the effects should be stronger in lower rated firms. If ES-scores affect spreads
via demand effects, then these should also be stronger for lower rated bonds, since for these
it is riskier to exploit spread differences.

To further disentangle these two alternative explanations, we study the link between
ES-scores and credit events, rating downgrades as well as defaults. For this purpose, we
define a default dummy, def, that equals one if the issuer files for bankruptcy during a three-
or five-year horizon; and zero otherwise. Similarly, we define a downgrade dummy, dng,
that equals one if a given bond’s rating (from any rating agency) is downgraded during a
three-year horizon; and zero otherwise. We then use logit models to predict those credit
events using the same firm characteristics as in the spread regressions as control variables in
addition to ES-related scores and industry fixed effects. However, we neither include rating
dummies nor calendar year fixed effects, as they would absorb almost all of the variation in
the sample.

Table 5 summarizes the corresponding coefficient estimates if we use the default dummy
as the dependent variable. Because default happens at the firm level, we run these regressions
at the issuer level. Given that the test setup also requires that we observe issuers either for
at least 3 or 5 years, sample sizes are relatively small. Further more, the number of defaults
that we actually see in the data is small (e.g., we only have 28 defaults at the 3-year horizon).
When comparing these results with the earlier spread results, it is also important to highlight
that all issuers that eventually went into default issued bonds with HY ratings.

Despite those data challenges, the results of the logit regressions support our earlier

results for spreads, as we find that the aggregate ES-score reduces default risk significantly,
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both for the 3-year and the 5-year horizon. Similarly, results for ES sub-scores are, broadly
speaking, consistent with the earlier spread regressions. Employment and diversity related
scores that are associated with lower spreads for the sample of high-yield bonds in Table 4
show up with negative coefficients in the default prediction models. At the 3-year horizon,
the environmental and the community scores also reduce default risk while scoring high with
respect to human rights increases it. The only notable exception is documented for product
scores: while firms with good product scores experience lower spreads, we do not find a
corresponding effect on default risk.

As discussed before, the sample that we use in the default prediction analysis is small.
To overcome this issue, we extend the credit event notion and analyze rating downgrades.
Those downgrade events happen much more frequently than defaults (thus, we focus only on
the 3-year horizon in the analysis) and we observe them at the bond level. As a consequence,
sample sizes are substantially larger in this case. Table 6 presents the coefficient estimates
of the corresponding logit models. For the full sample, the aggregate ES-score receives a
positive but insignificant coefficient estimate. At the individual ES-score level, the product
and community scores show significantly negative coefficients while the diversity and human
rights scores get positive and significant coefficients. Except for the product score, those
results appear to be inconsistent with the earlier spread results at first sight.

To better understand these patterns, we investigate whether selection effects of bonds
with certain ratings play a role and split the sample into investment grade and high yield
bonds. Given that almost 75% of the full rating downgrade sample consists of IG bonds, it
is not surprising that the results look very similar to the ones for the full sample. However,
an important difference is that the aggregate ES-score now becomes significant, indicating a
higher risk of being downgraded for IG bonds with good aggregate ES-scores. Albeit not a
perfect match, this result might explain to some extent the positive impact of the aggregate
ES-score on the spreads of AAA and AA-rated bonds shown in Table 4.

In the case of HY bonds, the results look very differently. In this case, the aggregate
ES-score obtains a negative and very significant coefficient estimate. When analyzing the
individual scores, we find that the employment, community and the environmental score
have significantly negative coefficients in the logit regression and, thus, all reduce the risk of
rating downgrades. Importantly, these results are all consistent with the spread regressions
discussed above and summarized in Table 4.

Overall, the picture emerges that for highest quality bond issues the impact of good ES
ratings might be detrimental (i.e., lead to increased spreads and probabilities of downgrades),
or at best ambiguous. In the case of relatively risky high-yield bonds, the evidence suggests

that good ES performance reduces both credit risk as well as spreads — and the evidence of
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the spread regressions suggests that ratings do not perfectly capture this reduction in credit
risk. Given that the results of the credit risk prediction models, broadly speaking, match the
results from the spread regressions, we interpret the evidence to point towards the risk-based

mechanism playing an important role linking ES-scores and corporate bond spreads.

