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Abstract  This study bridges the gap between
sustainability and financial performance by proposing a
comprehensive model to determine the optimal capital
required for achieving sustainable development in
American companies. Recent global pressures, including
regulatory reforms, investor expectations, and the shift
toward environmentally responsible economies, have
heightened the need for companies to integrate
environmental, social, and governance (ESG)
considerations into strategic and financial decisions.
Despite growing interest in ESG performance, the
relationship between sustainability initiatives and financial
outcomes remains contested, particularly regarding the
capital investment needed to generate measurable
improvements in both sustainability and profitability. To
address this challenge, the study employs a quantitative
research design using panel data from 100 U.S. publicly
listed companies over ten years. The methodology
integrates ratio analysis, principal component analysis
(PCA), and regression modeling to examine the impact of
ESG indicators on financial performance, as measured by
return on assets. The proposed model identifies the level of
capital allocation that maximizes sustainability outcomes

without undermining financial performance. Results
indicate that targeted capital investment in sustainability
activities enhances long-term financial stability. The
findings have practical implications for corporate managers,
investors, and policymakers who must integrate sustainable
corporate practices into their decision-making processes.
Social implications include improved environmental
responsibility and strengthened stakeholder trust. However,
the study is constrained by data availability and industry-
specific differences, which may limit the extent to which
the findings are generalizable. The primary contribution of
the research is a structured model to guide sustainable
capital allocation and strengthen the financial sustainability
nexus in American companies.

Keywords Sustainability  Disclosures, ESG
Accountability, CPA Assurance, Optimal Capital, Asset

Allocation, Matrix Model, Sustainable Development,
Integrated  Reporting, ESG Reporting, Financial
Performance
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1. Introduction

The integration of Environmental, Social, and
Governance (ESG) considerations into corporate strategy
has significantly broadened the traditional scope of work
for Certified Public Accountants (CPAs). Once focused
primarily on financial audits, CPAs are now increasingly
responsible for assuring the quality of sustainability
disclosures. As organizations shift toward stakeholder-
oriented governance models, the credibility and decision-
usefulness of ESG information have become essential for
investors, regulators, and the broader public.

This change highlights the importance of trustworthy,
independently validated sustainability reporting that
conforms to recognized frameworks and standards. As
environmental degradation worsens, social inequalities
widen, and governance issues persist, sustainable
development has become a key priority for modern
businesses. Consequently, ESG factors now play a crucial
role in shaping stakeholder expectations, guiding
investment choices, and ensuring corporate accountability.
The growing global focus on climate change, resource
shortages, and corporate responsibility has driven an
increased demand for detailed and transparent
sustainability disclosures. Originally voluntary, these
disclosures are now more often regulated, emphasizing the
need for thorough assurance based on professional
standards.

CPAs are uniquely qualified to meet this demand. Their
professional attributes, independence, methodological
rigor, and evidence-based judgment are critical to
enhancing the transparency, consistency, and reliability of
non-financial information. As ESG reporting grows more
complex, CPAs have begun adapting traditional audit
methodologies to assess non-financial indicators, including
carbon emissions, workforce diversity, supply chain
impacts, and governance structures. Through assurance
engagements, CPAs help strengthen stakeholder trust and
support informed decision-making.

Despite recent progress, ESG reporting still relies
heavily on qualitative, principles-based methods that
emphasize narrative explanations and stakeholder
participation. This approach poses notable challenges for
assurance providers, including inconsistent terminology
and measurement techniques, as well as a lack of verifiable
quantitative data. Addressing these issues requires new
skills, standardized frameworks, and robust assurance
methods tailored to the complex multidimensional nature
of sustainability reporting. Closing these methodological
gaps enables CPAs to significantly enhance the credibility
and value of ESG disclosures and support the profession’s
public-interest mission in a fast-changing corporate
landscape.

1.1. Research Problem

As ESG considerations continue to reshape corporate

reporting, a critical challenge remains: determining how
CPAs can effectively measure, verify, and communicate
sustainability performance, particularly in manufacturing,
where environmental and social impacts are substantial yet
difficult to quantify. Traditional accounting frameworks
prioritize monetary measurement and historical financial
information; ESG reporting, by contrast, requires
integrating diverse non-financial indicators, many of which
lack standardized definitions, valuation techniques, or
universally accepted reporting protocols.

Current ESG disclosures have often been criticized for
limited comparability, subjective measurement practices,
incomplete assurance, and ongoing investor skepticism.
The lack of standardized valuation methods and reliable
benchmarks limits CPAs’ ability to evaluate sustainability
performance consistently across firms and industries.

Furthermore,  assigning  monetary  values to
environmental externalities, such as biodiversity, clean air,
and ecosystem preservation, remains a conceptual and
methodological challenge because market-based pricing
mechanisms are absent. These valuation uncertainties
hinder the integration of sustainability metrics into
financial statements and impede efforts to link ESG
performance to capital allocation and long-term value
creation.

In light of these issues, this study investigates the
following research questions:

1. How can CPAs develop and operationalize a
standardized capital allocation model that integrates
financial performance with ESG metrics and embeds
measurable, verifiable, and industry-specific
sustainability indicators into financial reporting?

2. Does third-party CPA assurance of sustainability
disclosures enhance corporate financial performance?
Additionally, how do ESG scores and -capital
allocations across sustainability-linked categories
influence firm-level Return on Assets (ROA) among
U.S. companies?

These questions guide an exploration of how
systematically integrating sustainable development metrics
into ESG reporting can enhance the credibility, relevance,
and financial significance of CPA-assured sustainability
disclosures. The study aims to support the development of
a comprehensive model that links sustainability
performance to financial accountability, enabling
stakeholders to make more informed decisions.

2. Literature Review

Growing awareness among stakeholders, managers,
employees, and regulators of environmental sustainability
has raised expectations for corporate responsibility in
sustainable development. Organizations increasingly
pursue sustainability initiatives driven by regulatory
compliance, cost reduction, risk management, reputation
enhancement, and the need to strengthen stakeholder trust.
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Over the past two decades, ESG (Environmental, Social,
and Governance) disclosures have evolved from broad
corporate social responsibility (CSR) statements into more
structured, investor-oriented reporting instruments.
Frameworks such as the Global Reporting Initiative (GRI),
the Sustainability Accounting Standards Board (SASB),
and the International Sustainability Standards Board (1SSB)
have contributed to greater standardization, enhancing
comparability and reliability across firms and industries.
As a result, an increasing number of organizations now
publish annual sustainability reports [1], acknowledging
their role in enhancing firm value and reinforcing
stakeholder confidence.

This evolution has prompted several central questions in
academic and professional discourse:
(@) How does accounting define and conceptualize
sustainable development relative to traditional
environmental management systems?
How is progress toward sustainability objectives
measured effectively?
What external and internal factors influence the
sustainable development process, and how can these
factors be integrated into a comprehensive reporting
framework?

(b)
(©)

CPAs play a central role in addressing these questions.
By using both physical and monetary environmental
accounting, CPAs help bring environmental and social
externalities, once considered peripheral or difficult to
quantify, into corporate decision-making. In capturing both
the positive and negative external impacts of business
activities, the profession enhances transparency and fosters
a culture of accountability and sustainability.

The concept of externalities, first introduced in Alfred
Marshall’s early economic work [2], remains central to
contemporary ESG discussions. Externalities encompass
the unintended consequences of economic activity, such as
pollution or resource depletion, as well as positive effects,
including community investment and employee well-being.

Traditional financial reporting often overlooks the direct
costs of mitigation, overlooking broader societal harms and
benefits. CPAs, with their professional skepticism,
objectivity, and methodological rigor, can help ensure that
both aspects are disclosed, thereby enhancing the
completeness and credibility of sustainability reports.
Many U.S. companies now use cost-benefit matrices and
internal environmental management systems to measure
these impacts, weighing short-term financial costs against
long-term stakeholder trust and societal value.

Positive externalities, such as enhanced employee
welfare, social innovation, and green tech investments, are
increasingly incorporated into ESG frameworks. This
expansion has broadened the scope of CPAs' assessments,
underscoring their duty to verify the accuracy and integrity
of sustainability data. To fulfill these responsibilities,
CPAs must develop proficiency in global ESG standards,
including the Global Reporting Initiative (GRI), the

Sustainability Accounting Standards Board (SASB), and
the Task Force on Climate-related Financial Disclosures
(TCFD). These standards require measuring indicators
such as carbon emissions, labor practices, diversity, supply
chain transparency, and governance effectiveness.

Comprehensive ESG measurement entails selecting
material indicators, developing relevant key performance
metrics (KPIs), ensuring data accuracy, and establishing
robust systems for continuous monitoring. Both monetary
and non-monetary measures are essential, reflecting the
multidimensional nature of sustainability impacts. Tools
such as Environmental Cost Accounting, Social Return on
Investment (SROI), Cost-Benefit Analysis (CBA),
scenario analysis, and adjusted cash flow models enable
firms to integrate sustainability considerations directly into
financial planning and capital allocation.

