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ABSTRACT

This research examines how climate claims by companies from the United Kingdom have changed over the years, especially
when they became certain about the mandate of the Taskforce on Climate-related Financial Disclosure (TCFD). We use text data
from FTSE 100 companies for eight consecutive years, starting from 2016, and apply the robust ClimateBERT algorithm to ana-
lyse company statements related to climate claims, where they claim how they take care of climate in their business operations.
Our findings show that the total number of corporate climate claims made has substantially increased since 2016, resulting in
an overall improvement in corporate environmental claims till 2023. This coincides with the official announcement of the TCFD
mandate.Our analyses also indicate that the proportion of claims in each report has increased over the years despite economic
uncertainties. Additionally, the study findings reveal that even industries with minimal or negligible climate claims can still be
associated with carbon-intensive activities. The complementary features of the legitimacy and stakeholder theories support our
findings. By applying ClimateBERT, our research mitigates existing data challenges, yielding an efficient framework for ana-
lysing text through a robust natural language processing model. Our findings will assist policymakers in identifying necessary
modifications to corporate climate disclosure and will help assess the impact of the Taskforce intervention on climate-related
financial disclosure.

1 | Introduction

The United Kingdom (UK) is the first G20 nation to legally
mandate comprehensive climate-related disclosures for its
largest businesses and financial institutions, in alignment
with climate-related financial disclosures. A press release! by
the UK government on 29 October 2021 marks a pivotal mo-
ment in corporate climate accountability. From 6 April 2022,
publicly quoted companies, large private companies, and
Limited Liability Partnerships in the UK? are legally obliged
to report climate impact based on the Taskforce on Climate-
related Financial Disclosures (TCFD? recommendation.

TCFD's advice encourages companies to adopt an appropri-
ate internal governance and risk management framework
to deal with the non-diversifiable climate risk and to start
generating socio-economic benefits alongside their financial
gain. However, on 4t March 2022,* when the Industry and
Regulatory Committee of the UK parliament warned that
“UK will miss net zero targets without urgent action”, several
stakeholders® raised questions about the effectiveness of the
TCFD. The corporate world realised the need for additional
assistance in modifying its climate strategy and disclosures
(Afrifa et al. 2020; Ngo et al. 2023). So, to assist in broad-
ening the definition of ‘disclosure’ and provide necessary
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climate-related information to stakeholders, COP 27° organ-
ised training on TCFD for companies.

Implementing TCFD recommendations enables investors to
incorporate climate considerations into investment decisions,
aligning with global efforts to limit temperature rise to 1.5°C,
as agreed upon in the United Nations 2015 climate accord (Kim,
Lee, and Vourvachis 2023; UN Climate Change 2015). However,
a significant challenge is the credible assessment of greenhouse
gas (GHG) emissions reported by companies. While ethical stan-
dards, as outlined in various codes of ethics, mandate accurate
reporting of GHG emissions, there is a lack of consensus in cur-
rent literature regarding appropriate methods for companies to
report on their climate impact, raising questions about the ad-
herence to these standards (Liesen et al. 2015).

Furthermore, although government interventions have effec-
tively promoted corporate social responsibility (CSR) and en-
vironmentally responsible corporate behaviour (Giamporcaro,
Gond, and O'Sullivan 2020; Kourula et al. 2019), the impact of
the TCFD recommendations on the quality of climate disclosure
remains unclear. This leads to a critical inquiry, especially in
the context of the UK, where doubts persist about the feasibility
of companies achieving net-zero emissions by 2050. Therefore,
the validity of companies’ climate claims is regarded as central
to this debate. This study, consequently, seeks to fill this gap and
examines climate claims at a granular level. In order to address
the above-mentioned research gap, we ask the following re-
search question: How does the implementation of TCFD guiding
principles impact the yearly occurrence of climate-related claims
in companies’ annual reports’?

To answer the research question, we apply legitimacy and stake-
holder theories to develop the theoretical framework of this
study. Usually, higher demand from stakeholders about environ-
mental and climate-related responsibility creates immense pres-
sure on companies to maintain their legitimacy (Suchman 1995;
Garrido-Merchan, Gonzalez-Barthe, and Vaca 2023). However,
the main challenge in calculating the impact of company ac-
tivities on climate change is the lack of robust data or, in other
words, the existence of a severe data gap (Busch et al. 2023; Gills
and Morgan 2020). To bridge the data gap, Natural Language
Processing (NLP) is used for text classification to assess a com-
pany's vulnerability to climate-related risks (Coen, Herman,
and Pegram 2022). Access to big data related to possible fac-
tors affecting climate disclosure opens up the opportunity to
apply Artificial Intelligence (AI) or Machine Learning (ML)
algorithms for precise estimation of the quality of disclosure
by companies (Ilhan, Sautner, and Vilkov 2021; Nguyen, Diaz-
Rainey, and Kuruppuarachchi 2021). Advances in ML have in-
troduced a new wave of automation to analyse a vast amount of
unstructured text and speech data (Webersinke et al. 2021; Liu
et al. 2023). Such advancements in data collection and process-
ing have made it significantly more straightforward to do an ad-
equate analysis than previous manual methods (Mora, Wu, and
Panori 2020), and the company reporting results are much faster
and more precise (Demaria and Rigot 2021).

By leveraging the power of AT and ML, companies can improve
the accuracy and efficacy of their climate-related financial dis-
closures, which is highly valuable for their stakeholders(Zennaro

et al. 2021) . However, following the news of the TCFD mandate
from April 2022 for large UK companies, how these compa-
nies changed their approach to climate disclosure is yet to be
estimated in detail. We, therefore, focus on the UK FTSE 100
companies over the period between 2016 and 2023 and apply
the ClimateBERT algorithm (Varini et al. 2020), recognised as
a superior state-of-the-art method appropriate for NLP (Devlin
et al. 2018; Kolbel et al. 2020). Even though when companies
employ ‘cheap talk’ and ‘cherry-picking’ techniques to give
a false impression of their climate-related activities, ML and
NLP techniques such as ClimateBERT can detect and quantify
these strategies applied in corporate climate risk disclosures
(Bingler et al. 2022). Similar to existing literature, we find that
UK companies’ overall climate-related claims and environmen-
tal initiatives have increased over the years (Orazalin, Ntim,
and Malagila 2024). The same trend is observed even after the
government declaration about the intention to make the TCFD
mandatory starting in 2022. In addition, the COVID-19 cri-
sis also raised questions about any possibility of a shift in the
companies’ attention from climate change (Mohommad and
Pugacheva 2022). However, our analysis of company reports,
which includes the peak period of the COVID-19 crisis, suggests
that despite the crisis, companies continued to engage with cli-
mate strategies, as evidenced by the increase in climate-related
claims during the pandemic period.

The findings of the study highlight the importance of examin-
ing the impact of TCFD related to the quality of climate-related
disclosures by companies. Nevertheless, the literature indicates
that reporting has improved due to the implementation of TCFD
in the UK, although the quality of disclosures varies significantly
among firms (Gebhardt et al. 2024). Thus, a detailed analysis
is crucial, as it emphasises varying levels of adherence to these
principles and their distinct impact on environmental reporting.
Furthermore, the absence of detailed information hampers full
comprehension of the nuances and effectiveness of the given
disclosures. We, therefore, argue that more precise findings can
guide companies in reporting complex issues on climate-related
claims without jeopardising their reputation.

Our study contributes to the existing knowledge on climate-
related claims by companies in three ways. Firstly, to our best
knowledge, this is the first study on the use of NLP systems that
facilitates the comparison of claims against actual measures, in-
cluding using data from reputable Environmental, Social, and
Governance (ESG) data vendors. So, this strategic approach
reduces the risk of incomplete evaluations and protects against
greenwashing practices. Secondly, it ensures the integrity of re-
porting on climate-related challenges, aligning seamlessly with
the foundational principles of legitimacy and stakeholder theory.
Furthermore, the disclosure of reliable figures on climate creates
trust among company stakeholders, especially investors as indi-
cated by existing literature (Benlemlih, Arif, and Nadeem 2023).
Thirdly, the TCFD principle-based company's climate disclo-
sure can encourage regulators and policymakers to assess the
success of the policy intervention and the need for modification
in the TCFD principles, which can help in achieving the target
of below two degrees centigrade temperature by 2030.

The rest of the paper is structured as follows. The following sec-
tion provides information on relevant literature and theoretical
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frameworks of corporate climate reporting. Section 2 provides
specifics of the study models. Section 3 provides a brief descrip-
tion of the data. Section 4 discusses the study results. Finally,
Section 5 concludes the paper with a brief discussion of the main
findings and contributions.

2 | Literature Review

Due to mounting pressure on businesses to disclose their com-
mitment towards climate, corporate sustainability reporting,
in general, and climate disclosure in particular, has gained
significant momentum in recent years (Benlemlih, Arif, and
Nadeem 2023). Long et al. (2022) report that the most signifi-
cant contributions to the field of climate disclosure have come
more recently with the Paris Climate Agreement, which has
been regarded as a significant motivator for research in this
area. As a result, organisations are beginning to comprehend
the importance of embracing awareness of climate risks in their
operations.

