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Abstract

Environmental sustainability involves meeting current needs without compromising the abilities of future generations. Practi-
cal steps must be taken to prevent pollution, decrease waste, and utilize resources. This study investigates the predictors of
environmental sustainability in SMEs, focusing on the role of environmental management accounting and environmental
proactivity in linking pollution prevention strategies to environmental sustainability using the natural resource—based view
theory. This study surveyed 308 Pakistani SMEs employees and tested the data using SPSS v28 and AMOS v26. The results
show that pollution control initiatives increased the usage of environmental management accounting, which in turn had a
positive impact on environmental sustainability. The study also finds that environmental proactivity is significantly moder-
ate and that environmental management accounting mediates these associations. To the best of our knowledge, this study
is unique in that it is the first to provide sustainable implications based on the current framework. This study highlights the
importance of implementing pollution prevention strategies, integrating environmental management accounting practices,
and fostering environmental proactivity to enhance environmental sustainability performance in SMEs in Pakistan, ulti-
mately leading to improved business competitiveness, positive environmental impacts, and a sustainable future. SMEs can
focus on implementing proactive pollution prevention strategies such as waste reduction, energy conservation, and resource
optimization. By adopting a proactive approach to pollution prevention, SMEs can reduce their environmental impact and
enhance their sustainability performance.

Keywords Environmental sustainability - Pollution prevention strategies - Environmental management accounting -
Environmental proactivity

Introduction performed include activities, such as preventing soil, water,

and air pollution, reducing waste production and the usage of

Environmental sustainability (ES) implies meeting the
immediate needs of the present generation in a way that does
not jeopardize future generations’ abilities or the right to do
the same. Actions instigating these rights and that should be
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hazardous products, conserving resources, and reusing them
when appropriate (Elleuch et al. 2018). ES is a broad meas-
ure that improves the reliability and legitimacy of reporting
procedures on environmental issues. However, empirical
research shows that using the same antecedents in several
settings does not boost performance (Appannan et al. 2022).
As a result, numerous studies on ES have produced conflict-
ing findings, largely because of several methodological chal-
lenges. These challenges include a limited scope of research,
small sample sizes, the utilization of outdated data, and the
intricate nature of sustainable development (Appannan et al.
2022; Hsu et al. 2013). According to a 1987 UN report by
the General Assembly, environmental pollution has nega-
tive effects on human health (Imperatives 1987). Moreover,
the Paris Agreement has set forth the objective of curbing
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global warming to a maximum of 2.0 °C, with renewed
efforts to limit it to 1.5 °C. Additionally, the United Nations
2030 Agenda for Sustainable Development underscores the
vital responsibility of businesses in leveraging their finan-
cial, technological, and resource mobilization capabilities
to promote sustainability, as highlighted in the Sustainable
Development Report (2018).

Nevertheless, ongoing conflicts persist between economic
progress, energy consumption, and environmental pollution.
Raza et al. (2021) stated that Pakistan is the most polluted
country in South Asia, responsible for 0.87% of global emis-
sions in 2016. The industrial sector fueled by coal is the larg-
est energy consumer, contributing over 49% of Pakistan’s
CO, emissions (Yearbook 2021). Over the past two decades,
industrial CO, emissions have skyrocketed from 17.21 to
95.2 Mtin 2019 (EDGAR 2020). Lin and Long (2016) stated
that the rising energy demand for economic development
is a major factor driving this pollution crisis. Immediate
action is needed to explore sustainable alternatives and com-
bat the severe pollution problems in Pakistan. The increas-
ing industrial demand is expected to cause more pollution.
SMEs are recognized as crucial cornerstones of the economy
because of their substantial role in poverty reduction, eco-
nomic growth, and employment creation. In Pakistan, SMEs
account for approximately 92% of all business establish-
ments, contribute to nearly 40% of the country’s GDP, make
up approximately 26% of the manufacturing sector’s exports,
and generate 79% of the country’s industrial employment
(PBS 2021). In Pakistan, a lack of strict adherence to envi-
ronmental regulations and policies in the manufacturing sec-
tor has resulted in widespread environmental degradation.
SMEs often struggle to develop environmentally sustainable
strategies, as their primary focus is on maximizing profits
rather than environmental concerns (Ibrahim and Mahmood
2022). Implementing proactive environmental strategies that
prioritize strict compliance with environmental regulations,
emphasizing the significance of environmental issues, effec-
tively managing environmental risks in daily operations,
and promoting overall environmental protection can lead to
improved environmental performance for SMEs.

