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Abstract

The growing importance of identifying environmental, social and governance (ESG) risks
is driven by increasing regulatory requirements and stakeholder expectations. However, in-
formation asymmetry, disclosure—performance gaps and potential greenwashing may limit
the reliability of sustainability disclosures. This study examines the potential of financial
statements as an additional source for screening ESG risk exposures and proposes an ESG
Proxy Mapping Approach based on financial statement indicators. The empirical analysis
covers companies listed on the Bulgarian Stock Exchange (68 in total), combining content
analysis of publicly available financial and non-financial information with quantitative
proxy indicators, comparative analysis and cross-report verification. The findings indicate
that the feasibility of identifying potential signals varies across indicators, companies, and
sectors. Proxies based on conventional accounting items tend to be more observable than
those that require disclosing ESG-specific amounts. However, the mere existence of an
observable accounting item or computable ratio does not establish an ESG-related cause.
Missing disclosures also constrain the assessment. The findings suggest that, when com-
bined with contextual disclosure analysis, financial-statement-based proxy mapping can
support preliminary ESG risk screening, but cannot independently confirm the existence or
magnitude of ESG risks.
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1. Introduction

Over the past decade, companies have invested more time and resources into sustain-
ability, influenced by increasing regulatory pressure and changing values. Sustainable
development has become essential to long-term prosperity. Contemporary corporate poli-
cies are being developed as an integrated management approach that adapts a company’s
vision, goals, and entire business model to the dynamic and ever-changing business envi-
ronment. In this context, sustainability issues incorporating ESG risks assume a pivotal role
due to their capacity to influence the financial performance (Kim & Yang, 2026, p. 3) and
resilience of enterprises; stakeholder demands regarding climate, social and governance
matters (Sundarasen et al., 2026, p. 1); and sustainability regulations such as the Corpo-
rate Sustainability Reporting Directive (European Parliament & Council of the European
Union, 2022). More broadly, the development of regulatory frameworks should take into
account the need to maintain a balance be-tween regulatory intervention and the effective
functioning of market mechanisms (Minchev, 2023, p. 46). Greater accountability and
transparency are expected regarding enterprises’ environmental and social commitments
and the results of their actions and interactions with the environment and society. A new

J. Risk Financ. Manag. 2026, 19, 896

https://doi.org/10.3390/jrfm19110896


https://crossmark.crossref.org/dialog?doi=10.3390/jrfm19110896&domain=pdf&date_stamp=2026-11-05
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/jrfm
https://www.mdpi.com
https://orcid.org/0000-0002-9772-5467
https://doi.org/10.3390/jrfm19110896

J. Risk Financ. Manag. 2026, 19, 896

2 of 25

reporting approach is needed to complement traditional financial reporting by disclosing
ESG (environmental, social, and governance) information. A current imbalance between
sustainability disclosures and stakeholder expectations (Hassani & Bahini, 2022, p. 5) and
a disclosure—performance gap (Tariq, 2025, p. 537) limit the ability to effectively assess
ESG information. Greenwashing practices, in which information about environmental and
social commitments is manipulated, also make it difficult to establish reliable, comparable
information about enterprises” environmental and social impacts and interactions, and the
risks that arise from them. This highlights the need to reconsider approaches to identifying
and assessing ESG risks, including the potential of financial statements to screen for how
these risks manifest and affect an entity’s financial position and performance. In this context,
the analytical focus shifts from examining the financial consequences of ESG factors to
exploring whether financial statement information can reveal potential ESG risk signals.
The Bulgarian capital market is a relevant empirical setting for examining this perspective.
As an EU Member State, Bulgaria operates within the European regulatory framework for
financial and sustainability reporting. However, previous research indicates that sustain-
ability reporting has not yet become an established practice among Bulgarian companies
(Petrova, 2025, p. 193). This underlines the importance of examining conventional financial
statements as an additional source of information for identifying ESG risks. Furthermore,
the range of sectors represented by companies listed on the Bulgarian Stock Exchange (BSE)
allows the proposed approach to be explored across various economic sectors.

This study aims to evaluate the potential of financial statements as a source of informa-
tion for identifying financial signals that are relevant to ESG risk assessment, using a system
of proxy indicators applied to companies listed on the BSE. To achieve this, the following
research questions are addressed:

RQ1: Which financial statement items and measures can be used as indicators of ESG
risk signals?

RQ2: What is the profile of ESG risk signals identified through proxy indicators derived
from financial statements of Bulgarian listed companies?

RQ3: To what extent do the financial statements of Bulgarian listed companies pro-
vide information that is suitable for identifying potential financial signals associated with
ESG risk?

The study employs a multi-stage research design that combines qualitative, conceptual
analysis with a quantitative examination of financial reporting data. The qualitative compo-
nent establishes the relationship between ESG risks, their potential financial consequences,
and the corresponding financial statement items. This provides the basis for developing
the ESG Proxy Mapping Approach. The empirical analysis comprises a content analysis
of financial and non-financial information that companies listed on the BSE have made
publicly available, the application of accounting-based proxy indicators to identify potential
ESG risk signals and a comparative analysis to examine differences across companies.

2. Literature Review
2.1. Nature and Financial Implications of ESG Risks

ESG risks, also referred to as sustainability, non-financial, or extra-financial risks, are
environmental, social, and governance-related risks and/or opportunities that may affect
an organisation (COSO & WBCSD, 2018, p. 1). Broadly speaking, these are risks arising
from environmental, social, and governance issues that may affect a company’s financial
position, performance, or long-term value. These risks can materialise in several ways. ESG
risk stems from the exposure of a firm’s misdeeds in these areas, which can adversely affect
firms by shaping stakeholder perceptions (Li et al., 2024, p. 2). The financial aspects of
these risks can be analysed using concepts such as financial materiality and sustainability
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reporting (H. B. Christensen et al., 2021, pp. 1182-1183, 1220-1221), the impact of negative
shareholder value (Kriiger, 2015, pp. 304-305) and the correlation between ESG and
corporate financial performance (Friede et al., 2015, p. 210). However, discrepancies in
ESG ratings (Berg et al., 2022, p. 1315), greenwashing practices (Delmas & Burbano, 2011,
pp. 64-65), and information asymmetry in ESG disclosures (Agapova et al., 2025) can
complicate the identification and assessment of ESG risks.

However, the multifaceted nature of ESG risks, arising from their diverse sources and
potential consequences, makes it difficult to establish a unified understanding of them.
Nevertheless, Article 2(22) of Regulation (EU) 2019/2088 provides a regulatory definition,
defining ‘sustainability risk” as ‘an environmental, social or governance event or condition
that, if it occurs, could cause an actual or a potential material negative impact on the value
of the investment’.

ESG risks are associated with uncertainty over the future occurrence (or non-
occurrence) of ESG-related issues. These risks are characterised by the following:

Firstly, they have a dual nature, manifesting in two aspects:

a. ESGrisks originate from non-financial sources yet materialise as financial consequences
(typically negative) for the enterprise.

b.  Double materiality: ESG risks are closely linked to the concept of double materiality
within the CSRD framework, reflecting both the impact of ESG factors on the enterprise
and the impact of the enterprise’s activities on the environment and society.

Secondly, they have a long-term time horizon and a pronounced cumulative effect.
Financial consequences accumulate gradually and materialise when a specific event or
condition occurs. Moreover, their significance evolves over time.

Thirdly, their complexity stems from interactions among environmental, social, and
governance factors, including natural processes, social relations, regulations, and manage-
ment decisions. This interdependence creates the potential for ‘chain reaction’ impacts. For
instance, depleting natural resources may disrupt supply chains, spark social unrest, and
prompt new regulations. Consequently, a single environmental issue can trigger repercus-
sions across economic, social, and governance dimensions.

