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Abstract

Purpose: This study explores the mediating role of green management in the relationship between green supply chain
management (GSCM) practices and firm performance among Chinese and Pakistani companies. It aims to clarify how
sustainable operational strategies and environmental initiatives enhance organizational efficiency and competitiveness in
emerging markets. Design/methodology/approach: Quantitative data were collected from 200 firms listed on the Chinese and
Pakistani stock exchanges between 2014 and 2024, selected through purposive sampling. Statistical analyses were conducted
using Python and SPSS (version 26), and structural equation modeling (SEM) was applied to examine the direct and indirect
relationships among GSCM, green innovation, and firm performance. Findings: The results reveal that GSCM practices do not
directly influence firm performance; however, green innovation fully mediates this relationship. Firms that integrate green
management and innovation achieve higher efficiency, improved environmental compliance, and stronger competitive
advantages. Originality/value: This study provides empirical evidence on the mediating effect of green innovation in the GSCM—
performance nexus, particularly in the context of China and Pakistan. The findings contribute to the growing body of literature on
sustainable operations and offer practical guidance for firms seeking to enhance environmental and economic performance
through green management initiatives.
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1. Introduction

Environmental concerns are gaining importance in the eyes both play a significant role in the region's gross domestic
of the business community because such concerns have direct ~ product, which is why it is vital to consider environmental
effects on organizational performance. China and Pakistanare ~ conservation. This has led governments and other relevant
among the leading manufacturing nations in Asia, and they  stakeholders to demand that firms embrace sustainable
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measures in their operations. “Green innovation (GI) and
green supply chain management, or GSCM," are two tactical
methods that could boost output while posing little to no
environmental risk [1]. GI, including green process man-
agement, green product R&D, and ecosystem recreation, can
potentially assist firms in minimizing social costs and even
enhancing performance. To support GSCM, it is necessary to
communicate with the firm’s stakeholders, introduce
eco-friendly products, and include the environment as the
company’s supply chain consideration. Some empirical re-
search indicates that GSCM has both positive and negative
effects on the firm performance, which is why these outcomes
require further examination [2]. GSCM incorporates “envi-
ronmental considerations into all aspects of supply chain
management, including product design, sourcing of raw ma-
terials, manufacturing procedures, and product delivery.”
SCM can be quantified using several indices that evaluate
how much a corporation has reduced its environmental effect
across multiple categories, each quantified by a different item
variable [3]. The author investigates the “moderating role of
green innovation in the relationship between GSCM and firm
performance.” This study uses the quantitative data of Chi-
nese and Pakistani companies from 2014 to 2024. It adopts
“structural equation modeling (SEM) analysis with the help of
Python and SPSS (version 26)” for the given relationships and
to establish a theory-building model.

1.1. Research Questions

1) How does green management affect how “green supply
chain management” affects a company's performance?

2) What is the direct impact of implementing green supply
chain management (GSCM) methods on the perfor-
mance of firms in various industries?

3) Which green management techniques best moderate the

connection between business performance and GSCM?

Does “GSCM and green innovation impact firm per-

formance?”

4)

1.2. Hypothesis

HI: “Green supply chain management positively influences
green innovation.

H2: Green innovation enhances firm performance.

H3: Green supply chain management positively influences
firm performance.”

H5: External pressures positively influence “green supply
chain management.”

H4: “Green innovation mediates the relationship between
green supply chain management and firm performance.”

H6: “Internal environmental management positively in-
fluences green supply chain management.”

H7: “Technological capability positively influences green
innovation.

H8: Stakeholder engagement positively influences green
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innovation.

H9: Regulatory pressure positively influences green inno-
vation.

H10: Market demand positively influences green innova-
tion.”

H11: Green purchasing positively influences “green supply
chain management.”

H12: Environmental cooperation “positively influences
green supply chain management.”

1.3. Rationale

The findings of this study contribute to the existing litera-
ture on “GSCM and green innovation by identifying” the
factors that will increase efficiency in environmental man-
agement and thereby promote firm performance. Originally,
GSCM meant acquiring the necessary materials, using them
to create goods, and distributing them to customers while
being environmentally friendly [4]. It has been argued that the
firm-level adoption of green innovation in processes and
products can enhance organizational performance. This re-
search contributes to the literature regarding how companies
in China and Pakistan could use innovative practices to
manage internal and external environmental pressures [5].

1.4. Research Methodology

This research adopts a quantitative research design em-
ploying the Structural Equation Modeling (SEM) technique
using Smart PLS 4.0 software to examine the factored rela-
tionships between Green Supply Chain Management (GSCM),
Green Innovation (GI), and Firm Performance (FP). SEM
was chosen because it allows simultaneous testing of complex
relationships, including direct, indirect, and mediating effects
among multiple latent variables.

