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Abstract

Sustainability-linked bonds (SLBs) embed sustainability commitments directly into debt contracts,
but the credibility of these commitments depends on how penalties, reporting obligations,
and verification requirements are written and enforced. We construct bond-level measures
of contractual enforceability and target precision from SLB frameworks, prospectuses, and
performance-target documentation for 915 SLBs, and link them to secondary-market Z-spreads
and to matched conventional bonds from the same issuer or corporate parent. Three findings
emerge. First, the basic contractual architecture has become nearly universal: 92% of SLBs
contain penalty-activation, reporting, and external-assurance provisions. Second, the full-
document enforceability score is negatively associated with absolute SLB spreads after controlling
for month and currency, although the association is sensitive to issuer controls. The contractual
enforceability index is imprecisely related to absolute spreads, while SLB spreads net of matched
same-issuer or same-parent conventional-bond spreads are 3.7 to 10.0 basis points lower per
standard deviation of this index. These matched estimates are marginally precise and weaken
under stricter matching. Third, spread reactions around individual disclosure and non-disclosure
events are limited and heterogeneous. The evidence is consistent with credit markets valuing
contractual credibility, but it does not establish a causal effect on financing costs.
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1 Introduction

Sustainability-linked bonds (SLBs) differ from green bonds in a fundamental way. Green bonds
attach a sustainability claim to the use of proceeds; SLBs attach a sustainability commitment to the
debt contract itself. The issuer selects key performance indicators (KPIs), commits to sustainability
performance targets (SPTs), and accepts a change in the bond’s cash flows, most commonly a coupon
step-up if the targets are missed. In principle, the security therefore embeds a state-contingent
claim. In practice, the claim has value only if investors can determine whether the contingent state
has occurred and whether the promised consequence will follow. A 25-basis-point step-up has a
straightforward headline value, but its economic content depends on whether performance must be
reported, whether the determination is externally verified, and whether the penalty is connected to
that determination by an operational contractual trigger.

This makes the credibility of an SLB a problem of contract design, and it is the problem
this paper studies. The relevant provisions are heterogeneous and hard to observe: penalty-
activation clauses, reporting obligations, and assurance requirements are scattered across SLB
frameworks, prospectuses, KPI tables, and post-issuance reports, written in non-standard language,
and recorded in no structured bond database. The International Capital Market Association treats
bond characteristics, reporting, and verification as core elements of an SLB precisely because they
underpin the commitment’s credibility (International Capital Market Association, 2024). We recover
these provisions from the underlying legal documentation for the universe of SLBs listed on the
Luxembourg Green Exchange (LGX) and ask whether secondary-market credit spreads reflect the
contractual enforceability of sustainability commitments, over and above the size of the contingent
penalty and the precision of the target.

The question admits three distinct pricing channels with different implications. If SLBs are
priced mainly as contingent claims, spreads should vary with the expected penalty, determined
by both its magnitude and the probability of target failure, as in Feldhütter et al. (2024). If
they are priced mainly as credibility signals, the presence and strength of enforceable contractual
mechanisms should matter more than the exact penalty size. And if sustainability disclosures are
the operative channel, spreads should adjust sharply around reports, non-disclosure events, and
negative performance announcements. Distinguishing among these channels matters for issuers
deciding how to structure commitments, for investors assessing what the SLB label is worth, and
for standard setters judging whether voluntary principles produce contracts that markets treat as
binding.

We assemble the contractual measures from LGX DataHub documentation for 915 SLBs issued
between 2019 and 2025. The empirical analysis reports two pre-specified measures. The full-document
enforceability score aggregates contractual provisions coded across the complete documentation
corpus. The contractual enforceability index is the sum of three binding provisions identified in
the issuance documentation: penalty activation, contractual reporting, and contractual external
assurance. Target precision is constructed from quantifiable definitions, time-bound criteria, and
measurement specificity. Realized reports, assurance statements, and performance outcomes are
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coded separately and do not enter the issuance-time measures. Our principal pricing outcome is the
bond’s monthly Z-spread from LSEG. Our benchmark design compares each SLB with conventional
bonds issued by the same issuer or corporate parent and matched on currency, seniority, coupon
structure, issuance timing, and maturity, but never on price.

Three findings organize the paper. First, the basic contractual architecture of the SLB market is
nearly universal. Penalty-activation provisions appear in 98.1% of the 915-bond universe, reporting
obligations in 94.5%, and external-assurance requirements in 93.8%; 92% of bonds carry all three.
This convergence is informative about the diffusion of market standards. It also disciplines the
empirical design, because the contractual enforceability index has little cross-sectional variation left
to price.

Second, the full-document enforceability score is negatively associated with absolute spreads
after controlling for month and currency, but the association is sensitive to issuer controls. The
contractual enforceability index is only weakly related to absolute spreads. When issuer-level
credit risk is reduced by subtracting the spread of matched conventional bonds from the same
issuer or parent, a one-standard-deviation increase in the index is associated with a 3.7 basis-point
lower relative spread in the baseline specification and 10.0 basis points with issuer fixed effects.
These estimates are marginally precise and become smaller and less precise under stricter matching
restrictions. We therefore interpret them as conditional associations, not as causal financing-cost
effects.

Third, post-issuance sustainability information generates limited event-time repricing. Spreads
rise by roughly 17 basis points around the standardized date at which a required report’s absence
becomes observable, but disclosures that an issuer is not on track to meet its targets, and reporting
delays conditional on negative performance, are not associated with precisely estimated spread
changes. Together with the second finding, this pattern suggests that markets price contractual
credibility as a persistent attribute of the bond, capitalized into spreads from issuance, rather than
through sharp repricing around individual sustainability-related news events.