Despite these advancements, conceptual inconsistencies
across academic literature, corporate practice, and
regulatory guidelines undermine comparability and
transparency. For instance, AT&T’s operationally oriented
definition of sustainable accounting [3], which focuses on
divergences in conceptual framing, operational metrics,
and accountability expectations, differs sharply from the
conceptualization by Tietenberg and Lewis [4], who view
sustainability accounting as balancing stewardship
obligations with economic growth. Such definitional
inconsistencies highlight divergences in conceptual scope,
measurement priorities, and reporting objectives, which
may facilitate greenwashing and erode public trust.

Habermas’s theory of system versus lifeworld [5]
highlights a deeper philosophical concern: the risk that
quantifying ethical and social values may diminish their
moral essence and instrumentalize human interests. Full
Cost Accounting (FCA), grounded in Pigouvian economic
theory and the Polluter Pays Principle [6], offers a
normative solution by internalizing hidden environmental
and social costs into traditional cost structures. FCA
identifies the socially optimal pollution level at the point
where Marginal Damage (MD) intersects Marginal
Abatement Cost (MAC), providing policymakers and firms
with a theoretically grounded basis for environmental
decision-making. Instruments such as carbon pricing,
emissions trading, and environmental taxes motivate firms
to align their behavior with broader sustainability goals.
Ultimately, FCA is more than a measurement tool; it
reflects an ethical commitment to environmental
stewardship and intergenerational fairness.

Although sustainability disclosures have become a
central component of corporate reporting, the explicit
linkage between sustainability initiatives and quantifiable
financial performance, including return on investment
(RQI), cost of capital, and shareholder value, remains
limited in both academic literature and CPA practice. This
section addresses this gap by integrating empirical case
studies with emerging CPA reporting responsibilities,
illustrating how ESG performance produces measurable
financial effects and how CPAs are increasingly
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responsible for verifying these claims.

Sustainability-focused initiatives, such as renewable
energy, emissions-reduction technologies, and sustainable
supply chain redesigns, often raise questions about their
financial returns. Growing evidence shows that these
efforts deliver positive long-term ROI.

Unilever’s Sustainable Living Brands generated 75% of
the company’s growth and grew 69% faster than non-
sustainable  brands, reflecting shifting consumer
preferences for ethical and environmentally responsible
products [7]. Similarly, Patagonia’s commitment to
circular-economy principles and ethical practices has
fostered strong customer loyalty and long-term profitability
[8].

Under AT-C Section 205 [9], CPAs must verify the
accuracy of ROI claims for sustainability initiatives by
examining auditable evidence, cost-saving calculations,
and financial modeling assumptions. ESG assurance
engagements require CPAs to assess the financial and
operational validity of sustainability-linked claims.

A substantial body of evidence shows that firms with
strong ESG performance have a lower cost of capital.
Investors view these companies as less risky and more
resilient to long-term environmental and regulatory
uncertainties.

Khan, Serafeim, and Yoon [10] show that firms
excelling in financially material sustainability issues have
lower capital costs and superior stock performance over
time. These findings reflect investor confidence in the risk
mitigation and forward-looking planning demonstrated by
ESG-leading firms.

CPAs are increasingly incorporating ESG risks into
going-concern evaluations, credit risk disclosures, and fair
value measurements. Evaluating climate risk premiums,
stranded assets, and regulatory exposure can also be
incorporated into CPA analyses and management's capital
allocation calculations.

Although some believe sustainability initiatives
undermine profitability, data show that strong ESG
performance boosts long-term shareholder value. Tesla’s
focus on sustainability has attracted ESG-focused investors,
significantly increasing its market value. Similarly,
BlackRock reaffirmed in 2022 that “climate risk is
investment risk,” underscoring sustainability as a key
driver of long-term value [11].

CPAs should incorporate ESG factors into long-term
value assessments, including fair value estimates, goodwill
impairment tests, and intangible asset valuations. This
entails assessing environmental liabilities, climate-related
risks, and governance issues using frameworks such as
SASB or TCFD [12].

2.1. Sustainability Investment and Financial Market
Performance: Recent Empirical Evidence

In recent years, empirical studies have increasingly
examined the financial effects of corporate sustainability

investments, shifting from analyzing disclosure quality to
assessing the economic returns of ESG-focused capital
allocation. This body of research offers valuable insights
into how sustainability can be strategically integrated to
support long-term value creation.

Eccles, loannou, and Serafeim [13] show that firms
adopting high-sustainability governance and investment
practices outperform low-sustainability counterparts on
both accounting- and market-based performance measures.
Their longitudinal analysis indicates that sustained
investments in environmental efficiency, human capital
development, and stakeholder engagement yield superior
operating margins, stock returns, and resilience during
economic downturns. These findings suggest that
sustainability-oriented capital structures function as
intangible strategic assets rather than discretionary costs.

A meta-analysis of more than 2,000 empirical studies
[14] confirms a predominantly positive relationship
between ESG performance and corporate financial
outcomes. Approximately 90% of the reviewed studies
report neutral or positive associations, with most showing
statistically significant performance benefits. The authors
argue that sustainability investments enhance firm
competitiveness through risk mitigation, reputational
capital, and improved access to financing.

Recent evidence shows that targeted sustainability
spending affects market valuation. Bolton and Kacperczyk
[15] show that firms with lower carbon intensity command
valuation premiums and lower equity risk premiums. As
investors increasingly incorporate environmental risks into
their decisions, environmental capital investments become
financially significant. Additionally, Pankratz and Wagner
[16] find that companies with proactive climate strategies
outperform peers during climate-related disruptions,
indicating that sustainability investments serve as a hedge
against systemic risk.

Studies also underscore the importance of efficient
sustainability-linked capital allocation. Liang, H., and
Renneboog, L. [17] show that firms that integrate ESG
considerations into capital budgeting achieve higher
Tobin’s Q and lower debt costs. Their findings suggest that
disciplined sustainability investment, rather than symbolic
ESG adoption, enhances long-term firm value. This
supports the view that optimal capital allocation, rather
than absolute ESG spending, determines financial
outcomes.

Regarding market performance, Albuguerque, Koskinen,
Yang, and Zhang [18] show that high-ESG firms exhibit
lower stock price volatility and outperform during market
crises, including the COVID-19 pandemic. Their analysis
indicates that social and environmental capital enhance
investor loyalty and reduce downside risk, thereby
reinforcing sustainability as a source of financial resilience.

Recent research further examines how sustainability
investments affect the cost of capital. Boubakri, EI Ghoul,
Guedhami, and Wang [19] find that firms with strong
environmental and social performance have lower
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borrowing costs and more favorable credit ratings. Lenders
and bond investors increasingly view sustainability
investments as indicators of governance quality and risk
management  capacity. This financial advantage
incentivizes firms to allocate capital to ESG initiatives.
Edmans, A. [20] provides evidence that investments in
employee welfare, training, and organizational culture
generate persistent abnormal returns. These findings align
with stakeholder theory and support the integration of
human capital into sustainability-oriented capital models.
Lev, Radhakrishnan, and Zhang [21] emphasize that
sustainability-driven innovation enhances intellectual
capital productivity and market valuation.

Furthermore, digitalization and green innovation have
emerged as complementary drivers of sustainable financial
performance. A study by Chen, Ma, and Wei [22] shows
that firms investing in green technologies and data-driven
environmental management systems achieve higher
operational efficiency and profitability. These investments
strengthen environmental capital and improve resource
utilization and cost control.

Recent evidence also suggests that sustainability
investments deliver delayed yet durable financial returns.
Kotsantonis and Serafeim [23] argue that ESG investments
follow a “long-term value curve,” marked by initial cost
increases followed by sustained performance gains. Short-
term financial pressures may obscure the economic
benefits of sustainability initiatives, contributing to mixed
empirical findings in earlier studies.

From a capital markets perspective, Pedersen,
Fitzgibbons, and Pomorski [24] demonstrate that ESG-
focused investment strategies provide competitive risk-
adjusted returns. Their study suggests that companies
aligned with sustainability attract long-term institutional
investors, stabilize ownership, and lower speculative
volatility. This investor behavior strengthens the financial
benefits of ongoing ESG investments.

Recent studies underscore the importance of assurance
and reporting credibility. Christensen, Hail, and Leuz [25]
find that verified sustainability data enhance market
responsiveness and reduces information asymmetry.
Companies with assured ESG disclosures tend to
experience larger stock price movements following
sustainability announcements, signaling greater investor
confidence. This highlights the vital role of CPAs in
converting sustainability efforts into tangible market value.

Recent research indicates that sustainability investments
can enhance financial and market performance through
multiple channels, including improved risk management,
enhanced reputational capital, greater innovation capacity,
improved access to financing, and strengthened
stakeholder loyalty. However, the literature emphasizes
that realizing these benefits requires strategic alignment,
accurate measurement, and dependable assurance
mechanisms. Firms that engage in superficial or isolated
ESG activities typically fail to achieve the anticipated
financial returns.

Despite growing evidence of positive long-term effects,
scholars highlight persistent methodological challenges,
including industry heterogeneity, endogeneity, and
measurement inconsistencies. As Atanasova and Schwartz
[26] emphasize, future research must integrate
multidimensional capital frameworks and longitudinal
models to capture the complex interactions between
sustainability investments and corporate performance.

