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Abstract

To meet the increasing global demand for sustainability information disclosures, the Task Force on
Climate-related Financial Disclosures (TCFD) has established 11 recommended disclosures related to
climate change, which are intended as a standard for actual disclosures. Because disclosure information
is described in various formats, investigating the fulfillment status of the recommended disclosure items
requires analyzing many documents. Methods that mechanically determine the fulfillment status of the
disclosure information would largely reduce the cost of this task.

The present paper reports a series of measures for investigating the fulfillment status of TCFD recom-
mended disclosures. To automatically determine individual items, the disclosure information is broken
down into more basic units (TCFD recommended disclosure criteria) and the performance of zero-shot
text classification is validated under each criterion. Furthermore, the method was applied to the fulfill-
ment status of TCFD recommended disclosures in the annual security reports of companies listed on the
Tokyo Stock Exchange.
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1 Introduction

1.1 Background of the study
Issues related to medium to long-term sustainability, such as climate change (including Environmental,
Social, and Governance (ESG) factors), have become important management issues as companies seek to
increase their medium- to long-term corporate value. To facilitate discussions on which information must
be disclosed for appropriate climate risk assessment and the financial evaluation of those disclosures by
investors, the Financial Stability Board established the Task Force on Climate-related Financial Disclosures
(TCFD) and published “Recommendations of the Task Force on Climate-related Financial Disclosures” [1]
in June 2017. The Recommendations set out four core elements related to climate change: Governance,
Strategy, Risk Management, and Metrics & Targets, along with 11 recommended disclosure items (hereafter
referred to as TCFD recommended disclosures).

Information disclosures on risks and opportunities related to climate change, which are organized by
listed companies and also in accordance with the TCFD recommendations, are called TCFD disclosures.
Through TCFD disclosures, investors can make investment decisions based on appropriate information
disclosures related to climate change. However, whether TCFD disclosures provide sufficient information
to investors is uncertain. For example, Bingler et al. [2] investigated the TCFD disclosures of 818 companies
worldwide that supported TCFD from 2015 to 2020. They found that these companies primarily disclosed
information on Governance and Risk Management, with less emphasis on Strategy and Metrics & Targets.
Ding et al. [3] analyzed the impact of carbon emissions on the TCFD disclosures of listed companies in
the USA, UK, Canada, and Australia from 2010 to 2018. They revealed that companies with higher carbon
emissions more proactively disclose their Strategy, Risk Management, and Metrics & Targets. To resolve
the contention on TCFD disclosure trends, the actual situation of TCFD disclosures must be investigated
in detail. In addition, the existing investigations are usually conducted at the level of the core elements of
TCFD recommendations rather than at the detailed level of TCFD recommended disclosures.

Investigating the fulfillment status of TCFD recommended disclosures requires the manual analysis of
all documents of the listed companies, which is burdensome and time-consuming. This burden can be
reduced by automated classification using machine learning. However, TCFD disclosures and other disclo-
sures of sustainability information (hereafter called sustainability information disclosures) are described in
various formats, including natural language, on company materials, and the data are usually unstructured.
Therefore, reading comprehension is essential for interpreting whether these materials fulfill the TCFD
recommended disclosures. These necessities increase the cost of building the training data for traditional
machine learning-based methods.

This challenge can be overcome by zero-shot text classification, a natural-language-processing task
that inputs a text and a list of candidate classes and outputs the class of the input text without the need
for training data. Using the zero-shot text classification model developed by Davison [4], Auzepy et al.
[5] investigated the fulfillment statuses of TCFD recommended disclosures in 3,335 disclosure documents
submitted by banks worldwide that supported TCFD from 2010 to 2021. However, the Micro F1-score of
this method (equivalent to the accuracy measure defined later in this paper) was only 0.6029, and the zero-
shot text classification model in [4] is limited to English texts. Doi et al. [6] proposed large language models
(LLMs) for zero-shot text classification of TCFD recommended disclosures in the annual securities reports
of Japanese listed companies. However, the accuracy of their LLMs was not improved beyond 86.0%.

1.2 Purpose of this study
Similar to Doi et al. [6], we propose an LLM-based method that mechanically classifies the fulfillment
statuses of TCFD recommended disclosures. The LLMs are used for zero-shot text classification of the sus-
tainability information disclosures in the annual securities reports of companies listed on the Tokyo Stock
Exchange. In addition, as the judgment criteria of the original 11 TCFD recommended disclosures are

3



Figure 1: Overview of the proposed method

Figure 2: Abstract of the criteria

ambiguous, their applicability can be determined only by experts. To resolve this problem, we created 27
types of TCFD recommended disclosure criteria (hereafter simply called criteria) as standards for deter-
mining whether the disclosure content of each company aligns with each item. Under these criteria, both
humans and machines can more easily evaluate the fulfillment status of TCFD recommended disclosures.
After confirming the classification accuracy of the method, we investigate the fulfillment statuses of TCFD
recommended disclosures in the companies listed on the Tokyo Stock Exchange. The proposed method is
overviewed in Figure 1, and the criteria are organized as shown in Figure 2.

Our study improves that of Doi et al. [6] by refining the criteria and adopting the latest models. More
specifically, we revise the contents of the criteria and employ current state-of-the-art LLMs to improve the
classification accuracy from that of the previous method.

This study is divided into two phases: evaluating the proposed method and investigating the fulfillment
statuses of TCFD recommended disclosures. The proposed method was evaluated as outlined in Figure 3.

This study makes several academic and practical contributions to the field. First, it proposes criteria
for the systematic construction of standards, enabling mechanical evaluations of whether disclosures fulfill
the TCFD recommended disclosures. Our concrete and practical indicators can improve the quality of
disclosure information. Second, the study proposes an automatic evaluation method using zero-shot text
classification with LLMs, which analyzes the statuses of TCFD disclosures and enables the mechanical
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Figure 3: Flowchart of the evaluation experiment of the proposed method

evaluation of numerous text data. Such evaluations are not easily performed using traditional methods.
However, the present study has three main limitations. First, the proposed method is evaluated on a

high-quality but small dataset (only 400 entries), which potentially limits the applicability of the exper-
imental results. Second, the details of the LLMs used in the experiments are not clarified, which limits
the reproducibility of the evaluation results. Third, only the texts of the annual security reports and the
converted tables are analyzed, excluding images and other documents from the study.