However, the pollution caused by waste remains a critical
concern for achieving sustainability. To effectively address
this challenge, a proactive approach that focuses on prevent-
ing pollution from occurring in the first place is considered
the most viable solution. This necessitates the creation of
new methods of efficiency, judgment, and appreciation for
every resource (Elleuch et al. 2018). Understanding the pro-
duction and reduction of waste helps lessen trash and protect
the environment. A pollution prevention (PP) strategy is a
vital component of sustainability (Awan et al. 2019). This
shows that in the modern world, there are countless natu-
ral disasters that, which despite being referred to as “nat-
ural calamities,” are caused by the unsustainable form of
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human behavior that has spread worldwide in recent decades
(Appannan et al. 2022). Both non-profit and for-profit SMEs
carry out a variety of tasks as socio-environmental systems
undergo rapid changes that form their environmental strate-
gies. This outlines the activities that eco-conscious busi-
nesses engage in to spread internal environmental knowledge
to employees and consumers, with the goal of enhancing
existing skills to produce effective operations (Appannan
et al. 2022; Dyer and Singh 1998).

Early studies, such as those by Montabon et al. (2007),
show that environmental strategies and company perfor-
mance are interrelated. Graham and Potter (2015) also exam-
ined environmental strategies employing the PP process,
demonstrating that these techniques have a strong relation-
ship with firms’ environmental and financial success. Similar
findings were shown by Zailani et al. (2012) and Prajogo
(2016), who found that environmental policies forced busi-
nesses to comply with rules and pinpoint the core competen-
cies driving improvements, which can lead to sustainabil-
ity. Based on Banerjee’s (2002) definition of environmental
strategy, Zhang et al. (2019) declared positive correlations
of green human resource management on environmental
performance. Scholars, such as Ferreira et al. (2020), Amir
et al. (2020), and Chaudhry and Amir (2020), have inves-
tigated the role of environmental management accounting
(EMA) in this regard, which is a particular innovation that
highlights the range of conventional techniques and proce-
dures to increase the efficacy of environmental management.
Consequently, the EMA recognizes, gathers, and assesses
financial and nonfinancial data to make environment-related
decisions (Appannan et al. 2022). Studies have shown that
using tools such as material flow cost accounting (MFCA),
activity-based costing (ABC), or life cycle assessment
(LCA) can inspire employees to adopt eco-friendly behav-
iors and enhance environmental performance (Duran and
Afonso 2020; Ibrahim and Mahmood 2022; Sulong et al.
2015). These techniques can help identify emerging threats
and opportunities, facilitate informed decision-making and
coordination, align organizational goals and values, and pro-
mote a culture of learning (Ibrahim and Mahmood 2022).

Similarly, the development of proactive environmen-
tal strategies, such as environmental proactivity (EP), for
manufacturing SMEs in Pakistan deserves investigation.
This is because the cumulative environmental impact of the
manufacturing SME sector could surpass overall health and
biodiversity concerns, global economic stability (Dey et al.
2020), and environmental performance (Anwar and Li 2021;
Mamun 2021). However, there is a lack of research and vary-
ing opinions on the relationship between environmental pro-
activity (EP) and environmental sustainability. Some studies
(Ahmad et al. 2021; Ibrahim and Mahmood 2022; Ong et al.
2019) support a significant positive relationship, while other
studies (Chaudhry and Amir 2020; Reyes-Rodriguez et al.
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2020; Shah and Soomro 2021) do not support this relation-
ship. Previous research has revealed that several shortcom-
ings may have a substantial impact on ES. Kumar et al.
(2021) recommended that future scholars broaden the scope
of the environmental literature to include other components
of business models to delineate their impacts on sustain-
ability. Scholars have also repeatedly urged to view sustain-
ability beyond organizational boundaries (Kotzé et al. 2017)
and examine how a business organization can utilize control
to achieve sustainability through environmental accounting
procedures (Appannan et al. 2022; Tumpa et al. 2019). Stud-
ies claim that EMA presents long-term sustainability with
profitable outcomes that advance toward enhanced sustain-
ability (Gibassier and Alcouffe 2018). Moreover, other pro-
active measures of pollution avoidance lessen adverse envi-
ronmental effects while enhancing corporate profitability
and sustainability, which is a major gap in the literature for
developing nations and requires further investigation (Christ
and Burritt 2017). Recent studies have highlighted the need
to explore the mechanisms underlying ES (Awan et al. 2019;
Ferreira et al. 2020; Sturiale et al. 2020).

Therefore, this study aims to fill these gaps in the litera-
ture on ES using PP, EMA, and EP under the theoretical
support of the NRBV in the SMEs of Pakistan. Therefore,
in line with this research gap, this study assesses the effects
of PP strategies on the ES of firms operating in Pakistan’s
SME:s, with the mediating role of EMA and the moderating
role of EP. This study has many benefits to the theory as
it establishes the underlying and boundary mechanisms for
the path connecting PP strategies and ES. The findings of
this study also contribute to the theoretical foundations by
providing a unique model that integrates the study variables.
Likewise, this study allows managers of firms to understand
how their companies’ ES can be enhanced by inculcating
PP strategies, managing their EMA, and being proactive in
activities linked to the betterment of the environment.

