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Objective: The purpose of this study was to determine third- and fourth-party
logistics services based on green supply chain management, using cross-efficiency
and multi-criteria decision making.

Methods and Materials: In this study, Interpretive Structural Modeling (ISM)
was employed, and certain companies from the Rasht Industrial City were selected
for the analysis. The opinions of 10 experts were used both qualitatively and
quantitatively. Influential indices were identified using the fuzzy Delphi technique,
and the indices were weighted through the fuzzy analytic hierarchy process.
Findings: The results of the evaluation of sustainable third- and fourth-party
logistics service providers were obtained using the SuperDecisions method.
Finally, key components influencing the establishment of 3PL and 4PL companies
in the construction industry were identified as economic, environmental, and social
factors. In terms of priority and importance, the economic index (with an average
weight of 0.485) was ranked first, followed by the environmental index (weight of
0.350), and lastly, the social index (average weight of 0.181). Furthermore, it was
found that five companies, Al to A5, were identified as large companies, with
company A3 having the highest sustainability score and company A4 the lowest
performance in sustainability.

Conclusion: Ultimately, it was determined that for any organization aiming to
achieve an effective and sustainable supply chain, the most suitable logistics
service providers in the supply chain will be third- and fourth-party logistics
providers.

Keywords: Logistics, Cross-Efficiency, Supply Chain, Multi-Criteria.
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1 Introduction

espite the significance of the economy and its vital

importance for the country, and despite the numerous
available opportunities, a cohesive plan for leveraging these
opportunities has yet to be implemented. One highly value-
generating area is the country’s goods transit sector, which,
according to economic experts, if optimally utilized, holds
the potential for Iran to become a transit hub for the four
major continents. In military battles, logistics issues often
play a crucial role in determining the overall outcome of
wars, especially since logistics is a terrestrial matter, and
military logistics units, which are a type of military
organization, must continue their activities in a more
complex environment than before (Yu, 2024). Therefore,
like other organizations, they must enhance their agility and
flexibility (Garmash et al., 2024). The future ground force
will be less focused on size and more reliant on dynamism
and speed. The concept of logistics has evolved, and today,
logistics involves adaptive recognition and response to the
environment, which can quickly identify environmental
needs and adapt to meet those needs. It is evident that this
chain is only as strong as its weakest link, and any mistake
anywhere in this chain can threaten the internal process of
the chain (Naganawa et al., 2024). This issue necessitates
attention to modern information and communication
technologies, which have had a considerable impact on
logistics and related concepts. One of the concepts
transformed by advancements in science and the
development of electronic technologies is e-logistics. E-
logistics lays the foundation for improved organizational
processes through real-time transparency, borderless
communication, and shared solutions in the supply chain,
ultimately aiding in the implementation of the electronic
supply chain (Klumpp et al., 2013). Today, because many
organizations view improving their supply chain as the path
to success, logistics has become a significant concern for
senior managers, especially in military organizations. In fact,
it can be said that e-logistics has become a key competitive
weapon (Ifekanandu et al., 2024).

By examining the leading logistics countries globally, it
is observed that some of them, despite having less than one-
third of Iran’s logistical advantages, have positioned
themselves as leading logistics countries and, in some cases,
earn more than Iran’s 0il revenues (for example, Singapore)
(Ristovska et al., 2017). Despite all the existing facilities and
opportunities for transforming the country into a logistics
center, unfortunately, we have not been able to make proper
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use of these divine gifts and our long-standing history in
logistics and commerce. It can even be said that over the past
century, logistics and commerce development has never
been among the country’s top goals and programs; in fact, it
has not even received the attention it deserves within its
capabilities. While the primary concern of the country's
planning system in recent decades has been industrial
development, and the more industrial the development plans
have become, the more praise they have received, some
neighboring countries have rightly understood the
environmental conditions and foresight and have skillfully
capitalized on the unique position of the Middle East to
develop their logistics and trade (Omoush, 2022). Today, the
world recognizes an oil-rich country like the UAE not for its
oil wells but for being a logistics hub (Kern, 2021).

