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Abstract

Background A debate exists about the effects of environmental disclosure becoming mandatory on the quality

and the actual commitment of such reporting. This study seeks to assess whether differences exist when comparing
the disclosure quality and comprehensiveness of Spanish companies' non-financial reports under voluntary and man-
datory reporting regimes spanning the period 2015-2022.

Methods We present a novel approach by utilizing cutting-edge Natural Language Processing (NLP) techniques,
chiefly ClimateBERT (a transformer-LLM—Large Language Model) and ClimateBERT fine-tuned on ClimaText (a public
database for climate change topic detection), to scrutinize and compare 729 voluntary and mandatory non-financial
corporate reports from 96 Spanish companies spanning multiple sectors. Since transformers can only be accurately
estimated by organizations with lots of computing power, but not by small organizations, we have also fine-tuned
the transformer, something cheaper in computational terms, thus making it affordable to all companies, investors,
regulators, policymakers, and other stakeholders.

Results Our results document interesting patterns and strong trends of enhancement in specificity and com-
mitment, particularly in risk-related texts, spanning the period 2015-2022. We provide descriptive evidence

and an explorative appeal that underscores the regulations'influence, among many other factors also identified

by prior literature (other stakeholders' requirements and expectations from companies, aside from the regulatory
stakeholders), in fostering a higher quality and more comprehensive approach to climate risk reporting by Spanish
companies, with enhanced alignment to internationally recognized reporting guidelines. In addition, the comparative
analysis between the transformer model and the fine-tuned transformer model revealed subtle yet insightful differ-
ences in how climate disclosures are interpreted. The fine-tuned model exhibited an increased sensitivity to elements
of commitment, specificity, and neutrality in climate texts.

Conclusions Our findings highlight the potential of cutting-edge NLP techniques, like fine-tuned transformers,

in the quantitative assessment of the evolution and quality of environmental disclosures, either mandatory or volun-
tary. It is the first paper applying a fine-tuned transformer-LLM to compare the currently in force European manda-
tory environmental disclosure regulation’s impact on Spanish companies’ environmental disclosure versus previous
voluntary reporting.
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Introduction

The increasing concern for climate change and its
potential impacts on the global economy has intensi-
fied the growing demand from financial agents, espe-
cially from particular and institutional investors, for
companies to report on climate-related financial risks
[1-3]. This is relevant not only for the companies them-
selves but also for investors, regulators, policymakers,
intergovernmental institutions, other stakeholders, and
academics who recognize the need to understand bet-
ter how to identify, mitigate, and disclose their environ-
mental impacts [4].

There is also a recent trend toward mandatory rather
than voluntary reporting worldwide [5]. In the Euro-
pean Union (EU), the Non-Financial Reporting Direc-
tive 2014/95/EU (NFRD) [6] entered into force on 5
December 2014 and was effective on 1 January 2017
and obliges companies subject to it to prepare a Report
of Non-Financial Information (NFIR), through which to
provide this information. Spain transposed this NFRD
into its national regulation through Law 11/2018 [7]. Due
to NFRD shortcomings regarding comparability, consist-
ency, and reliability of the information it requires and
the limited number of companies in scope, a new Direc-
tive, the Corporate Sustainability Reporting Directive
(CSRD) [8], was adopted in December 2022 and replaces
the NFRD with regard to the disclosure of sustainability
information. CSRD will enter into force for the reporting
year 2024, with the first submissions due in 2025. CSRD
expands the content of the NFRD and the number of
entities required to report information on sustainability,
although Spanish Law 11/2018 already contemplated a
greater scope than the NFRD and requires a mandatory
assurance of sustainability information to increase its
reliability and comparability. The content of this informa-
tion must take as a reference the European Sustainability
Reporting Standards (ESRS) developed by the European
Financial Reporting Advisory Group (EFRAG) [9]. ESRS
were approved by the European Parliament in July 2023
and published in the EU Official Journal in December
2023 [10]. They will be applicable for the reporting year
2024, with the first submissions due in 2025. The adop-
tion of sectoral ESRS and standards for non-EU com-
panies with a significant presence in this territory were
postponed for 2 years (from June 2024 to June 2026).

However, a debate exists about the effects of envi-
ronmental disclosure becoming mandatory on the

quality and the actual commitment of such reporting,
as a common critique of organizations’ communica-
tion practices is that they do not demonstrate genuine
accountability nor represent a commitment to sustain-
ability [11-18]. On the other hand, other studies found
an overall disclosure quality after the introduction of
mandatory environmental reporting, thus consider-
ing it as value-relevant to firms’ external stakeholders
[19-27].

The quality of voluntary and mandatory disclosure in
company reports is not a strictly defined concept [22],
and the previous studies use different approaches to
measure it [28], as we will review in “Prior research on
climate-related corporate disclosures and reporting: spe-
cific focus on the quality and transparency of environ-
mental disclosures” subsection.

As summarized by [22], most studies use (a) a scale to
assess the reporting quality of sustainability disclosure,
(b) other studies simply assess whether different sustain-
ability items are disclosed or (c) use a self-develop more
sophisticated measurement tool, which includes a range
of different qualitative aspects.

Hence, with the introduction of regulatory frameworks
mandating non-financial disclosures, companies are
now required to report on their environmental impacts,
including climate change-related risks. The growing
importance of these disclosures, with their intrinsic
characteristic of heterogeneity and dispersed features,
makes the task of studying and analyzing these types of
financial and non-financial reports worthy of automa-
tion. As a result, in recent years, a growing literature
has emerged that relies on Artificial Intelligence (AI) for
the identification and analysis of climate-related infor-
mation [10, 20, 29-34]. In the industry, NLP and LLMs
can help automate the process of analyzing financial
reports and extracting key insights that can aid busi-
nesses in understanding better how to identify, mitigate,
and disclose their environmental impacts and in making
informed decisions. However, this field is experiencing
an enormous revolution, since the implementation of
transformer models has been possible due to the rise of
computing and we apply cutting-edge NLP techniques in
our paper.

Thus, our study is framed within this threefold con-
text of a) growing awareness and demand for reporting
climate-related risks, and the recent trend toward man-
datory rather than voluntary reporting worldwide [1-3,
5, 19-28], b) the tension between signaling theory and
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legitimacy theory as to whether sustainability reports
indicate actual sustainability performance, also related
with the quality reporting measurement [21, 35-40], and
c) the enormous advances in NLP techniques [10, 20,
29-34]. Three research fields associated with our work
and whose state of the art will be provided in “Theoreti-
cal foundation and context of the research and Literature
review” sections.

In this paper, we study the voluntary and mandatory
reporting of climate-related risks among public-listed
Spanish companies spanning multiple sectors over the
period 2015-2022 (4 years before and after the imple-
mentation of the NFRD, which came into force in 2017,
and the Spanish Law 11/2018). Spain presents a unique
case for analysis due to its implementation of the NFRD
via Spanish Law 11/2018, which not only transposed the
Directive but also expanded its scope by lowering the
reporting thresholds for companies. This makes Spain an
ideal jurisdiction to study the impact of mandatory envi-
ronmental disclosure requirements within the EU.

We assess whether differences exist when comparing
the disclosure quality and comprehensiveness of Spanish
companies’ non-financial reports under voluntary and
mandatory reporting regimes and among sectors. We
focus primarily on the sentiment scores, specificity indi-
ces, and commitment levels within the disclosure texts.
Moreover, this study explores the climate-related top-
ics disclosed and how they are addressed in the NFIRs,
which are aligned with environmental reporting frame-
works, including a focus on risk management in accord-
ance with the TCFD categories. We aim to ascertain
whether companies actually depict their climate-related
strategies, commitments, and actions in their NFIRs.

To this end, this paper presents a novel approach to
evaluating environmental disclosure by utilizing cutting-
edge NLP techniques, chiefly ClimateBERT (a trans-
former-LLM developed by Webersinke et al. [41]) and
ClimateBERT fine-tuned on ClimaText (a public data-
base for climate change topic detection) developed by
Garrido-Merchén et al. [42], to scrutinize and compare
729 voluntary and mandatory corporate reports from
96 Spanish companies spanning multiple sectors. To the
best of our knowledge, it is the first paper applying a fine-
tuned transformer-LLM to identify patterns and trends,
including nuanced analyses on the development of the
specificity and commitment of firms’ environmental dis-
closures. We provide a technical quantitative definition
of what does quality and transparency really mean in the
context of climate change texts, regulation, and our anal-
ysis done by transformers in “Problem modelisation” sub-
sections and “The fine-tuned ClimateBERT model”.

Our paper contributes both to practitioners and
to the academic field. The insights gained from this
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research are valuable for investors, regulators or poli-
cymakers, and other stakeholders, improving their
informed decision-making processes in the context
of climate change and sustainability. In the academic
field, we add to the literature regarding the enormous
advances in NLP and LLMs highlighting the potential
of cutting-edge NLP techniques, like fine-tuned trans-
formers, in the assessment of the evolution and qual-
ity of environmental disclosures, either mandatory
or voluntary. We also contribute to the debate and to
the strand of the literature on the recent trend toward
mandatory rather than voluntary reporting worldwide.

The main limitation of this study is that the geo-
graphical and sectoral focus of this study, centered on
Spanish financial and non-financial companies, yields
results that may not be extrapolated to companies
operating in different regulatory environments or cor-
porate cultures.

The remainder of this paper is organized as follows:
“Theoretical foundation and context of the research” sec-
tion provides the theoretical foundation and frameworks
for the context of our research, with a special focus on
the debate on mandatory vs voluntary environmen-
tal disclosure and the recent trend toward mandatory
rather than voluntary reporting worldwide. “Literature
review” section provides a literature review on the two
research fields related to our work: the quality measure-
ment of climate-related corporate disclosure, and the
huge advances in NLP techniques and LLMs and their
application to climate risk disclosure analysis. “Materials
and methods” section details the empirical study, begin-
ning with the data selection process. We then present
the problem modelisation, where we provide a technical
description of how transformers can be used to annotate,
providing features, a corpus dataset of texts by perform-
ing mappings from texts to different labels generated as
a result of performing classification of those texts. Next,
we introduce our fine-tuned ClimateBERT model and
explain the motivation for and advantages of fine-tun-
ing the ClimateBERT model and discussing its differ-
ences and comparative advantages/disadvantages relative
to ClimateBERT. Finally, in this empirical section, we
describe the pre-processing techniques and the approach
for tokenization and inference using the ClimateBERT
model. “Results and discussion” section presents and
discusses the results obtained by applying the two mod-
els: the original ClimateBERT and the fine-tuned Cli-
mateBERT on ClimaText. The results analysis from the
original ClimateBERT unfolds, in turn, in two segments:
first offering a global perspective, then proceeding to a
sector-based examination. In a third subsection, we make
a comparative analysis of results obtained by applying
both the original and the fine-tuned models. Finally, we
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close our paper with the conclusions and further work in
“Conclusion” section.

Theoretical foundation and context of the research
Theoretical foundation

Accounting reporting research has two schools of
thought concerning disclosure: one assumes that volun-
tary disclosure is value-relevant, and the other assumes
such disclosure to be opportunistic [40]. When applied
to environmental disclosure, these two streams have
opposite views on whether sustainability reports indicate
actual sustainability performance [35]. The value-rel-
evant stream of research considers companies provid-
ing external stakeholders with value-relevant, credible,
and comparable information on firms’ climate perfor-
mance through their environmental reports [21, 38, 43].
In the opposing view, the opportunistic school considers
companies use these reports mainly to influence stake-
holder perceptions to improve the company’s reputa-
tion through greenwashing [11, 14, 16]. There are several
theories that consider this relation between voluntary
environmental disclosures and actual environmental per-
formance, such as signaling [36], legitimacy [11], stake-
holder [44], stewardship, and institutional [45] theories.
However, all of them are, in brief, consistent with either
a discretionary/voluntary disclosure perspective to which
signaling theory belongs [46, 47], or theories grounded in
a socio-political perspective, such as legitimacy theory
[48], to which greenwashing belongs.

Signaling theory has been successively applied in
a number of corporate studies, including corporate
communication, to explain that management may sig-
nal “something” about the company through different
aspects of corporate information disclosure, as a signal
for investors and/or other stakeholders (employees, cus-
tomers and suppliers, regulators, and the broader com-
munity within which a firm operates) [39]. Under the
voluntary/discretionary-signaling  perspective, firms
with good environmental information make the most
exhaustive disclosures and thus voluntarily disclose such
information to reduce information asymmetry and avoid
adverse selection [40]. Signaling theory suggests that
firms may attempt to signal “good news” using manda-
tory and voluntary reporting of non-financial informa-
tion. Thus, in compliance with signaling theory, good
firms (those with high sustainability performance) dif-
ferentiate themselves from bad firms (those with low sus-
tainability performance) and signal their sustainability as
good corporate citizens [36—39].

Legitimacy theory posits that corporate disclosures
are made as reactions to environmental pressures (eco-
nomic, social, and political) and to legitimize the cor-
poration’s existence and actions [12]. Greenwashing is a
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legitimation strategy that occurs when firms voluntarily
issue environmental reports to promote an impression of
legitimate environmental values, which may or may not
be substantiated [16]. Under the greenwashing explana-
tion, firms use environmental reports to just try to appear
to be good corporate citizens with strong sustainability
performance, but they are not in fact [11-18].

There is a supported generally held notion that socio-
political theories (which include stakeholder theory) pre-
dict a negative relation between sustainability disclosure
and performance, but some authors find that, on balance,
stakeholder theory predicts a positive relation [44]. These
are not competing but complementary or even overlap-
ping theories when applied to corporate social reporting
[11].