1.3 Structure of this study
The remainder of this study is structured as follows. Section 2 overviews the relevant existing research and
clarifies the present research. Section 3 explains the abstraction of the TCFD disclosures and Section 4 de-
tails the sustainability information disclosure dataset used in this study. Section 5 introduces the proposed
approach based on zero-shot text classification, which automatically determines TCFD recommended dis-
closures, and introduces the TCFD recommended disclosure criteria. Section 6 reports the environment,
methods, and results of the verification experiment of the proposed method and discusses the performance
results. In Section 7, the fulfillment status of TCFD recommended disclosures in the annual security reports
of companies listed on the Tokyo Stock Exchange are evaluated using the proposed method. Section 8
discusses the contributions of the proposed method and suggests future research directions.
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2 Related work
This section reviews the existing research on TCFD disclosures and the application of zero-shot text classi-
fication.

We first discuss the studies on TCFD recommended disclosures. Bingler et al. [2] used a pretrained Bidi-
rectional Encoder Representations from Transformers (BERT) [7] model called ClimateBERT [8], which
classifies English input texts into Governance, Strategy, Risk Management, or Metrics & Targets. They re-
ported that TCFD recommendations have not significantly influenced the disclosures of TCFD-supporting
companies worldwide. The TCFD then developed a classification model that determines whether company
disclosures actually align with the 11 items in the TCFD recommended disclosures. This classification
model, included in the 2023 Status Report [9] of the TCFD, creates training data and fine-tunes a lan-
guage model called the Robustly optimized BERT pretraining approach (RoBERTa) [10]. The model of
Friederich et al. [11] classifies climate-related risks in the annual reports of European companies into five
types using RoBERTa and other machine learning methods [10]. Moreno and Caminero [12] classified
TCFD recommended disclosures in text with named entity recognition, targeting the corporate reports of
Spanish financial institutions. Unlike the previous studies, the current study adopts Japanese as the input
language and identifies 27 multiclass types through zero-shot text classification.

Zero-shot learning with LLMs largely reduces the dataset construction and labeling costs. Specifically,
it analyzes and classifies unknown texts without requiring prior training for a specific task. Kuzman et al.
[13] reported that OpenAI’s ChatGPT achieves higher accuracy than finely tuned models in zero-shot text
classification of nine types of sentences, such as news and promotions, in English and Slovenian datasets.
Doi et al. [14] tested the performances of multiple models in classifying ten topics related to key audit
matters disclosed in the audit reports of Japanese listed companies. They reported that the ChatGPT model
GPT-4 [15] outperformed the other models. Based on these findings, the present study demonstrates the
utility of LLMs in zero-shot text classification.
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3 TCFD disclosures
The importance of disclosing climate-change information is recognized worldwide because such disclosures
exert extensive and urgent impacts. To mitigate the climate-change-induced destabilization of financial mar-
kets, the Financial Stability Board launched the TCFD in 2015 and published the TCFD recommendations
in June 2017, which focus on climate change within sustainability information disclosures.

The TCFD recommendations provide a framework on which climate-change-related risks and opportu-
nities of corporate finances can be reported to investors and other stakeholders [16]. Based on the “Final
Report: Recommendations of the Task Force on Climate-related Financial Disclosures” [17], four core
elements have been established for disclosing risks and opportunities related to climate change:

Governance: The governance of an organization regarding climate-related risks and opportunities

Strategy: The actual and potential impacts of climate-related risks and opportunities on the business, strat-
egy, and financial planning of an organization

Risk Management: Processes by which an organization identifies, assesses, and manages climate-related
risks

Metrics & Targets: The metrics and targets used for assessing and managing relevant climate-related risks
and opportunities

Based on these core elements, we can understand and assess how a company perceives and evaluates its
climate change-related risks and opportunities and how these risks and opportunities will financially affect
the company. Thus, TCFD disclosures enable investors and other stakeholders to comprehend the potential
impacts of climate change on companies and the management strategies and methods of these companies,
facilitating informed decision-making.

Japan’s Corporate Governance Code [18] is revised in 2021, encouraging listed companies to actively
and proactively address their sustainability-related issues under a comply-or-explain framework. In par-
ticular, companies listed on the Prime Market must collect and analyze necessary data on the impact of
climate-related risks and revenue opportunities on their business activities and earnings. They must also
improve the quality and quantity of their disclosures based on the TCFD or an equivalent framework.

Furthermore, since the “Cabinet Office Ordinance on Disclosure of Corporate Affairs” was amended in
January 2023, disclosures related to sustainability initiatives must be included in the “Approach to Sustain-
ability and Related Initiatives” section of the annual securities reports for the fiscal year ending in March
[19]. The four core elements in the disclosure structure are those of the TCFD: Governance, Risk Man-
agement, Strategy, and Metrics & Targets. To mitigate the disclosure burden on companies, all companies
are expected to disclose their Governance and Risk Management but the disclosure of Strategy and Metrics
& Targets is optional and depends on the assessment of its importance by companies [20]. As a reference,
Figure 4 displays part of the sustainability disclosure in the annual securities report of the Japan Exchange
Group, Inc. for the fiscal year ending March 2022 [21, 22]. The text is displayed in both Japanese and
English.
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Figure 4: Part of the sustainability disclosures of the Japan Exchange Group, Inc. for the fiscal year ending
March 31, 2022 (top: Japanese, bottom: English)
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4 Sustainability information disclosure dataset
Sustainability information disclosures are found in annual securities reports, integrated reports, annual re-
ports, ESG/CSR/environmental/sustainability reports, and TCFD reports. Media other than annual security
reports, commonly published in PDF, are disclosed voluntarily by listed companies. To ensure a consistent
analysis, the present study is limited to annual security reports published in HTML format.

