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ABSTRACT

Research background: This study examined the critical intersection between corporate profitability and adherence to
Sustainable Development Goal (SDG) 13 - Climate Action, highlighting the importance of environmental management
training within organizations. As the global business landscape evolves, it is essential to understand how internal sustai-
nability practices influence financial outcomes. This research addressed the gap in understanding the dynamic interplay
between corporate financial performance and strategic commitment to environmental sustainability.

Purpose of the article: The primary objective of this research was to analyze the moderating role of environmental ma-
nagement training on the relationship between firm profitability and support for SDG 13. It attempted to elucidate how
structured training initiatives can improve corporate financial performance while promoting robust climate action strate-
gies.

Methods: This study used a comprehensive panel dataset of 31,346 firms in 67 countries from 2013 to 2022. Advanced
machine learning algorithms, including decision tree, random forest, gradient boosting, and logistic regression, were em-
ployed to analyze the impact of environmental management training on corporate profitability and sustainability initia-
tives. These methods allow for a nuanced understanding of the complex, non-linear interactions among the variables
studied, providing deep insights into the dynamics at play.

Findings & Value added: The results indicate that certain predictive models, such as Decision Tree and Random Fo-
rest, initially faced challenges like overfitting. However, incorporating environmental management training variables im-
proved their robustness, highlighting the importance of variable selection in sustainability analytics. Among the models
tested, Gradient Boosting demonstrated a strong balance between precision and recall, making it particularly effective for
predicting corporate engagement in climate initiatives. The incorporation of machine learning provides a novel methodo-
logical perspective that deepens our understanding of how profitability metrics can influence and enhance corporate sus-
tainability efforts. This research adds value to the discourse on sustainable business practices by providing robust empi-
rical evidence and methodological innovations that can guide policymakers and business leaders in crafting strategies
that promote sustainable development. Moreover, this study aligns with the journal’s focus by offering innovative ap-
proaches to economic policy and enhancing understanding of the intersections between corporate strategy and sustai-
nable business practices.
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INTRODUCTION

In today's dynamic business environment, the United
Nations Sustainable Development Goals (SDGs) serve
as a foundational framework for addressing the myriad
sustainability challenges facing the world. Among these,
SDG 13 - Climate Action - stands out as a pivotal goal,
urging businesses to reduce their environmental footprint
and actively combat climate change (Boffa & Maffei,
2021). This paper strived to unravel the intricacies of the
relationship between corporate profitability and commit-
ment to SDG 13, examining the moderating effects of
environmental management training and teams within
organizations.

Emerging research suggested that strategic environmen-
tal initiatives not only meet with ethical mandates, but
also improve financial performance, creating a virtuous
cycle in which increased profitability enables greater in-
vestment in sustainable technologies and practices (Hu-
ong et al., 2021; Lee, 2012). This relationship is critical
because increased profits provide the resources needed
to implement comprehensive environmental strategies,
which are critical under SDG 13. These strategies inclu-
de adopting sustainable energy solutions, building resi-
lient urban and rural ecosystems, and protecting biodi-
versity, all of which are essential for sustainable deve-
lopment amid growing global food security concerns (Fid-
ler & Noble, 2013).

Furthermore, the importance of environmental manage-
ment training is increasingly recognized as a critical fac-
tor in fostering an organizational culture that supports
sustainability goals. This training not only boosts em-
ployee motivation but also equips them with the necessa-
ry skills to effectively implement and optimize environ-
mental strategies, thereby increasing the company's ove-
rall profitability and its ability to contribute to climate acti-
on (Cassells & Lewis, 2021).

This study posited that the synergy between profitability
and proactive climate action through SDG 13 is multifa-
ceted and enriched by organizational practices in envi-
ronmental management. By exploring how environmental
management training and teams influence this dynamic,
the research aimed to provide new insights into how
companies can effectively align their financial goals with
their sustainability commitments, thereby furthering their
ability to meet and exceed the targets set forth by SDG
13.

The examination used machine learning techniques to
explore the complex interplay between profitability, envi-
ronmental management practices, and the moderating
role of environmental management training. The use of
machine learning allowed for the identification of non-
linear relationships and the detection of patterns that
may not be apparent using traditional statistical methods.