Some authors use the lens of a single theory in their
research [12, 44], while it is the coupling of two theories
(or more) that other authors’ models are built on [14, 49].
Our paper is informed mainly by these three theories:
signaling, legitimacy, and stakeholder theories, and our
results contribute to both value relevance and opportun-
istic perspectives (see “Results and discussion” section).

Mandatory versus voluntary disclosure debate

In the context of our study, the nature of the debate
between voluntary and mandatory reporting may be
framed into these questions: Does legal pressure increase
comparability and/or quality of non-financial report-
ing [17]? Does the passage from voluntary to mandatory
environmental reporting (ER) have a positive impact on
environmental disclosure (ED) quality (and quantity)? Of
course, many other variables, not only ED quality (and
quantity), may be affected by mandatory ED (such as firm
stock price, and liquidity, firm default risk, and have also
been investigated in prior literature), but we focus the
debate, primarily, on quality. While the quantity of dis-
closure seems to be easier measured, reporting quality is
no strictly defined concept [22] and the previous studies
use different approaches to measure it, as we will review
in “Prior research on climate-related corporate disclo-
sures and reporting: specific focus on the quality and
transparency of environmental disclosures” subsection.

Summarizing the empirical literature on the debate
between voluntary and mandatory ER, several studies
provide evidence of the positive impact of mandatory
ER on ED quality [19-27], others document a negative
impact [18, 50, 51], and some find no significant influ-
ence [52-57].

Many prior studies that find evidence in favor of
mandatory ER cover EU individual countries after
the implementation of different disclosures in Europe
and only consider specific EU Member States, such as
Sweden [21], Denmark [24], or Spain [25], while other
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researchers examine the effects of the introduction of
mandatory ED through NFRD at the whole European
level [22]. Other works compare mandatory (EU firms)
and voluntary (US companies) ESG disclosures and
find that EU firms outperform US firms under volun-
tary disclosure requirements (2007-2016), and the ESG
disclosure of EU firms further improves relative to US
firms after the implementation of the mandatory dis-
closure in Europe in 2017 [19].

Besides the research providing evidence of the posi-
tive impact of mandatory ER on ED quality in Euro-
pean and North American countries, other authors
find the evidence of the positive impact of mandatory
non-financial disclosure regulations emerging in other
countries such as China or South Africa [24], or Malay-
sia [23, 24].

Miiller et al. [20] also contribute to this literature that
studies the interplay of mandatory and voluntary disclo-
sure. They state that “in contrast to the largely voluntary,
unaudited disclosures made elsewhere, climate disclo-
sures in financial statements more strongly reflect firms’
fundamental climate exposure, in line with their role of
grounding the corporate information environment in reli-
able ‘hard facts”. In their comprehensive overview of
contemporary sustainability accounting research, com-
prising 1,283 academic articles published in 54 journals
(2014— 2020), Hsiao et al. [27] found that there is undis-
puted evidence of national policies and regulations (e.g.,
mandatory CSR disclosure, environmental regulations,
and emission trading schemes) and regulatory pressure
being positive stimuli for sustainability systems, disclo-
sure, assurance, and certification.

On the other hand, there also exist studies that docu-
ment a negative impact of mandatory sustainability
reporting only considering specific EU individual coun-
tries after the implementation of different mandatory dis-
closures in Europe, such as Italy [18] or Norway [51].

Finally, other researchers show that the quality of NFR
does not increase when moving from a voluntary to a
mandatory basis (with the introduction of NFRD) both
at a European level [53] and considering only individual
countries such as Italy [54] or Czech Republic [56]. Fiech-
ter et al. [50] point to pronounced anticipation effects
related to the NFRD, introducing uncertainty about the
timing of the treatment effect after the enforcement of
the mandatory disclosure requirements. They find that
firms already began their CSR reporting before the NFRD
came into effect, firms’ inclusion of climate-related mat-
ters into their financial statements occurred later.

Thus, although most studies emphasize the need for
mandatory reporting regimes and regulatory policy
for better quality of ED, the debate between voluntary
and mandatory ER in Europe remains inconclusive and
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further research is welcome. Our paper contributes new
insights into this debate.

Regarding the case of Spain, prior studies on manda-
tory sustainability reporting found a positive effect on
the number of firms reporting on sustainability topics in
comparison to the respective preceding voluntary regime
[58, 59]. Criado-Jiménez et al. [25] state that voluntary
Corporate, Social, Ethical, and Environmental reporting
has been characterized by a dearth of neutral and objec-
tive information and recommend that it be made com-
pulsory. Their underlying rationale is that legally specified
disclosure requirements and enforcement mechanisms
would enhance the volume and quality of such reporting.
They analyze the reporting patterns of 78 of the largest
Spanish companies between 2001 and 2003 and examine
the extent of their compliance with the existing norma-
tive standard at this time in Spain (ICAC-2002), which
obliged them to make environmental disclosures in their
financial statements. Their results suggest that progres-
sive and improved regulation could increase the volume
and quality of Corporate, Social, Ethical and Environ-
mental Disclosures.

In 2017, the Task Force on Climate-Related Financial
Disclosures (TCFD) released climate-related financial
disclosure recommendations designed to help companies
provide better information to support informed capi-
tal allocation [60]. Furthermore, several governments,
regulators, and standard setters have implemented the
TCFD recommendations in developing climate-related
reporting requirements and standards. Even more, after
the International Sustainability Standards Board (ISSB)’s
release of its climate-related and general sustainability-
related disclosure standards on June 2023 and concur-
rent with the TCFD’s release of its 2023 Status Report
on October 2023 [61] Appendix, the TCFD has fulfilled
its remit and disbanded, handing over the reins to ISSB.
The ISSB’s work is backed by the G7, the G20, Interna-
tional Organization of Securities Commissions (I0SCO),
the Financial Stability Board (FSB), African Finance
Ministers and by Finance Ministers and Central Bank
Governors from over 40 jurisdictions. Most of the juris-
dictions with final or proposed climate-related disclosure
requirements specify that such disclosures be reported in
financial filings or annual reports. This reveals the recent
trend toward mandatory rather than voluntary reporting
worldwide.

At the EU level, the CSRD [8] and ESRS [10] mandatory
regulation is in the midst of climate-related disclosures
and will foreseeably make a big impact on sustainability
reporting. The ESRS comprise three categories of stand-
ards: (i) cross-cutting standards, (ii) topical standards,
and (iii) sector-specific standards. The adopted first set
of ESRS consists of cross-cutting standards (ESRS 1 and
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ESRS 2) and topical standards (ESRS E1 to E5, ESRS
S1 to S4, ESRS G1), and is sector agnostic. The topical
standards contain additional disclosure requirements for
material sustainability topics and are divided into envi-
ronmental (ESRS E1 to E5), social (ESRS S1 to S4), and
governance (ESRS G1) matters. ESRS (E1) is the specific
climate-related ESRS [5]. Prior to this new regulation,
our study analyzes NFRD as the insights from the current
regulation will help analyze future regulation impact.

For a deeper analysis of CSRD and ESRS, we refer to
the recent study of Hummel and Jobst [5] that provides
a comprehensive overview of corporate sustainability
reporting legislation in the EU.

From an international perspective, the International
Sustainability Standards Board (ISSB), which was cre-
ated by the International Financial Reporting Stand-
ards (IFRS) Foundation, issued the IFRS S1 General
Sustainability Disclosures and IFRS S2 Climate-related
Disclosures on 26 June 2023, based on the TCFD recom-
mendations. This IFRs S2 sets out the requirements for
an entity to disclose information about its climate-related
risks and opportunities [62], and it has been included
in the IFRS Sustainability Disclosure Taxonomy pub-
lished on 30 April 2024 [63]. As companies around the
world are increasingly mandated to disclose sustainabil-
ity-related information through the ISSB Standards and
ESRS, EFRAG, and the ISSB are committed to creating
efficiencies where possible to advance transparency, com-
parability, and accountability. Thus, the IFRS Foundation
and EFRAG have just published on 5 May 2024 guidance
material to illustrate the high level of alignment achieved
between the IFRS Sustainability Disclosure Standards

Table 1 ESG frameworks comparative table

Page 6 of 33

and the ESRS and how a company can apply both sets of
standards, including detailed analysis of the alignment in
climate-related disclosures [64].

On the side of voluntary guidelines, many international
organizations have developed over recent decades vari-
ous frameworks to help companies in their disclosure of
environmental issues, including the Global Reporting Ini-
tiative (GRI) [65], Carbon Disclosure Project (CDP) [66],
United Nations Global Compact (UNGC) [67], Work-
force Disclosure Initiative (WDI) [68], Sustainability
Accounting Standards Board (SASB) [69, 70], TCED [71],
and some others. The TCFD guides companies on how
to disclose climate-related financial risks and opportuni-
ties across four key dimensions: Governance, Strategy,
Risk Management, and Metrics and Targets [72]. Uner-
man et al. [73] provide a detailed comparison of the qual-
itative characteristics of SASB, GRI, and other reporting
frameworks. We show a comparative table of voluntary
frameworks (Table 1) and a summary of the sequence
of voluntary and mandatory disclosures distinguishing
between European and international levels (Fig. 1).

Other factors influencing non-financial information
disclosure

Not only voluntary vs. mandatory but also other stake-
holders’ requirements and expectations from compa-
nies (clients, investors, financial institutions, etc.), aside
from the regulatory stakeholders, may influence report-
ing quality, as previous research shows [74—80]. Some
authors find the relationship of companies with their
stakeholders affects the transparency of sustainability
reporting [77] and explain the diversity in sustainability

Framework Description Works well with

GRI Comprehensive international framework for sustainability reporting with guidelines and modules TCFD, UNGC, ISSB
CDbP Standardized questionnaire for reporting climate-related risks and opportunities across different sectors GRI, TCFD, WDI

UNGC Voluntary initiative promoting corporate sustainability through 10 principles in four main areas GRI, TCFD, SASB

WDI Data gathering on employee and supply chain worker management for institutional investors CDP,GRI

SASB Industry-tailored sustainability accounting standards, including climate-related disclosure obligations GRI, TCFD, UNGC, ISSB
TCFD Guidance on disclosing climate-related financial risks and opportunities across four key dimensions GRI, SASB, UNGC, ISSB

Source: Authors’ own creation

__| NFRD - double | | SFDR - EU Taxonomy - ESRS- | __| CSRD- CsDD- |
European | materiality [ | double materiality || mandatory | mandatory [ | mandatory mandatory [~

. GRI - UNGC TCFD - financial ISSB IFRS S1/S2 -
International voluntary - voluntary materiality financial materiality [

Fig. 1 Sequence of voluntary and mandatory disclosures. Source: Authors own creation
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reporting by studying how it is used to engage stake-
holders [76]. Michelon [75] highlights the importance of
reputation and media exposure in driving sustainability
disclosures, particularly in times of heightened external
pressure. Helfaya and Moussa [74] emphasize the role of
board-level CSR strategy in shaping the quality of envi-
ronmental sustainability disclosures. Firms with strong
CSR committees and sustainability-oriented leadership
are more likely to provide detailed, high-quality disclo-
sures, particularly in environmentally sensitive sectors.
Recently, some studies support the COVID-19 pandem-
ic’s influence on companies’ climate disclosure practices
[78-80], noting that the pandemic forced many com-
panies to adjust their climate-related reporting prac-
tices due to the heightened uncertainties in the business
environment, particularly as they prioritized short-term
survival. Previous research has shown that obtaining
independent assurance of environmental reporting helps
to prevent the threat of lack of credibility-greenwashing
[81-84] and obtain evidence on how sustainability assur-
ance improves the quality of non-financial reporting [85].

Literature review

We divide the relevant literature for this topic into two
strands: (1) prior research on climate-related corporate
disclosures and reporting with a specific focus on previ-
ous research on the quality and transparency of environ-
mental disclosures, and (2) reporting and NLP methods
for analyzing environmental disclosure.

Prior research on climate-related corporate
disclosures and reporting: specific focus on the quality
and transparency of environmental disclosures
A vast body of literature exists on the disclosure of cli-
mate-related information [86], and we will focus on the
specific strand on the quality and transparency of envi-
ronmental disclosures. The quality and transparency of
environmental disclosures are critical dimensions for
evaluating the credibility and usefulness of sustainability
reporting. Despite a proliferation of regulatory frame-
works and voluntary guidelines designed to enhance dis-
closure practices, the literature still debates how best to
measure and assess the quality of this information.
Quality in environmental disclosures is multidimen-
sional, typically encompassing completeness, specific-
ity, accuracy, materiality, and assurance. According to
Fernandez-Feijéo et al. [87], the GRI provides a widely
accepted framework for evaluating sustainability reports.
The GRI focuses on transparency, relevance, and the
inclusion of assurance statements to validate the infor-
mation provided. The quality of sustainability reports is
often measured by assessing adherence to GRI guidelines,
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which emphasize the application of reporting standards,
third-party validation, and data comprehensiveness.

Hahn and Kithnen [17] emphasize the importance of
reflecting both positive and negative aspects of a com-
pany’s environmental performance. However, many
sustainability reports continue to prioritize positive out-
comes, creating an imbalanced representation of corpo-
rate sustainability. This selective disclosure undermines
transparency, a point also highlighted by Criado-Jiménez
et al. [25], who argue for more thorough reporting on
negative incidents as a crucial element of accountability
and by Hahn and Liilfs [26] who advocate negative aspect
first has to be objectively described and, this step should
be regarded as mandatory minimum requirement in
future guidelines, aiming at balance, impartiality, and, in
sum, transparency, in a reporting company.