Corporate sustainability and climate initiatives are also
viewed positively by the market (Gaganis et al. 2021). For
example, Brulle, Aronczyk, and Carmichael (2020) examine
the relationship between corporate promotion and climate
change, concentrating on the advertising expenditures of en-
ergy companies from 1986 to 2015. They find that major oil
corporations increased their advertising spending during
times of increased scrutiny and controversy related to cli-
mate change. In addition, Johnson and Greenwell (2022) note
that some businesses may be able to use climate-related dis-
closures as a communication tool. By analysing longitudinal
climate leadership, climate messaging, and stock price data
for hundreds of UK companies, the authors determined that
between 2010 and 2019, corporations, on average, increased
their climate leadership and sustainability messaging. In ad-
dition, Orazalin, Ntim, and Malagila (2024) document that en-
terprises that emit more greenhouse gases tend to have lower
market values, whereas businesses that implement process-
based climate change initiatives tend to have higher market
values. Additionally, there is evidence that suggests that vol-
untary carbon disclosure correlates positively with the finan-
cial performance of an organisation (Alsaifi, Elnahass, and
Salama 2020a; Luo and Tang 2014). The multi-integration of
socio-political theories is very popular in explaining corporate
responsibilities (Mellahi et al. 2016). Similarly, voluntary car-
bon disclosure by companies is also explained by combining
different theories (Hsueh 2019).

2.1 | Theoretical Framework

Itis central to involve stakeholders to achieve sustainability goals
(Rathobei, Randngen, and Lindman 2024). The stakeholder the-
ory can explain how companies capture the demands of their
stakeholders related to the environment in their organisational
strategies (Hendry 2005). Evidently, the resulting corporate cli-
mate change mitigation strategies are shaping the landscape of
climate disclosure and action due to consistent stakeholders'
pressure. Likewise, the key stakeholders, including banks, in-
vestors, customers, and regulatory bodies, increasingly demand

transparency and commitment from corporations towards
climate change mitigation. Socially responsible activities of a
company are linked to positive customer perceptions about its
professionalism, achievements, commitment to sustainable de-
velopment, exemplary governance, and consideration for the in-
terests of its stakeholders (Cadez, Czerny, and Letmathe 2019).
Thus, we apply the stakeholder theory to show how companies
translate their non-financial commitment towards climate into
their financial benefits.

There is evidence in recent literature that regards companies’
climate actions as primarily symbolic (Doda et al. 2016; Haque
and Ntim 2020). The regulatory intervention on climate change
is, however, regarded as promising (Coen, Herman, and
Pegram 2022). Moreover, after the voluntary adoption of the
TCFD in Australia, Wedari, Jubb, and Moradi-Motlagh (2021)
find a significant indication of greenwashing with the increase
of emissions by companies. In another contemporary study
on New Zealand, Houge and Khan (2023) observe a positive
impact of carbon regulation and standardised reporting on
the quality of carbon reporting. So, according to (Duff 2017),
legitimacy theory complements the stakeholder theory in ex-
plaining corporate social responsibility and related aspects
(responsibility towards climate, which is the main focus of
this study). The extensive pressure from the company's stake-
holders forces them to prove their care for the climate and in-
terest in incorporating climate into the operational strategies
(Ding, Liu, and Chang 2023). When there is no mandate to dis-
close the impact of company operations on climate, then the
legitimacy theory can better explain the greenwashing initia-
tives by companies, if any (Burke, Hoitash, and Hoitash 2019).
To the best of our knowledge, there is limited use of the two
theories mentioned above in the context of the mandatory
implementation of the TCFD. Usually, higher demand from
stakeholders about environmental and climate-related respon-
sibility creates immense pressure on companies to maintain
their legitimacy (Suchman 1995; Garrido-Merchdn, Gonzalez-
Barthe, and Vaca 2023). Moreover, the process to maintain
legitimacy can improve existing environmental initiatives or
introduce a new set of improved processes directed towards
climate activities demanded by the stakeholders (Ashforth
and Gibbs 1990; Orazalin, Ntim, and Malagila 2024).

2.2 | Greenwashing and Regulatory Framework

There are also concerns regarding the possibility of green-
washing, in which companies make deceptive or exagger-
ated climate claims to improve their image without reducing
their operational impact on climate (Haque and Ntim 2020).
According to the findings of a systematic review of the lit-
erature on greenwashing (de Freitas Netto et al. 2020), it is
a complicated and multi-faceted phenomenon with vari-
ous concepts and forms that can be categorised into four
groups: information-related, image-related, process-related
and product-related greenwashing, which are all concerning
for policymakers. In summary, some companies attempt to
improve their public image by providing information about
climate-related initiatives that do not always correspond to re-
ality. For example, Wedari, Jubb, and Moradi-Motlagh (2021)
find potential greenwashing by many high-emitting
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companies in Australia that submit voluntary climate-related
disclosures. Even though these businesses typically provide
a high level of disclosure quality, there is some evidence of
possible greenwashing, as some companies make vague or un-
substantiated claims about the climate-related initiatives they
are undertaking.

The existing literature makes it unclear whether UK compa-
nies follow the previous trends observed in other countries,
especially after adopting TCFD. Studies show that while firms
claim compliance with climate risk frameworks, actual im-
plementation remains limited, particularly regarding quan-
titative and financialized information (Di Marco et al. 2023).
The alignment of results from analyses on STOXX Europe 600
banks and top-listed firms in New Zealand highlights a wider
trend in international climate reporting practices (Houqe and
Khan 2023; Friedrich, Velte, and Wulf 2023). While there is
a clear trajectory towards improved transparency and the
adoption of standardized frameworks such as the TCFD rec-
ommendations, the persistent gaps in reporting, especially
in forward-looking information and bank-specific metrics,
reveal a systemic issue in the corporate world's approach to
climate change mitigation.

The above-mentioned systemic issue suggests a need for en-
hanced regulatory frameworks and more rigorous enforce-
ment mechanisms to ensure that corporate climate disclosures
are both accurate and meaningful. Thus, researchers use NLP
to extract climate-related textual data automatically. Usually,
the NLP algorithms use a bag-of-words and ignore the context
in the analysis. The collection of the individual words is always
treated independently (Wallach 2006). However, the NLP al-
gorithms are not sufficient to verify the climate claims by com-
panies (Callaghan et al. 2021; Bingler et al. 2022). Dictionaries
or extensions of the bag-of-words model are hard to use to de-
tect the differences in climate risk created by companies and
their climate claims (Kim and Kang 2018; Sautner et al. 2023).
In climate claims investigations, we need to understand the
semantic and syntactic relations among words to better anal-
yse the context. The complex nature of climate claim-related
data demands large language models (LLMs) that can outper-
form the NLP (Devlin et al. 2018). Deep Learning techniques
can provide higher accuracy than traditional NLP (Luccioni,
Baylor, and Duchene 2020; Varini et al. 2020; Callaghan
et al. 2021). Bidirectional Encoder Representations from
Transformers (BERT) is a successful model trained on large
amounts of textual and unlabelled data extracted from vari-
ous sources, including online resources (Devlin et al. 2018).
Later, the BERT model is extended by RoBERTa (Liu 2019),
Transformer-XL (Dai 2019), and ELECTRA (Clark et al. 2020)
and tested in a different context, including climate claims by
corporations. However, there is no evidence of the application
of ClimateBERT related to climate claims by UK corporations
when they are aware of the mandatory adoption of TCFD.
Figure 1 delineates our investigative structure and primary
research query, which we explore in more detail in the follow-
ing sections.

In addition, we follow the approach used in systematic liter-
ature review papers (Mustafa et al. 2022) and conduct a de-
tailed search in the Scopus database with the following two

Annual reports
(Data from FTSE 100 companies from
between 2016 and 2023)

' Machine learning

language model
J (ClimateBERT model)

To what degree does the reports
incorporates statements regarding
environmental issues?

|

Examination of the proportional
representation of Climate-related
assertions across various sectors.

FIGURE1 | Schematic representation of the research framework.

keywords ‘Climate Reporting*’ and ‘ClimateBert*. We re-
strict the search of the articles to the subject areas of ‘social
science’, ‘business, management, and accounting, ‘economics,
econometrics, and finance’, and papers written in English
(Pizzi, Rosati, and Venturelli 2021). We look for the appear-
ance of the keywords in the ‘abstract, title and keywords’ from
2007 until the end of 2022. We find 54 papers as shown in
Appendix A. The findings show a significant increase in cli-
mate reporting in 2020 compared to previous years. We argue
that in 2017, the reporting framework by TCFD is one of the
significant drivers alongside the existing initiative related to
company climate initiatives. This is consistent with the TCFD
2023 status report, which reveals that the TCFD's evolving
guidelines have significantly influenced corporate climate
disclosure. According to the report in the fiscal year 2022,
58% of companies have achieved compliance with at least five
of the 11 recommended disclosures, showcasing a substantial
increase from 18% in 2020. Furthermore, from 2020 to 2022,
there has been an increasing number of companies disclos-
ing climate-related risks, implementing board oversight, and
setting climate-related targets. The report also indicates that
more than 80% of the largest asset managers and 50% of the
largest asset owners meet at least one of the 11 recommended
disclosures. In addition, nearly 70% of the top 50 asset man-
agers and 36% of the top 50 asset owners comply with at least
five recommendations.