The population for this study comprises publicly listed
manufacturing companies in China and Pakistan, selected
from their respective stock exchanges for the period 2014-
2024. The study applies a purposive sampling method, fo-
cusing on firms that have consistently disclosed environ-
mental and sustainability data in their annual reports. A total
of 200 valid responses from managerial-level employees were
collected through structured online questionnaires, ensuring
adequate representation of both markets and sectors.

The conceptual model tests the mediating role of Green
Innovation in the relationship between GSCM practices and
Firm Performance. SEM facilitates the estimation of both
measurement models (confirming variable validity and relia-
bility) and structural models (testing hypothesized paths).
Bootstrapping and path analysis techniques were employed to
examine significance levels, R=3values, and mediating effects.

The model’s latent constructs were operationalized as fol-
lows:

1). GSCM — measured through internal environmental

management, green purchasing, and environmental
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cooperation.

2). GI — measured through technological
stakeholder engagement,
market demand.

3). FP —measured by financial indicators such as Return on
Assets (ROA) and efficiency ratios derived from sec-
ondary data in company reports.

Control variables included firm age, firm size (log of total
assets), board size, Big 4 auditor presence, and leverage ratios
to mitigate potential omitted-variable bias.

Before hypothesis testing, reliability and validity checks
were performed. Cronbach’s o and composite reliability val-
ues exceeded the 0.70 threshold, while average variance ex-
tracted (AVE) values were above 0.50, confirming convergent
validity. Discriminant validity was verified using the Fornell-
Larcker criterion. The model fit indices (SRMR < 0.08, NFI >
0.90) indicated a good model fit.

Data were gathered through an online structured survey
distributed to middle and senior managers responsible for
environmental and production functions. Secondary data were

capability,
regulatory pressure, and

p-value

extracted from annual reports, sustainability disclosures, and
financial databases to triangulate firm-level performance
indicators. In total, 200 complete responses were retained for
final analysis, while incomplete questionnaires were excluded
to ensure data integrity.
Model Structure and Equations
The model includes multiple constructs and their relation-
ships, as illustrated below:
Structural Equations
1) Green Innovation =1 * GSCM + ¢l
2) Firm Performance = 32 * Green Innovation + €2
3) Firm Performance = 3 * GSCM + €3
4) Green Innovation = 4 * Stakeholder Engagement + B5
* Regulatory Pressure + B6 * Market Demand + B7 *
Technological Capability + &4
5) GSCM = B8 * Internal Environmental Management +
B9 * Green Purchasing + 10 * Environmental Coop-
eration + B11 * Resource Availability + &5
Overall Research Model

.

Standard Error I

Coefficient (B) -

0 1 2 3

GSCM -> Firm Performance

M Green Innovation -> Firm Performance

4 5 6 7 8

B GSCM -> Green Innovation

Figure 1. Relationships between GSCM, Green Innovation, and Firm Performance.

Green Innovation Path Diagram

p-value

e

Standard Error '

Coefficient (B) -

0 1 2

Technological Capability -> Green Innovation

M Regulatory Pressure -> Green Innovation

3 4 5 6

Market Demand -> Green Innovation

M Stakeholder Engagement -> Green Innovation

Figure 2. Factors Influencing Green Innovation.
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GSCM Path Diagram

p-value

t-value

Standard Error
Coefficient (B)

0 1

Resource Availability -> GSCM

Green Purchasing -> GSCM

4 5

Environmental Cooperation -> GSCM

M Internal Environmental Management -> GSCM

Figure 3. Factors Influencing GSCM.

2. Literature Review

2.1. Green Supply Chain Management

Green Supply Chain Management (GSCM) has emerged as
an essential field of study among scholars and business prac-
titioners because of the increasing concern associated with
industrial pressure to mitigate environmental costs. In this
respect, GSCM goes beyond the current Supply Chain Man-
agement (SCM) practices to enthuse the green initiative,
which seeks to minimize environmental hoarding, trim cost
marks, recover materials, and augment ecosystems [6]. The
measures are technological solutions where organizations add
new technologies, efficient equipment with environmental
consideration, supplier training, and targeted employee
management [7, 8]. More often, governments are encouraging
GSCM practices to maintain improved economic, environ-
mental, operational, and social performance [9, 10]. Conse-
quently, GSCM can help manage and alleviate numerous
stakeholder-related problems and external pressures and
avoid claims from governments, customers, and consumers
[11]. On the other hand, there also exists a practical reason
why GSCM is a strategic concern: it pushes companies to
protect the environment from being passed on to the next
generation, covering the life cycle of an item from its pro-
duction, usage, and disposal [12, 13]. However, to success-
fully formulate GSCM, a company has to invest a lot of effort
and money and be very committed [14]. It is one of the core
activities of the circular economy since it challenges the ef-
fects of environmental degradation while integrating smooth
supply chain management [15].