Emerging research further stresses the importance
of industry-specific factors in determining disclosure
quality. Herz and Rogers [88] from the SASB argue that
applying industry-specific Key Performance Indicators
(KPIs) enhances the materiality and relevance of disclo-
sures, particularly in sectors with significant environ-
mental risks. Transparency in environmental disclosure
is not simply about providing large amounts of data; it
is about ensuring that the information is clear, complete,
and accessible to stakeholders. Unerman et al. [73] high-
light three critical dimensions of transparency: relevance,
reliability, and comparability. Reports that lack transpar-
ency often use ambiguous or boilerplate language, failing
to provide meaningful insights into a company’s environ-
mental performance.

A key challenge in enhancing transparency is balancing
specificity with comprehensibility. Paananen et al. [29]
introduce the concept of Specificity Indices, which assess
the level of detail in narrative disclosures by focusing
on entity-specific terms rather than generic statements.
Specificity has been validated as a robust measure of
transparency, as it reflects the level of concrete, decision-
useful information provided by companies. For instance,
environmental liability disclosures that mention specific
pollutants, affected regions, and regulatory frameworks
are seen as more transparent and valuable for stakehold-
ers. Additionally, media exposure can serve as a proxy for
disclosure transparency. Samani et al. [89] demonstrate
that media coverage, especially when negative, prompts
firms to disclose more detailed and relevant environmen-
tal information, thereby enhancing transparency.

Third-party assurance is pivotal in improving the cred-
ibility of environmental disclosures. Ballou et al. [85] and
Lock and Seele [53] highlight the value of assurance ser-
vices, particularly when provided by reputable Big Four
auditors, in enhancing transparency and accuracy. How-
ever, the quality of assurance varies depending on the
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provider. Auditors generally issue higher quality assur-
ance reports than consultants, with Fernandez-Feijéo
et al’s [87] finding that Big Four auditors are particularly
associated with higher quality assurance statements.
These findings underscore the importance of selecting
credible assurance providers to ensure the reliability and
transparency of environmental disclosures. Moreover,
Ballou et al. [85] suggest that firms seeking assurance are
more likely to revise and improve their disclosures over
time. This iterative process, where firms issue restate-
ments to correct errors or omissions, reflects a commit-
ment to transparency and continuous improvement in
reporting quality.

The application of industry-specific standards, such as
those developed by SASB, is gaining traction as a method
for improving the relevance and comparability of envi-
ronmental disclosures. Herz and Rogers [88] argue that
generic sustainability frameworks like GRI, while com-
prehensive, may lack the precision needed to address the
unique environmental challenges of different sectors. For
example, climate-related disclosures are critical for the
oil and gas industry but may be less relevant for the tech
sector, which might prioritize issues like energy efficiency
and electronic waste management. By focusing on mate-
riality within specific industries, SASB and other sector-
focused frameworks offer a more tailored approach to
sustainability reporting. Gao et al. [90] further support
this view, finding that firms with higher quality ESG dis-
closures attract more sustainable investments, especially
when adhering to industry-specific metrics. Despite pro-
gress in enhancing the quality and transparency of envi-
ronmental disclosures, the literature still challenges how

Rule-based
Systems Era Era

» Techniques: Heuristic
methods, Regular Expressions
for Pattern Matching,

Wordnet. HMM.

* Techniques: ML models -
Naive Bayes, Logistic
Regression, SVM, LDA,
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best to measure and assess the quality of this information
[91]. Our paper adds to this challenging literature.

Natural Language Processing (NLP) techniques

for analyzing environmental disclosure

As we have seen, the growing demand for sustainable and
responsible investments has led to an increased emphasis
on climate risk disclosures [3]. NLP techniques can help
them in this context. Its primary objective is to enable
computers to understand, interpret, and generate human
language in a manner that is both meaningful and useful
[92]. By leveraging advanced NLP techniques, research-
ers and practitioners can automatically process, analyze,
and extract relevant information from climate risk disclo-
sures, facilitating a more comprehensive assessment of a
company’s sustainability practices and performance [33,
93-95]. The evolution of NLP techniques and models
can be divided into three main eras: rule-based systems,
statistical methods, and deep learning-based approaches
(Fig. 2). By reviewing them, we will conclude that no
previous study has applied fine-tuned transformers in
the quantitative assessment of the evolution and qual-
ity of environmental disclosures, either mandatory or
voluntary.

In the early days of NLP, heuristic techniques were
employed to solve problems. These methods, while not
guaranteed to be optimal or perfect, were sufficient for
achieving immediate, short-term goals. Examples of heu-
ristic methods in NLP include regular expressions for
pattern matching and Wordnet, a lexical database for
the English language [96]. However, they are sometimes
time-consuming, rely on expert knowledge, and often

Statistical Methods

* Techniques: DL Models -
RNNs, LSTM, GRU, CNN,
Transformers, and Pre-trained
Models like BERT and GPT.

* Characteristics: Automatic

» Characteristics: Quick to

implement, human-
involvement ensures

accuracy, but requires expert

knowledge and time-
consuming.

1980s - 1990s

¢ Characteristics: Reduced
reliance on handcrafted rules,
data-driven approach, still
requires some manual feature
selection.

1990s - 2010s

Fig. 2 NLP evolution timeline. Source: Authors'own creation

feature generation, better
handling of unstructured data,
self-learning capabilities,
high-quality results, and cost-
effectiveness.
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require the aggregation of multiple experts’ results. The
limitations of heuristic methods in addressing open-
ended problems led to the adoption of machine learning
(ML) techniques in the 1990s. ML models are trained on
existing data to generate accurate predictions or clas-
sifications. The typical ML workflow in NLP includes
problem statement, data gathering, text pre-processing,
feature engineering, model building, model evaluation,
and model deployment [97]. Popular ML models used
in NLP include Naive Bayes, Logistic Regression, Sup-
port Vector Machines (SVM), Latent Dirichlet Allocation
(LDA), and Hidden Markov Models (HMM).

The advent of deep learning (DL) in the 2010s revolu-
tionized NLP, offering numerous advantages over tradi-
tional ML methods, such as automatic feature generation,
better handling of unstructured data, self-learning capa-
bilities, high-quality results, and cost-effectiveness. These
models can retain sequential information in text, elimi-
nating the need for manual feature selection. DL models
commonly used in NLP include the Transformers, that
are large language models that capture the dependen-
cies between words, that are encoded in word embed-
dings whose space represents the meaning of the words.
Specifically, transformers’ empirical results dramatically
outperform the classical pipeline of machine learning
models with a bag-of-words representation of the most
common and relevant words of the texts according to
algorithms such as Term Frequency-Inverse Document
Frequency (TF-IDF) [98].

Consequently, we apply a cutting-edge NLP technique:
a transformer model; a BERT-related model called Cli-
mateBERT [41], that has been specifically tailored for
climate text classification. This model reads a whole
sequence of words at once, allowing it to learn the con-
text of a word from its surroundings. More specifically,
ClimateBERT is the state-of-the-art NLP model based
on the Transformer architecture which has been specifi-
cally pre-trained on climate-related text corpora of over
1.6 billion paragraphs in relation to climate change con-
sisting of news articles, corporate climate reports, and
research abstracts. Moreover, ClimateBERT is the first
climate domain adaptive pre-trained model which has
been made available to the public.

Prior literature applying NLP techniques for analyz-
ing environmental disclosures or financial matters still
apply NLP techniques belonging to the second era of
ML models and only two studies apply transformers
[20, 94]. However, we differentiate from the two studies
applying transformers: [94] proposes FinBERT (a finan-
cial domain-specific adaptation of the BERT model),
instead of our applied transformer, ClimateBERT by
[41] which has been pre-trained specifically tailored for
climate text classification and outperforms FinBERT for
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climate-related tasks. Moreover, they do not apply Fin-
BERT to compare the quality of mandatory vs voluntary
reports. And [20] only apply NLP techniques when pre-
viously obtaining climate disclosures data from finan-
cial statements (concretely they first use a bag-of-words
approach, and also, to capture climate-related disclosures
more comprehensively, they use the number of climate-
related paragraphs identified by ClimateBERT). They
subsequently apply OLS regressions. Thus, to the best
of our knowledge, our study is the first paper applying a
fine-tuned transformer-LLM to compare the currently
in force European mandatory Environmental disclosure
requirements’ impact on Spanish companies’ environ-
mental disclosure versus previous voluntary reporting.
We summarize all the studies in Table 2 (studies apply-
ing NLP techniques of the 2nd era) and Table 3 (studies
applying NLP techniques of the third era).

Thus, based on the context of the research, its theoreti-
cal foundation, and the literature review discussed so far,
we address three research questions in this paper:

RQ1: Are there differences when comparing the disclo-
sure quality and comprehensiveness of firms non-finan-
cial reports under voluntary and mandatory reporting
regimes?

RQ2: Does transformer-LLM processing of compa-
nies’ NFIRs allow us to ascertain whether firms actually
depict their climate-related strategies, commitments, and
actions in them?

RQ3: Is our proposed novel fine-tuned CimateBERT
model able to outperform the standard ClimateBERT
model in these diverse climate-related text classification
tasks?

Materials and methods

This section will deal with the materials and methods
that have been used to provide an answer to our research
questions and generate an enhanced description of the
regulatory texts with transformer models. We start the
section with the data that has been used as we believe
that it is the most critical information for practitioners,
explaining the information flux that we have followed
to obtain the enhanced regulatory texts with informa-
tion provided by transformers. Then, we explain how we
have pre-processed the data as, in practice, is the most
expensive step, and we continue, logically following the
presented information flux, with how we did inference
using transformers. We show the methodology flowchart
in Fig. 4.

Data
Various types of reports were collected for our analysis
during the data extraction process. These include: annual
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Table 2 Summary of studies applying NLP-ML techniques for environmental disclosure analysis

Author

Summary

Classified era/technique

Dyeretal. (2017) [107]

Ertugrul et al. (2017) [108]

Ehrmann et al. (2019) [109]

Paananen et al. (2021) [29]

Moreno and Caminero (2022) [30]

Samani et al. (2023) [89]

Debener et al. (2023) [110]

Sautner et al. (2023) [31]

Dusterhoft et al. (2023) [32]

This study investigates changes in the textual charac-
teristics of 10-K disclosures over the period 1996-2013,
noting significant increases in document length,
boilerplate, and redundancy, with decreases in specific-
ity and readability

The study investigates how readability and tone ambi-
guity in annual reports impact borrowing costs, show-
ing that less readable and more ambiguous reports
lead to stricter loan terms and higher future stock price
crash risk

This study investigates the effects of semantic similar-
ity in central bank press releases on market volatility,
focusing on how the predictability of statement style
influences market reactions

The study explores how media exposure influences
the specificity and comprehensiveness of environmen-
tal liability disclosures among European-listed firms,
assessing market implications of these disclosures

They apply text-mining techniques to analyze the TCFD
recommendations on climate-related disclosures

of the 12 significant Spanish financial institutions

and of the companies comprising the IBEX1 35 stock
market index using publicly available corporate reports
from 2014 until 2020

The study examines how the EU Directive on Non-
Financial Reporting and the presence of employee
representatives on boards affect the quality and extent
of employee-related disclosures in Swedish firms

The study examines how the quality and quantity

of textual disclosures in issuance prospectuses affect
investors' security pricing, highlighting that more
detailed and less boilerplate content can lead to higher
yield demands by investors

This study develops a method to identify the attention
paid to firms' climate change exposures using earn-
ings call transcripts and a machine learning keyword
discovery algorithm, covering over 10,000 firms from 34
countries between 2002 and 2020

This study analyzes the impact of climate risk dis-
closures on stock market volatility among European
energy utilities, focusing on the period from 2007

t0 2017, using unsupervised machine learning to cat-
egorize risk topics within financial disclosures

Statistical Methods Era/Latent Dirichlet Allocation (LDA)

Statistical Methods Era/Econometric models, Textual
Analysis

Statistical Methods Era/ARCH models, Semantic similarity
measures

Statistical Methods Era/Econometric models, computer-
ized textual analysis

Statistical Methods Era/Econometric models, Textual
Analysis

Statistical Methods Era/Econometric models, Quantitative
Analysis, Textual Analysis

Statistical Methods Era/Econometric models, Textual
Analysis

Statistical Methods Era/Machine Learning, Keyword
Discovery

Statistical Methods Era/Unsupervised machine learning
(Latent Dirichlet Allocation)

Source: Authors’ own creation

reports, ESG reports, and Corporate Sustainability
reports (see Appendix 1. Data).

To select the companies for our analysis, we applied the
following criteria based on the Spanish Law 11/2018:

1. Companies that meet at least two of the following
conditions for two consecutive fiscal years:

a. Total assets exceeding 20 million euros.

b. Annual net business volume exceeding 40 million
euros.

c. A workforce of more than 250 employees.

2. Financial companies, such as banks, insurance com-
panies, and funds.

These criteria allowed us to identify the financial and
non-financial companies that are required to prepare an
NFIR according to the Spanish Law 11/2018. The sample
was limited to publicly traded firms to ensure the avail-
ability and consistency of data, as these companies are
obligated to disclose detailed reports accessible to the
public and investors.

