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TOWARD GREENER SUPPLY
CHAINS: ANALYSIS OF THE
DETERMINING FACTORS

Abstract

The green supply chain (GSC) has become essential for companies seeking to improve
their environmental performance and meet the requirements of sustainable develop-
ment. This concept is particularly relevant in an era of globalization and growing en-
vironmental awareness. The study used a Probit regression method to analyze data
collected from Moroccan SMEs. It aimed to examine the impact of different factors,
such as economic and energy efliciency, government incentives, stakeholder pressure,
managerial age, company size, and profitability, on the adoption of GSC practices. The
results showed that economic and energy efficiency, as well as stakeholder pressure, are
significant factors positively influencing the adoption of GSCs. When combined with
stakeholder pressure, government incentives also have a positive impact. The age of the
executive has a negative influence on the adoption of GSC, indicating that younger ex-
ecutives are more likely to adopt these practices. Company size showed no significant
impact, while profitability had a positive impact with the adoption of a GSC.

Keywords green supply chain, environmental performance,
sustainable development, sustainable practices
JEL Classification Q56,123,Q01, M11

INTRODUCTION

A green supply chain (GSC) is a multi-dimensional concept that
has emerged in response to growing concerns about environmental
performance as part of the proliferation and drive to promote sus-
tainable development worldwide. Initially formulated in the 1990s
and gaining popularity in the 2000s, GSC experienced significant
growth after 2010. According to Khan et al. (2022), GSC has become
necessary for many organizations to improve relationships between
suppliers of green products and customers. This approach aims to
reduce activities that harm the environment and society. Hervani
et al. (2005) describe GSC as including green procurement, green
manufacturing, green distribution, and reverse logistics, highlight-
ing the importance of considering all stages of a product, from raw
materials to logistics and end-users. Sarkis (2003), Chiou et al. (2011),
Darnall et al. (2008), Green et al. (2012), Vachon and Klassen (2006),
and Wu et al. (2011) have all contributed to developing the concep-
tual framework of GSC, examining its impact on environmental
performance and competitive advantage, as well as its role in over-
all sustainability. Saha et al. (2020) define GSC as the application of
sustainable development principles in business processes concern-
ing environmental impacts. It encompasses eco-responsible design,
production processes, and recycling. GSC is seen as a promising sup-
ply chain model that considers environmental influences in supply
chain management, seeking to achieve full environmental progress
through the adoption of product life cycle methods.

http://dx.doi.org/10.21511/ee.14(2).2023.09
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Despite the enormous potential of GSC, many companies, particularly small and medium-sized en-
terprises, are finding it difficult to achieve their environmental management objectives. However, in-
dustries are beginning to link their suppliers’ environmental performance to GSC, seeing it as a new
approach to achieving a more nature-friendly environment. Following the supply chain revolution of
the 1990s, many companies have changed their framework for environmental performance by incor-
porating sustainability objectives into their vision and recognizing the need to integrate environmental
management practices across all organization departments (Yang et al., 2021; Maditati et al., 2018). This
approach aims to reduce the impact of production processes and products on the environment, thus
integrating environmental factors into supply chain management. As a result, a GSC is economically
viable and environmentally responsible (Rabbi et al., 2020; Srivastava, 2007). This implies an awareness
of and commitment to practices beyond mere environmental compliance, moving toward an active

contribution to a sustainable future.

1. LITERATURE REVIEW

AND HYPOTHESES

The integration of sustainable practices, particu-
larly within GSCs, has become imperative in busi-
ness management. This need is driven by increas-
ing globalization and competition, prompting
companies to seek competitive advantage while
reducing costs and addressing environmental
concerns. The concept of a sustainable or green
supply chain has evolved to include additional
ideas and mechanisms related to sustainability,
thanks to Govindan et al. (2015), Ansari and Kant
(2017), and Barbosa-Povoa et al. (2017). This de-
velopment highlights the importance of integrat-
ing socio-environmental sustainability objectives
into systematically organizing essential business
functions along a supply chain. The corporate fo-
cus on sustainability is driven by environmental
legislation, societal standards, and growing stake-
holder awareness. Terms such as ‘GSC’, ‘low car-
bon supply chain’, and ‘social supply chain’ have
emerged in the literature, underlining the impor-
tance of aligning green thinking with production
and distribution.