The study addresses the central research question: How
does environmental management training moderate the
relationship between corporate profitability and engage-
ment in SDG 13 (Climate Action)? Building on this inqu-

iry, the hypothesis posits that environmental manage-
ment training strengthens the alignment between profita-
bility and climate action initiatives by fostering organizati-
onal capabilities to identify and leverage synergies bet-
ween economic and environmental goals. To investigate
this, the examination employed machine learning techni-
ques to explore the complex interplay between profitabili-
ty, environmental management practices, and the mode-
rating role of environmental management training. Unlike
traditional statistical methods, machine learning enabled
the identification of non-linear relationships and latent
patterns, offering deeper insights into how training inter-
ventions reshape the dynamics between financial per-
formance and climate-related commitments. By analy-
zing large-scale datasets, the study sought to uncover
whether—and under what conditions—environmental
management training acts as a catalyst for translating
profitability into measurable progress toward SDG 13.

The findings of this study contributed to the existing lite-
rature by providing empirical evidence on the role of en-
vironmental management training in improving the relati-
onship between profitability and environmental sustaina-
bility. The implications of this research could be valuable
to both academics and practitioners seeking to under-
stand the drivers of corporate environmental performan-
ce and the strategies for achieving sustainable business
growth.

The organization of this paper was structured to meticu-
lously explore the intricate relationships between corpo-
rate profitability and SDG 13 - Climate Action, specifically
through the lens of environmental management training.
It began with an introduction, which set the stage by
highlighting the critical importance of empirical research
in understanding how corporate sustainability practices
affect their financial outcomes. This was followed by a
thorough literature review that examined recent scholarly
contributions that have explored the impact of environ-
mental strategies on firm performance. The paper then
described the research objectives, outlined the data col-
lection methodology, and discussed the hypothesis for-
mulation and testing processes. A detailed section on
respondent demographics was also provided. The core
of the paper presented the empirical findings, detailing
the statistical hypothesis evaluation process and offering
an economic interpretation of the results. This was follo-
wed by a brief discussion of the main findings. Finally,
the conclusion summarized the main findings, acknow-
ledged the limitations of the study, and suggested future
research directions in the area of corporate sustainability
and profitability.

THEORETICAL BACKGROUND

The relationship between environmental management
practices and financial performance has been examined
from a variety of perspectives, with mixed results. Re-
search such as that of Albertini (2013) and Erekson et al.
(2008) highlighted a positive relationship, where envi-
ronmental investments improve financial outcomes
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through cost reduction, risk mitigation, and enhanced
corporate reputation. However, other studies, including
Albertini (2013) again, presented a counter-narrative,
suggesting that the immediate costs of environmental
initiatives may exceed their financial benefits, resulting in
a neutral or negative impact in the short term.

Other literature highlighted the profitability benefits asso-
ciated with certain environmental practices. Kumar &
Dua (2021) found that measures such as energy effi-
ciency and waste reduction not only save costs but also
improve market valuations. Integrating environmental
knowledge and training as part of green human resource
management also increases eco-efficiency, which has a
positive impact on firm profitability (Martinez-Ferrero &
Garcia-Meca, 2020).

Leadership and training in environmental management
have significant implications for sustainable business
performance. Eco-transformational leadership, coupled
with focused eco-training, enhances organizational sus-
tainability (Su et al., 2020). These elements of green
human resource management, particularly training, are
critical to improving individual and overall environmental
performance, further strengthened by organizational su-
pport.

Studies showed a mixed impact of green management
on financial performance, influenced by different modera-
ting factors such as environmental management training
and teams (Molina-Azorin et al., 2009; Basuony et al.,
2023). These elements not only improve environmental
performance but also create synergies that improve fi-
nancial results. Contextual factors such as regional regu-
lations, stakeholder pressures, and sector-specific re-
quirements further shape these results (Albertini, 2013).

The adoption of environmental, social, and governance
(ESG) practices has been linked to improved financial
performance, particularly in the context of climate chan-
ge. Research indicates that firms increasingly recognize
their economic obligations alongside their legal and ethi-
cal responsibilities to mitigate climate risks. The use of
machine learning to predict firm-level climate change
risks and the adoption of ESG practices underscores the
importance of integrating sustainability into corporate
strategies (Khan, 2024). The role of environmental ma-
nagement training as a moderating factor in this dynamic
cannot be understated. Training programs that focus on
sustainability and environmental management equip em-
ployees with the necessary skills to implement ML-driven
strategies effectively. Such training fosters a culture of
sustainability within organizations, enabling them to leve-
rage ML tools for better decision-making regarding clima-
te action (Debnath, 2023).

This study conducted a comprehensive literature review
to examine the moderating role of environmental mana-
gement training and teams in the interplay between envi-
ronmental and financial performance. It considered regi-
onal, sectoral, and temporal factors to provide a detailed
understanding of how sustainability and profitability inter-
sect to inform business strategies and policy decisions.

The paper hypothesized that corporate profitability, as
measured by return on assets (ROA), is positively corre-
lated with support for SDG 13 Climate Action, a relation-
ship that is enhanced by effective environmental mana-
gement training and teams.