Fourthly, there is uneven manifestation. Their impact depends on the macroeconomic
and sectoral environment, as well as the characteristics of the individual enterprise. In
this sense, ESG risks manifest at systemic and sectoral levels, as well as at the level of
individual enterprises.

These specified characteristics reveal the complex and interconnected nature of ESG
risks, distinguishing them from traditional corporate risk categories and requiring an
integrated approach to their identification, assessment, management and disclosure.

ESG risks fall into three main categories:

Environmental risks arise from the enterprise’s interaction with the natural environ-
ment and ecosystems. These include climate change, biodiversity loss, pollution and
resource limitation.

Social risks cover a wide range of impacts related to labour relations, health and safety,
human rights, and relations with employees, contractors, and communities.

Governance risks relate to the quality of corporate governance, the independence
and structure of the board of management, internal control, ethics and anti-corruption
mechanisms.

The financial implications of ESG risks may become apparent through changes in
asset values, the recognition of losses, the emergence of obligations and other effects on
a company’s financial position and performance. However, the extent to which these
consequences are reported in financial statements depends on the nature of the ESG risks
and the relevant accounting recognition and measurement requirements. In this context,
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accounting conservatism is characterised by asymmetric recognition of economic profits and
losses (Basu, 1997, p. 3; Watts, 2003, p. 207). Ferdous et al. (2024, pp. 1-2) provide empirical
evidence that accounting conservatism is relevant to climate-related risks, documenting
a positive association between firms’ exposure to these risks and their adoption of more
conservative financial reporting practices. The concept of intangible liabilities, as discussed
by Harvey and Lusch (1999, p. 85), together with research on environmental liabilities
(Barth & McNichols, 1994), highlights the limitations of accounting recognition in capturing
such exposures.

Furthermore, the European Systemic Risk Board (ESRB, 2024) identifies asset impair-
ments, provisions, contingent liabilities, expected credit losses and fair value measurements
as areas through which climate-related risks may affect financial reporting. These considera-
tions suggest that ESG risks may result in financial consequences that are either recognised,
disclosed, or not included in recognised accounting amounts. Accordingly, while financial
statements may contain indirect indications of ESG-related exposures, individual accounting
items cannot, in isolation, establish the existence or origin of an underlying ESG risk.

ESG risks are a unique category characterised by potential financial materiality, which
explains the growing scientific and regulatory interest in these risks. If they materialise,
they can significantly affect the enterprise’s financial condition and results, and relevant
financial statement disclosures would reflect this. In this context, studying approaches to
ESG risks and their financial manifestation in the literature is particularly important.

2.2. Empirical Research on ESG Risks

Research into ESG risks has grown significantly in recent years. According to a sys-
tematic bibliometric analysis by De Giuli et al. (2024), which covered 589 publications
containing the keywords ‘ESG” and ‘risk” in the Scopus database between 1983 and 2022,
academic interest began to accelerate after 2015-2016, reaching its peak in 2022. Addi-
tionally, Asmi et al. (2026, p. 5931) noted a 70% surge in publications on ESG risks and
sustainability after mid-2022. This expansion has occurred alongside major international
regulatory and policy developments, such as the Paris Agreement (2016) and the Corporate
Sustainability Reporting Directive (2022). Recent systematic and bibliometric reviews have
further highlighted the diversity and evolution of research in this field (Mukhtar et al., 2024;
Mishra et al., 2025).

Existing research on ESG-related risk issues comprises several interconnected areas:
the relationship between ESG factors and corporate financial performance (Khan et al.,
2016; De Giuli et al., 2024); sustainability reporting, ESG disclosures and their reliability
(D. M. Christensen et al., 2022; Berg et al., 2022); the assessment of climate-related risks
and firm-level climate risk exposure (Krueger et al., 2020; Sautner et al., 2023); corporate
governance and ESG-related strategies (Gillan et al., 2021); and sustainable finance, cost of
capital and investment decisions (El Ghoul et al., 2011; Flammer, 2021; Matos, 2020; Bolton
& Kacperczyk, 2021; Torri et al., 2023).

The literature also identifies several overarching characteristics of ESG-related risk
research. First, the research’s interdisciplinary nature reflects interactions among envi-
ronmental, social, governance, and financial considerations, linking sustainability-related
issues to financial materiality. Second, ESG-related risks are examined within broader
corporate risk management and long-term firm value (De Giuli et al., 2024; Menicucci,
2025). Third, emerging methodological approaches apply machine learning and predictive
models to climate-related financial risks, ESG risk assessment, and the reliability of ESG
data. Awijen et al. (2026) investigate the predictive role of physical and transition climate
risks in financial market modelling, and Patel et al. (2026) develop machine learning models
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to estimate ESG risk scores. Caprioli et al. (2024) address missing ESG data and associated
measurement uncertainty using machine learning techniques.

Another area of research concerns the extent to which ESG-related risks are reflected
in financial reporting and audit practices. For example, Borghei et al. (2024) examine
climate-related disclosure in the financial statements of FTSE 100 companies and identify
limitations in its extent and consistency. Abdel-Rahim et al. (2024) investigate critical audit
matters related to ESG, including those associated with environmental liabilities and loss
contingencies. Together, these studies emphasise the importance of accounting and auditing
information in understanding the potential financial ramifications of ESG risks, while also
highlighting limitations in the visibility and interpretation of such information.

A review of the literature reveals several key emerging trends:

e Aninterdisciplinary approach that integrates various aspects of ESG risks and their
manifestations.

e  ESG-related risks are increasingly viewed within the broader context of corporate
(business) risk and long-term corporate value (De Giuli et al., 2024; Menicucci, 2025).

e  The emergence of methodological approaches involving the application of machine
learning and predictive models to climate-related risks. ESG risk assessment and the
reliability of ESG data: Awijen et al. (2026) investigate the predictive role of physical
and transitional climate risks in financial market modelling and Patel et al. (2026)
develop a machine learning model to estimate ESG risk scores. Caprioli et al. (2024)
address missing ESG data and associated measurement uncertainty using machine
learning techniques.

2.3. ESG and Sustainability Research: The Bulgarian Context

Research on ESG and related risks in Bulgaria remains relatively limited in scope
and thematic focus when compared to the rapidly evolving international literature. A
significant proportion of this research focuses on corporate sustainability reporting and
the implementation of regulatory requirements for sustainability disclosure. Angelova and
Ivanov (2025) analyse the impact of ESG legislation on enterprises’ operations, financial
performance, and accounting, with particular attention to the challenges facing small and
medium-sized enterprises. Ilieva (2024) examines the economic effects of introducing and
implementing European sustainability reporting standards. Popova-Yosifova (2024) focuses
on the banking sector, examining how leading Bulgarian banks implement sustainability
reporting requirements and highlighting areas where problems have arisen in practice.
Other publications addressing the development and practical application of corporate sus-
tainability reporting include the work of Nikolov (2023), Vutsova et al. (2024), and Staneva
(2022), which explore the strategic dimension of ESG and the integration of sustainability
principles into corporate governance.

Recent research is gradually shifting focus toward sustainability risks and the lim-
itations of ESG disclosure information. Krasteva-Hristova and Krastev (2026) examine
the extent to which ESRS-oriented corporate disclosures capture systemic sustainability
risks using an integrated Life Cycle Sustainability Assessment (LCSA) approach. Their
analysis of three companies indicates partial integration, with aspects related to decline
and end-of-life remaining underrepresented.

