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Abstract

The rapid expansion of sustainable finance has created unprecedented opportunities for capital
allocation toward environmental objectives, yet this growth has been accompanied by a parallel
rise in corporate environmental misrepresentation that distorts market efficiency and undermines
climate transition efforts. Despite growing awareness of greenwashing practices, no validated
empirical framework exists to quantify the macroeconomic consequences of such
misrepresentation, particularly the capital misallocation risks that emerge when inaccurate
environmental signals influence investment decisions. This study addresses this critical gap by
constructing and validating an empirical assessment model that measures capital misallocation
risks arising from corporate environmental misrepresentation. Employing a quantitative research
design with retrospective data analysis covering 1,200 firms across BRICS equity markets from
2015-2023 and prospective simulation modeling, the research integrates financial mismatch
indicators, ESG disclosure quality metrics, and institutional governance variables. The proposed
framework demonstrates strong predictive validity, achieving an overall accuracy of 89.4% in
detecting capital misallocation risk patterns, with environmental disclosure quality and
institutional governance strength emerging as the most significant predictors (f = 0.612, p <
0.001). The findings reveal that weak institutional governance environments amplify capital
misallocation by 34.2%, while environmental score consistency reduces misdirection risk by
28.7%. This research provides a replicable diagnostic tool enabling regulators, investors, and



policymakers to assess systemic risks and design targeted interventions to preserve the integrity
of sustainable finance markets.

Keywords: Capital Misallocation, Greenwashing, Sustainable Finance, Environmental
Misrepresentation, Macroeconomic Distortion

1. Introduction
1.1 Background

The global sustainable finance market has experienced exponential growth over the past decade,
with assets under management in ESG-aligned investment strategies surpassing $30 trillion by
early 2025. This expansion reflects a fundamental shift in capital markets toward integrating
environmental, social, and governance criteria into investment decision-making, driven by
increasing regulatory pressure, investor demand for climate-conscious portfolios, and growing
recognition that environmental risks represent material financial exposures. However, this rapid
growth has created fertile ground for corporate environmental misrepresentation—practices
collectively termed "greenwashing"—whereby firms present misleading claims about their
environmental performance to attract capital without implementing substantive sustainability
improvements .

The macroeconomic implications of such misrepresentation extend far beyond individual
investment losses. When capital is allocated based on inaccurate environmental signals, market
efficiency deteriorates, resources flow to less sustainable activities, and genuine environmental
innovators face barriers to accessing necessary funding . This distortion creates what economists
term "adverse selection" in sustainable finance markets, where investors cannot reliably
distinguish between authentic environmental leaders and those merely projecting a green facade.
The resulting capital misallocation delays the transition to a low-carbon economy, perpetuates
environmentally harmful practices, and undermines the integrity of sustainable finance as a
mechanism for addressing climate change.

Recent scholarship has increasingly focused on developing tools to detect and measure corporate
environmental misrepresentation. Okeke introduced a diagnostic framework for assessing
environmental claims, establishing foundational constructs for identifying misleading corporate
communications. Building on this work, Okeke and Rahim developed multi-dimensional
measures of greenwashing, validating constructs including misleading environmental claims,
selective disclosure, symbolic corporate environmentalism, ESG metric manipulation, and digital
greenwashing across multiple industries. These contributions have advanced the theoretical
understanding of greenwashing as a measurable phenomenon, yet significant gaps remain in
connecting individual firm-level misrepresentation to systemic macroeconomic consequences.



1.2 Problem Statement

Despite substantial progress in identifying and measuring corporate environmental
misrepresentation, existing research suffers from three critical limitations that constrain our
understanding of its macroeconomic impacts. First, current analytical frameworks predominantly
focus on firm-level detection without systematically linking greenwashing practices to capital
allocation distortions at the market level. While studies have examined how ESG disclosures
influence firm valuation and institutional investment , they have not developed integrated models
that trace the chain from individual misrepresentation to systemic capital misallocation. Second,
existing empirical investigations rely primarily on linear modeling approaches that fail to capture
the non-linear dynamics through which environmental misrepresentation affects capital flows
across different institutional contexts and market conditions . Third, validated measurement
instruments for assessing capital misallocation risks specifically attributable to environmental
misrepresentation remain absent from the literature, representing a significant gap for both
researchers and practitioners seeking to quantify and manage these risks.

The problem is further compounded by evidence that green credit policies and sustainable
finance mechanisms may themselves generate unintended consequences. Research has
demonstrated that green credit policies can paradoxically increase financialization and
greenwashing behaviors among heavy industrial enterprises, as firms pursue policy arbitrage
rather than genuine environmental improvement . Similarly, studies have identified contexts in
which green bonds and third-party certification regimes fail to produce substantive
environmental outcomes, particularly in private enterprises operating within weak governance
environments . These findings underscore the urgent need for comprehensive assessment tools
that can evaluate the effectiveness of sustainable finance mechanisms in achieving their intended
environmental objectives and identify when and why these mechanisms fail.

The central problem this study addresses is the absence of an empirically validated framework
for measuring capital misallocation risks arising from corporate environmental
misrepresentation. This gap leaves regulators, investors, and policymakers without reliable tools
to assess the macroeconomic integrity of sustainable finance markets or to design evidence-based
interventions that preserve market efficiency and environmental credibility.

1.3 Objectives of the Study

General objective:
To construct and empirically validate an assessment model that measures capital misallocation
risks arising from corporate environmental misrepresentation in sustainable finance markets.

Specific objectives:

1. To identify and operationalize key predictors of capital misallocation risk, including ESG
disclosure quality, institutional governance strength, financial mismatch indicators, and
sector-specific environmental risk exposures.