The paper contributes to three literatures. First, it extends the SLB pricing literature from the
valuation of the contingent payment to the contractual architecture that supports it. Feldhütter
et al. (2024) show that SLB prices reflect the potential penalty; Kölbel and Lambillon (2023) and
Berrada et al. (2022) study issuance premia and the incentive properties of penalty size. We measure
the enforcement provisions themselves, including penalty activation, reporting, and verification.
Second, the paper connects sustainable-debt pricing to the financial-contracting literature, in which
state-contingent provisions create value only insofar as the state is verifiable and the consequence
enforceable (Smith and Warner, 1979; Grossman and Hart, 1986; Aghion and Bolton, 1992; Roberts
and Sufi, 2009). SLBs are, in effect, covenants written on a self-reported non-financial state variable.
A contracting perspective therefore explains why reporting and assurance provisions, which make
that state verifiable, should be priced and why selection into contract terms requires a same-issuer
benchmark rather than a causal interpretation of cross-sectional coefficients (Chava et al., 2010).
Third, the paper documents a market-level fact with implications for empirical work on sustainable
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finance: the standardization of SLB contract form. Once the three basic provisions become nearly
universal, presence-level comparisons offer little identifying variation.

Our interpretation is deliberately bounded. Contract design is chosen by issuers, and firms that
write more enforceable contracts may differ in governance, disclosure quality, or transition strategy
in ways our controls do not capture. The contractual enforceability index is fixed at issuance,
so the design identifies cross-sectional pricing, not within-bond responses to contractual change.
Strict matching reduces both the magnitude and the precision of the estimates, and the event-time
comparison groups for timely reporting are very small. The paper therefore reports conditional
associations and descriptive facts rather than causal effects.

The remainder of the paper proceeds as follows. Section 2 positions the paper in the related
literature. Section 3 describes the institutional setting and develops the hypotheses. Section 4
presents the data and the construction of the contractual measures. Section 5 sets out the empirical
design. Section 6 reports the results, and Section 7 concludes. The appendices document the
measurement protocol, the matching procedure and robustness tests, and the composition of the
event samples.

2 Related Literature

Four strands of research frame the analysis. Each establishes results that the SLB setting inherits,
and each leaves open a question that the contractual-enforceability margin speaks to.

2.1 Sustainable asset pricing and the greenium

A first literature asks whether securities with sustainability attributes command different required
returns. In equilibrium models, investors with nonpecuniary preferences accept lower expected
returns on green assets, while environmental risks raise required returns through cash-flow and
discount-rate channels (Pástor et al., 2021; Pedersen et al., 2021); socially responsible capital affects
real outcomes only under conditions that discipline how much price impact to expect (Oehmke and
Opp, 2024). Uncertainty about sustainability characteristics matters in these models and in the
data: disagreement about ESG profiles weakens the demand effects that would otherwise be priced
(Avramov et al., 2022).

The green-bond evidence makes the distinction between a label and a credible commitment
concrete. Matched-security estimates of the “greenium” are small and setting-dependent: about
two basis points in matched euro-area pairs (Zerbib, 2019), effectively zero in near-identical mu-
nicipal issues (Larcker and Watts, 2020), and modest but positive at issuance for corporate bonds
(Caramichael and Rapp, 2024), with earlier evidence surveyed in Baker et al. (2022) and Hachenberg
and Schiereck (2018). Where premia do emerge, they concentrate in bonds whose environmental
claim is externally certified or verified: announcement returns and financing effects are strongest for
certified issues (Flammer, 2021; Tang and Zhang, 2020), premia attach to credible labels rather than
to the label per se (Kapraun et al., 2021), and certification is central to the label’s informational
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value (Ehlers and Packer, 2017; Ehlers et al., 2020).
This literature therefore establishes that markets price credibility rather than labels. What

remains unresolved is how credibility is created when the sustainability commitment concerns not
the earmarking of proceeds, which certification can audit, but a contingent cash flow. For SLBs,
credibility cannot arise from tracking the use of proceeds; it must be embedded in the contract. Our
contribution is to measure this contractual architecture directly and test whether markets price it.

2.2 Sustainability-linked bonds

A second, rapidly growing literature studies SLBs as performance-contingent debt. Feldhütter
et al. (2024) value the embedded contingency and show that SLB prices respond strongly to the
potential penalty and the probability of target failure; they also document that targets are frequently
unambitious. Berrada et al. (2022) model the incentive properties of SLB design and show that
penalty size shapes both issuer effort and the division of surplus between issuers and investors.
Kölbel and Lambillon (2023) document that issuance premia can exceed the actuarial value of the
step-up, so that issuers are, on average, paid for issuing SLBs; Poggensee (2025) reports related
primary- and secondary-market evidence, and option-based valuations of the step-up feature reach
similar conclusions about the modest value of typical penalties (Erlandsson and Mielnik, 2022).
Regulatory analyses of the European sustainable debt market find at most weak unconditional
pricing effects of ESG labels (European Securities and Markets Authority, 2023), and broader
evidence on corporate sustainability bonds is provided by Mathew and Sivaprasad (2023).

Collectively, this work establishes that neither the SLB label nor the headline penalty is a
sufficient statistic for pricing. But it treats the penalty’s size and probability as the pricing object
and takes for granted that a missed target will be observed, verified, and penalized. That premise
is exactly what varies across contracts. A large promised step-up is worth little if performance
is self-reported without assurance, if the issuer controls the timing and content of disclosure, or
if the trigger leaves discretion over implementation. Conversely, strong reporting and verification
provisions can make a small contingency credible. We study this margin, the enforceability of the
contingent claim, conditional on target precision, thereby complementing rather than replacing
penalty-valuation approaches. This distinction is important for interpretation throughout: whereas
Feldhütter et al. (2024) show that markets price the contingent payment, we examine whether they
also price the contractual architecture that makes this payment operational.