However, some studies provide evidence of the potential of such an approach. For
example, D’Amato et al. (2022) used financial indicators to predict ESG scores, demonstrat-
ing the link between financial data and a company’s ESG profile. Furthermore, financial
statements reflect ESG factors in specific line items and associated disclosures (Deloitte,
2021). Nevertheless, the potential of financial statements as a source for identifying ESG
risks via proxy indicators remains under-researched. This is particularly evident in the
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Bulgarian context, where, despite the broadened thematic scope, research has focused on
sustainability reporting and disclosure, regulatory requirements, and integrating ESG prin-
ciples into corporate governance. Overall, studies addressing the financial manifestation
of ESG risks remain limited. This is particularly evident in the Bulgarian context, where,
despite the broadened thematic scope, research has focused on sustainability reporting
and disclosure, regulatory requirements, and integrating ESG principles into corporate
governance. Another challenge is that ESG-related risks do not always have a recognised
accounting impact, while reported financial figures may reflect numerous economic factors
unrelated to ESG risks. This highlights a methodological gap in using proxy indicators to
identify ESG risk signals, as well as an empirical gap stemming from a lack of evidence for
the applicability of such an approach to Bulgarian companies. In this context, the study
aims to evaluate financial statements’ ability to identify ESG risk signals by formulating
and implementing an ESG proxy approach for companies listed on the Bulgarian Stock
Exchange (BSE).

Despite the growing body of international and Bulgarian empirical studies, the lit-
erature review indicates that they predominantly focus on the relationship between the
manifestation of environmental, social and governance (ESG) factors and risks and corpo-
rate financial performance. These studies assess financial consequences using indicators
such as ROA, ROE, RO], and Tobin’s Q. (Nguyen et al., 2025) or financial and market ef-
ficiency (lazzolino et al., 2023), i.e., with an emphasis primarily on ESG outcomes. The
reverse analytical relationship, using financial information to identify ESG risks, remains
far less explored. Some studies provide evidence of the potential of such an approach. For
instance, D’Amato et al. (2022) use financial indicators to predict ESG scores, demonstrating
the link between financial data and a company’s ESG profile. Furthermore, ESG factors are
reflected in financial statements within specific line items and their associated disclosures
(Deloitte, 2021).

Overall, studies addressing the financial manifestation of ESG risks remain limited.
This highlights a methodological gap relating to the use of proxy indicators to identify ESG
risks, as well as an empirical gap resulting from a lack of evidence regarding the applicability
of such an approach to Bulgarian companies. Given this context, the study aims to assess the
ability of financial statements to identify ESG risk signals by formulating and implementing
an ESG proxy approach to companies listed on the Bulgarian Stock Exchange.

3. Methodology
3.1. Research Design

This study adopts a pilot research design to develop and empirically apply an ESG
Proxy Mapping Approach to identify potential ESG signals through financial statement
information. This approach is based on the idea that, despite their non-financial origins,
ESG risks may have financially measurable consequences reflected in financial statements,
provided the relevant accounting recognition, measurement, presentation, or disclosure
requirements are met. Its conceptual foundation is rooted in the principle of materiality, as
set out in IFRS 18, ‘Presentation and Disclosure in Financial Statements’, in Appendix A
and paragraphs B1-B5 (IFRS Foundation, 2024), and in IFRS Practice Statement 2, ‘Making
Materiality Judgments’, in paragraphs IN1 and IN3 (IFRS Foundation, 2017). Under these
principles, information is considered material if its omission, misstatement or obscuring
could reasonably be expected to influence the decisions of users of financial statements.
Accordingly, the potential financial consequences of ESG risks may generate financial
statement information, depending on their nature, magnitude, and applicable accounting
requirements. This provides a theoretical foundation for examining financial statement
items and indicators as potential signals of ESG risks.
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The study employs a three-phase research design.

Phase 1: Identifying risk categories and their potential financial manifestation.

The focus is on identifying ESG risk categories and examining their potential financial
manifestations in financial statements (Figure 1).

Identification of ESG | An.alys1s 0f the o Identfﬁcatwn ?f
risks  financial manifestation | financial reporting
of ESG risks sources of ESG risks

Figure 1. Conceptual process of potential financial manifestation of ESG risks. Source: Author’s
own elaboration.

Step 1: Identifying ESG risks.

A systematic review of the academic literature, International Financial Reporting
Standards, and sustainability reporting frameworks and standards (ESRS, GRI and ISSB);
ESG risks are classified into three main categories:

()
(b)

Environmental risks: climate risk, pollution, and resource depletion;

Social risks, including those related to human capital, occupational health and safety
risks, and social and reputational risks;

(c) Governance risks: board governance risks, transparency risks, and compliance risks.
Step 2: Analysing the financial manifestation of ESG risks.

Building on the existing literature on the financial implications of climate-related risks
(including Krueger et al., 2020), this study examined the relationship between ESG risks
and their financial manifestations. This analysis identified the financial and economic
consequences of ESG risks, determined the affected accounting items, and established their
impact on financial statements. Table 1 presents the results.

Table 1. Financial and accounting manifestations of ESG risks.

Financial Statement Presentation and
Disclosure

Financial and Economic

Affected Accounting Items
Consequences

Asset impairment

Assets: property, plant and equipment,
intangible assets, etc. (reduction in the
carrying amount of affected assets)
Impairment loss

Statement of financial position (balance sheet)
Statement(s) of financial performance/Statement of
profit or loss
Notes for the financial statements

Recognition of provisions for
ESG-related obligations

Provisions (current and non-current)
Related expenses

Statement of financial position
Statement(s) of financial performance/Statement of
profit or loss
Notes for the financial statements

Contingent liabilities and legal
claims

Contingent liabilities
Potential obligation

Notes for the financial statements

Increased operational expenses

Operating expenses: materials, external
services, staff costs, compliance costs,
and other operating expenses,
including decarbonisation costs

Statement(s) of financial performance/Statement of
profit or loss
Notes for the financial statements

Compensation and damages

Compensation expenses
Employee liabilities
Provisions

Statement(s) of financial performance/Statement of
profit or loss
Statement of financial position
Notes for the financial statements

https://doi.org/10.3390/jrfm19110896


https://doi.org/10.3390/jrfm19110896

J. Risk Financ. Manag. 2026, 19, 896

8 of 25

Table 1. Cont.

Financial and Economic
Consequences

Affected Accounting Items

Financial Statement Presentation and
Disclosure

Fines and penalties

Operating expenses
Liabilities

Statement(s) of financial performance/Statement of
profit or loss
Statement of financial position
Notes for the financial statements

Investments in ESG-related
transformation

Property, plant and equipment
Intangible assets
Capital expenditure

Statement of financial position
Statement of cash flow (where cash payments occur)
Notes for the financial statements

Revenue decline and reduced
profitability

Revenue (sales)

Statement(s) of financial performance/Statement of

Financial result profit or loss

Reduction in cash flows

Cash flows from operating and

. . s Statement of cash flows
investing activities

Statement of financial position

T 1
. ) rad.e payables Statement(s) of financial performance/Statement of
Financial consequences of Operating expenses profit or loss
supply chain disruption Iri?;ir;l:iis Statement of cash flows
Notes for the financial statements
. Statement of financial position
Borrowings

Increased indebtedness

Statement(s) of financial performance/Statement of
profit or loss
Notes for the financial statements

Financial liabilities
Finance costs

Restricted access to finance

Statement of financial position
Statement(s) of financial performance/Statement of
profit or loss
Notes for the financial statements

Borrowings
Interest and financial costs

Financial losses arising from
related party transactions

Related party receivables and payables;
Impairment losses
Loses and expenses from related party
transactions

Statement of financial position
Statement(s) of financial performance/Statement of
profit or loss
Notes for the financial statements

Adjustments arising from
accounting misstatements

Relevant financial statement
Notes for the financial statement, including
disclosures of errors in previous periods and
restatements, where applicable

Affected assets, liabilities, income,
expenses and equity

Source: Author’s development.

The analysis indicates that ESG risks can affect various accounting items and be re-
flected in different parts of financial statements. This provides a basis for identifying
financial proxy indicators.

Phase 2: Developing a framework of ESG proxy indicators and mapping them.