The term logistics, in its broader and more modern sense,
was first emphasized in Jomini's theory of war. This theory
was published in 1838 after the author had served under
Napoleon. In explaining the triangle of strategy, tactics, and
logistics, or their mutual interrelationship, Jomini described
logistics as the means and arrangements that make it possible
to implement strategy and tactics. With the addition of issues
such as manufacturing, procurement, and orders to
distribution management, the concept of "logistics"”
emerged. Logistics science typically covers everything from
estimation, supply, maintenance, and storage of raw
materials to distribution of goods, as well as after-sales
services, meaning from the first supplier to the final
consumer, providing services along the way (lulia et al.,
2022; Naganawa et al., 2024; Ningrum et al., 2024).

Logistics activities include ordering, purchasing,
inventory control, facility planning, and transportation
within the supply network and flow through three stages:
supply, production, and distribution. In fact, suppliers,
producers, and distributors have increasingly focused on
logistics systems as a way to reduce costs and improve
responsiveness to customers (i.e., delivering the product at
the time and place the customer desires). To this end,
integrating total cost within the logistics network is key to
effective organizational logistics management. Effective
integrated logistics management can only be achieved
through organizing logistics as a system and minimizing
total costs in customer service (Sergiy etal., 2022; Yu, 2024;
Zhang, 2018).

Logistics management establishes the connection and
interaction between logistics levels with supply sources on
the one hand and consuming units in the organization on the
other, such that it provides the best goods and materials to
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those in need of logistics services at the lowest cost. In
return, by receiving corrective feedback from both sides and
transmitting it to the units, this interaction is maximized to
increase productivity (Lynch et al., 2000). Logistics
management is one of the central elements responsible for
designing, planning, policy-making, developing work
methods, coordinating tasks, issuing instructions, and
overseeing logistics matters, and its performance quality
directly impacts the organization’s main operations (Zhang,
2018).

Essentially, logistics management is a comprehensive
process aimed at optimizing the flow of materials and
supplies through the organization and its operations for the
customer. In principle, logistics management is an
information-based planning and operational process. Market
requirements, through this planning process, are converted
into production requirements and then into material needs
(Linetal., 2023).

Supply chain management (SCM) is another concept
referenced in the definition of logistics. Supply chain
management encompasses all activities related to the flow of
goods, from raw material supply to final product delivery to
the consumer (Alhalalmeh, 2022). As such, suppliers of
materials and components, manufacturers, distributors, and
end consumers are considered elements of the supply chain.
SCM is the process and activity of sourcing raw materials or
organizational components that a company needs to create a
product or service and deliver it to customers. The goal of
SCM is to improve the performance of these components
(Maloni et al., 2024).

The six main components of this process are planning,
finding appropriate resources, production, distribution of
goods, support, and final evaluation. Ensuring sustainable
development for any country depends on the conservation
and optimal use of limited and non-renewable resources.
Government regulations for environmental standards and the
growing demand from consumers for green products in the
supply chain (which includes all activities related to the
complete flow from raw materials to the delivery of goods
to end consumers) have led to the emergence of the concept
of green supply chain management (GSCM), which covers
the product life cycle stages from design to recycling
(Jangid, 2022). Adopting a green procurement investment
strategy in the field of improving the environmental
performance of the supply chain brings numerous benefits
for companies and organizations, such as energy savings,
pollution reduction, waste elimination or minimization,
creating value for customers, and ultimately enhancing
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productivity (lulia et al., 2022). Various definitions of
GSCM exist in the literature, some of which are presented in
this study.

This process is rooted in both environmental management
and supply chain management literature. Adding the "green”
component to supply chain management involves addressing
the impact and relationships between SCM and the natural
environment. Supply chain management includes product
design, sourcing and material selection, production
processes, delivery of the final product to consumers, and
post-use product lifecycle management (Jaggernath, 2015;
Ningrum et al., 2024; Sergiy et al., 2022). Green design is
widely used in the literature to indicate the design of
products with specific environmental considerations. This
involves systematically addressing design issues related to
environmental safety and health throughout the product's
entire lifecycle and its process development (Alawamleh et
al., 2022). Green operations pertain to all aspects related to
production, product regeneration, use, handling, logistics,
and waste management after the finalization of the design.
The goal of green production is to reduce environmental
burden by using appropriate materials and technologies,
while remanufacturing refers to the industrial process in
which worn products are restored to a like-new condition
(Mohsin et al., 2023).