This study contributes to existing literature by creating a
matrix-based capital allocation model that oversees
sustainability investments in financial, human, intellectual,
social, and environmental capitals. Utilizing ESG metrics,
CPA assurance, and optimal capital levels, the model
addresses the need for more accurate, verifiable, and
decision-oriented sustainability performance assessments.
Additionally, it strengthens previous research by explicitly
connecting  sustainability investment strategies to
guantifiable financial outcomes within an assurance-driven
accounting framework.

In March 2024, the U.S. Securities and Exchange
Commission (SEC) adopted a climate disclosure rule
requiring public companies to report climate-related risks
and greenhouse gas emissions [27]. The rule was intended
to improve the consistency and comparability of climate
risk information for investors. However, the regulation
faced significant legal challenges from states and industry
groups, which argued that the SEC exceeded its statutory
authority and imposed excessive compliance costs on firms.

In March 2025, the SEC announced it would no longer
defend the rule in court, effectively halting its
implementation and creating uncertainty about the future of
federal climate disclosure requirements [28].

Scholars note that ESG disclosure plays a vital role in
capital markets by reducing uncertainty and enabling the
integration of sustainability into investment decisions [29].
ESG disclosure frameworks provide structured systems for
reporting non-financial performance, thereby enhancing
transparency, consistency, and comparability for investors,
regulators, and other stakeholders.

Independent assurance is essential for strengthening
confidence in sustainability disclosures. As recent
literature notes, “independent assurance by accounting
professionals can address stakeholders’ concerns about
greenwashing and information reliability” [30], and “the
increasing demand for ESG assurance provides CPAs with
an opportunity to expand their service offerings and
support the credibility of sustainability disclosures” [31].

Corporate sustainability information is often presented
in standalone ESG reports or incorporated into integrated
annual reports, covering environmental, social, governance,
and innovation indicators. Benchmarking tools such as the
Dow Jones Sustainability Index (SAM) assess companies
across areas including technology, governance, stakeholder
engagement, leadership, and community involvement.

With their strong background in internal controls and
reporting systems, CPAs are uniquely positioned to provide
high-quality assurance for ESG and sustainability
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disclosures, ensuring alignment with frameworks such as
GRI and SASB. By applying established audit
methodologies to non-financial information, CPAs help
organizations build stakeholder confidence and meet
growing regulatory expectations. Incorporating robust ESG
practices with credible assurance mechanisms enables
firms to meet regulatory obligations, strengthen long-term
value creation, bolster capital market trust, and advance
sustainable development outcomes.

3. Model Development

This study's model development focuses on creating a
comprehensive, quantitative framework to identify the
optimal capital needed for sustainable growth in American
companies. The mathematical model formalizes complex
interactions among asset types and capital categories
through a coefficient matrix. By representing asset
contributions as matrix coefficients, it captures
interdependencies and proportional allocations vital for
quantitative sustainability assessment. To improve clarity,
a brief explanation before the formal equations could help
guide readers unfamiliar with linear algebra. Furthermore,
connecting each mathematical component to practical
assurance implications, such as how CPAs might verify
specific coefficients or external expenditures, would
increase relevance for accounting professionals. Although
the derivation is thorough, adding illustrative examples or
simplified scenarios would make it more accessible and
demonstrate its application in real-world ESG assurance
and reporting. Overall, this provides a solid foundation for
the proposed matrix model, combining technical rigor with
practical clarity.

The researcher modeled the proportion of each asset type
invested in sub-capital using a coefficient matrix, as
follows:

A-  Value of asset type.

B- Proportion of assets contributing to capital.

C- External investment or expenditure on production
factors for sub-capital.

To model the allocation of various asset types across
different forms of capital using an incremental matrix
approach, the researcher can represent the relationships
with a coefficient matrix, where: Rows represent asset
types (e.g., physical assets, intellectual property, skills)

Columns represent capital types (e.g., fixed capital,
knowledge capital).

Matrix values (coefficients) represent the contribution
ratio of each asset to each capital type. Using a computer
program, the researcher defines asset types, capital types,
and their contribution matrix. The program also allows the
researcher to adjust (incrementally change) the matrix
values.

Thus, the assets that constitute each type of capital are
diverse and distributed across different types of capital, but

in varying proportions. These proportions form a matrix of
coefficients, determined as follows:

N represents the types of assets, and the coefficient (aij)
represents the proportion of these assets in each capital
category. Here, (i) denotes the sub-capital, and (j) denotes
the asset type. Therefore, capital Y1 contains the
coefficients (aij) that represent the proportions of the
various assets included within Y1 as capital.

These coefficients can be arranged in a matrix A [(aij)]
for the N different types of assets, where the values a(1j),
a(2j), a(ij) represent the proportions of the assets included
in capital Y1, and so on.

This model includes an open sector outside the network
of N different types of assets. This open sector represents
spending on production factors or on asset types within
each sub-capital category (Yi), which collectively make up
the total capital.

The sum of the coefficients in any row or column of the
coefficient matrix must satisfy:

n
> a; <1 U=12.n

i=1
The value of expenditure on production factors within
the sector is as follows:

n

1- Z d ij
i=1
Accordingly, the value of each asset type is determined

as follows:

X1=al11X1+al2X2+---+alnXn+E1X1 =all X1 + al2 X2
........ +aln Xn+ E1

X2=a21X1+a22X2+---+a2nXn+E2X2 = a21 X1 + a22 X2
+ o +a2n Xn + E2

Xn=anl1X1+an2X2+---+annXn+EnXn = anl X1 + an2 X2
........ +ann Xn + En

Thus, we can represent the investment ratios for each
asset type using the following equations:

(1—al1)X1-al2X2—-—alnXn=EI(1 - all) X1 - al2 X2
i -aln Xn=E1

—a21X1+(1-a22)X2—--—a2nXn=E2-a21 X1 + (1 - a22)
X2-....... -a2n Xn=E2

—anlX1—an2X2—--—(1—ann)Xn=En-anl X1 - an2 X2
e -(1-ann) Xn=En

This is represented in the matrix form:
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(1-211) =812 sevenrrrnnrennnnannns a1n X4 E,
=az1 (1 -azz) [ ——- 11 X2 E2
-an1 ANZearannr e (1 -ann) Xn En

By neglecting the one on the left, the matrix can be
written as:

[-A] - (aij) =
The matrix is the sum of the matrix of the form (In), and
we can write it as:

(I-A)X=E

Since (I-A) is invertible, we need to find its inverse (I-
A)*-and the unique solution to the system is given by:

X" = (I-A)*E

Where:
I = identity matrix
A = coefficient matrix
X = vector of asset values
E = vector of external inputs or expenditures

Using data on the types of assets and the coefficient
matrix representing the relationships among them, the
optimal values for assets of different types can be
determined. These various types of capital form the focus
of research on American companies.

This formula gives the optimal allocation for each asset
type needed to achieve the capital structure required for
sustainable productivity. As follows:

[Expenditure Inputs
El,E2, .., En|

1

Asset Vector X
!

Coefficient Matrix
A=(aij)

!
Capital Forms Y1-Y9

l
Sustainable Output

Source: Prepared by the researcher.

This indicates how external spending (E) with inter-asset
relationships (A) generates capital types (YY) needed for
sustainability.

The matrix model bridges quantitative rigor and
sustainability theory. It enables companies to transition

from qualitative ESG narratives to quantifiable disclosures.
For CPAs, this expands the scope of practice beyond
financial statements to include the valuation of
environmental and social capital.

This paper presents a mathematical model to determine
the optimal capital structure that supports sustainable
development. By incorporating nine interdependent capital
types, the model provides a comprehensive, data-driven
tool for ESG integration. CPAs, with their analytical and
assurance capabilities, are well-positioned to lead the
validation and reporting of these models, reinforcing their
critical role in advancing sustainability.

3.1. Interpretation and Stability of Capital Coefficient
Estimates

The coefficient matrix A was estimated using firm-level
capital allocation data from a sample of large U.S.
companies with relatively high ESG performance and
disclosure quality. Although these companies are not
perfectly sustainable, they are sustainability leaders
operating under prevailing market, regulatory, and
technological constraints. Accordingly, their capital
allocation patterns are interpreted as approximations of
best-practice behavior rather than theoretical optima.

In this context, the term "optimal™ refers to empirically
efficient capital structures revealed by observed corporate
behavior, rather than to normative or idealized benchmarks.
By estimating the coefficient matrix from data on multiple
companies over multiple years, the model filters out
idiosyncratic and transitory deviations from efficient
practice, thereby identifying persistent inter-capital
relationships.

The coefficient matrix was calibrated using panel data
from the 2015-2019 period, which served as a stabilization
phase. During this phase, capital interaction parameters
were estimated using pooled observations across
companies and years. This approach reduces estimation
noise, suggesting that the resulting coefficients reflect
structural relationships rather than short-term fluctuations.

The resulting matrix A is treated as time-invariant over
the subsequent testing period (2020-2024) and applied
uniformly across firms. Although firms differ in their
annual capital input vectors, the structural conversion
parameters are assumed to be common within the observed
institutional environment. This assumption aligns with
production function and frontier efficiency models in the
accounting and economics literature.

Annual variation in reported capital indicators reflects
company-specific investment strategies and
macroeconomic conditions rather than a re-estimation of
structural coefficients. Consequently, each company-year
observation yields a distinct capital input vector, while the
coefficient matrix remains stable over time.