The ESG proxy framework is based on the relationship between ESG risks and their
financial and economic consequences, as examined in Phase 1. This provides a basis for
identifying accounting information and financial indicators that could signal ESG risks.

Proxy indicators are substitute measures used to represent phenomena for which data
are unavailable or cannot be observed directly (OECD/European Union/EC-JRC, 2008,
pp. 22-24). For this study, an ESG proxy indicator is a financial measure or accounting-
related signal derived from publicly available financial statements and accompanying notes.
These indicators may suggest potential ESG risk exposure or its manifestation. Depending
on how they are measured and interpreted, proxy indicators can be classified as follows:

e  Absolute indicators represent the monetary amounts reported in relation to potential
financial consequences of ESG risks, such as fines and penalties, staff training costs
and audit costs.

https://doi.org/10.3390/jrfm19110896
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e  Relative indicators express the relationship between financial values in the form of
ratios or percentage changes, enabling comparisons to be made between entities or
reporting periods. Examples include impairment loss ratio, revenue growth rate, etc.

e  Signal indicators capture the presence or absence of specific accounting events, circum-
stances or disclosures, as well as the direction of change in selected financial indicators.
They provide additional information when monetary amounts or ratios alone cannot
adequately represent the nature of a potential ESG-related effect.

Complementary perspectives on potential ESG-related financial effects are provided
by these categories and are applied according to the particular indicator and availability of
relevant information.

The ESG framework was developed as follows:

Defining proxy indicators: A set of financial proxy indicators has been developed to
identify potential ESG risk signals. Based on the existing literature on ESG-related risks
and risk indicators (COSO & WBCSD, 2018, pp. 40-46; Institute of Operational Risk, 2010,
pp. 1-2; IFRS Foundation, 2023, IFRS S1, paras. B1-B3), an ESG risk signal is defined as
observable financial information that may indicate the presence, manifestation, or potential
financial consequences of ESG risks. Their interpretation requires caution, as observed
amounts or changes may reflect multiple economic factors and do not necessarily provide
direct evidence of ESG risk exposure.

The proxy indicators were selected based on their potential financial relevance, ob-
servability, and availability in publicly disclosed information, building on the analysis of
the financial and economic consequences of ESG risks presented in Table 1. The proposed
framework is not intended to capture all possible manifestations of ESG risks (see Table 2).

ESG proxy mapping: Inspired by Cronbach and Meehl’s (1955) concept of construct
validity, a conceptual mapping was established to link ESG risks, their potential financial
and economic consequences, and the proxy indicators identified in Step 1. This mapping
examines the logical connections between specific ESG risks, their potential financial impli-
cations, and the accounting data through which these implications could be reflected in
financial statements.

These relationships are classified as direct or indirect, depending on how specific the
link is between the ESG risk and the corresponding proxy indicator. A direct relationship is
identified when the indicator reflects a financial consequence that is specifically attributable
to an ESG-related event or obligation, or provides direct evidence of a relevant reporting
practice, supported by the available information. An indirect relationship is identified when
the indicator captures broader financial effects that may arise from ESG risks and other
economic factors. This classification is purely conceptual; it neither establishes causality
nor constitutes empirical validation of proposed indicators.

The mapping draws on research examining financial and accounting implications
of ESG-related factors. Krueger et al. (2020) highlight the financial relevance of climate
risks from the perspective of institutional investors, while Deloitte (2021) discusses how
ESG-related matters may affect accounting estimates and financial statement items. Edmans
(2011) and Eccles et al. (2014) provide evidence on the association between employee-
related or sustainability practices and corporate financial performance. In the governance
context, Gompers et al. (2003) investigate how corporate governance arrangements relate to
firm value. H. B. Christensen et al. (2021) analyse the economic implications of mandatory
sustainability reporting, and Vaccaro and Madsen (2009) discuss the role of corporate
transparency in accountability and stakeholder engagement. These studies provide a
conceptual and empirical background for examining potential ESG-related financial signals;
they do not directly validate the specific proxy indicators developed in this study.
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Table 2. Proxy indicators for ESG risks.

Financial and Economic
Consequences

Proxy Indicator

Absolute Indicators

Relative Indicators

Signal Indicators

Asset impairment

Impairment loss
(recognised impairment
losses on assets)

Impairment loss ratio =

Asset impairment losses
s mpainmen” %% % 100
Total assets

Recognition or change in
reported amount of
impairment loss

Investments in
environmental transition

Green CapEx,
Total CapEx

Green CapEx ratio =
ESG (Green)CapEx
Total CapEx x 100

Presence or change in green
capital expenditure

Environmental obligations
and penalties

Environmental provision;
Environmental penalties
and fines

Environmental provision ratio =
Environmental provisions
Total liabilities x 100

Recognition of
environmental provision or
penalties

Increased resource-related
costs

Material cost
Energy cost

Material and Energy Cost Intensity =
Material cost+Energy costs % 100

Revenue

Increase/decrease in
material and energy
intensity

Human capital-related
expenditure

Personnel costs;
Training costs

Personr}el cost ratio =
Personnel expenses
—ISonne XPETSE « 100

Total revenue

Increase/decrease in
personnel cost intensity

Occupational health and
safety consequences

Occupational injury
compensation expenses,

Occupational Injury Compensation
Ratio =

Occupational injury compensation expences

Recognition of occupational
injury compensation

personal expenses Porsonal oxpenses x 100 expenses
, Revenue growth rate = Positive/negative/zero
Change in sales and revenue Revenue Revenue rrent period ~ REVeNUe, o period
P priorperied . 100 revenue growth

Revenueprior period

Governance-related

Management and control

Management and control cost ratio =
Management and control expenses

Increase/decrease in
management and control

administrative expenditure expenses T o revors x 100 cost intensity
. . . ) ) Audit fee Increase/decrease in audit
Audit-related expenditure Audit fees Audit fee ratio = x 100 . .
Total assets fee 1nten51ty
Cost assoc1a.1ted .V\flth ESG/sustainability ESG reporting cost ratio = Presenc.:e of. .
ESG/sustainability . ESG reporting cost ESG/sustainability
) . reporting cost ———— x 100 :
reporting and disclosure Total operating cost disclosure

Regulatory non-compliance

Fine and penalties

Recognition of fines and
penalties

Source: Author’s development.

The ESG proxy mapping presented is based on a refined selection of financial proxy
indicators, as shown in Table 2. This selection aims to establish relationships between
financial manifestations and specific ESG risks that are conceptually justified and sufficiently
interpretable. Accordingly, the mapping includes only a subset of indicators from the
broader set. For example, revenue growth and inventory turnover are excluded because
changes to these indicators are influenced by multiple market, operational and economic
factors, which makes it difficult to distinguish potential ESG-related financial effects from
other determinants of financial performance. Similarly, audit fees and ESG reporting costs
are excluded because they may reflect assurance activities, regulatory compliance, and
improved reporting practices rather than the financial consequences of ESG risks. The
presence of ESG/sustainability disclosures indicates an observable reporting practice but
does not, in itself, establish deficiencies or non-compliance. The ESG proxy mapping focuses
on a more limited set of proxy indicators, selected for their financial relevance and the
interpretability of their conceptual relationship with ESG risks, rather than providing an
exhaustive list of all potentially relevant financial data.

The resulting ESG proxy mapping, including the rationale for each relationship and
its classification as direct or indirect, is presented in Table 3.
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Table 3. ESG proxy mapping.

ESG
Component

ESG Risk

Proxy Indicator Rationale for the Relationship

Relation Type

Climate risk

Asset impairment may be caused by
climate-related physical and transition effects.
However, impairment losses may also be caused
by other economic factors, such as a decline in
market demand, technological obsolescence,
unfavourable changes in market conditions or
lower-than-expected asset performance.
Therefore, unless the impairment is explicitly
attributable to climate-related factors, the
indicator provides an indirect financial signal of
potential climate-related risks.