5 Conclusion

This paper provides a comprehensive analysis of the interactions between firms’ ES-scores
and the spreads at which they can issue corporate bonds in the primary markets. In contrast
to equity markets, this allows us to directly measure the premia charged by the market for
expected default losses and for risk. We first develop a simple theoretical framework, which
identifies three possible channels, through which such a relation can arise: ES-scores may
provide information about (i) expected cash flows generated by the bonds, (ii) the risk of
these cash flows and (iii) about extra demand from investors with ES preferences.

For the full sample we document an economically small, but statistically strong negative
relation between ES-scores and issue spreads, even when controlling for ratings, a range of
firm characteristics as well as industry and time dummies. However, our results show that the
link between ES and bond spreads is much more nuanced than what one would suspect based
on this general result. In particular, aggregate ES-scores are constructed from a number of
individual scores on different ES-dimensions. We find that, again for the full sample, the
negative relation between ES and issue spreads is only driven by the product dimension and,
to a lesser extent, by employee-related dimensions. That is, high scores on characteristics
such as product quality or product safety are priced in the bond IPO markets, but there
is no evidence that this is also true for dimensions such as the environment, community or
human rights.

Consistent with our theoretical model, we document that the interactions between ES and
issue spreads vary with bond ratings. In particular, the aggregate ES-score has a significantly
negative coefficient only for bonds rated BBB or below, and is in turn driven by good product
and employee scores. By contrast, the aggregate ES-score is insignificant or even positively-
related to spreads for issuers rated AAA to A. This is also true for almost all individual ES-
scores, with the exception of employee and product related dimensions, which significantly
reduce spreads also for highly rated issuers.

We also find strong differences across industries. Aggregate ES-scores reduce issue spreads
only for firms in agriculture, forestry, fishing, and mining, and for manufacturing firms. For
these industries, even the environment-related score, which in most of our analysis does

not play a prominent role, has an economically and statistically significant negative effect

31



on issue spreads. This is not the case for any of the other industries. For some of these
other industries, such as the Transportation and Communication or the Trade sector, the
coefficients of some ES-dimensions even flip signs. For example, the community dimensions
of ES actually exhibit a statistically significant positive coefficient.

We also document variation of the ES-issue-spread relation over the business cycle. ES
aggregate scores only have a significantly negative effect on issue spreads during expansions,
somewhat contradicting conventional wisdom that ES effects are stronger in recessions or
crises. In our analysis, the effect of aggregate ES-scores is insignificant during recessions.
However, individual dimensions of ES still matter during recessions. In particular, high
employee related scores are associated with strong negative effects on issue spreads. By
contrast, other dimensions of ES, such as community and environment are all significantly
positively related to spreads during recessions.

Finally, preference-based explanations for spread differences between high and low ES
issuers predict increasingly stronger negative associations between ES and issue spreads
towards the end of the sample period, since an increasing number of investors and portfolio
managers adopt ES strategies. These effects, however, are potentially mitigated by supply-
side responses, since our theoretical framework predicts that bond issuing firms should make
investments to improve their ES-scores in response to the shifts in investor preferences. Our
empirical results are consistent with these predictions and show pronounced supply-side
responses for some of the ES-dimensions. These results are predominantly driven by repeat
issuers, suggesting that firms that regularly tap the primary bond markets to raise capital
have responded more to investor pressure and have improved their ES-scores during the
sample period.

Overall, it appears that, in addition to preference-based demand for bonds from high
ES issuers, ES-contained information about bonds’ expected cash flows and their riskiness
is responsible for the relation between ES-scores and issue spreads. This interpretation is
also supported by our analysis of the link between ES-scores and credit risk, which finds
that good ES-performance results in a significant reduction in credit risk for risky, high-yield
bonds.