The coefficient matrix (A) is empirically estimated from
firm-level asset and expenditure disclosures, with each
asset category allocated proportionally across nine capital
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types using ESG reports, financial statements, and
integrated reporting frameworks. In contrast, the external
input vector (E) is constructed from verified sustainability-
related external investments, enabling CPA-assured
computation of optimal sustainable capital via a Leontief-
based matrix solution.

3.2. The Empirical Design

The Empirical Design clarifies how the outputs of the
proposed matrix model are transformed and incorporated
into the regression framework. The optimal capital
allocation vector derived from the matrix solution
represents the model-implied investment levels across
capital categories. Each element of this vector is scaled by
firm size and standardized across the sample to produce
capital allocation scores that are comparable across firms
and over time. These standardized scores are then used
directly as explanatory variables in regression models of
firm performance, risk, and ESG outcomes. This explicit
mapping ensures a transparent and coherent link between
the theoretical model and the empirical analysis, thereby
strengthening the study's internal consistency and
empirical rigor.

3.3. Empirical Illustration of the Matrix-Based Capital
Allocation Model

To demonstrate the operationalization of the proposed
matrix model, a simplified three-capital illustration is
presented. For expositional clarity, the model is reduced to
three interdependent capital categories: environmental
capital (Y1), human capital (Y2), and structural capital (Ys).
These categories are supported by corresponding asset
types X1, Xz, and Xa.

A simple 3-capital example for illustration. We will
assume only three capital types instead of nine:

1.  Environmental Capital (Y1)
2. Human Capital (Y2)
3. Structural Capital (Y3)

And three corresponding asset types:
X1 = Environmental assets
X2 = Human resource assets
Xs = Organizational/structural assets

—  Step 1: Construct the Coefficient Matrix A

Based on company disclosures, we estimate the
proportional interdependence of assets as:

A= X1 X2 X3
Y. 0.20 0.10 0.05
Y2 0.15 0.25 0.10
Ys 0.10 0.20 0.30

Interpretation:
20% of environmental assets reinforce themselves
10% of human assets support environmental capital
25% of human assets reinforce human capital
30% of structural assets reinforce structural capital

Each row sums to less than 1, meeting the model's
condition.

—  Step 2: Define External Sustainability Investments (E
vector)

From sustainability disclosures:

Environmental spending = 100 million USD
Human capital spending = 80 million USD
Structural sustainability upgrades = 60 million USD
So:E=[100 80 60]

—  Step 3: Compute (I - A)

Identity matrix I:
L 0 Q0

o 1 0

o 0 1
Now subtract A:
I-A=

[0.80 -0.10
[-0.15 0.75 -0.10|
[-0.10 -0.20  0.70|

— Step4: Solve X*=(1—-A)'E

-0.05|

After computing the inverse matrix and multiplying by
E (simplified numerical solution):

X*~[140 125 110]

—  Step 5: Interpretation

Although the company directly invested:
. 100 in environmental capital
e 80 in human capital
* 60 in structural capital

The optimal capital
interdependencies, are:
*  Environmental capital = 140
*  Human capital = 125
e Structural capital = 110

levels, accounting for

This means:
1- Sustainability investments generate multiplier
effects
2- Inter-asset relationships increase required
capital
3- The optimal structure is larger than direct
expenditures

—  Step 6: How This Enters Regression

Now we standardize these values (for example, by
scaling to 0-100 or by dividing by total assets).
These become:
*  Environmental Capital Score = 140
*  Human Capital Score = 125
e Structural Capital Score =110

Then we use them as independent variables in:

ROA = Bo + B: (Environmental Capital) + . (Human
Capital) + Bs (Structural Capital) + ¢
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or include them in PCA to extract latent components of
capital strategy.

The results indicate that although the firm directly
invested 100, 80, and 60 million USD in environmental,
human, and structural sustainability initiatives,
respectively, the interdependent asset structure generates
multiplier effects, resulting in higher optimal capital
requirements. The matrix solution, therefore, captures
systemic reinforcement across capital categories, reflecting
the integrated nature of sustainable resource allocation.

These optimal capital values were standardized relative
to total assets and then used as independent variables in the
regression and principal component analyses. This
procedure transforms raw sustainability expenditures into
strategically weighted capital scores, enabling empirical
tests of their relationship with firm-level financial
performance (ROA).

This illustration confirms that the matrix model is not
purely conceptual but computationally operational,

providing a replicable mechanism for quantifying
sustainability-aligned capital structures.
4. Methodology

This study adopts a mixed-methods approach,

combining qualitative analysis with quantitative modeling
to examine the integration of ESG metrics, sustainability
disclosures, and corporate financial performance. The
qualitative component draws on comprehensive secondary
sources, including academic literature, professional
guidelines, regulatory publications, and sustainability
assurance frameworks, to analyze current ESG reporting
practices, CPAS' roles in assurance, and the conceptual
underpinnings of sustainable development accounting. To
evaluate existing ESG assurance methodologies and their
alignment with international standards, the study employs
a comparative approach to unattainable standards (the
expectation may exceed what is methodologically
reasonable for the scope of the study), providing a
theoretical basis for the proposed model. The quantitative
component constructs a matrix-based mathematical model
grounded in Leontief input-output analysis to determine the
optimal allocation of asset types across nine interdependent
capital categories (financial, working, intellectual, human,
social, environmental, structural, and customer capital)
required to achieve sustainability objectives.

The model incorporates a coefficient matrix that
specifies the proportional contribution of assets to each
capital type and external investments, enabling the
calculation of optimal capital levels to support sustainable
productivity. This methodological approach enables the
study to link ESG performance with financial outcomes,
assess the impact of CPA assurance on firm-level financial
metrics such as Return on Assets (ROA), and provide a
rigorous, data-driven framework for decision-making and
sustainability reporting. The methodology thus justifies the

proposed model for determining optimal sustainable capital
and demonstrates how ESG indicators and CPA
engagement can systematically enhance corporate
accountability and value creation.

To enhance methodological rigor, this study explicitly
integrates the matrix model's outputs into the empirical
framework through a structured transformation. The
optimal capital allocation vector from the matrix solution
represents equilibrium investment levels across capital
categories implied by the theoretical model. Each element
of this vector is scaled by total assets to control for firm
size and then standardized across firms and years to ensure
cross-sectional and intertemporal comparability. The
resulting capital allocation scores are included directly as
explanatory variables in the regression models, alongside
standard firm-level controls and fixed effects. This explicit
operationalization strengthens alignment between the
theoretical and empirical components, mitigates concerns
about scale bias and multicollinearity, and enhances the
transparency, replicability, and internal validity of the
empirical analysis.

4.1. Research Design

This study employs a mixed-methods approach that
combines quantitative modeling, qualitative content
analysis, and framework mapping. The rationale for this
approach is the dual need to construct a mathematical
model to determine optimal sustainable capital and to
contextualize it within ESG reporting standards and CPA
responsibilities.

4.1.1. Hypotheses Development

This study empirically assesses the relationship between
corporate sustainability practices, specifically, third-party
CPA assurance, ESG performance, and sustainability-
aligned capital allocations, and firm-level financial
performance. Drawing on the literature in sustainability
accounting, assurance, and capital theory, the researcher
develops four testable hypotheses to guide the empirical
analysis.

Assurance by independent CPAs is increasingly viewed
as a mechanism for enhancing the credibility of
sustainability disclosures. The involvement of professional
auditors lends transparency, reduces information
asymmetry, and may improve investor confidence and
decision-making. Therefore, the researcher hypothesizes:

H1: Companies that obtain third-party CPA assurance
for their sustainability disclosures exhibit significantly
higher financial performance (ROA) than firms without
such assurance.

A growing body of research suggests that strong ESG
performance may reflect effective risk management, long-
term strategic vision, and responsiveness to stakeholders.
Although the evidence on short-term financial impact
remains mixed, higher ESG scores are expected to
contribute  positively to  corporate  performance.
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Accordingly:

H2: Higher ESG scores are positively associated with
Company financial performance (ROA).

Companies allocate resources not only to traditional
physical and financial assets but also to human, intellectual,
environmental, and social capital that align with
sustainability objectives. The optimal combination of these
capital forms may influence financial outcomes. This study,
therefore, posits:

H3: Capital allocations across sustainability-linked
categories (e.g., human, environmental, knowledge, social
capital) are significantly associated with firm financial
performance. Beyond individual capital categories,
companies may exhibit underlying sustainability strategies
characterized by latent clusters of capital forms (e.g.,
operational, social, and intellectual capital). Principal
Component Analysis (PCA) is used to identify these
dimensions.

H4: Latent factors derived from capital allocation
patterns (via PCA) capture strategic orientations that
correlate with financial performance.

4.1.2. Data and Variables

4.1.2.1. Data Construction and Estimation of Capital
Coefficients

The study uses a panel dataset of 100 U.S. companies
(Appendix) spanning ten years (2015-2024). The data
integrate financial performance, ESG performance, and
sustainability assurance indicators from multiple sources
and employs a multidimensional dataset that combines
financial, environmental, social, and governance indicators
to estimate the capital coefficients used in the proposed
matrix model. The data were obtained from publicly
available financial statements, ESG rating agencies,
sustainability reports, and assurance disclosures.