RESEARCH OBJECTIVE, METHODOLOGY AND DATA

This study aimed to explore the effectiveness of envi-
ronmental management training as a moderating factor
in the pursuit of Sustainable Development Goal 13, Cli-
mate Action, by analyzing its impact on corporate enga-
gement and profitability. Specifically, the research strived
to unravel the complex interactions between firm charac-
teristics - including size, financial metrics, and environ-
mental performance - and the implementation of
SDG-13. Through the use of machine learning techni-
ques, this study systematically assessed non-linear rela-
tionships between a wide range of variables, such as
environmental performance score, environmental impact
score, firm size, financial metric such as return on assets
(ROA) and return on equity (ROE), and governance fac-
tors including leverage, capital expenditures, board size,
CEO duality, board tenure, executive compensation, au-
dit committee independence, and board gender diversity.
In addition, the study focused on the interactive effects
between environmental management training and key
financial performance metrics (ROA and ROE) to assess
whether such training not only improves financial outco-
mes but also fosters more robust environmental ste-
wardship. By integrating advanced analytical techniques
and comprehensive data, this research aimed to provide
deep insights into the strategic benefits of incorporating
sustainability training into corporate practices, ultimately
contributing to the global efforts to achieve effective cli-
mate change mitigation strategies.

The dataset used in this study was a comprehensive
panel dataset spanning from 2013 to 2022, covering
firms from 5 regions of the world, including 67 countries
in total. This dataset included both financial and non-fi-
nancial firms, segmented by a total of 11 industries, and
indexed under unique identifiers (ISIN) for each firm over
9357. The study focused on companies' engagement in
environmental, social, and governance (ESG) practices,
which are central to integration of Sustainable Develop-
ment Goal 13 - Climate Action.

The sample selection aimed to provide a holistic view of
the impact of environmental management training on
firms' profitability and adherence to SDG 13. It included
various metrics such as return on assets (ROA), return
on equity (ROE), firm size, and leverage, as well as ESG
scores reflecting the firms' commitment to environmental
and social responsibility. Additional dimensions, such as
board characteristics and gender diversity, were asses-
sed for their moderating effects on the relationship bet-
ween profitability and climate action initiatives.

In this study, several supervised machine learning algo-
rithms were used to investigate the relationship between
profitability and SDG 13 - Climate Action, under the mo-
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derating influence of environmental management trai-
ning. The selected algorithms included decision tree,
random forest, and gradient boosting classifiers, as well
as logistic regression. These models were chosen for
their ability to effectively handle binary and multi-class
classification problems and provide a robust framework
for predicting categorical outcomes based on a set of
predictor variables (Dahlmann et al., 2017).

The decision tree classifier served as a fundamental mo-
del, providing clear visualizations of decision paths that
can be easily interpreted even by non-experts. Despite
its susceptibility to overfitting, it provided a reasonable
basis for comparison with more complex algorithms.

The random forest classifier, an ensemble of decision
trees, was configured with 200 trees and no maximum
depth to allow the trees to fully expand based on infor-
mation from the data (Talukder et al., 2023). This model
was particularly appreciated for its performance and ro-
bustness to overfitting due to its ensemble approach,
which averages multiple deep decision trees trained on
different parts of the same training set (Xia et al., 2020).
The study’s adopted minimum sample splits of 2, ensu-
red minimal leaf size, allowing the model to capture suffi-
cient detail in data patterns.

The gradient boosting classifier was used to sequentially
build trees, where each successive tree focuses on the
errors of the previous ones, thus sharpening accuracy
and improving the model's performance on complex da-
tasets. Configured with 100 estimators and a random
state for reproducibility, this model is highly regarded for
its predictive power in competitive machine learning
tasks.

Finally, logistic regression was used due to its efficiency
and simplicity in modelling binary outcomes (Huerta-Soto
et al., 2023). With maximum iteration of 1000, we ensu-
red that the optimization algorithm converged (Dahimann
et al., 2017). The performance and explainability of these
models were evaluated to provide insights into the com-
plex relationship between profitability, environmental
management training, and climate action commitment
(Celik et al., 2022).

The selection of algorithms for this study was guided by
their suitability for analyzing corporate engagement and
financial governance data. A decision tree was chosen
for its interpretability, allowing for a clear understanding
of decision-making pathways in corporate engagement
(Luna et al., 2019). Random forest was incorporated due
to its robustness against overfitting and its ability to han-
dle high-dimensional financial and governance data, en-
suring reliable insights. Additionally, gradient boosting
was included for its high predictive accuracy and iterative
error refinement, enhancing model performance (Vanha-
eren et al., 2020). Logistic regression served as a ben-
chmark, given its simplicity and effectiveness in binary
classification problems. Notably, random forest's ensem-
ble learning capabilities further mitigate overfitting, ensu-
ring a more reliable analysis of the interactions between
financial performance, ESG factors, and climate action
commitments. These methodological choices collectively
strengthen the study’s analytical framework, balancing
interpretability, accuracy, and robustness (Manley, 2023).