The sustainability information disclosure dataset (hereafter simply called the dataset) aggregates the text
related to sustainability information disclosures from the annual securities reports of companies listed on
the Tokyo Stock Exchange as of October 31, 2023. The aim is to investigate the fulfillment status of TCFD
recommended disclosures. The classification accuracy of the proposed method was verified on subsets of
this dataset (100-text evaluation datasets for each of the four core elements).

The following subsections describe the dataset creation process, statistical measures, and evaluation
datasets in the present study.

4.1 Dataset creation process
The dataset creation process includes the following steps: (1) collecting the annual securities reports, (2)
extracting the text fields related to sustainability, (3) extracting text according to XBRL tags, (4) extracting
the XBRL tags related to TCFD disclosures, and (5) normalizing the text. These five steps are detailed
below.

(1) Collection of annual securities reports: Annual securities reports submitted from April 1, 2023, to
October 31, 2023, were collected using the Electronic Disclosure for Investors’ NETwork (EDINET)
application programming interface (API) and filtered under the following conditions:

• The fiscal year ended on March 31, 2023, or later.

• The issuer is a domestic stock-listed company on the Tokyo Stock Exchange as of October 31,
2023.

(2) Extraction of text fields related to sustainability: The text under “Approach to Sustainability and Re-
lated Initiatives” in the annual securities reports is described within the XBRL tag “DisclosureOfSus-
tainabilityRelatedFinancialInformationTextBlock.” The text within this XBRL tag is extracted.

(3) Extraction of text according to the XBRL tags: The element names of the XBRL tags are extracted
along with the associated text. The text within “Approach to Sustainability and Related Initiatives”
forms a multilayered structure of various XBRL tags, including those uniquely defined by each com-
pany. Therefore, the extraction of XBRL tags is limited to two levels at most, treating the text within
more deeply defined XBRL tags as regular text. Texts enclosed in p tags, h3 tags, or h4 tags are
treated without conversion, whereas the text in tables is converted to double-listed strings.

(4) Extraction of XBRL tags related to TCFD disclosures: Texts related to TCFD disclosures are ex-
tracted from “Approach to Sustainability and Related Initiatives,” which also includes texts unrelated
to climate issues, such as human capital. To this end, among the texts associated with the extracted
XBRL tag element names (first and second levels), we extract the texts containing any of the terms
“Governance,” “Strategy,” “RiskManagement,” or “MetricsAndTargets” in either the first or second
level of the XBRL tag element names.

(5) Text normalization: The text is normalized through the following steps:

• NFKC normalization of characters, excluding ellipse and circle numbers

• Replacement of characters resembling hyphens with hyphens
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Table 1: Example dataset (some text excerpts from the Japan Exchange Group, Inc.)）
Code 1stXBRL 2ndXBRL Text (Reference Translation)
86970 Governance

TextBlock
Governance
In line with the above approach, the Group has established a Sustainability
Committee with the Group CEO as Chair and Group COO as Vice-Chair.
The Committee has analyzed how related issues affect business operations
and is proceeding to address these. The Group has also established a sys-
tem where overall approaches and important matters relating to these issues
are reported to the board of directors where necessary, ensuring appropriate
oversight (see “4 Corporate Governance” in “IV Information about the Re-
porting Company”).
(Omitted)

86970 Risk
Management
TextBlock

Risk Management
JPX Group has established a Risk Policy Committee chaired by an outside
director and a Risk Management Committee chaired by the Group CEO
in order to address the various risks faced by the Group. In line with the
Group’s Risk Management Policy, these committees are responsible for pre-
venting risk materialization through identification of risks and development
and management of countermeasures, as well as preparing processes for a
swift and appropriate response in the case risks do or are likely to material-
ize.
(Omitted)

86970 Strategy
TextBlock

Strategy
JPX Group has considered the possible risks and opportunities brought on by
climate change and their effects on operations, strategy, and financial plan-
ning. It is accordingly implementing measures to reduce risks and increase
corporate value and has summarized these initiatives as its Green Strategy
in the Medium-Term Management Plan 2024.
(Omitted)

86970 Strategy
TextBlock

Reference
ToOther
Information
Strategy

For details on the Group’s scenario analysis, please see the below page.
https://www.jpx.co.jp/english/corporate/sustainability/jpx-
esg/environment/01.html

• Replacement of consecutive whitespace characters with a single space

These processes refined and selected the texts related to TCFD disclosures from the annual security
reports of companies listed on the Tokyo Stock. The resulting dataset contained the texts on Governance,
Strategy, Risk Management, and Metrics & Targets of each listed company, allowing analyses of the fulfill-
ment statuses of the TCFD disclosures.

Table 1 is an example dataset created through the above procedures.

4.2 Constraints of the dataset
The dataset is limited by the following three constraints.

(1) Restricted period of annual securities report submissions: The dataset is based on annual securities
reports submitted to EDINET from April 1, 2023, to October 31, 2023. Therefore, it covers only
part of the 2023 fiscal year (ending March 2024) and excludes reports submitted after this period, for
example, the reports of companies with a fiscal year ending in August 2023 or later. This constraint
limits the comprehensiveness of the data, preventing a complete picture of companies listed on the
Tokyo Stock Exchange.
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Table 2: Statistics of the dataset arranged by XBRL tags
Strings contained
in the XBRL tags

Number of
Texts

Number of
Companies

Number of
Characters

Average Number of
Characters per Company

Governance 2,721 2,178 1,071,287 491.9
Strategy 4,551 2,164 4,291,547 1,983.2
RiskManagement 2,667 2,145 987,729 460.5
MetricsAndTargets 4,233 2,118 2,475,695 1,168.9
Whole 13,530 2,198 8,089,292 3,680.3

(2) Use of text information only: The dataset is limited to text information and tables (which are con-
verted to double lists and used as text information) and excludes visual details such as images. Visual
information, such as numerical data and graphs depicting future scenario analyses, is also crucial in
TCFD disclosures. The inability to capture visual elements in the dataset limits the analysis.