2. To design a hybrid empirical model integrating financial mismatch metrics,
environmental disclosure quality assessment, and institutional governance variables to
predict capital misallocation risk patterns.

3. To validate the proposed framework using historical data from BRICS equity markets
(2015-2023) and prospective simulation modeling, establishing the model's predictive
accuracy and practical utility.

1.4 Research Questions

1. What combination of variables—including ESG disclosure quality, institutional
governance strength, financial mismatch metrics, and environmental risk indicators—
most accurately predicts capital misallocation risk in sustainable finance markets?

2. How does the proposed empirical model compare to traditional methods in terms of
accuracy (sensitivity, specificity, overall predictive performance) for detecting capital
misallocation risk patterns?

3. What are the primary implementation barriers and enabling conditions for deploying the
assessment model in diverse institutional contexts?

1.5 Significance of the Study

This research makes contributions across multiple dimensions of theory and practice. For
practitioners and administrators, the validated assessment model provides a replicable
diagnostic tool for identifying capital misallocation risks in investment portfolios, enabling more
informed allocation decisions and improved risk management. The model's sensitivity to
institutional governance contexts offers practical guidance for tailoring sustainable investment
strategies to specific market environments.

For policymakers, the study provides empirical evidence on the macroeconomic consequences
of environmental misrepresentation, supporting the design of regulatory frameworks that
enhance transparency, strengthen enforcement mechanisms, and preserve sustainable finance
market integrity. The identification of institutional governance as a critical moderator of capital
allocation integrity offers clear policy leverage points.

For academic literature, this research extends the theoretical understanding of greenwashing
beyond firm-level detection to encompass systemic macroeconomic implications. It introduces
the concept of capital misallocation risk as a measurable outcome of environmental
misrepresentation and provides empirical validation of the mechanisms through which inaccurate
environmental signals distort capital markets.

For future researchers, the study establishes a validated methodological foundation for
investigating the macro-financial consequences of corporate environmental misrepresentation



across different market contexts and time periods, enabling comparative analysis and cumulative
knowledge building.

1.6 Scope and Limitations

This study focuses on publicly traded firms across BRICS equity markets (Brazil, Russia, India,
China, and South Africa) during the period 2015-2023. The selection of BRICS markets is
intentional, as these economies represent significant and growing sources of global capital flows
while exhibiting substantial variation in institutional governance quality, regulatory enforcement
capacity, and sustainable finance market development. The timeframe captures the period of
most rapid sustainable finance expansion while providing sufficient historical data for
longitudinal analysis.

The research is limited to firms for which comprehensive ESG disclosure data, financial
performance metrics, and institutional governance indicators are consistently available. Small
and medium-sized enterprises, privately held companies, and firms in jurisdictions with limited
disclosure requirements are excluded due to data availability constraints. While these excluded
populations may exhibit different patterns of environmental misrepresentation, they represent a
boundary condition of the present study rather than a limitation of the framework itself.

Key limitations include the reliance on disclosure-based metrics of environmental performance,
which may themselves be subject to manipulation, and the assumption that historical patterns of
misrepresentation and capital allocation remain stable over the study period. Additionally, while
the model employs robust validation techniques, all empirical models contain inherent
uncertainty that requires appropriate interpretation of results.

2. Literature Review
2.1 Conceptual Review

Corporate Environmental Misrepresentation (Greenwashing): Corporate environmental
misrepresentation refers to practices whereby organizations present misleading or inaccurate
claims about their environmental performance, commitments, or credentials to external
stakeholders. Okeke and Rahim identified five key dimensions of this phenomenon: misleading
environmental claims that exaggerate or fabricate environmental achievements; selective
disclosure that highlights favorable information while concealing negative environmental
impacts; symbolic corporate environmentalism that creates the appearance of environmental
commitment without substantive action; ESG metric manipulation that distorts reported
performance indicators; and digital greenwashing that leverages online platforms to disseminate
misleading environmental narratives.

Capital Misallocation: Capital misallocation occurs when financial resources are allocated to
investments, firms, or activities that do not represent the most efficient or productive use of those



resources from either a financial or societal perspective. In sustainable finance contexts, capital
misallocation specifically refers to situations where investments directed toward "green" or
"sustainable" purposes are channeled to entities that fail to deliver commensurate environmental
benefits, either through fraudulent claims, inadequate implementation, or weak monitoring and
enforcement.

Macroeconomic Distortion: Macroeconomic distortion describes systematic deviations from
optimal resource allocation at the aggregate economic level. In sustainable finance, this
distortion manifests when inaccurate environmental signals cause capital to flow away from
genuinely sustainable activities toward less sustainable alternatives, reducing the overall
efficiency of the financial system in supporting environmental transition objectives.

Financial Mismatch Risk: Financial mismatch risk refers to the degree of misalignment
between investment objectives and actual capital deployment . This risk materializes when funds
designated for sustainable purposes are diverted to non-sustainable uses, either through
deliberate misrepresentation, inadequate oversight, or structural weaknesses in the allocation
mechanism.

Institutional Governance Strength: Institutional governance strength encompasses the quality
of regulatory frameworks, enforcement capacity, transparency requirements, and accountability
mechanisms that shape corporate behavior and financial market functioning. This construct
operates at both national and market levels, influencing the effectiveness of sustainable finance
mechanisms and the credibility of environmental claims.

ESG Disclosure Quality: ESG disclosure quality refers to the completeness, accuracy,
reliability, and comparability of environmental, social, and governance information provided by
firms to investors and other stakeholders . High-quality disclosure enables accurate assessment
of environmental performance and supports efficient capital allocation.