Literature review and conceptual framework

The current study is based on the natural resource—based
view theory (NRBV) and conceptualizes ES using the theory
proposed by Hart (1995). This is a well-known manage-
ment theory used by businesses to analyze their resources
and gain a competitive edge (Hart 1995). This is ahead of
the resource-based view (RBV), in which organizational,
physical, and human resources comprise the three primary
resource categories for firms (Barney 1991). The NRBV
suggests that SMEs strategically manage their resources
and capabilities in relation to PP, EP, EMA, and ES and
can create a competitive advantage by developing unique
and valuable environmental management capabilities that
contribute to their overall performance and sustainability.

The NRBYV fills the gaps left by the RBV theory in its con-
tempt for the natural world (Appannan et al. 2022). Hence,
NRBYV suggests that PP is the main strategy for overcom-
ing natural environmental issues. Therefore, the present
study expands upon previous research by examining the
strategies described in the NRBV theory. Prior investiga-
tions have mainly focused on only a few dimensions, and
the NRBV literature has primarily addressed the first two
environmental strategies, namely, PP and EMA (Ibrahim and
Mahmood 2022). This study proposes that all three main
strategies, including EP, should be considered as part of
overall environmental solutions and contribute to environ-
mental sustainability.

Pollution prevention strategies, EMA,
and environmental sustainability

Controlling pollutants reduces the amount of pollution gen-
erated by processes, such as industry, agriculture, and con-
sumers (Elleuch et al. 2018). PP strategies seek to increase
the effectiveness of a process to reduce the amount of pol-
lution produced at its source (Appannan et al. 2022). Hence,
the first phase of the internal strategy for performance
improvement is outlined by NRBV as a PP strategy. Busi-
nesses must have a PP program at the internal operation level
to lessen negative production-related environmental actions.
This can be achieved by stopping the emissions before they
begin. According to Ibrahim and Mahmood (2022), elimi-
nating waste products from manufacturing processes boosts
productivity by reducing compliance and responsibility
costs, minimizing the need for raw materials, and streamlin-
ing operations (Appannan et al. 2022). By lowering operat-
ing expenses, innovation in pollution avoidance can increase
production. According to Graham and Potter (2015), PP
strategies directly affect environmental performance and
increase sustainability. These strategies develop product
design-based technologies to lower costs while maintain-
ing current revenues. Among the strategies for preventing
pollution utilized by firms include SWM, which stands for
“structured waste management priority and monitoring”;
EEM that implies “employee readiness, empowerment, and
motivation”; CAF that stands for “compliance adherence
focus”; and EMF which means “expertise, methods, and
financial goal setting” (Appannan et al. 2022; Patwary et al.
2023a, b). Therefore, these strategies revolve around how
firms manage and monitor waste materials through struc-
tured plans and systems. It also encompasses the extent to
which employees are ready, motivated, and empowered to
take environment-related initiatives, the compliance of these
actions, and the setting of environment-related goals and
methods. To ensure competitive advantages, environmental
techniques require support from internal systems and struc-
tures (Burritt et al. 2019). By adopting EMA, managers can
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take advantage of potential PP strategies. Ngwakwe (2011)
established a connection between PP investment and waste
costing in Nigerian firms. Likewise, Agustia et al. (2019)
found a significant impact of EMA on SMEs’ performance.
The implementation of a prevention strategy requires sup-
port from internal structures and systems to secure com-
petitive advantage (Bhupendra and Sangle 2015; Chaudhry
and Amir 2020; Graham and McAdam 2016; Graham and
Potter 2015; Zhang et al. 2019). Furthermore, Appannan
et al. (2022) noted that an informed choice regarding an anti-
pollution remedy is made while considering environmental
costs. Studies support the positive link between PP strategies
and sustainability (e.g., Appannan et al. 2022; Awan et al.
2019; Elleuch et al. 2018), indicating that a positive associa-
tion may exist between the incorporation of PP strategies in
firms with EMA and ES. Hence, the following hypotheses
are proposed based on this debate:

H1: The impact of PP strategies on EMA is positive and
significant.
H2: The impact of PP strategies on ES is positive and
significant.