RESULTS AND DISCUSSION
Descriptive statistics

In the comprehensive dataset of 31,346 firms, the au-
thors observed significant heterogeneity across several
key sustainability and financial performance metrics. The
data showed an average support level of 0.33 for SDG
13 (Climate Action), indicating that approximately one-
third of the firms are actively engaged in sustainability
initiatives aligned with this goal. Notably, the average
environmental performance and impact scores (EPScore
and EIScore) were 37.64 and 24.26, respectively, indica-
ting significant variation among companies in their envi-
ronmental efforts. Financial indicators such as return on
assets (ROA) and return on equity (ROE) further illustra-
ted the financial disparities, with mean score of 15.84
and 2.79, respectively, which are critical to sustainable
practices (see table 1).

The analysis also revealed significant diversity in gover-
nance structures and management practices, as reflec-
ted in the ranges of board size and CEO duality. In addi-
tion, the variability in executive compensation and board

Table 1: Descriptive Analysis

Statistic 1 2 3 4 5 6 7 8 9 10 1 12 B3 1 15 16
mean 0.33 37.64 2426 15.84 279 332 26503 11507 9.22 0.33 182 8.46 85.91 0.48 22.93 2.24
std  0.47 28.28 30.56 2.66 16.91 380.06 19.07 2036171 3.09 0.47 0.57 2.1 2323 05 14 4.06
min 0 0 0 77 -489 -37832 O 0 1 0 -322 -102 O 0 0 -29.
25 % 0 1089 0 1397 101 159 879 1 7 0 148 728 75 0 125 114
50 % 0 3.2 0 1562 416 954 23.43 3 9 0 186 846 100 0 2222 2.29
75 % 1 6125 50 1738 835 17.42 37.4175 6 11 1 222 956 100 1 33.33 5.3
max 1 99.05 99.89 28.31 263.09 31560 175.99 361000000 138 1 3.59 2251 100 1 100 24.48

Note: 1. Sustainable Development Goal 13 (SDG_13_D), 2. Environmental performance score (EPScore), 3. Environmental impact score (EIS-
core), 4. Firm size (Firm_SZ), 5. Return on assets (ROA), 6. Return on equity (ROE), 7. Leverage, 8. Capital expenditures, 9. Board size
(Board_SZ), 10. CEQ duality (CEQ_DualityD), 11. Board tenure (LN_Board_Tenure), 12. Executives compensation (LN_Executives_Compensati-
on), 13. Audit committee independence (Audit_Comm_Independence), 14. Environment management training dummy (Env_Mgt_TrainingD,
15. Board gender diversity (Board_Gen_Div), and 16. Gross domestic product (GDP). Source: own calculation
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tenure suggested that these factors may influence sus-
tainability decisions. A deeper analysis of the correlations
revealed that higher levels of profitability (as indicated by
ROA and ROE) were positively correlated with support
for climate action initiatives.

Notably, the presence of structured environmental ma-
nagement training not only supported but also strengthe-
ned this relationship, suggesting that investment in such
training can enhance the effectiveness of sustainability
efforts.

However, the relationship between sustainability perfor-
mance and financial performance is not straightforward
and exhibits a non-linear pattern. While environmental,
social, and governance (ESG) factors generally promote
better financial outcomes, the impact varies and shows
both positive and negative effects depending on the spe-
cific context and metrics used, as evidenced in the exis-
ting literature (Basuony et al., 2023; Erekson et al.,
2008). These findings underscored the complexity of
integrating sustainability into corporate strategies they
also highlighted the potential for structured environmen-
tal management training to enhance corporate commit-
ment to sustainability, thereby suggesting a path for

companies to strengthen their support for SDG 13
through improved financial health and targeted manage-
ment practices.

Correlation matrix

In the correlation analysis, the relationships between
several firm-specific variables and their impact on Sus-
tainable Development Goal 13 (Climate Action) were
examined. The study extensively analyzed both financial
and non-financial metrics, including environmental per-
formance score (EPScore), environmental impact score
(EIScore), firm size (Firm_SZ), return on assets (ROA),
return on equity (ROE), leverage, capital expenditures,
board size (Board_SZ), CEO duality (CEO_DualityD),
board tenure (LN_Board_Tenure), executives compensa-
tion (LN_Executives_Compensation), audit committee
independence (Audit_Comm_Independence), environ-
mental management training (Env_Mgt_TrainingD),
board gender diversity (Board_Gen_Div), and gross do-
mestic product (GDP). The primary focus was on the
binary variable 'SDG_13_D', which indicated whether a
company is making significantly contribution to the
achievement of SDG 13.