(3) Non-consideration of external materials: Annual securities reports may include limited TCFD dis-
closures by some listed companies and instead provide references to external materials, including
sustainability reports. The dataset extracts text only from annual security reports and excludes text
from external materials. Consequently, the present analysis is limited to the information described in
the annual securities reports, preventing a comprehensive capture of the full scope of sustainability
initiatives by the listed companies.

4.3 Statistics of the dataset
The dataset was extracted from the annual securities reports of Japanese companies listed on the Tokyo
Stock Exchange as of October 31, 2023, and submitted from April 1, 2023, to October 31, 2023. From
these annual security reports, we extracted the text related to sustainability information, finally obtaining
the data of 2,198 companies totaling 13,530 entries with a character count of 8,089,292.

Table 2 shows the number of texts and characters contained in the XBRL tags. Note that some XBRL
tag element names, such as “MetricsAndTargetsDataGovernanceTextBlock,” contain the names of multiple
core elements. Therefore, the summed number of texts (characters) in each core element does not always
match the total number of texts (characters).

4.4 Creation of evaluation datasets
The performance of the model, which is designed to automatically assess the fulfillment status of TCFD
recommended disclosures, was tested on evaluation datasets of texts extracted from the dataset. The evalu-
ation datasets contained 100 randomly selected texts of the four core elements, with each sample manually
labeled by the authors. The criteria of these labels are mentioned later.

The evaluation datasets were created as follows:

1. Randomly extract 100 texts corresponding to Governance, Strategy, Risk Management, and Metrics
& Targets from the dataset (400 texts in total).

2. Manually label each extracted text with the fulfillment status (binary classification: fulfill or does not
fulfill) under Governance, Strategy, Risk Management, or Metrics & Targets.

On these evaluation datasets, we can test the performance of the proposed automatic evaluation model
and accurately capture the fulfillment statuses of TCFD recommended disclosures in annual securities re-
ports.

The fulfillment status of each criterion in the evaluation datasets is shown in Appendix A.
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5 Proposed method
In this study, the fulfillment statuses of TCFD recommended disclosures are mechanically classified us-
ing LLMs for zero-shot text classification. The LLMs are pre-trained, eliminating the need for additional
training data for the specific classification task. Moreover, the judgment criteria of the original 11 TCFD
recommended disclosures are potentially ambiguous to both humans and machines. To evaluate the align-
ment between a company’s disclosures and each item, the present study develops 27 criteria based on the
11 TCFD recommended disclosures.

In the following subsections, we detail the criteria and discuss the proposed method based on zero-shot
text classification.

5.1 TCFD recommended disclosure criteria

Figure 5: Sample criterion

The 11 items of the TCFD recommended disclosures were divided into 27 criteria, providing specific
evaluation standards for each item and enabling detailed analysis and precise assessments of the disclo-
sures. Although a multitiered scale indicating the compliance degree of each criterion would enable a more
specific analysis, a binary assessment (whether the criterion is fulfilled or not) was chosen to simplify the
classification.

Each criterion consists of an ID, a title, a related TCFD recommended disclosure, a definition of the
criterion, and notes. Each criterion, which is uniquely determined by its ID and title, is linked to the TCFD
recommended disclosures. Therefore, the item associated with each criterion is clearly stated within that
criterion. The core of a criterion is its definition, which was maintained as concisely as possible to eliminate
ambiguity. Notes include definitions of terms or exceptional conditions. When improving the accuracy of
the proposed method, the content of each criterion was revised with minimal adjustments to the definition
of the criteria, and the classification results were corrected in the notes. Figure 5 is an image of a criterion.

When creating the criteria, we referred to “Guidance on Climate-related Financial Disclosures 3.0”
(hereafter referred to as TCFD Guidance 3.0) [23, 24]. Each criterion reflects the guidance content of a
TCFD recommended disclosure. In other words, the criteria were designed to factorize the TCFD rec-
ommended disclosures and TCFD Guidance 3.0 and to ensure that compliance with one criterion was
independent of other outcomes; that is, the judgment criteria are independent. The example in Figure 6
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Figure 6: Example showing the design of the criteria

shows the extraction of the content disclosed by an organization as an independent criterion from the TCFD
recommended disclosure “Board oversight.”

Modifications to the criteria reflect (to some extent) the actual content of disclosures by Japanese listed
companies at the current time in the dataset. For example, the terms used in actual disclosures are provided
as examples of ambiguous terms in the TCFD recommended disclosures. Instead of targeting all texts in
the dataset, representative samples were extracted for criteria-tuning. Specifically, texts were compressed
into 200 dimensions using Latent Semantic Analysis [25], and 30 texts representing each of the four core
elements were extracted using K-means.

The relationship between the TCFD recommended disclosures, and the criteria is documented in Ap-
pendix B.

The criteria are available at the following GitHub repository link:
https://github.com/cierpa/tcfd_criteria

5.2 Approach to zero-shot text classification
The text from the dataset or evaluation datasets, along with the content of the criteria, are input as prompts
to the LLMs to determine whether the text fulfills the criteria. The prompts for each criterion corresponding
to each core element are executed by referencing the element name of the XBRL tag corresponding to
the text. For each text, prompts are executed for seven Governance criteria, ten Strategy criteria, four
Risk Management criteria, and six Metrics & Targets criteria. When the XBRL tag element name of a
text includes multiple core elements, such as “MetricsAndTargetsDataGovernanceTextBlock,” prompts are
executed for the criteria corresponding to each core element.

Moreover, the prompt input to the LLMs explicitly states that the output be True if the criterion is
fulfilled and False if the criterion is not met.

In general, the accuracy of text classification by LLMs largely depends on the prompt design. In this
study, the prompts are the TCFD recommended disclosure criteria, and supplementary information is en-
tered as notes.