However, the growing application of ClimateBERT in the last
few years is mainly to overcome the limitations of the tradi-
tional NLP models. Thus, applying ClimateBERT in assessing
the climate-related claims of the UK companies in the context of
TCFD is a timely study and is of immense academic and practi-
cal implication, discussed in this paper's final section.

2.3 | NLP Models Related to Environmental Issues

The NLP models are helpful a tools when working with big
data, and with the help of AI models, it is now possible to con-
duct in-depth and rapid analyses. These advanced models are
instrumental because climate disclosures and other environ-
mental issues must be monitored and analysed in detail as they
involve vast amounts of data. Furthermore, the NLP models
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enable access to invaluable insights with higher accuracy that
would not be accessible otherwise. Therefore, the NLP models
are necessary to understand companies’ current challenges and
achievements in the context of environmental impact and cli-
mate change.

Recently, the NLP algorithms are experiencing significant
transformation due to advancements in the state-of-the-art and
cutting-edge technologies like Al and ML. In particular, systems
built on AI can execute previously unachievable tasks, such as
automatically interpreting and generating human language,
since the models can learn from large datasets and make accu-
rate predictions and classifications. One of the first NLP models
based on AI is Word2Vec, developed in 2013 by Tomas Mikolov
at Google (Mikolov et al. 2013), where the authors proposed an
Artificial Neural Network (ANN) to model a vector represen-
tation of words. The authors demonstrate that the model can
capture the meaning of specific phrases, propose additional
words for a partial sentence, and suggest synonyms. Later on,
the power of the NLP models soared with the development of
a specialised ANN named Transformers (Vaswani et al. 2017),
utilised to develop the BERT model. This model acquires knowl-
edge of extended temporal relationships within the dataset.
It can evaluate the relative importance of different elements
within the input data in the decision-making process and iden-
tify the extent of interconnectedness among distinct portions of
the input text. Moreover, by incorporating complex ANN mech-
anisms, the BERT model facilitates the flexibility to manage
input sequences of varied lengths and detail complexities.

The RoBERTa model is an improved version of the original
BERT model developed by Meta AI (Liu 2019). The RoBERTa
model is trained on a larger dataset than its predecessor, im-
proving its performance across various tasks. The enhancement
materialises by training the algorithm on an expanded dataset
of lengthier sequences, enabling the algorithm to gain a wide-
ranging understanding of the input by effectively capturing
and incorporating long-term dependencies. The model also im-
proved by learning to predict parts of the text hidden on purpose
and improving the optimiser in its ANN architecture, which
helps it learn faster than ever before.

The emergence of sizeable generative language models such as
GPT-2 and GPT-3 (Brown et al. 2020) has created an unprece-
dented opportunity to create human-like language, opening up
new avenues for researchers and users to explore. Alongside high
potentiality for these models, their implementation has different
ethical implications. However, there are concerns about privacy
invasions, biases against certain groups and topics, opportuni-
ties for manipulation, and the potential for misuse. Furthermore,
modern NLP models, when they are tested, lack a clear system
to explain how they arrive at determining certain outputs. The
opacity of many advanced AI-enhanced NLP models raises trust
concerns among stakeholders, leading to a growing demand for
more transparent Al models (Arrieta et al. 2020). In addition to
these ethical concerns, another issue with large language mod-
els comes partly from the computational mechanisms used to
train them, such as their lack of robustness, high computational
complexity, and energy costs (Bender et al. 2021). One approach
to addressing these issues is to develop smaller models, such as
DistilRoBERTa® (Sanh et al. 2019). This simplified version of the

RoBERTa model offers better reliability and reduced computa-
tional complexity. Despite its smaller size and fewer parameters,
it performs comparably to larger models. After training the NLP
models on a large dataset, they can be refined for specific do-
main analysis through a process known as fine-tuning. These
additional steps involve further training on a specific dataset to
tailor the model's general language understanding to a partic-
ular domain. Fine-tuning adjusts the model's parameters, en-
abling it to handle texts with specific meanings, structures, or
terminologies that a general model might otherwise miss or fail
to recognise.

2.4 | ClimateBERT Model

Webersinke et al. (2021) develop a ClimateBERT language
model by fine-tuning a DistilRoBERTa model, further training it
on a dataset of texts addressing climate change. This enables the
model to recognise specific representations related to the issue.
The training process is intensive, relying on labelled datasets
and a large corpus of approximately two million paragraphs on
climate-related topics, sourced from research articles, news, and
climate reports. Through this process, the model learns how to
recognise and interpret critical concepts, entities, and relation-
ships in the context of climate change. After the training, the
ClimateBERT model performs a wide range of NLP tasks linked
to climate change, providing a powerful tool for extracting
meaning from vast datasets. Additionally, this model enables
businesses to make more informed decisions and addresses
climate change more effectively by identifying and quanti-
fying the extent to which corporate climate risk disclosures
involve ‘cheap talk’ and ‘cherry-picking’ statements (Bingler
et al. 2022). Recently, Stammbach et al. (2023) perform further
fine-tuning on the ClimateBERT model, enhancing its ability
to detect environmental or climate-related claims due to its en-
hanced specificity for climate-related tasks. According to the
authors of the model, given the large dataset and computational
constraints, re-training a large ROBERTa model is less feasible.
Consequently, a fine-tuned version of ClimateBERT is a more
optimal choice than RoBERTa for creating a model that classi-
fies climate-related claims. To create the environmental claims
model, the data samples are collected from five distinct textual
sources provided by companies. The first is TCFD reports, to
then continue with annual reports from the United States
Securities and Exchange Commission, corporate earnings calls,
earnings conference call transcripts, and data from the Carbon
Disclosure Project questionnaire responses from 2021. Then,
this data sample is annotated by 16 domain experts in sustain-
able investments, following the annotation guidelines drafted
through an iterative process, which included examples of clear
and borderline environmental claims (Stammbach et al. 2023).

By following the guidance on unfair commercial practices from
the European Union (European Commission 2009), Stammbach
et al. (2023) define the environmental claim as:

“The practice of suggesting or otherwise creating
the impression (in the context of a commercial
communication, marketing or advertising) that a
product or a service is environmentally friendly (i.e.
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it has a positive impact on the environment) or is less
damaging to the environment than competing goods
or services.”’

Therefore, the fine-tuned ClimateBERT model for environ-
mental claims is an NLP model that performs classification
tasks, aiming to predict whether a sentence contains environ-
mental claims. Both the model'® and the dataset!! are open
source, providing accessible resources for further research and
development.

3 | Methodology and Data

In this study, we use text data from the annual reports of FTSE
100 companies over eight years, from 2016 to 2023. The selec-
tion of this timeframe is deliberate, aimed at capturing the an-
ticipatory actions and early adjustments made by companies in
response to the evolving climate concerns. Following the 2015
Paris Agreement, the initial phase of industrial strategies by gov-
ernments worldwide promoted investment in clean growth by
companies. Several companies have made significant commit-
ments to reduce their carbon footprints by investing in renew-
able energy and adopting sustainable operations.'? Moreover,
one-third of the UK's FTSE 100 companies have made notable
strides in committing to the United Nations' Race to Zero cam-
paign, which targets achieving net zero carbon emissions by
2050. Therefore, we begin by examining the changes from 2016
to 2020. The rationale for starting in 2016 is that, following the
2015 Paris Agreement, businesses began to view the climate as
a key stakeholder.

The first press release related to TCFD took place in October
2021. It is quite common for companies to be aware of new man-
dates before their official announcement. Therefore, it is likely
that they began adjusting their financial statements for the pe-
riod ending in 2019-2020. This timeframe represents a crucial
pre-implementation phase where companies started aligning
their strategies and disclosures with the upcoming TCFD guide-
lines (Zhang 2024). Following the press release in 2021, TCFD
became mandatory in April 2022, so it is probable that compa-
nies began demonstrating their commitment, particularly ahead
of their peers. We illustrate this with a diagram covering the
years 2021-2023 (Figure 3).