2.3 Financial contracting, disclosure, and verification

The reason architecture should matter at all comes from the theory of financial contracting. State-
contingent provisions create value only insofar as the relevant state is observable and verifiable and
the consequence enforceable; when contracts are incomplete, the allocation of rights in unverifiable
states drives outcomes (Grossman and Hart, 1986; Hart and Moore, 1988; Aghion and Bolton, 1992).
The covenant literature applies this logic to debt: covenants are priced, they transfer control on
verifiable signals, and their inclusion is jointly determined with borrower risk and agency conflicts
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(Smith and Warner, 1979; Bradley and Roberts, 2015; Chava and Roberts, 2008; Chava et al.,
2010; Roberts and Sufi, 2009). Two lessons carry over directly. First, SLB penalty-activation,
reporting, and assurance provisions are covenants written on a non-financial, self-reported state
variable; because no audited-statement infrastructure exists for KPI outcomes, the contract itself
must supply the verification technology that accounting institutions supply for financial covenants.
Second, covenant use is endogenous: firms that write more enforceable contracts differ from those
that do not. This is why we benchmark each SLB against conventional bonds of the same issuer or
parent and why we do not interpret cross-sectional coefficients causally.

Research on disclosure and assurance explains why the reporting and verification provisions may
be priced independently of the penalty. Mandatory sustainability reporting changes information
environments and firm behavior (Christensen et al., 2021; Krueger et al., 2024), and independent
assurance raises the credibility of sustainability reports (Simnett et al., 2009). Narrative disclosure
carries priced information, but its informativeness depends on specificity and credibility (Loughran
and McDonald, 2016; Hassan et al., 2019). The unresolved question in this literature is what
happens when reporting and assurance are not regulatory mandates or voluntary firm choices but
contractual obligations of a specific security. Our measures capture exactly that case, and our design
keeps contracted obligations separate from realized reporting and verification outcomes, so that
issuance-time measures never embed information revealed later.

2.4 Climate risk and credit markets

Finally, SLB spreads are formed in a market that prices climate risk. Carbon emissions and transition
exposure are associated with required returns in equities and bonds (Bolton and Kacperczyk, 2021,
2023; Seltzer et al., 2022); physical climate risk is capitalized into municipal and corporate debt
(Painter, 2020; Huynh and Xia, 2021); climate news moves prices (Engle et al., 2020); firm-level
exposure measured from disclosures predicts economically relevant outcomes (Sautner et al., 2023);
and institutional investors treat climate risk as material and demand decision-useful disclosure
(Krueger et al., 2020; Ilhan et al., 2023); Giglio et al. (2021) survey the field. For our purposes, this
literature has one central implication: an SLB’s absolute spread bundles the issuer’s climate and
credit risk with the value of the contractual contingency. Absent an instrument for contract choice,
the only credible way to isolate the contractual margin is to difference against debt of the same
issuer that lacks the sustainability contingency. That is what the matched design does, and it is
also why the residual matched gap should not be read as a pure “greenium”: it nets out issuer risk
but retains differences in liquidity, maturity mismatch, and security design.

3 Institutional Setting and Hypotheses

3.1 From sustainability targets to bond cash flows

SLBs are general-purpose debt instruments: unlike green bonds, they do not earmark proceeds.
Instead, the issuer specifies KPIs, calibrates SPTs, identifies target observation dates, and states
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how the bond’s financial or structural characteristics change if targets are missed. Coupon step-ups
are the most common consequence; redemption premia and other structures also occur. The
contractual sequence has three stages. At issuance, the documentation defines the targets and the
financial consequence. During the bond’s life, the issuer reports KPI performance. At or around the
observation date, an independent party may verify the calculation and the determination of whether
the SPT was achieved. The ICMA Sustainability-Linked Bond Principles mirror this sequence
through five components: KPI selection, SPT calibration, bond characteristics, reporting, and
verification (International Capital Market Association, 2024).

Three attributes of the contract must be kept distinct, because they enter the analysis separately.
Penalty size is the magnitude of the promised cash-flow change. Target precision is the clarity of
the objective: whether the SPT is quantified, time-bound, and tied to a specified measurement
methodology. Contractual enforceability is the architecture connecting outcomes to consequences:
whether performance must be reported, whether the determination must be externally verified,
and whether failure activates the consequence through an explicit mechanism rather than issuer
discretion. A target can be precise yet weakly enforced; a contract can be tightly enforced around
an undemanding target. Conditioning on target precision ensures that the enforceability results do
not merely restate how clearly targets are drafted.

3.2 Hypotheses

An SLB can be represented as conventional debt plus a sustainability-contingent claim. The claim’s
value depends on the penalty amount, the probability of missing the target, and the probability
that failure is observed, verified, and triggers the promised consequence. Feldhütter et al. (2024)
price the first two margins. Enforceability governs the third. Provisions that make performance
observable (reporting), credible (assurance), and consequential (activation mechanisms) raise the
value of the contingent claim to investors who value it, reduce uncertainty about the state of the
contract, and may additionally signal issuer governance quality. Each channel implies the same
reduced-form prediction, and the reduced-form coefficient cannot distinguish among them.

Hypothesis 1. Conditional on target precision and market conditions, stronger contractual
enforceability is associated with lower SLB credit spreads.

Issuer heterogeneity complicates H1: firms with stronger governance or transition strategies may
both write more enforceable contracts and borrow at lower spreads. An association based on absolute
spreads may therefore capture issuer type rather than contract design, reflecting the covenant-
selection problem identified by Chava et al. (2010) in the context of sustainability commitments.
Differencing against conventional debt issued by the same firm or corporate parent removes this
common issuer component.

Hypothesis 2. Stronger contractual enforceability is associated with a lower SLB spread relative to
matched conventional bonds of the same issuer or corporate parent.

