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ARTICLE INFO ABSTRACT
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Green logistics practices management is proven to enhance profitability. The focus of green logistics practices (GLPs) is on
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Government policy

maximizing energy efficiency in logistics services, potentially leading to cost reductions for
companies. Such practices can be supported through public reports, such as Environmental, So-
cial, and Governance (ESG) reports, and government policies, including government certification.
The primary objective of this study is to investigate whether the financial efficiency of logistics
companies can be improved through the implementation of GLPs and a relevant government
policy. To achieve this objective, a two-stage analysis was conducted using Data Envelopment
Analysis - Slack-Based Measure (DEA-SBM) and Tobit regression analysis. The DEA-SBM was
employed to assess whether the financial efficiency of logistics companies adopting GLPs and a
relevant government policy was superior to that of companies not adopting such practices.
Additionally, Tobit regression analysis was employed to analyze the effects of GLPs, ESG reports,
and a government policy on the financial efficiency of logistics companies. The findings of the
study indicate the necessity for collaboration between the private and public sectors to implement
GLPs in a financially positive manner. In conclusion, the research demonstrated that the imple-
mentation of GLPs, coupled with public disclosure through ESG reports or equivalents and a
government policy, had a positive impact on the financial efficiency of logistics companies.

1. Introduction

Global warming and climate change pose significant threats to humanity, leading many stakeholders to demand solutions and
actions to address these issues [1]. In response, the logistics industry has recognized the importance of environmental sustainability as
a necessary precondition [2-5]. To achieve this, logistics companies have implemented environmentally friendly management stra-
tegies known as green logistics practices(GLPs), which are critical for sustainable operations [3,5-7].

Major third-party logistics service providers worldwide have also ensured environmental sustainability to meet the growing de-
mand for eco-friendly operations [8]. Logistics companies have generated environmental and economic benefits from their various
sustainable logistics activities [9]. Furthermore, governments have made policies to promote and support GLPs in the logistics industry
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[10].

Given that the logistics industry consumes a significant amount of energy compared to other industries [6,11,12], negative
environmental effects such as greenhouse gas emissions are a natural consequence [10,13]. As a result, ensuring environmental
sustainability has become an unavoidable issue for logistics companies [7,14,15]. Logistics companies have been regarded as playing a
critical role in promoting the environmental sustainability of the logistics industry since they are involved in the physical networks of
the industry [16]. Yet, profit-driven entities within the capitalist framework frequently demonstrate a reluctance to embrace initiatives
that may not yield or promise financial returns.

Consequently, there is an escalating demand for research examining logistics companies and their adoption of GLPs. This increased
interest stems from the critical need to find strategic solutions that allow these companies to navigate the intersection between profit
motives and environmental responsibilities, especially in pressing global warming issues.

2. Literature review and research gap

Recent research has highlighted the potential benefits for companies that adopt management strategies focused on environmental
considerations to secure their competitive advantage [17-19]. This has led to increased attention to green management practices.
According to a natural resource-based view (NRBV), the environment should be considered a critical factor in corporate management
strategy [17]. It was also suggested that economic activities that were not environmentally sustainable could not be sustained, and
therefore the ability to engage in environmentally sustainable business activities would be the foundation of a company’s competitive
advantage strategy [17]. While the NRBV initially focused on the manufacturing industry, the emphasis on the relevance to the lo-
gistics industry was raised, given its responsibility for environmental protection and energy consumption [6].

Compared to the manufacturing industry, the service industry has received relatively little attention in studies on environmental
sustainability [20,21]. Similarly, research on the environmental sustainability of the logistics industry, which falls under the service
industry, has been limited despite its negative environmental effects [2,22-25]. Although the role of logistics companies is critical for
the environmental sustainability of the logistics industry [23], only a few studies have investigated their environmental sustainability
[12,26]. Moreover, research on the relationship between GLPs and the competitiveness of logistics companies has been insufficient [6,
8,271, and there has been little investigation into the effects of policies promoting and supporting green logistics [10].