Impairment loss ratio

Indirect

Low-carbon
transition risk

The transition to a low-carbon economy may
necessitate investment in new technologies and
the transformation of assets. This indicator
reflects the investment response rather than
providing direct evidence of the materialisation
of transition risk.

Green CapEx ratio

Indirect

Resource
dependency
risk

Increases in material and energy prices, as well as
resource scarcity, may affect operating costs
relative to revenue. This ratio may also be
influenced by production volumes, efficiency, and
market conditions.

Material and Energy
cost intensity

Indirect

Pollution risk

Recognised provisions may result in
pollution-related incidents and environmental
obligation. Where the environmental origin of

these obligation can be identified in the reported
information, the indicator reflects their relative
financial significance.

Environmental
provision ratio

Direct

Human capital
risk

Personnel expenses relative to revenue may be
affected by skill shortages, employee turnover
and recruitment or retention pressures. However,
changes in this ratio may also be caused by
fluctuations in revenue, workforce size, wage
levels or labour productivity.

Personnel cost ratio

Indirect

Occupational
health and
safety risk

Compensation expenses and related financial
obligations may be incurred as a result of
workplace accidents and occupational diseases,
provided that their occupational origin is
identifiable in the reported information.

Occupational injury
compensation ratio

Direct

Board
governance risk

Management and control expenses may reflect
the financial implications of corporate
governance arrangements. However, changes in
this ratio may also be caused by differences in
organisational size, remuneration policies,
management structures, or revenue fluctuations.

Management and
control cost ratio

Indirect

Compliance risk

Fines and penalties resulting from regulatory
non-compliance are a form of financial
consequence for violations of applicable
requirements. Their association with ESG-related
compliance risk depends on the nature of the
underlying violation.

Fines and penalties

Direct (where

ESG-related

non-compliance is

identifiable)

Note: The proposed proxy indicators are intended to serve as potential financial signals of ESG risks,
rather than as conclusive evidence of their presence or manifestation. Source: Author’s development.

https://doi.org/10.3390/jrfm19110896


https://doi.org/10.3390/jrfm19110896

J. Risk Financ. Manag. 2026, 19, 896

12 of 25

Phase 3: Empirical testing of the proxy model.

The study empirically tested the framework using a sample of companies listed on the
Bulgarian Stock Exchange (BSE) to evaluate its potential to identify ESG-related financial
signals in financial statements. The analysis assessed the availability of relevant financial
information, the feasibility of calculating or identifying the proposed proxy indicators
and their ability to reveal financial manifestations associated with ESG risks. However,
identifying such signals does not verify the corresponding ESG risks. This study does not
assess the significance of the identified financial signals or the likelihood, magnitude, or
impact of these risks, nor does it consider how entities respond to risk management.

This process is carried out in three consecutive steps:

Step 1: Data collection and selection criteria.

The data sources comprise financial statements, management reports and other public
documents relating to the 2025 reporting period. These were obtained from company
websites, the Registry Agency portal (https://portal.registryagency.bg/ (accessed on 30
September 2026) ) and the Bulgarian Stock Exchange website (https://www.bse-sofia.bg/bg/
(accessed on 30 September 2026)). Separate and consolidated financial statements are used,
depending on the reporting entity represented by each listed issuer. Management and other
publicly available information are supplementary sources where relevant. Where necessary,
comparative figures for 2024 as disclosed in the 2025 financial statements were used to
calculate specific proxy indicators.

Financial statement data is extracted and processed using Python 3.14.5 scripts, which
are executed in the Integrated Development and Learning Environment (IDLE). These
scripts are designed to identify the accounting items required for the selected proxy indica-
tors, extract their reported values, and organise the data by company, reporting period and
accounting item. The data preparation procedure also involves cross-checking the extracted
information with the source documents to identify discrepancies relating to the classifica-
tion of accounting items, reporting period, measurement units and reporting entities. Any
ambiguous or incorrect extract values are documented and addressed with reference to the
original entities. These scripts and processing are intended to promote the transparency
and reproducibility of the empirical analysis.

Step 2: Calculation of ESG proxy indicators and interpretation and assessment of the
results obtained.

The ESG proxy indicators (see Table 3) are calculated for each company using account-
ing data extracted from their publicly available financial statements and accompanying
notes. The measurement methods depend on the indicator type. Where appropriate, com-
parative data from the previous reporting period is employed to evaluate change in the
underlying financial data. The analysis distinguishes between absolute accounting amounts
and relative financial indicators. If these reflect the same financial manifestation, the ab-
solute amount confirms its presence, while the relative indicator assesses its significance.
This approach avoids duplication while preserving the distinction between identifying and
measuring financial manifestations.

Calculated indicator values are not interpreted as direct assessments of ESG risks, but
rather as measures of financial manifestation that may indicate potential ESG risk exposure.
Identifying a financial manifestation does not automatically establish an ESG risk signal.
Rather, such a signal is identified when the observed financial manifestation can be rea-
sonably linked to a relevant ESG risk, considering the nature of the underlying accounting
information and the availability of contextual evidence. For example, an increase in the
personnel costs ratio could imply financial pressure related to human capital management,
especially if personnel expenses rise while revenue falls. However, this change only sig-
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nals potential human capital risk when additional information indicates relevant human
capital exposure.

The operational rules for identifying potential ESG risk financial signals are specified
separately for each proxy indicator. Rather than the application of uniform numerical
criteria, consideration is given to the nature of underlying accounting information and
changes in financial measures where relevant. They recognise differences between financial
and non-financial companies in terms of business activities, financial statement structure
and the availability of relevant accounting information. Indicators are applied only where
the underlying accounting measures are identifiable and economically meaningful for the
respective sector. Where sector-specific characteristics affect the calculation or interpretation
of an indicator, these differences are explicitly considered in order to avoid misleading
comparisons. Missing or undisclosed information is distinguished from the confirmed
absence of a financial manifestation.

Table 4 presents the selected indicators, their accounting measures, sectoral applicabil-
ity, corresponding financial manifestations and operational rules for identifying potential
ESG-related financial signals.

Table 4. Operationalisation of selected ESG proxy indicators.

Proxy Indicator

Rule for Identifying Potential Financial Signals

Sector Applicability Related to ESG

Impairment loss ratio Financial: credit impairment and other
asset impairments require separate

Recognised impairment losses establish a financial
manifestation. A potential climate-related signal is identified
when a financial statement or accompanying notes provide
information linking impairment to climate-related physical

or transition factors affecting relevant assets or credit
exposures. For financial institutions, expected credit losses
are assessed separately and are not automatically classified
as climate-related in the absence of such information.

Non-financial: impairment of
non-financial assets.

interpretation.

Green CapEx ratio

Capital expenditure that can be identified as
environmentally sustainable indicates an investment

Both sectors where capital expenditure response to the low-carbon transition, provided that the

data is available. disclosed information supports its environmental purpose.
Such expenditure is interpreted as a response to the
transition rather than as an adverse ESG risk signal.

Preliminary non-financial companies.

Material and energy Financial companies only where the
cost intensity underlying measures are economically
meaningful (it is mostly energy cost).

An increase in cost intensity is examined in conjunction
with changes in material and energy expenses and revenue,
with the aim of gaining a better understanding of the impact
of these changes on the business. A potential financial signal

related to resources is identified only when the observed
financial pressure can be linked to increases in the price of
resources, their scarcity, or supply constraints. This link
must be supported by information disclosed in the financial
statements and accompanying notes. An increase in the
ratio that is solely attributable to declining revenue is not
sufficient evidence of such a signal.