Finally, the channels differ in when enforceability should be priced. If enforceability matters
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because it disciplines the flow of post-issuance information, its value should be realized around
disclosure events: spreads should widen sharply when reports are missed or reveal failure, and more
so for weakly enforced contracts. If, instead, enforceability is capitalized at issuance as a standing
attribute of the security, much like a covenant, event-time repricing around individual disclosures
should be limited. This is especially likely when penalties are small relative to overall debt service
and information reaches the market continuously (Engle et al., 2020; Feldhütter et al., 2024).

Hypothesis 3. If enforceability is priced through the disclosure channel, spreads should respond
sharply to missed reports and negative performance disclosures. If, instead, it is priced as a standing
contractual attribute, event-time responses should be limited, with the cross-sectional relationships
predicted in H1 and H2 dominating.

H3 is deliberately two-sided: the event-time evidence discriminates between pricing channels
rather than testing whether enforceability matters at all.

4 Data and Contractual Measures

4.1 SLB universe and documentation

The starting universe is the 915 SLBs listed in the Luxembourg Green Exchange DataHub, issued
between 2019 and 2025. For each instrument, LGX provides the ISIN, issuance characteristics,
structured KPI and SPT fields, document metadata, and post-issuance monitoring information,
together with the underlying documentation: SLB frameworks, prospectuses, KPI definition tables,
and post-issuance sustainability and assurance reports. Because the contractual features that
determine SLB credibility appear only in this documentation, often in non-standardized language
dispersed across multiple documents, we recover them through a systematic coding of the document
corpus, as described in Appendix A. Throughout, issuance-time contractual obligations are coded
separately from realized post-issuance outcomes (whether a report was actually published, assured,
or revealed the issuer to be on track), so that contract measures never embed information revealed
after issuance.

4.2 Contractual enforceability and target precision

The empirical analysis uses two pre-specified contractual measures. The full-document enforceability
score aggregates contractual provisions coded across the complete documentation corpus. Alongside
it, we report the contractual enforceability index. This index is the sum of three contractual
provisions identified at issuance: (i) a penalty-activation mechanism, including coupon step-ups and
explicit trigger conditions tied to sustainability performance; (ii) an external-assurance requirement,
including mandatory third-party verification of KPI performance or references to recognized assurance
standards; and (iii) a reporting obligation to publish periodic sustainability or SPT performance
reports. A provision receives credit only when the issuance documentation contains a clear and
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Figure 1. Contractual Enforceability Provisions in the SLB Universe
Notes: Panel (a) reports the share of the 915 SLBs in the LGX universe whose issuance-time documentation
contains each binding provision. Panel (b) reports the distribution of the contractual enforceability index,
defined as the count of the three provisions. The measures use information available at issuance and
exclude realized reports, assurance outcomes, and KPI performance.

binding obligation rather than aspirational language. Step-up magnitudes are recorded separately
and do not enter the index.

Target precision captures three elements of SPT clarity: (i) quantifiable definitions, such
as numerical thresholds or percentage reductions relative to a baseline; (ii) time-bound criteria,
including explicit evaluation years or assessment windows; and (iii) measurement specificity, including
references to recognized protocols, scopes, or methodological standards. Credit is assigned only
when the documentation provides an explicit and verifiable definition rather than qualitative or
aspirational language. The measure is the sum of these components and is standardized for the
regressions.

Figure 1 reports the prevalence of the three provisions in the contractual enforceability index
and the distribution of their count. The central feature is saturation: penalty activation appears in
98.1% of bonds, reporting obligations in 94.5%, external assurance in 93.8%, and 92.0% of bonds
carry all three. The index therefore has little cross-sectional variation, which is important for
interpreting its imprecise absolute-spread estimate.

4.3 Pricing data

The principal pricing outcome is the bond’s monthly Z-spread from LSEG, measured in basis
points. The Z-spread is the parallel shift to the zero-coupon risk-free curve that equates discounted
cash flows to price, and so isolates credit-relevant compensation from the level and shape of the
term structure. LSEG pricing coverage is available for 573 SLBs, of which 408 have at least one
nonmissing monthly Z-spread. Combining these observations with the contractual measures yields
13,232 bond-month observations for 350 SLBs from 181 issuers when the contractual enforceability
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index is available, and 13,269 observations for 351 SLBs when the full-document score is available.
Spreads are winsorized at the 1st and 99th percentiles in the main specifications to limit the influence
of stale or extreme dealer quotes in a market where many bonds trade infrequently; raw-outcome
estimates are reported in the robustness table.

4.4 Matched conventional bonds

For each SLB we identify up to three conventional bonds from the same legal issuer or, where
necessary, the same corporate parent. Strict matches require the same currency, compatible coupon
structure and seniority, overlapping trading histories at the SLB issue date, and close maturity;
relaxed matches retain the issuer-or-parent and currency requirements while widening timing and
maturity tolerances. Matching relies exclusively on predetermined bond characteristics and never on
prices, yields, or returns. For each SLB-month, we construct the conventional-bond benchmark using
inverse-distance-weighted control spreads and define the matched outcome as the SLB spread minus
this weighted benchmark. The matched estimation sample contains 10,363 SLB-month observations
for 282 SLBs from 139 issuers. Appendix B reports the match hierarchy and coverage: 33.1% of the
SLB list has a strict same-issuer match, and 42.6% has no eligible conventional match, which is
what limits the matched sample.