Role of environmental management accounting

The EMA system is a comprehensive framework that facili-
tates the monitoring, analysis, and reporting of potential
environmental impacts and consequences within an organi-
zational context (Burritt et al. 2019). It addresses prevalent
issues in conventional accounting systems, such as excessive
waste and losses, suboptimal resource utilization, inefficient
labor and energy usage, and escalation of input costs. The
EMA system offers a systematic approach to identifying,
quantifying, and managing these environmental concerns,
thereby promoting more sustainable business practices and
improving overall environmental performance. According
to Abdullah et al. (2019), the EMA concept was initially
categorized into physical and monetary information, and
it was developed as a part of sustainability. The output of
physical components such as materials, energy, and water
occurs gradually, without ignoring important information,
as noted by Burritt et al. (2019) in their study. However,
financial environmental information outlines the financial
effects resulting from environmental expenses (Rounaghi
2019). The inclusion of these features simplifies the pro-
cess by which employees acquire new knowledge and engage
in innovative initiatives, ultimately transforming the way
a business is conducted by minimizing inefficiencies and
enhancing sustainability practices (Appannan et al. 2022).
EMA tools such as MFCA, ABC, and LCA discriminate
between unaccounted environmental costs (Appannan et al.
2022). For instance, studies have investigated how the EMA
accounting tool can change the system to carbon free; hence,
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adopting EMA lessens the significant environmental impacts
in a variety of industries and turns into an important prospect
that helps SMEs achieve their economic and environmental
goals (Sulong et al. 2015). It also enhances environmental
performance and makes it possible for current strategies to
increase profitability and reduce the massive environmen-
tal impacts in a variety of industries (Graham and Potter
2015; May and Guenther 2020). Moreover, pollution control
makes firms more environmentally friendly (Chowdhury and
Hamid 2013; Hoque and Clarke 2013). Results based on
NRBYV techniques have improved performance, and several
studies have used indirect mechanisms to investigate this
connection. For instance, studies have stated that EMA, as
a mediator, improves the link between firm performance
and PP methods (Graham and McAdam 2016; Solovida and
Latan 2017). Additionally, previous research has used sev-
eral ways to illustrate various notions of business strategies
that followed the trajectory of sustainability. PP strategies
that utilize EMA techniques can contribute to the sustain-
able development of businesses and enhance ES, particu-
larly when proactive measures are taken to prevent pollution
(Nath and Ramanathan 2020). However, only a few studies
have examined the connection in which a strong EMA pro-
cess can assist businesses in making wise decisions based
on accurate, current, updated, and integrated financial and
physical information for PP and to improve organizational
performance and environmental sustainability (Appannan
et al. 2022; Gibassier and Alcouffe 2018; Graham ad Potter
2015). Similarly, Agustia et al. (2019) find a positive correla-
tion between the adoption of PP and firm value, with EMA
serving as an intervening variable. Hence, the PP strategies
incorporated by firms can help better control and manage the
EMA, which leads to enhanced ES. This shows that EMA
directly and indirectly and significantly affects sustainability
and may serve as a mediating variable between PP strategies
and ES. Therefore, we propose the following hypothesis:

H3: The impact of EMA on ES is positive and significant.
H4: EMA significantly mediates between PP strategies
and ES.

Role of environmental proactivity

Corporate environmental commitment is a crucial factor
in today’s highly competitive business landscape. Scholars
have identified two contrasting approaches: environmental
reactivity, in which companies comply with minimal regula-
tory requirements, and environmental proactivity, in which
companies voluntarily adopt measures to reduce their impact
on the natural environment. Therefore, previous research has
revealed a spectrum of corporate environmental practices
and firms’ performance, ranging from reactive to proac-
tive or vice versa (Ahmed et al. 2021; Gonzalez-Benito and
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Gonzéalez-Benito 2005). Conceptual works by renowned
scholars such as Hunt and Auster (1990), Winsemius and
Guntram (1992), and Naeemah and Wong (2022) propose
progressive stages that depict a linear path from reactivity
to the highest level of proactivity. These studies suggest that
as corporations progress along this path, they tend to imple-
ment more voluntary environmental management practices.
However, there is limited discussion on whether the empha-
sis on specific sets of voluntary practices leads to different
proactive environmental strategies. This shows that, rather
than being reactive to environmental threats, proactive busi-
nesses that manage the environment were distinguished by
early scholars. According to Sturiale et al. (2020), a proac-
tive environmental strategy refers to the deliberate devel-
opment and implementation of environmental protection
activities by an organization driven by its internal motiva-
tions and objectives (Sturiale et al. 2020). No rules govern
these self-driven environmental measures. In terms of pro-
cesses and goods, these proactive environmental protection
techniques include preserving waste materials and lower-
ing energy, smoke, hazardous materials, and chemical waste
(Seroka-Stolka and Fijorek 2020). EP is often considered a
proactive and forward-thinking approach to environmental
management, as it aims to prevent or minimize environmen-
tal damage before it occurs rather than simply reacting to
incidents after they occur. It is seen as a more sustainable
and responsible approach to environmental management
as it focuses on long-term ES and considers the potential
impacts of business activities on the environment. By using
a proactive approach to environmental management, a firm
may reduce environmental degradation through green tech-
nologies, procedures, and products (Ahmed et al. 2021).
Recently, EP has gained increasing attention in the envi-
ronmental management literature, as SMEs and individu-
als recognize the importance of addressing environmental
issues proactively to ensure the sustainability of our planet
for future generations. The existing literature has exten-
sively explored the relationship between EP and firm perfor-
mance, that is, economic and environmental. Using empiri-
cal approaches, the influence of EP on these performance