Environmental
provision ratio

Both sectors, where environmental

Recognised provisions establish a financial manifestation. A
potential pollution-related signal is identified when these
provisions can be attributed to specific environmental
obligations disclosed in a financial statement or the
accompanying notes.

provisions can be identified.
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Table 4. Cont.

Proxy Indicator

Rule for Identifying Potential Financial Signals

Sector Applicability Related to ESG

Personnel cost ratio

Changes in personnel cost intensity are examined in
conjunction with changes in personnel expenses and
revenue. A potential financial signal related to human
capital is identified only when observed financial pressure is
Both sectors accompanied by disclosed information indicating difficulties
related to the workforce, such as problems with recruitment
or retention, skills shortages, or other identifiable constraints
on human capital. An increase in personnel expenses or in
the ratio alone is insufficient to establish such a signal.

Occupational injury
compensation ratio

Recognised compensation establishes a financial

Both sectors, where compensation for manifestation. A potential occupational health and safety
occupational injuries is a separate issue is identified when the compensation is related to
category. occupational accidents or diseases as established by the

disclosed information.

Management and
control cost ratio

Both sectors, where management and
control expenses are identifiable and
financial measures are comparable.

Changes in management and control cost intensity are
examined alongside the underlying expenses and revenue.
Such changes are not interpreted as adverse financial signals
related to governance in isolation. A potential signal is
identified only when the information disclosed in the
financial statements and accompanying notes supports an
identifiable link with governance deficiencies, failures of
oversight or other adverse governance circumstances.

Fines and penalties

Recognised fines or penalties have a financial impact. A
potential compliance-related signal is identified only when
Both sectors, where the nature of an underlying violation can be attributed to identifiable
regulatory violation is identifiable ESG-related regulatory requirements. The same financial
consequence is not counted more than once across different
proxy indicators.

Source: Author’s development.

The operational rules in Table 4 provide a consistent basis for identifying potential ESG
risk signals across the sample companies. This process involves interpreting accounting
information disclosed in financial statements and accompanying notes rather than relying
solely on calculated proxy indicator values. If available information does not sufficiently
support a plausible link between an observed financial manifestation and a specific ESG
risk, the manifestation is not classified as an ESG risk signal. However, this does not imply
the absence of underlying ESG risk.

Step 3: Assessment of operational feasibility and cross-report verification of the pro-
posed ESG proxy approach.

The proposed approach is evaluated based on two criteria: operational feasibility and
cross-report verification. The assessment procedure draws on general methodological princi-
ples for developing and evaluating indicators (OECD/European Union/EC-JRC, 2008).

Operational feasibility assesses the ability to use the proposed ESG proxy indicators
to extract financial signals from publicly available financial statement information. The
assessment is conducted at two levels: availability and computability.

Availability determines whether the accounting information for each proposed ESG
proxy indicator is disclosed in financial statements and accompanying notes. For indicators
expressed as absolute amounts, the presence of relevant accounting items or disclosure
is examined. For relative indicators, the availability of accounting data required for each
component of the calculation formula is assessed. A binary scale is applied (see Table 5).
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Table 5. Availability assessment scale.

Value

Assessment Operational Criterion

The financial statements and accompanying notes disclose the accounting information
needed to determine or calculate the proxy indicator.

Not available

Either the accounting information required to determine or calculate the proxy indicator
is not disclosed, or one or more of the necessary accounting components is missing.

Note: The absence of accounting information is not interpreted as the absence of ESG risk but as
a limitation on the ability to determine or calculate the respective proxy indicator and to identify
potential ESG-related financial signals. Source: Author’s development.

Computability assesses whether the available accounting information is sufficiently
detailed to determine or calculate the respective proxy indicator. For absolute indicators, it
establishes whether the relevant accounting amount can be identified; for relative indicators,
it assesses whether the disclosed information enables calculation of the indicator using the
specified formula. A binary scale is applied (see Table 6).

Table 6. Computability assessment scale.

Value

Assessment Operational Criterion

The available accounting information is sufficiently detailed

Computable to determine or calculate the proxy indicator.

The available accounting information is insufficiently

Non-computable detailed to determine or calculate the proxy indicator.

Source: Author’s development.

The results of availability and computability assessments are combined to determine
the operational feasibility (OF) of each proxy indicator at company level. An indicator is
considered operationally feasible if the necessary accounting information is available and
detailed enough to enable its calculation. The assessment follows the classification rules
presented in Table 7.

Table 7. Determination of the operational feasibility of ESG proxy indicators.

Availability

Computability ~ Operational Feasibility (OF) Interpretation

1

The proxy indicator can be determined using the

1
disclosed accounting information.

The indicator cannot be determined or calculated

0 . L -
because the accounting information is not sufficient.

N/A

0 The required accounting information is not disclosed.

Note: ‘N/A’ in the ‘Computability” column indicates that computability cannot be assessed because
the required accounting information is unavailable. Sector-specific non-applicability (N/A) is distinct
from missing accounting information and is evaluated independently. The reported OFCR is calculated
relative to the full study population, with no companies excluded on the basis of sector-specific
applicability. Source: Author’s development.

To assess the extent to which the proposed proxy indicators can be operationalised
across the sample, the Operational Feasibility Coverage Rate (OFCR) is calculated for each
indicator as follows: "

OFCR; = N; x 100

where
OFCR,—Operational Feasibility Coverage Rate for proxy indicator i.
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n;(OF = 1)—the number of enterprises for which proxy indicator i is operationally
feasible.

N—total number of companies included in the population under assessment.

The OFCR measures the coverage of confirmed operational feasibility across the entire
study population, rather than the final feasibility rate among companies for which an
indicator is applicable to a given sector. Accordingly, the numerator includes only companies
with confirmed operational feasibility (OF = 1), while the denominator represents the
total number of companies examined for each indicator. In this study, N = 68 for each
proxy indicator. Unresolved cases are included in the denominator but excluded from the
numerator because their feasibility status has not been conclusively established. Therefore,
the reported OFCR values represent minimum population-wide coverage and should not be
interpreted as overall operational feasibility after the outstanding cases have been resolved,
nor as sector-adjusted feasibility among applicable companies. Furthermore, the OFCR
does not measure the frequency of ESG risk signals or validate the indicators as measures
of ESG risk exposure.

Cross-report verification assesses consistency between accounting-based observations,
including potential ESG risk signals identified from financial statements and relevant ESG
disclosures in management reports. This assessment follows the principle of data source
triangulation, comparing information from different sources to assess the consistency of
the available evidence (Carter et al., 2014). In the context of the study, this comparison
is informed by the principles of transparency, accountability and connectivity between
financial and sustainability information.

The evaluation covers all prospective ESG-related financial indicators outlined in the
interpretation criteria in Table 4. Supplementary observations were selected to examine
specific interpretative issues, such as the difference between investment responses related to
ESG and potential risk signals, the attribution of accounting changes to ESG-related causes
and the impact of accounting measures on indicator interpretation.

Verification follows a bidirectional approach. First, selected accounting-based obser-
vations are compared with relevant disclosure in management reports. Secondly, these
disclosures are examined in relation to the underlying accounting information to establish
whether they support or contradict the proposed link between the financial manifestation
and the relevant ESG issues. However, the assessment does not involve a comprehensive
review of all ESG disclosures.

The verification outcomes are classified into one of three categories, as presented in
Table 8.

Table 8. Cross-report verification assessment.

Validation Outcome

Operational Criterion Interpretation

Supporting evidence

The management report contains relevant disclosures
that provide information consistent with the proposed
ESG-related interpretation of the identified
financial manifestation.

The potential financial signal related to
ESG risk receives additional
documentary support.

Contradictory evidence

Relevant disclosures provide specific information
contradicting the proposed interpretation of the
identified financial manifestation in relation to ESG.

The proposed interpretation is challenged
and requires reassessment.

Insufficient evidence

The potential financial signal relating to
ESG risk cannot be corroborated or
contradicted through the available

disclosures.