Figure 1: Correlation heatmap of the factors studied
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The analysis revealed that profitability measures such as
ROA and ROE were positively correlated with SDG 13,
with correlation coefficients of 0.18 and 0.12, respective-
ly. This suggested that more profitable companies are
potentially better positioned to engage in environmentally
beneficial practices. Conversely, leverage and CEO dua-
lity were negatively correlated with SDG13, with correla-
tion coefficients of -0.01 and -0.02, respectively. These
figures indicated governance challenges in achieving
climate goals. However, board size showed a significant
positive correlation of 0.28 with SDG13, suggesting that
a larger board may support more significant commitment
to sustainability.

A notable finding from the present study was the strong
positive correlation of environmental management trai-
ning with SDG 13 (0.32). This highlighted the critical role
of targeted training in improving a company's climate
action initiatives. In addition, environmental performance
and impact scores showed strong positive correlations
with SDG 13, with correlation coefficients of 0.50 and
0.31, respectively, indicating that firms with higher envi-
ronmental scores are more aligned with SDG 13 goals.
Moreover, board gender diversity maintained a positive
correlation of 0.07 with SDG 13, reinforcing the positive
impact of diverse governance structures on environmen-
tal strategies.

These findings deepen our understanding of the complex
interplay between corporate operations, financial perfor-
mance, and governance attributes such as environmen-
tal training and diversity, that influence a company’s con-
tribution to climate action. This comprehensive analysis
not only expands our knowledge base but also provides
a solid foundation for further research into specific stra-
tegies that could enhance a company's sustainability
impact. Furthermore, the findings informed policy reco-
mmendations to optimize corporate governance structu-
res to support broader sustainability efforts.

Application of machine learning methods
Before moderation

Study evaluated the performance of four different machi-
ne learning classifiers -decision tree, random forest, gra-
dient boosting, and logistic regression - on a dataset to
explore the interplay between corporate profitability and
Sustainable Development Goal 13 (Climate Action). The
decision tree and random forest models exhibited excep-
tionally high R2 values of 0.719 and 0.802, respectively,
along with perfect precision, recall, and F1-scores of 1.0
for both classes, suggesting a potential overfitting prob-
lem due to their ability to capture complex patterns and
noise in the training data (Tab. 2).

In contrast, the gradient boosting model, with an R2 of
0.784, and the logistic regression model, with an R2 of
0.751, had more balanced precision and recall scores,
indicating a more generalized performance. Specifically,
the gradient boosting model achieved precision scores of
0.83 and 0.71 for the negative and positive classes, res-
pectively, with recall scores reflecting this trend at 0.87
and 0.63. Logistic regression, as the linear model in the
set, showed the lowest precision and recall scores, su-
ggesting a struggle to capture the more complex nonli-
near relationships within the dataset.

These results underscored the importance of model se-
lection in predictive analytics, where the choice between
model complexity and generalizability must be carefully
balanced to ensure robust predictions that are practical
for use in real-world scenarios. Furthermore, the variati-
on in feature importance across models highlighted the
need for careful feature engineering and selection to
improve model interpretability and effectiveness in pre-
dicting SDG-related outcomes.

Figure 2 illustrates the importance of features in four
machine learning models: decision tree, random forest,
gradient boosting, and logistic regression. In the analy-
sis, authors used these models to assess the predictors
influencing companies’ alignment with Sustainable Deve-
lopment Goal 13 (Climate Action). Each model highligh-
ted different levels of importance of the features, provi-
ding insight into the complex interplay between corporate
practices and sustainability outcomes.

Table 2: Performance evaluation of the proposed predictive models

Metric Class Decision tree Random forest  Gradient boosting  Logistic regression
o 0 1 1 0.83 0.79
Precision 1 1 1 0.71 0.64
0 1 1 0.87 0.85
Recal i ] | 0.63 055
0 1 1 0.85 0.82
Fi-Score i ] 1 0.66 059
0 21036 21036 21036 21036
Support 1 10310 10310 10310 10310

Model accuracy

R-squared 0.719 0.802 0.784 0.751

Source: Author’s Calculation
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Figure 2: Feature importance of the selected models
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The decision tree model showed that the environmental
performance score (EPScore) was the most significant
predictor of SDG 13 alignment, highlighting the central
role of environmental practices in corporate sustainability
efforts. Firm size (Firm_SZ) and leverage also emerged
as important factors, suggesting that larger firms and
those with higher leverage may be more engaged in or
affected by SDG 13-related activities.