We believe that the primary market for corporate bonds offers great potential to improve
our understanding of the interactions between corporate social responsibility strategies, in-
vestor preferences and asset prices. One avenue is to analyze the link between ES-related
issue spread differences and their subsequent risk-return characteristics in the secondary

markets. We intend to do this in future work.
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Appendix A

Our main data sources are Mergent FISD, MSCI ESG KLD, and Compustat. In this ap-
pendix, Table A1 presents the definitions of the variables used in the empirical analysis.
In particular, we use bond issuers’ one-digit SIC code to form five major industry groups.
Table A2 lists the six dimensions of the MSCI ESG scores, which are Environment (env),
Community (com), Diversity (div), Employee Relations (emp), Human Rights (hum), and
Product (pro). For each of the six dimensions, we also report their subcategories and group
these subcategories according to strengths and concerns.

We construct our environmental and social scores as follows. Using the environmental
dimension as an example, we calculate the total number of environmental strengths for each
firm-year and scale this total number by the maximum total number of strengths achieved in
this year. We calculate and scale the total number of environmental concerns the same way.
We then subtract the (scaled) total number of concerns from that of strengths, the resulted
difference is our env_score for this particular firm-year. We do the same for the other five
dimensions. For the aggregate environmental and social score (es_score), we first aggregate
across all six dimensions for the total number of strengths and that concerns, scale them by
the respective cross-sectional maximum, and finally take the difference.

We also define es dummies for each of the six individual ES-scores and the aggregate
ES-score. Precisely, an es dummy is set to one (zero) if the ES-score is greater than or equal

to zero (is less than zero).
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Table A1 Variable definitions

Variables Definition

Bond issue variables

Spread Offering spread over benchmark (bp)

Principal Principal amount ($M)

Maturity Maturity (Year)

Coupon Coupon rate (Percent)

AAA A rating dummy variable equals one if the issue is rated AAA; and zero otherwise!

AA A rating dummy variable equals one if the issue is rated AA (incl. AA+, AA-); and
zero otherwise!

A A rating dummy variable equals one if the issue is rated A (incl. A+, A-); and zero
otherwise!

BBB A rating dummy variable equals one if the issue is rated BBB (incl. BBB+, BBB-);
and zero otherwise!

HY A rating dummy variable equals one if the issue is rated below investment grade; and
zero otherwise!

NR A dummy variable equals one if the issue is not rated; and zero otherwise!

Rating downgrade and default dummies

dng A dummy variable equals one if the issue is downgraded over a three-year horizon;
and zero otherwise

def A dummy variable equals one if the issuer files bankruptcy over a three- (or five-)

year horizon; and zero otherwise

Issuer characteristics

es_score

env_score
com_score

div_score

emp_score

hum_score

pro_score

Net book leverage

Size

Profitability
Tangibility

Dividend payer

Total no. of past issues

An aggregate environmental and social responsibllity score constructed using the
below six individual scores (more on this in Appendix A2)

Total environmental strengths less total environmental concerns

Total community strengths less total community concerns

Total diversity strengths less total diversity concerns

Total employee relations strengths less total employee relations concerns

Total human rights strengths less total human rights concerns

Total product strengths less total product concerns

The total debt less cash and short term investments to total assets (book value) ratio
The natural logarithm of net sales (in 2002 USD)

The operating income before depreciation to total assets (book value) ratio

The net PPE to total assets (book value) ratio

A dummy variable equals one if payout is greater than zero; and zero otherwise
Total number of past bond issues since 1984

Industry groups

AgriForeFishMineCons  Agriculture, Forestry, and Fishing (sicl = 0); Mining and Construction (sicl = 1)
Manufacturing Manufacturing (sicl = 2 or 3)

TransCommEGSSve Transportation, Communications, Electric-Gas-Sanitory Services (sicl = 4, excl. utilities)
Trade Wholesale and Retail Trade (sicl = 5)

