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Abstract: Sustainable urban logistics require support of sustainable logistics center location planning.
Nevertheless, urban public authorities generally experience difficulties in choosing a successful
planning scheme, due to the lack of a rigorous analytical tool designed to help understand how
logistics center location affects sustainability throughout the supply chain. A poor location can
keep a firm or a supply chain from reaching its economic, environmental, and social sustainability
goals. A good location can help meet these goals. To address the pressing cause of policy failure,
this paper developed an analytical framework by integrating the multi-criteria decision-making
method and the shortest path model with multiple objectives. The developed framework can be
used to evaluate the effects of logistics center location schemes on travel time, transport costs, carbon
emission, and road traffic, and further explore the conflict level among them. It is applied to Beijing
in this paper. The analysis results reveal that: (1) travel time, transport costs, and carbon emissions
all vary along with the distance from logistics center location to the city center; (2) encouraging cargo
companies to plan their truck paths with the navigation objective of minimizing travel time is an
excellent way to achieve sustainable urban logistics, because in this scenario, freight transport is the
quickest, and transport costs and carbon emissions are all more moderate. Additionally, this paper
confirmed the conflict level among sustainability goals of urban logistics based on actual contextual
data. The proposed framework is a helpful guide tool for urban planners to develop sustainable
logistics land-use planning and responsive policy interventions.

Keywords: location effects; sustainable logistics; multi-objective path; comparative analysis

1. Introduction

In 2015, the United Nations General Assembly formally adopted the 2030 Agenda for
Sustainable Development, with a plan to “build a better world” by 2030 [1]. In 2022, the
27th Conference of the Parties to the United Nations Framework Convention on Climate
Change proposed rapid emissions reduction so that global temperature rises are kept to
below 1.5 ◦C. To achieve these goals, sustainable cities are crucial. According to the United
Nations, over 55% of people live in cities nowadays, and it will be up to 68% by 2050 [2].
Cities already account for over 70% of global carbon emissions and 60–80% of the world’s
energy consumption [3,4].

As an important part of a city, urban logistics support the daily life of local citizens,
thrive local economy, but also bring serious negative environmental and social effects.
Globally, urban logistics take up to 40% of motorized road space and contribute to up
to 40% of urban transport-related CO2 emissions [5]. It has a significant effect on road
traffic performance, and likewise, logistics operation efficiency is heavily affected by traffic
conditions and road infrastructure [6]. On the other hand, with the rapid development
of e-commerce, last-mile delivery seems to be the most problematic one in terms of con-
tributing to increased cost, inefficiency, climate gas emissions, congestion, and challenging
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sustainable urban development [7,8]. Sustainable urban logistics has played a primary role
in the promotion of sustainable and livable cities. However, it is a great challenge for city
logistics planners due to the heterogeneity and complexity of the urban logistics system.

The development of integrated logistics centers is considered to be a potential solution
to promote sustainable urban logistics [9]. An integrated logistics center is a facility gener-
ally at the edge of a city clustering many logistics suppliers. By co-locating into a logistics
center, goods from multiple suppliers can be consolidated and delivered into the city so
that the number of vehicles entering a city decreases, consequently alleviating congestion,
pollution, and safety issues [10]. Moreover, logistics centers represent a pivotal component
of the overall logistics network and freight transport activities in a city [11]. Sakai et al.
(2020) confirmed that logistics center locations can cause significant impacts on the spatial
distribution of goods vehicle traffic flows [12]. Senne et al. (2021) found that the integration
of passenger and freight traffic significantly improves the sustainability of urban transport
and logistics in São Paulo [13]. Therefore, successful logistics center location planning
can reduce truck travel kilometers, transport costs, carbon emissions, and congestion, and
guide the distribution of freight traffic flows to cooperate with passenger transport.