2.2 Theoretical Framework

This study is grounded in three complementary theoretical perspectives that together provide a
comprehensive framework for understanding the relationship between corporate environmental
misrepresentation and capital misallocation.

Signaling Theory: Signaling theory, originally developed in economics and information science,
posits that in contexts of information asymmetry, actors with superior information (signalers) can
convey credible information to actors with less information (receivers) through observable
signals. In sustainable finance, corporate environmental disclosures serve as signals to investors
about firm environmental quality and commitment. However, the effectiveness of these signals
depends on their credibility and costliness—claims that are easily fabricated without
corresponding action lack signaling value. When greenwashing undermines signal credibility,
market efficiency deteriorates, and capital allocation becomes distorted .



Institutional Theory: Institutional theory emphasizes the role of regulatory frameworks,
normative pressures, and cognitive-cultural elements in shaping organizational behavior. This
theory explains why the effectiveness of sustainable finance mechanisms varies across
institutional contexts—stronger institutional governance structures create more credible
enforcement mechanisms and reduce opportunities for misrepresentation. The theory also
illuminates how institutional voids or weaknesses create environments conducive to
greenwashing and capital misallocation.

Theory of Market Failure (Information Asymmetry): Market failure theory identifies
information asymmetry as a fundamental source of market inefficiency. When one party to a
transaction possesses more accurate information than the other, the market cannot achieve Pareto
optimal allocation. In sustainable finance, firms possess superior information about their actual
environmental performance, while investors must rely on disclosed information that may be
intentionally or unintentionally inaccurate. This asymmetry creates adverse selection—investors
cannot distinguish high-quality from low-quality environmental performers—and moral
hazard—tirms have incentives to misrepresent environmental commitments to attract capital .

2.3 Empirical Review

Recent empirical research has substantially advanced understanding of the mechanisms linking
environmental disclosure, capital allocation, and market efficiency. David et al. examined
whether ESG disclosures are priced in BRICS equity markets, finding positive associations with
firm valuation and institutional capital allocation primarily in countries with higher governance
quality. Their analysis, based on a panel dataset of 900 firms from 2015-2023, revealed that
environmental scores exert the strongest influence on capital allocation decisions and that
institutional governance strength significantly enhances the signaling power of ESG disclosures.
The study's limitation, however, lies in its reliance on disclosure-based metrics without
independent verification, leaving open questions about the extent to which observed associations
reflect genuine environmental performance versus disclosure manipulation.

Zhang et al. investigated the unintended consequences of green credit policies in heavy industrial
sectors, employing a difference-in-differences methodology to examine whether these policies
inadvertently promote non-green behaviors. Their findings revealed that green credit policies
significantly promoted financialization and greenwashing behaviors among heavy industrial
enterprises, as firms pursued policy arbitrage rather than substantive environmental
improvement. The coefficient for policy impact on greenwashing behavior was 0.2070,
indicating substantial unintended consequences. This research importantly demonstrates that
sustainable finance mechanisms can generate counterproductive outcomes when institutional
oversight is inadequate.

Yin et al. examined the role of third-party certification in green bond markets, finding that
certification regimes partially mitigate greenwashing but remain bounded by structural
limitations. Their heterogeneity analyses revealed that certification failures predominantly occur



in contexts with weaker ex-post supervision, particularly among private enterprises and foreign-
funded firms. The study found that third-party certification was notably less effective in foreign-
funded enterprises due to jurisdictional fragmentation in data governance and divergent
regulatory standards. These findings underscore the importance of institutional context in
determining the effectiveness of sustainable finance governance mechanisms.

Okeke developed a diagnostic tool for assessing corporate environmental misrepresentation,
establishing a framework for identifying misleading environmental claims through systematic
analysis of disclosure patterns. The research validated indicators of greenwashing across multiple
industry sectors, demonstrating that environmental misrepresentation can be reliably detected
through structured assessment of corporate communications. This work provides a foundation for
the present study by establishing the measurability of the core construct.

Okeke and Rahim extended this work by developing and validating multi-dimensional constructs
for measuring corporate environmental misrepresentation. Their empirical approach, combining
item generation, survey validation, and statistical analysis, produced a comprehensive scale
encompassing misleading environmental claims, selective disclosure, symbolic corporate
environmentalism, ESG metric manipulation, and digital greenwashing. The validated constructs
provide an actionable framework for identifying and measuring greenwashing practices, directly
informing the measurement approach employed in the present study.

Zheng et al. investigated the complex effects of green finance on environmental outcomes using
advanced non-linear methodologies, specifically quantile-on-quantile regression and wavelet
coherence analysis. Their research highlighted the failure of traditional mean-based models to
capture dynamic and quantile-dependent effects, demonstrating that green finance can produce
different environmental impacts depending on the level of ecological stress and temporal context.
This methodological contribution directly informs the present study's approach to modeling non-
linear relationships between environmental disclosure and capital allocation.

2.4 Research Gap

Despite substantial research attention to greenwashing detection, sustainable finance
effectiveness, and capital allocation determinants, significant gaps remain in understanding the
macroeconomic consequences of corporate environmental misrepresentation. No validated
predictive framework exists that specifically models capital misallocation risks arising from
environmental misrepresentation as an organizational and systemic phenomenon. Existing
studies operate in disciplinary silos—greenwashing research focuses on firm-level detection
without modeling market-level consequences, while capital allocation studies examine ESG
disclosure impacts without systematically accounting for misrepresentation risks. Furthermore,
the role of institutional governance as a moderating mechanism between environmental claims
and capital allocation outcomes remains undertheorized and empirically underexplored.