Services Services (sicl = 7 or 8)

Sample periods

COVID19 March 15, 2020 through June 15, 2020

GFC August 2008 through March 2009

REC Either COVID19 or GFC period

Normal Period

All but REC period

1 We use S&P rating as our primary source and supplement it with Moody’s rating. When neither is available,
we take Fitch’s rating as the last resort.
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Appendix B

Proof for Proposition 1
From equation (8), we can immediately derive
Np
Tpp = —.
nP ]n
Using the above right-hand side expression to eliminate x,p in equations (1) and com-
paring the resulted expression with equation (3) yields

ogp Np

Tyq = Tna + g? (Bl)

Combing equations (B.1) with (7), we can show

1 IO'GP
we == Ng— Np2Z5L ).
Tna [<G P[no_é>7

and

1 o
7o = (NG y NP%) |
G

Plugging the solved optimal portfolio weights into the first order conditions (1)-(3), we

can derive the bond prices as follows
_ 1 2
PG:1—€G—E|:NGO'G+NPO'GP];

and . I o
- 2
Pp:l—ﬁp—ﬁ NGUGP—{—NPJP—i_NP[_i%
where ¢ — 0203 — 0%, — 0203 (1 — ().
The bond yield spreads results follow from (i) all bonds have face value of one and are

pure discount bonds and (ii) the riskless rate of return is normalized to zero.

Proof for Proposition 2

Using equation (16) to solve for Ng (and then Np) yields

N <01% — oep + f—%) —(K°— §)r]
No = 0% 4 0% — 206p + 2% 7
G P GP T T oZ
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and
N (04 —ogp) + (K¢ = 0)7I

0%+ 0% — 206p + —i

Np =N — Ng =

The endogenous cutoff value of the investment cost K¢ is the solution to the fixed point

problem

N (0’123 —ogp + I—g%> —(Kc=0)1l

F(K) = Ng = ;
_2

JG+UP—20GP+I—"

To show existence and uniqueness, we note that

1 I, 1,
y(K°) =6+ — (N (o% - UGP+—£ — F(K° (0% + 03— 20’(;p+—£ — K°
vl I, O’G I, (TG
is decreasing in K because (i) 02 + 0% — 206p = 0¢ +0p — 2papogop = (0g —op)® +2(1 —
pap)ogop > 0, (ii)) F > 0, and (iii) 7/ > 0. Monotonicity and Assumption 1 then imply
that K is the unique solution satisfying y(K¢) =0 and K < K¢ < K.

Proof for Proposition 3
For the first part of the proposition, we treat Ng and Np as fixed parameters. Partially dif-
ferentiating Pg — Pp, given by equation (13), with respect to 0, op, or ¢ yields the expressions
provided in the proposition.

For the second part of the proposition, to emphasize that K¢ is determined in the equi-

librium and thus is a function of model parameters, we can rewrite equation (16) as

1
Y(K“(D), p) = 61—~ (N <a,% - L%) ) (aé T o — 20ap+ L%))—mp) 0
T ore lope
(B.2)
where p is a set of exogenous parameters.

(i) To focus on the effect of 6, we consider
y(K°(6),0) =0

where we keep all other parameters fixed.
Since the above equality holds for all 9, its first derivative with respect to 6 must also be
equal to zero. That is,

oK* 0K*
F'(K°) % (aé—i—a%—ZaGP—i-L%) + 55 7l —71=0.
e
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Rearranging the terms yields

OK*
90

{F’(Kc) (ag + 0% —20ap + L%) + 71} =7l (B.3)
9a

The right-hand side of equation (B.3) is positive. On its left-hand side, the sum of the terms
inside the square parentheses is positive since (a) 02 + 0% — 206p = 04 + 05 — 2papPOcOp =

(0¢ —op)* +2(1 — pap)ogop >0, (b) ' >0, and (c) 71 > 0. As a consequence,

OK*
)