Figure 7 is an overview of zero-shot text classification in the proposed method, and Appendix C provides
examples of prompts.
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Figure 7: Overview of zero-shot text classification using the proposed method
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6 Classification-accuracy evaluation experiment
The effectiveness of the proposed method was evaluated through a classification accuracy test on four
evaluation datasets. Each evaluation dataset contains 100 texts related to a core element (Governance,
Strategy, Risk Management, or Metrics & Targets).

Below, we describe the experimental environment and discuss the experimental results and considera-
tions.

6.1 Experimental environment
Experiments were performed using ChatGPT (OpenAI) models1 (GPT-3.5’s gpt-3.5-turbo-0125 and GPT-
4’s gpt-4-0125-preview), which execute prompts through the ChatGP API2.

The evaluation datasets comprise 400 texts in total: 100 texts corresponding to each of the four core
elements. For each text, prompts were executed for seven Governance criteria, 10 Strategy criteria, four
Risk Management criteria, and six Metrics & Targets criteria. This process obtains a True (fulfilled) or
False (not fulfilled) judgment of each criterion within each text.

The criteria and core elements were evaluated in terms of accuracy, precision, recall, and F1-score. The
accuracy defines the ratio of correctly classified evaluations among all evaluations. Precision is the ratio
of predicted True data that are actually True, Recall is the ratio of actual True data that are predicted as
True, and the F1-score (the harmonic mean of Precision and Recall) evaluates the overall accuracy of the
proposed method. The accuracy, precision, recall, and F1 score are calculated using Eqs. (1), (2), (3), and
(4), respectively, where TP, TN, FP, and FN represent the numbers of true positives, true negatives, false
positives, and false negatives, respectively.

Accuracy =
T P + T N

T P + T N + FP + FN
(1)

Precision =
T P

T P + FP
(2)

Recall =
T P

T P + FN
(3)

F1-score = 2 × Precision × Recall
Precision + Recall

(4)

6.2 Experimental results and discussion
After presenting the overall trends in the results and considerations, we analyze and discuss the trends in
the individual core elements and several specific criteria.

6.2.1 Overall trend assessments

Table 3 presents the accuracies, precisions, recalls, and F1-scores of GPT-3.5 and GPT-4 on the 400 texts
on the evaluation datasets.

From Table 3, we observe that GPT-4 achieves a slightly higher classification accuracy than GPT-3.5 in
zero-shot text classification. The improvements in both accuracy and F1-score suggest that GPT-4 is more
suited for automatically determining TCFD recommended disclosures than GPT-3.5, likely because GPT-4
possesses an inferencing capability that improves the interpretability of complex natural language contexts
in the sustainability disclosures. Therefore, GPT-4 can infer accurate classification judgments.

1https://platform.openai.com/docs/models
2https://platform.openai.com/docs/api-reference
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Table 3: Comparison of classification accuracies of GPT-3.5 and GPT-4
LLMs Accuracy Precision Recall F1-Score
GPT-3.5 59.3% 36.3% 95.8% 52.7%
GPT-4 92.8% 77.2% 94.4% 84.9%

Table 4: Classification results of GTP-4 on the core elements of the dataset
Core elements Accuracy Precision Recall F1-Score
Governance 89.6% 86.9% 97.1% 91.6%
Strategy 95.3% 68.0% 94.1% 77.9%
Risk Management 87.3% 72.7% 92.7% 81.4%
Metrics & Targets 96.0% 84.2% 93.0% 88.1%
Whole 92.8% 77.2% 94.4% 84.9%

Compared with the experimental results of Doi et al. [6], the proposed approach improved the accuracy
and F1-score of GPT-4 from 86.0% to 92.8% and from 72.9% to 84.9%, respectively. These results indicate
that refining the criteria and applying the latest model improves the classification accuracy from that of
prior research.

Both GPT-3.5 and GPT-4 achieved a high recall score, indicating that the LLMs captured the content
related to TCFD recommended disclosures. Conversely, the relatively low precision scores suggest difficul-
ties in classifying unrelated content. The low precision is possibly sourced from the design of the prompts
or context misinterpretation by the LLMs and could be improved by a more detailed prompt design or
additional tuning that enhances the LLMs’ understanding of context.

6.2.2 Evaluation of core elements and criteria

This subsection evaluates the classification outcomes of GPT-4, which outperformed GPT-3.5 in the previ-
ous subsection. The classification results of GPT-3.5 and GPT-4 on all criteria are documented in Appendix
A.

Table 4 presents the classification results on each core element using the proposed method with GPT-4.
Overall, GPT-4 with the proposed method achieved very high classification accuracies across all core

elements.
The higher F1-scores of Governance and Metrics & Targets than those of the other elements suggest

that the proposed method is particularly suitable for classifying these categories.
Meanwhile, high recall scores were obtained for all core elements, indicating that the proposed method

can recognize texts related to TCFD recommended disclosures. The recall results were considerably im-
proved from those of Doi et al. [6], who reported low recalls on some Governance criteria. It was inferred
that our approach clarifies ambiguous judgment criteria by refining the criteria and enhancing the interpre-
tive abilities using the latest model.

Finally, the precision scores were lower for Strategy and Risk Management than for the other core
elements, leading to lower F1-scores for these categories. This finding indicates that unrelated content can
be misclassified under the criteria in these core elements. Examining the trends of specific criteria, the
precision scores were lowered for Strategy03-02 (precision = 55.6%), Strategy03-03 (precision = 52.9%),
Strategy04–01 (Precision = 54.2%), Risk Management08-01 (Precision = 61.5%) and Risk Management08-
02 (Precision = 66.7%).

These results suggest that the prompt design should be improved or the classification process optimized
to enhance the classification accuracy of specific criteria. Specifically, for the low precision criteria, texts
of low relevance might be incorrectly classified as fulfilling the criteria in many cases; thus, incorporating
more specific contexts or terms into the prompt could improve the classification accuracy.
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6.2.3 Summary of the experimental results

Overall, the proposed method using GPT-4 achieved high classification accuracy and high precision and
recall for the core elements of Governance and Metrics & Targets, indicating that the proposed method is
especially suited for classifying these categories. However, judging from the low precision for the core
elements of Strategy and Risk Management, the design of the prompts should be improved, and the classi-
fication process should be optimized.