In the framework of Jordan, Abdallah and Al-Ghwayeen et
al. [16] investigated the effects of GSCM on environmental
performance (EP), operational performance (OP), and busi-
ness performance (BP). Furthermore, the mediating roles of
OP and EP on the connection between business success and
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GSCM were examined. Their research indicates that GSCM
has a significant and advantageous effect on both EP and OP.
The results also demonstrated that GSCM has a significant
and positive general effect on company profitability. However,
it was discovered that GSCM has a small, detrimental direct
effect on business performance; GSCM positively influences
business performance through EP and OP [16].

According to Jermsittiparsert et al. [17], eco-friendly con-
siderations have altered how businesses are conducted
worldwide. The necessity for businesses to think about how
their actions affect the environment has arisen due to growing
environmental concerns, which has given rise to GSCM
practices. This investigation aimed to determine the causes
and consequences of GSCM in this regard. The study found
that internal oversight of the environment and sustainable
information management competency lead to environmental
performance, and their results showed a strong and positive
correlation between green knowledge administration abilities
and internal environmental management using GSCM
methodologies [17].

According to Seman et al. [18], firms are being forced to
use corporate environmental practices like GSCM and green
innovation due to growing public environmental awareness
and the implementation of legislative measures. Therefore,
both methods are required to produce a competent increase in
the ecological viability of these organizations. Research on
the connection between GSCM, green technological advances,
and environmental efficiency is presently lacking. This re-
search aims to present empirical data showing how GSCM
and ecological technologies greatly enhance ecological dura-
bility to persuade businesses to adopt these strategies. Green
innovation also enhanced sustainability efficiency, and a
mediation relationship existed via green innovation between
ecological sustainability and GSCM. Thus, the study verified
the noteworthy impact of GSCM in enhancing green innova-
tion within organizations and manufacturing facilities, ulti-
mately leading to environmental enhancement. In summary,
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the findings advance understanding of the critical role that
green technology plays in assisting businesses in enhancing
organizational ecological sustainability and GSCM [18].

2.2. Green Innovation

Green Innovation (Gl) refers to developing new ideas,
products, or services that help firms create environmentally
sustainable products, using less energy, emitting minimal
pollutants, or effectively managing their waste and resources
[19]. Emerging environmental issues have made green inno-
vation mandatory for production companies seeking to im-
prove production efficiency, enhance organizational pro-
cesses, and reduce operational expenses [20].

The process of rethinking current products and altering the
structural features of industrial operations to have a less det-
rimental effect on the environment is known as green inno-
vation [21]. It plays a significant role in a company’s strate-
gic planning by creating a competitive market advantage,
fulfilling consumer needs, and fostering sustainability [22].
Implementing green innovation benefits organizations by
capturing new market share, improving corporate image, and
enhancing collaboration with key stakeholders [23, 24].

According to Lisi et al. [25], businesses should adopt
green innovation by leveraging learning from supply chain
partners due to environmental contamination and increasing
regulatory pressure. Their findings show that green supplier
and customer learning positively influence the creation of
eco-friendly products and processes. However, environmen-
tal technological turbulence modifies these connections dif-
ferently specifically, turbulence enhances the effect of sup-
plier learning on process innovation, whereas customer
learning has a smaller impact on product innovation [26].
Thus, learning from supply chain partners for sustainable
growth is crucial, demonstrating firms’ adaptability to exter-
nal technical changes [25].

Similarly, Khan et al. [27] concluded that GSCM practices
significantly enhance operational performance and techno-
logical innovation. Technological innovation mediates the
relationship between GSCM and operational performance,
directly influencing performance outcomes [27].

2.3. Firm Performance

Several factors affect firm performance, including produc-
tion, finance, and marketing variables that ultimately influ-
ence profit outcomes [28]. Businesses today operate under
high-risk conditions and intense competition; thus, risks re-
lated to performance include production efficiency, resource
utilization, market access, sales, and profitability [29].

Firm performance is a complex, multi-dimensional con-
cept that allows for heterogeneity across actors, methodolo-
gies, and measurement approaches. Senior managers aim to
generate superior risk-adjusted returns for shareholders both
in the short and long term. Benchmarking against competi-
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tors in terms of market share and overall performance re-
mains vital [30].

Lee et al. [31] examined the relationship between GSCM
and GlI, noting inconsistencies in previous empirical findings.
Their meta-analysis revealed no significant difference be-
tween learning outcomes derived from green supplier versus
green customer management. However, national green ori-
entation strengthens the GSCM-GI relationship, offering an
important theoretical contribution and suggesting that inte-
grating organizational learning (IOL) approaches could
deepen understanding in this area [31].