Given the importance of logistics in various industries,
the construction sector, which plays a critical role in
sustainable development and the preservation of the human
environment, highlights the need to assess the performance
of construction contractors from a GSCM perspective. This
study aims to analyze the environmental concerns at various
stages in this industry and examine how contractors can
make successful choices by employing efficient logistics
providers in different sectors. Ultimately, the study seeks to
present an effective model for sustainable logistics in the
construction industry as a case study to address this
significant necessity.

2 Methods and Materials

This research is categorized as a causal study, as it
investigates the causal relationship between variables. In this
context, the statistical technique of structural equation
modeling (SEM), a method for examining causal
relationships, was used. However, based on the research's
objective, the method is applied research because the
researcher aims to provide practical solutions for the issue
under investigation by collecting data from the target
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population and analyzing the data, which can be useful for
the target population.

A questionnaire is one of the most common tools for
measurement and is a direct method for collecting research
data. The questionnaire is a set of written questions designed
around the variables of a research problem and is completed
by respondents either in person or remotely, directly or
indirectly.

Various methods are used to determine the validity of the
test. In this study, the content validity method was used. In
this approach, the quantity and quality of the questions were
evaluated by experts. To assess validity, the initial
questionnaire was designed based on the researcher’s studies
and reviewed by university professors. After making
necessary revisions, the questionnaire was distributed to 5
members of the target population for feedback on the
designed questions, and the final questionnaire was prepared
for broader distribution.

In this study, Cronbach's alpha was used to measure the
reliability of the questionnaire. The formula for Cronbach's
alpha is as follows (Zakariya, 2022):

S?
ra: N 1_ZZI
N -1 S,

e o Cronbach's alpha coefficient
e  k: Number of questions in the questionnaire

e o2 i: Variance of responses to the i-th question
e o2 total: Total variance of the questionnaire
responses
SPSS software was used to determine reliability, and the
Cronbach’s alpha coefficient was found to be 0.893,
indicating that the questionnaire has sufficient reliability.

Table 1

Identified Components and Their Variables
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In this research, Interpretive Structural Modeling (ISM)
was used to identify factors affecting the performance of the
green supply chain with a sustainable approach. The
companies in Rasht Industrial City were selected for the
study. The technique used in this research requires collecting
information from relevant experts and experienced
professionals. After extracting the dimensions and indicators
of the study through a literature review, input was obtained
from several university professors in this field. For this
study, 10 experts were selected, consisting of senior
managers from Rasht Industrial City and managers of
companies responsible for supplying raw materials.

Khaddad Hosseini and colleagues (2011) stated that the
number of experts in their research ranged between 4 and 14
individuals. Therefore, the opinions of 10 experts from Rasht
Industrial City companies, who were involved in the subject
of the study and possessed the necessary knowledge and
experience to make logical judgments in this area, were
used.

To collect the required data and assess the research
indicators, a questionnaire specifically designed for
Interpretive Structural Modeling (ISM), which has a matrix
structure, was used. Before being evaluated through the
questionnaire, the research indicators were reviewed by
several experts in the relevant field at universities, and
finally, the agreed-upon questionnaire was used as the data
collection tool for model design.

Based on the literature review, the evaluation indicators
for sustainable third- and fourth-party logistics providers
were identified. These variables, which include economic,
environmental, and social factors, are presented in Table 1.

Variable Components

Economic

Environmental
transportation, dry and hazardous waste management

Cost, quality, timely delivery, technology, financial performance, risk management, geographical location
Environmental management systems, resource consumption, green technology, environmental pollutant emissions, eco-design, green

Social Employee health and safety, customer satisfaction, impact on local communities, flexible employment contracts, workforce stability

and job security, shareholders' rights

After identifying the variables, the influencing indicators
were determined using the fuzzy Delphi technique, based on
feedback from 10 industry experts. To rank and prioritize the
indicators, the fuzzy analytic hierarchy process (FAHP) was
employed. A pairwise comparison matrix questionnaire was
sent to 8 experts from the companies. Finally, each of the

third- and fourth-party logistics service providers was
evaluated and ranked using SuperDecisions software based
on the responses from 8 experts.