To analyse these early efforts, we use 780 reports (after excluding a
few reports which are not useful for extracting text data) covering
eight years and processed them using a Python script with a multi-
processing algorithm that extracts text from the digital files of the
annual reports. The script iterates through directories, opens each
file, and converts the extracted text into a structured format, which
is then tokenised and lemmatised. The tokenizer breaks down the
text, dividing it wherever it detects sentence boundaries, while
lemmatisation reduces words to their base forms. Additionally, we
remove digits and performed space removal and lower casing of the
texts. Sentences with fewer than five words are removed to focus
on significant content. This procedure gives us 3.9 million useful
sentences for analysis. Each processed sentence is tagged with
metadata, including the company name and year and a structured
set of sentences relevant to the company's activities for the given
year. After preprocessing the data, we analyse the sentences and
metadata using the ClimateBERT fine-tuned model for climate-
related claims. This model categorises the text, assigning a label
to indicate if it contains a climate-related claim. Figure 2 details
the methodology used for data analysis of our study. Finally, once
the labelling of the sentences for each company is completed, we

0.20 1

1
(April 2022: TCFD Mandate )

0.15 1

1
((oct 2021: Press Release on TCFD )

Todbbd '

2016 2017 2018 2019 2020 2021 2022 2023
Year
FIGURE 3 | Evolution of climate-related claims by FTSE100 com-
panies. Note: A press release on TCFD by the UK government on 29
October 2021. From 6 April 2022, all publicly quoted companies, large

Percentage
IS4
b
1S
L

private companies, and Limited Liability Partnerships in the UK are
required to report climate impact based on the TCFD recommendation.

FIGURE2 | Stepsin data analysis.
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calculate the proportion of sentences that contain climate-related
claims for each company and year. This proportion is determined
using the formula:

S, y(climate claim)

P(Cy) = o))

n,,
Where P(Ci ’y) represents the proportion of climate claims for
company i in year y, S (climate claim) is the number of sen-
tences with a climate claim, n; , is the total number of sentences
for that company and year. By using this method, it is possible to
systematically quantify the percentage of climate claims respect
to all the sentences. Figure 2 explains the methodology used for
the paper's data analysis.

4 | Results

As mentioned above, we examine the research question by extract-
ing the linguistic information, processing it, and passing it through
the fine-tuned ClimateBERT algorithm to measure the percentage
of climate claims!?® in the annual reports (from 2016 to 2023) each
year. We calculate the relative percentage that represents the num-
ber of climate claims contained within the text denoted as P(C; ).

We find that most companies in our sample are making more
climate-related claims over time. This is consistent with the results
of Johnson and Greenwell (2022), who noted that climate messag-
ing in CDP survey responses and Twitter data from 2010 to 2019 by
companies has increased substantially during their study period.

However, our study focuses on a different time frame from 2016 to
2023, when the companies became aware of the TCFD mandate,
and we use advanced machine learning methods.

Nevertheless, the findings of our analysis provide strong evi-
dence of a substantial increase in climate claims by companies
in the UK after the Paris Agreement (2015) and in anticipa-
tion of the implementation of TCFD, as shown by a violin plot
in Figure 3. It shows density curves, meaning each curve rep-
resents the approximate frequency of the climate-related claims
in each year as well as an overlaid box plot. The median values
are indicated as a white horizontal line within each violin plot,
and it shows the increase of the percentage of climate-related
claims over the years. This is more noticeable after October 2021
press release announcement by the UK government.

Consequently, the implementation of TCFD principles has
heightened companies' awareness of the importance of environ-
mental protection and respect, essential for maintaining their
competitiveness in their industries. Furthermore, we also exam-
ine the climate-related claims by companies in different indus-
tries. Following the Fama-French industry classification, we
group industry-level information and analyse this information
to capture any trend or variations in climate claims in a particu-
lar industry. The results are presented in Table 1. The construc-
tion, consumer non-durables, materials, and manufacturing
industries are showing substantial increase in climate-related
claims, while energy and transport industries have comparable
claims to those previously mentioned. This is surprising as en-
ergy and transport industries are considered very highly carbon-
intensive industries, and so their claims should be higher than

TABLE1 | Percentage of environmental claims by industries from 2016 to 2023.

Fama-French industry 2016 2017 2018 2019 2020 2021 2022 2023 Change
Business equipment 0.67 0.92 0.61 0.86 1.54 2.24 3.01 2.15 2.1979
Business services 0.79 1.4 1.35 1.42 2.05 2.75 2.85 2.67 2.3565
Construction 1.01 1.3 1.94 2.79 2.73 3.76 4.23 4.35 3.3241
Consumer durables 1.61 1.47 2.27 3.32 3.77 5.10 5.07 3.10 0.9216
Consumer non-durables 1.57 1.93 2.51 2.73 2.45 3.14 3.76 4.01 1.5478
Consumer services 0.70 0.82 1.06 1.36 1.62 1.97 2.08 2.09 2.0087
Energy 0.99 1.16 1.71 1.91 2.87 3.61 3.76 3.86 2.8904
Finance 0.62 0.54 0.64 0.88 1.47 1.78 2.08 1.86 2.0215
Healthcare 0.76 0.83 0.94 0.96 1.41 1.73 2.00 1.87 1.4640
Manufacturing 0.93 1.18 1.42 1.95 2.09 3.03 3.97 5.17 4.5817
Materials 1.64 2.12 2.57 2.8 3.51 4.44 4.88 4.67 1.8532
Real Estate 1.11 1.81 2.00 2.26 3.19 3.33 3.77 3.53 2.1806
Telecommunications 1.14 0.87 0.79 1.29 1.60 2.27 2.46 2.75 1.4184
Transportation 0.96 1.45 1.93 2.78 2.22 2.68 2.97 3.38 2.5212
Utilities 2.55 2.11 2.28 3.21 3.4 4.04 4.52 4.44 0.7369
Wholesale & retail 1.12 1.33 1.32 1.57 1.74 2.41 2.79 3.08 1.7418

Note: FTSE 100 companies from 2016 to 2023. Authors' calculation of percent environmental claims in different industries (Year-wise). Change refers to the change

from 2016 to 2023. All figures are in percentage.
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the other industries. Overall, the industries represented by the
FTSE 100 experienced a rapid increase in the average percent-
age of claims between 2016 and 2023.

Figure 4 shows a wide variety of climate claims across the indus-
tries, and that also varies with the years. A common pattern is
visible for manufacturing, energy, consumer non-durable (e.g.,
food, tobacco, textiles), and material companies with their con-
sistent higher climate claims in their annual reports. The data
clearly indicates a rising trend in environmental claims in nearly
all sectors. In particular, the manufacturing and construction
sectors show significant increase of 4.58% and 3.32%, respec-
tively, in their climate claims. In contrast, other sectors, such
as consumer durables and utilities, experience smaller increases
in claims, with 0.92% and 0.73%, respectively. Additionally, sec-
tors like energy and transportation show moderate increases of
2.89% and 2.52%. In Appendix B, we show the above findings in
a heatmap. In summary, our data highlights that some sectors
have experienced significant shifts in claims, while others main-
tain steadier profiles.

It is always important to examine the data granularity to assess
the implications of policy intervention. Thus, we create a classi-
fication based on the number of climate claims in a given sector.
We find that specific sectors have more climate claims than oth-
ers. Therefore, once we have each company's percentage value

of claims, we label each value according to its quintile for the
specific year, using Equation 1. We calculate the proportion of
climate claims for each company i in year y and then we assign
arank according to the following equation:

R, = Rank(P(C,y)) @

where the rank is determined by dividing the data into five
quantiles, these ranks correspond to the categories: Very Low,
Low, Medium, High, and Very High. The mean value of each
quartile for 2016 to 2023 is presented in Table 2.

Classifying the mean values for each quintile in the five
groups assists us in determining if the company in question
has a high or low percentage of climate claims compared to
its peers in the same industry and is included in the index.
Additionally, we explore the impact of pre-processing steps on
ClimateBERT's performance. Our experiments include run-
ning the model with and without processes such as stopwords
removal and lemmatization. These tests reveal no significant
changes in the outcomes.

The diagrams in Figure 5a,b present Sankey charts that illus-
trate the relationship between FTSE100 companies’ average
climate claims across two periods: 2016 to 2020 (pre-TCFD pe-
riod) and 2021 to 2023 (post-TCFD period following the press

Climate claim of FTSE 100 companies from 2016-2023
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FIGURE 4 | Percentage of climate claims presented by sectors through the testing period.
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release in October 2021). Additionally, we also categorised in-
dustries based on their extent of CO2 emissions (intensive and
non-intensive) and their geographical distribution across the
UK regions. Figure 5a covers years 2016-2020 and shows an
apparent disparity between climate claims and CO2 emissions,

TABLE 2 | Mean values for each quartile across 2016 and 2023.
Year Verylow Low Medium High Veryhigh
2016 0.21 0.57 0.85 1.23 2.41
2017 0.33 0.68 1.00 1.38 2.78
2018 0.38 0.85 1.17 1.66 3.26
2019 0.54 1.12 1.50 2.17 3.63
2020 0.84 1.51 2.05 2.61 3.96
2021 1.11 2.01 2.68 3.45 4.84
2022 1.36 2.28 3.11 3.89 5.38
2023 1.17 2.17 2.86 3.84 5.87

Note: This reports the mean value climate claim score of each year in each
quartile.