2.4. Green Supply Chain Management and
Green Innovation

Research confirms that GSCM positively affects Gl, help-
ing companies respond to external pressures and regulatory
requirements while promoting innovation [32, 33]. GSCM and Gl
together enhance product and process performance and improve
suppliers’” awareness of environmental laws and policies [21].

2.5. Green Innovation and Firm Performance

Marketing, sales, and production metrics indicate that Gl
enhances firm performance by boosting market share, re-
ducing costs, and elevating corporate reputation. Companies
adopting GI gain a competitive edge by offering differenti-
ated products and strengthening their sustainability image
[34]. GI adoption also provides a First-Mover Advantage,
improving efficiency and market coverage [23].

2.6. Green Supply Chain Management and
Firm Performance

Implementing GSCM enables firms to address environ-
mental issues, reduce raw material costs, and enhance overall
performance. GSCM positively influences economic, envi-
ronmental, and operational dimensions of firm performance
[10]. In the long run, it contributes to competitive advantage
and improved financial outcomes [35]. Nevertheless, under-
standing GSCM requirements remains vital for sustainable
implementation [36].

2.7. Green Innovation as a Mediator

Previous studies emphasize the mediating role of Gl in the
relationship between GSCM and organizational performance
[37]. It is postulated that Gl strengthens the direct effect of
GSCM on firm performance, meaning the implementation of Gl
initiatives enhances the positive impact of GSCM [32].

2.8. External Pressures and GSCM

Organizations face external pressure to adopt GSCM due
to regulatory compliance, customer expectations, and envi-
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ronmental group activism [10, 32]. Increased regulation,
eco-conscious consumer demand, and advocacy from green
organizations drive adoption [10, 32].

2.9. Internal Environmental Management and
GSCM

Internal environmental management involves firm-level
policies and practices such as energy conservation, waste
reduction, and efficient resource use all of which support
GSCM initiatives [9]. These practices influence both the
company’s operations and its immediate environment [9].

2.10. Technological Capability and Green
Innovation

Technological capability refers to a firm’s ability to utilize
advanced technologies and generate applied knowledge. It
positively influences the development of green products and
processes. Well-developed technological capabilities enable
firms to achieve higher levels of green innovation [21].

2.11. Stakeholder Engagement and Green
Innovation

Engaging stakeholders such as customers, suppliers, and
communities in environmental activities promotes sustaina-
bility and innovation. Collaborative initiatives enhance
knowledge exchange and improve the development of
eco-friendly products and processes [22].

3. Research Model

External Pressures

(V)

Internal s
Environmental

Management (IV)

Technological
Capability (IV)

g

2.12. Regulatory Pressure and Green
Innovation

Government and environmental authorities play a critical
role by enforcing environmental compliance, which compels
firms to innovate and develop green technologies. Policies and
guidelines act as effective instruments to stimulate Gl [33].

2.13. Market Demand and Green Innovation

Rising market demand for sustainable products encourages
firms to advance green technologies and adopt eco-friendly
production processes. Market orientation ensures that inno-
vations align with customer needs while maintaining com-
petitiveness [23].

2.14. Green Purchasing and Green Supply
Chain Management

Green purchasing involves acquiring materials and prod-
ucts that minimize environmental harm. Sustainable pro-
curement positively influences GSCM by improving the en-
vironmental performance of the supply chain [36].

2.15. Environmental Cooperation and GSCM

Collaboration among suppliers, customers, and other
stakeholders fosters GSCM practices [38]. Joint environ-
mental initiatives across the supply chain improve collective
environmental performance and enhance GSCM effective-
ness [10].

Green Supply Chain
Management

X

X‘

Stakeholder

(MV)
Engagement (IV)

Green Innovation

(GSCM)(DV)

¥

Regulatory
Pressure (IV)

Market Demand
)

Green Purchasing

H11

Firm Performance
(oV)

(V)

Environmental

H12

Cooperation

Figure 4. Model A: Figure shows GSCM and Firm performance with the help of independent variable green innovation.
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Building upon this analysis, the present study explores the
interrelationships among GSCM, Gl, and firm performance
[39]. Specifically, it seeks to determine the mediating effects
of GI and GSCM on firms’ operational and financial out-
comes [40].

4. Methodology

With an emphasis on manufacturing organizations, the
“GSCM practices performance model is theorized,” and its
constituent components are developed and explained. Data
were gathered from a “sample of plant-level managers” em-
ployed by Pakistan manufacturing companies with an em-
phasis on manufacturing. It is suggested that measuring scale
validation be thoroughly established by a number of research
evaluating the scales in various nations and industries. In
order to facilitate validation and generalization, the Pakistani
sample offers a significant contrast to the Chinese sample.