GSC management practices encompass manufac-
turing, purchasing, marketing, logistics and in-
formation systems focused on quality, customer
response, and environmental sustainability. These
practices aim to reduce air emissions, solid waste,
and effluents, thereby contributing to the achieve-
ment of corporate sustainability objectives. The
increasing adoption of these practices to improve
companies’ sustainable performance has been the
subject of much-abandoned research. Tseng and
Hung (2014) highlight the impact of globalization

http://dx.doi.org/10.21511/ee.14(2).2023.09

on supply chain management, emphasizing the
need for extensive cooperation and a shift in per-
spective toward operational and sustainable goals.
Systematic literature reviews by Govindan et al.
(2015), Ansari and Kant (2017), Barbosa-Pévoa et
al. (2017), Bastas and Liyanage (2018), and Koberg
and Longoni (2019) have identified progressive
evolutions of the concept of GSC, highlighting
how thinking around sustainability has evolved.

From a historical perspective, Du Pisani (2006)
examined the history of sustainability and its im-
pact on supply chain management, showing how
environmental concerns have influenced business
practices and government legislation. This work
provides an essential framework for understand-
ing the evolution and growing importance of GSCs
in today’s business environment. Schaltegger and
Wagner (2017) and Muhammad et al. (2021) have
focused on the relationship between firms’ green
behaviors and their long-term performance. Their
research highlighted the importance of evaluat-
ing economic, social, and environmental perfor-
mance to ensure long-term viability, underlining
the need to adopt sustainable practices. De et al.
(2020) and Tkram et al. (2018) examined the im-
pact of supply chain management practices on
customer satisfaction and environmental sustain-
ability. Their results showed an increasing adop-
tion of green practices by manufacturing compa-
nies, positively affecting sustainable performance,
profitability, and market share.

Govindan et al. (2015) and Gupta (2019) investi-
gated green manufacturing practices in Pakistani
manufacturing firms, demonstrating their di-
rect link to sustainable performance and mar-
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ket attractiveness. Liobikiené et al. (2016) and
Khoiruman and Haryanto (2017) explored the
link between green purchasing practices and en-
vironmental management, highlighting the in-
creasing importance of green criteria in purchas-
ing decisions. Fernando and Rou Uu (2017) ex-
plored eco-design strategies in business manage-
ment, highlighting how eco-design can contribute
to better sustainable performance by influencing
product production, packaging, and distribution.
Recker (2016) and Anthony (2016) examined the
role of green information systems in GSC manage-
ment, highlighting their importance in facilitating
sustainable business performance by providing
crucial information for product life cycle analy-
sis and environmental management. Khoiruman
and Haryanto (2017) highlighted the critical link
between green procurement and sustainable cor-
porate performance. These practices strengthen
companies’ reputation in the market while ensur-
ing that the products purchased respect the envi-
ronment, thus contributing to long-term sustaina-
ble performance.

De Brito and Dekker (2004) studied the benefits
of reverse logistics programs for organizations.
Results showed that these programs provide di-
rect monetary benefits by reducing raw material
use and disposal costs, highlighting the link be-
tween reverse logistics practices and sustainable
environmental performance. Sharif et al. (2020)
examined the impact of reverse logistics sys-
tems on organizational structure and relation-
ships within companies. Their results indicated
that organizations focused on reverse logistics
systems reorganize their structures, promot-
ing knowledge sharing and decision-making,
contributing to more efficient and green supply
chain management. Shao (2013) and Soni and
Kodali (2012) highlight the importance of sup-
ply chain agility in improving companies’ ener-
gy efficiency and sustainable environmental per-
formance. Their research highlights the need to
collaborate with suppliers and customers to re-
structure functions and align with sustainability
goals. Muduli et al. (2020) look at the behavioral
aspects of organizations in the context of GSC.
Their study identifies the key behavioral factors
that influence the effective implementation of
these practices. They emphasize the importance
of these behavioral aspects in improving energy
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efficiency and highlight the crucial role of envi-
ronmental management in the effectiveness of
GSCs.