Average climate claim by FTSE100 companies in 2016-2020
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revealing the regional variability in environmental impact and
climate action within the UK. This underscores that even in-
dustries with low or very low climate claims can still be linked
to carbon-intensive activities. However, this trend reverses
during the period from 2021 to 2023, as shown in Figure 5b,
where carbon-intensive industries no longer display low levels
of claims. Evidently, it is unexpected that the carbon-intensive
industries exhibit a medium percentage of claims given the in-
creasing regulatory and stakeholder pressures for sustainability
efforts. Both figures provide a comprehensive view of corpo-
rate climate claims across two different time frames. However,
changes in the distribution of climate claims associated with
carbon-intensive activities across industries and regions high-
light the complexity of transitioning to sustainable practices.

In summary, these findings show a positive signal to company
stakeholders and policymakers about climate claims by the
UK companies, and this is consistent with other studies (Coen,
Herman, and Pegram 2023; Trouwloon et al. 2023). Our theoret-
ical framework supports the findings, which is based on legiti-
macy and stakeholder theories, and is consistent with existing
literature (Ding, Liu, and Chang 2023; Duff 2017). A substan-
tial increase in climate claims explains the need to maintain
the legitimacy of UK companies. Moreover, year-wise and
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FIGURES5 | (a) & (b). Sankey Diagram: Classification of climate claims across different industries.
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industry-level claims by most companies in almost all industries
are evidence of increased climate demand from their financial
stakeholders.

5 | Discussion and Conclusion

Using the four main categories of the TCFD, we apply the
ClimateBERT algorithm to examine the extent to which the
UK FTSE 100 companies make their environmental claims. We
find a steady and increased percentage of climate claims in the
corporate reports of the FTSE 100 companies across all sectors.
The climate claims remained very low in 2016, but corporate
stakeholders should not conclude the non-possibility of net zero
by 2050 based on the initial findings. This low level of climate
claims can be attributed to a lower demand from stakeholders for
detailed environmental disclosures, suggesting that companies
respond more to external pressures than to an active interest
in disclosures (Hoogerbrugge, van de Kaa, and Chappin 2023).
However, as environmental reporting has become mandatory,
the need for systematic and comprehensive climate-related
claims has gained significant importance. Our findings are con-
sistent with the research of Johnson and Greenwell (2022), which
reports that there is an increase in sustainability messages each
year. We, therefore, extend the Johnson and Greenwell (2022)
findings by applying the ClimateBERT algorithm to the UK
FTSE 100 companies’ annual reports when companies became
aware of the mandatory adoption of TCFD. In summary, the
findings of this research give a positive signal of intervention by
the TCFD and, as a result, a higher importance of climate risk in
companies’ business operations.

The findings have relevant academic implications as they con-
tribute to the growing literature on climate change and cor-
porate reporting (Mora, Wu, and Panori 2020; Demaria and
Rigot 2021). Specifically, our findings indicate that companies
in the UK are becoming more aware of the value of divulging
information about climate change in their annual reports, as
evidenced by increased climate-related claims. Additionally, by
extending our timeline from 2016 to 2023, we provide a broader
and more comprehensive dataset with a long-term perspective
on climate reporting practices, expanding beyond previous stud-
ies that only covered shorter periods (Braasch and Velte 2023).
Theoretically, we extend the existing literature on corporate dis-
closure (Ding, Liu, and Chang 2023). From the stakeholder the-
ory perspective, this study underscores the role of stakeholder
demands in corporate environmental accountability. It shows
how stakeholder demands for more detailed environmental dis-
closures can be a driver in enhancing climate-related reporting
practices among UK companies (Alsaifi, Elnahass, and Salama
2020b). Regarding legitimacy theory, the findings suggest that
companies increasingly acknowledge the necessity of addressing
environmental issues within their corporate reports (Chithambo
et al. 2020). This effort aims to sustain their legitimacy in the
eyes of stakeholders and address the ongoing challenge of cred-
ibility, as stakeholders continue to assess companies’ climate-
related reports (Busch, Johnson, and Pioch 2022).

Applying legitimacy theory as a complementary theory to stake-
holder theory in the context of mandatory TCFD can enrich the
CSR literature and open new avenues in related future research,

highlighting the dynamic interplay between regulatory compli-
ance and voluntary corporate behaviour in the realm of envi-
ronmental reporting. This approach underscores the evolving
nature of corporate responsibility, where adherence to frame-
works like the TCFD is not merely a response to regulatory de-
mands but also a strategic initiative to engage with stakeholders
to satisfy their interests in environmental issues (Hristov and
Appolloni 2022; Riso et al. 2024). The results help to visualise
the application of legitimacy theory in practice. By incorporat-
ing climate change information into their reporting, companies
not only adhere to the new regulatory requirements but also sig-
nal to their stakeholders that companies are committed to ad-
dressing the challenges of climate change (Gerged, Matthews,
and Elheddad 2021; Gebhardt et al. 2024). This strategic disclo-
sure aligns with the principles of legitimacy theory, as it helps
companies maintain or enhance their legitimacy in the eyes of
their stakeholders.

The practical implications of the findings are significant for
both policymakers and companies. The framework's success
in promoting more transparent and thorough climate-related
reporting is evident. Companies can integrate climate infor-
mation into their corporate reporting strategies, which have
significant implications for comprehending the effects of envi-
ronmental issues on business operations and financial perfor-
mance (Caputo et al. 2021). For policymakers, the results of this
study underscore the effectiveness of regulatory frameworks
such as the TCFD in incentivizing corporate behaviour towards
enhanced transparency and accountability regarding environ-
mental issues. This evidence advocates for the ongoing develop-
ment and stringent enforcement of policies aimed at improving
climate-related disclosures. Additionally, this research further
emphasises the potential of employing AI and ML techniques
to analyse large volumes of corporate disclosure data to offer
valuable insights into how companies respond to climate change
issues (Muccione et al. 2024). The findings provide an essential
signal for investors about assessing a company's climate claims
and conducting a check with industry-level details. Peer assess-
ment will allow investors to diversify their sustainable portfolio
efficiently (Yue et al. 2020). The paper's findings give a positive
indication to policymakers that there is a gradual increase in
disclosure in the non-material categories by top companies. The
financial achievements of these companies by following TCFD
can motivate regulators to invite FTSE 350 companies to the net
zero carbon mission.

The difficulty of determining whether climate claims by com-
panies are genuine or solely a form of greenwashing is a limita-
tion of the study. This research used advanced ML techniques to
analyse the annual reports. However, this method cannot offer
a conclusive evaluation of the veracity or effectiveness of the en-
vironmental or climate claims stated by the companies. Thus,
there is a need for further investigation to comprehend the driv-
ers and effects of companies’ environmental/climate reporting.
Another limitation of this paper is that the AT method applied
does not incorporate Explainable A, making it difficult to inter-
pret how the model arrives at its conclusions regarding climate
claims. The findings of this paper can be extended in the future
to provide indications about possible modifications in climate
reporting, which will promote accuracy and reduce the preva-
lence of potential greenwashing in corporate reporting.
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Future research may investigate alternative methods to eval-
uate the veracity of environmental assertions made by or-
ganisations. Furthermore, studies could also concentrate on
acquiring a greater understanding of the impact of corporate
environmental reporting on financial and operational perfor-
mance under a dynamic theoretical framework (Ameer and
Khan 2023; Appannan et al. 2023). Specifically, integrating
advanced NLP systems could improve how companies' en-
vironmental claims are verified by cross-referencing their
reports with extensive datasets from reputable ESG data ven-
dors. This approach would not only enhance the precision of
climate disclosures but also establish a more robust framework
for assessing the authenticity and impact of these reports, ul-
timately leading to a higher standard of environmental ac-
countability in the corporate world. Also, future efforts should
focus on integrating explainability into the AI models to en-
hance the interpretability of the model as suggested by Lai and
Chen (2024). Additionally, future research can help develop
guidelines for authorities to assist with the monitoring and ac-
curacy check of climate claims by companies. Likewise, hon-
est, accurate and trustworthy climate claims will encourage
higher investment in companies’ environmental initiatives,
which will also mitigate the further deterioration of the most
critical stakeholders of the corporate world's climate.

Endnotes

Uhttps://www.gov.uk/government/news/uk-to-enshrine-mandatory-
climate-disclosures-for-largest-companies-in-law

2 https://www.gov.uk/government/publications/climate-related-finan
cial-disclosures-for-companies-and-limited-liability-partnershi
ps-llps

3 As of October 17, 2024, 4900 companies from 103 jurisdictions en-
dorse TCFD framework (Retrieved from http://www.fsb-tcfd.org)

4 https://committees.parliament.uk/committee/517/industry-and-
regulators-committee/news/161468/uk-will-miss-net-zero-target-
without-urgent-action-warns-lords-committee/#:~:text=The%20rep
ort%20concludes%20that%20the,investment%20by%20consumers%
20and%20businesses.