One of the representative GLPs of logistics companies is the optimization of truck routing and scheduling, which helps reduce their
energy consumption and eventually leads to a decrease in greenhouse gas emissions [28-31]. The economic factor was perceived as a
key barrier to adopting GLPs [32]. Environmental sustainability could be adopted when it could act as an internal driver to compress
operation costs and increase profitability for logistics companies [33]. The efficiency gains derived from these sustainable activities are
closely tied to reduced energy consumption, resulting in cost savings that can enhance overall financial efficiency. Economic benefits
from the environmental sustainability of logistics companies could come from the reduction of material costs and energy consumption,
which might lead to better economic and financial performance [34]. Therefore, the viability of GLPs within logistics companies
hinges on their positive impact on financial performance.

Paradoxically, there has been a scarcity of comprehensive research approaches to validate the influence of GLPs on the financial
performance of logistics companies. Consequently, there is a pressing need for research to scrutinize the impact of GLPs on financial
efficiency, along with government policies designed to support these environmentally friendly initiatives. This research aims to explore
the impact of GLPs and relevant government policy on the financial efficiency of logistics companies. It could offer insights into the
seamless integration of profit-driven objectives and GLPs within logistics companies, thereby simultaneously fostering economic
success and environmental sustainability.

3. Methods
3.1. Research framework

The two-stage analysis methodology, utilizing DEA analysis to derive the efficiency of the subject and Tobit analysis to investigate
the factors influencing efficiency, has been widely applied across various industries. The efficiency of major airports in Southeast Asia
was analyzed using DEA-SBM and subsequently conducted a secondary analysis of the factors affecting efficiency through Tobit
regression analysis [35]. The impact of smart port design on maritime transport efficiency was explored using a three-step modeling
procedure involving DEA-Tobit regression analysis [36].

The potential for information communication technology to enhance the sustainability of smart tourism destinations was examined
by employing a two-stage analysis methodology that incorporated the DEA-Tobit regression model [37]. The efficiency of China’s
green economy was evaluated by using the Super-efficient DEA model and analyzed the impact of environmental regulations on green
economic efficiency through Tobit regression analysis [38].

Similarly, in various industries such as aviation, tourism, ports, and the environment, DEA has been used to analyze efficiency
related to the industry or relevant issues as the first stage analysis, and Tobit regression analysis has been employed to examine the
factors influencing efficiency as the second stage. This research aims to analyze the financial efficiency of Korean logistics companies,
differentiate them based on GLPs, and analyze the impact of GLPs including related government policy on efficiency. Therefore, the
present research proceeded with the DEA-Tobit two-stage analysis which involved two types of analysis.

First, a comparative analysis of financial efficiency was conducted using Data Envelopment Analysis (DEA)- Slack-based measure
(SBM) to observe the differences in financial efficiency between groups that have implemented GLPs and those that have not. Second,
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an analysis of the factors that influence the efficiency was conducted using Tobit regression analysis based on the DEA-SBM results, to
verify the effect of GLPs on financial efficiency. Figure 1 states the research framework.

3.2. Research method (1): DEA-SBM

Data Envelopment Analysis (DEA) is a non-parametric assessment model used to evaluate the relative efficiencies of decision-
making units (DMUs). DEA models are typically categorized into CCR (Charnes, Cooper, and Rhodes) and BCC (Banker, Charnes,
and Cooper) models, based on whether scale returns are variable. The CCR model measures the technical efficiency score of DMUs
under the constant return to scale (CRS) assumption [39], while the BCC model measures the pure technical score of DMUs under the
variable returns to scale (VRS) assumption [40]. However, these two models are angle-based radial models, which may overestimate
the efficiency of DMUs with input redundancy and output shortfall.

To resolve this problem, the DEA-SBM (Slack Based Measure) model was proposed [41]. The DEA-SBM model is a non-radial and
non-angle model that considers input and output slack variables, making it suitable for measuring efficiencies when inputs and outputs
may not change proportionally [42].

A set of n DMUs has k inputs and [ outputs. DMU j with the i th input and the r th output is denoted as x;; (i=1, ...,k ;j=1,...,n) and
Y (r=1,...,1;j=1,...,n) respectively. The model for DMU m is as below. The symbol p* represents the efficiency value between 0 and
1, and a DMU is considered efficient if p* equals 1. In the equation, x; and y,; represent input and output variables, respectively, where i
and r are the number of variables. The symbols s; and s;" indicate input excess and output shortfall. Finally, 4 is the constraint of input

and output.
k
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3.3. Research method (2): Tobit regression

The Tobit regression model is known as an appropriate regression model for describing the causality of censored or truncated data,
which has limited dependent and independent variables [43]. DEA-SBM analysis results range from 0.0 to 1.0, but they are considered
truncated. Therefore, the Tobit regression model is suitable for the second-stage analysis of DEA-SBM results [35-38]. The Tobit
regression model can be expressed as the following linear equation.