Kitsis and Chen (2021) converged toward a com-
mon conclusion: environmental initiatives posi-
tively impact company performance. Kitsis and
Chen (2021) highlight the importance of man-
agement commitment to the environment in im-
plementing effective green practices. Similarly,
Vachon and Klassen (2008) establish a correla-
tion between environmental practices and im-
proved corporate performance, highlighting the
importance of adopting environmental measures.
Lintukangas et al. (2016) highlight the essential
role of environmental initiatives in responding to
stakeholder pressure while preserving corporate
reputation. Meanwhile, Habib et al. (2021) and
David and Muthini (2019) focused on the impact
of institutional pressure on the adoption of GSC
practices. These studies highlight that institution-
al pressures strengthen the relationship between
green manufacturing and sustainable perfor-
mance while positively influencing supply chain
relationship management and sustainable supply
chain design. Regarding the role of government,
Govindan et al. (2015), Mhelembe and Mafini
(2019), and Pakdeechoho and Sukhotu (2018) ex-
amine the role of government rules, regulations
and incentives in the mandatory adoption of flex-
ible GSC management practices by companies.
These studies conclude that government interven-
tions, such as mandatory regulations and finan-
cial incentives for the training and development of
GSC management initiatives, play a crucial role in
promoting these practices.

In order to study the problem of the study, nine
research hypotheses are to be considered: the first
six are the main research hypotheses (HI to H6),
and other hypotheses relate to the control var-
iables (H7 to H9). The research hypotheses are
therefore given below:

HI:  Greater economic efficiency within a compa-
ny is positively associated with the adoption
of GSC practices.

H2: Better energy efficiency in a company is pos-

itively associated with the adoption of GSC
practices.

http://dx.doi.org/10.21511/ee.14(2).2023.09



H3:  Economic efficiency coupled with energy effi-
ciency has a positive impact on the adoption
of GSC practices.

H4: Stakeholder pressure is positively associated
with the adoption of GSC practices.

H5:  Government incentives are positively associ-
ated with the adoption of GSC practices by
companies.

H6: Government incentives coupled with pres-
sure from stakeholders have a positive im-
pact on the adoption of GSC practices.

H7:  Director age has an impact on the adoption
of GSC practices.

H8:  Company size influences its adoption of GSC
practices.

H9:  Company profitability is positively associat-
ed with its adoption of GSC practices.

2. METHODOLOGY

The study focuses on 222 Moroccan SMEs from
various sectors, chosen from 500 companies that
were approached, with a response rate of 44.4%
(222 out of 500). Non-respondents either refused
to participate or provided incomplete or unusa-
ble data. Probit regression was used to study the
adoption of GSC practices. In the face of the col-
linearity observed in a basic model, two alterna-
tive models are proposed, in which variables with
interactions are examined separately to better un-
derstand their individual and combined influence
on the adoption of GSCs.

2.1. The basic model (collinearity
problems)

The research model aims to analyze the impact of
different factors on the adoption of green supply
chain adoption (GSCA) practices in companies.
This adoption is coded in a binary way: a score of
1 indicates that the company agrees to adopt these
practices, while a score of 0 indicates the opposite.
The main objective of the model is to examine the
probability of a company adopting GSC practices.

http://dx.doi.org/10.21511/ee.14(2).2023.09
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Economic efficiency (EEF) is measured by the in-
verse of the ratio of operating costs to value gen-
erated. Energy efficiency (ENE) is based on energy
consumption in relation to quantities transported
per kilometer. Government incentives (GIN) are a
binary variable that indicates whether the company
is willing to adopt GSC practices in the presence of
government incentives. Stakeholder pressure (STP)
is a binary variable reflecting pressure from cus-
tomers, suppliers, shareholders, or environmental
groups. The age of the director (DAG) is the age of
the company’s director, which can influence his or
her propensity to adopt innovations and sustainable
practices. Company size (CSZ) is determined by the
number of employees. Company profitability (CPF)
is measured by net margin. The basic model for the
study is given as:

GSCA = B, + B,- EEF + 3, - ENE +
B, - EEF -ENE +p, - GIN +f; - STP +
+p, - GIN -STP +

Control variables

+,-DAG + - CSZ + 3, -CPF + p.

@

Table 1 summarizes the hypotheses, the associat-
ed variables, and the direction of correlation for
each hypothesis in the study on adopting GSC.