Using the Bloomberg EQS function, we initially identi-
fied 120 Spanish companies that met these criteria. We
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then gathered their annual reports from Bloomberg and
FactSet. Additionally, the corporate websites of these
companies were checked for any supplementary reports
that discuss climate or other ESG factors, including pre-
vious voluntary disclosures and recommendations from
organizations, such as the TCFD, SASB, and GRL

However, while our selection criteria initially yielded
a broad range of companies, there was a significant sub-
set that had to be subsequently excluded. Specifically, 24
companies were excluded, because their reports were
not available in English. This exclusion was necessary,
because the ClimateBERT models we employed are pre-
trained on English-language corpora, and thus require
input data in English for accurate analysis. Utilizing
reports in other languages could have compromised the
effectiveness and reliability of our NLP analysis, as the
model’s linguistic and contextual understanding is opti-
mized for the English text.

Furthermore, some companies lacked complete reports
for the entire period under study, resulting in the exclu-
sion of certain firm-years due to insufficient data.

After applying these filters, our final dataset incor-
porated 729 reports from 96 companies, spanning
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multiple sectors such as Construction, Real Estate,
Energy, Financial Services, Media, and Healthcare,
among others (see Appendix 1). Table 1 summarizes
the number of companies and reports from each of
the 16 sectors analyzed). This selection process is illus-
trated in Fig. 3, which details the filtering stages leading
to the final sample.

The timespan chosen for this analysis is the period
between 2015 and 2022. The selection of this interval was
not arbitrary but was purposefully designed to capture
a significant shift in environmental reporting practices.
The year 2015 was selected as the starting point, since
it was a time when climate-related reporting was still
largely voluntary. As we progress toward 2022, we enter
the era post the implementation of the NFRD, which
came into force in 2017, and the Spanish Law 11/2018.
This period, hence, represents the transition from volun-
tary to mandatory climate-related disclosures, offering an
excellent opportunity to observe and analyze the changes
that occurred due to this shift in regulation. The 2018
cut-off gave us 4 years of mandatory reports to compare
against voluntary ones. This period was deemed suffi-
ciently long to identify any early impacts of the regulation

Initial Identification
120 companies identified using Bloomberg
EQS based on Spanish Law 11/2018 criteria

}7

Data Availability Filter

4{

Excluded 24 companies
due to non-English reports

Excluded incomplete firm-years \

Final Sample
96 companies across 16 sectors

729 reports analyzed from 2015 to 2022

Fig.3 Sample selection flowchart. Source: Authors own creation
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while still being recent enough to reflect contemporary
disclosure practices.

We focused on comprehensive reports such as annual
reports, corporate sustainability reports, and ESG
reports, and excluded "non-traditional" publications like
ESG fact sheets or brief summaries. This decision was
made to ensure consistency and depth in the data ana-
lyzed, as these comprehensive reports provide detailed
and standardized information necessary for our NLP
techniques.

By focusing on Spain, we aimed to provide insights into
how mandatory disclosure requirements influence cor-
porate reporting in a specific national context within the
EU jurisdiction. Spain presents a unique case for analysis
due to its implementation of the NFRD via Spanish Law
11/2018, which not only transposed the Directive but
also expanded its scope by lowering the reporting thresh-
olds for companies. Moreover, as we mentioned in “The-
oretical foundation and context of the research” section,
Spanish Law 11/2018 requires that the information con-
tained in the NFIR be verified by an independent assur-
ance provider to increase its reliability and comparability.
This verification was an important step forward as it was
not compulsory in the NFRD but optional for each Mem-
ber State. This made Spain an ideal jurisdiction to study
the impact of mandatory environmental disclosure
requirements within the EU. While the findings may not
be fully or directly generalizable to other EU or non-EU
jurisdictions due to variations in regulatory implementa-
tion and cultural factors, the study offers a valuable basis
for comparative analyses and can inform policy develop-
ment in similar contexts.

We show the methodology flowchart in Fig. 4, and once
the collected data are described, we proceed to explain
the subsequent steps: data pre-processing, tokenization
and inference, and finally, climate disclosure analysis.

Problem modelisation

We find in the literature vast evidence that modern trans-
formers such as GPT and BERT provide state-of-the-art
results in text classification tasks with respect to classic
techniques or traditional machine learning classification
in general [98] and also in particular regarding climate
change text classification tasks [99] like the Paris agree-
ment climate action plans [100].

Concretely, a classification task can be seen as
approximating the mapping y = f(X) between a cat-
egorical or binary variable y with respect to the word
embedding representation of a text X to create a new
feature of the text, such as, for example, if its topic is
climate change. As we will further see, our five appli-
cations of transformers f, a vector of feature mappings,
create features of the text y, a vector of these variables
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- v

Y
ICFD Specificity Sentiment
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Results

Fig. 4 Methodology flowchart. Source: Authors’own creation

of features, following these mappings y = f(X) and
hence providing a more accurate descriptive and
exploratory representation of the climate change topic
that is mentioned in the texts, that have been converted
into a tuple (X,y), where the features y can be inter-
preted in a business manner a posteriori by combining
its values.

For example, given a new text, we can measure
whether the climate change transparency of the organi-
zation has improved if the number of texts where cli-
mate change is mentioned increases and they include
actions undertaken, targets achieved, or future
activities likely to be implemented. Interestingly, the
distilroberta-base-climate-detector and the distilrob-
erta-base-climate-commitment transformers classify
the texts precisely if the presence of those two features
is detected, and, as it is presented in the results sec-
tion, by observing whether the relative frequency of
this variable increases, we can interpret that the trans-
parency of the organization regarding climate change
also increases. Similarly, we could interpret whether
the quality of the climate change texts has improved if
the texts that mention climate change are specific, tai-
loring concrete problems and providing descriptions
of current, past, or future climate change events that
could specifically impact the firm’s operations, strat-
egy, or overall business activities, which is captured by
the distilroberta-base-climate-specificity transformer. If
we assume that, for a certain business, these interpre-
tations of quality and transparency are pertinent, then
they could be quantitatively measured by the features
extracted from the texts by the transformers. If, on the
other hand, the business needs another quantitative
definition of quality and transparency based on a lin-
ear combination of the features extracted by our trans-
formers or another features, it could also be tracked in



Villacampa-Porta et al. Environmental Sciences Europe (2025) 37:29

this way, making the transformer classification model
a critical application for climate change quantitative
monitoring.

The fine-tuned ClimateBERT model
For this study, we have fine-tuned the ClimateBERT
model with the ClimaText database [5]. From now on,
we refer to this model as fine-tuned ClimateBERT. The
ClimateBERT model [41] is a DistillRoBERTa-based [101]
model that has been specifically tailored for climate text
classification. Recall that the DistillROBERTa-based
model is a smaller version of the ROBERTa model, which
is a derivation of the BERT transformer model. For more
technical details of the transformer model, a complete
understanding of them can be acquired by reading the
book by Bishop [102] and for a complete visualization of
the transformer model family the survey by Lin [103]. In
this work, we just need to know that the fine-tuned Cli-
mateBERT methodology provides, nowadays, the best
approximator of the mapping y = f(X) [42] for financial
texts X regarding climate change, independently on how
the model represents that mapping in its parameters.
Technically, our fine-tuned ClimateBERT model has
been created using the ClimaText database [104], that
consists on data collected from Wikipedia, 10 K Files
Reports and web-based claims about climate change,
improving the results of the standard ClimateBERT
model in a set of specific problems, obtaining state-of-
the-art results [42]. Our motivation, hence, to use the
fine-tuned ClimateBERT model is just to obtain the best
results, using the tool that we believe that better solves
the problem of climate change text classification that
is described in the problem modelization section. We
assume in our decision to use the fine-tuned Climate-
BERT model that the scenario described in this paper
is similar to the problems where the fine-tuned Cli-
mateBERT model is used. Consequently, the behavior
obtained by the fine-tuned ClimateBERT model is going
to be approximately similar to the one displayed in its
paper [42], where it outperforms the performance dis-
played by the ClimateBERT model. Moreover, the size of
the fine-tuned ClimateBERT model is the same than the
one of the ClimateBERT model, as the only feature that
changes is the weights of the last layers of the fine-tuned
ClimateBERT model, whose weights have been modified
to improve the loss function of the problem by represent-
ing the knowledge of the ClimaText database. Hence,
both models are equally complex, not being any of those
more prone to overfitting, but being the fine-tuned Cli-
mateBERT model a better representation of the features
regarding climate change than the ClimateBERT model,
as its sample of texts is bigger than the one used by the
ClimateBERT model. Consequently, the sample used for
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the fine-tuned version has more probability of being rep-
resentative of the climate change theoretical population
of texts and, hence, which converts the fine-tuned ver-
sion of the ClimateBERT model to a better choice with
the same complexity than the standard ClimateBERT
Model.

To evaluate the performance and comparative advan-
tages of the fine-tuned ClimateBERT model, we intro-
duce the following key metrics used in this study:

+ Average disclosure volume: Measures the average
number of paragraphs identified as climate-related by
each model across all analyzed reports.

+ Disclosure volume growth: Captures the growth rate
in the number of climate-related disclosures over the
study period.

o Average proportional commitment: Reflects the
average proportion of climate-related paragraphs
expressing a commitment to climate action.

o Proportional commitment growth: Indicates the
growth in the proportion of committed climate-
related disclosures over time.

+ Average proportional specificity: Quantifies the aver-
age proportion of climate-related paragraphs provid-
ing specific details or actions.

+ Proportional specificity growth: Tracks the increase
in the specificity of climate disclosures during the
analyzed period.

Pre-processing

The company reports were pre-processed to transform
raw data into a structured format that could be effectively
analyzed. The procedure is iterative and multi-layered,
consisting of techniques, such as Optical Character Rec-
ognition (OCR) extraction, data cleaning, text normaliza-
tion, and structuring.

OCR! was required for some reports, particularly those
available only as scanned PDFs. This process converts
scanned text into machine-readable data. However, OCR
is prone to recognition errors, especially in cases of poor
image quality or complex document layouts. These errors
were corrected in the subsequent manual data-cleaning
phase to ensure accuracy in the extracted text. Once
extracted, the text underwent rigorous data cleaning to
maintain structural integrity. This involved removing
unnecessary line breaks and other inconsistencies that
resulted from the OCR process.

! The OCR engine used in this research was Tesseract. For further informa-
tion about this technology: https://github.com/tesseract-ocr/tesseract.
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Rather than separating the reports into predefined
sections like "introduction” or "climate impact discus-
sion," the entire text was organized by company and year
using a Python script, preserving the full narrative of
each report. This method provided a holistic perspective
on a company’s overall climate-related discourse, ensur-
ing that the reports’ narrative structure was retained for
subsequent analysis. Importantly, the full text was later
segmented into distinct paragraphs for further process-
ing, aligning with the ClimateBERT models, which are
designed to operate at the paragraph level. Each para-
graph served as an individual unit for classification,
ensuring that granular analysis could be conducted with-
out sacrificing the broader narrative.

Tokenization and inference

To effectively process and analyze the climate-related
disclosures in the company reports, we undertook a two-
fold methodology of tokenization and inference with the
ClimateBERT model. Before exploring the specifics of
our methodology, it is essential to understand the frame-
work we have used. Our analysis of the climate-related
disclosures in the selected sample of companies’ reports
(Appendix 1. Table A2) employs several variants of the
ClimateBERT model, each fine-tuned to accomplish a
specific task. These tasks range from (1) detecting cli-
mate-related paragraphs, (2) classifying their sentiment,
(3) identifying commitments and actions toward climate
change, (4) assessing their specificity, to (5) categorizing
them based on the TCFD recommendations. This com-
prehensive approach, made possible through the adapt-
ability and precision of the ClimateBERT models, allows
for a nuanced understanding of the companies’ disclo-
sures and their alignment with recognized guidelines.
The subsequent sections detail the application of each
model to the tokenization and inference of the data and
the insights they provide.

The foremost step in our text analysis pipeline was
Tokenization—a process that disassembles text into
atomic units of meaning, referred to as ’tokens. This
approach provides a nuanced interpretation of text data,
capturing semantic essence at a granular level.

For this task, we adopted a transformer-based
approach utilizing the different fine-tuned versions of the
ClimateBERT model, built on top of RobertaTokenizer.?
These tokenizers were trained on the company reports,
segmented into distinct paragraphs. Each paragraph
was passed through the tokenizers, transforming the
contained text into a sequence of tokens. These tokens

% For more information: https://huggingface.co/docs/transformers/model_
doc/roberta.
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2.3.4. Measures to ensure customer health
and safety GRI1103,416-1, 416-2

At Telefonica we do a thorough job of ensuring the security,
proper functioning, accessibility and traceability of our
products. That is why we apply all protocols to make sure
that 100% of the products and services we market comply
with international standards and local legislation for each
market in which we operate.

In one way or another, these standards affect customers’
safety, quality and experience as users and, in many
cases, we go beyond legal requirements. No breaches of
these regulations occurred in 2020 in any country.

Thus, all mobile devices sold in our European operations
carry the CE marking in compliance with European directives
on electrical safety and electromagnetic compatibility, etc.
However, at Telefénica we also require the RoHS
(Restriction of Hazardous Substances, version 3)
certificate from all terminal suppliers, not only for European
markets but for all markets In which we operate. This
certificate restricts the use of certain hazardous substances
(lead, mercury, cadmium, chrome VI, PBB and PBDE, etc.) in
electrical and electronic equipment. We also require the
devices we Sell 10 have the GUF (Global Certification
Forum) certificate. This guarantees that the connection
with the mobile network works correctly, including for
emergency calls. We also verify the SAR (Specific
Absorption Rate) certificate of mobile handsets, ensuring
that none of them represent a health hazard for our
customers.