Y, =P+ Bt €rs =12, 0

& (N,0%).

Jyify <o
“leifyi=e

| 15t Stage : DEA-SBM | | 2" Stage : Tobit regression I

Comparative analysis of financial efficiency Analysis of influencing factors to financial
for logistics company efficiency for logistics company

Fig. 1. Research framework.



D. Kim et al. Heliyon 10 (2024) 30916

In the Tobit regression model, y* represents the dependent variable which is y* when it is observed for values below 8 and censored
otherwise. ~, represents an independent variable that influences the efficiency score. g, is a coefficient that reflects the relationship
between -, and y’. ¢, is the error term under a normal distribution. In our analysis, a regression model is as below.

Yi=Po+1s+Y Pyt ens =120
Jj

e (V.0?)
yify <1
T 1y =1

Y. is the efficiency score for logistics company - and y; is the latent variable. y is the coefficients for the control variable and f; are the
coefficients for influencing factor j. s, is the control variable and ~,; influencing factors. ¢, is the error term.

3.4. Data construction

Data used for the DEA-SBM analysis was collected from the financial statements of Korean logistics companies that had been
certified as excellent total logistics service providers by the Korean government. Focusing on these certified companies was important
to ensure representativeness in the research analysis. As of 2021, there were 16 certified companies [44]. The research period spanned
from 2010, when green practices were first introduced to Korean logistics companies, to 2021. The total number of decision-making
units (DMUs) candidates included in the analysis was 191, with the first company being certified in 2011. However, 8 candidates were
eliminated because they had negative values in operating income, which were not appropriate as variables for DEA-SBM analysis.
Table 1 states general information of data.

Korean logistics companies have implemented GLPs to address climate change mitigation. These practices primarily aim to reduce
greenhouse gas emissions through efficient management of vehicles and buildings in logistics activities, as well as through the
introduction of greener energy sources such as hydrogen. The focus of GLPs among Korean logistics companies is to achieve a reduction
in greenhouse gas emissions by improving energy efficiency in logistics activities.

Since 2012, the Korean government has been certifying excellent green logistics companies to promote the adoption of GLPs. These
certified companies receive incentives such as loan support and preferential occupancy rights for logistics facilities and could increase
their publicity with the certification. This certification policy has been the only government initiative for promoting GLPs among
logistics companies in Korea.

The companies were divided into groups based on the level of their GLPs, which included public reports including environmental
aspects, and participation in government certification for GLPs. The groups of DMUs were largely divided into those conducting GLPs
and those that were not (non-GLPs). The group conducting GLPs was further subdivided into four categories. The first category
consisted of logistics companies conducting GLPs without both public reports and government certification for green logistics (GLP1).
The second category included logistics companies conducting GLPs with public reports (GLP2). The third category consisted of logistics
companies conducting GLPs with green logistics certification from the government (GLP3). The last category included logistics
companies conducting GLPs with both reports and government certification (GLP4). Table 2 states the details of the DMU groups for
this research.

3.5. DEA-SBM variables

Appropriate input and output variables are critical for DEA-SBM analysis. In terms of input variables, assets, cost of sales, sales and
general administrative expenses (SG&A) were selected. Logistics companies providing total logistics services have tangible and
intangible assets, including warehouses, terminals, trucks, software programs, and deposits on land or other infrastructure. Managing
these assets is one of the keys to logistics companies’ efficiency. The cost of sales is most of the operating expense, including variable
costs such as fuel, utilities, and license fees. SG&A includes salaries, employee benefits, advertisement costs, etc. Both costs of sales and
SG&A need to be optimized while offering efficient logistics services. In this sense, assets, and operating costs, which include the cost of
sales and SG&A were used as input variables for research of DEA analysis in the field of logistics [45-47]. DEA research for other fields
selected assets and operating costs as input variables as well [48,49].