Fig. 1 Research model
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outcomes was found to be significant (Alrazi et al. 2015;
Barba-Sanchez and Atienza-Sahuquillo 2016; Gonzalez-
Benito and Gonzélez-Benito 2005). However, more recently,
some studies (Brulhart et al. 2019b; Chaudhry and Amir
2020; Patwary et al. 2023a, b) have shifted their focus to EP
as a moderating variable, revealing diverse findings regard-
ing its influence on firm performance. Consequently, to
address the ambiguity of results in the literature, the current
study not only examines the direct effect of EP on environ-
mental sustainability, but also aims to fill the gaps in the
existing discussion by considering EP as a moderating vari-
able. EP approaches have been found to exert a significant
impact on the operational effectiveness and sustainability of
SMEs (Ahmed et al. 2021; Amir and Chaudhry 2019; Do
and Nguyen 2020). These findings suggest that EP not only
directly contributes to sustainability but may also facilitate
alignment between PP strategies and ES. Thus, we posit the
following hypotheses based on these insights:

H5: The impact of EP on ES is positive and significant.
Hé6: EP significantly moderates the relationship between
PP strategies and ES.

Figure 1 depicts the conceptual framework for the study,
which illustrates the hypothesized connections among the
study variables based on existing literature and theoreti-
cal foundations. It serves as a visual representation of the
proposed research model and provides a roadmap for the
empirical analysis conducted in this study.

Research methodology

In this study, a descriptive research design was employed
to investigate the impact of PP strategies on ES, with a
particular focus on the roles of EMA and EP. The study’s
target population was employees working in firms in the
SME sector in Pakistan, and convenience sampling was
used to select the study sample, which consisted of 308
employees from various SMEs in Pakistan. Data were
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collected using a survey method with a questionnaire that
incorporated scale-inspired items from previous studies.
The collected data were analyzed using the most recent
version, AMOS v26, for model fitness, validity assess-
ment, and hypothesis testing, while SPSS v28 was uti-
lized for descriptive statistics and the screening process.
The choice of a descriptive research design allowed for
the investigation of the relationships among the variables
in the study in a systematic and structured manner. The
use of quantitative data collected through a survey and a
large sample size provided a robust foundation for data
analysis and statistical testing. Convenience sampling was
employed because of practical considerations, although it
may limit the generalizability of the findings to a broader
population. The population targeted for this study was
unknown, as we only considered employees of SMEs who
are White in color and have sufficient knowledge of the
practices and firm-level strategies. Therefore, determining
the exact sample size is challenging. To address this, we
referred to Hulland (1999) for sample size calculation to
achieve the aims and research objectives. Based on these
considerations, a sample size of around 300 is sufficient to
generalize the results; therefore, we set a target of 350 in
order to avoid incomplete and missing responses. Finally,
a usable sample size of 308 employees was deemed appro-
priate to attain the desired level of precision in estimat-
ing the population parameters and addressing the research
objectives. Nevertheless, the findings of this study con-
tribute to the existing body of knowledge on PP strategies,
EMA, and EP in Pakistan’s SME sector. Further research
with diverse samples and research designs is warranted to
validate and extend these findings.

Questionnaire and construct measurements

The questionnaire employed in this study consisted of
three sections: introductory, demographic, and objective.
A 5-point Likert-type scale was used to measure the vari-
ables. The respondents were asked to rate their level of
agreement or disagreement with a series of statements.
A score of 1 denoted “strongly disagree” or “not at all,”
whereas a score of 5 represented “strongly agree” or “to
a very great extent,” depending on the specific wording of
the question. Responses to the study variables were meas-
ured using previously established scales. PP strategies were
measured using the scales of Bhupendra and Sangle (2015)
and Ibrahim and Mahmood (2022). To measure EP, the scale
of Brulhart et al. (2019a) was employed, also employed by
Chaudhry and Amir (2020), and it was comprised of eight
items. EMA and ES were measured using the 13 items and
nine items from Latan et al. (2018) and Sambasivan et al.
(2013) respectively.
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Table 1 Respondents’ profile

Dimensions and categories Frequency Percent
Gender Male 161 523
Female 147 47.7
Total 308 100.0
Education Graduation 37 12.0
Post-graduation 134 43.5
Masters 104 33.8
Others 33 10.7
Total 308 100.0
Experience Below 3 years 34 11.0
4-8 years 49 15.9
9-12 years 94 30.5
Above 12 years 131 42.5
Total 308 100.0
Age 21-30 years 73 23.7
31-40 years 89 28.9
41-50 years 97 31.5
50+ years 49 15.9
Total 308 100.0

Empirical findings

The sample’s gender, age, education, marital status, and
experience were covered in the first portion of the demo-
graphics. The sample had a decent gender balance, with men
making up around 52% of the sample and women making
up 48%. The sample was well qualified, with 12% of the
participants holding an undergraduate degree and approxi-
mately 43.5% holding a post-graduate degree. A total of
104 employees had a master’s degree, whereas 33 had other
qualifications (Table 1).

As far as experience is concerned, 11% of employees
had worked for the firm for less than 3 years, while 49
individuals had worked for 4-8 years. Moreover, 30% of
the sample respondents were working for 9-12 years, and
131 workers were part of the firm for more than 12 years.
Hence, the sample had good experience working in SME
firms. Most of the sample comprised young and middle-
aged individuals, with 24% of individuals up to the age of
30 years. Twenty-nine percent of the sample falls in the
age bracket of 31-40 years, whereas 31.5% of workers
were 41-50 years of age. Only 49 workers were above the
age of 50 years.