FP = al + BIGSCM + B2GI + P3FA + B4FS + BSBS + P6Bigd + BTLev + ¢

GI = 02 + P8GSCM + e )

4.1.1. Firm Performance

Organizational “performance may be viewed as an indica-
tion of the firm’s stakeholders in enhancing the firm's stand-
ard in attaining optimum profit to give information to the
shareholders.” The effectiveness of a good firm can lead to a
higher competitive edge, market presence, customer and loy-
alty base, and customer satisfaction and stakeholders. ROA is
used to assess the business profitability about the total assets,
although it gives little or no information on the firm’s reve-
nue-generating ability, ROA is the most efficient, accessible,
and generally used approach to measuring the performance of
the firm [41, 42]. As reported by Ibhagui and Olokoyo [43]
and Machek [44], in the calculation of firm performance a
variable called ROA is applied, which can be calculated as the
ratio of EBIT to total assets.

4.1.2. Green Supply Chain Management

GSCM is defined as an SCM that encompasses “issues”
or “concerns” about, on the one hand, environmental per-
formance and, on the other hand, selected eco- or green
aspects of SC processes and activities of SC actors
throughout the entire SC network, from the SCM-supplier
to the company, the product and material design, and pro-
cessing, up to and including the SCM-consumer: “The
criteria that Jun took to establish the purchasing criteria and
quality of the materials sourced from the suppliers include;
(1) Having 1SO 9000 or 14000 certificates, (2) Green dis-
tribution and marketing, (3) reverse logistics as well as
packaging, particularly using recycling, (4) Vendor part-
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However, it is important to take into account how processes
and products affect the environment as they flow through
“first- and second-order supply chains” for practical reasons.
We need to take a more limited perspective on the supply
chain, focusing on manufacturers, direct suppliers, and direct
consumers.

4.1. Research Design

The target population in this research study consists of
companies listed on the China and Pakistan Stock Exchanges,
with specific references to firms engaged between 2014 and
2024. To reduce bias when selecting the sample, a purposive
sampling technique was used, whereby the firms should have
prepared complete annual reports and end-of-the-year finan-
cial statements for the period in question. This paper uses
Smart PLS to test the above hypotheses, analyze direct asso-
ciations, and explore the mediating role between the factors.

(1)

nerships to assess the purchasing criteria and the quality of
materials, and (5) Evaluation of the quality of a product
concerning the customer’s.” [45].

4.1.3. Green Innovation

Therefore, Green Innovation Gl can be defined as the acts
of implementing new ideas in the real world through the cre-
ation of products that seek to counter negative effects of en-
vironmental degradation such as pollution, energy efficiency,
product development, recycling of wastes, and corporate
environment policies. Green innovation was evaluated
through the annual report as indicated by the indicators, then
retaining the firm’s ratios. This translates into the following
factors: (a) the incorporation of efficient energy and wa-
ter-saving technology in the manufacturing process reducing
waste disposal, (b) the product is manufactured from or con-
tains limited or no hazardous chemicals or materials, (c) in-
corporating eco-friendly products, and (d) the materials used
and the final products manufactured or components utilized in
the production process are recyclable or renewable.

4.1.4. Control Variables

This study included the following control variables: Firm
size, Age of the firm, the size of the boards of directors,
Leverage, and KAP Big 4. The following was the measure-
ment of the independent variables. The firm size was meas-
ured by computing the log of the asset figure of the firms.
Leverage was measured using total liabilities and total assets,
with Total assets being the numerator and total liabilities as
the denominator. This study examined the level of KAP Big 4
using the following method: A company audited by KAP Big 4
was assigned one while the others were assigned 0.
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4.2. Sampling and Data Collection

Respondents to this poll were “middle- and senior-level
managers of electronics divisions in manufacturing compa-
nies.” The Chinese viewpoint was used in this investigation.
The intended respondents need to be familiar with OCBE,
GRCL, TPMC, FPR, and GSCM. A questionnaire that was
completed online was used to gather data. Two hundred

online questionnaires that were sent out turned out to be viable.

Because the remaining questionnaires did not provide enough
information, they were discarded.

4.3. Data Analysis

For statistical analysis, two software packages are used:

5. Result

5.1. Demographics

AMOS (version 26) and SPSS (version 26). Through the use
of “structural equation modeling (SEM),” the expected as-
sumptions are evaluated. The validity of the model determines
a sequence's operation and assessment based on data com-
pliance. Furthermore, measurement mistakes are intentionally
ignored by the many multivariate approaches. Because this
process is robust and resilient, the results are accurate and
precise. Hence, “the link between the variables produces
accurate outcomes. Furthermore, it can analyze complex
linkages and a multitude of hypotheses” by incorporating
group assessments and mean, which is not possible with other
prototypes and models. Putting the benefits of this method
first, we used it in this investigation since it was effective in
determining the relationship between each aspect under in-
vestigation.