In terms of output variables, sales, and operating income were selected. Sales are the intuitive outcome of business activity, so it can
be used to measure the influence of GLPs with the improvement in customer perception. Sales were used as an output variable for DEA
analysis in other fields [48]. The operating income is the outcome of sales deducting the cost of sales and SG&A, which can be used to

Table 1

General information of data.
Research sample Certified logistics companies in South Korea
Research period 2010~2021 (12 years)
Number of DMUs 183
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Table 2

Classification of DMU groups.
Classification No. %
non-GLPs(Green Logistics Practices) 105 57.4
GLPs(Green Logistics Practices) 78 42.6
GLP1 GLPs without public reports and government green certification 23 12.6
GLP2 GLPs + Public reports 5 2.7
GLP3 GLPs + Government green certification 32 17.5
GLP4 GLPs + Public reports + Government green certification 18 10.8
Total 183 100.0

measure how efficiently logistics companies optimize the use of fuels and labor with GLPs. In this regard, operating income was used as
an output variable for research of DEA analysis in the field of logistics [45,47]. Table 3 shows the detail of input and output variables
using DEA analysis in the forementioned research.

Table 4 shows descriptive statistics of input and output variables of the Korean logistics companies for this research. The data was
sourced from the financial statements of each logistics company through the Korean official electronic disclosure system, DART.

3.6. Tobit regression variables

The control variable selected for this study was the sales of Korean logistics companies, which can be used to represent the size of
the companies. Sales were used as a control variable to analyze the effects of green supply chain management on the financial per-
formance of Finnish logistics service providers [50]. The independent variables in this study were the types of GLPs adopted by Korean
logistics companies. Specifically, elements of GLPs including ESG reports, and government certification were transformed into binary
dummy variables. Finally, the dependent variable used in the analysis was the DEA-SBM score of each DMU.

4. Results analysis
4.1. Efficiency analysis

Table 5 presents the results of the DEA-SBM analysis. The DEA score for non-GLPs was 0.433, while that of GLPs was 0.397. The
number of efficient DMUs was 21 for the non-GLPs and 6 for the GLPs. There could be several reasons why the efficiency of non-GLPs
was better than that of GLPs. First, significant investments normally required for GLPs [51,52] could lead to lower efficiency of the
GLPs group. It could mean the cost of GLPs was higher than expected as well. Second, GLPs were not done in the right ways, so it
appeared for the non-GLPs to be more efficient. Lastly, it could be possible that the GLPs group would need more time to realize their
economic benefits from GLPs. Because it has been regarded that economic benefits from GLPs could be achieved in the long-term
perspectives [53,54]. Therefore, the quality of GLPs needed to be scrutinized whether they were conducted in the right ways with
further analysis.

The categories of GLPs shall be considered to identify the reasons for the inefficiency of the GLPs group. GLPs could be divided into
four sub-groups. ESG reports and government certification could act differently to motivate logistics companies to conduct their GLPs.
In this sense, the efficiency scores of the GLPs subgroups showed a different perspective on the GLPs of Korean logistics companies.

The scores of GLP1 (0.254), GLP2 (0.167), and GLP3 (0.405) were lower than the total average (0.418) while that of GLP4 (0.632)
was higher than the average and the highest among all groups. The number of efficient DMUs in subgroups was 2 for GLP 3 and 4 for
GLP 4. The efficiency score got better when GLPs were done with government certification. The score was the best when a government
policy like the government certification and public reports were combined with GLPs.

The results from the DEA-SBM analysis revealed that the implementation of GLPs alone did not yield better financial efficiency for
Korean logistics companies. Interestingly, those companies incorporating both public reporting and a government certification ach-
ieved the highest efficiency scores. It suggested that verified GLPs could positively influence financial efficiency [55]. Based on these
results, a second-stage analysis was needed to empirically clarify which types of GLPs should be done by logistics companies to realize
financial efficiency.

Table 3

Reference of input and output variables.
Input Indicators Output Indicators Reference
Assets, Operating expenses, Current liabilities, General administrative and investment Operating income, Efficiency, [45]

Effectiveness and performance
Account receivables, Salaries and wages (including fringe benefits) of employees, Operating expenses  Operating income [46]
other than salaries and wages, and Property and equipment

Assets, Operating expenses, Current liabilities, Salaries and wages Operating income [47]
Advertising and promotion expenses, Manager experience (salaries) and the Number of employees Sales and Customer satisfaction [48]
the Number of employees, Total assets, and Total operating expenses Revenues and a Web metric [49]
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Table 4
Descriptive statistics of input and output variables.