Table 1. Hypotheses and the variables
that represent them

{  Correlation
Hypothesis i Variable(s) : . .
yp : (s) : direction
H1: Economic efficiency EEF ‘ Positive

ENE

ergy efficiency Po
H3: Economic and energy

- ) ) Positive
efficiency interaction

EEF - ENE
GIN Positive
STP
He6: Interaction of government
incentives and stakeholder GIN - STP
pressure :

H4: Government incentives

H5: Stakeholder pressure Positive

Positive
DAG

CSz
CPF

egative

Positive

The model also includes interactions between cer-
tain variables, such as EEF - ENE and GIN - STP,
to highlight that the impact of specific factors can
be modified or reinforced by the presence of oth-
er variables. Control variables such as DAG, CSZ,
and CPF are included to ensure that the analysis
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Table 2. Descriptive statistics

Variable | GSCA . EEF : ENE @ EEF-ENE GIN STP | GIN-STP | DAG csz CPF
Mean 0635 0158 19244 0305 0585 : 05260 0309 47955 . 13897 : 00900
Median 1.000 0.160 1.945 0.30998 1.000 0.534 0.3194 47.252 137.145 0.090
w1000 “oas e osoos o000 Lisoaasa0esrmoassoany
Minimum 10000 : 0088 : 0675 : 00844 :. 0000 : -0.044 : -00444 :@ 26800 : 32285 0.0573
Std. Dev. 0.4811 ¢ 0.023 0.481 0.0877 0.4937 0.1993 0.3049 9.6475 33.528 0.0115
Scewness " oser o299 “o0ssooser “osen o204 omes 0303 0000 ocars
Kurtosis . ..:.1:338 : 3030 : 3.279 3070 i (L1120 0 8322 ¢ 1724 02952 3262 3.164 .
Jarque-Bera 38.05 3.319 0.880 0.3211 37.134 2.7454 18.771 3.4239 0.6391 0.5349
Probabiity 0000 | 0190 0643 = 08516 00000 02534 0000 . 01805 _ 07264 07653
SUM 142,00 35,289 ¢ 427,22 § | 67.908 i 130,000 : 116.785 @  68.794  : 10646.14 : 3085297 : 19.98158
.SumsSg.Dev. @ 51.171:0.1200:51133 : 17014 % 53.873 1 8780 : 2054  :.205697 : 2484447 . 0029
Observations 222 222 222 222 222 222 222 222 222 222

Note: EEF = Economic efficiency; ENE = Energy efficiency; EEF - ENE = Economic and energy efficiency interaction; GIN =
Government incentives; STP = Stakeholder pressure; GIN - STP = Interaction of government incentives and stakeholder
pressure; DAG = Age of director; CSZ = Company size; CPF = Company profitability.

takes into account different organizational and fi-
nancial aspects that may influence the adoption of
GSC practices.

Analysis of the descriptive statistics for the sample
(Table 2) reveals some interesting trends, particu-
larly in the distribution of binary variables such as
GSCA and GIN. The high mean of GSCA (0.639)
indicates that most companies in the sample agree
to adopt GSC practices. Similarly, the mean of GIN
(0.585) suggests that most companies benefit from
government incentives. These distributions may
influence the Probit model results, as an uneven
distribution of binary values (many 1s and few Os,
or vice versa) may bias the estimates. On the other
hand, the standard deviation of GSCA (0.481) and
GIN (0.493) shows a moderate variation among
companies, which is relevant for the interpretation
of the effects in the model. In addition, continuous
variables such as EEF, ENFE, and CPF, show relative-
ly low standard deviations, indicating less variabili-
ty in these measures within the sample.

The analysis of the Ramsey RESET test in Table 3
is used to check the adequate specification of the
model. This test assesses whether the omitted var-
iables, in this case, the squares of the fitted values,
are significant in the model. According to the re-
sults, the t-statistic and the F-statistic both have a
probability value of 0.185, and the likelihood ratio
has a probability value of 0.156. These values sug-
gest that the omitted variables are not statistically
significant in the model at a conventional confi-
dence level (such as 0.05 or 0.01).

118

The relatively high probability value indicates no
strong evidence of omitted variables significantly
affecting the model results. This can be interpreted
as an indication that the model is correctly speci-
fied and that there is no clear evidence of significant
non-linearity or other forms of misspecification.

Concerning the F-test summary, the SSR (sum of
squares of residuals) tested has a value of 1.040,
while the restricted SSR is 0.188 and the unre-
stricted SSR is 0.184. These values indicate that
the addition of the omitted variables has not sig-
nificantly improved the model’s fit, reinforcing
the conclusion that the current model is adequate
without these additional variables.