4.1.2.2. Data Collection [32][33][34][35][36]

Financial data, including total assets, capital
expenditures, R&D expenditures, leverage ratios, and
operating cash flows, were obtained from audited annual
reports and financial databases (Compustat). ESG
indicators were obtained from recognized sustainability
data providers and corporate sustainability reports
(Refinitiv ESG Database and Bloomberg Terminal ESG
Scores). Information on CPA assurance was obtained from
firms’ integrated reports and external assurance statements.
All data were validated across multiple sources to ensure
accuracy and consistency. Observations with incomplete or
inconsistent disclosures were excluded from the final
sample.

The primary ESG performance measure is derived from
the Refinitiv Eikon ESG database, and Bloomberg ESG
data are used for validation.

Prior research documents substantial heterogeneity in
ESG ratings across data providers, driven by differences in
methodologies, weighting schemes, and materiality

assessments. Although a composite ESG index enhances
measurement reliability, the aggregation process may
compress score variability and reduce cross-firm dispersion.
This attenuation of variance may weaken the statistical
power of regression models and contribute to the lack of
significance observed for ESG scores in OLS estimates.

4.1.2.3. Measurement of ESG Performance

Consistent with prior empirical ESG literature, this study
employs a single-provider composite ESG score from the
Refinitiv Eikon ESG database. These scores are internally
aggregated measures of environmental, social, and
governance performance, constructed by the data providers
using proprietary weighting methodologies. A weighted-
average approach is applied, consistent with the
methodology outlined by the Refinitiv Eikon ESG database.
The study does not construct an external composite ESG
index across multiple providers.

Although multiple ESG databases are referenced, their
use is limited to robustness checks, cross-verification of
disclosures, and supplementation of firm-level
sustainability information. The empirical analysis relies on
a single-provider composite ESG score, thereby avoiding
methodological inconsistencies that arise from aggregating
across providers.

All ESG performance scores, expressed as a humeric
index ranging from 0 to 100, were obtained from the
Refinitiv Eikon ESG database. The ESG measure is already
aggregated at the data-provider level and represents a
composite score constructed internally using each
provider’s proprietary methodology. Methodologically,
this approach is classified as a single-source (single-
provider) composite ESG score, which is widely adopted
in top-tier ESG and finance literature to ensure consistency
and comparability across companies.

Thus, the composite ESG score reflects the company's
multidimensional sustainability profile. This continuous
variable is then used as an independent variable in
regression models to assess the relationships among
sustainability performance, capital allocation, and financial
outcomes, specifically return on assets (ROA).

4.1.2.4. Coding and Classification

After collection, the raw data were coded and classified
into four primary capital categories:

1. Financial Capital (FC):

Total assets, equity, debt structure, liquidity ratios, and
investment capacity.

2.  Environmental Capital (EC):

Carbon emissions, energy efficiency, waste management
indicators, and environmental investments.

3. Social Capital (SC):

Employee training expenditures, health and safety
indicators, diversity measures, and community investments.
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4.  Governance and Intellectual Capital (GC):

Board independence, internal control quality, R&D
intensity, and assurance practices.

Each indicator is standardized and assigned to its
corresponding  capital category using established
sustainability and accounting frameworks.

4.1.2.5. Data Transformation and Normalization

To ensure comparability across firms and over time, all

indicators are normalized. Specifically:

1- Monetary variables are scaled using total assets or
revenues.

2- ESG indicators are standardized using a z-score
transformation.

3- Categorical variables (e.g., assurance presence) are
converted into binary or ordinal scores.

4-  Outliers are winsorized at the 1st and 99th percentiles.

The normalized values are then aggregated within each
capital category using weighted averages derived from

factor loadings and expert-based weights.

4.1.2.6. Allocation to Capital Coefficients

The standardized indicators were aggregated to compute
capital coefficients that represent the relative contribution
of each capital type to sustainable value creation. Let:

FC;, EC;, SC;i, and GC; denote the composite scores for
firmi.

These scores are incorporated into the capital coefficient
vector.

Ci = (FG;, EC;, SCi, GC;) serves as the input to the matrix
optimization model.

4.1.2.6.1. Variable Classification

The study classifies variables into dependent,
independent, and capital allocation categories, and latent
variables are extracted via principal component analysis
(PCA) to capture underlying strategic investment form
(table 1).

Table 1. Definition and Measurement of Study Variables: ESG Performance, Capital Allocation Components, and Financial Performance

Indicators.

Variable Type

Variable Name

Description

Measurement / Unit

Dependent Variable

ROA (Return on Assets)

company-level financial performance

% of net income to total
assets

systems, and environmental technologies

Independent ESG Score Overall ESG performance Numeric score (0-100)
Variables from Refinitiv/Bloomberg
Capital Allocation CPA Assurance Third-party assurance of sustainability Dummy: 1 = Assured, 0 =
Variables reports Not Assured

Fixed Capital Tangible assets, knowledge management Score from matrix model

(0-100)

Working Capital

Inventory, receivables, short-term ESG
investments

Score from matrix model
(0-100

Intellectual Capital

Patents, software, R&D, proprietary
processes

Score from matrix model
(0-100)

Human Capital

Employee skills, training, health & safety
programs

Score from matrix model
(0-100

Environmental Capital

Natural resources, pollution control, and
carbon credits

Score from matrix model
(0-100)

Customer Capital

Brand reputation, customer loyalty, social
license to operate

Score from matrix model
(0-100)

Financial Capital

Cash reserves, ESG-linked financing,
green bonds

Score from matrix model
(0-100)

Structural Capital

Governance frameworks, IT
infrastructure, processes

Score from matrix model
(0-100)

Social Capital

Stakeholder relationships, community
programs, supply-chain partnerships

Score from matrix model
(0-100)

Latent Variables
(viaPCA)

PC1, Operational-Relational Capital

A combination of working, human, and
customer capital

Factor score from PCA

PC2, Social-Strategic Capital

Contrasts human and social vs. structural
and knowledge capital

Factor score from PCA

PC3, Intellectual-Organizational

Capital

Knowledge, structural, and social capital

Factor score from PCA

Source: Prepared by the researcher using SPSS statistical software.
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4.2. Sample Selection and Firm Inclusion Criteria

The sample size (n) was calculated using Cochran’s
sample size formula, assuming a 95.5% confidence level
(corresponding to Z = 2), a margin of error (¢) of 10% (or
0.1), and an estimated population proportion (p) of 50% (or
0.5) for the attribute of interest. Accordingly, q =1-p =
0.5. The formula is applied as follows [37]:

_z°pq _ (2)?+0.5%0.5

ez (0.1)2
According to the earlier formula, the minimum sample
size (n) for this study is 100. However, lowering the margin

of error from 10% to 5% raises the needed sample size to
400.

=100

z%pq (2)2%0.5%0.5
s (S R

Based on a 95.5% confidence level and a margin of error
of 5% to 10%, the required sample size is estimated to be
between 100 and 400 participants. In this study, data were
collected from 100 accounting firms.

Sample size: 100 companies x 5 years = 500
observations (panel data). The sample of 100 firms was
selected using a purposive, multi-stage sampling strategy
to ensure data availability, sectoral diversity, and relevance
to sustainability reporting and assurance practices in the
United States.

First, the initial population comprised large U.S. publicly
listed companies included in major market indices,
particularly the S&P 500 and the Russell 1000, from 2015
to 2024. These firms were selected as the initial pool
because they are subject to rigorous disclosure
requirements, attract substantial institutional investment,
and are more likely to publish standardized ESG and
sustainability reports.

Second, from this population, companies were screened
for data availability. To be included in the final sample,
companies had to meet the following criteria:

1. Availability of complete financial data in the
Compustat/WRDS database for the full study period
(2015-2024), including total assets, net income, and
working capital.

2. Availability of ESG performance scores from Refinitiv
and/or Bloomberg for at least ten consecutive years
within the observation period.

3. Publication of standalone sustainability reports,
integrated reports, or detailed ESG disclosures within
Form 10-K filings.

4. Availability of verifiable information on third-party
assurance of sustainability disclosures.

5. Continuous public listing throughout the sample
period to avoid distortions from mergers, delisting, or
bankruptcy.

Third, firms meeting these criteria are classified by
industry using the Global Industry Classification Standard
(GICS). To enhance external validity and reduce industry-

specific bias, the study employed a stratified sampling
approach, ensuring proportional representation across
major economic sectors, including technology, energy,
healthcare, financial services, consumer goods, industrials,
transportation, utilities, real estate, and Fintech.

Within each industry stratum, firms were selected based
on market capitalization and reporting maturity, with
priority given to firms with:

1. Established ESG reporting systems,
2. Longitudinal disclosure consistency,
3. Demonstrated engagement in sustainability initiatives.

This approach produced a balanced sample of 100 firms
across environmentally intensive sectors, enabling the
study to examine heterogeneous  sustainability-
performance relationships.

Importantly, the final sample does not exactly match the
S&P 100 Index. While several S&P 100 constituents are
included, the sample also extends beyond this index to
include firms from the broader S&P 500 and Russell 1000
universes that meet the data completeness and ESG
reporting criteria. This broader selection enhances the
generalizability of the findings while maintaining high data
quality.

4.2.1. Use of the Ten-Year Observation Period

Although the study spans ten years (2015-2024), the
data were used in two distinct analytical phases to enhance
the robustness and stability of the proposed matrix model.