The results should be generalized with caution because the evaluation datasets are relatively small (only
400 cases in total). Moreover, the inner workings of the LLMs are opaque and should be clarified to enhance
the validity of the evaluation results. Furthermore, the evolution of LLMs has provided new insights into
model selection and prompt design methods, highlighting the importance of regular model updates and
method reevaluations.
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7 Investigation of the fulfillment status of TCFD recommended dis-
closures

Using the proposed method, this section investigates the fulfillment status of TCFD recommended disclo-
sures in the sustainability information in the annual securities reports of companies listed on the Tokyo
Stock Exchange. The proposed method was applied to the previously created dataset to mechanically de-
termine which TCFD recommended disclosures were addressed by each listed company. As mentioned in
subsection 4.2, the dataset is limited to text information in the annual security reports and excludes infor-
mation related to images or external materials.

Among 13,530 texts from all 2,198 companies, texts containing the strings “Governance,” “Strategy,”
“RiskManagement,” and “MetricsAndTargets” were assigned to Governance, Strategy, Risk Management,
and Metrics & Targets, respectively, and were classified based on these criteria. Specifically, if the text of
a listed company fulfilled a criterion, that company was considered to meet that criterion, aggregating the
classification results at the company level.

Table 5 compares the classification results of the proposed method on the dataset and the correct-answer
ratios of the evaluation datasets during the classification evaluation experiment. The evaluation datasets
consist of 100 pieces randomly extracted from their corresponding datasets. If the accuracy of the proposed
method is sufficiently high, the classification results of the method on the dataset should largely match the
correct answers in the evaluation datasets. Hence, we subtracted the percentage of True results (fulfilling
each criterion) of the proposed method from the percentage of True results on the evaluation datasets during
the classification evaluation experiment. As shown in Table 5, this difference was small for most criteria
but deviated for the low precision criteria during the classification evaluation experiment, including 04–01.
When the precision was low in the classification evaluation experiment, the proposed method could overes-
timate the true fulfillment rate in the actual distribution. Therefore, to more accurately grasp the fulfillment
status of each criterion across the entire dataset, we must improve the precision scores of these criteria.

Table 6 presents the aggregated results of the number of companies fulfilling each TCFD recommended
disclosure obtained from the classification results of the proposed method on the dataset. The results allow
us to observe an overall trend in fulfilling TCFD recommended disclosures in the annual securities reports
of companies listed on the Tokyo Stock Exchange. Notably, disclosures related to Governance and Risk
Management are reasonably well fulfilled, although disclosures related to Strategy and Metrics & Targets
remain unfulfilled by many companies. This trend aligns with the Cabinet Office Ordinance on Corporate
Disclosure, which mandates the disclosure of Governance and Risk Management by all listed companies
from the fiscal year ending March 2023 onward but allows optional disclosures on Strategy and Metrics &
Targets [20]. As Strategy and Risk Management obtained lower precision scores than the other categories in
the classification evaluation experiment, the method might over-represent the fulfillment numbers in these
categories from those in the true distribution.

Furthermore, many specific criteria reveal disclosure deficiencies in certain items, suggesting that in-
vestors and stakeholders cannot adequately assess information related to climate change risks and opportu-
nities. For example, although 77.9% of companies fulfill the “Process of reporting to the board on climate-
related issues,”(01-01) only 33.4% mention the “Frequency of reporting to the board on climate-related
issues.”(01-02) This result indicates that although companies provide TCFD recommended disclosures,
they might not sufficiently provide more detailed information, such as the reporting frequency.

The Japan Exchange Group Inc. aims to understand the extent to which the climate-related information
disclosures of Japanese companies comply with the TCFD recommendations and to provide assistance for
listed companies disclosing their climate-related information. To this end, it published its “Survey on the
Reality of Information Disclosure in Compliance with TCFD Recommendations” [26] in November 2021,
which targeted 259 TCFD-endorsing listed companies (as of the end of March 2021), and the “Survey on
the Reality of Information Disclosure in Compliance with TCFD Recommendations (Fiscal Year 2022)”
[27] in January 2023, which targeted constituents of the JPX-Nikkei Index 400. Based on the classification
results, a more detailed survey will be conducted in fiscal year 2023, and the results will be published.
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Table 5: Comparison of (1) classification results of the proposed method on the dataset and (2) percentage
of correct answers in the evaluation datasets during the classification evaluation experiment

ID Title (1)
Proposed
method

(2)
Evaluation
datasets

(1)-(2)

01-01 Process of reporting to the board on climate-related issues 71.3% 69.0% 2.3%
01-02 Frequency of reporting to the board on climate-related issues 28.7% 38.0% -9.3%
01-03 Consideration of climate-related issues by the board 69.6% 70.0% -0.4%
01-04 How the board monitors and oversees progress 47.5% 47.0% 0.5%
02-01 Organizational structure 73.9% 66.0% 7.9%
02-02 Process by which management is informed about climate-related issues 77.8% 71.0% 6.8%
02-03 How management monitors climate-related issues 66.5% 66.0% 0.5%
03-01 Time horizon(s) for the consideration of climate-related risks and opportunities 15.9% 14.0% 1.9%
03-02 Climate-related issues in each specified time horizon 10.8% 5.0% 5.8%
03-03 Process for determining risks and opportunities with a financial impact 18.4% 9.0% 9.4%
04-01 Impact on businesses or strategy 24.6% 13.0% 11.6%
04-02 Impact on financial planning 7.9% 5.0% 2.9%
05-01 2 °C or lower scenario 11.0% 11.0% 0.0%
05-02 Climate-related scenarios and associated time horizon(s) 11.9% 7.0% 4.9%
05-03 Impact of climate-related scenarios on the strategy 13.5% 8.0% 5.5%
05-04 Strategic action taken in relation to climate-related scenarios 12.2% 7.0% 5.2%
05-05 Impact of climate-related scenarios on financial planning 11.8% 8.0% 3.8%
06-01 Process for identifying and assessing risks 60.1% 50.0% 10.1%
07-01 Process for managing risks 73.1% 62.0% 11.1%
08-01 Integration of the identification and assessment process into the overall risk management 27.6% 18.0% 9.6%
08-02 Integration of the management process into overall risk management 28.0% 21.0% 7.0%
09-01 Evaluation metrics 28.0% 25.0% 3.0%
09-02 Historical performance based on evaluation metrics 9.2% 6.0% 3.2%
10-01 Greenhouse gas emissions 20.8% 20.0% 0.8%
10-02 Historical greenhouse gas emissions 6.7% 6.0% 0.7%
11-01 Climate-related targets 26.5% 24.0% 2.5%
11-02 Time horizon(s) for climate-related targets 26.0% 23.0% 3.0%