In addition, we are particularly committed to the security of
terminals and were instrumental in ensuring that all
terminals with Android operating systems sold as part of our
operations receive security updates from Google for two
years, a period we will extend to three years as of 2021.
Fig. 5 Sliding-window approach example. Source: Authors’own
creation from “Consolidated Annual Report 2020 Telefénica’, S. A. 2.
Chapter 2: Non-Financial Information Statement p. 96

serve as the primary input for the models, allowing them
to understand and process the semantic content of the
paragraph.

To facilitate certain classification tasks, special
tokens—’CLS’ (classifier) and ’SEP’ (separator)—were
introduced by the tokenizers. The 'CLS’ token is placed
at the start of the token sequence, acting as a summari-
zation of the entire sequence. The 'SEP’ token deline-
ates the end of one sentence and the start of another
within the same sequence, which is crucial in tasks that
require understanding the relationship between multiple
sentences.

However, a significant challenge arises when deal-
ing with paragraphs that are longer than the model’s
maximum input length. In transformer-based models
like ClimateBERT, there is a strict limit to the number
of tokens that can be processed in one pass, often set
at 512 tokens. To mitigate this issue, we applied a ’slid-
ing window’ approach. This technique divides the token
sequence of a paragraph into multiple smaller segments


https://huggingface.co/docs/transformers/model_doc/roberta
https://huggingface.co/docs/transformers/model_doc/roberta
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of a fixed size, with a small overlap between adjacent seg-
ments (see Fig. 5, where we show this technique graphi-
cally on a text from Telefonica in our dataset, concretely
from “Consolidated Annual Report 2020 Telefénica’, S.A.
Chapter 2: Non-Financial Information Statement p. 96).
By doing this, we ensured that no token was abruptly cut-
off, and that semantic continuity was preserved across
segments. This approach effectively allows the model to
process longer texts without losing important contextual
information.
It can be expressed in analytical notation.

o La=maximum token length of the model (e.g., 512
tokens)

+ w=window size (length of each segment, <L, ..)

« o=overlap size (number of tokens repeated between
two adjacent windows).

The total number of tokens in the paragraph is T.

The first segment processes tokens [1, w], the second
segment processes tokens [w—o+1, w+w—o], and so
on, until all tokens in the paragraph have been processed.
The general formula for determining the tokens in seg-
ment i can be expressed as

si = [(i—1) x (w—o0) + 1, min(i x (w—o0) + 0, T)],

where S, is the token range for segment i. w is the win-
dow size. o is the overlap size. T is the total number of
tokens in the text.

After the process of tokenization, we moved toward
the next critical phase: inference. This is a crucial step
wherein the models utilize the tokenized inputs to yield
an output, which is typically a classification or prediction
in nature. It was at this juncture that the pre-trained Cli-
mateBERT models, tailored to detect and classify various
aspects of climate-related information, were leveraged.
Each chunk of tokens, processed and primed in the previ-
ous phase, was introduced to these models.

The inference stage necessitated the reshaping of
tokenized input to make it compatible with the models’
requirements. We put an emphasis on enhancing compu-
tational speed and minimizing memory utilization dur-
ing this process. To accomplish this, the autograd engine,
which provides capabilities for performing automatic
differentiation and gradient-based optimization, was
deactivated. This allowed us to manage computational
resources more efficiently.

Each segment of text was then processed by the mod-
els, and the outputs were preserved, supplanting the orig-
inal content within our data construct. This mechanism
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was fundamental to the overall pipeline and sets the stage
for detailed interpretation and evaluation of each model’s
inference process.

» Climate detection (distilroberta-base-climate-detec-
tor’)®: The inference process with this model involves
analyzing a given text paragraph and assigning a
binary label of "Yes” or 'No. The criteria for "Yes’ are
that the paragraph discusses climate change, envi-
ronmental issues, or any related topics such as clean
energy, emissions, fossil fuels, and more. 'No’ label is
assigned if the paragraph does not relate to climate
policy, climate change, or any environmental topics.

+ Climate sentiment analysis (distilroberta-base-cli-
mate-sentiment’)®: The inference here involves ana-
lyzing the sentiment in a climate-related paragraph
and classifying it as 'Risk, ‘Opportunity, or 'Neutral’
The 'Risk’ label is assigned if the paragraph discusses
negative impacts on an entity or the environment.
The 'Opportunity’ label is for discussions of potential
benefits arising from climate change mitigation or
adaptation strategies. The 'Neutral’ label is assigned
when the paragraph mainly states facts without
attaching any positive or negative perspectives to
them.

o Climate commitments and actions classification
(distilroberta-base-climate-commitment))”: This
model takes a paragraph as input and assigns a binary
label of "Yes’ or 'No, depending on whether the para-
graph contains information on actions and/or tar-
gets related to climate or business activities. "Yes’ is
assigned if the paragraph includes actions under-
taken, targets achieved, or future activities likely to
be implemented. 'No’ is assigned if the paragraph
does not contain any information on such actions
and/or targets.

+ Climate specificity classification (distilroberta-base-
climate-specificity)®: 'The model determines the
specificity of a paragraph, assigning it as ’specific’ or
‘non-specific. The ’specific’ label is assigned when
the paragraph gives clear and precise information
on current, past, or future events that could specifi-
cally impact the firm’s operations, strategy, or overall
business activities. The 'non-specific’ label is assigned

3 For more information: https://huggingface.co/climatebert/distilroberta-
base-climate-detector.

* For more information: https://huggingface.co/climatebert/distilroberta-
base-climate-sentiment.

5 For more information: https://huggingface.co/climatebert/distilroberta-
base-climate-commitment.

® For more information: https://huggingface.co/climatebert/distilroberta-
base-climate-specificity.


https://huggingface.co/climatebert/distilroberta-base-climate-detector
https://huggingface.co/climatebert/distilroberta-base-climate-detector
https://huggingface.co/climatebert/distilroberta-base-climate-sentiment
https://huggingface.co/climatebert/distilroberta-base-climate-sentiment
https://huggingface.co/climatebert/distilroberta-base-climate-commitment
https://huggingface.co/climatebert/distilroberta-base-climate-commitment
https://huggingface.co/climatebert/distilroberta-base-climate-specificity
https://huggingface.co/climatebert/distilroberta-base-climate-specificity
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when the paragraph provides general facts and expla-
nations or discusses general policies and regulations
without mentioning specific implementation plans.

» Climate TCFD recommendations classification (dis-
tilroberta-base-climate-tcfd’)”: This model’s inference
process involves classifying climate-related para-
graphs into one of the four TCFD recommendation
categories. The categories correspond to the guide-
lines provided by the TCED for climate-related finan-
cial disclosures and they are organized in:

o Governance: Involves the organization’s govern-
ance and approach toward climate-related risks
and opportunities.

o Strategy: Entails the actual and potential impacts
of climate-related risks and opportunities on the
organization’s businesses, strategy, and financial
planning.

o Risk management: Describes how the organiza-
tion identifies, assesses, and manages climate-
related risks.

0 Metrics and targets: Relates to the metrics and
targets used by the organization to assess and
manage relevant climate-related risks and oppor-
tunities.

During the inference stage, each model processes the
input paragraph and generates an output based on the
specific classification task for which it was trained. This is
achieved by applying the fine-tuned models to the input
data, which results in a softrmax output—a probabil-
ity distribution across the possible classes. The softmax
function converts the raw model logits into probabilities,
ensuring that the sum of probabilities across all classes
equals one.

For binary classification tasks—such as climate detec-
tion, specificity level detection, and commitment level
detection—an output threshold is employed to deter-
mine the final classification label. Specifically, the model
assigns a "Yes" label when the probability of the "Yes’ class
exceeds a predefined threshold; otherwise, it assigns a
"No" label.

In our research, we set the threshold at 0.7. This thresh-
old was selected following a systematic, iterative process
in which we tested a range of threshold values using a
representative subset of our data. The goal was to find an
optimal balance between precision (i.e., the model’s abil-
ity to correctly identify climate-related content, minimiz-
ing false positives) and recall (i.e., the model’s ability to

7 For more information: https://huggingface.co/climatebert/distilroberta-
base-climate-tcfd.
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capture all relevant climate-related text, minimizing false
negatives).

Given the nature of our study, particularly the critical
implications of misclassifying climate-related content,
the 0.7 threshold was identified as the most effective
compromise between precision and recall, ensuring
robust performance for the analysis at hand. For instance,
for the following paragraph from a Telefonica report:

"Telefonica is committed to reducing its environ-
mental impact through its decarbonization strategy,
targeting a 50% reduction in greenhouse gas emis-
sions by 2030. [...]"

This paragraph received a "Yes" label from the climate
detection model, because it mentions specific terms
such as "decarbonization strategy” and "50% reduction
in greenhouse gas emissions." These are clear indica-
tors of climate-related discourse, which the model has
learned to associate with the "Yes" class. In this case, the
assigned probability was 0.85, comfortably exceeding the
0.7 threshold.

The high probability suggests that the model is confi-
dent that the paragraph discusses climate-related issues.
However, it is important to remember that, as a black-
box model, we cannot fully dissect how individual terms
or phrases contributed to this score. While the presence
of specific terminology aligns with climate-related con-
tent, the model’s internal weighting remains opaque.

For multiclass classification tasks, such as sentiment
analysis and TCFD recommendation categorization, we
adopted a different approach. Since multiclass problems
involve more than two classes, applying a binary thresh-
old would be insufficient. Instead, the model assigns the
class with the highest probability as the output label. This
decision is based on the model’s confidence in classifying
the input into the most probable category, allowing for
the straightforward selection of the class with the highest
predicted likelihood.

For instance, for the following paragraph from an
Endesa report:

"Endesa is committed to a sustainable business
model based on the development of innovative prod-
ucts in areas where energy enables greater trans-
formations, such as electric mobility and industrial
electrification. [...]"

The model classified this paragraph under "Oppor-
tunity” with a probability of 0.75, due to the forward-
looking, positive framing of sustainable innovation and
electrification. The use of terms like "sustainable business
model" and "innovative products" signals potential ben-
efits, which the model has been trained to interpret as
opportunities for the business and the environment.


https://huggingface.co/climatebert/distilroberta-base-climate-tcfd
https://huggingface.co/climatebert/distilroberta-base-climate-tcfd
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This high probability suggests a confident classification,
though again, as a black box, we can only infer how the
model weighs specific terms. The positive framing and
the focus on future transformation likely influenced the
"Opportunity” label, but we cannot pinpoint the exact
feature that tipped the scales in favor of this classification.

The tokenization and inference results for each com-
pany are stored in pickle files. This ensures efficient data
storage, enabling quick retrieval of results for subsequent
analysis while preserving the integrity of the inference
outcomes across all stages of the study. These preserved
outputs form the basis for subsequent evaluations, ensur-
ing that all inference steps are traceable and reproducible.

Results and discussion

We briefly describe the flux followed to undertake the
climate disclosure analysis. Following the inference stage,
we shifted our focus toward understanding and inter-
preting the results from each model. This stage entailed
a deeper examination of the classification tasks, each of
which expanded upon the foundational climate-related
content detection. These tasks aimed to provide a multi-
faceted analysis of corporate climate disclosures, reflect-
ing key dimensions such as commitment, specificity, and
alignment with established reporting frameworks (Fig. 6).
This approach directly addresses RQ2, which investigates
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whether transformer-LLM processing can discern firms’
climate-related strategies, commitments, and actions.

The first step involved classifying paragraphs into cli-
mate-relevant and non-climate-relevant categories. This
binary classification aligns with the theoretical perspec-
tives of signaling theory and legitimacy theory by dis-
tinguishing between disclosures potentially aimed at
signaling transparency and those that might lack sub-
stantial content. This initial step enabled the streamlin-
ing of our analysis, allowing us to focus exclusively on
paragraphs that could offer insights into climate-related
activities, commitments, and strategies. By isolating rel-
evant content, we aimed to discern whether firms were
engaging in substantive reporting or potentially leverag-
ing disclosures as a reputational tool. This supports RQ1
by analyzing whether disclosure quality and comprehen-
siveness vary between regulatory regimes.

Building on this classification, we conducted a senti-
ment analysis to categorize the tone of climate-related
paragraphs into 'Risk, ‘Opportunity, or 'Neutral’ Senti-
ment analysis is particularly relevant for understanding
the strategic framing of disclosures, as it captures how
firms portray their climate-related activities to external
stakeholders. For instance, the 'Risk’ category encap-
sulated discussions on the potential negative impacts
of climate change on business operations, aligning with

Identification of Climate-related » No
climate-related content
Yes
. L » Opportunit
Review corporate PP Y
climate-related sentiment. o Sentiment ‘ Nenteal
—» Risk
Rex.'iew corporate Commitment & ——9p» Yes
climate-related — > Acti
commitment & actions. FHONS No
Assessment of ——»  Specific
reporting specificity > Specificity :
L »  Non-specific
» Governance
Review corporate ————p Strategy
. ] I 5 .
climate rclate.d TFCD TCFD 3 Risk Management
categories. »  Metrics and Targets

Fig. 6 Task setup with a classification hierarchy. Source: Authors own creation



Villacampa-Porta et al. Environmental Sciences Europe (2025) 37:29

legitimacy theory’s focus on managing external per-
ceptions of vulnerability. Conversely, the ’'Opportunity’
category highlighted the potential benefits or positive
outcomes of climate change mitigation or adaptation,
reflecting a signaling strategy aimed at demonstrating
proactive engagement. The 'Neutral’ category captured
objective statements devoid of subjective framing, often
reflecting baseline compliance with reporting frame-
works. This layer of analysis expanded our understanding
beyond content detection, illuminating the strategic nar-
ratives embedded in disclosures and providing nuanced
insights into RQ2.