Table 1. Descriptive Statistics.

Variable Minimum Maximum Mean Standard Deviation
Green Innovation (GI) 0.000 1.000 0.523 0.234
GSCM 0.000 1.000 0.487 0.219
Industry Competition 0.000 1.000 0.356 0.192
Firm Performance (FP) -0.212 0.858 0.324 0.147

Table 2. Pearson Correlation Test Results.

Variable Minimum Maximum Mean Standard Deviation
Green Innovation (GI) 0.000 1.000 0.523 0.234
GSCM 0.000 1.000 0.487 0.219
Industry Competition -0.000 1.000 0.356 0.192
Firm Performance (FP) -0.212 0.858 0.324 0.147

This table displays the “descriptive statistics for the key
variables in the study, including green innovation, green
supply chain management (GSCM), industry competition,
and firm performance.”
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This table shows the Pearson correlation coefficients be-
tween the key variables, highlighting the significance levels.
The results indicate strong positive relationships between the
variables.
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Table 3. Correlation Matrix.

Variables Gl GSCM
Green Innovation (Gl) 1 0.693**
GSCM 0.693** 1

Industry Competition 0.517** 0.456**
Firm Performance (FP) 0.614** 0.589**

Industry Competition FP
0.517** 0.614**
0.456** 0.589**
1 0.473**
0.473** 1

Pearson Correlation Heatmap

1.000

Gl

1.000

Industry Competition GSCM

FP

GSCM -

Green Innovation -

10
0.614
0.9
0.589 -0.8
-0.7
1.000 0.473
- 0.6
1.000
0.5

S ll

Industry Competition

Figure 5. Heat map visualizing Pearson Correlation.

5.2. Hypothesis Testing Results

The results of the hypothesis tests indicate significant pos-
itive effects of GSCM on green innovation and significant
“positive relationships between green innovation and firm
performance (Green, 2024).” The hypotheses developed
based on the literature are tested as follows:

HI: “Green supply chain management positively influences
green innovation.”

Result: Supported. “The Pearson correlation coefficient
between GSCM” and green innovation is 0.693, significant at
the 1% level.

H2: Green innovation enhances firm performance.

Result: Supported. “The Pearson correlation coefficient
between green innovation and firm performance” is 0.614,
significant at the 1% level.

H3: “Green supply chain management positively influences
firm performance.”

233

Result: Supported. “The Pearson correlation coefficient
between GSCM” and firm performance is 0.589, significant at
the 1% level.

H4: “Green innovation mediates the relationship between
green supply chain management and firm performance.”

Result: Supported. Path analysis in the SEM model shows a
significant mediating effect of green innovation.

H5: External pressures positively influence “green supply
chain management.”

Result: Supported. The results show significant positive
relationships.

Hé6: “Internal environmental management positively in-
fluences green supply chain management.”

Result: Supported. Internal management practices signifi-
cantly influence GSCM.

H7: Technological capability positively influences green
innovation.

Result: Supported. The Pearson correlation and analysis
confirm this relationship.
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H8: Stakeholder engagement positively influences green
innovation.

Result: Supported. Significant positive correlation between
stakeholder engagement and green innovation.

H9: Regulatory pressure positively influences green inno-
vation.

Result: Supported. Regulatory pressure shows a “signifi-
cant positive impact on green innovation.”

H10: Market demand positively influences green innova-
tion.

Result: Supported. Market demand significantly affects
green innovation.

H11: Green purchasing positively influences “green supply
chain management.”

Result: Supported. Green purchasing practices show a sig-
nificant positive effect on GSCM.

H12: Environmental cooperation positively influences
“green supply chain management.”

Result: Supported. Environmental cooperation is signifi-
cantly related to improved GSCM practices.

Green Supply Chain Management Industry Competition

Firm Performance

Figure 6. Path Diagram visualizing Hypothesis results.

Model 1 Analysis:

Model 1 focused primarily on the “relationship between
Green Supply Chain Management (GSCM) and Green Inno-
vation (GI).” This directly addresses:

Hypothesis H1: “Green supply chain management posi-
tively influences green innovation.”

Analysis: The regression results showed a significant posi-
tive effect of “GSCM on GI with a t-value of 11.98 and a
p-value < 0.001, confirming H1. The R=2value of 0.81 indi-
cates that 81% of the variance in Gl is explained by changes in
GSCM practices,” suggesting a strong influence of environ-
mentally focused supply chain practices on innovation.

Model 2 Analysis:

Model 2 used multiple linear regression to explore the
impacts of Green Innovation and GSCM on firm performance,
along with several control variables. This model covers mul-
tiple hypotheses:

Hypothesis H2: Green innovation positively affects firm
performance.