The relevant disclosures are either absent or too
general and insufficiently specific to support or
contradict the proposed interpretation.

Source: Author’s development.
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The classification is based on the correspondence between the identified financial
manifestation and the specific ESG-related circumstances disclosed in the management
report. References to general ESG risks or sustainability practices are not considered suffi-
cient supporting evidence unless a plausible connection with the underlying accounting
information can be established. Similarly, the absence of relevant disclosures is interpreted
as insufficient evidence rather than contradictory evidence.

To ensure transparency and reproducibility, the accounting information, applicable
operational rule, relevant management report disclosure and verification outcome are
documented for each assessed observation. The results are then aggregated by verification
category and proxy indicator. As the verification process relies primarily on information
disclosed by the reporting companies, the results are interpreted as an assessment of
cross-report consistency rather than as independent external validation of the underlying
ESG risks.

The evolving EU sustainability reporting framework may provide opportunities to
improve the reliability of cross-report verification in future applications of the proposed
approach. In particular, the limited assurance requirements under Directive (EU) 2022/2464
(CSRD), as amended by Directive (EU) 2026/470, and the connectivity requirements of
ESRS 1 (European Commission, 2023, Section 9.2) could facilitate more consistent compar-
ison between financial and sustainability information. While these requirements do not
apply uniformly to all companies, the growing accessibility of verified sustainability data
could enhance the effectiveness of cross-report verification in future applications of the
proposed approach.

3.2. Research Scope and Sampling

The study covers the entire population of 68 companies, whose shares are traded on
the Main Market: Eurobridge Market (2 companies), Premium Equity Market (10 compa-
nies), and the Standard Equity Market (56 companies) of the Bulgarian Stock Exchange
(BSE). These market segments were selected because listed companies are subject to fi-
nancial reporting, auditing and public disclosure requirements, which provide a relatively
standardised and publicly accessible information base for applying the proposed ESG
proxy approach. Preparing financial statements in accordance with International Finan-
cial Reporting Standards (IFRS) also supports comparability of accounting information
across companies.

Each listed company is treated as a separate unit of observation, including cases in
which both a parent company and subsidiary are listed independently. The study examines
25 financial and 43 non-financial companies. This distinction matters for applying the
proposed approach because differences in business activities and accounting practices affect
the applicability and interpretation of certain proxy indicators (see Table 4).

The detailed sectoral distribution is presented in Figure 2 and Table 9.

The analysis uses publicly available individual or consolidated financial statements.
Using consolidated financial statements may result in financial information overlap
across observations.

The analysis included all 68 companies, regardless of whether the accounting informa-
tion required for the individual proxy indicators was available. Missing or insufficiently
detailed information was taken into account when assessing indicator availability.

The study focuses on the 2025 reporting period and uses comparative financial infor-
mation from 2024 where the operational rules require it.

This time horizon aligns with the study’s objective: assessing the practical applicability
of the proposed ESG proxy approach. However, it does not allow examination of long-term
trends or the cumulative financial effects of ESG risks.
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= Financial sector

L

Industry (manufacturing and
mining)

36.8%

Real estate

10.3%
IT/Technology

= Transport and communication
10.3%

= Trade

25.0% = Others

Figure 2. Sample segmentation. Source: Author’s calculation based on the empirical data.

Table 9. Sectoral distribution of the sample.

Sector

Number of Companies

Percentage (%)

Eurobridge Premium Equity Standard Equity Total
Market Market Market

Financial activities/sector (e. g,
commer.Clal ban.ks, holding 4 2 25 36.8%
companies and investment
companies)
hlfit}stry (manufacturing and 3 14 17 25.0%
mining)
Real estate 7 7 10.3%
IT/Technologies 2 1 4 7 10.3%
Transport and communication 3 3 4.4%
Trading 3 3 4.4%
Others 2 4 6 8.8%
Total 2 10 56 68 100%

Source: Author’s calculation based on data analysis of publicly available information.

3.3. Data Analysis Methods

The study employs a multi-stage research design combining quantitative and qualita-
tive methods. These are used to develop and empirically assess the proposed ESG proxy
approach in order to establish the conceptual relationship between ESG risks and their
financial manifestation, as well as to evaluate the practical applicability of the proposed
indicators. Qualitative methods include a normative analysis of the regulatory framework,
a systematic literature review, and a documentary analysis of financial statements, their
accompanying notes and management reports. Quantitative methods involve calculating
financial proxy indicators and conducting descriptive statistical analyses to assess their
operational feasibility and identify potential ESG risk signals. Automated data processing
supports the organisation and analysis of the accounting information. These methods are
integrated by interpreting the quantitative findings in the context of accounting disclosures
and by examining whether the identified financial signals are consistent with relevant
information in management reports.
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4. Findings and Discussion
4.1. Empirical Results

The ESG Proxy Mapping approach, which is based on eight proxy indicators, was
used to analyse 68 Bulgarian companies listed on the Bulgarian Stock Exchange (BSE).
The analysis used their 2025 financial statements and, where appropriate, comparative
information for 2024. A total of 48 identifiable, calculable combinations were found across
33 companies, of which 45 observations across 31 companies were fully interpreted in line
with the predefined criteria. Insufficient evidence exists to establish a specific link between
the reported financial indicators and ESG risks for the remaining observations.

Three potential ESG signals related to environmental risks were identified in two
companies (Table 10).

Table 10. Identified potential signals related to ESG risks.

Company Proxy Indicator Financial Manifestation ESG Category
Neochim AD Envnjo.nment'al Proy1519n for an env1ronmen?al E
provision ratio obligation relating to a landfill.
Neochim AD Materlal. and energy . The fm.anc1al impact of an E
cost intensity increase in natural gas prices.
Monbat AD Envnjo.nment'al Prc_)v1510n for the treatment and E
provision ratio disposal of hazardous waste.

Source: Developed by the author based on an empirical study.

The identified signals clearly demonstrate the importance of notes for financial state-
ments in linking reported financial outcomes to specific environmental, social, and gover-
nance (ESG) circumstances. Neochim AD is a good example. Here, rising natural gas prices
affected finances despite a fall in overall material and energy costs. This shows that the di-
rection of change in a given proxy indicator is insufficient for interpretation. No sufficiently
specific link to ESG risks could be established for other quantifiable observations, including
asset impairments and changes in personnel expenses. At Monbat AD, a capital expenditure
(CapEx) investment was identified that was not classified as an adverse financial signal.

The operational applicability assessment reveals differences among the individual
proxy indicators (Figure 3). The highest number of confirmed calculable combinations was
found for personnel expenses (20), material and energy costs (15) and impairments (seven).
Three combinations were confirmed for green capital expenditure, two for environmental
provisions, and one for fines and penalties. No calculable combinations were confirmed for
the remaining two indicators. While these results indicate differences in the availability and
level of detail of the necessary accounting information, they do not constitute a definitive
assessment of information coverage due to the presence of unresolved cases.

The confirmed minimum operational feasibility coverage rate (OFCR) was highest for
personnel costs (29.41%), followed by material and energy costs (22.06%), then impairment
losses (10.29%). Green capital expenditure (Green CapEx) was lowest (4.41%), followed by
environmental provisions (2.94%) and fines and penalties (1.47%). The minimum coverage
was 0% for occupational injury compensation and management and control costs. These
minimum OFCR values reflect verified, computable company-indicator combinations, while
unresolved assessments are retained to ensure transparency in evaluating the availability
and computability of information.

While personnel costs could be identified for 35 companies, the personnel cost ratio
could only be confirmed as computable for 20. This reflects the requirements of the prede-
fined formula, particularly the need for a consistently identifiable total revenue denominator.
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Differences in presentation and disaggregation of revenue and financial income across com-
panies were among the factors that limited the consistent application of the indicator.