Average 32.6% 28.5% 4.1%
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Table 6: Number of TCFD recommended disclosures fulfilled by each listed company, based on the dataset
classification results of the proposed method

ID Title Number
of Com-
panies
Fulfilling
the Dis-
closure

Percentage
of Total
Listed
Com-
panies
(2,198
compa-
nies)

Fulfillment
Rate of
the
TCFD
recom-
mended
Disclo-
sure
(Ave.)

01-01 Process of reporting to the board on climate-related issues 1713 77.9%

60.2%
01-02 Frequency of reporting to the board on climate-related issues 735 33.4%
01-03 Consideration of climate-related issues by the board 1673 76.1%
01-04 How the board monitors and oversees progress 1175 53.5%
02-01 Organizational structure 1702 77.4%

78.3%02-02 Process by which management is informed about climate-related issues 1851 84.2%
02-03 How management monitors climate-related issues 1607 73.1%
03-01 Time horizon(s) for the consideration of climate-related risks and opportunities 677 30.8%

29.7%03-02 Climate-related issues in each specified time horizon 487 22.2%
03-03 Process for determining risks and opportunities with a financial impact 796 36.2%
04-01 Impact on businesses or strategy 1024 46.6%

31.4%
04-02 Impact on financial planning 358 16.3%
05-01 2 °C or lower scenario 495 22.5%

24.6%
05-02 Climate-related scenarios and associated time horizon(s) 534 24.3%
05-03 Impact of climate-related scenarios on the strategy 604 27.5%
05-04 Strategic action taken in relation to climate-related scenarios 542 24.7%
05-05 Impact of climate-related scenarios on financial planning 528 24.0%
06-01 Process for identifying and assessing risks 1459 66.4% 66.4%
07-01 Process for managing risks 1713 77.9% 77.9%
08-01 Integration of the identification and assessment process into the overall risk management 707 32.2%

32.3%
08-02 Integration of the management process into overall risk management 715 32.5%
09-01 Evaluation metrics 1076 49.0%

32.9%
09-02 Historical performance based on evaluation metrics 372 16.9%
10-01 Greenhouse gas emissions 822 37.4%

25.0%
10-02 Historical greenhouse gas emissions 276 12.6%
11-01 Climate-related targets 1008 45.9%

45.2%
11-02 Time horizon(s) for climate-related targets 979 44.5%
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8 Conclusion
We proposed and evaluated an LLM-based method that classifies TCFD recommended disclosures using
zero-shot text classification. The proposed method mechanically evaluates the fulfillment statuses of TCFD
recommended disclosures among the vast amount of text data contained in annual securities reports. Based
on these results, we could understand the fulfillment statuses of TCFD recommended disclosures in the
annual securities reports of companies listed on the Tokyo Stock Exchange. Furthermore, the proposed
method classified the fulfillment statuses of specific categories (especially Governance and Metrics & Tar-
gets) with high accuracy, indicating that it can efficiently evaluate the fulfillment statuses of TCFD recom-
mended disclosures. This approach can provide valuable information for efficient and accurate analyses of
sustainability information disclosure, aiding companies in disclosing their climate-related information and
investors in their assessment and decision-making processes.

Possible future research avenues are continuous surveys of fulfillment status, improvements in classi-
fication methods (including their criteria), and expansion to disclosure media other than annual securities
reports. In addition, the proposed method can automate analyses of sustainability information disclosures,
providing a foundation for further applications. For instance, the method is applicable to disclosures related
to other ESG elements and to international disclosure standards.
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https://www.jpx.co.jp/english/corporate/investor-relations/ir-library/securities-reports/tcgh5100000049ke-att/Annual_Securities_Report_fy2022.pdf
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https://tcfd-consortium.jp/pdf/news/22100501/TCFD_Guidance_3.0_J.pdf
https://tcfd-consortium.jp/pdf/en/news/22100501/TCFD_Guidance_3.0_e.pdf
https://tcfd-consortium.jp/pdf/en/news/22100501/TCFD_Guidance_3.0_e.pdf
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https://www.jpx.co.jp/english/corporate/news/news-releases/0090/b5b4pj000004jllw-att/TCFDsurveyEN.pdf
https://www.jpx.co.jp/english/corporate/news/news-releases/0090/b5b4pj000004jllw-att/TCFDsurveyEN.pdf
https://www.jpx.co.jp/english/corporate/news/news-releases/0090/tcgh510000005j2x-att/TCFDsurveyen.pdf
https://www.jpx.co.jp/english/corporate/news/news-releases/0090/tcgh510000005j2x-att/TCFDsurveyen.pdf
https://www.jpx.co.jp/english/corporate/news/news-releases/0090/tcgh510000005j2x-att/TCFDsurveyen.pdf


A By-category results of the classification evaluation experiments

Table 7: Results of the classification evaluation experiment

ID Num. of fulfilled GPT-3.5 GPT-4
Accuracy Precision Recall F1-Score Accuracy Precision Recall F1-Score