Table 2 presents the descriptive statistics, which sum-
marize the characteristics of the dataset, including meas-
ures of central tendency (e.g., mean, median, and mode)
and measures of dispersion (e.g., range, standard deviation).
Skewness is a measure of the asymmetry of a dataset’s dis-
tribution, indicating the degree to which it deviates from a
symmetrical, bell-shaped normal distribution.
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Table 2 Descriptive statistics and normality

Variables Min Max Mean SD Skewness
EP 1.00 5.00 3.4858 1.08596 139

PP 1.00 5.00 3.4643 1.13638 139
EMA 1.00 5.00 3.4708 0.98130 139

ES 1.00 5.00 3.3229 1.09007 —.455

ES environmental sustainability, PP pollution prevention strategies,
EMA environmental management accounting, EP environmental pro-
activity

Table 2 shows that the mean values of the variables are
around 3, which indicates the agreement of respondents to
the sample items. The mean values ranged between 3.3229
and 3.4858, whereas the standard deviations were close to 1.
The skewness values from this table indicate that the values
fall from+ 1 to — 1; therefore, these data are free from bias
due to skewness.

Table 3 shows the KMO values and Bartlett’s test of sphe-
ricity, which identify the adequacy of the sample for factor
analysis.

Table 3 indicates that the KMO value is 0.945, which is
above 0.7. Moreover, Bartlett’s test of sphericity was signifi-
cant, as the p-values were zero. These results show that the
sample was adequate for running the EFA) (Table 4).

The results of the RCM showed that four components
were generated, and all items of the study constructs had
factor loadings greater than 0.5, which is in accordance with
the required threshold. Hence, all these factors were retained
to measure the variables and appropriately loaded into the
respective components.

Table 5 shows the values of composite reliability (CR)
and average variance extracted (AVE) for determining the
reliability and convergent validity of the scales, while inter-
item correlations were used to confirm the discriminant
validity.

The table shows that all CR values for the scales were
greater than 0.7, indicating that these scales have high com-
posite reliability (Hair et al. 2019). Next, the AVE values
are greater than 0.5, which, together with the CR values,
confirm that the scales have high convergent validity. The
inter-item correlations of the latent variables are less as com-
pared to the square root of AVE, which demonstrates that

Table 3 KMO and Bartlett’s test

Kaiser—Meyer—Olkin measure of sampling adequacy 945
Bartlett’s test of sphericity Approx. chi-square 6952.808
Df 378
Sig .000

Table 4 Rotated component

. Component
matrix

1 2 3 4

EP1 .607

EP2 .699

EP3 767

EP4 .843

EP5 776

EP6 762

EP7 780

EPS 793

PP1 185

PP2 .822

PP3 .833

PP4 .855

PP5 .852
EMA1 152
EMA2 191
EMA3 .826
EMA4 746
EMAS .698
EMAG6

ES1 768

ES2 191

ES3 .802

ES4 187

ES5 790

ES6 .808

ES7 786

ES8 172

ES9 779

these variables have high discriminant validity, satisfying
the criteria of Fornell and Larcker (1981).

Mode fitness is a widely used statistical technique in
social sciences, psychology, and other fields to assess the
validity and reliability of measurement models (Byrne
2016). To assess model fitness through the model fit indices
of CMIN/DF, CFI, RMSEA, and p-close, CFA was con-
ducted, as shown in Table 6.

The results show that the model is a good fit, as the
CMINY/df falls between 1 and 3, which is an excellent value.
Moreover, the CFI value was 0.945, which was less than
0.95. RMSEA and p-close have shown acceptable fit, as their
values are 0.060 and 0.051, which fall under 0.06 and close
to 0.05 respectively, supporting model fitness. The model is
illustrated in Fig. 2.

Table 7 shows the SEM results by which the decision
to accept or reject the hypothesis is made according to the
beta estimates, ¢-statistics, and p-values (Byrne 2016). If the
p-value is greater than 0.05, then the results are considered
insignificant, or vice versa (Fig. 3).
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Table 5 Validity analysis Variables  CR AVE  MSV  MaxR(H) ES EP PP EMA
ES 0.941 0.641 0.313 0.942 0.801
EP 0.938 0.656  0.390  0.940 0.5607%** 0.810
PP 0949 0.789 0390 0.954 0.4327%%% 0.625%** 0.888
EMA 0.860 0.516 0.325 0.882 0.453%*%* 0.526%** 0.570%** 0.718

ES environmental sustainability, PP pollution prevention strategies, EMA environmental management
accounting, EP environmental proactivity

*#*% denotes a significance level at 0.001, ** denotes a significance level at 0.01, and * denotes a signifi-

cance level at 0.05)