5 The stakeholders in this paper are mainly customers, suppliers, inves-
tors, shareholders, debt financing institutes of companies.

6 https://sseinitiative.org/all-news/cop27-three-lessons-from-200-
hours-of-tcfd-training-for-15000-global-participants/

7In this paper we use climate claim and environmental claim
interchangeably.

8 For more details: https://huggingface.co/distilroberta-base and
https://arxiv.org/abs/1910.01108

9 This definition is found in Section 2.5 of the working document.

10 The model can be found in the following link: https://huggingface.co/
climatebert

1L A Dataset for Detecting Real-World Environmental Claims: https://
arxiv.org/abs/2209.00507

12UK's largest companies pledge hundreds of millions of pounds to
tackle climate change: https://www.gov.uk/government/news/uks-
largest-companies-pledge-hundreds-of-millions-of-pounds-to-tackl
e-climate-change

13 An example of this type of claim is displayed in Appendix C.

References

Afrifa, G. A., I. Tingbani, F. Yamoah, and G. Appiah. 2020. “Innovation
Input, Governance and Climate Change: Evidence From Emerging
Countries.” Technological Forecasting and Social Change 161: 120256.

Alsaifi, K., M. Elnahass, and A. Salama. 2020a. “Carbon Disclosure and
Financial Performance: UK Environmental Policy.” Business Strategy
and the Environment 29: 711-726.

Alsaifi, K., M. Elnahass, and A. Salama. 2020b. “Market Responses
to Firms' Voluntary Carbon Disclosure: Empirical Evidence From the
United Kingdom.” Journal of Cleaner Production 262: 121377.

Ameer, F., and N. R. Khan. 2023. “Green Entrepreneurial Orientation
and Corporate Environmental Performance: A Systematic Literature
Review.” European Management Journal 41: 755-778.

Appannan,J.S., R. Mohd Said, T. S. Ong, and R. Senik. 2023. “Promoting
Sustainable Development Through Strategies, Environmental
Management Accounting and Environmental Performance.” Business
Strategy and the Environment 32: 1914-1930.

Arrieta, A. B., N. Diaz-Rodriguez, J. Del Ser, et al. 2020. “Explainable
Artificial Intelligence (XAI): Concepts, Taxonomies, Opportunities and
Challenges Toward Responsible AL” Information Fusion 58: 82-115.
https://doi.org/10.1016/j.inffus.2019.12.012.

Ashforth, B. E., and B. W. Gibbs. 1990. “The Double-Edge of
Organizational Legitimation.” Organization Science 1: 177-194.

Bender, E. M., T. Gebru, A. McMillan-Major, and S. Shmitchell. 2021.
On the Dangers of Stochastic Parrots: Can Language Models Be Too Big?
610-623. New York, NY, USA: Association for Computing Machinery.

Benlemlih, M., M. Arif, and M. Nadeem. 2023. “Institutional Ownership
and Greenhouse Gas Emissions: A Comparative Study of the UK and
the USA.” British Journal of Management 34: 623-647.

Bingler, J. A., M. Kraus, M. Leippold, and N. Webersinke. 2022. “Cheap
Talk and Cherry-Picking: What Climatebert Has to say on Corporate
Climate Risk Disclosures.” Finance Research Letters 47: 102776.

Braasch, A., and P. Velte. 2023. “Climate Reporting Quality Following
the Recommendations of the Task Force on Climate-Related Financial
Disclosures: A Focus on the German Capital Market.” Sustainable
Development 31: 926-940.

Brown, T., B. Mann, N. Ryder, et al. 2020. “Language Models Are Few-
Shot Learners.” Advances in Neural Information Processing Systems 33:
1877-1901.

Brulle, R. J., M. Aronczyk, and J. Carmichael. 2020. “Corporate
Promotion and Climate Change: An Analysis of Key Variables Affecting
Advertising Spending by Major Oil Corporations, 1986-2015.” Climatic
Change 159: 87-101.

Burke, J. J., R. Hoitash, and U. Hoitash. 2019. “The Heterogeneity
of Board-Level Sustainability Committees and Corporate Social
Performance.” Journal of Business Ethics 154: 1161-1186.

Busch, T., C. H. Cho, A. G. F. Hoepner, G. Michelon, and J. Rogelj. 2023.
“Corporate Greenhouse Gas Emissions' Data and the Urgent Need for a
Science-Led Just Transition: Introduction to a Thematic Symposium.”
Journal of Business Ethics 182: 897-901.

Busch, T., M. Johnson, and T. Pioch. 2022. “Corporate Carbon
Performance Data: Quo Vadis?” Journal of Industrial Ecology 26: 350-363.

Cadez, S., A. Czerny, and P. Letmathe. 2019. “Stakeholder Pressures and
Corporate Climate Change Mitigation Strategies.” Business Strategy
and the Environment 28: 1-14.

Callaghan, M., C. F. Schleussner, S. Nath, et al. 2021. “Machine-
Learning-Based Evidence and Attribution Mapping of 100,000 Climate
Impact Studies.” Nature Climate Change 11: 966-972.

11 of 15

85UB017 SUOWIWOD BAIRERID 3|deot|dde au Ag pauienoh a2 Sojole O (88N JO S3INJ 10} AR1G1T BUIUO /8|1 UO (SUORIPUOD-PUR-SWRILID" A3 | IM A1 1[I IUO//SANY) SUORIPUOD pUe SWS L 84} 835 *[S202/20/ET] Uo AriqiT auliuo A8 |im ‘Aisieaiun uosbuly Aq 68T1'es0/200T OT/I0pALI00 43| Im Afelqifeul|uo//SAnY WOy papeojumoq ‘0 ‘9€80660T


https://www.gov.uk/government/news/uk-to-enshrine-mandatory-climate-disclosures-for-largest-companies-in-law
https://www.gov.uk/government/news/uk-to-enshrine-mandatory-climate-disclosures-for-largest-companies-in-law
https://www.gov.uk/government/publications/climate-related-financial-disclosures-for-companies-and-limited-liability-partnerships-llps
https://www.gov.uk/government/publications/climate-related-financial-disclosures-for-companies-and-limited-liability-partnerships-llps
https://www.gov.uk/government/publications/climate-related-financial-disclosures-for-companies-and-limited-liability-partnerships-llps
http://www.fsb-tcfd.org
https://committees.parliament.uk/committee/517/industry-and-regulators-committee/news/161468/uk-will-miss-net-zero-target-without-urgent-action-warns-lords-committee/#:~:text=The report concludes that the,investment by consumers and businesses
https://committees.parliament.uk/committee/517/industry-and-regulators-committee/news/161468/uk-will-miss-net-zero-target-without-urgent-action-warns-lords-committee/#:~:text=The report concludes that the,investment by consumers and businesses
https://committees.parliament.uk/committee/517/industry-and-regulators-committee/news/161468/uk-will-miss-net-zero-target-without-urgent-action-warns-lords-committee/#:~:text=The report concludes that the,investment by consumers and businesses
https://committees.parliament.uk/committee/517/industry-and-regulators-committee/news/161468/uk-will-miss-net-zero-target-without-urgent-action-warns-lords-committee/#:~:text=The report concludes that the,investment by consumers and businesses
https://committees.parliament.uk/committee/517/industry-and-regulators-committee/news/161468/uk-will-miss-net-zero-target-without-urgent-action-warns-lords-committee/#:~:text=The report concludes that the,investment by consumers and businesses
https://sseinitiative.org/all-news/cop27-three-lessons-from-200-hours-of-tcfd-training-for-15000-global-participants/
https://sseinitiative.org/all-news/cop27-three-lessons-from-200-hours-of-tcfd-training-for-15000-global-participants/
https://huggingface.co/distilroberta-base
https://arxiv.org/abs/1910.01108
https://huggingface.co/climatebert
https://huggingface.co/climatebert
https://arxiv.org/abs/2209.00507
https://arxiv.org/abs/2209.00507
https://www.gov.uk/government/news/uks-largest-companies-pledge-hundreds-of-millions-of-pounds-to-tackle-climate-change
https://www.gov.uk/government/news/uks-largest-companies-pledge-hundreds-of-millions-of-pounds-to-tackle-climate-change
https://www.gov.uk/government/news/uks-largest-companies-pledge-hundreds-of-millions-of-pounds-to-tackle-climate-change
https://doi.org/10.1016/j.inffus.2019.12.012

Caputo, F., S. Pizzi, L. Ligorio, and R. Leopizzi. 2021. “Enhancing
Environmental Information Transparency Through Corporate Social
Responsibility Reporting Regulation.” Business Strategy and the
Environment 30: 3470-3484.