Next, we assessed corporate commitments and actions
related to climate change, a key dimension for evaluat-
ing the quality and transparency of disclosures. This task
distinguished between general descriptions of climate
awareness and concrete, action-oriented commitments.
By identifying and classifying corporate commitments
toward climate mitigation and adaptation, we evaluated
the extent to which firms demonstrated active engage-
ment in climate strategies. This step resonates with
signaling theory’s proposition that firms with higher
environmental performance may use disclosures to dif-
ferentiate themselves. Simultaneously, it allowed us to
examine the credibility of these commitments, address-
ing concerns from legitimacy theory about the potential
for greenwashing. These findings align with the broader
focus of RQ1 on disclosure comprehensiveness and RQ2
on evaluating corporate actions.

A further dimension of our analysis focused on the
specificity of corporate statements regarding climate
actions. Specificity, a critical measure of disclosure
quality, involves distinguishing factual, precise content
from vague or generic statements. By categorizing para-
graphs as ’specific’ or 'non-specific, our models assessed
whether firms provided detailed, decision-useful infor-
mation or relied on ambiguous language that might
obscure substantive actions. Specificity is central to the
broader debate on disclosure quality, as it reflects the
capacity of disclosures to support informed decision-
making by stakeholders. Moreover, the focus on specific-
ity addressed calls in the literature for transparency and
accountability in sustainability reporting, emphasizing
the importance of detailed, actionable disclosures. This
directly addresses RQ1 by examining differences in the
quality of voluntary and mandatory disclosures.

In addition to these tasks, we examined the alignment
of texts with the TCFD recommendations, which serve
as a benchmark for high-quality climate-related financial
disclosures. By mapping texts to the four pillars of the
TCED guidelines—Governance, Strategy, Risk Manage-
ment, and Metrics and Targets—we assessed the extent
to which corporate disclosures adhered to recognized
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reporting standards. This alignment adds a layer of stand-
ard compliance to our analysis, highlighting how firms
navigate evolving regulatory and voluntary frameworks
and contributing to RQ2 by assessing how disclosures
reflect actionable strategies.

The results from the original ClimateBERT model
unfolded in two significant segments. First, the global
analysis provided a broad perspective on trends and pat-
terns across all studied firms, examining the evolution
of disclosure volume, commitment, and specificity. This
macro-level perspective illuminated how companies’ cli-
mate reporting practices evolved over time, influenced
by regulatory pressures and societal expectations. Sec-
ond, the sector analysis drilled down into industry-spe-
cific nuances, offering a more granular understanding
of disclosure practices within distinct sectors. This dual
approach allowed us to explore both overarching trends
and sector-specific dynamics, addressing the complexity
of climate disclosures across diverse corporate contexts
and offering empirical insights into RQ1.

Finally, we conducted a comparative analysis using
the fine-tuned version of ClimateBERT, tailored with
the ClimaText dataset [42]. This comparative analysis
highlighted the enhanced performance of the fine-tuned
model in detecting and classifying climate-related con-
tent, commitments, and specificity. The fine-tuned mod-
el’s stricter focusing on climate-relevant content enabled
us to address the nuanced distinction between meaning-
ful transparency and symbolic disclosures, reinforcing
the study’s theoretical foundation. This directly supports
RQ3 by demonstrating the superior efficacy of the fine-
tuned model in analyzing diverse climate-related text
classification tasks. These results bridge the methodo-
logical advancements with the overarching theoretical
debate on disclosure quality and transparency.

Global analysis
Our research begins with an extensive global analysis,
focusing on understanding the breadth and depth of cli-
mate risk disclosures across company reports. This initial
stage measures the volume of climate-related discourse,
helping us gauge if there has been an increase in such dis-
cussions over time. This panoramic view is crucial as it
affords us the opportunity to identify broad trends and
patterns within the domain of climate risk disclosures
and directly addresses RQ1 by examining how these dis-
closures evolve under varying regulatory pressures.
Commencing our discussion with the assessment of the
evolution of the volume of climate-related text submit-
ted by various companies, it is clear that since 2016, there
has been a perceptible uptick in the volume of climate-
associated discourse (Fig. 7). This trend can be attributed
to several factors, with increased regulatory measures
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Fig. 7 Aggregated total climate disclosure volume, commitment, and specificity of the studied companies by year. Source: Authors’own creation

playing a crucial role. Regulatory bodies across jurisdic-
tions, such as the EU with its NFRD and the more recent
CSRD, have been instrumental in pushing firms to dis-
close more comprehensive climate-related information
[20]. This regulatory shift aligns with growing public con-
cern regarding climate issues and the escalating demands
from investors for more transparency in ESG matters,
emphasizing the interplay between voluntary and man-
datory reporting regimes.

Despite the marked increase in the overall volume of
climate-related texts, a closer examination reveals that
the portion demonstrating explicit commitment and
action-oriented disclosures, along with a high degree
of specificity, remains less substantial. This distinction
between the volume of discourse and its actionable sub-
stance is critical. Commitment in this context refers to
concrete, action-oriented pledges made by corporations
toward climate change mitigation and adaptation, align-
ing with signaling theory as firms attempt to convey
credible environmental performance. Such commitments
may encompass strategic initiatives like investments in
green technologies, policy implementations, or explicit
emissions reduction targets. Specificity, on the other
hand, refers to the detail and precision with which these
actions are described—whether companies provide
quantifiable targets, timelines, or descriptions of specific
programs.

Therefore, while commitment often signals a compa-
ny’s intent to address climate risks, specificity transforms
these broad statements into measurable, actionable
strategies. The distinction between commitment and

specificity is crucial for evaluating the credibility of cor-
porate climate disclosures. For instance, broad state-
ments of intent may align with external pressures, but
without specificity, they risk being perceived as sym-
bolic gestures or "greenwashing", a tactic highlighted in
legitimacy theory where firms seek to maintain societal
approval without substantive action.

As Fig. 8 (Appendix 4) shows, the aggregated total
climate disclosure volume has risen sharply, yet speci-
ficity—particularly in climate texts demonstrating com-
mitment—has not kept pace at the same rate. A trend
across the data is the divergence between increasing
commitment levels and fluctuating specificity. From 2018
onwards, the proportion of disclosures that exhibited
concrete commitment stabilized at around 20%, reflect-
ing the growing societal and regulatory demand for
companies to take a stand on climate change. This stabi-
lization in commitment could be attributed to enhanced
pressure from regulators like the European Securities and
Markets Authority (ESMA), as well as broader frame-
works such as the TCFD.

However, the evolution of specificity within these
climate texts followed a more complex trajectory. Ini-
tially, it mirrored the rise in commitment but diverged
post-2018. The specificity of climate-related disclosures
began to decline, dropping back to pre-2018 levels of
22% before recovering in 2021 to reach 24%. This pattern
suggests that while firms were increasingly pledging to
address climate risks, providing concrete, detailed infor-
mation on how they would achieve these goals proved
more challenging. Regulatory adjustments and corporate
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adaptation likely played a role here, as firms needed time
to internalize new standards and frameworks. As Miiller
et al. [20] have noted in their work, firms often face inter-
nal hurdles in translating high-level commitments into
specific, measurable actions, particularly when dealing
with emerging regulatory demands.

The pandemic-induced disruptions of 2020 also war-
rant consideration in this context. COVID-19 created
unprecedented operational and reporting challenges for
companies globally. Many firms had to prioritize imme-
diate risks and contingencies over long-term strategic
disclosures, which likely contributed to the temporary
dip in the specificity of climate-related texts during this
period. The recovery observed in 2021 could reflect a
normalization of business operations as firms regained
focus on long-term climate strategies. This finding
aligns with broader research on the pandemic’s impact
on corporate ESG behavior, which shows that while the
immediate focus shifted away from climate, the broader
societal momentum for corporate transparency and
responsibility quickly resumed as the pandemic’s initial
shock subsided [79]. These results also echo legitimacy
theory, as firms faced heightened external pressures
during the pandemic to maintain reputational standing,
even while their capacity for detailed action planning was
constrained.

Figure 9 (Appendix 4) further illustrates the upward
trend in the total volume of climate-related texts across
key dimensions—overall climate breakdown, commit-
ment, and specificity. Between 2015 and 2022, the total
volume of climate discourse increased significantly, with
a 2.5-fold amplification by 2022 compared to earlier peri-
ods. The period from 2020 to 2021, in particular, saw a
pronounced 50% surge in the total volume of climate-
related disclosures. This reflects the combined impact
of regulatory pressures and companies’ need to reas-
sure stakeholders of their proactive responses to climate
change amid global uncertainty. Regulatory frameworks
like the NFRD and the development of ESG reporting
standards likely provided the foundation for this accel-
erated growth in climate discourse, supporting the view
that external pressures influence disclosure quality, as
posited by legitimacy theory.

The increase in commitment across these disclosures
was equally striking, suggesting that companies are rec-
ognizing the importance of aligning their public state-
ments with societal and regulatory expectations. As
Miiller et al. [20] have demonstrated in their study, com-
panies with higher exposure to climate-related risks, par-
ticularly those in high-carbon industries, tend to show
greater engagement in climate reporting. The same trend
is evident in our data: firms are more likely to make broad
commitments as they face mounting regulatory scrutiny
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and societal pressure. From the signaling perspective,
this increase in commitment could reflect efforts by firms
with stronger climate strategies to differentiate them-
selves by signaling their alignment with sustainability
priorities.

However, as we explore the specificity of these commit-
ments, a more nuanced picture emerges. Specificity has
grown at a slower rate than commitment, indicating that
while companies are increasingly vocal about their cli-
mate goals, translating these commitments into precise,
actionable plans remains a challenge. This gap between
commitment and specificity may partly reflect the evolv-
ing nature of climate-related regulations and the growing
pains firms experience when adapting to new reporting
frameworks [20].

To further understand this gap, we investigated the
specificity of the texts showing commitment. The rel-
evance of this inquiry stems from the necessity to dif-
ferentiate between vague commitments and concrete,
actionable pledges made by corporations. It adds a layer
of validation to the commitments, gauging their feasibil-
ity and credibility. From the combined analysis of these
aspects, it is evident that only a fraction of the commit-
ment-indicating texts, ranging between 44 and 51%,
offer specificity regarding the actions undertaken by the
companies (Figure 10 in Appendix 4). This limited speci-
ficity could reflect symbolic gestures intended to meet
regulatory or societal expectations without substantial
action, a tactic often highlighted in legitimacy theory as
greenwashing.

As displayed in Figure 11 (Appendix 4), an upward
trend, with minor exceptions, in both commitment-indi-
cating texts and their specificity is observed from 2015 to
2022, confirming the shift documented by O’Dwyer and
Unerman [72]. Their research underscores the increas-
ing integration of climate risks into corporate strategies,
largely driven by frameworks such as the TCFD. Our
findings align with this, particularly in the post-2015
period, as companies increasingly adopted structured
approaches to climate-related disclosures. The adoption
of frameworks like the TCFD likely played a pivotal role
in narrowing the gap between commitment and specific-
ity over time.

Interestingly, the specificity within these commitment-
related texts grew at a marginally superior rate com-
pared to commitment levels up until 2020. However,
post-2020, specificity growth decelerated, while commit-
ment growth continued, a trend highlighted in Figure 10
(Appendix 4). This inversion likely reflects the unique
challenges introduced by the COVID-19 pandemic, as
noted by Abhayawansa and Adams [80]. The pandemic
created a complex environment for companies, where
they felt compelled to enhance their climate-related
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commitments—possibly to maintain reputational stand-
ing—while the rapidly changing business landscape
prevented equally detailed or actionable plans. This
divergence indicates that while firms made pledges to
address climate issues, the volatile circumstances limited
their ability to provide specific, concrete action plans.
Such findings align with broader studies, suggesting that
periods of external turbulence often exacerbate gaps in
disclosure quality [75, 80].

In Fig. 8, which presents the variance in specific-
ity across companies, the boxplots provide additional
insights into the dispersion of specificity values over
time. The consistent mean of approximately 40% speci-
ficity across the years suggests that, on average, compa-
nies provided relatively actionable climate commitments.
However, the variability in disclosure practices, as indi-
cated by the interquartile ranges, points to significant dif-
ferences between companies. As Kim et al. [105] noted,
sectors facing more direct exposure to climate risks, such
as energy and transportation, tend to produce more spe-
cific and detailed climate-related disclosures, which our
analysis corroborates. Companies operating under regu-
latory and environmental pressures are likely to offer
more granular climate-related information, whereas sec-
tors with less perceived climate risk exhibit broader vari-
ability in disclosure practices.

Before 2018, there was a wider dispersion in specific-
ity, reflected in larger interquartile ranges. This broader
spread indicates that some companies provided very

Page 22 of 33

detailed climate-related information, while others lagged
behind. Post-2018, the dispersion narrowed, likely due to
the adoption of climate risk disclosure standards such as
the TCFD, which drove more standardized and action-
able climate-related reporting across sectors. This shift
toward more uniform disclosure practices points to the
increasing role of regulatory frameworks in shaping cor-
porate transparency, as firms sought to meet growing
stakeholder expectations and align with the international
reporting standards.