Table 3. Ramsey RESET test

Omitted Variables: Squares of fitted values

Test df Probability
t-statistic o 0.185
Easte o oas
Likelihood ratio ; 1 0.156
F-test summary
Restricted SSR 212 0.188
R e

Analysis of the correlation matrix (Table 4) re-
veals that the interaction variables in the model
have a high correlation between EEF - ENE and
its initial variables (EEF and ENE) with correla-
tion coeflicients of 0.484 and 0.864, respective-
ly, indicating a strong relationship. Similarly, the
correlation between GIN - STP and GIN is very

http://dx.doi.org/10.21511/ee.14(2).2023.09
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Correlation
- GSCA EEF ENE :EEF-ENE: GIN STP  (GIN-STP: DAG csz CPF
Probability
1.000
GSCA _ _ _ _ _ _ _ _
0.358 1.000
EEF o - - - - - - -
""""""""" 0000 & - ¢ )
0.181 -0.002 ¢ 1.000
ENE = - - - - - -
""""""""" 0.007 0979 ¢ -
0.319 0484 | 0.864 i 1.000
EEF - ENE o o - - - - -
""""""""" 0000 ¢ 0000 ¢ 0000 - )
o -0.060 i 0015 : -0001 : 0003 : 1.000
""""""""" 0.373 0820 : 0984 : 0962 - )
s1p 0.024 0.001 : -0109 : -0.106 : 0.019 1.000
""""""""" 0.724 0987 : 0105 : 0115 : 0782 -
0.038 0031 { -0.043 i -0.033 i 0.857 0.422 1.000
GIN - STP o o o R - -
""""""""" 0573 | 0643 | 0520 { 0620 i 0000 : 0000 -
DAG -0202 : 0001 ¢ -0.034 : -0023 : 0107 : 0014 : 0067 1.000
""""""""" 0003 : 0988 : 0616 : 0732 : 0114 & 0836 : 0321 -
s 0.047 0.054 : -0131 ¢ -0098 : -0.106 0085 : -0.044 0029 : 1.000
""""""""" 0484 : 0424 ¢ 0051 : 0147 : 0116 : 0206 : 0518 0.666 -
-~ 0104 { -0023  -0032 { -0.030 i -0.042 ' -0062 : -0.020 -0.002 § 0.080
0.123 0.731 0.631 0.657 0.537 0.358 0.768 0.974 0.236

Note: EEF = Economic efficiency; ENE = Energy efficiency; EEF - ENE = Economic and energy efficiency interaction; GIN =
Government incentives; STP = Stakeholder pressure; GIN - STP = Interaction of government incentives and stakeholder

pressure; DAG = Age of director; CSZ = Company size; CPF = Company profitability.

high (0.857), suggesting a strong association. This
high correlation between the interaction variables
and their initial variables is expected and logical.
In statistical models, an interaction variable is the
product of its original variables. Consequently, it
is natural for a strong correlation to exist, as these
interaction variables are not independent of their
constituent variables. For example, an increase in
EEF or ENE would probably result in an increase
in EEF - ENE, which explains the high correlation
observed. However, this high correlation can pose
a problem of multicollinearity, where the inter-
acting variables are so correlated with the origi-
nal variables that it becomes difficult to isolate the
unique effect of each variable on the dependent
variable. Multicollinearity can make the model’s
coefficients unstable and their interpretation less
reliable.

2.2. Alternative models

A more advanced test of collinearity, such as the
Variance Inflation Factor (VIF) in Table 5, is war-
ranted in the analysis because of concerns raised
by the high correlation between some of the
variables, particularly the interaction variables.

http://dx.doi.org/10.21511/ee.14(2).2023.09

Analysis of the VIFs in the base model reveals sig-
nificant multicollinearity concerns, particularly
for the interaction variables EEF - ENE and GIN
- STP, as well as for EEF and ENE. The high VIFs
for these variables indicate a strong correlation be-
tween them, which is consistent with the observa-
tions of the correlation matrix. This high collin-
earity may affect the accuracy and interpretation
of the coefficients of these variables in the model.
In contrast, variables such as DAG, CSZ, and CPF
show relatively low VIFs, suggesting less problem-
atic collinearity for these variables.