> 0. (B.4)

(ii) Focusing on op, differentiating both sides of

y(K(op),0p) =0

with respect to op, and simplifying yields

(B.5)
where we carefully take into account that both ogp = ogoppgp and Ui; = 0%(1 — p&p)
depend on op. ¢
On the left-hand side of equation (B.5), the sum of the terms inside the square parentheses
is positive (see part (i) of this proof). Its right-hand side is also positive because (a) N >
Ng = F(K°) and (b) 20p — ogpap + 2top(1 — p4p) > 0 (a condition we assume to hold),
and (c) F(K)ogpep > 0 as long as pgp > 0. Thus,

oOK*®
aO'p

> 0. (B.6)

(iii) To analyze the effect of investor demand, we can perform a comparative statics

analysis on ¢. Differentiating both sides of

y(K*(1),1) =0

with respect to ¢ yields

c@Kc ¢ . ¢ K¢ ¢
F'(K°) oL (Jé+0123_20GP+L%>+F(K)%+ o TI—N%:O.
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Rearranging the terms yields

a;{c {F’(KC) <ag + 0% — 206p + Li;) + ﬂ} = (N - F(KC))%. (B.7)
2 JG UG

On the left-hand side of equation (B.7), the sum of the terms inside the square parentheses
is positive (see part (i) of this proof). Its right-hand side is also positive because N > Ng =

F(K¢). As a consequence,
OK*¢

oL

Finally, using equation (6) we can immediately show

> 0. (B.8)

ONg OK¢
— F/ Kc
Jq (K) Jq

> 0, for g =46,0p,0r 1, (B.9)
because F'(K¢) is a density function and thus is always positive.

Proof for Proposition 5
First, note that

2 2 2
iz 9g9p —Ogp = o3(1 — pip)
Ug; O_QG P GP

To fix ideas, we parameterize the variances as {202 and £%0% where & > 0 is a scaling

parameter.'® For ease of exposition, we define
A =0 + Eop — 2papE 080 +1820h(1 — pgp) = aE’
where a = 0% + 0% — 2pgpogop + tob(1 — p&p) and
B = %03 — papélogop + 18205 (1 — pip) = bE?

where b = 0% — pgpogop + 1oH(1 — pép).

Using the defined variables to simplify equation (B.2) yields
F(K%ag® + (K¢ — 6)71 — Nbe? = 0. (B.10)

This equilibrium condition implies that K¢ depends on £2. Differentiating it with respect to

150ur analysis so far has dealt with a special case in which ¢ = 1.
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€% and rearranging the terms yields

OK*
0g?

(F'(K®)a&®+1I) = Nb— F(K%)a = ———T7I.

where the last equality follows from equation (B.10). Since K¢ > 4, we conclude that K¢
increases with £2.

Finally, equation (B.10) also implies that K¢ converges to § as £? is approaching to zero.

Proof for Proposition 4

For simplicity, we parameterize the investment cost as

K=K+ Ag

where K is distributed according to the distribution function F' with finite support [K, K].

==

We can then define another distribution function G such that
G(K®) = (K < K¢) = u(K + A < K°) = u(K < K = AK) = F(K® — AK).

The newly defined G function preserves the order of the firms in terms of their costs of ES
investment, as is given by the original distribution function F'. The mere difference between
the two distributions is the level of the investment cost, which is captured by Axk.

Using the terms defined in the proof of Proposition 5 and noting that K is distributed

according to G, we can rewrite equation (B.2) as
G(Ka+ (K= d)r] — Nb=0.
Substituting F'(K¢ — Ag) into to the above equation for G(K°¢) yields
F(K°—Ag)a+ (K°=9)1] — Nb=0.

Differentiating it with respect to Ax and simplifying yields

OK¢
0AK

(F'(K° = Ag)a+71I) = F'(K° — Ag)a.