4.5 Sample construction and descriptive statistics

Table 1 summarizes the construction of the estimation samples and the main variables. The average
SLB in the pricing sample trades at a Z-spread of 152.5 basis points. The mean matched difference is
+6.2 basis points, but with substantial dispersion. Thus, SLBs do not, on average, trade noticeably
inside their issuers’ conventional bond curves, consistent with the near-zero unconditional label effects
documented by Larcker and Watts (2020) and European Securities and Markets Authority (2023).
The contractual measures are concentrated near their upper bounds, reflecting the standardization
described above.
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Table 1. Sample Construction and Descriptive Statistics

Panel A: Sample construction

Stage SLBs Bond-months

LGX contractual-data universe 915 –
SLBs with LSEG pricing coverage 573 –
SLBs with nonmissing monthly Z-spreads 408 14,145
Pricing and issuance-time contractual measures 350 13,232
Matched conventional-bond sample 282 10,363

Panel B: Estimation variables

Variable Obs. Mean Std. dev. Median SLBs

LSEG Z-spread (bps) 13,232 152.5 144.2 107.8 350
SLB-minus-control spread (bps) 10,363 6.2 46.9 5.0 282
Available controls per SLB-month 10,363 1.78 0.80 2.00 282
Full-document enforceability score (0–5)a 855 2.68 1.16 2.50 855
Contractual enforceability index (0–3) 13,232 2.93 0.34 3.00 350
Full-document target-specificity score (0–5)a 855 3.16 0.84 3.00 855

Notes: Panel A reports unique SLBs and bond-month observations at each stage of sample construction.
Panel B reports descriptive statistics for the estimation samples. Z-spreads and matched differences are
in basis points; the main outcomes are winsorized at the 1st and 99th percentiles. aBond-level statistics
for the full-document scoring sample. The full-document score and contractual enforceability index are
standardized within their respective estimation panels.

5 Empirical Design

5.1 Absolute-spread specification

The baseline cross-sectional panel specification is

Zit = β Enforceabilityi + θ Precisioni + αt + γc(i) + εit, (1)

where Zit is the LSEG Z-spread of SLB i in month t in basis points, Enforceabilityi is either the
standardized full-document score or the standardized contractual enforceability index, and Precisioni

is the corresponding standardized target-precision control. Year-month effects αt absorb common
credit-market conditions and currency effects γc(i) absorb persistent differences across currency
markets. Standard errors are clustered by issuer. Because the contractual measures are static within
a bond in the estimation panel, they are collinear with bond fixed effects; equation (1) is therefore
a cross-sectional design. A more demanding variant replaces currency effects with issuer effects,
in which case identification comes only from issuers with multiple SLBs that differ in contractual
design. Accordingly, β measures a conditional association, not a causal effect of writing a stronger
contract.
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5.2 Matched-spread specification

For each SLB-month we construct

Git = ZSLB
it −

∑
j∈M(i,t)

wijt ZConv
jt , (2)

where M(i, t) is the set of eligible conventional controls of the same issuer or parent with an
observed spread in month t, and wijt are inverse-distance weights that sum to one. We then
estimate equation (1) with Git as the outcome; the baseline includes year-month, issue-year, and
currency effects, and the alternative includes year-month and issuer effects. The design follows the
matched-security logic of the sustainable-debt literature (Zerbib, 2019; Kölbel and Lambillon, 2023;
Feldhütter et al., 2024): the control bond removes most of the issuer-level component of the spread
while preserving variation in contract design. It does not remove selection into issuing an SLB,
security-level liquidity differences, or time-varying issuer risk that loads differentially on the SLB
and its controls; these limits inform the interpretation in Section 6.

5.3 Post-issuance information events

To discriminate between the pricing channels in Hypothesis 3, we examine spread changes around
three types of post-issuance information: the date at which a required report’s absence becomes
observable, disclosures that the issuer is not on track to meet its targets, and delayed reporting
conditional on negative performance. Bond-specific contractual publication dates are not consistently
observable, so non-disclosure is assessed at a standardized deadline of fiscal year-end plus four
months, matching the annual-reporting deadlines in the EU Transparency Directive and the UK
Disclosure and Transparency Rules; results are robust to three- and five-month windows. The event
outcome is the change in the winsorized Z-spread from month t − 1 to t + 1 around the event month.

These estimates should be interpreted as diagnostics rather than causal tests, given unavoidable
features of the data. Reporting dates are chosen by issuers, information may reach the market
before formal publication, and the timely-reporting comparison groups are extremely small. In the
bond-year classification, 2,256 required sustainability reports are missing, and 521 are late, compared
with only five timely reports (Appendix C). We therefore use the event evidence to characterize the
dynamics of repricing and place greater identification weight on the cross-sectional and matched
designs.

6 Results

6.1 Contractual enforceability and absolute spreads

Table 2 reports the central estimates. Column (1) uses the full-document enforceability score. A
one-standard-deviation increase is associated with a 45.6-basis-point lower Z-spread after controlling
for the corresponding full-document target-specificity score, year–month, and currency (p < 0.01).

11



This is economically large relative to the matched estimates below, but it is a cross-issuer comparison:
the coefficient can reflect persistent differences between firms that choose stronger contracts and
those that do not. It should therefore be interpreted as a conditional association rather than a
financing-cost effect.

Column (2) replaces the full-document score with the contractual enforceability index and
controls for the corresponding target-precision measure. Its coefficient is −5.1 basis points, with a
standard error of 4.9 basis points. The smaller and statistically imprecise estimate is informative
about the empirical content of the index. Because 92% of SLBs contain all three provisions, the
coefficient is identified by the relatively small set of lower-scoring bonds. The two measures thus
differ not only in breadth but also in cross-sectional variation: the full-document score distinguishes
contractual detail across the complete corpus, whereas the contractual enforceability index captures
whether the three core provisions are present at issuance.