This study directly addresses these gaps by constructing and validating an empirical assessment
model that integrates firm-level greenwashing indicators, institutional governance variables, and
financial mismatch metrics to predict capital misallocation risks at both individual firm and
market levels. The framework provides a replicable methodology for assessing the
macroeconomic integrity of sustainable finance markets and identifying contexts where
misrepresentation risks are most acute.

3. Methodology
3.1 Research Design

This study employs a quantitative, design-based research approach combining retrospective data
analysis with prospective simulation modeling. This mixed design is appropriate for the research
objectives because it enables both the empirical validation of predictive relationships using
historical data and the assessment of model performance under varying assumptions and future
scenarios. The retrospective component leverages panel data covering 2015-2023 to establish
baseline associations between environmental disclosure characteristics, institutional governance
indicators, and capital allocation outcomes. The prospective component employs simulation
techniques to assess how the model performs under alternative scenarios of environmental
misrepresentation prevalence and institutional governance quality, enhancing the practical utility
of the framework for forward-looking risk assessment.

3.2 Study Area / Population

The target population for this study comprises publicly traded firms across BRICS equity
markets (Brazil, Russia, India, China, and South Africa) listed on primary exchanges in each
country. These markets were selected because they represent substantial and growing
components of global capital flows, exhibit significant variation in institutional governance
quality and regulatory enforcement capacity, and have experienced rapid sustainable finance
market development during the study period. The selection of BRICS markets enables
comparative analysis across different institutional contexts while maintaining sufficient data
availability for robust empirical modeling.

3.3 Sample Size and Sampling Technique

The final sample comprises 1,200 firms evenly distributed across the five BRICS countries (240
firms per country). Sampling employed stratified random sampling, with firms stratified by
industry sector (financial services, energy, materials, industrials, consumer goods, and
technology) to ensure representation across environmental risk categories. Stratification by
sector is justified by substantial variation in environmental disclosure patterns and capital
allocation dynamics across industries—heavy industrial sectors exhibit different patterns of



environmental misrepresentation than service sectors. The sample represents approximately 30-
40% of the total firms listed in BRICS markets with available ESG disclosure data, providing
sufficient statistical power for the planned analyses while maintaining data quality.

3.4 Data Collection Methods

Data were extracted from multiple sources to ensure comprehensive coverage of the variables of
interest. Primary data sources included:

1. Bloomberg ESG Data Service: Providing standardized ESG disclosure scores,
environmental performance indicators, and governance quality metrics for each firm-year
observation.

2. World Bank Governance Indicators: Providing country-level institutional governance
quality measures, including regulatory quality, rule of law, control of corruption, and
government effectiveness indices.

3. Thomson Reuters/Refinitiv Eikon Database: Providing financial performance metrics,
institutional ownership data, and capital allocation indicators.

4. Corporate Sustainability Reports: Firm-published sustainability disclosures,
environmental statements, and ESG performance reports, used to validate ESG disclosure
quality metrics.

5. National Stock Exchange Data: Providing listing information, market capitalization
data, and share price information for calculating financial mismatch indicators.

Data extraction covered the period from January 1, 2015, through December 31, 2023, inclusive.
This timeframe captures the period of most rapid sustainable finance expansion while providing
sufficient longitudinal data for panel analysis. Variables were extracted at annual frequency to
match ESG disclosure reporting cycles and to ensure consistency across observations.

3.5 Research Instruments

Software and Libraries: The primary analytical software employed included Stata 18.0 for
panel data econometric analysis and fixed effects modeling, R 4.3.0 with packages including
plm, Ime4, and glmnet for machine learning implementation and cross-validation procedures,
Python 3.10 with scikit-learn, pandas, and numpy libraries for prospective simulation modeling
and data preprocessing, and EViews 13.0 for time series analysis.

Instrument Construction: Building on the validated constructs for measuring environmental
misrepresentation developed by Okeke and Rahim , the study constructed a Capital
Misallocation Risk Index (CMRI) as the dependent variable. The CMRI comprises three sub-
dimensions: (1) financial mismatch burden, operationalized through the ratio of sustainable
investment designation to actual capital deployment in qualifying activities ; (2) institutional
ownership flow misalignment, measured through the correlation between institutional investment



and environmental performance; and (3) market valuation distortion, assessed through the
deviation between market valuation and objective environmental performance indicators. All
sub-dimension measures were standardized to a 0—100 scale and aggregated through equal
weighting, following the validated approach in prior research.

Independent variables encompassed: (1) ESG disclosure quality, measured through composite
scores incorporating completeness, accuracy, reliability, and comparability dimensions; (2)
institutional governance strength, measured through World Bank governance indicators
aggregated at the country level; (3) environmental risk exposure, measured through industry-
level environmental risk classification; and (4) financial mismatch indicators, measured through
the degree of alignment between investment designations and actual capital deployment.

Preprocessing Steps: Data preprocessing involved multiple steps. Missing data were assessed
using Little's MCAR test, with missingness determined to be less than 10% for most variables
and randomly distributed. Multiple imputation with chained equations (MICE) was employed for
missing values, with 20 imputed datasets generated to account for imputation uncertainty. Outlier
detection employed the Mahalanobis distance method with a conservative threshold (p < 0.001),
resulting in exclusion of 1.2% of firm-year observations.

3.6 Validity and Reliability

Content Validity: The construct operationalization builds directly on validated measures of
environmental misrepresentation and financial mismatch , ensuring content coverage of the
theoretical domain. Expert review by three sustainable finance researchers confirmed that
measurement items adequately represent the intended constructs. The content validity index
(CVI) was calculated at 0.92, exceeding the recommended threshold of 0.80 for research
instrument validation.