Random forest analyses distributed importance more
evenly across several characteristics, including EP
Score, ROE, and GDP. This model captured a broader
range of influences, from environmental performance to
financial health and macroeconomic conditions, reflecting
the multifaceted impact of these variables on sustainabili-
ty initiatives.

Gradient boosting presented a strong contrast, with EP-
Score dominating the importance of the features, over-
whelming other variables. This dominance pointed to the
potential of environmental performance metrics as prima-
ry drivers for SDG 13 engagement but also raises con-
cerns about overfitting and the need for model calibrati-
on.

Finally, the logistic regression model provided a balanced
perspective, acknowledging the importance of EPScore
and firm size, similar to the decision tree, but also
highlighting GDP and ROE as influential predictors. This
linear approach suggested a nuanced interdependence
between economic factors and corporate sustainability
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practices, consistent with broader economic trends and
financial performance metrics.

After moderation

After introducing moderating variables associated with
management training on environmental practices, the
authors reassessed the performance of the four machine
learning classifiers -decision tree, random forest, gra-
dient boosting, and logistic regression- on the dataset
focused on the intersection of corporate profitability and
SDG 13 (Climate Action). Adding these moderating va-
riables resulted in subtle yet insightful shifts in model
performance metrics.

The decision tree model showed a slight improvement in
R2 from 0.719 to 0.722, suggesting a minimal but positi-
ve impact of the moderating variables on the model's
ability to explain variance (Tab. 3). The random forest
model experienced a slight decrease in R2, moving from
0.802 to 0.800, which may indicate a slight overfitting in
the pre-moderation model that was corrected by the ad-
ded complexity. The gradient boosting model remained
unchanged in R2, as both values were 0.784. Finally, the
logistic regression model showed a slight decrease in
R2, from 0.751 to 0.749.

Regarding precision, recall, and F1-score, both decision
tree and random forest models maintained perfect scores
across both classes, confirming their robustness in cla-
ssification accuracy, albeit with potential overfitting con-
cerns. Gradient boosting and logistic regression showed
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Table 3: Performance evaluation of the proposed predictive models-1

Metric Class  Decision tree Random forest  Gradient boosting  Logistic regression
o 0 1 1 0.83 0.79
Precision 1 1 1 0.71 0.64
0 1 1 0.87 0.85
Recall | i ] 0.63 0.54
0 1 1 0.85 0.82
Fi-Score ] i ] 0.67 0.58
0 21036 21036 21036 21036
Support 1 10310 10310 10310 10310
Model accuracy
R-squared 0.722 0.722 0.722 0.722
Source: Author’s Calculation
Figure 3: Feature importance of the selected models after Moderation
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0:25 .
0:10 |

EPScore
firm_SZ
Leverage
R
ElScore
Board_SZ
pendence

ROE Training

ROA_Training

LN_Board_Tenure
Board Gen Div
CEO_Dual

Capital_Expenditures

LN_Executives Compensation
Audit_Comm_inde,

GradientBoosting Feature Importances

EPScore
firm_SZ
Flscore
pensation
Leverage
Beard_S7

ROE Training

LN_Board_Tenure
ROA_Trainin

Board Gen Div
CEO_Dualit;

Capital_Expenditures

Audit_Comm_Independence

LN_Executives_Com

LogisticRegression Feature Importances

0.7
0.6
05
0.4
03
0.2
0.1

0.0

EPScore
GDP
Firm_SZ
ElScore

]

A yD
Leverage
= g
ROE

ROA
Board_SZ

Board_Gen_Div
LN_Executives Compensation
ROA_Trainin:
CEO_Dualit;
Audit_Comm_Independence
LN_Board_Tenure
ROE_Traininy
Capital_Expenditurss

no significant change in precision and recall, consistently
performing below the tree-based models, underscoring
their challenges in dealing with complex nonlinear relati-
onships and their excellent resistance to overfitting (table
3).

The introduction of moderating variables resulted in slight
changes in the overall metrics, suggesting that the added
complexity may have slightly significantly altered the
underlying dynamics captured by the models. The stabili-
ty of the gradient boosting model's performance before
and after the introduction of moderating variables indica-
ted its effectiveness in capturing essential features wi-
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thout being heavily influenced by the added interactions.
In contrast, the slight changes observed in the logistic
regression model performance may indicate its sensitivity
to feature space expansion, which affected its ability to
generalize.