(Unit: Thousand USD)

Variable - X . X

Mean SD Median Minimum Maximun
<Input>
Assets 953,076 1,450,381 383,218 24,994 7,736,162
Cost of sales 1,161,647 2,162,583 392,500 27,655 12,622,217
S&GA 53,271 82,430 19,430 2436 415,051
<Output>
Sales 1,260,966 2,331,860 426,991 43,261 13,517,463
Operating income 46,048 99,033 13,631 312 688,129

*Assume that 1USD was KRW1,300.

Table 5
DEA-SBM result.
Classification DEA Score No. of Efficient DMUs
non-GLPs(Green Logistics Practices) 0.433 21
GLPs(Green Logistics Practices) 0.397 6
GLP1: GLPs without ESG report or government cert. 0.254 0
GLP2: GLPs with ESG report 0.167 0
GLP3: GLPs with government cert. 0.405 2
GLP4: GLPs with ESG report and government cert. 0.632 4
Total average 0.418 27

4.2. Regression analysis

The second-stage analysis was conducted to clarify the effects of different types of GLPs on the financial efficiency of Korean lo-
gistics companies. The first model aimed to identify the overall effect of GLPs, without considering elements of GLPs. In Model 1-1, the
size of the companies was included as a control variable, represented by the natural logarithm of their sales. In Model 1-2, the in-
dependent variable of GLPs was added, while the dependent variable was the DEA-SBM score. Table 6 presents the coefficient esti-
mates of § from the two Tobit regression models. In Model 1-1, the size of the logistics companies (LN of sales) was positively associated
with their financial efficiency (B = 0.04, P < 0.1). In Model 1-2, conducting GLPs was not found to have a positive effect on the
financial efficiency of Korean logistics companies (f = —0.20, P < 0.01).

While the traditional perspective that environmental regulations represent an extra financial burden for the company, diminishing
profitability and resulting in reduced efficiency, some previous studies revealed that better environmental performance from GLPs
could lead to improved financial performance [56,57]. Our finding seemed in line with the traditional perspective. However, it
remained that categorized GLPs could act differently on financial performance. So the second model was proposed for further detailed
analysis of the relationship between GLPs and financial performance.

The second model examined elements of GLPs as independent variables. DEA-SBM score was the dependent variable, and the
control variable was the sales of each company, converted to a natural logarithm. Table 7 presents the coefficient estimates of p from
the two Tobit regression models. In model 2-1, the size (LN of sales) of logistics companies was positively related to their financial
efficiency (f = 0.04, P < 0.1). In model 2-2, GLPs without ESG reports and government certification (§ = —0.25, P < 0.01), and ESG
reports (B = —0.32, P < 0.05) were negatively associated with financial efficiency. A government green certification showed a negative
association with efficiency, but it was not statistically significant. However, GLPs with both ESG reports and a government green
certification had a significant positive effect on the efficiency (f = 0.54, P < 0.01). The synergistic effect was further validated through
Tobit regression analysis.

There has been an issue that companies might engage in symbolic adherence to environmental policies without genuinely striving
to achieve environmental objectives [58]. In this sense, the independent verification of GLPs shall be required for their effectiveness in
financial performance [55]. Green certification by the government could act as an official assessment and guarantee for GLPs by
logistics companies in the right way. GLPs with public reports without government certification could be regarded as limited assessed

Table 6
Tobit regression modeling result (1).
Model 1-1 Model 1-2
Variable Coef. SE t-value P>|t| Coef. SE t-value P>|t|
(Intercept) —0.69 0.61 -1.13 0.26 —2.03 0.76 —2.69 0.01
Size 0.04 0.02 1.86 0.07* 0.09 0.03 3.31 0.00%**
GLPs -0.20 0.07 —-2.89 0.007%**

*p < 0.1, **p < 0.05, ***p < 0.01.
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Table 7
Tobit regression modeling result (2).
Model 2-1 Model 2-2