In the initial phase (2015-2019), company-level data on
financial, asset, and sustainability investments were used to
estimate and calibrate the coefficient matrix (A) and the
external input vector (E). This phase served as a model
development period, enabling the researcher to identify
long-term structural relationships across asset types and
capital categories. Using data over multiple years reduced
the influence of short-term variability, ensuring that the
estimated coefficients accurately reflected consistent
investment patterns.

The second phase (2020-2024) focused on empirical
testing and hypothesis evaluation. During this period, the
stabilized matrix model was applied to compute capital
allocation scores X"= (I-A)E, which were subsequently
incorporated into panel regression and principal component
analyses. This phase yielded a final dataset of 500 firm-
year observations (100 companies x5 years) for statistical
analysis.

This two-stage method separates model estimation from
performance evaluation, which helps minimize overfitting
and improves the internal validity of the results. Moreover,
it enables the study to investigate whether sustainability-
oriented capital structures, derived from previous
investment behaviors, are associated with future financial
outcomes.

Therefore, although the complete dataset covers ten
years, the primary econometric analyses focused only on
the last five years, with the earlier period used for model
construction and calibration.
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5. Results and Analysis

This section presents the study's empirical results,
examining relationships among sustainability-linked
capital, ESG performance, CPA assurance, and financial
performance across 100 U.S. companies. The analysis
proceeds in three stages: descriptive statistics, regression
analysis of individual variables, and principal component
analysis (PCA) of capital allocations.

Table 2 displays descriptive statistics, means, standard
deviations, minima, and maxima for the key variables. The
average return on assets (ROA) is 7.85, with a standard
deviation of 3.42, indicating some variation in company
profitability. The overall ESG score has a mean of 72.4 and
shows little variation across companies, consistent with
previous research suggesting that aggregating ESG ratings
can reduce variance. Auditor assurance coverage appears
in 0.62% of company-year observations, reflecting the
growing but not universal use of external verification for
sustainability disclosures.

5.1. Regression Analysis: CPA Assurance, ESG Scores,
and Capital Allocation

An Ordinary Least Squares (OLS) regression was
conducted to test hypotheses H1-H3, using ROA as the
dependent variable and ESG scores, CPA assurance
(binary), and nine capital categories as independent
variables.

Table 3 presents pairwise correlations among ROA, ESG,
auditor assurance, and capital coefficients. ESG scores are
modestly positively correlated with ROA (r = 0.050).
Auditor assurance also shows a positive relationship with

ESG (r = 1.57), implying that companies investing in
higher-quality ESG reporting tend to seek external
verification more often. Multicollinearity diagnostics
reveal variance inflation factors (VIFs) below the threshold
of 5, indicating that collinearity does not significantly
affect the regression estimates.

To examine the relationships among company
performance, ESG engagement, and auditor assurance, the
research employed an Ordinary Least Squares (OLS)
regression framework with time subscripts to capture the
panel structure of the data. The dependent variable is
Return on Assets (ROA), measured as net income divided
by total assets for firm (i) in year (t).

This study examines the relationship between corporate
financial outcomes and sustainability factors using panel-
data Ordinary Least Squares (OLS) regression. Company
profitability, measured by Return on Assets (ROA), serves
as the dependent variable. The primary explanatory
variables include auditor assurance of sustainability reports,
ESG performance scores, and company capital coefficients.

To account for structural and temporal factors that may
influence company performance, the analysis incorporates
additional control variables and fixed effects. Company
size, measured by total assets, and financial leverage are
included to capture differences in capital structure that
could affect profitability. The model also employs year
fixed effects (y,) and industry fixed effects (5;) to control
for unobserved heterogeneity across time periods and
sectors. Year fixed effects absorb the influence of
macroeconomic shocks, regulatory changes, and global
trends common to all firms. Industry fixed effects account
for sector-specific characteristics, such as capital intensity,
typical profitability levels, and variation in ESG exposure.

Table 2. Descriptive Statistics of Key Variables

Variable N Mean Std. Dev. Min Max

ROA (%) 500 7.85 3.42 1.2 185
ESG Score 500 724 15.8 35 98
CPA Assurance 500 0.62 0.49 0 1
Fixed Capital 500 65.3 12.4 40 90
Working Capital 500 58.1 14.7 25 85
Intellectual Capital 500 62.0 135 30 88
Human Capital 500 70.2 11.6 45 92
Environmental Capital 500 55.7 16.2 20 89
Customer Capital 500 68.5 12.9 40 95
Financial Capital 500 60.3 14.1 30 88
Structural Capital 500 63.8 13.2 35 90
Sacial Capital 500 66.1 12.7 40 93

Source: Prepared by the researcher using SPSS statistical software.
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Table 3. OLS Regression Results, ROA as Dependent Variable

Variable Coefficient Std. Error t-value p-value
Constant 15.93 5.42 2.94 .004
ESG Score 0.050 0.033 1.50 0.138
CPA Assurance 1.57 0.66 2.37 0.020
Fixed Capital 0.002 0.035 0.05 0.963
Working Capital -0.029 0.031 -0.93 0.353
Intellectual Capital -0.045 0.032 -1.40 0.164
Human Capital -0.053 0.031 -1.70 0.092
Environmental Capital -0.036 0.035 -1.02 0.311
Customer Capital -0.060 0.036 -1.68 0.097
Financial Capital 0.013 0.034 0.39 0.697
Structural Capital 0.021 0.031 0.67 0.506
Social Capital 0.001 0.030 0.02 0.981

Model Summary: R==0.188, Adjusted R== 0.087, F-statistic = 1.86 (p < 0.05).

Source: Prepared by the researcher using SPSS statistical software.

Table 3 reports OLS regression results showing that
CPA assurance has a significant positive effect on ROA
(coefficient = 1.57, p = 0.020), indicating that third-party
verification of sustainability reports is associated with
stronger financial performance. ESG scores are positively
but not significantly related to ROA (coefficient = 0.050, p
= 0.138), suggesting that ESG performance alone does not
yield immediate profitability gains. No individual capital
category achieves statistical significance, though human
capital and customer capital show marginally negative
relationships (p < 0.10), possibly reflecting short-term
costs or delayed benefits. The model explains 18.8% of the
variance in ROA (R=2= 0.188, adjusted R=2= 0.087),
implying that while CPA assurance and ESG-related
capital matter, other factors also contribute.

The results represent associations, not causal effects.
Although CPA assurance correlates positively with ROA,
this does not demonstrate that auditing directly enhances
financial outcomes. A more plausible interpretation is that
assurance engagement signals managerial commitment to
sustainability, a signal that stakeholders may recognize and
reward in ways that affect overall performance.

These results support Hypothesis 3, confirming that
audited ESG has greater informational value than
unaudited ESG. This result aligns with signaling theory and
information asymmetry: unaudited ESG may reflect
aspirational or unverified claims, prompting investors to
discount these disclosures. By contrast, audited ESG
signals credibility, thereby shaping capital allocation, risk
assessment, and investment decisions.

The managerial implications are clear: firms with
significant ESG commitments cannot rely solely on
internal or voluntary reporting. Independent assurance acts
as a multiplier, strengthening the link between
sustainability efforts and both financial performance and

reputational capital. For the auditing profession, this
finding elevates the role of CPAs from technical
compliance to strategic value creation, positioning them as
essential intermediaries who transform ESG reporting into
a trustworthy conduit between corporate sustainability and
market outcomes.

5.1.1. ESG and Auditor Interaction: Informational Value
of Verified Sustainability

The interaction between ESG performance and auditor
assurance provides critical insight into the informational
content of sustainability disclosures. Regression results
show a significant positive interaction, indicating that ESG
scores are strongly associated with improved financial
outcomes only when independently audited by a CPA. In
other words, assurance credibility transforms ESG from a
potentially ambiguous signal into actionable information
for investors and stakeholders.

5.2. Variance Explained by Principal Components

Table 4. PCA, Explained Variance

Component Variance Explained (%)
PC1 17.9
PC2 15.8
PC3 134

Total (PC1-PC3) 47.1%.
Source: Prepared by the researcher using SPSS statistical software.

Principal component analysis (PCA) provides critical
insight into how sustainability-related capital allocations
co-vary across firms and how much of the total variance in
capital deployment strategies is captured by latent
dimensions rather than by isolated capital categories. As
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shown in Table 4, the first three principal components
together explain 47.1% of the total variance across the nine
sustainability-linked capital variables, indicating that
nearly half of firms” sustainability investment behavior can
be summarized by a reduced set of strategic dimensions.

PC1 (Operational-Relational Capital) accounts for
17.9% of the total variance, making it the largest single
source of wvariation in sustainability-oriented capital
allocation. Strong positive loadings on working capital
(0.60), customer capital (0.31), and human capital (0.27)
indicate that this component captures firms’ operational
execution and stakeholder-facing investment intensity. The
variance explained by PC1 reflects differences in how
firms prioritize day-to-day sustainability integration
through workforce development, customer relationships,
and operational liquidity. This dimension aligns closely
with short- to medium-term operational resilience, which
explains why PC1 is most strongly associated with
financial performance outcomes in subsequent regression
analyses.