These findings illustrated the nuanced impact of inclu-
ding environmental management training as a modera-
ting factor in models designed to predict corporate per-
formance relative to climate action goals. While including
these variables did not drastically change model perfor-
mance, it did provide a deeper understanding of how
additional data dimensions can subtly influence predicti-
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ve accuracy and model stability. For policymakers and
corporate strategists, these findings underscored the
importance of tailored feature selection and model tuning
in developing robust predictive tools to inform sustainab-
le business practices aligned with global climate action
goals.

Figure 3 shows the feature importance of each machine
learning model after introducing moderating variables
related to management training on environmental practi-
ces. The analysis revealed subtle but insightful shifts in
the four models -decision tree, random forest, gradient
boosting, and logistic regression designed to explore
how management training influences the models' predic-
tions of corporate alignment with Sustainable Develop-
ment Goal 13 (Climate Action).

In the decision tree and random forest models, there was
a slight adjustment in the distribution of feature importan-
ce. The environmental performance score (EPScore) had
a reduced role, suggesting a redistribution towards featu-
res such as firm size and GDP. This shift suggested a
nuanced sensitivity of these models to a broader corpo-
rate and economic context, potentially enhancing their
ability to integrate diverse inputs in predicting sustainabi-
lity outcomes.

Conversely, the gradient boosting model maintained re-
markable stability in its feature importance distribution,
with EPScore continuing to dominate. This persistence
suggests that despite the new moderating variables, the
core predictive power of the Gradient Boosting model
remains strongly linked to environmental performance
metrics, indicating resistance to shifts in feature weigh-
ting caused by new variables.

The logistic regression model showed the most signifi-
cant changes, with a significant reduction in the domi-
nance of EPScore and an increase in the importance of
firm size and GDP. This shift underscored the model's
adaptability and increased sensitivity to the economic
dimensions introduced by the moderating variables, ref-
lecting a move towards a more balanced approach to the
weighting of different predictors.

Comparatively, prior to the introduction of moderating
variables, EPScore was the dominant feature in most
models, particularly dominant in the gradient boosting
model. However, after moderation, there was a clear
trend towards a more balanced distribution of feature
importance across all models. This redistribution was
particularly evident in the logistic regression model,
which now placed greater emphasis on broader econo-
mic and firm-specific factors.

The adjustments in feature importance due to modera-
ting variables highlighted the complex interplay between
environmental management training and other firm cha-
racteristics in shaping sustainability practices. While EP-
Score remains a significant predictor, the increased role
of economic and financial features such as GDP and
ROE highlighted the broader contextual factors that now
play a more prominent role in the models' predictions.

This nuanced understanding is critical to the develop-
ment of more effective predictive tools and strategies that
can better capture the multiple influences on corporate
sustainability, thereby helping policymakers and strate-
gists design more targeted and effective sustainability
initiatives.

DISCUSSION

Analysis of an extensive dataset of 31,346 firms provide
critical insights into the relationship between corporate
sustainability efforts and financial performance, gover-
nance structures, and environmental management prac-
tices. These findings contribute to the growing literature
on corporate sustainability practices and provided a nu-
anced perspective on the effectiveness of these initiati-
ves.

The results indicated a modest average level of support
for Sustainable Development Goal 13 (Climate Action),
with only about one-third of companies actively engaged
in related sustainability efforts. This observation was
consistent with the findings of Onesti & Palumbo (2023),
who found that despite a growing global emphasis on
environmental sustainability, practical levels of engage-
ment remain uneven, with many firms still in the early
stages of integrating these goals into their core operati-
ons. Furthermore, the positive correlation between profi-
tability metrics (ROA and ROE) and support for climate
action initiatives was aligned with the conclusions of Mar-
tinez-Ferrero & Garcia-Meca (2020), who found that
firms with more robust financial performance are often
better positioned to invest in sustainable practices due to
greater resource availability. This relationship highlighted
the importance of financial health as a facilitator of sus-
tainability initiatives, a notion supported by Bhat (2023),
who argued that robust corporate governance mecha-
nisms are essential for achieving sustainability goals.

In terms of governance, the data showed that larger
board sizes are correlated with a greater commitment to
sustainability (correlation coefficient of 0.28 with SDG
13). This finding supported the claims of lkram et al.
(2020) and Bhat (2023), who argued that larger gover-
nance bodies can provide diverse perspectives and re-
sources, thereby enhancing a firm's ability to implement
effective sustainability strategies. However, the observed
modest negative correlations for leverage and CEO dua-
lity with SDG 13 highlighted the challenges of governan-
ce in achieving climate action goals, suggesting that
firms with high leverage or CEO duality may encounter
conflicts or resource constraints that hinder their sustai-
nability efforts. This finding was consistent with the theo-
retical framework proposed by Wang et al. (2023), who
argued that governance structures significantly influence
the implementation of environmental strategies.