Since F’ is a density function and a > 0, it follows immediately that K¢ increases with Ag.
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Table 1 Bond issues

This table has three panels. Panel A reports the summary statistics for ES-scores, bond issue-level char-
acteristics and issuer-level (that is, firm-level) characteristics. All ES-scores and issuer-level variables are
lagged by one year. Panel B splits our sample into five industry groups and provides summary statistics for
ES-scores and dummies across these five industry groups. Panel C is a correlation matrix for bond issue
characteristics and ES-scores. Variable definitions are summarized in the appendix. ***, ** or * nest to the
differences in Panel A (the correlation coefficients in Panel C) indicate that the differences (the correlation

coefficients) are significantly different from zero at the 1%, 5%, and 10% level.

Panel A

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

All es_good =1 es_good = 0

VARIABLES mean N mean N mean N (3) - (5)
es_score 0.075 5,227 0.211 3,328 -0.164 1,899
env_score 0.141 5,227 0.241 3,328 -0.033 1,899
com_score 0.031 5,227 0.104 3,328 -0.099 1,899
div_score 0.115 5,227 0.249 3,328 -0.118 1,899
emp_score 0.044 5,227 0.153 3,328 -0.146 1,899
hum_score 0.005 5,227 0.026 3,328 -0.030 1,899
pro_score -0.046 5,227  0.024 3,328 -0.168 1,899
Spread 212.340 5,227 190.964 3,328 249.803 1,899 -58.839%**
Principal 747.604 5,227 788.265 3,328 676.346 1,899 111.919%**
Maturity 11.561 5,227 11.584 3,328 11.523 1,899 0.061
Coupon 4514 5,224 4.088 3,326  5.260 1,898 -1.172%F*
AAA 0.022 5,227 0.026 3,328 0.014 1,899 0.012***
AA 0.071 5,227 0.066 3,328 0.080 1,899 -0.014*
A 0.279 5,227 0.302 3,328 0.237 1,899 0.065%**
BBB 0.385 5,227 0.397 3,328 0.364 1,899 0.033**
Net book leverage 0.215 5,227 0.205 3,328 0.234 1,899 -0.029%***
Size 9.070 5,227 9.118 3,328 8985 1,899 0.133***
Profitability 0.155 5,227 0.159 3,328 0.147 1,899 0.012***
Tangibility 0.308 5,227 0.268 3,328 0.378 1,899 -0.110%**
Dividend payer 0.796 5,227 0.818 3,328 0.758 1,899 0.060***

Total no. of past issues 18.841 5,227 19.246 3,328 18.131 1,899 1.115*
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Figure 1: The impact of the aggregate ES-Score on spreads and the fraction of
firms with a positive ES-score over time

This figure shows 5-year rolling window estimates of the coefficient of the aggregate ES-score
in the panel models of bond spreads (solid line). It also shows the fraction of firms for which
the aggregate ES-score is positive, calculated also over a 5-year rolling window (dashed line).
Definitions of variables are provided in Section 3 and summarized in the Appendix.
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Figure 2: The impact of individual ES-Scores on spreads and the fraction of firms
with positive individual ES-scores over time

This figure shows 5-year rolling window estimates of the coefficients of individual ES-score
in the panel models of bond spreads (solid line). It also shows the fraction of firms for which
the corresponding individual ES-scores are positive, calculated also over a 5-year rolling

window (dashed line). Definitions of variables are provided in Section 3 and summarized in
the Appendix.
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Figure 3: Time-series dynamics of average changes in ES-Scores for repeat bond
issuers.

The figure shows the median, 10th and 90th percentile of the cross-sectional distribution
of simple changes of the aggregate ES-score as well as selected sub-scores for repeat bond
issuers. l.e., for every repeat issuer we calculate the difference in the corresponding ES-Score
compared to the last time the same issuer issued a bond that is included in our sample. All
estimates are calculated over 5-year rolling windows. Definitions of variables are provided in
Section 3 and summarized in the Appendix.
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