Column (3) makes the selection concern visible. When issuer fixed effects replace currency
effects, the coefficient on the contractual enforceability index changes sign to +3.5 basis points and
remains imprecise. The negative absolute-spread association is therefore not a stable within-issuer
relationship. Firms that write more enforceable contracts may differ systematically from other firms
in governance, credit quality, investor clientele, or transition strategy. This is the covenant-selection
problem documented for financial covenants by Chava et al. (2010) and surveyed by Roberts and
Sufi (2009). The contrast between columns (1)–(3) motivates using a conventional bond from the
same issuer or corporate parent as the principal credit-risk benchmark.
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Table 2. Contractual Enforceability and Credit Spreads

(1) (2) (3) (4) (5)
Absolute SLB spread Matched relative spread

Panel A: Contractual enforceability
Full-document enforceability score (std.) −45.63∗∗∗

(12.88)
Contractual enforceability index (std.) −5.08 3.53 −3.68∗ −10.00∗

(4.88) (2.37) (1.96) (6.05)

Panel B: Specification and sample
Corresponding precision control Yes Yes Yes Yes Yes
Year–month effects Yes Yes Yes Yes Yes
Currency effects Yes Yes No Yes No
Issue-year effects No No No Yes No
Issuer effects No No Yes No Yes
Observations 13,269 13,232 13,232 10,363 10,363
SLBs 351 350 350 282 282
R2 0.408 0.355 0.820 0.217 0.632

Notes: Columns (1)–(3) use the LSEG Z-spread. Columns (4)–(5) use the SLB spread minus the distance-
weighted spread of matched conventional bonds from the same issuer or corporate parent. Column (1) uses the
full-document enforceability and target-specificity scores; columns (2)–(5) use the contractual enforceability
index and target-precision measure. Outcomes are measured in basis points and winsorized at the 1st and 99th
percentiles. The measures are standardized within their respective estimation panels. Issuer-clustered standard
errors are in parentheses. ∗p < 0.10, ∗∗p < 0.05, ∗∗∗p < 0.01.

6.2 Matched relative spreads

Columns (4) and (5) of Table 2 difference out the common issuer-level component of credit risk by
subtracting the spread on matched conventional bonds. The identifying comparison is no longer an
SLB from one firm against an SLB from another; it is the position of an SLB relative to conventional
debt on its own issuer’s or corporate parent’s bond curve. Because matching never uses spreads or
yields, the comparison does not mechanically select control bonds that produce the predicted result.

In the baseline specification, a one-standard-deviation increase in the contractual enforceability
index is associated with a 3.68-basis-point lower matched relative spread. With issuer fixed effects,
the estimate is −10.00 basis points. Both estimates have the predicted sign and are marginally
precise, with p-values between 0.06 and 0.10. The increase in magnitude with issuer effects indicates
that the matched result is not generated solely by comparisons across firms, although the limited
within-issuer variation in contract design makes the estimate less precise. The matched evidence is
therefore directionally supportive of Hypothesis 2, but it does not meet the standard for a conclusive
causal estimate.

Three comparisons help place these magnitudes in the literature. First, they are similar in
scale to the credible-label premia documented for green bonds, at roughly two basis points in the
matched-pair analysis of Zerbib (2019) and about eight basis points at issuance in Caramichael and
Rapp (2024). They are also far smaller than the nearly 50-basis-point cross-sectional association in
column (1), which incorporates differences in issuer composition. Second, the object differs from the
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penalty valuation of Feldhütter et al. (2024): their estimates price the contingent payment (its size
and probability); ours ask whether the provisions supporting that payment carry additional pricing
information conditional on target precision. The two are complements: a market can price the
expected step-up accurately and still charge less, at the margin, for contracts whose determination
process is better verified. Third, the average matched gap is +6.2 basis points, indicating that
SLBs do not systematically trade inside their issuers’ conventional bond curves. This is consistent
with the near-zero unconditional label effects in Larcker and Watts (2020) and European Securities
and Markets Authority (2023), and it sharpens the interpretation of Kölbel and Lambillon (2023):
any issuer benefit from SLB issuance is unlikely to be a broad label discount and more plausibly
concentrates in contracts whose commitments are credible.

6.3 Robustness and common support

Table 3 evaluates whether the matched result depends on outcome treatment, the match hierarchy,
repeated monthly observations, or a small number of control bonds. Columns (1)–(2) use raw rather
than winsorized outcomes. Columns (3)–(5) progressively strengthen common support by requiring
the same legal issuer, a strict characteristic match, and at least two eligible controls. Column (6)
collapses the panel to one observation per SLB so that frequently observed bonds do not receive
greater weight.

Table 3. Robustness of the Matched Enforceability Estimate

(1) (2) (3) (4) (5) (6)
Raw Raw Same Strict ≥ 2 Bond

absolute matched issuer match controls level

Contractual enforceability index (std.) −5.84 −5.37 −3.63∗ −1.86 −1.62 −4.73
(5.21) (22.81) (1.94) (1.44) (1.28) (4.15)

Target-precision control Yes Yes Yes Yes Yes Yes
Year–month effects Yes Yes Yes Yes Yes No
Currency effects Yes Yes Yes Yes Yes Yes
Issue-year effects No Yes Yes Yes Yes Yes
Observations 13,232 10,363 9,857 6,708 5,677 282
SLBs 350 282 267 177 156 282

Notes: Column (1) uses the raw LSEG Z-spread and column (2) the raw SLB-minus-control difference.
Columns (3)–(5) use winsorized matched differences and progressively restrict match quality. Column
(6) collapses the panel to one mean matched difference per SLB. Issuer-clustered standard errors are in
parentheses. ∗p < 0.10, ∗∗p < 0.05, ∗∗∗p < 0.01.

The coefficient remains negative in every specification, but its precision and magnitude depend
on common support. Restricting matches to the same legal issuer produces an estimate of −3.63
basis points. Requiring a strict match or at least two controls reduces the estimate to −1.86 and
−1.62 basis points, respectively, and neither is statistically significant. At the bond level, the
estimate is −4.73 basis points but imprecise. The raw matched outcome is particularly noisy, with
a standard error of 22.8 basis points, confirming that extreme or stale quotes materially affect
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untrimmed relative spreads. Figure 2 displays these estimates and their confidence intervals on a
common scale.