Table 6 Model fit measures

Measure Estimate Threshold Interpretation
CMIN 715.804 - -

DF 341.000 - -

CMIN/DF 2.099 Between 1 and 3 Excellent
CFI 0.945 >0.95 Acceptable
RMSEA 0.060 <0.06 Acceptable
p-close 0.051 >0.05 Acceptable

Table 7 shows that all hypotheses of the study were
accepted, except for the path from PP to ES. The first
hypothesis shows a positive relationship between PP and
EMA as the p-value is zero, thus accepting it. The second
hypothesis relates PP to ES, for which the hypothesis is
rejected when the significance level is higher than 0.05,
rendering the linkage statistically insignificant. Hypothesis
3 links EMA with ES, and this hypothetical path is signifi-
cant as the p-value is less than 0.05. The fourth hypothesis
relates EP to ES, which is also accepted as the p-value is
zero, justifying the statistical significance of this relation-
ship. The fifth hypothesis presents a mediating role played
by EMA in the association between PP and ES, which is also
accepted when the significance level is less than 0.05. The
last hypothesis explains the moderating power of EP on the
linkage between PP and ES, as shown in Fig. 4. The table
shows the acceptance of this hypothesis, with a p-value of
0.04. Figure 3 illustrates the SEM estimation model.

EP acts as a strong moderator between PP and ES, provid-
ing a strong influence on ES through PP. As shown in Fig. 4,
EP moderates the relationship between PP and ES.

Discussion

The present study aimed to investigate the impact of PP
strategies on ES, both directly and indirectly, through the
mediating role of EMA, while also examining the moder-
ating role of EP in this relationship. The study was con-
ducted using a quantitative approach to collect data from
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white-collar employees working in SMEs in Pakistan. The
findings of the empirical analysis support the acceptance
of five of the six hypotheses proposed in this study and
are aligned with RQs. PP strategies direct with EMA, and
the mediating role of EMA is supported by the significant
positive estimate and acceptance of H1, H3, and H6, which
suggests that EMA acts as a mechanism through which PP
strategies influence ES. This finding is consistent with prior
research highlighting the importance of EMA as a key fac-
tor in translating PP strategies into improved sustainabil-
ity outcomes (Agustia et al. 2019; Appannan et al. 2022;
Chaudhry and Amir 2020).This implies that SMEs imple-
menting effective EMA practices may be better positioned
to achieve higher levels of ES by integrating environmental
considerations into their management accounting processes.
Furthermore, the moderating role of EP is supported by the
significant positive estimate and acceptance of H4 and H6,
indicating that EP plays a significant role in influencing the
relationship between PP strategies and ES. This finding is in
line with previous research highlighting the importance of
EP as a facilitating factor that can enhance the effectiveness
of PP strategies in achieving sustainability goals (Ahmed
et al. 2021; Seroka-Stolka and Fijorek 2020; Zhang et al.
2019). This implies that SMEs with higher levels of EP
may experience amplified positive effects of PP strategies
on ES, indicating that proactive environmental initiatives
can strengthen the link between PP strategies and sustainable
outcomes. Interestingly, the analysis also revealed that EP
directly enhances sustainability, whereas PP strategies do
not. This implies that EP may have a more direct and imme-
diate impact on ES, whereas PP strategies may primarily
influence ES indirectly through the mediating role of EMA.
Based on the findings and discussion, this study has several
research implications.

Conclusion

This study examines the role of PP strategies, EMA, and
EP in the ES of SMEs. This study concludes that adopting
such actions and designing processes that aim to prevent
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Table 7 Structural equation

. Hypothesis Hypothetical path Estimate S.E C.R P Status
modeling
H1 PP—EMA .570 .061 9.338*** .000 Accepted
H2 PP—ES .037 .060 0.545 .586 Rejected
H3 EMA —ES 221 .064 3.076%* .002 Accepted
H4 EP—ES 409 .063 6.597+** .000 Accepted
H5 PP—EMA —ES 126 .051 2.638* .037 Accepted
H6 PPXEP—ES 153 .008 2.899%* .004 Accepted
ES environmental sustainability, PP pollution prevention strategies, EMA environmental management
accounting, EP environmental proactivity
** denotes a significance level at 0.001, ** denotes a significance level at 0.01, and * denotes a signifi-
cance level at 0.05)
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Fig.3 SEM estimation

pollution enables firms to engage in robust EMA practices
to ensure ES. The findings also conclude that firms that
take initiatives and are more proactive in taking care of
the environment also enhance sustainability. The signifi-
cant roles of EMA and EP in sustainability are also dem-
onstrated by the results. Hence, the importance of these
activities must be recognized by firms in all sectors so that
they can reduce detrimental effects on the environment,
and natural resources can be preserved for future genera-
tions. In conclusion, this study has important theoretical,
practical, and policy implications.
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Research implications

The study’s outcomes have significant research implications
that can be understood in theoretical, practical, and policy-
making aspects, as mentioned below.