Predictive Validity: Criterion-related validity was assessed by comparing model predictions
with outcomes on a holdout sample, following guidance in the methodological literature .
Prediction accuracy was evaluated using sensitivity (true positive rate), specificity (true negative
rate), and overall accuracy metrics. Cross-validation procedures, detailed below, provide
additional evidence of predictive validity across different data subsamples.

Construct Validity: Confirmatory factor analysis was used to assess the factor structure of the
measurement model. The comparative fit index (CFI = 0.96), Tucker-Lewis index (TLI = 0.95),
and root mean square error of approximation (RMSEA = 0.042) all met or exceeded
recommended thresholds, confirming adequate construct validity. All factor loadings exceeded
0.60 and were statistically significant at p < 0.001.

Inter-rater Reliability: For variables requiring human coding, specifically environmental
disclosure quality assessment, coding was performed independently by two researchers. Inter-
rater reliability, calculated using Cohen's kappa, was 0.84 (p < 0.001), indicating excellent
agreement. Disagreements were resolved through consensus discussion.



3.7 Data Analysis Techniques

Baseline Model: The baseline econometric model employed two-way fixed effects panel
regression with firm and year fixed effects, specified as:

CMRI it = a + B1 ESGQ it + B IGS ct + s ERi + B+ FMI it + pX it +u i + At +¢ it

Where CMRI is the Capital Misallocation Risk Index for firm i at time t, ESGQ is ESG
disclosure quality, IGS is institutional governance strength in country c at time t, ER is
environmental risk exposure in industry i, FMI is financial mismatch indicators, X is a vector of
control variables (firm size, leverage, profitability, growth), p_1represents firm fixed effects, A_t
represents year fixed effects, and ¢ it is the error term. Standard errors were clustered at the firm
level to account for serial correlation.

Model Comparison: The proposed model was compared against three alternatives: (1) static
budget allocation methods that do not incorporate ESG quality assessment; (2) linear ESG-only
models that include disclosure quality without institutional governance moderators; and (3)
institution-only models that include governance indicators without specific ESG disclosure
quality measures. Model comparison employed Akaike Information Criterion (AIC), Bayesian
Information Criterion (BIC), and root mean square error (RMSE) metrics.

Machine Learning Enhancement: Building on the econometric foundation, machine learning
approaches—specifically gradient boosting machines (XGBoost) and random forests—were
employed to model non-linear relationships and interactions among predictors . These
approaches capture complex patterns that may be missed by linear models, providing enhanced
predictive accuracy while maintaining interpretability through feature importance analysis.
Hyperparameter optimization employed grid search with 5-fold cross-validation.

Performance Metrics: Model performance was evaluated using: (1) overall accuracy, calculated
as the proportion of correct predictions; (2) sensitivity, calculated as true positives / (true
positives + false negatives); (3) specificity, calculated as true negatives / (true negatives + false
positives); (4) area under the receiver operating characteristic curve (AUC-ROC); and (5) F1
score, the harmonic mean of precision and recall.

Cross-Validation: To ensure robust model evaluation and avoid overfitting, three cross-
validation approaches were employed: (1) 5-fold cross-validation for hyperparameter tuning and
initial model assessment; (2) holdout validation with 20% of data reserved for final testing; and
(3) country-level cross-validation, where models were trained on four BRICS countries and
tested on the fifth, providing an assessment of generalizability across institutional contexts.

Statistical Significance: All models were assessed at conventional significance levels (p < 0.05,
p <0.01, p<0.001), with p-values reported using conventional notation.

3.8 Ethical Considerations



This study employed exclusively de-identified, publicly available data from secondary sources.
No human subjects were directly involved in data collection, and no personally identifiable
information was accessed or processed. All data sources are publicly accessible through
subscription databases that permit academic research use under their terms of service. The study
design was submitted to the institutional review board (IRB) and was determined to be exempt
from full review under Category 4 (secondary research using publicly available data). Ethical
guidelines for data management included secure storage of data files, de-identification of any
potentially identifiable information, and adherence to data use agreements for all proprietary data
sources. Environmental and sustainability data collected from corporate reports were treated as
public disclosures and analyzed in aggregate, with no attribution of specific findings to
individual firms in the results presentation.

4. Results
4.1 Data Presentation

Table 1. Key Indicators by BRICS Country (2015-2023)

E Fi ial
CMRI SG, Governance 1r'1anc1a
Sample Quality Mismatch
Country . Mean Strength Mean
Size (n) (SD) Mean (SD) Index Mean
(SD) (SD)
54.7 62.4
Brazil 240 0.24 (0.15 58.2 (19.6
razl (18.2) (14.3) ©.15) (19.6)
61.3 55.1
Russi 240 -0.17 (0.22 65.4 (18.3
ussta (17.8) (16.2) 0.22) (18.3)
48.9 68.7
Indi 240 0.08 (0.18 52.1(17.8
ndia (16.5) (12.8) ©.18) (17.8)
56.8 60.3
hi 240 0.12 (0.1 60.7 (18.
China (17.1) (15.7) ©.19) 7(18.9)
South 44.2 72.1
240 0.31(0.14 48.3 (17.2
Africa (15.8) (11.6) ©.19 (17.2)




Note: CMRI = Capital Misallocation Risk Index (0-100 scale); ESG Quality = Disclosure
quality score (0-100 scale); Governance Strength = World Bank governance indicator (z-score);
Financial Mismatch Index = Degree of investment designation misalignment (0-100 scale).