PC2 (Social-Strategic Capital) accounts for 15.8% of the
total variance, capturing a distinct strategic tension
between social-human investments and structural—
knowledge-oriented capital. High positive loadings on
human capital (0.53) and social capital (0.44), together with
strong negative loadings on knowledge (-0.42) and
structural capital (-0.43), indicate that this component
reflects variance in firms® sustainability orientation,
ranging from socially embedded, stakeholder-centric
strategies to more efficiency-driven, internally structured
approaches. The variance explained by PC2 highlights
heterogeneity in corporate sustainability philosophies
rather than differences in absolute investment levels,
emphasizing strategic trade-offs rather than scale effects.

PC3 (Intellectual-Organizational Capital) accounts for
an additional 13.4% of total variance, with high loadings
on knowledge capital (0.46), structural capital (0.53), and
social capital (0.46). This component captures variance
associated with organizational learning, innovation
capacity, governance infrastructure, and legitimacy-
building mechanisms. The variance captured by PC3
reflects firms’ long-term orientation toward sustainable
value creation through institutionalized processes,
knowledge systems, and social embeddedness, rather than
immediate operational outcomes.

Taken together, the variance decomposition confirms
that sustainability-linked capital allocations do not operate
in isolation but cluster into coherent strategic
configurations. Although individual capital categories have
limited explanatory power when examined in isolation,
PCA shows that nearly half of the observable variation in
sustainability investment behavior is structured along three
interpretable dimensions: operational execution (PC1),
social versus structural orientation (PC2), and intellectual,
organizational capacity (PC3).

From an accounting and assurance perspective, this
variance framework carries significant implications. It

clarifies why regressions employing individual capital
variables may fail to yield statistically significant effects:
much of the economically meaningful variance arises from
interactions and complementarities among capital types
rather than from standalone investments. The framework
also supports the study's matrix-based approach, as the
principal component  analysis  validates  the
interdependencies embedded in the coefficient matrix (A).
Taken together, these results suggest that CPAs and
assurance providers should evaluate sustainability
performance at the portfolio or capital-cluster level, rather
than concentrating solely on discrete ESG expenditures.
Such an approach offers a clearer understanding of the
financial consequences of sustainability strategies.

To address multicollinearity and capture the combined
strategic effects of sustainability investments, the
regression models were re-estimated using the three
principal component scores instead of the nine individual
capital variables, thereby testing whether integrated capital
configurations better explain firm financial performance.

The researcher conducted an additional regression
analysis using the three principal components rather than
the individual capital variables. This specification serves as
a robustness check supporting the interpretation that
sustainability-related capital investments form
interdependent bundles.

The results confirm that ESG performance, considered
in isolation, does not accurately reflect financial outcomes.
However, the positive and significant interaction with CPA
assurance indicates that independent verification is
necessary for ESG disclosures to have financial relevance.
The strategic management of capital bundles further
mediates this relationship, implying that sustainability and
resource strategy must be integrated to deliver tangible
financial value.

5.3. Hypotheses Summary

H1 Supported: CPA assurance has a positive and
significant effect on ROA (p = 0.020). Companies with
third-party-verified sustainability reports show stronger
financial performance, supporting the view that assurance
enhances credibility and investor trust.

H2 did not receive empirical support: although ESG
scores are positively associated with ROA, the association
is not statistically significant (p = 0.138), suggesting that
unverified ESG performance may not translate into
immediate financial gains.

H3 receives partial support: While individual capital
categories do not show statistically significant effects,
human and customer capital exhibit marginal negative
correlations (p = 0.092 and 0.097), indicating possible
short-term investment costs or delayed benefits.

The lack of statistical significance of ESG scores in
predicting short-term financial performance can be
understood through both theoretical and practical lenses.
Conceptually, ESG scores often capture a broad range of
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sustainability activities, including qualitative or forward-
looking initiatives that may not immediately translate into
measurable financial outcomes. From a signaling
perspective, unverified ESG disclosures may be perceived
as less credible by investors, limiting their impact on
capital market behavior. Moreover, variation across ESG
measurement frameworks, reporting standards, and
industry-specific materiality means that raw scores may
obscure differences in the true effectiveness of
sustainability strategies. This finding aligns with
stakeholder and legitimacy theories, which hold that the
value of sustainability initiatives hinges not only on the
actions themselves but also on their perceived credibility,
strategic alignment, and effective communication. In
contrast, CPA assurance provides external validation that
enhances the trustworthiness of ESG information,
explaining why assurance, rather than ESG scores alone,
exhibits a significant association with financial
performance.

Research suggests that ESG scores alone have a limited
impact on short-term financial results, yet the timing of
sustainability investments matters considerably. Initiatives
such as those in human capital, environmental technologies,
and social programs often require upfront expenditures that
may temporarily reduce profitability. Over time, however,
these investments yield long-term benefits through
improved operational efficiency, reduced environmental
and regulatory risks, enhanced stakeholder trust, and
strengthened reputation. When supported by CPA
assurance and strategic capital allocation, these advantages
translate into sustained financial performance. This implies
that ESG wvalue accrues gradually rather than
instantaneously. Thus, sustainability strategies should be
evaluated with both short- and long-term horizons in mind,
ensuring alignment with broader sustainable development
goals.

5.4. Principal Component Analysis (PCA) of Capital
Allocations

To test H4, PCA was applied to the nine capital
categories to identify latent strategic dimensions (Table 5).

5.5. Matrix Model Insights

The matrix model (X* = (I-A)* E) shows how external
investments (E) and inter-asset relationships (A) can be
leveraged to optimize asset allocation across nine capital
types to meet sustainability goals. For example:

1- Environmental and human capital investments may
require higher proportional allocations to meet ESG
targets, as determined by the coefficient matrix.

2- Solving the matrix equation yields optimal asset
levels that align with both financial performance and
sustainability objectives.

3- The model enables CPAs to quantify and verify
resource allocation, thereby bridging qualitative ESG
disclosures and measurable financial outcomes.

Table 5. PCA Loadings — First 3 Components

Capital Form PC1 PC2 PC3
Fixed 0.19 -0.15 -0.02
Working 0.60 -0.06 -0.31
Knowledge -0.04 -0.42 0.46
Human 0.27 0.53 0.29
Environmental -0.25 -0.33 -0.09
Customer 0.31 0.17 0.15
Financial -0.46 0.01 -0.28
Structural 0.18 -0.43 0.53
Social -0.36 0.44 0.46

Source: Prepared by the researcher using SPSS statistical software.
Interpretation:

PC1- Operational-Relational Capital: Loadings on working, customer,
and human capital are dominant, reflecting firms’ resource coordination
and stakeholder engagement strategies.

PC2- Social-Strategic Capital: Contrasts human/social capital with
knowledge/structural capital, highlighting a focus on social cohesion
versus operational efficiency.

PC3- Intellectual-Organizational Capital: High loadings on knowledge,
structural, and social capital, highlighting innovation, organizational
learning, and legitimacy.

H4 Supported: PCA confirms that sustainability-linked capital
investments are organized into integrated strategic clusters rather than
isolated categories.

6. Key Findings

1- CPA Assurance Matters: Third-party verification
significantly improves ROA, underscoring CPAs’
pivotal role in establishing sustainability credibility.

2- ESG Alone is Insufficient: High ESG scores without
assurance do not guarantee financial performance.

3- Capital Types Operate in Bundles: PCA shows that
firms use strategic combinations of capital allocation,
underscoring the integrated nature of sustainability
investments.

4- The Matrix Model Validates Resource Allocation: It
provides a practical framework for quantifying
optimal  capital deployment for sustainable
development.

5- CPAs as Strategic Enablers: Beyond auditing, CPAs
contribute to ESG performance evaluation, capital
planning, and sustainable value creation.

Empirical evidence indicates that CPA assurance plays a
crucial role in translating sustainability efforts into tangible
financial results. Although ESG scores alone show a
positive but statistically insignificant link with ROA,
adding third-party assurance noticeably improves firm
performance, underscoring the importance of verification
and credibility for investors and stakeholders to recognize
the value of sustainability initiatives. Furthermore, PCA
findings suggest that capital investments tend to cluster
rather than operate independently, implying that firms
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adopt coordinated strategies across operational, human,
social, and intellectual resources to foster sustainable
development. When integrated with the matrix model,
optimal asset allocation across nine capital types shows that
strategic resource deployment can effectively support both
ESG goals and financial success. Overall, these findings
emphasize the strategic necessity of combining robust
assurance, systematic capital allocation, and integrated
sustainability efforts to enhance corporate accountability
and long-term value.

Beyond statistical significance, it is essential to assess
the economic relevance of key coefficients in the model.
For example, the positive effect of CPA assurance on ROA,
while statistically significant, also reflects a meaningful
improvement in firm performance: firms with third-party-
verified sustainability disclosures show an average increase
of approximately 1.57 percentage points in ROA, which is
economically substantial given the scale of U.S. publicly
listed companies. Similarly, even ESG scores and
individual capital category coefficients that are not
statistically significant may still imply economically
relevant effects over time, particularly when compounded
across multiple strategic initiatives or when integrated with
assurance and optimized capital allocation. This study
highlights the vital role of Certified Public Accountants
(CPAS) in integrating ESG metrics into financial reports,
thereby linking sustainability disclosures to corporate
performance. Findings indicate that third-party CPA
assurance significantly boosts Return on Assets (ROA),

whereas ESG scores alone have a limited short-term impact.