−15.0 −12.5 −10.0 −7.5 −5.0 −2.5 0.0 2.5 5.0
Coefficient on standardized enforceability index (basis points)

Absolute spread

Matched spread

Same-issuer controls

Strict same-issuer match

At least two controls

One observation per SLB

Figure 2. Enforceability and Credit Spreads Across Specifications
Notes: Points are coefficients on the standardized contractual enforceability index; horizontal lines
are 95% confidence intervals based on issuer-clustered standard errors. All specifications control for
target precision. Full specification details and sample counts appear in Tables 2 and 3.

The pattern across restrictions disciplines the interpretation rather than overturning it. Among
the highest-quality matches, the economically relevant magnitude is closer to one or two basis
points than to the four-to-ten-basis-point range in the main specifications. Two interpretations
remain observationally equivalent. The estimate may attenuate because the stricter samples consist
disproportionately of large, closely followed issuers with rich conventional bond curves and less scope
for contractual differentiation. Alternatively, the broader matched coefficient may retain issuer or
security heterogeneity that stricter matching removes. The data cannot separate these explanations.
Combined with the concentration of the contractual enforceability index near its maximum, the
evidence supports a stable directional association, not a precisely identified causal financing-cost
effect.

6.4 Post-issuance information

Table 4 reports the post-issuance diagnostics used to distinguish between two mechanisms. If
contractual enforceability matters because disclosures reveal new information, spreads should move
when reports are missing, late, or disclose poor performance. If enforceability is instead a standing
attribute of the contract and issuer, much of its pricing content may already be capitalized before
any individual disclosure.
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Table 4. Post-Issuance Reporting and Performance Diagnostics

Diagnostic Estimate (bps) Std. error Obs.

No report by standardized deadline 16.9∗∗ 6.8 396
Performance disclosed as not on track 2.8 11.5 417
Late report, conditional on negative performance 6.7 7.6 247
Prior SPT failure among non-disclosers −30.4∗ 16.5 250

Notes: Each row reports a separate diagnostic regression. The outcome is the winsorized change
in the bond’s Z-spread from month t − 1 to t + 1 around the relevant event month, in basis points.
The standardized reporting deadline is fiscal year-end plus four months. Samples and controls
differ across rows; heteroskedasticity-robust standard errors are reported. Because reporting timing
is endogenous and timely-report comparison groups are very small, these estimates are descriptive
rather than causal. ∗p < 0.10, ∗∗p < 0.05, ∗∗∗p < 0.01.

Around the standardized date at which a required report’s absence becomes observable, spreads
rise by 16.9 basis points (p < 0.05). This within-bond change is economically meaningful, but it is
not by itself an estimate of the effect of non-disclosure: reporting dates are endogenous, the precise
contractual deadline is measured with error, and the number of timely reports available as controls
is extremely small. Consistent with that concern, the broader comparison of affected and unaffected
bonds in the same months is close to zero and imprecise.

The remaining rows provide little evidence that individual sustainability disclosures trigger
sharp credit-market repricing. Disclosures that an issuer is not on track are associated with a
spread change of only 2.8 basis points (p = 0.81). Conditional on negative performance, delayed
reporting adds 6.7 basis points, but the estimate is statistically indistinguishable from zero. Among
non-disclosers, bonds with a prior SPT failure experience a 30.4-basis-point smaller increase at
the reporting deadline (p < 0.10), consistent with some deterioration being anticipated before non-
disclosure becomes observable. A complementary check finds no evidence of strategic hiding: issuers
that are off track are no more likely to miss a required report (logit coefficient −0.09, p = 0.66).
Missing reports appear to capture weak reporting discipline more than selective concealment of
contemporaneous target failure.

Taken together, the event evidence favors the standing-attribute reading of Hypothesis 3 over
the disclosure-channel reading. This is where the comparison with the equity evidence is instructive:
green-bond issuance announcements move stock prices, especially when certified (Flammer, 2021;
Tang and Zhang, 2020), yet SLB credit spreads barely react to formal sustainability reports. Three
features of the setting reconcile the contrast. Sustainability-relevant information reaches markets
continuously rather than at report dates (Engle et al., 2020); the direct cash-flow consequence of
a missed target is small relative to debt service and often years away (Feldhütter et al., 2024);
and the reporting deadline is measured with error, which attenuates event-time estimates. The
cross-sectional pricing of enforceability in Table 2 and the muted event-time responses are, on this
reading, consistent with credibility being capitalized into spreads rather than revealed only at report
dates.
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7 Conclusion

Sustainability-linked bonds promise financial consequences when issuers fail to meet sustainability
targets. This paper asks whether credit markets price the contractual machinery that makes
these promises credible, including the penalty-activation, reporting, and verification provisions
embedded in the bond documentation, separately from the wording of the target. We recover
these provisions from the documentation of 915 SLBs, keep issuance-time obligations separate from
realized outcomes, and link the full-document enforceability score and contractual enforceability
index to LSEG Z-spreads and to matched conventional bonds of the same issuer or parent.

Three conclusions emerge. First, the basic contractual architecture has standardized almost
completely: 92% of SLBs carry all three core provisions. Second, the full-document enforceability
score is negatively associated with absolute spreads after controlling for month and currency, but
the association is sensitive to issuer controls. The contractual enforceability index is imprecisely
related to absolute spreads and directionally associated with spreads 2–10 basis points lower relative
to same-issuer conventional debt, with magnitudes that weaken under stricter matching. Third,
spreads respond weakly to individual post-issuance disclosures. The evidence is consistent with
markets pricing contractual credibility, but it does not establish a causal effect of contract design on
financing costs.

The limitations delimit the next steps. Contract terms are chosen, not assigned; the contractual
enforceability index is highly concentrated at its maximum; conventional-bond coverage constrains
the matched sample; and the timely-reporting comparison groups are too small for sharp event tests.
Broader coverage of conventional bonds and independently validated coding would strengthen the
analysis. For investors, the results counsel evaluating the machinery behind the headline penalty.
For standard setters, near-universal formal compliance implies that the mere presence of reporting
and verification requirements provides limited differentiation.
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Appendix

Appendix A documents the construction of the contractual measures. Appendix B presents the
matching protocol and match coverage. Appendix C documents the post-issuance sample composition
and correlations.