Delving into the sentiment analysis of the climate-
related texts, we observed consistent growth in the vol-
ume of texts classified under ’Opportunity, 'Risk, and
‘Neutral’ categories, as shown in Fig. 9. Despite this
growth, the proportional representation of each senti-
ment within relatively overall disclosures remained stable
over the years. Notably, 70-80% of climate-related dis-
closures were associated with ‘Opportunity, emphasizing
companies’ tendency to frame climate-related initiatives
as strategic growth opportunities. This finding aligns
with Halkos and Nomikos [106], who highlight that firms
often use sustainability reporting to portray themselves
as proactive and innovative, thereby enhancing their rep-
utation among environmentally conscious stakeholders.

In contrast, 'Risk’-related texts accounted for around
15-20% of the total disclosures. As Rezaee et al. [19]
observed, firms may deliberately downplay climate risks
in public disclosures to avoid alarming investors or
damaging their market position. By focusing more on
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opportunities and less on risks, companies project an
optimistic outlook, likely seeking to attract sustainability-
minded investors without highlighting potential threats.
‘Neutral’ texts, representing only a small portion of dis-
closures, further reinforce the notion that companies
prioritize framing their climate actions positively rather
than presenting impartial narratives.

Figures 14 and 15 (in Appendix 4) provide an in-depth
analysis of commitment and specificity within opportu-
nity-detected climate texts. Figure 14 illustrates that the
percentage of opportunity-related texts indicating com-
mitment ranged between 20 and 28% of the total climate
disclosures, showing a slight upward trend from 2015 to
2019 before stabilizing at approximately 26%. In contrast,
Figure 15 demonstrates that the proportion of commit-
ted texts exhibiting specificity varied considerably, fluc-
tuating between 42 and 60% over the analyzed period.
This variability highlights inconsistencies in the level of
actionable detail provided within committed disclosures.

When compared to the global analysis of all climate-
related texts (wWhere commitment ranged from 16 to 20%
and specificity from 44 to 51%), opportunity-related texts
displayed higher levels of commitment but greater vari-
ability in specificity. While the increased commitment
may reflect stronger alignment with external pressures
such as regulatory demands and stakeholder expecta-
tions, the inconsistent specificity underscores chal-
lenges in translating these commitments into detailed,
actionable plans. The divergence between commitment
and specificity, particularly after 2018, as shown in

Figures 14 and 15, suggests that companies often strug-
gle to articulate detailed strategies for implementing their
climate pledges. This pattern indicates that while firms
are increasingly inclined to signal their intent to address
climate risks, variability in specificity may reflect differ-
ences in their capacity to operationalize these commit-
ments. Consequently, improving the consistency and
precision of disclosed action plans remains a critical area
for enhancing the credibility and effectiveness of corpo-
rate climate reporting.

Further analysis, as depicted in Figure 16 (in Appen-
dix 4), reveals that risk-related texts—despite being fewer
in number—contained a higher proportion of commit-
ment-related content and displayed more specificity than
opportunity-related texts by around 6%. These findings
indicate that while companies often frame climate ini-
tiatives as opportunities, they tend to provide more con-
crete and detailed disclosures when addressing climate
risks, likely due to the heightened scrutiny and account-
ability associated with risk reporting. This trend echoes
the observations of O’'Dwyer and Unerman [72], who
emphasize that companies under greater regulatory or
societal pressure are more likely to produce specific and
actionable risk-related disclosures.

The findings also align with Helfaya and Moussa [74],
who emphasize the role of board-level CSR strategy
in shaping the quality of environmental sustainabil-
ity disclosures. Firms with strong CSR committees and
sustainability-oriented leadership are more likely to pro-
vide detailed, high-quality disclosures, particularly in
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environmentally sensitive sectors. This may explain why
risk-related disclosures are often more specific; com-
panies operating in high-risk sectors are under greater
pressure to demonstrate accountability and legitimacy
through precise climate risk management plans.

However, the year 2020 presented an anomaly in these
patterns. During this period, commitment and speci-
ficity within risk-related texts dropped by 7%, whereas
opportunity-related texts maintained similar levels. This
deviation can be attributed to the COVID-19 pandemic,
which created unprecedented challenges for businesses
worldwide. The pandemic forced companies to prior-
itize immediate operational risks and short-term con-
tingencies over long-term strategic planning, leading to
a temporary decline in the quality of risk-related climate
disclosures. Abhayawansa and Adams [80] support this
explanation, noting that the pandemic shifted corporate
ESG reporting priorities toward survival-oriented meas-
ures at the expense of detailed sustainability disclosures.

The disruption in stakeholder engagement processes
during the pandemic likely contributed to this decline.
As Herremans et al. [76] observe, companies may have
temporarily shifted from transformational engagement,
which emphasizes long-term strategies and relation-
ship-building, to transactional engagement, focusing on
immediate needs and short-term market pressures. This
shift helps explain the reduced specificity in risk-related
disclosures during 2020. Additionally, Michelon [75]
highlights the role of media scrutiny and reputational
concerns in shaping disclosure practices, suggesting that
companies under significant public attention during the
pandemic may have minimized their risk-related disclo-
sures to avoid potential backlash or negative stakeholder
perceptions.

In contrast, opportunity-related disclosures remained
stable, likely because companies continued to see strate-
gic advantages in sustainability initiatives even during the
crisis. As businesses navigated the uncertainty of 2020,
many recognized the potential for sustainability-driven
innovation and reputation-building, seeing climate
action as a way to differentiate themselves in a challeng-
ing market environment. This observation aligns with
Rezaee et al. [19], who argue that companies often lev-
erage sustainability reporting to enhance their corporate
image, particularly in times of crisis. By maintaining con-
sistency in their opportunity-related disclosures, firms
could continue to project a proactive stance on climate
issues, appealing to stakeholders such as investors and
consumers who increasingly value sustainability.

In 2021, the data suggest a return to the previous
trend, with commitment and specificity in risk-related
disclosures regaining similar levels as before, while the
percentages in opportunity-related texts decreased by
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4%. This reversion suggests that the deviation in 2020
was an outlier, likely driven by external factors such as
the pandemic, rather than a long-term shift in disclo-
sure practices. The recovery of risk-related specificity
aligns with Herremans et al’s view [76] that companies
can recalibrate their stakeholder engagement processes
once operational stability returns, moving back toward
more transformational engagement that includes long-
term commitments. Additionally, Michelon’s work sup-
ports this reversion, as media exposure and stakeholder
demands likely pushed companies to return to more
detailed climate risk disclosures as the immediate pres-
sures of the pandemic eased.

Having scrutinized the commitment and specificity
within sentiment-classified texts, the final stage of this
global analysis seeks to align the examined climate-
related texts with the TCFD categories. The aim is to
identify noteworthy patterns and potential insights
within this classification. Additionally, an analysis will
be conducted to ascertain which themes the 'Opportu-
nity’-detected texts principally correspond to.

Mirroring our previous observations with sentiment
analysis, there was an evident growth in the volume
of texts associated with each TCFD category over the
years. This increase is consistent with the surge in over-
all climate-related disclosures that we have previously
noted.

Nonetheless, while the volume of text in each category
expanded, their proportional representation within cli-
mate-related disclosures exhibited relative stability. As
shown in Fig. 10, most of climate-related disclosures,
59-65%, fell under the 'Risk Management’ category. The
prevalence of 'Risk Management’ might reflect corpo-
rations’ increasing focus on identifying, assessing, and
managing climate-related risks, likely in response to
rising stakeholder expectations and stricter regulatory
demands. This finding aligns with the observations of
O’Dwyer and Unerman [72], who emphasize the criti-
cal role of integrating climate risks into corporate risk
management and highlight the transformative potential
of TCED reporting in shifting sustainability accounting
toward a focus on risks and dependencies.

On the contrary, the 'Metrics and Targets’ category
accounted for about 20-25% of the total climate-related
disclosures. The remaining texts were relatively evenly
distributed between the ’Strategy’ and ‘Governance’ cat-
egories, with a minor inclination toward the latter. Over
the years, however, there appears to be a mild growth in
the "Strategy’ category and a slight decline in ’Govern-
ance’ This shift may be indicative of companies gradually
prioritizing strategic responses to climate change over
governance-related disclosures. Andersson and Arvids-
son [21] observe a similar trend among Swedish firms,
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noting an increased focus on strategic planning and
implementation of climate-related initiatives.

Upon delving into the ’Opportunity’-detected texts,
we found that the TCFD category distribution mirrored
the global distribution. This congruence is understand-
able given the preponderance of ’Opportunity’ texts
within climate disclosures. However, the category distri-
bution within the 'Risk’-related texts diverged from this
pattern. Here, a remarkable 80% fell under 'Risk Man-
agement, with the rest largely attributed to "Metrics and
Targets. For 'Neutral texts, the category distribution was
quite similar to that of the 'Risk’ texts, albeit with a slight
uptick in the "Strategy’ category over the years.

Sector-based analysis

The global analysis provided a valuable foundation for
understanding overarching trends in corporate climate
disclosures, including the evolution of disclosure volume,
commitment, specificity, sentiment, and TCFD categori-
zation patterns. It also highlighted temporal variations,
such as the influence of regulatory changes and the dis-
ruptions caused by the COVID-19 pandemic. However,
while the global analysis reveals broad patterns, it inher-
ently averages out sector-specific nuances and fails to
account for the distinct climate risks, opportunities, and
disclosure behaviors unique to each industry.

To complement this macro-level perspective and delve
deeper into sectoral dynamics, we conducted a sector-
based analysis. By examining individual sectors, we aim
to uncover richer insights into how distinct industries

respond to climate-related challenges and opportunities.
A detailed explanation of the methodology applied in this
analysis can be found in Appendix 2, including adjust-
ments for sample bias by normalizing disclosure volumes
across sectors.

Comparative analysis with fine-tuned model
In this final section, we pivot to a comparative analy-
sis using a refined version of the ClimateBERT model,
fine-tuned with the ClimaText dataset [14]. This data-
set, a rich amalgamation of text from diverse sources like
Wikipedia, SEC’s 10-K filings, and web-based climate
change claims, provides a unique lens through which to
scrutinize climate risk disclosures. This section aims to
juxtapose the findings from the original and fine-tuned
models, shedding light on the nuances and variations in
climate risk disclosure and sentiment analysis outcomes.
The fine-tuning of ClimateBERT employed the "AL-
Wiki" dataset for training and the "10 Ks (2018, test)"
dataset for testing. With a substantial focus on climate
change relevance, the fine-tuning process was designed
to enhance the model’s proficiency in discerning climate-
related text. Importantly, the datasets used for fine-
tuning encompass a broad spectrum of climate-related
topics, with stringent criteria for determining relevance.
This methodology underpins the comparative analysis,
providing a foundation for understanding discrepancies
between the original and fine-tuned model outcomes.
Commencing our comparison with the assessment of
the evolution of the volume of climate text submitted
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by the various companies, the fine-tuned model reveals
a notably lower overall volume of climate-related disclo-
sures (Figure 18 in Appendix 4). However, an intriguing
observation is the steeper growth trajectory of climate
disclosure volume from 2015 to 2022 when analyzed
through the fine-tuned model (Figure 19 in Appendix 4).
This disparity in volume and growth patterns between
the models highlights the fine-tuned model’s enhanced
sensitivity to climate-specific content, possibly capturing
more nuanced or indirect references to climate change.
The next aspect of our analysis is the comparison of
commitment and specificity in climate-related texts
identified by both models. The fine-tuned model dem-
onstrates a higher proportion of both commitment and
specificity, with a notably steeper growth in these met-
rics (Figure 20 in Appendix 4, and Fig. 11). This suggests
that the fine-tuned model is more adept at identifying
texts that exhibit a clear commitment to climate change
mitigation and adaptation, as well as those that provide
detailed, specific information about such initiatives.
Contrasting the sentiment analysis results, the fine-
tuned model predominantly identifies texts with a neutral
sentiment (approximately 80%), a stark deviation from
the original model’s findings (Figure 22 in Appendix 4).
This suggests that the fine-tuned model may have a pro-
pensity for detecting texts that are factual or descriptive
in nature, as opposed to those expressing explicit oppor-
tunities or risks. This observation underlines the fine-
tuned model’s inclination toward neutrality, potentially
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stemming from its training on a dataset with a substan-
tial focus on objective, factual information about climate
change.

When it comes to the TCFD category analysis, both
models exhibit similar proportional distributions, with
‘Risk Management’ dominating (60-65%), followed by
"Metrics and Targets’ (around 25%), and ’Strategy’ and
"Governance’ sharing the remainder (Figure 23 in Appen-
dix 4). This consistency across models underscores the
prevalent focus on risk management in corporate climate
disclosures, irrespective of the model used for analysis.

The comparative analysis between the standard Cli-
mateBERT model and the fine-tuned version reveals
significant insights into the effectiveness of specialized
training for analyzing climate risk disclosures. The fine-
tuned model, trained on the ClimaText dataset—a large
corpus of climate-specific texts—demonstrates a superior
ability to detect and classify climate-related content. This
specialized training enables the model to apply stricter
criteria when identifying climate-relevant text, leading to
more accurate and focused classifications.