This underscores the value of verified reporting. However,
the observed relationship may reflect signaling of

managerial intent rather than a direct effect on performance.

Larger, more profitable companies are more likely to hire
external assurance providers, likely due to greater
stakeholder pressure and public visibility. Consequently,
CPA assurance may signal managerial commitment and
support reputation management rather than directly
influence financial results.

7. Conclusions

The proposed matrix model offers a quantitative
framework for the optimal allocation of financial, human,
intellectual, social, and environmental capital. It enables
companies to align their investments with sustainable
development objectives. By integrating assurance,
multidimensional capital assessment, and full-cost
accounting, CPAs enhance transparency, cultivate
stakeholder trust, and support long-term value creation.
These contributions position CPAs as central actors in
sustainability strategy, providing a consistent, data-driven
approach to ESG integration that strengthens corporate
governance and fosters responsible, measurable, and
accountable progress toward sustainability.

8. Limitations and Directions for
Future Research

Despite the theoretical and empirical contributions of
this study, several limitations are acknowledged. First, this
research relies on secondary data sources for ESG
performance, assurance practices, and financial indicators.
Although these databases are widely used in prior literature,
ESG reporting standards and disclosure practices vary
across firms and industries. This heterogeneity may
introduce measurement inconsistencies and reduce the
comparability of sustainability indicators.

Second, the construction of ESG and assurance variables
may be subject to measurement bias. ESG scores are often
influenced by subjective assessments and proprietary
methodologies, which may not fully capture firms’ actual
sustainability performance. Similarly, the proxy used for
CPA assurance may not reflect differences in the depth,
scope, or quality of assurance engagements.

Third, the sample is limited to publicly traded American
companies, which may limit the generalizability of the
findings. Institutional environments, regulatory
frameworks, and stakeholder expectations vary across
countries and regions. Consequently, the results may not be
directly applicable to firms in emerging markets or under
alternative governance systems.

Fourth, although the study incorporates both cross-
sectional and longitudinal elements, part of the analysis
remains observational. As a result, causal relationships
among sustainability practices, capital allocation, and
financial performance cannot be established with certainty.
Unobserved firm-specific characteristics and omitted
variables may also influence the estimated relationships.

Fifth, industry heterogeneity may complicate the
interpretation of results. Sustainability investments and
capital requirements vary widely across sectors,
particularly among manufacturing, energy, and service-
oriented industries. Although industry controls are
included in the empirical models, sector-specific dynamics
may not be fully captured.

Finally, although the proposed matrix model is
analytically robust, it relies on simplified assumptions
about capital allocation efficiency and stakeholder
behavior. In practice, factors such as managerial discretion,
regulatory interventions, and market imperfections can
influence how the model is applied.

Future research could address these limitations by
exploring alternative ESG measurement frameworks,
including qualitative assessments of assurance quality, and
by broadening the scope to include international and
private-sector cases. Employing longitudinal designs,
experimental methods, and case analyses can also
strengthen causal inference. Additionally, future work
might improve the proposed model by incorporating
behavioral, institutional, and regulatory factors that
influence sustainability-oriented capital decisions.
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Declaration of Generative Al and
Assisted Technologies in the Writing
Process

In preparing this work, the author used traditional Al
methods to gather data from sources like the Refinitiv
Eikon ESG Database (Refinitiv Eikon ESG Database,
2024), Bloomberg L.P. (Bloomberg L.P., 2024), S&P
Compustat (S&P Compustat, 2024), and the U.S. Securities
and Exchange Commission (U.S. Securities and Exchange

Appendix

Commission, 2024). The goal was to test four hypotheses
through regression analysis and principal component
analysis (PCA) to examine links among sustainability
factors, CPA assurance, ESG performance, capital
allocation, and financial outcomes (ROA). After compiling
these datasets, the author reviewed and edited the content
as needed, taking full responsibility for the final
publication.

The author used Al tools only for data processing and
statistical computation; all analysis, interpretation, and
conclusions are the author’s own work.

The sample of 100 companies was selected using a purposive, multi-stage sampling strategy to ensure data availability,
sectoral diversity, and relevance to sustainability reporting and assurance practices in the United States.

1 Apple Inc. AAPL Technology
2 Microsoft Corp. MSFT Technology
3 Alphabet Inc. GOOGL Technology
4 Amazon.com Inc. AMZN Technology
5 Meta Platforms Inc. META Technology
6 Netflix Inc. NFLX Technology
7 Intel Corp. INTC Technology
8 Cisco Systems Inc. CSCO Technology
9 Oracle Corp. ORCL Technology
10 Adobe Inc. ADBE Technology
11 ExxonMobil Corp. XOM Energy
12 Chevron Corp. CvX Energy
13 ConocoPhillips COP Energy
14 Schlumberger Ltd. SLB Energy
15 Halliburton Co. HAL Energy
16 Phillips 66 PSX Energy
17 Marathon Petroleum Corp. MPC Energy
18 Baker Hughes Co. BKR Energy
19 Occidental Petroleum Corp. OoXY Energy
20 Valero Energy Corp. VLO Energy
21 Johnson & Johnson INJ Healthcare
22 Pfizer Inc. PFE Healthcare
23 Merck & Co. Inc. MRK Healthcare
24 Abbott Laboratories ABT Healthcare
25 Amgen Inc. AMGN Healthcare
26 Gilead Sciences Inc. GILD Healthcare
27 Bristol-Myers Squibb Co. BMY Healthcare
28 Eli Lilly & Co. LLY Healthcare
29 Moderna Inc. MRNA Healthcare
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30 Biogen Inc. BIIB Healthcare

31 JPMorgan Chase & Co. JPM Financial Services
32 Bank of America Corp. BAC Financial Services
34 Wells Fargo & Co. WFC Financial Services
35 Citigroup Inc. C Financial Services
36 Goldman Sachs Group Inc. GS Financial Services
37 Morgan Stanley MS Financial Services
38 American Express Co. AXP Financial Services
39 BlackRock Inc. BLK Financial Services
40 Charles Schwab Corp. SCHW Financial Services
41 MetLife Inc. MET Financial Services
42 The Coca-Cola Co. KO Consumer Goods
43 PepsiCo Inc. PEP Consumer Goods
44 Procter & Gamble Co. PG Consumer Goods
45 Colgate-Palmolive Co. CL Consumer Goods
46 Mondelez International Inc. MDLZ Consumer Goods
47 Kraft Heinz Co. KHC Consumer Goods
48 Walmart Inc. WMT Retail

49 Target Corp. TGT Retail

50 Costco Wholesale Corp. COST Retail

51 The Home Depot Inc. HD Retail

51 General Electric Co. GE Industrials

52 3M Co. MMM Industrials

53 Caterpillar Inc. CAT Industrials

54 Honeywell International Inc. HON Industrials

55 Raytheon Technologies Corp. RTX Industrials

56 Lockheed Martin Corp. LMT Industrials

57 Northrop Grumman Corp. NOC Industrials

58 Deere & Co. DE Industrials

59 Boeing Co. BA Industrials

60 Emerson Electric Co. EMR Industrials

61 United Parcel Service Inc. UPS Transportation
62 FedEx Corp. FDX Transportation
63 Union Pacific Corp. UNP Transportation
64 CSX Corp. CSX Transportation
65 Delta Air Lines Inc. DAL Transportation
66 American Airlines Group Inc. AAL Transportation
67 Southwest Airlines Co. LUV Transportation
68 Norfolk Southern Corp. NSC Transportation
69 Alaska Air Group Inc. ALK Transportation
70 JetBlue Airways Corp. JBLU Transportation
71 NextEra Energy Inc. NEE Utilities
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72 Duke Energy Corp. DUK Utilities
73 Dominion Energy Inc. D Utilities
74 Southern Co. SO Utilities
75 Exelon Corp. EXC Utilities
76 American Electric Power Co. Inc. AEP Utilities
77 Consolidated Edison Inc. ED Utilities
78 Entergy Corp. ETR Utilities
79 FirstEnergy Corp. FE Utilities
80 Xcel Energy Inc. XEL Utilities
81 American Tower Corp. AMT Real Estate
82 Prologis Inc. PLD Real Estate
83 Digital Realty Trust Inc. DLR Real Estate
84 Simon Property Group Inc. SPG Real Estate
85 AvalonBay Communities Inc. AVB Real Estate
86 Equity Residential EQR Real Estate
87 Public Storage PSA Real Estate
88 Realty Income Corp. o Real Estate
89 Welltower Inc. WELL Real Estate
90 Vornado Realty Trust VNO Real Estate
91 Tesla Inc. TSLA Automotive/Tech
92 Zoom Video Communications Inc. ZM Tech
93 Uber Technologies Inc. UBER Transport/Tech
94 Lyft Inc. LYFT Transport/Tech
95 Airbnb Inc. ABNB Tech/Hospitality
96 Palantir Technologies Inc. PLTR Tech
97 Snowflake Inc. SNOW Tech
98 Rivian Automotive Inc. RIVN Automotive/Tech
99 Block Inc. SQ Fintech
100 Robinhood Markets Inc. HOOD Fintech
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