Table 1 presents descriptive statistics by country. South Africa exhibits the lowest mean CMRI
(44.2), reflecting stronger institutional governance (0.31) and higher ESG disclosure quality
(72.1). Russia shows the highest CMRI (61.3), associated with the lowest governance strength (-
0.17) and the highest financial mismatch index (65.4). These patterns suggest that capital
misallocation risks are systematically higher in countries with weaker institutional governance
environments.

Table 2. Correlation Matrix: Key Variables

ESG Gov Financial Firm Sector
iabl MRI
Variable ¢ Quality Strength Mismatch Size Risk
CMRI 1.00
ESG Quality 0.58# % 1.00
Governance -
Strength 0.62%** 0.51% 1.00
Financial -
Mismatch 0T | gagwen | 07 100
Firm Size -0.18** 0.34%** 0.15* -0 22 %** 1.00
Sector Risk 0.35%** ;).28*** -0.19** 0.3]%*** 0.08 1.00

Note: ***p < 0.001, **p < 0.01, *p < 0.05. CMRI = Capital Misallocation Risk Index.

Table 2 reveals strong associations among key variables. Financial mismatch exhibits the
strongest correlation with CMRI (r = 0.72, p < 0.001), while institutional governance strength
shows the strongest negative correlation (r = -0.62, p < 0.001). ESG disclosure quality
demonstrates moderate negative correlation with CMRI (r = -0.58, p < 0.001), supporting the
role of transparent disclosure in reducing capital misallocation risks.



4.2 Analysis of Results

Table 3. Model Performance Comparison

e o AUC F1
Model Accurac Sensitivit Specificit ] Scor AIC 21
Y Y Y ROC | e
Static
Budget 0.65 0.61 4872. 4898.
.62 584 .662

(Baseline 0.623 0.58 0.66 1 8 4 1
)
Linear 0.73 | 072 | 4523. | 4550
ESG- 0.721 0.698 0.744 ' ’ ’ ’

8 5 8 3
Only
Institutio 0718 0.704 0.732 0.73 0.72 4539. 4566.
n-Only 5 1 6 1
Proposed

0.92 0.89 4127. 4168.
Hybrid 0.894 0.872 0.916 3 3 5 )
Model

The proposed hybrid model substantially outperforms all alternatives, achieving overall accuracy
of 89.4%, sensitivity of 87.2%, and specificity of 91.6%. The AUC-ROC of 0.923 indicates
excellent discriminative ability. The hybrid model also demonstrates superior fit, with the lowest
AIC (4127.5) and BIC (4168.2), supporting its selection as the preferred framework.

Table 4. Feature Importance: Top Predictors

. Coefficient Standard t- p- Relative
Predictor
B) Error value value Importance
Financial 0.684 0.087 786 | <0.001 | 1.00
Mismatch Index ' ’ ' ' ’




) Coefficient Standard t- p- Relative

Predictor

B) Error value value Importance
G
overnance 0.612 0.102 6.00 | <0.001 | 0.89
Strength
ESG Discl
SG Disclosure -0.483 0.094 514 | <0.001 | 0.71
Quality
Envi 1
nvironmenta 0.341 0.115 2.96 0.003 0.50
Risk Exposure
Firm Size -0.187 0.126 148 | 0.139 0.27
Profitability

0.152 0.134 113 | 0258 0.22
(ROA)

Note: Relative importance standardized to financial mismatch index as reference (1.00).

Financial mismatch emerges as the strongest predictor (f = 0.684, p < 0.001), consistent with the

theoretical role of investment designation misalignment in driving capital misallocation.
Institutional governance strength (B =-0.612, p < 0.001) and ESG disclosure quality ( = -0.483,
p < 0.001) demonstrate strong protective effects, with higher governance quality and disclosure

transparency reducing misallocation risk. The interaction analysis revealed that governance

strength significantly moderates the relationship between ESG disclosure and capital

misallocation: in weak governance environments, the protective effect of ESG disclosure

diminishes by approximately 34.2%.

Table 5. Institutional Context Effects

Context Marginal Effect of Marginal Effect of Observed
ontex

ESG Quality Gov Strength CMRI Mean
Strong Governance 0.562%%* (0.097) 0.423%%* (0.108) 42.8 (14.3)
(Top Tertile) ’ ' ' ’ ' '




Context Marginal Effect of Marginal Effect of Observed
ontex ESG Quality Gov Strength CMRI Mean

Medium Governance

-0.418*** (0.104 -0.358** (0.11 2.6 (16.
(Middle Tertile) 0.418*** (0.104) 0.358** (0.115) 52.6 (16.8)
Weak Governance

-0.281** (0.112 -0.247* (0.121 S(17.
(Bottom Tertile) 0281 (0.112) 0.247%(0.121) 63.5(17.9)

Note: *** p < 0.001, **p < 0.01, *p < 0.05. Standard errors in parentheses.

Table 5 demonstrates that the protective effects of both ESG disclosure quality and institutional

governance strength are conditional on institutional context. In strong governance environments,
the marginal effect of ESG quality is substantial (f =-0.562, p <0.001), while in weak
governance environments, this effect diminishes by half ( =-0.281, p <0.01). This interaction

supports the theoretical proposition that governance mechanisms are essential for translating
disclosure transparency into improved capital allocation outcomes.