To overcome collinearity, this study proposes two
alternative models. The first model excludes the
interaction variables (EEF - ENE and GIN - STP)
to focus on the direct effects of economic efficien-
cy, energy efficiency, government incentives, and
stakeholder pressure. This approach aims to clar-
ify the interpretation of the individual effects of
each variable by reducing multicollinearity. The
second model, on the other hand, eliminates the
original variables and focuses solely on their in-
teractions, emphasizing the importance of these
interactions in the adoption of GSC. Each mod-
el offers a different perspective: the first simplifies
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Table 5. Variance inflation factors for the base model

. Coefficient Uncentered Centered
Variable "
Variance VIF VIF
C 0.719819 846.8423 NA
eer 22.78490 eo1.8568 . 1449763
ENE 0.160150 7411714 “iaasgse
EEF 6.311859 751.7467 56.91138
N 0.030000 2066763 8564962
L 0.058901 2191726 b 2740770
GIN - STP 0.094937 21.06240 10.33685
OAG 9.40E.06 26.46355 L0221
ST 8.00E-07 19.23495 b 1.053460
CPF 6.612588 64.06142 1.037650

Note: EEF = Economic efficiency; ENE = Energy efficiency; EEF - ENE = Economic and energy efficiency interaction; GIN =
Government incentives; STP = Stakeholder pressure; GIN - STP = Interaction of government incentives and stakeholder
pressure; DAG = Age of director; CSZ = Company size; CPF = Company profitability.

the analysis by focusing on direct effects, while the
second explores the dynamics of interactions. The
two models are given as follows:

Alternative model 1:

GSCA= B, + B,- EEF + 3, - ENE +

+B,-GIN +f, - STP + ©)

Control variables

+ B -DAG + 5, -CSZ + 3, -CPF +pu.

Alternative model 2:
GSCA = B, + B, - EEF -ENE +
+p,-GIN - STP +

Control variables

+ B, DAG+ p,-CSZ + 5, - CPF +pu.

©)

3. RESULTS AND DISCUSSION

The results of the Ramsey RESET tests for the
two alternative models given in Table 6 of the
study suggest that each model is correctly spec-
ified with no significant omitted variables. In
Alternative Model 1, which excludes interaction
variables, the high probabilities for the t-sta-
tistic, F-statistic, and likelihood ratio indicate
the absence of significantly omitted variables.
Similarly, Alternative Model 2, which focuses
on the interaction variables by excluding the
original variables, shows slightly lower prob-
abilities but still above the critical thresholds,
suggesting good specification. The minimal

120

differences between the restricted and unre-
stricted SSRs tested in the two models reinforce
this conclusion. These analyses indicate that
both models are appropriate for studying the
adoption of GSCs without significant concerns
about misspecification.

Table 6. Ramsey RESET tests for the two
alternative models

Omitted Variables: Squares of fitted values
The alternative The alternative

Test model 1 model 2
Df  Probability | df  Probability
tstatistic 213 0273 ¢ 215 . 0138
F-statistic (1,213) : 0.277 (1,215) 0.138
Likelihood ratio: 1 . 0226 . 1 . 0131

F-test summary
The alternative

The alternative

model 1 model 2
Test i i
df Mean Mean
Squares Squares
TESLSSR L 318 ..
Restricted SSR. 216 0.199 |
Unrestricted 15 0.185

SSR

The VIF factors in Table 7 for alternative mod-
els show a significant improvement in the man-
agement of collinearity. In Alternative Model 1,
the centered VIFs are close to 1 for most varia-
bles without the interaction variables, indicat-
ing a significant reduction in multicollinearity.
Similarly, Alternative Model 2, which focuses
on the interaction variables by eliminating the
original variables, also shows low-centered VIFs
for these interaction variables. These results
suggest that both alternative models have effec-

http://dx.doi.org/10.21511/ee.14(2).2023.09
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Table 7. Variance inflation factors for the two alternative models

Alternative model 1

Alternative model 2

veriable ¢ Coefficlent Uncentered VI Centered VI ocuient  Uncentered  Centered

C : 0.153298 181.2173 NA 0.105293 117.1274 NA

: 1.570608 47.9204 1.004157

USSR . 300
R ENE T e e e D EEBO93 1 13:36062
GIN 0.003577 2.475925 1.026059 - - -
ST OOPIS8S  BASMST NGB T
GIN - STP - - - 0.009793 2.054402 1.008245
DAG o 92606 FOI82 10140A4 . OJGE06 2SO7LSS 1005866
ez S FOLER0T L9272 Leskas L 8lsenr . 18e01s8 ) Lo18vel |
CPF 6.430453 62.59656 1.013922 6.788493 62.18422 1.007243

Note: EEF = Economic efficiency; ENE = Energy efficiency; EEF - ENE = Economic and energy efficiency interaction; GIN =
Government incentives; STP = Stakeholder pressure; GIN - STP = Interaction of government incentives and stakeholder
pressure; DAG = Age of director; CSZ = Company size; CPF = Company profitability.

tively mitigated collinearity problems, thereby
strengthening the reliability of model estimates
for the analysis of GSCs adoption.