01-01 69 71.0% 70.4% 100.0% 82.6% 92.0% 89.6% 100.0% 94.5%
01-02 38 40.0% 38.8% 100.0% 55.9% 94.0% 92.1% 92.1% 92.1%
01-03 70 72.0% 71.9% 98.6% 83.1% 94.0% 92.1% 100.0% 95.9%
01-04 47 53.0% 50.0% 100.0% 66.7% 83.0% 75.9% 93.6% 83.8%
02-01 66 68.0% 67.7% 98.5% 80.2% 84.0% 82.9% 95.5% 88.7%
02-02 71 71.0% 71.0% 100.0% 83.0% 89.0% 86.6% 100.0% 92.8%
02-03 66 68.0% 67.7% 98.5% 80.2% 91.0% 89.0% 98.5% 93.5%
03-01 14 44.0% 19.1% 92.9% 31.7% 95.0% 73.7% 100.0% 84.8%
03-02 5 55.0% 8.3% 80.0% 15.1% 96.0% 55.6% 100.0% 71.4%
03-03 9 38.0% 12.7% 100.0% 22.5% 92.0% 52.9% 100.0% 69.2%
04-01 13 31.0% 15.0% 92.3% 25.8% 89.0% 54.2% 100.0% 70.3%
04-02 5 55.0% 8.3% 80.0% 15.1% 98.0% 80.0% 80.0% 80.0%
05-01 11 74.0% 29.7% 100.0% 45.8% 100.0% 100.0% 100.0% 100.0%
05-02 7 83.0% 29.2% 100.0% 45.2% 96.0% 63.6% 100.0% 77.8%
05-03 8 68.0% 20.0% 100.0% 33.3% 96.0% 66.7% 100.0% 80.0%
05-04 7 62.0% 14.0% 85.7% 24.0% 96.0% 66.7% 85.7% 75.0%
05-05 8 63.0% 17.8% 100.0% 30.2% 95.0% 66.7% 75.0% 70.6%
06-01 50 51.0% 50.5% 100.0% 67.1% 87.0% 80.3% 98.0% 88.3%
07-01 62 62.0% 62.0% 100.0% 76.5% 86.0% 82.4% 98.4% 89.7%
08-01 18 24.0% 18.5% 94.4% 30.9% 88.0% 61.5% 88.9% 72.7%
08-02 21 37.0% 25.0% 100.0% 40.0% 88.0% 66.7% 85.7% 75.0%
09-01 25 66.0% 42.1% 96.0% 58.5% 94.0% 85.2% 92.0% 88.5%
09-02 6 48.0% 10.3% 100.0% 18.8% 98.0% 75.0% 100.0% 85.7%
10-01 20 79.0% 48.8% 100.0% 65.6% 98.0% 95.0% 95.0% 95.0%
10-02 6 72.0% 15.6% 83.3% 26.3% 98.0% 83.3% 83.3% 83.3%
11-01 24 79.0% 53.7% 91.7% 67.7% 93.0% 84.0% 87.5% 85.7%
11-02 23 68.0% 42.6% 95.8% 59.0% 95.0% 82.8% 100.0% 90.6%
全体 59.3% 36.3% 95.8% 52.7% 92.8% 77.2% 94.4% 84.9%
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B Relationship between TCFD recommended disclosures and their
criteria

Table 8: Relationship between TCFD recommended disclosures and their criteria
# Core elements Title of disclosures Criteria

01 Governance Board oversight 01-01: Process of reporting to the board on climate-related issues
01-02: Frequency of reporting to the board on climate-related issues
01-03: Consideration of climate-related issues by the board
01-04: How the board monitors and oversees progress

02 Governance Management’s role 02-01: Organizational structure
02-02: Process by which management is informed about climate-related issues
02-03: How management monitors climate-related issues

03 Strategy Risks and opportunities 03-01: Time horizon(s) for the consideration of climate-related risks and opportunities
03-02: Climate-related issues in each specified time horizon
03-03: Process for determining risks and opportunities with a financial impact

04 Strategy Impact on businesses, strat-
egy, and financial planning

04-01: Impact on businesses or strategy

04-02: Impact on financial planning
05 Strategy Description of resilience of

strategy based on scenarios
05-01: 2 °C or lower scenario

05-02: Climate-related scenarios and associated time horizon(s)
05-03: Impact of climate-related scenarios on the strategy
05-04: Strategic action taken in relation to climate-related scenarios
05-05: Impact of climate-related scenarios on financial planning

06 Risk Management Processes for identifying
and assessing risks

06-01: Process for identifying and assessing risks

07 Risk Management Processes for managing
risks

07-01: Process for managing risks

08 Risk Management Integration into overall risk
management

08-01: Integration of the identification and assessment process into the overall risk management

08-02: Integration of the management process into overall risk management
09 Metrics & Targets Metrics used to assess risks

and opportunities
09-01: Evaluation metrics

09-02: Historical performance based on evaluation metrics
10 Metrics & Targets Greenhouse gas emissions

of Scope 1 and 2
10-01: Greenhouse gas emissions

10-02: Historical greenhouse gas emissions
11 Metrics & Targets Targets used to manage risks

and opportunities and per-
formance against targets

11-01: Climate-related targets

11-02: Time horizon(s) for climate-related targets
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C Example of a prompt input into the LLMs

Example of a prompt (Reference Translation)� �
Below are some disclosure materials of listed companies and the criteria for TCFD recommended dis-
closures.

## Selected Disclosure Materials of Listed Companies
...

## Criteria
Does the text describe the processes by which the board and/or the board committee are informed about
climate-related issues?

## Remarks
Examples of board committees could include an audit committee, risk committee, etc.
Climate-related issues refer to climate-related risks and opportunities.
Sustainability efforts are considered to be related to climate-related issues.
Content related to future plans will not be considered.

## Task
Output True if some input listed company disclosure documents meet the Criteria, False otherwise.

## Output

� �
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