3 Findings and Results
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Data analysis is a multi-step process through which the
data collected using the sampling tools are summarized,
coded, categorized, and ultimately processed to facilitate
various types of analyses and establish relationships between
these data for hypothesis testing. The raw data were analyzed
using statistical techniques and then processed into
information for the benefit of users. Since this research
focuses on examining cross-efficiency and multi-criteria
decision-making for selecting third- and fourth-party
logistics services with a green supply chain management
approach, this section reviews the results obtained from the
conducted analyses. All pairwise comparison matrices were
calculated, and the weights of criteria, sub-criteria, and
indicators derived from the supermatrix were examined.

3.1 Identifying Evaluation Criteria for Sustainable
Third- and Fourth-Party Logistics Providers Using
the Fuzzy Delphi Method

In the first step, after a comprehensive review of the
theoretical foundations of the research, 20 sustainability
evaluation indicators for third- and fourth-party logistics

Table 2

Fuzzy Spectrum and Corresponding Verbal Variables
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providers were identified. In the second step, a questionnaire
was sent to a group of specialists related to the research
topic, consisting of 10 experts and industrial professionals,
to determine the influence and relevance of the identified
indicators.

3.2 Weighting Results for the Indicators Using the Fuzzy
Analytic Hierarchy Process (FAHP)

In this phase, to calculate the weights of the indicators
using the FAHP method, a questionnaire was used as the
proposed approach for collecting the necessary data. Based
on the research indicators, a questionnaire with 4 pairwise
comparisons (one for the main indicators and 3 for the sub-
indicators) was designed and completed by 8 industry
experts from the construction sector. The weights of the
main and sub-indicators were obtained using the FAHP
method. The main and sub-indicators were compared
pairwise using verbal variables in the form of a matrix. Table
2 shows the fuzzy spectrum and corresponding verbal
variables used.

Code Verbal Statement Fuzzy Numbers Inverse Fuzzy Equivalent
1 Equal Importance (1,1,1) 1,1,1)

2 Low to Medium Importance (1,2,3) (1, 1/2,1/3)

3 Medium Importance (2,3,4) (1/2, 1/3, 1/4)

4 Medium to High Importance (3.4,5) (1/3, 1/4, 1/5)

5 High Importance (4,5,6) (1/4, 1/5, 1/6)

6 High to Very High Importance (5,6,7) (1/5, 1/6, 1/7)

7 Very High Importance (6,7,8) (1/6, 1/7, 1/8)

8 Very High to Extremely High Importance (7,8,9) (277, 1/8, 1/9)

9 Extremely High Importance (9,9,9) (1/9, 1/9, 1/9)

Table 3 shows the final weights of the main and sub-
indicators of sustainability. Furthermore, the inconsistency
ratio of all calculated indicators was less than 0.1. The final

Table 3

weights of the main and sub-indicators for sustainable third-
party logistics providers are shown in Table 3.

Final Weights of the Main and Sub-Indicators for Sustainable Third-Party Logistics Providers

Main Indicator Main Indicator Weight Sub-Indicator Sub-Indicator Weight Final Weight
Economic 0.479 Cl1 0.165 0.079

C12 0.140 0.067

C13 0.167 0.080

C14 0.097 0.046

C15 0.159 0.076

C16 0.156 0.074

C17 0.116 0.056
Environmental 0.344 C21 0.220 0.075
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C22 0.160 0.055
Cc23 0.207 0.071
C24 0.210 0.072
C25 0.203 0.070
Social 0.176 C31 0.330 0.058
C32 0.200 0.035
C33 0.220 0.039
C34 0.250 0.044

The final weights of the main and sub-indicators for
sustainable fourth-party logistics providers are shown in
Table 4.

Table 4

Final Weights of the Main and Sub-Indicators for Sustainable Fourth-Party Logistics Providers

Main Indicator Main Indicator Weight Sub-Indicator Sub-Indicator Weight Final Weight
Economic 0.491 Cc11 0.176 0.081
C12 0.151 0.078
C13 0.178 0.091
C14 0.099 0.057
C15 0.170 0.087
C16 0.161 0.085
C17 0.127 0.067
Environmental 0.356 Cc21 0.231 0.086
C22 0.171 0.061
c23 0.218 0.082
C24 0.221 0.083
C25 0.214 0.081
Social 0.187 C31 0.341 0.069
C32 0.212 0.046
C33 0.231 0.040
C34 0.261 0.049

Based on the results above, for both third- and fourth-
party logistics, the indicators of timely delivery and cost held
greater importance compared to other indicators. Financial
performance, environmental management systems, risk
management, green transportation, environmental pollutant
emissions, dry and hazardous waste management, quality,
employee health and safety, geographical location, resource
consumption, technology, shareholders' rights, workforce
stability, and flexible employment contracts ranked next in
importance after timely delivery and cost.