The Breusch-Pagan-Godfrey tests (Table 8) ap-
plied to the alternative models show the absence
of significant heteroscedasticity in both cases.
In Alternative Model 1, the probabilities for the
F-statistic and the Obs - R-squared test exceed
the usual thresholds, indicating constant error
variance. Similarly, Alternative Model 2 also dis-
plays high probabilities for these tests, suggesting
stability in error variance even when focusing on
interaction variables. These results indicate that
heteroscedasticity is not an issue in these models,
which is crucial for the reliability of estimates and
hypothesis testing in the study of the adoption of
GSC practices.

In the context of Probit models, the distribution of
residuals does not necessarily have to follow a nor-
mal distribution since the normality assumption
concerns the latent variable and not the residuals
themselves. The probabilities of the Jarque-Bera
test (Figure 1) are 0.560 for Model 1 and 0.402 for
Model 2, suggesting that the assumption of nor-
mality of the residuals should not be rejected for
either model. The model statistics show residuals

with skewness and kurtosis close to the values ex-
pected for a normal distribution, and the Jarque-
Bera tests do not indicate any significant deviation
from normality. Although the normality of the
residuals is not required, these results suggest no
underlying problems with the data or the specifi-
cation of the models, thus contributing to the ro-
bustness of the Probit estimates obtained.

Table 9 shows the results of the Probit regres-
sions for the alternative models. In Alternative
Model 1, economic efficiency (EEF) and energy
efficiency (ENE) are significant factors with pos-
itive coeflicients. This observation confirms HI
and H2, indicating that more economically and
energy-efficient companies are more inclined to
adopt GSC practices. Stakeholder pressure (STP)
also has a positive and significant impact, sup-
porting H5, suggesting that companies are influ-
enced by external expectations and pressures to
adopt more sustainable practices. On the other
hand, government incentives (GIN) do not signif-
icantly affect the adoption of GSC, not support-
ing H4. This could indicate that in the context of
the sample studied, government policies alone
are not sufficient to motivate companies to adopt
such practices without the presence of other in-
fluential factors.

Table 8. Heteroscedasticity test (Breusch-Pagan-Godfrey)

Test

Alternative model 1

Alternative model 2

F-statistic I 'F"Hrob. F(7,2}4) 0.1091 E"I"Ob. F(5,g}6) 0.4090
Obs - R-squared I Prob. Chi—quﬂa‘re(7) ~0.1001 Prob. Chi—SqHL'J‘qre(S) 0.4201
Scaled explained SS Prob. Chi-Square(7) 0.4068 Prob. Chi-Square(5) 0.3043
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Alternative Model 2 focuses on the impact of in-
teractions between variables. The combination
of economic and energy efficiency (EEF - ENE)
shows a positive and significant effect, confirm-
ing H3. This observation suggests that compa-
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Figure 1. Residual normality tests for the two models

nies are more likely to adopt green supply chains

when they achieve synergy between cost savings
and energy efficiency. Similarly, the interaction of

Table 9. Probit regression results

government incentives with stakeholder pressure
(GIN - STP) also shows a significant positive effect,
validating H6. This indicates that government in-
centives can be more effective when combined
with stakeholder pressure.