Table 6. Sector-Specific Results

Sector n E/IIZI;I II:Z/ISe;}nQuality Key Predictors (P)

Energy 180 (617 62 " 54.3 (16.8) g;z;:yii‘l_l;gs;;amh: 0.742; ESG
Materials 200 (612781) 57.8 (15.9) g;z;:yiil_ﬁszn;mh: 0.718; ESG
Industrials 220 ?;262) 63.5 (14.2) 12222‘23{%;323&}1: 0.634; ESG
Finar‘lcial 240 42.3 712 (12.4) Finan.cial Mismatch: 0.548; ESG
Services (14.8) Quality: -0.574




CMRI ESG Quality .
Sector n Mean Mean Key Predictors (B)

Consumer 48.7 Financial Mismatch: 0.562; ESG
2 .8 (13.
Goods 00 (15.6) 65.8 (13.7) Quality: -0.537
44.8 Financial Mismatch: 0.518; ESG
Technol 1 9(13.2 ’
SCmOtogY 601 s 68.9(13.2) Quality: -0.601

Note: All coefficients significant at p < 0.001. Standard deviations in parentheses.

Sector-specific analysis reveals that energy and materials sectors exhibit the highest capital
misallocation risks and lowest ESG disclosure quality. The protective effect of ESG quality is
strongest in technology and financial services sectors, suggesting that disclosure transparency is
most effective in contexts where environmental claims are subject to greater scrutiny or where
genuine environmental performance is more readily observable.

5. Discussion
5.1 Interpretation

Finding 1: The proposed hybrid model achieves strong predictive accuracy (89.4%) for
detecting capital misallocation risk patterns.

This finding demonstrates that integrating financial mismatch indicators, ESG disclosure quality
metrics, and institutional governance variables produces a comprehensive assessment framework
with substantial practical utility. The model's superior performance over ESG-only or institution-
only alternatives validates the theoretical proposition that capital misallocation risks arise from
multiple, interacting sources that cannot be adequately captured through single-dimension
approaches. The high sensitivity (87.2%) and specificity (91.6%) indicate that the model
effectively identifies both true positive and true negative cases, minimizing both false alarms and
missed risks.

This result directly addresses Research Question 2, establishing that the proposed framework
significantly outperforms traditional static budget methods and simpler ESG-only approaches.
The performance differential (accuracy improvement of 27.1 percentage points over baseline) is
substantial and practically meaningful, suggesting that organizations relying on conventional
capital allocation methods are likely missing significant misallocation risks. The machine
learning enhancement to the econometric foundation captured non-linear relationships that linear



models miss, as evidenced by the superior fit statistics (AIC reduction of 396.2 points relative to
the next-best model).

Finding 2: Institutional governance strength significantly moderates the relationship
between ESG disclosure quality and capital allocation integrity.

This finding provides strong empirical support for the institutional theory framework and aligns
with prior research demonstrating that ESG signals are more influential in higher governance
contexts. The interaction effect is substantial: in weak governance environments, the protective
effect of ESG disclosure quality on capital misallocation diminishes by approximately 34.2%.
This indicates that disclosure alone is insufficient—effective institutional governance
mechanisms (regulatory enforcement, transparency requirements, accountability structures) are
necessary to translate disclosure quality into improved allocation outcomes.

This finding addresses Research Question 1 by identifying institutional governance strength as a
critical moderator that conditions the effectiveness of other predictors. The implication is that
efforts to improve ESG disclosure without corresponding governance improvements may
produce limited impact on capital allocation integrity. This finding contextualizes prior research
on green credit policy unintended consequences, suggesting that weak governance environments
enable policy arbitrage behaviors that undermine sustainable finance objectives.

Finding 3: Environmental risk exposure increases capital misallocation risks, while firm
size and profitability show weaker associations.

The finding that environmental risk exposure ( = 0.341, p = 0.003) predicts capital
misallocation risk is consistent with the theoretical expectation that industries facing greater
environmental scrutiny present more opportunities for misrepresentation and misallocation. The
energy sector's particularly high CMRI (67.2) and low ESG quality (54.3) illustrate this pattern.
These findings align with prior evidence that green bond failures are most pronounced in low-
environmental-salience sectors facing weak stakeholder pressure.

The relatively weak associations for firm size and profitability (not statistically significant at
conventional levels) suggest that the primary drivers of capital misallocation are information and
governance factors rather than traditional financial characteristics. This challenges assumptions
that larger or more profitable firms are inherently less prone to misallocation risks, implying that
organizations across the size and profitability spectrum may require risk assessment tailored to
their specific disclosure and governance contexts.

5.2 Implications
Academic Implications:

This study extends the theoretical understanding of greenwashing beyond firm-level detection to
encompass systemic macroeconomic consequences. By operationalizing capital misallocation
risk as a measurable outcome of environmental misrepresentation, the research introduces a new



construct for sustainable finance scholarship and provides empirical validation of the
mechanisms through which inaccurate environmental signals distort capital markets. The finding
that governance strength moderates the ESG disclosure-allocation relationship supports and
extends institutional theory, suggesting that institutions do not merely provide rules but actively
shape the effectiveness of market mechanisms.

The integration of signaling theory with institutional theory provides a more comprehensive
framework for understanding sustainable finance effectiveness. The research demonstrates that
signals (ESG disclosures) only maintain value when institutions support their credibility—in
weak governance environments, even high-quality signals may fail to influence capital allocation
due to skepticism about the accuracy of underlying claims. This theoretical integration opens
new avenues for investigating how institutions and signaling interact across different market
contexts.

Practical Implications:

For regulators and policymakers, the model provides a replicable diagnostic tool for identifying
systemic risks in sustainable finance markets. The strong predictive performance and clear
identification of institutional governance as a critical determinant suggest that regulatory
interventions should prioritize governance strengthening alongside disclosure improvements.
Countries in the weak governance category (CMRI mean of 63.5) should consider enhanced
enforcement mechanisms, mandatory verification of environmental claims, and increased
penalties for misrepresentation.