3.3  Evaluation Results for Sustainable Third- and
Fourth-Party Logistics Providers Using the
SuperDecisions Method

In this section, five third- and fourth-party logistics
service providers were evaluated using the SuperDecisions

technique. For this purpose, these providers were evaluated
by 8 experts based on 16 criteria agreed upon by the experts
in the fuzzy Delphi method. A questionnaire using a 5-point
Likert scale was designed, and the experts' opinions were
analyzed using the multi-criteria decision-making technique
of SuperDecisions. Using the weights obtained in the
previous phase, the initial supermatrix was formed. In the
supermatrix, the final weights of the research factors were
provided, and the normalized weights for each dimension
were calculated through normalization. Table 5 presents the
evaluation scores of the companies based on the three
strategies Ka, Kb, and Kc.
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Table 5

Scores Derived from the SuperDecisions Method
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Company S P Ka Kb Kc
Al 0.5337 12.6370 0.2067 2.5049 0.8146
A2 0.5557 11.7113 0.1925 2.4705 0.7587
A3 0.6819 15.4867 0.2537 3.1379 1.0000
A4 0.4095 10.5176 0.1715 2.0000 0.6758
A5 0.5087 10.6810 0.1756 2.2578 0.6921
The final ranking of the companies is presented in Table

6.

Table 6

Final Ranking of Companies Using the SuperDecisions Method
Company K Rank
Al 1.9253 2
A2 1.8525 3
A3 2.3907 1
A4 1.5634 5
A5 1.6916 4

Thus, Company A3 ranked first, Company Al second,
Company A2 third, Company A5 fourth, and Company A4
fifth.

Table 7

To further clarify the topic, Table 7 can be presented to
prioritize the key factors influencing the establishment of
3PL and 4PL in contractor companies.

Prioritization and Importance of Key Factors Influencing the Establishment of 3PL and 4PL in Contractor Companies

Main Indicator

Weight of the Main Indicator (Average of Both Parties)

Economic 0.485
Environmental 0.350
Social 0.1815

4 Discussion and Conclusion

4.1  First Question: What are the key factors influencing
the establishment of 3PL and 4PL companies in the
construction industry as a case study?

The results indicate that three main variables—social,
economic, and environmental—are the key factors
influencing the establishment of 3PL and 4PL companies in
the construction industry. This indicates the importance of
social, economic, and environmental utility and the
sensitivity of this issue from the customer's perspective. It
demonstrates that timely delivery and environmental
considerations, as well as the cost-effectiveness of
production or services, are the primary concerns and
expectations from third- and fourth-party logistics
companies. These companies must address challenges such
as short product lifespans, neglect of customer demands, and

time constraints imposed by customers. The solution to these
issues is a commitment to timely delivery and flexibility.

4.2 Second Question: What is the prioritization and
importance of the key factors influencing the
establishment of 3PL and 4PL in contractor
companies?

Based on the evaluations in previous sections, it was
determined that for both third- and fourth-party logistics,
timely delivery and cost hold greater importance than other
indicators.  Financial ~ performance,  environmental
management  systems,  risk  management,  green
transportation, environmental pollutant emissions, dry and
hazardous waste management, quality, employee health and
safety, geographical location, resource consumption,
technology, shareholders' rights, workforce stability, and
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flexible employment contracts ranked in importance after
timely delivery and cost.

Accordingly, the economic indicator has the highest
priority and importance (with an average weight of 0.485),
followed by the environmental indicator (weight 0.350), and
lastly the social indicator (average weight 0.181). In many
studies, it has been shown that the primary and immediate
concern for consumers or customers is the financial profit
and economic value of the product or service, which sets it
apart from other aspects (Lin et al., 2023). Customers seek
financial returns from any project investment and accept no
other condition in this regard. Therefore, the economic
indicator holds the highest importance. Additionally,
environmental aspects are the next concern for customers,
ensuring that the product does not negatively impact the
surrounding environment, such as damaging water supplies
or animal habitats. Lastly, the social indicator is the least
important to customers when receiving goods and services.