Director age (DAG) is negatively correlated in
both models, suggesting that older executives may

Alternative model 1

Alternative model 2

Variable Coefficient | Std.Error | z-Statistic : Prob. : Coefficient @ Std.Error | z-Statistic . Prob.
Co..i..-23663* | 1244968  -1900694 . 0955124 . 060767
EEF 4.381393 5.180044 -
ENE . 0200651 | 2722832 -
EEFENE - A B 1079598 467927
GIN 0.191942 -0.676108 - -
STP ... 08275** 0467109 1985674 AR S-S B
GINGSTP i " e 0.298942 :©  2.94261
DAG —0.0301*** 0.01002 —3.008589 0.009731 —2.97855
CsZ ... 0002 | 000285 . 0926983 0002761 )
CPF 23.3960** 10.66544 2.193627 7.515118 2.15801 .0320

Note: *** Significant at 1%; ** significant at 5%; * significant at 10%. EEF = Economic efficiency; ENE = Energy efficiency;
EEF - ENE = Economic and energy efficiency interaction; GIN = Government incentives; STP = Stakeholder pressure; GIN - STP
= Interaction of government incentives and stakeholder pressure; DAG = Age of director; CSZ = Company size; CPF = Company

profitability.
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be less likely to adopt GSC practices, a finding
that challenges H7. This result could reflect gener-
ational differences in attitudes toward sustainable
practices. Firm size (CSZ) was not significant in
either model, which does not allow definitive con-
clusions to be drawn regarding its impact on the
adoption of GSC (H8). Finally, company profitabil-
ity (CPF) shows a positive and significant relation-
ship in both models, supporting H9. This implies
that more profitable companies may be better po-
sitioned financially to invest in sustainable initia-
tives. Thus, the results highlight the importance of
economic and energy efficiency, stakeholder pres-
sure, and the combination of these factors with
government incentives for adopting green supply
chains. The results also highlight the potential role
of managerial characteristics and the company’s
financial situation in these decisions.

Economic and energy efliciency are key indica-
tors for adopting GSC practices, aligned with the
findings of Govindan et al. (2015) and Ansari and
Kant (2017). These results suggest that managers of
economically and energy-eflicient firms recognize
the benefits associated with the adoption of GSCs,
particularly in terms of reduced energy costs and
improved economic efficiency. Thus, adopting
these practices is not perceived as a constraint but
rather as a strategic advantage for the company.

Environmental Economics, Volume 14, Issue 2, 2023

On the other hand, government incentives alone
do not seem to significantly impact the adop-
tion of sustainable practices, contrary to the
suggestions of De et al. (2020). However, when
combined with stakeholder pressure, their ef-
fectiveness is notable, corroborating the ideas of
Schaltegger and Wagner (2017). In addition, the
study reveals a trend where younger leaders are
more willing to adopt sustainable supply chain
practices. This finding may indicate generation-
al differences in the perception of sustainability
and highlights the importance of educating and
raising awareness of these issues among leaders
of all ages.

Concerning company size, no significant im-
pact was observed on the adoption of green
practices. On the other hand, a positive corre-
lation between profitability and adopting such
practices was established, confirming the find-
ings of Khoiruman and Haryanto (2017). This
indicates an awareness among managers that
such practices not only enhance the company’s
reputation but also ensure that the products ac-
quired are environmentally friendly, contribut-
ing to long-term sustainable performance. It al-
so suggests that financial resources are crucial
to a company’s ability to adopt sustainable prac-
tices such as GSCs.

CONCLUSION

The paper examines the influence of various factors, such as economic and energy efficiency, govern-
ment incentives, stakeholder pressure, manager age, company size, and profitability, on adopting GSC
practices. This study offers a perspective on the adoption of GSC in Moroccan SMEs. It highlights the
determining factors and dynamics influencing this adoption. The multidimensional analysis highlights
the significance of companies’ economic and energy efliciency in adopting GSC practices. It reveals that
companies that achieve economic and energy efficiency synergy are more likely to integrate sustainable
practices into their operations. Significantly, the study challenges the widely held belief that government
incentives alone are sufficient to encourage the adoption of sustainable practices. On the contrary, these
incentives are much more effective when combined with stakeholder pressure. This finding underlines
the importance of a collaborative approach involving government policies and stakeholder engagement
to achieve a greener supply chain.

Another interesting finding is the role of the age of the leader. The study indicates that younger leaders
are more likely to adopt GSC practices, highlighting generational differences in attitudes toward sus-
tainability. This suggests a growing need to educate and train leaders of all ages on the importance and
benefits of sustainable practices. In terms of company size, the study found no significant correlation
with adopting green practices, indicating that other factors, such as organizational culture and man-
agement capabilities, may be more influential. However, the positive correlation between profitability
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and the adoption of green practices indicates that financially stable companies are more willing to im-
plement sustainable initiatives, highlighting the role of financial resources in facilitating the transition
to greener supply chains.
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