Personnel cost ratio 20 15 83
Material and Energy cost intensity 15 12 41
Impairment loss ratio 7 7 54
Green CapEx ratio |3 56 &

Environmental provision ratio 2 60 6
Fines and penalties 1 61 6
Occupational injury compensation ratio 0 62 6
Menagment and control cost Q 62 6

0 10 20 30 40 50 60 70 80

OF=1 OF=0 Unresolved

Figure 3. Operational feasibility assessment of ESG proxy indicators across sampled companies. Note:
OF = 1 indicates confirmed operational feasibility. OF = 0 indicates confirmed non-computability
or unavailability of the required accounting information. ‘Unresolved” denotes company-indicator
combinations for which a conclusive feasibility assessment could not be established. Source: Author’s
calculation based on the empirical data.

The empirical analysis revealed differences in the applicability and interpretation of
financial proxy indicators across sectors. In non-financial companies, resource costs and
environmental provisions were employed to identify manifestations of financial risk relating
to the environment, particularly in the chemical manufacturing and battery production
sectors. In financial companies, certain accounting items, especially impairment losses, are
primarily associated with credit risk and other financial exposures. Therefore, these items
alone cannot automatically be interpreted as evidence of climate-related risk manifestations
without additional supporting evidence. Similarly, indicators based on material and energy
costs do not apply equally across all financial sector companies.

To further assess the interpretation of financial indicators, information from manage-
ment reports was cross-checked for all three potential ESG-related financial signals identified
under the criteria in Table 4. This was done alongside five additional observations, which
were purposely selected to examine distinct interpretative issues, such as distinguishing
ESG-related investment responses from potential risk signals, assessing the attribution of
accounting changes to ESG-related causes and examining the effects of accounting measures
on indicator interpretation. These comparisons involved five environmental observations
(environmental provisions, resource intensity, and green capital expenditure (CapEx)),
two social observations (personnel costs), and one governance-related observation (fines
and penalties). All of these observations concerned non-financial companies. The eight ob-
servations selected for cross-report verification, along with the rationale for their inclusion,
are presented in Table 11.

Supporting evidence was found in one environmental case, while insufficient evidence
was found in the remaining seven. No contradictory evidence was identified. The five sup-
plementary observations were included for illustrative purposes, rather than as additional
ESG-related financial signals or as part of a representative sample. Consequently, the find-
ings cannot be generalised across sectors. Furthermore, this cross-report assessment reflects
consistency in corporate disclosures rather than independently validating the existence of
ESG risks.
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Table 11. Selection of observations for cross-report verification.
Company Proxy Indicator Selection Rationale
Neochim AD Environmental provisions Identified potential ESG financial signal
Neochim AD Material and energy cost intensity Identified potential ESG financial signal
Monbat AD Environmental provisions Identified potential ESG financial signal
Monbat AD Green CapEx Distinguishing an ESG-rel.ateq mvgstment
response from a potential risk signal
Trace Group Hold AD Personnel costs Assessing the attribution of changes in personnel
costs to workforce-related risks
. . . Assessing the attribution of changes in resource
Petrol AD Material and energy cost intensity costs to ESG-related constraints
Neochim AD Fines and penalties Exar.rurung the .correspor}dence be’Fwee.rl
recognised penalties and disclosed violations
Elhim Iskra AD Personnel cost Assessing the consistency of workforce-related

disclosures across reporting periods

Source: Author’s development.

4.2. Discussion

The results reveal that financial statements can serve as an additional source of infor-
mation on potential environmental, social and governance (ESG) risks. However, their
usefulness depends on the extent to which reported financial manifestations can be linked
to specific ESG-related circumstances.

RQ1: The empirical findings indicate that certain accounting items (environmental
provisions and material and energy costs in this study) can provide a basis for identifying
ESG risk signals when there is a conceptually justified relationship between ESG risks, their
potential financial and economic consequences, and how they are reflected in financial
statements. The empirical assessment also demonstrates that merely computing a proxy
indicator is insufficient for identifying an ESG-related signal. The economic substance
of the financial manifestation and its interpretation in the context of specific ESG-related
circumstances are what matter.

RQ2: The profile of potential ESG-related financial signals is determined by two factors:
firstly, the presence of financial consequences, and secondly, the extent to which these
consequences can be distinguished from conventional financial and economic factors. This
explains why (a) not every reported change in an accounting measure can be interpreted as
an ESG risk signal and (b) the identified environmental profile of the ESG signals should
be regarded as a result of the applied identification criteria rather than as a reflection of
the actual distribution of ESG risks among the companies examined. Limited available
information also contributes to the absence of identified potential signals related to social
and governance risks.

RQ3: Differences in the level of detail that accounting disclosures provide and the
economic applicability of individual indicators constrain the informational usefulness of
financial statements. Having the information required to calculate a proxy indicator does
not necessarily mean that the resulting measure can be interpreted in an ESG context.
This emphasises the importance of the notes for the financial statements and the need to
consider sector-specific characteristics and companies’ business models. Identifying only
three potential ESG-related financial signals across two of the 68 companies highlights the
gap between the availability of accounting information for calculating proxy indicators and
the sufficiency of that information to support plausible ESG-related interpretations.
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In general, the empirical findings indicate that financial statements can be used as a
supplementary source of information to detect potential financial signals associated with
ESG risks. However, the mere availability of sufficient accounting data to compute an
indicator does not establish a link to a specific ESG risk. Such an interpretation requires
consideration of the economic substance of the underlying financial manifestation, the
nature of the reported accounting item and the accompanying explanatory disclosures.

4.3. Limitations

The study faces several limitations.

First, the analysis covers a single reporting period, using comparative data from the
previous period where necessary. While this enables certain changes to be observed, it does
not provide a basis for identifying persistent trends or long-term relationships.

Secondly, the incomplete and heterogeneous nature of accounting disclosures limits
the computability of some proxy indicators and prevents a definitive assessment of their
operational feasibility across the entire study population.

Thirdly, differences in the economic relevance of individual indicators, limited infor-
mation coverage and the small number of identified signals prevent reliable comparisons of
ESG risks across sectors.

Finally, as the identified signals have not been independently validated using external
evidence, the findings cannot be used to assess the actual frequency or intensity of ESG risks.

5. Conclusions

This study examines the potential of financial statement information to identify finan-
cial signals associated with ESG risks, with a view to determining how to use these signals
to manage these risks more effectively. The ESG Proxy Mapping approach, developed
and empirically applied, establishes a conceptual link between ESG risks, their potential
financial and economic consequences, and how financial statements reflect them.

The added value of the ESG Proxy Mapping approach stems from its role as a prelimi-
nary screening tool for identifying potential ESG risk signals, and it can be summarised
in three areas. Firstly, it provides a structured way of using publicly disclosed financial
information to supplement specialised sustainability reporting. Secondly, it provides a basis
for examining the potential financial implications of ESG risks, even in cases where explicit
ESG disclosures are limited. Thirdly, it provides a basis for comparing accounting infor-
mation with sustainability disclosures, and subsequently investigating any inconsistencies
between the two.

The study’s empirical contribution lies in demonstrating the potential and limitations
of using conventional financial statements as a source of ESG-related financial signals.
Although accounting information enabled the calculation of proxy indicators, only three
potential ESG-related financial signals were identified in two of the 68 companies under the
applied interpretation criteria. This finding does not imply that financial statements lack
the potential to provide ESG-relevant information. Rather, it shows that their usefulness
for ESG-related screening depends on more than just the availability of accounting data;
the nature, specificity and extent of company disclosures are also important, particularly
in the accompanying notes. These are essential for establishing plausible links between
accounting manifestations and ESG-related causes.

Future research could develop sector-specific proxy indicators, assess their reliability
and analytical usefulness, and extend the temporal scope of the empirical analysis.
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