Variable Coef. SE t-value P>t| Coef. SE t-value P>t|
(Intercept) —0.69 0.61 -1.13 0.26 —0.94 0.83 -1.13 0.26
Size 0.04 0.02 1.86 0.07* 0.05 0.03 1.69 0.09*
GLPs Only -0.25 0.08 -3.05 0.00%**
Report —0.32 0.16 —2.02 0.05**
Gov. cert —0.14 0.09 —1.58 0.12
Report & GC 0.54 0.19 2.87 0.01%***

*p < 0.1, **p < 0.05, ***p < 0.01.

and verified since the reports were voluntary actions without tight audits by the independent entities. The GLPs with the reports and
government certification could be regarded as collaboratively assessed and verified with the private and public efforts. Consequently,
GLPs can significantly enhance the financial efficiency of logistics companies when undertaken in conjunction with collaborative
endeavors from both private and public sectors.

5. Conclusions

This study aimed to examine how GLPs influence the financial efficiency of logistics companies in the case of Korea. Additionally, it
sought to understand the combined effects of GLPs and a pertinent government policy on the financial efficiency of these companies.

The GLPs can be sustained when they financially help logistics companies, which are private players seeking financial profit. GLPs
of Korean logistics companies include various energy-saving practices such as optimizing their logistics business to reduce energy
consumption, which could lead to cost reduction. Given the significant energy consumption in the logistics industry, it is essential to
adopt environmentally friendly capabilities and implement various activities to reduce energy consumption [29,30]. Profitability in
GLPs must be verified with the impact of a relevant government policy.

It was expected that GLPs would have a positive effect on financial efficiency. However, the way of implementing GLPs needed to be
considered based on this research analysis. The results showed that public reports such as ESG reports, and a government green
certification should be conducted together for GLPs of logistics companies to have a positive effect on their financial efficiency.

The public report has been a voluntary practice by companies, which means there has been no tight auditory obligation to it. The
reports have been made public under the company names, so there has been little possibility of falsification, but it has still been
possible for companies to modify inadequate or irrelevant actions to appear green. Therefore, government intervention or guarantees
for GLPs of logistics companies, such as a green logistics certification, are required to supplement ESG reports and make them effective
in improving financial efficiency. Similarly, a government policy alone, such as the certification for GLPs is not sufficient to improve
the financial efficiency of logistics companies.

The virtuous circle of GLPs involves being profitable while contributing to the environment. The ideal cycle for logistics companies
can be achieved with both the companies and the government complementing each other’s efforts. The government needs to expand
the benefits of GLPs for logistics companies to motivate more companies to adopt such practices. It is recommended that logistics
companies’ ESG reports should be mandatory and linked to government policies such as the green logistics certification to make them
more reliable and effective. ESG reports are an excellent source for investors looking for companies contributing to sustainable
environmental practices. Therefore, the report’s reliability can be enhanced when supplemented by government policies, including the
green logistics certification. The private and public sectors’ efforts need to be synchronized to create a virtuous cycle that can make
GLPs profitable.

The need for the conjunction of the public and private to achieve green growth and green economy has been stated in other studies
[59,60]. Even though the previous studies have tended to be a wide range of green adoption rather than the specific industry, the result
of our study is on the same line as the previous one. These findings underscore the importance of collaborative efforts between the
private and public sectors, emphasizing that the profitability of greener practices is contingent on a harmonious partnership between
government policies and corporate transparency initiatives through public reports.

In conclusion, GLPs including public reporting and a pertinent government policy can generate better financial efficiency. In other
words, greener practices in the logistics industry can be adopted in more sustainable ways in the capitalistic society when a system can
harmonize endeavors from private and public sectors. It is quite apparent that greening and profitability could be together when the
private and public sectors are aligned in the sustainable system.

6. Limitations and suggestions

This study aimed to see if GLPs could improve the financial efficiency of logistics companies. The pooling way was adopted for the
second stage analysis. Future research could be done in a time series way to see the effects of green practices and other elements on the
financial efficiency of logistics companies. The need for close collaboration between the public and private sectors was proved in this
study. Therefore, the subject of future research can include clarifying ways to strengthen the close collaboration of the government and
private companies in logistics sectors to achieve financially sustainable GLPs.
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