4.3  Third Question: What are the determining factors for
applying green management in the logistics industry
in the construction sector?

Based on the previous evaluations and the final result of
the second round of the fuzzy Delphi technique for selecting
indicators for third- and fourth-party logistics service
providers, the determining factors for applying green
management in the logistics industry in the construction
sector include: financial performance, risk management,
geographical location, environmental management systems,
resource consumption, environmental pollutant emissions,
green transportation, dry and hazardous waste management,
employee health and safety, flexible employment contracts,
workforce stability and security, and shareholders' rights.
This result is consistent with the prior research findings
(Klumpp et al., 2013; Lin et al., 2023; Lynch et al., 2000;
Naganawa et al., 2024), although the prioritization may
differ.

Logistics is a crucial component in every economy and
company. The experience of leading countries and industries
shows that increasing logistics and supply chain efficiency
is one of the most important strategies for improving the
business environment, reducing costs, and increasing
productivity. Since logistics costs sometimes constitute up
to 30% of the final product price, proper logistics
management can positively affect the supply chain by
reducing inventory, improving productivity, increasing
agility, shortening lead times, and enhancing customer
service. For this reason, companies outsource some of their

International Journal of Innovation Management and Organizational Behavior In Press (2024) 1-10

logistics tasks to third- and fourth-party logistics providers.
The growing awareness of logistics' importance has driven
innovations in leading countries and companies worldwide,
such as the creation of 3PL and 4PL logistics companies.
Additionally, globalization trends have forced many
organizations to transfer their logistics functions to 3PL and
4PL providers, drawing significant attention to the core
capabilities of these companies.

4.4  Fourth Question: Which large contractors and
sustainability criteria affect the establishment of
logistics service providers?

Five companies—Al to A5—were identified as large
contractors. The ranking results showed that Company A3
had the highest sustainability score, while Company A4 had
the lowest performance in sustainability. Research (Garmash
et al., 2024; Yu, 2024; Zhang, 2018) identified companies
and their sustainability criteria. Given the importance of
logistics activities due to the economic concerns of
customers, a proper decision-making model for evaluating
third- and fourth-party logistics providers before signing
contracts is beneficial for managers. The criteria used must
provide producers and industry participants with a
comprehensive set of indicators and metrics to assess the
status of selected third- and fourth-party logistics service
providers. Based on the economic indicator, the cost of
purchasing services and goods (construction) is higher than
in other industries. In the current market, construction must
be such that the builder does not suffer losses. Construction
must also meet standards and deliver the final product on
time to avoid losses for the client in today's volatile market.
This requires market analysis, speeding up activities, and
timely delivery of the project to the end customer. Therefore,
it can be concluded that timely delivery to reduce potential
losses and increase profits is the primary motivation that
drives construction companies to cooperate with third- and
fourth-party logistics providers. Additionally, financial
performance ranked as the third most important factor
influencing the selection of suppliers after timely delivery
and cost.

4.5  Fifth Question: What are the main reasons for
implementing green supply chain management
practices?

Based on the results, it was determined that selecting the
most suitable third- and fourth-party logistics service
provider in the supply chain is strategically important for any
organization aiming to achieve an effective and sustainable
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supply chain. This is the primary reason for implementing
green supply chain management practices. According to the
findings, timely delivery and cost were the most important
factors, followed by financial performance, environmental
management  systems, risk  management,  green
transportation, environmental pollutant emissions, dry and
hazardous waste management, quality, employee health and
safety, geographical location, resource consumption,
technology, shareholders' rights, workforce stability and
security, and flexible employment contracts. These factors
are crucial for implementing green supply chain
management practices. This result is consistent with prior
research (Lin et al., 2023; Lynch et al., 2000; Naganawa et
al., 2024; Omoush, 2022). Considering sustainability and its
various  dimensions,  multi-criteria  decision-making
approaches provide effective and practical strategies for
analyzing different criteria and helping specialists and
managers balance and assess various elements to simplify
and clarify management decisions.
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