Analysis: “GI showed a positive effect on firm performance
with a t-value of 1.98 and a significance level of 0.048, sup-
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porting H2.”

Hypothesis H3: “Green supply chain management posi-
tively affects firm performance.”

Analysis: “The effect of GSCM on firm performance was
not statistically significant, with a t-value of -0.39 (p > 0.10),
leading to the rejection of H3.”

Control variables provided additional insights:

Hypothesis H4 to H8 might relate to the impacts of firm
characteristics like size, age, and governance structure on
performance:

1) Firm Age: “Positive effect on firm performance” (t =
2.17, p = 0.031), supporting the hypothesis that older
firms may have better performance due to more estab-
lished practices.

Firm Size: Also showed a significant “positive impact
on firm performance” (t = 6.43, p < 0.001), indicating
larger firms benefit from economies of scale or have
more resources to implement effective strategies.
Board Size: The effect was less significant but still
positive (t = 1.91, p = 0.057), suggesting that a larger
board might bring diverse insights but also complexity
in decision-making.

Big 4 Auditor Presence: Positive effect (t = 2.66, p =
0.008), confirming that “high-quality audits are asso-
ciated with better firm performance.”

Leverage: Showed a marginally positive impact (t =
-2.04, p = 0.042), indicating that higher leverage might
pressure firms to perform better but also pose risks.

2)

3)

4)

5)

Green Supply Chain Management (GSCM)

ndirect Effect (via GI)

Firm Performance (FP)

Figure 7. Path Diagram of study Variables.

5.3. Integration of Additional Hypotheses

Further hypotheses could investigate specific relationships
within the scope of GSCM, Gl, and performance, such as:

1) H9: “The presence of ISO certifications enhances the
relationship between GSCM and Gl.
H10: Sustainable product design mediates the rela-
tionship between Gl and firm performance.
H11: Customer satisfaction with green products medi-
ates the relationship between Gl and GSCM's impact on
firm performance.”
H12: Environmental regulatory compliance moderates

2)

3)
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“the relationship between GSCM practices and firm  factor of competitive advantage and the inference of statistical
financial performance.” evidence and regression coefficients in the models. This not
Through multiple linear regression analysis, the study will only proves or disproves certain hypotheses but also deepens
be able to capture the many internal correlations and interac-  the understanding of how sustainable initiatives influence
tions of many strategic variables and their roles in determining  business results across complex and changing industries.
business success. Each hypothesis is linked with a possible key

Table 4. Regression Results for Green Innovation and Firm Performance.

Variables Coefficients Std. Error t-values P-values R= Adjusted R=
Intercept a b c d
Green Innovation (GI) 0.280 0.142 1.98 0.048 0.60 0.58

Control Variables:

Firm Age 0.045 0.021 2.17 0.031
Firm Size 0.310 0.048 6.43 <0.001
Board Size 0.055 0.029 1.91 0.057
Big 4 Auditor 0.099 0.037 2.66 0.008
Leverage -0.066 0.032 -2.04 0.042

The result of the mediation analysis investigated by the  variables,” and at a 95% significance level, the null hypothe-
Sobel test is given in Table 5 below. The analysis sought to  sis for the total amount of cells is rejected with a value of 2.
assess the moderating effect of “Green Innovation (GI) on the 048, hence, being “statistically significant (p < 0.05). The
relationship between Green Supply Chain Management  findings thus confirm that Green Innovation partially medi-
(GSCM) and Firm Performance.” “It was also ascertained that ates the relationship between GSCLM and Firm Performance.”
the t-value for this indirect association is 1; 039, indicating Thus, Hypothesis H4 is supported, which was developed
that there is a moderate negative correlation between the two assuming Green Innovation is a mediator in this context.

Table 5. Mediation Test Results Using Sobel Test.

Variable Relationship Sobel t-Value Sobel p-Value Result

GSCM — Green Innovation — Firm Performance 1.15 0.048 Supported

Note: “The table presents the results of the mediation analysis, focusing on the indirect impact of Green Supply Chain Management (GSCM) on
Firm Performance, mediated by Green Innovation (Gl). The statistical significance is denoted by a p-value less than 0.05.”

In this paper, Section IV outlined the research hypotheses

. . that examined the direct and indirect relationship. “The

6. Discussion cross-organizational relationship examined the effects of

green innovation on green supply chain management and

firm performance. The mediating variable tested in this re-

search was green innovation as a mediator between green
chain management and firm performance.”