A Construction of the Contractual Measures

A.1 Source documents and corpus

Contractual data are obtained from the LGX DataHub, which provides each SLB’s framework,
prospectus, KPI definition tables, and post-issuance sustainability and assurance reports. All
documents are converted to text and segmented into sentences; each sentence is tagged with its
source document and section to distinguish binding contractual provisions from descriptive material.
Dates, numerical values, and units are standardized, and sentences containing explicit negations
(“no penalty,” “not verified”) are flagged so that positive contractual features are not attributed to
non-binding statements. Modal language expressing intention rather than obligation (“aims to,”
“expects to”) is likewise excluded from binding codes. All features are aggregated to the bond level
by ISIN.

A.2 Contractual enforceability index

Contractual enforceability captures the extent to which sustainability commitments are binding and
verifiable. We identify three categories of issuance-time contractual provisions:

1. Penalty activation mechanisms, including coupon step-ups and explicit descriptions of trigger
conditions tied to sustainability performance outcomes;

2. External assurance requirements, such as mandatory third-party verification of KPI perfor-
mance or references to recognized assurance standards; and

3. Reporting obligations, including commitments to publish periodic sustainability or SPT
performance reports.

A contractual feature receives credit only when the issuance documentation contains a clear
and binding obligation rather than aspirational or forward-looking language. The contractual
enforceability index is the sum of these three components and ranges from zero to three. Step-up
magnitudes, when specified, are recorded separately and do not enter the index. Realized publication,
verification, and performance outcomes are coded separately. The broader full-document score
aggregates coded provisions across the complete documentation corpus, whereas the contractual
enforceability index isolates the three provisions listed above using information available at issuance.
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A.3 Target precision

Target precision captures three elements of clarity and measurability:

1. Quantifiable definitions, such as numerical thresholds or percentage reductions relative to a
baseline;

2. Time-bound criteria, including explicit evaluation years or assessment windows; and

3. Measurement specificity, such as references to recognized protocols, scopes, or methodological
standards.

Credit is assigned only when the documentation provides explicit and verifiable definitions rather
than qualitative or aspirational statements. The target-precision measure is the sum of these
elements.

A.4 Panel alignment and outcome variables

Contractual variables enter the monthly panel in the month following their public disclosure and
are updated only when amended legal documentation changes a binding term. Annual realized
outcomes, including publication of the required report, external assurance of the determination, and
on-track status, are aligned with the relevant fiscal year and assigned to the corresponding months
as separate time-varying variables. For the transparency-failure sample, a reporting obligation is
generated for each bond-fiscal-year, observed disclosures are matched to obligations, and the first
unmatched obligation defines the bond’s transparency failure, assessed at the standardized deadline
of fiscal year-end plus four months (Section 5.3). Performance status is coded from report language
indicating whether the issuer is on track; where disclosure is delayed, status is assigned in the
disclosure month but referenced to the corresponding fiscal year. Observations after maturity and
months with missing spreads are dropped.
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B Matching Protocol and Coverage

Table B.1 reports the best available conventional-bond match for each SLB; a bond with a strict
same-issuer match is not counted again in a lower tier. Strict matches require the same currency,
compatible coupon structure and seniority, trading overlap at the SLB issue date, and close maturity;
relaxed matches preserve the issuer-or-parent and currency requirements while widening timing and
maturity tolerances. The estimation sample is smaller than the coverage counts because the SLB
and at least one control must each have a nonmissing monthly LSEG Z-spread in the same month.

Table B.1. Conventional-Bond Match Cov-
erage

Best available match tier SLBs Share

Same issuer, strict 331 33.1%
Same issuer, relaxed 198 19.8%
Same parent, strict 3 0.3%
Same parent, relaxed 41 4.1%
No eligible match 426 42.6%

Notes: Shares are computed over the eligible SLB
matching universe. Matching uses only predeter-
mined bond characteristics, never prices, yields,
or returns.

The regression robustness results are reported in Table 3 in the main text. This appendix
retains the match-coverage information needed to evaluate the construction and limits of the
conventional-bond benchmark.
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C Event-Sample Composition

The principal limitation of the post-issuance diagnostics is the scarcity of timely comparison
observations. In the bond-year classification, 2,256 required sustainability reports are missing and
521 are late, against only five timely reports; for external assurance, 2,333 are missing, 443 are late,
and six are timely. These counts rule out treating the timely group as a counterfactual and motivate
the diagnostic interpretation maintained in Sections 5.3 and 6.4.

Table C.1 reports pairwise correlations among the realized reporting, assurance, and performance
variables at the bond-year level, together with penalty size and issue size. The correlations are
modest. Missing reports and missing assurance have a correlation of −0.37, while neither variable is
meaningfully correlated with performance status or penalty size. This suggests that the post-issuance
variables capture distinct dimensions rather than a single underlying compliance factor and that
missing disclosure is not mechanically driven by contemporaneous performance.

Table C.1. Correlations Among Post-Issuance Information Variables

Missing Missing Not on Step-up Log issue
report assurance track (bps) size

Missing report 1.000 −0.371 −0.034 0.002 −0.095
Missing assurance −0.371 1.000 −0.091 −0.019 −0.128
Not on track −0.034 −0.091 1.000 −0.012 0.027
Step-up penalty (bps) 0.002 −0.019 −0.012 1.000 0.197
Log issue size −0.095 −0.128 0.027 0.197 1.000

Notes: Pairwise correlations at the bond-year level. Missing report equals one if the
required SPT report is not observed by the standardized deadline; Missing assurance
equals one if SPT performance is not externally assured; Not on track equals one if
the issuer reports being off track against its targets.
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