Chithambo, L., I. Tingbani, G. A. Agyapong, E. Gyapong, and I. S.
Damoah. 2020. “Corporate Voluntary Greenhouse Gas Reporting:
Stakeholder Pressure and the Mediating Role of the Chief Executive
Officer.” Business Strategy and the Environment 29: 1666-1683.

Clark, K., M.-T. Luong, Q. V. Le, and C. D. Manning. 2020. “Electra: Pre-
Training Text Encoders as Discriminators Rather Than Generators.”
arXiv Preprint arXiv:2003.10555.

Coen, D., K. Herman, and T. Pegram. 2022. “Are Corporate Climate
Efforts Genuine? An Empirical Analysis of the Climate ‘Talk-Walk’
Hypothesis.” Business Strategy and the Environment 31: 3040-3059.

Coen, D., K. S. Herman, and T. Pegram. 2023. “Market Masquerades?
Corporate Climate Initiative Effects on Firm-Level Climate
Performance.” Global Environmental Politics 23: 141-169.

Dai, Z. 2019. “Transformer-X1: Attentive Language Models Beyond a
Fixed-Length Context.” arXiv preprint arXiv:1901.02860.

de Freitas Netto, S. V., M. F. F. Sobral, A. R. B. Ribeiro, and G. R. d.
L. Soares. 2020. “Concepts and Forms of Greenwashing: A Systematic
Review.” Environmental Sciences Europe 32: 19.

Demaria, S., and S. Rigot. 2021. “Corporate Environmental Reporting:
Are French Firms Compliant With the Task Force on Climate
Financial Disclosures' Recommendations?” Business Strategy and the
Environment 30: 721-738.

Devlin, J., M.-W. Chang, K. Lee, and K. Toutanova. 2018. “Bert:
Pre-Training of Deep Bidirectional Transformers for Language
Understanding.” arXiv Preprint arXiv:1810.04805.

Di Marco, R., T. Dong, R. Malatincov4, M. Reuter, and T. Stromsten.
2023. “Symbol or Substance? Scrutinizing the ‘Risk Transparency prem-
ise'in Marketized Sustainable Finance: The Case of TCFD Reporting.”
Business Strategy and the Environment 32: 3027-3052.

Ding, D., B. Liu, and M. Chang. 2023. “Carbon Emissions and TCFD
Aligned Climate-Related Information Disclosures.” Journal of Business
Ethics 182: 967-1001.

Doda, B., C. Gennaioli, A. Gouldson, D. Grover, and R. Sullivan. 2016.
“Are Corporate Carbon Management Practices Reducing Corporate
Carbon Emissions?” Corporate Social Responsibility and Environmental
Management 23: 257-270.

Duff, A. 2017. “Corporate Social Responsibility as a Legitimacy
Maintenance Strategy in the Professional Accountancy Firm.” British
Accounting Review 49: 513-531.

European Commission. 2009. “COMMISSION STAFF WORKING
DOCUMENT: Guidance on the Implementation/Application of
Directive 2005/29/EC on Unfair Commercial Practices.” s.1.: S.N.

Friedrich, T.J., P. Velte, and I. Wulf. 2023. “Corporate Climate Reporting
of European Banks: Are These Institutions Compliant With Climate
Issues?” Business Strategy and the Environment 32: 2817-2834.

Gaganis, C., P. Papadimitri, F. Pasiouras, and A. Ventouri. 2021.
“Informal Institutions and Corporate Reputational Exposure: The Role
of Public Environmental Perceptions.” British Journal of Management
32:1027-1061.

Garrido-Merchdn, E. C., C. Gonzalez-Barthe, and M. C. Vaca. 2023.
“Fine-Tuning ClimateBert Transformer With ClimaText for the
Disclosure Analysis of Climate-Related Financial Risks.” arXiv Preprint
arXiv:2303.13373.

Gebhardt, M., A. Schneider, F. Siedler, P. Ottenstein, and H. Ziilch. 2024.
“Climate Reportingin the Fast Lane? The Impact of Corporate Governance
on the Disclosure of Climate-Related Risks and Opportunities.” Business
Strategy and the Environment, Issue Forthcoming 33: 7253-7272.

Gerged, A. M., L. Matthews, and M. Elheddad. 2021. “Mandatory
Disclosure, Greenhouse Gas Emissions and the Cost of Equity Capital:
UK Evidence of a U-Shaped Relationship.” Business Strategy and the
Environment 30: 908-930.

Giamporcaro, S., J.-P. Gond, and N. O'Sullivan. 2020. “Orchestrating
Governmental Corporate Social Responsibility —Interventions
Through Financial Markets: The Case of French Socially Responsible
Investment.” Business Ethics Quarterly 30: 288-334.

Gills, B., and J. Morgan. 2020. “Global Climate Emergency: After
COP24, Climate Science, Urgency, and the Threat to Humanity.”
Globalizations 17: 885-902.

Haque, F., and C. G. Ntim. 2020. “Executive Compensation, Sustainable
Compensation Policy, Carbon Performance and Market Value.” British
Journal of Management 31: 525-546.

Hendry, J. R. 2005. “Stakeholder Influence Strategies: An Empirical
Exploration.” Journal of Business Ethics 61: 79-99.

Hoogerbrugge, C., G. van de Kaa, and E. Chappin. 2023. “Adoption
of Quality Standards for Corporate Greenhouse gas Inventories: The
Importance of Other Stakeholders.” International Journal of Production
Economics 260: 108857.

Houge, M. N., and H. Z. Khan. 2023. “What Determines the Quality
of Carbon Reporting? A System-Oriented Theories and Corporate
Governance Perspective.” Business Strategy and the Environment 32:
3197-3216.

Hristov, I., and A. Appolloni. 2022. “Stakeholders’ Engagement in the
Business Strategy as a Key Driver to Increase Companies’ Performance:
Evidence From Managerial and Stakeholders' Practices.” Business
Strategy and the Environment 31: 1488-1503.

Hsueh, L. 2019. “Opening up the Firm: What Explains Participation
and Effort in Voluntary Carbon Disclosure by Global Businesses? An
Analysis of Internal Firm Factors and Dynamics.” Business Strategy
and the Environment 28: 1302-1322.

Ilhan, E., Z. Sautner, and G. Vilkov. 2021. “Carbon Tail Risk.” Review of
Financial Studies 34: 1540-1571.

Johnson, T. F., and M. P. Greenwell. 2022. “Are Companies Using
Twitter to Greenwash and Hide Bad Environmental Performance?”
Energy, Ecology and Environment 7: 213-226.

Kim, D.Y., and S.-W. Kang. 2018. “Analysis of Recognition of
ClimateChanges Using Word2Vec.” International Journal of Pure and
Applied Mathematics 120: 5793-5807.

Kim, T. H., S. H. Lee, and P. Vourvachis. 2023. “Accounting Standard-
Setting for an Emission Trading Scheme: The Korean Case.” Journal of
Business Ethics 182: 1003-1024.

Kolbel, J. F., M. Leippold, J. Rillaerts and Q. Wang. 2020. “Ask BERT:
How Regulatory Disclosure of Transition and Physical Climate Risks
Affects the CDS Term Structure.” Swiss Finance Institute Research
Paper.

Kourula, A., J. Moon, M.-L. Salles-Djelic, and C. Wickert. 2019. New
Roles of Government in the Governance of Business Conduct: Implications
for Management and Organizational Research. Vol. 40, 1101-1123.
London, England: SAGE Publications Sage UK.

Lai, Y.-W., and M.-Y. Chen. 2024. “Using Natural Language Processing
With Explainable AI Approach to Construct a Human-Centric
Consumer Application for Financial Climate Disclosures.” IEEE
Transactions on Consumer Electronics 70: 1112-1121.

Leippold, M., D. Stammbach, N. Webersinke, J. A. Bingler, and M.
Kraus. 2023. Proceedings of the 61st Annual Meeting of the Association
for Computational Linguistics (Volume 2: Short Papers). 1051-1066.
Toronto, Ontario: Association for Computational Linguistics:.

Liesen, A., A. G. Hoepner, D. M. Patten, and F. Figge. 2015. “Does
Stakeholder Pressure Influence Corporate GHG Emissions Reporting?

12 of 15

Business Strategy and the Environment, 2025

85UB017 SUOWIWOD BAIRERID 3|deot|dde au Ag pauienoh a2 Sojole O (88N JO S3INJ 10} AR1G1T BUIUO /8|1 UO (SUORIPUOD-PUR-SWRILID" A3 | IM A1 1[I IUO//SANY) SUORIPUOD pUe SWS L 84} 835 *[S202/20/ET] Uo AriqiT auliuo A8 |im ‘Aisieaiun uosbuly Aq 68T1'es0/200T OT/I0pALI00 43| Im Afelqifeul|uo//SAnY WOy papeojumoq ‘0 ‘9€80660T



Empirical Evidence From Europe.” Accounting, Auditing &
Accountability Journal 28: 1047-1074.