For institutional investors and asset managers, the model offers a framework for assessing
portfolio-level capital misallocation risks. The financial mismatch indicator emerges as the
strongest predictor, suggesting that investors should prioritize tracking the alignment between
investment designations and actual capital deployment. Implementing monitoring systems that
track the correlation between ESG claims and operational environmental performance indicators
would help identify misrepresentation risks before they materialize into investment losses.

For corporate sustainability practitioners, the findings underscore that high-quality ESG
disclosure is valuable not only for stakeholder communication but also for maintaining capital
allocation integrity. Firms that provide transparent, verifiable environmental disclosures benefit
from reduced skepticism about their commitments, potentially lowering their cost of capital and
attracting more reliable investment.

Implementation Recommendations:

1. Financial Mismatch Monitoring: Regulators should require firms to report the
allocation of sustainable investment proceeds to specific project categories, enabling
verification of alignment between designations and actual deployment. A target of 90%
alignment accuracy should be established as a benchmark for compliance.



2.

Institutional Governance Enhancement: Countries with governance indicators below
the 0.10 threshold should prioritize enforcement capacity strengthening, with specific
attention to environmental claim verification and sustainable finance fund monitoring.

Sector-Specific Approaches: Energy and materials sectors should be subject to enhanced
scrutiny and verification requirements, given their elevated misallocation risk levels.
Mandatory third-party verification should be considered for these sectors.

Cross-Border Coordination: The finding that third-party certification effectiveness
varies across institutional contexts suggests that international coordination of verification
standards could reduce jurisdictional fragmentation and enhance cross-border capital
allocation integrity.

5.3 Limitations

1.

Sample and Generalizability: The study focuses on publicly traded firms in BRICS
equity markets. Findings may not generalize to other emerging markets, developed
economies, or private firms. Future research should extend the framework to diverse
market contexts.

Data Availability Constraints: The reliance on ESG disclosure metrics, which may
themselves be subject to manipulation, creates potential measurement limitations.
Independent verification of environmental claims would strengthen future research but
was unavailable for the study timeframe.

Temporal Stability Assumption: The model assumes that the identified relationships
remain stable over time. However, the rapid evolution of sustainable finance mechanisms
may alter these relationships. Longitudinal research tracking patterns over extended
periods is needed to assess temporal stability.

Human Coding Reliability: While inter-rater reliability was acceptable, human coding
of disclosure quality metrics introduces potential subjectivity. Automation of coding
using natural language processing could enhance reproducibility in future research.

Simulation Model Simplifications: The prospective simulation component necessarily
involves simplifying assumptions about future conditions. Extending the simulation with
more sophisticated scenario generation would improve the practical utility of the
forward-looking assessments.

5.4 Future Research Directions

1.

Extension to Other Market Contexts: Replicate the framework in developed
economies, small and medium-sized enterprises, and private markets to assess
generalizability and identify context-specific modifications.



2. Longitudinal Decision-Making Analysis: Employ longitudinal designs examining how
administrator decision-making evolves as environmental misrepresentation becomes
more detectable, potentially using natural experiments arising from regulatory changes.

3. Machine Learning Integration: Develop advanced machine learning models
incorporating natural language processing of corporate sustainability reports to automate
disclosure quality assessment and enhance predictive capabilities.

4. Regulatory Impact Assessment: Conduct comparative analysis of regulatory
frameworks across jurisdictions to identify specific policy levers most effective in
reducing misrepresentation-driven capital misallocation.

5. Dynamic Modeling: Develop dynamic models that capture the temporal evolution of
capital misallocation risks, potentially enabling early warning systems that identify
emerging misallocation patterns before they become systemic.

6. Behavioral Experiments: Conduct behavioral experiments examining how investors
respond to different types of environmental misrepresentation, informing both theory and
regulatory intervention design.

6. Conclusion

This research constructed and empirically validated an assessment model for measuring capital
misallocation risks arising from corporate environmental misrepresentation in sustainable
finance markets. The proposed framework, integrating financial mismatch indicators, ESG
disclosure quality metrics, and institutional governance variables, achieved strong predictive
performance with an overall accuracy of 89.4%, substantially outperforming both static budget
methods and simpler ESG-only or institution-only approaches. Financial mismatch emerged as
the strongest predictor of capital misallocation ( = 0.684, p <0.001), while institutional
governance strength (f =-0.612, p <0.001) and ESG disclosure quality (B =-0.483, p <0.001)
demonstrated significant protective effects. The finding that institutional governance moderates
the ESG disclosure-allocation relationship—with governance strength enhancing signal
credibility and weak governance environments attenuating this effect—provides empirical
validation for the theoretical framework and clear guidance for policy interventions.

The primary contribution of this research is the provision of a replicable, empirically validated
framework for assessing the macroeconomic integrity of sustainable finance markets. For
administrators and regulators, the model offers practical diagnostic capabilities, enabling the
identification of systemic misallocation risks and design of targeted interventions to preserve
market efficiency and environmental credibility. For academic literature, this study extends the
understanding of greenwashing beyond firm-level detection to encompass macroeconomic



consequences, establishing capital misallocation risk as a measurable outcome of environmental
misrepresentation and providing an empirically validated theoretical framework.

As sustainable finance markets continue to expand, the risk that capital flows to superficially
green rather than authentically sustainable activities will increase unless effective assessment
tools and governance mechanisms are implemented. This research provides a foundation for such
interventions, offering both diagnostic capabilities and evidence-based guidance for preserving
the integrity of sustainable finance as a mechanism for addressing climate change and supporting
the transition to a low-carbon economy.
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