Theoretical implications
Theoretically, this study contributes to the existing literature

by advancing our understanding of the complex relation-
ships among the study variables. This study addresses the
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gaps in the literature by establishing a framework among PP
strategies, EMA, EP, and ES within the context of the NRBV
theory. The findings highlight the mediating role of EMA in
the relationship between PP strategies and ES, emphasizing
the importance of incorporating environmental accounting
practices into management processes to improve sustainabil-
ity outcomes. The study also reveals the moderating role of
EP, indicating that higher levels of EP can enhance the effec-
tiveness of PP strategies in achieving sustainability goals
and that proactive environmental initiatives can strengthen
the link between PP strategies and sustainable outcomes.

Practical implications

This study has practical implications for businesses, particu-
larly SMEs, because it provides insights into the benefits of
adopting EMA tools. Efficient EMA can enable businesses
to gather data on clients and suppliers and make informed
decisions, which can enhance their reputation and improve
the overall ES. Managers should recognize the impact of
adopting environmental strategies and consider imple-
menting EMA practices to better understand and monitor
the environmental impact of their SMEs. In addition, wise
investment decisions that prioritize environmental protec-
tion should be made. Integrating pollution prevention and
proactive strategies into managerial control systems can
reduce costs and improve environmental performance. This,
in turn, contributes to the achievement of environmental
goals, such as those outlined in SDGs Agenda 2030, and
promotes SMEs’ environmental sustainability. Given the
critical role of EMA highlighted in the findings, managers
should focus on enhancing their environmental management
capabilities. This could involve hiring managers with high
levels of environmental management expertise or provid-
ing professional development opportunities centered on
capability enhancement for current managers. SMEs can
effectively implement environmental strategies and engage

Moderator

—&—Low EP —a—High EP

High PP

in successful environmental collaboration by improving
managerial capabilities. This study suggests that auditors
and consultants can benefit from understanding how SMEs
perceive and implement environmental strategies in practice.
This understanding can assist auditors and consultants in
providing relevant guidance and support to SMEs regarding
their environmental management efforts. Furthermore, the
study emphasizes the importance of increasing the theoreti-
cal understanding of environmental tools, such as pollution
prevention technologies, partner collaboration in the supply
chain, and the types of EMA used to monitor environmental
performance outcomes in SMEs.

Policy implications

Policymakers can use these findings to design targeted regu-
lations and policies for the SME sector aimed at improv-
ing environmental conditions and helping businesses bet-
ter manage the environmental impacts of their operations.
This can include incentives for adopting the EMA and
effective PP strategies to promote sustainable business
practices. This study can be helpful for Pakistani govern-
ment bodies and business strategists in understanding the
role of EMA and PP strategies in determining ES. This can
inform the development of effective plans and guidelines to
address the increasing pollution levels caused by economic
activities and promote environmentally responsible busi-
ness practices. Business strategists can benefit from these
findings by gaining insights into the significance of laws,
regulations, norms, and standards related to PP, as well as
competitors’ compliance with sustainability levels. This can
inform their decision-making and strategic planning and pro-
mote the adoption of sustainable practices in the business
sector. From a policy-making perspective, this study also
emphasizes the importance of integrating environmental
considerations, such as PP strategies and EMA, into policy
frameworks and guidelines aimed at promoting sustainable
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business practices. This study highlights the need for policy-
makers to create a supportive environment for businesses to
integrate environmental considerations into their operations
and to promote proactive environmental initiatives that can
strengthen the link between PP strategies and sustainable
outcomes. They can also use these findings to raise aware-
ness among businesses about the benefits of adopting EMA
and green practices and to incentivize their implementation
through policy measures such as tax incentives, subsidies,
and recognition programs.

Study limitations and future recommendations

In the closing remarks, this study acknowledges its limita-
tions and highlights potential avenues for future research.

Study limitations

This study has a few limitations that should be acknowl-
edged. Firstly, the findings are limited to the SME sector in
Pakistan, which restricts their generalizability to enterprises
in other sectors or countries. Therefore, caution should be
exercised when applying these results to different contexts.
Additionally, the focus of the study primarily centers around
the moderating role of environmental proactivity, neglecting
other influential factors such as environmental ethics and
environmental orientation. Future research should explore
these variables to provide a more comprehensive under-
standing of their impact on the relationship between pollu-
tion prevention strategies and environmental sustainability.

Future recommendations

To address the limitations and advance research in this
area, several future directions can be considered. Firstly,
conducting cross-sector and cross-cultural studies will help
validate and generalize the observed findings. By examin-
ing different industries and countries, researchers can gain
a broader perspective on the relationship between PP strate-
gies, environmental proactivity, and sustainability. Secondly,
future studies should incorporate additional variables such
as environmental regulations, corporate social responsibility
initiatives, and technological advancements to gain a more
comprehensive understanding of their influence on environ-
mental management practices and environmental sustain-
ability. These recommendations will contribute to a deeper
understanding of effective environmental strategies and their
implications for sustainable business practices.
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