Notably, the present study found a strong positive corre-
lation between environmental management training with
SDG 13 (correlation coefficient: 0.32). This suggested
that targeted training programs can significantly enhance
firms’ capabilities to pursue climate action, supporting the
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theoretical model proposed by Alkan & Kamasak (2023),
which emphasized the role of internal capability building
in promoting sustainability. Moreover, the correlation ana-
lysis revealed strong positive correlations between envi-
ronmental performance and impact scores with SDG 13,
suggesting that firms with higher environmental scores
align their operations with broader sustainability goals.
This observation was consistent with the findings of Ma-
neenop (2023), who highlighted a similar pattern across
firms.

In the context of the machine learning analysis, the varia-
tion in model performance before and after the introduc-
tion of moderating variables was indicative of the com-
plexity of predicting sustainability outcomes. Decision
trees and random forests exhibited potential overfitting, a
common problem also identified by Zhao et al., (2018).
Lim & Park (2022) in their analysis of environmental
data. The gradient boosting and logistic regression mo-
dels, which demonstrated more generalizable perfor-
mance, underscored the findings of Lee (2012) and Gai-
darenko et al. (2022) that simpler models can sometimes
provide more reliable insights in complex datasets cha-
racterized by nonlinear relationships and interactions.
The subtle changes observed after introducing modera-
ting variables into the predictive models provided empiri-
cal support for the theoretical proposition that additional
dimensions in the data can improve the model's ability to
capture the underlying dynamics, however the effect may
not always be drastic. Overall, these findings unders-
cored the complex relationship between corporate sus-
tainability efforts and various financial and governance
factors, enriching our understanding and extending the
discussion in the current literature on corporate sustai-
nability.

CONCLUSION

This research has systematically explored the complex
dynamics between corporate profitability, SDG 13 Clima-
te Action, and the moderating effects of environmental
management training and teams. The comprehensive
analysis, using advanced machine learning techniques,
has uncovered important insights that significantly ex-
pand our understanding of the link between firm financial
performance and environmental sustainability initiatives.

The findings confirmed a robust positive correlation bet-
ween corporate profitability and support for SDG 13 Cli-
mate Action. More specifically, firms with higher profitabi-
lity tend to demonstrate more significant commitment and
effectiveness in implementing initiatives aligned with the
Climate Action goals. This relationship underscores the
potential for financial resources freed up by higher profits
to be channeled into sustainable practices that are both
environmentally beneficial and supportive of broader
sustainability goals.

Critically, the results showed that the presence and quali-
ty of environmental management training and teams sig-

nificantly strengthen this relationship. Companies with
structured environmental management practices not only
engage more deeply in sustainability efforts but also le-
verage these practices to improve financial performance
and strategic positioning in the marketplace. This dual
benefit acts as a catalyst, fostering a cycle of sustainabi-
lity that contributes to continuous improvement in both
environmental and financial performance.

Using machine learning models has provided more pro-
found insights into the complex and nonlinear interacti-
ons among the variables studied. The predictive models
used in this study, specifically decision trees, random
forests, gradient boosting, and logistic regression, have
demonstrated varying degrees of effectiveness in captu-
ring and interpreting these interactions. These analytical
advances have allowed for a more nuanced understan-
ding of how environmental management training and
teams function as critical levers in enhancing a compa-
ny's commitment to SDG 13.

These findings have profound implications for both busi-
ness leaders and policymakers. For businesses, the
clear message is that integrating robust environmental
strategies and training programs into corporate gover-
nance and operational frameworks is not only a moral
imperative but also a strategic one that enhances profi-
tability and sustainability. For policymakers, the study
highlighted the importance of creating a supportive regu-
latory environment that encourages firms to adopt sus-
tainable practices through incentives and training pro-
grams.

This study has some limitations. The reliance on machi-
ne learning models may introduce biases due to data
availability and quality, affecting generalizability. It prima-
rily establishes correlations rather than causation, requi-
ring further research for validation. Additionally, unobser-
ved factors like regulatory differences and cultural varia-
tions may influence the findings. Future studies should
explore diverse datasets and alternative modeling ap-
proaches.

In conclusion, this research contributed valuable empiri-
cal evidence to the discourse on the synergy between
financial performance and environmental sustainability. It
provided a roadmap for firms seeking to integrate sustai-
nable practices into their core operations and for go-
vernments seeking to foster a regulatory environment
conducive to sustainable business growth. This research
not only enriched the academic literature on corporate
sustainability but also served as a pragmatic guide for
continuous improvement in corporate and environmental
governance.
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