Liu, P., W. Yuan, J. Fu, Z. Jiang, H. Hayashi, and G. Neubig. 2023. “Pre-
Train, Prompt, and Predict: A Systematic Survey of Prompting Methods
in Natural Language Processing.” ACM Computing Surveys 55, no. 9:
1-35.

Liu, Y. 2019. “Roberta: A Robustly Optimized Bert Pretraining
Approach.” arXiv Preprint arXiv:1907.11692.

Long, S., B. Lucey, S. Kumar, D. Zhang, and Z. Zhang. 2022. “Climate
Finance: What We Know and What We Should Know?” Journal of
Climate Finance 1: 100005.

Luccioni, A., E. Baylor, and N. Duchene. 2020. “Analyzing Sustainability
Reports Using Natural Language Processing.” arXiv preprint
arXiv:2011.08073.

Luo, L., and Q. Tang. 2014. “Does Voluntary Carbon Disclosure Reflect
Underlying Carbon Performance?” Journal of Contemporary Accounting
and Economics 10: 191-205.

Mellahi, K., J. G. Frynas, P. Sun, and D. Siegel. 2016. “A Review of
the Nonmarket Strategy Literature: Toward a Multi-Theoretical
Integration.” Journal of Management 42: 143-173.

Mikolov, T., K. Chen, G. Corrado, and J. Dean. 2013. “Efficient Estimation
of Word Representations in Vector Space.” arXiv preprint arXiv:1301.3781.

Mohommad, A. and E. Pugacheva. 2022. “Impact of COVID-19 on
Attitudes to Climate Change and Support for Climate Policies.”

Mora, L., X. Wu, and A. Panori. 2020. “Mind the Gap: Developments
in Autonomous Driving Research and the Sustainability Challenge.”
Journal of Cleaner Production, December, Volume 275: 124087.

Muccione, V., S. A. Vaghefi, J. Bingler, et al. 2024. “Integrating Artificial
Intelligence With Expert Knowledge in Global Environmental
Assessments: Opportunities, Challenges and the way Ahead.” Regional
Environmental Change 24: 1-8.

Mustafa, F., S. Lodh, M. Nandy, and V. Kumar. 2022. “Coupling
of Cryptocurrency Trading With the Sustainable Environmental
Goals: Is it on the Cards?” Business Strategy and the Environment 31:
1152-1168.

Ngo, T., T. Le, S. Ullah, and H. H. Trinh. 2023. “Climate Risk Disclosures
and Global Sustainability Initiatives: A Conceptual Analysis and
Agenda for Future Research.” Business Strategy and the Environment
32, no. 6: 3705-3720.

Nguyen, Q., I. Diaz-Rainey, and D. Kuruppuarachchi. 2021. “Predicting
Corporate Carbon Footprints for Climate Finance Risk Analyses: A
Machine Learning Approach.” Energy Economics 95: 105129.

Orazalin, N. S., C. G. Ntim, and J. K. Malagila. 2024. “Board Sustainability
Committees, Climate Change Initiatives, Carbon Performance, and
Market Value.” British Journal of Management 35, no. 1: 295-320.

Pizzi, S., F. Rosati, and A. Venturelli. 2021. “The Determinants of
Business Contribution to the 2030 Agenda: Introducing the SDG
Reporting Score.” Business Strategy and the Environment 30: 404-421.

Rathobei, K. E., H. Randngen, and A. Lindman. 2024. “Stakeholder
Integration in Sustainable Business Models to Enhance Value Delivery
for a Broader Range of Stakeholders.” Business Strategy and the
Environment 33, no. 4: 3687-3706.

Riso, V., M. Tallaki, E. Bracci, and S. Cantele. 2024. “The Transition
Towards Benefit Corporations: What Are the Roles for Stakeholders?”
Business Strategy and the Environment 33: 904-916.

Sanh, V., L. Debut, J. Chaumond, and T. Wolf. 2019. “DistilBERT, a
Distilled Version of BERT: Smaller, Faster, Cheaper and Lighter.” arXiv
Preprint arXiv:1910.01108.

Sautner, Z., L. Van Lent, G. Vilkov, and R. Zhang. 2023. “Firm-Level
Climate Change Exposure.” Journal of Finance 78: 1449-1498.

Suchman, M. C.1995. “Managing Legitimacy: Strategic and Institutional
Approaches.” Academy of Management Review 20: 571-610.

Trouwloon, D., C. Streck, T. Chagas, and G. Martinus. 2023.
“Understanding the Use of Carbon Credits by Companies: A Review of
the Defining Elements of Corporate Climate Claims.” Global Challenges
7:2200158.

UN Climate Change. 2015. “Adoption of the Paris Agreement. United
Nations Framework Convention on Climate Change.” s.1.:s.n.

Varini, F. S., J. L. Boyd-Graber, M. Ciaramita, and M. Leippold. 2020.
“ClimaText: A Dataset for Climate Change Topic Detection.” CoRR,
Volume abs/2012.00483.

Vaswani,A., N. Shazeer, N. Parmar, et al. 2017. “Attention Is all You
Need.” Part of Advances in Neural Information Processing Systems.
Search PubMed, 5998-6008.

Wallach, H. M. 2006. “Topic Modeling: Beyond Bag-Of-Words.” In
Proceedings of the 23rd ICML 2006 International Conference on Machine
Learning, 977-984. Pittsburgh Pennsylvania USA.

Webersinke, N., M. Kraus, J. A. Bingler, and M. Leippold. 2021.
“Climatebert: A Pretrained Language Model for Climate-Related Text.”
arXiv Preprint arXiv:2110.12010.

Wedari, L. K., C. Jubb, and A. Moradi-Motlagh. 2021. “Corporate
Climate-Related Voluntary Disclosures: Does Potential Greenwash
Exist Among Australian High Emitters Reports?” Business Strategy and
the Environment 30: 3721-3739.

Yue, X.-G., Y. Han, D. Teresiene, J. Merkyte, and W. Liu. 2020.
“Sustainable Funds' Performance Evaluation.” Sustainability 12: 8034.

Zennaro, F., E. Furlan, C. Simeoni, et al. 2021. “Exploring Machine
Learning Potential for Climate Change Risk Assessment.” Earth-
Science Reviews 220. https://doi.org/10.1016/j.earscirev.2021.103752.

Zhang, S. 2024. “The Impact of Emission Trading Schemes and
Government Pressure on Corporate Climate Change Disclosure in
China.” Environmental Challenges 16: 100979.

13 0of 15

85UB017 SUOWIWOD BAIRERID 3|deot|dde au Ag pauienoh a2 Sojole O (88N JO S3INJ 10} AR1G1T BUIUO /8|1 UO (SUORIPUOD-PUR-SWRILID" A3 | IM A1 1[I IUO//SANY) SUORIPUOD pUe SWS L 84} 835 *[S202/20/ET] Uo AriqiT auliuo A8 |im ‘Aisieaiun uosbuly Aq 68T1'es0/200T OT/I0pALI00 43| Im Afelqifeul|uo//SAnY WOy papeojumoq ‘0 ‘9€80660T


https://doi.org/10.1016/j.earscirev.2021.103752

Appendix A

Scopus Search on Climate Reporting and ClimateBert

Figure A.1: Bar graph of papers published per year on ‘climate reporting’ or ‘ClimateBERT’ from 2007 to 2022.
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Appendix B

Evolution of Industry Classification over the Sample Years
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Figure B.1: A heatmap comparison of key performance metrics across industries.
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Appendix C

As previously mentioned in Section 3, an environmental claim is
defined by (Leippold et al. 2023), by following the working paper
“Guidance on the implementation/application of Directive 2005/29/EC
on unfair commercial practices” from the European Union and its defi-
nition in Section 2.5 of the working document. In the paper explaining
the model, Leippold et al. (2023) provide examples of what they consider
environmental claims, such as the following:

“A total population of 6148 is getting the benefit of safe potable
drinking water due to this initiative.”

“Hydro has also started working on several initiatives
to reduce direct CO2 emission in primary aluminium
production.”

In addition, we present an example of a climate claim in Figure C.1.
However, the AI model (ClimateBERT) used is not inherently explain-
able (as other AI models), making it challenging to determine the exact
reasoning behind why certain texts are classified as climate claims.

In 2021. the Board approved our most
ambitious environmental target to date.
committing to achieve net-zero emissions
by 2040. This commitment builds on our
long history of integrating our social and
environmental commitments into every
decision and action we take. Because we
believe that our environmental impact along
with the socio-economic development of
our communities are integral to our future
growth. NetZeroby40 has been integrated
into management incentives.

Dividend

During 2021 we paid the 2020 dividend of
€0.64 per share. This was a 3.2% increase
compared to the prior year and represented
an increase in our pay-out ratio to 54%.
above our usual targeted range of 35 to 45%.

FIGUREC.1 | Thisfigure illustrates an example of a climate-related
claim, as extracted from Coca-Cola’s 2021 Annual Report.
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