One of the most notable outcomes of this enhanced
precision is the substantial increase in the detection of
commitment and specificity within corporate disclo-
sures. The standard model, lacking specialized climate
training, tends to adopt a broader approach, capturing a
wide range of text that may only be loosely related to cli-
mate issues. In contrast, the fine-tuned model effectively
filters out irrelevant content, zeroing in on disclosures
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Table 4 Comparison between ClimateBERT standard and fine-
tuned model

Metric ClimateBERT Fine-
(standard) tuned
model
Average disclosure volume 35,027 2,997
Disclosure volume growth 261 7.82
Average proportional commitment 2.1 4.26
Proportional commitment growth 2.23 7.00
Average proportional specificity 1.82 4.81
Proportional specificity growth 1.71 8.93

Source: Authors’ own creation

that specifically pertain to climate commitments and
detailed action plans. This targeted focus is evident in the
significantly higher average proportional commitment
and specificity scores achieved by the fine-tuned model
compared to the standard model (Table 4).

For example, in a paragraph from Naturgy’s 2017 Cor-
porate Responsibility Report,® the following text was
analyzed:

"During 2017 we have performed several initiatives
in all businesses and countries, targeted at improv-
ing water management. This is the case, for example,
of a study carried out for the recirculation/reuse of
purge water from boilers to the desalination water
tank at the Aceca combined-cycle power station, or
optimisation of the regeneration cycles of the mixed
beds at the water treatment plant of the combined-
cycle power station of Barcelona Port to reduce
water consumption for washing at the plant. [...]"

The standard ClimateBERT model classified this para-
graph as climate-related with a probability of 0.81, largely
due to the presence of terms such as "water manage-
ment," "reuse,” and "optimisation." However, the para-
graph offers limited details about specific climate action
or explicit commitments to climate-related goals, result-
ing in a lower specificity and commitment score.

The fine-tuned model, with its stricter focus, assigned
a probability of 0.52, below the 0.7 threshold for climate-
related classification. This reflects its emphasis on speci-
ficity (detailed actions tied to climate change, such as
emissions reductions) and commitment (clear pledges or
goals addressing climate change). The absence of explicit
references to decarbonization or greenhouse gas reduc-
tions led to lower scores for both metrics.

8 Gas Natural Fenosa. (2017). 2017 Corporate Responsibility Report (p.
195).
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This example underscores the fine-tuned model’s abil-
ity to prioritize texts with greater specificity and com-
mitment, contributing to its higher proportional scores
in these metrics. By filtering out content that, although
environmentally relevant, lacks clear ties to climate
change, the fine-tuned model provides a more focused
and actionable analysis of corporate climate disclosures.

+ Average disclosure volume: This metric represents
the average number of paragraphs identified as
climate-related by each model across all analyzed
reports. The standard model identified a significantly
higher volume (35,027 paragraphs) compared to the
fine-tuned model (2,997 paragraphs). This discrep-
ancy indicates that the standard model captures a
broader range of content, including text that may
not be directly pertinent to climate issues. In con-
trast, the fine-tuned model’s lower volume reflects its
ability to precisely isolate genuinely climate-relevant
content, avoiding extraneous information.

+ Disclosure volume growth: Measuring the growth
rate in the number of climate-related disclosures
from 2015 to 2022, the fine-tuned model exhibits a
higher growth rate (7.82) compared to the standard
model (2.61). This suggests that the fine-tuned model
is more sensitive to the increasing emphasis on cli-
mate disclosures in recent years, effectively captur-
ing the trend of companies expanding their climate-
related reporting.

+ Average proportional commitment: This metric
quantifies the average proportion of climate-related
paragraphs that express a commitment to climate
action. The fine-tuned model achieves a higher score
(4.26) versus the standard model (2.10), indicating its
enhanced ability to detect disclosures where compa-
nies articulate specific commitments to addressing
climate change.

+ Proportional commitment growth: Reflecting the
increase in the proportion of committed climate-
related disclosures over time, the fine-tuned model
shows a significant rise from 2.23 to 7.00. This dem-
onstrates that as companies have strengthened their
climate strategies and commitments over the years,
the fine-tuned model more effectively identifies and
tracks these developments.

+ Average proportional specificity: This metric meas-
ures the average proportion of climate-related para-
graphs that provide specific details or actions. With
the fine-tuned model scoring higher (4.81) compared
to the standard model (1.82), it underscores the
model’s superior capability in discerning detailed and
specific climate disclosures, as opposed to general or
vague statements.
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« Proportional specificity growth: Indicating the
growth in the specificity of climate disclosures over
the studied period, the fine-tuned model exhibits a
substantial increase from 1.71 to 8.93. This suggests
that companies are providing more detailed and spe-
cific information in their climate disclosures over
time, and the fine-tuned model is adept at capturing
this enhanced specificity.

The lower overall disclosure volume identified by the
fine-tuned model, despite the higher precision in detect-
ing commitment and specificity, highlights its effective-
ness in filtering out irrelevant content. By focusing on
disclosures with direct relevance to climate risk, the fine-
tuned model provides a more concentrated analysis of
corporate actions related to climate change. This is par-
ticularly valuable for stakeholders who require accurate
and pertinent information to assess a company’s climate
strategy and performance.

Moreover, the steeper growth trends observed in the
fine-tuned model’s metrics over the 2015-2022 period
indicate its heightened sensitivity to changes in corpo-
rate disclosure practices. As companies have increas-
ingly incorporated detailed climate strategies and specific
actions into their reports—Ilikely in response to regula-
tory pressures and stakeholder expectations—the fine-
tuned model effectively captures this progression. This
reinforces the importance of utilizing specialized NLP
models when analyzing complex and evolving domains
like climate risk disclosures.

The significant increases in both commitment and
specificity detected by the fine-tuned model suggest that
companies are not only disclosing more about climate-
related issues but are also providing more substantive
and detailed information. This aligns with the global
trend toward greater transparency and accountability
in sustainability reporting, driven by both regulatory
changes and heightened stakeholder awareness.

Discussion of the objectives

Objective 1 achieved: The first objective aimed to com-
pare the disclosure quality and comprehensiveness of
Spanish firms’ non-financial reports under voluntary
and mandatory reporting regimes (2015-2022 period)
as stated in RQ1. This goal was pursued through quan-
titative analysis of pre- and post-regulatory climate dis-
closures. Concretely, the sentiment scores, specificity
indices, and commitment levels within the disclosure
text were quantitatively assessed pre- and post-regula-
tion. Our results indicate interesting patterns and strong
trends of enhancement in these parameters spanning the
period 2015-2022 (not causally related to the NFRD, but
potentially confounding its effects). This aligns with prior
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literature that points to pronounced anticipation effects
related to the NFRD, introducing uncertainty about the
timing of the treatment effect after the enforcement of
the mandatory disclosure requirements [52]. Thus, we
document a rise in specificity and commitment, particu-
larly in risk-related texts, having an explorative appeal
and providing descriptive evidence that underscores the
regulations’ influence, among many other factors also
identified by prior literature, in fostering a higher qual-
ity and more comprehensive approach to climate risk
reporting. We acknowledge that the introduction and
implementation of the NFRD is one of many factors that
may underlie the time trends documented in our study;
not only the enforcement of mandatory versus voluntary,
but also other stakeholders’ requirements and expecta-
tions from companies (clients, investors, financial institu-
tions, etc.), aside from the regulatory stakeholders, may
influence reporting quality, as previous research shows.

Objective 2 achieved: The second objective aimed to
analyze the content of climate-related disclosures in
NFIRs to comprehend the topics addressed and the com-
munication methods employed by corporations. The text
mining and analysis unveiled a variety of climate-related
topics, including a focus on risk management in accord-
ance with the TCFD categories. Variations among differ-
ent sectors, such as a high level of commitment toward
climate-related issues in the Retail sector and distinct
patterns in climate disclosures for Energy and Construc-
tion sectors, were also identified. These findings add
further insights to answering RQ2: Companies actually
depict their climate-related strategies, commitments, and
actions in their NFIRs as shown by the transformer pro-
cessing of the texts.

Objective 3 achieved: The third objective aimed to pro-
vide empirical evidence that supports the claim that our
fine-tuned ClimateBERT model generally outperforms
the ClimateBERT model in diverse climate text classi-
fication tasks, as stated in RQ3. A key advancement in
our research is the integration of a comparative analysis
using a fine-tuned version of the ClimateBERT model,
utilizing the ClimaText dataset. This strategic enhance-
ment revealed subtle yet insightful differences in how cli-
mate disclosures are interpreted. Notably, the fine-tuned
model exhibited an increased sensitivity to elements of
commitment, specificity, and neutrality in climate texts.
This nuanced approach not only reinforced our initial
findings but also illuminated the potential for refining
NLP techniques to achieve a more precise and exhaus-
tive analysis of environmental disclosures. Our findings,
in general, and this fact, particularly, have important
implications for practitioners. In effect, using a fine-
tuned version of Transformers (as our proposed fine-
tuned methodology) is cheap in computational terms,
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thus allowing any organization to perform it. It is afford-
able to all companies, investors, regulators, policymak-
ers, and other stakeholders. The insights gained from this
research are valuable for these stakeholders, improving
their informed decision-making processes in the context
of climate change and sustainability. The approach used
in this study can enable stakeholders to conduct pre-
liminary descriptive or exploratory evaluations of firms’
actual quality disclosure that supports a subsequent deci-
sion of these stakeholders. For example, certain stake-
holders (investors, companies, etc.) can build a statistic
based on the information obtained through our proposed
methodology. This quantitative measure or indicator
needs to be additionally reviewed by a regulation expert,
serving as an indicator but not as a definitive definition of
quality or transparency. However, it is a hint that can save
a lot of time for the practitioner.

Conclusion
This research, characterized by its technical and deduc-
tive approach, embarked on an in-depth exploration of
climate risk disclosures by Spanish companies. Lever-
aging state-of-the-art NLP techniques, particularly the
ClimateBERT model and our proposed fine-tuned Cli-
mateBERT model, the study scrutinized non-financial
information corporate reports to assess the role of man-
datory disclosure regulations such as NFRD and Span-
ish Law 11/2018 on the quality and comprehensiveness
of environmental disclosures. In the academic field, our
study contributes to the research community in three
distinct associated research areas related to environ-
mental disclosure: We make a methodological contribu-
tion to the environmental disclosure literature regarding
the enormous advances in NLP and LLMs. Our paper
highlights the potential of cutting-edge NLP techniques,
like fine-tuned transformers, in the assessment of the
evolution and quality measurement of environmental
disclosures, either mandatory or voluntary, thus, also
contributing to the literature on the quality measurement
of climate-related reporting. Our proposed methodol-
ogy will also allow future analysis and comparison of the
European Corporate Sustainability Due Diligence Direc-
tive (CSDDD), with the first submissions in 2029, once
the new companies’ sustainability reports still required
by CSDDD become available. We finally contribute to the
debate and to the strand of the literature on the recent
trend toward mandatory rather than voluntary reporting
worldwide. Thus, we extend our paper’s target audience
to all these strands of the literature related to environ-
mental disclosure.

We acknowledge the limitations inherent in the chosen
research methodology, which in turn underscore future
directions for further research. One primary limitation
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is tied to the use of NLP techniques, particularly the
ClimateBERT model. Despite being a cutting-edge tool,
the subtleties and nuances that characterize human lan-
guage may pose challenges that are beyond its analytical
capability. Consequently, the model might not capture
the entire spectrum of language variability present in
corporate reports. However, utilizing the fine-tuned Cli-
mateBERT model with the ClimaText dataset has already
shown promise, suggesting potential for further advance-
ments in NLP applications within the ESG domain.
Future research could focus on enhancing these models
to capture a more diverse array of environmental-related
discourse, thereby enriching the analytical landscape
of ESG disclosure to identify and mitigate environmen-
tal challenges. We also propose to use our cutting-edge
NLP approach to compare the first integrated reports on
2025 from the imminent application of the new European
CSRD Directive with the NFIRs from the current NFRD
Directive, to obtain a first assessment of the effectiveness
of the CSRD in identifying and mitigating environmental
challenges.

Another caveat is that the geographical and sectoral
focus of this study, centered on Spanish financial and
non-financial companies, yields results that may not be
extrapolated to companies operating in different regula-
tory environments or corporate cultures. Consequently,
the scope for sector-specific analyses and international
comparison of disclosure practices emerges as a signifi-
cant area for future research (for example, Miiller et al.
[20], to explore if their results (based on EU companies)
generalize to U.S. firms, benchmark EU firms’ climate dis-
closure inside and outside financial statements to those
of S&P 500 firms). Detailed scrutiny of individual sectors
could illuminate industry-specific climate risks, oppor-
tunities, and reporting tendencies. It could also identify
unique challenges and innovative practices within sec-
tors, paving the way for more targeted policymaking and
regulation. Additionally, extending the scope of research
to encompass companies operating in different countries
or regions could enrich our understanding of climate risk
management from a more global perspective. Compara-
tive analyses could unveil how regulatory environments,
cultural differences, and other factors shape climate risk
disclosure practices. Such research could identify and
share best practices across borders, thereby contributing
to more effective global climate risk management.

Finally, for consistency and depth of analysis, we
focused on comprehensive reports such as annual
reports, corporate sustainability reports, and ESG
reports, and excluded “non-traditional” publications
like ESG factsheets or brief summaries. This allowed us
to ensure that the reports used in the study provided
detailed and standardized information suitable for the
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NLP-based analysis. However, we acknowledge that ESG
factsheets are an essential part of ESG communication
and reporting for companies. They provide investors and
other stakeholders with a quick overview of the com-
pany’s ESG performance and can help to transparently
showcase the sustainability strategy and performance.
Thus, future studies can assess if the results hold for
these other forms of disclosure documents and also find
the most appropriate methodology to treat them.
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