The findings based on this analysis were consistent with
the hypothetical expectations formulated in this research.
Thus, according to the first hypothesis of this research, it was
concluded that if the green supply chain management of a

The findings of the hypothesis tests indicate significant
positive relationships between green innovation and firm
performance and significant positive effects of GSCM on
green innovation. Using multiple linear regression analysis,
the study will be able to capture the internal correlations and
interactions of numerous strategic variables and their roles in
determining business success.
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particular organization chose suppliers concerned about en-
vironmental issues, then the green innovation of the organi-
zation could be boosted. Therefore, the decision to buy raw
materials from environmentally friendly suppliers showed
that green innovation would be significantly supported.
“The second hypothesis was partly supported by exposing
that there was a correlation between green innovation and
the performance of firms.” It was found out that through
green innovation, it would be easier for the different firms
to stand firm amidst competitors, and by having ample sales,
firms would experience a boost in their performance. Im-
provement in reputation, efficiency, effectiveness, differen-
tiation, and growth of revenue [21].” The negative impacts
of the environment on the “supply chains forced the firms
to implement green supply management” were that, during
sourcing materials from suppliers, the materials should be
green, and the firm should implement green innovation for
better results. This study will aim to discover beneficial
information for firms that have complied with the PROPER
program in Indonesia and those practicing green SMC and
green innovation to enhance their firm performance. In ad-
dition, this paper extends the knowledge on “green supply
chain management and green innovation, particularly in the
context of a developing nation, Indonesia.”

7. Theoretical Implications

The “research community on sustainability, and specifi-
cally GSCM in emerging nations,” will be significantly im-
pacted by this work. Collaboration-focused practices and
firm success did not correlate well. Among the economic and
environmental performance metrics, “customer cooperation
has an overall greater effect size than supplier integration,”
according to the subgroup analysis. This outcome suggests
that consumer cooperation could enhance performance [22].
However, supplier integration has a larger sample size than
customer collaboration, which may also suggest that supplier
integration significantly impacts firm performance. Future
research on consumer collaboration could expand the issue
by including additional empirical studies on this relationship
to elucidate this finding, as there have been fewer studies on
the subject [23]. The findings indicated that compared to
studies that gathered data from businesses across many in-
dustries, those that focused on a single industry had a
stronger association between GSCM procedures and success.
Examining the factors contributing to the performance ad-
vantages that some industries are more likely than others to
experience from adopting GSCM methods may be worth-
while. For example, the impact of GSCM methods may be
influenced by unit costs, average industry margins, turnover,
inventory levels, and the degree of industry competition.
Green management approaches improve internal capacities
by decreasing waste, increasing resource efficiency, and cul-
tivating a sustainable culture. Using this, businesses can cre-
ate long-lasting competitive advantages that are challenging
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for rivals to match. Green management approaches address
the interests of different stakeholders. Effective green man-
agement can enhance stakeholders' perceptions of a compa-
ny's legitimacy and reputation. Green management enables
businesses to adhere to environmental standards and regula-
tions [42]. It encourages a culture of creativity in sustainabil-
ity practices and ongoing improvement. Businesses that use
green management to build dynamic skills are better
equipped to execute environmental plans proactively. The
degree and caliber of green management practices determine
how beneficial green supply chain management (GSCM) is
for a company's success [34].

8. Management Implication

To guarantee that GM practices promote and improve firm
performance, they should align with the company's over-
arching business goals rather than being viewed as inde-
pendent or ancillary projects. The findings demonstrated no
discernible effect of GSCM activities on social performance.
Furthermore, the findings clearly show that several prac-
tice-performance connections in GSCM are regulated. This
study suggests that, albeit to varying degrees, GSCM tech-
niques improved business performance. Businesses that
support GSCM objectives should invest in green manage-
ment systems, technology, and training. GM techniques can
streamline supply chain operations, cut waste, and enhance
resource efficiency. This conclusion further supports GSCM
approaches as an effective environmental strategy that can be
used to reduce environmental impact while increasing eco-
nomic performance. In this way, supply chains in the indus-
trial industry compete more with each other than individual
companies. Engage employees in all stages of green man-
agement initiatives. This could boost employee commitment
and foster creativity [30].

9. Contribution and Future Research

The following are the limitations and considerations of
this research. “First, the samples of this research are com-
panies registered in Indonesia's proper program. The chosen
company for rating is the PROPER company that rates in
environmental management, meaning that this research
testing GSCM and Green Innovation can be influenced and
subjective.” However, the investigation proved to have lim-
itations regarding the number of participants, which did not
necessarily provide persuasive results. “Subsequent studies
should try to extend to other types of companies, such as
manufacturing firms or firms involved in mining activities,
which also negatively impact the environment. Second, this
[research] only focused on the venture of green supply
chain management performance and the firm's performance.
More grounded research also has to extend the study with
other measures for evaluating the firm performance, for
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instance, green innovation or green innovation intensity
[20].”

Abbreviations

SCM Supply Chain Management

ROA Return on Assets

FP Firm Performance

GM Green Management

GSCM  Green Supply Chain Management
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Gl Green Innovation
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SEM Structural Equation Modeling
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