Logistics centers usually are placed under the jurisdiction of local public authorities,
who formulate plans and regulations, grant building permits, and create and maintain
these zones [12]. In terms of developing a successful logistics land-use planning to achieve
sustainable urban logistics, a challenging task for urban public authorities (UPA) is to
balance different components of sustainability objectives and address the conflicting goals
of involved stakeholders [14,15]. In particular, the problem concerns the interactions
among carriers and retailers from one side, that operate pursuing economic and efficiency
objectives, including minimizing transport costs, time flexibility, and agility. From the side
of UPA, the freight transportation system also needs to minimize the negative externalities
of urban freight on the city, such as greenhouse gas emission, the impacts on road traffic, etc.
Different stakeholders with conflicting objectives make the consequences of poor decision
making more severe, further complicating urban logistics planning.

Many studies have evaluated the effects of logistics center location on urban freight
distance, time, cost, and carbon emission [11,16–19]. However, two key problems for urban
planners to develop sustainable logistics center location planning have not been explored
in the existing literature:

1. What is the relationship between the effects of logistics center location on travel
distance, travel time, transport costs, and carbon emissions? What is the conflict level
among them?

2. What impacts do freight traffic flows based on the spatial distribution of logistics
centers have on road traffic? What are the differences among the impacts while freight
vehicles travel through road networks with different path planning objectives? The
absence of exploration on these two issues is mainly attributed to the lack of a suitable
tool. In the existing literatures, various techniques and tools, such as spatial centro-
graphic analysis, GIS software, and urban logistics land-use and traffic simulator,
have been used to analyze the effects of logistics center location [16–18,20]. However,
these methods have some drawbacks of modelling the location decision problem and
analyzing the impacts of freight traffic flows on road traffic. Therefore, they cannot
be used to address the two problems to actually help UPA make sustainable logistics
center location decisions.

The purpose of this paper is to fill such knowledge gaps by developing a novel method
to obtain high-level insights into the abovementioned problems. In this paper, an analytical
framework integrating the multi-criteria logistics facility location method and the shortest
path model with multiple objectives was proposed and applied to an example in Beijing.
The analysis results can be used to readjust the logistics center planning scheme in Beijing
and achieve this city’s more sustainable development. The proposed framework provided
methodological support for urban planners to make reasonable location decisions for
logistics centers to achieve more sustainable urban logistics.
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The rest of the paper is organized as follows. Section 2 presents a review of the
literature on the logistics center location problem and the effects of logistics center location.
The proposed analytical framework is presented in Section 3. An application of a case study
is presented in Sections 4 and 5. Finally, the main conclusions of this study and directions
for further research are presented in Section 6.

2. Literature Review

In terms of developing sustainable logistics center location planning, UPA need to
carefully consider the spatial relationships between logistics center and transport system,
and balance different parts of sustainability objectives, considering conflicting objectives of
involved stakeholders [6,11,14]. Actually, there are many studies related to logistics land-
use planning. However, most of them were based on logistics organizations and routing
fleet management issues [21–23]. They aim to decide the optimized location, amount,
capacity of logistics centers, and vehicle delivery sequences. In these studies, the effects
of logistics center location on travel distance/time, transport costs, and carbon emissions,
singly or combined one, are often used as a model optimization objective of vehicle route
planning [24–26]. Researchers and practitioners commonly agree that there is a conflict
between these objectives [6,14]. Nevertheless, the relationship and the conflicting level
among these effects are unknown.

For the last decade, policy decisions have been based on discussions of these effects.
For example, Dablanc and Rakotonarivo (2010) first identified outward migration in Paris as
problematic [16]. They proposed building designs that integrate logistics services to reduce
negative externalities. Since then, researchers have continued to investigate the effects on
freight distance, trucks’ travel time, distribution cost, and carbon emission [18,20,27,28].
These studies have given a relatively thorough exploration about the effects of logistics
center location and established convincing analysis conclusions. However, the relationship
and the conflict level among these effects, and the effects on road traffic, have not been
observed in the existing studies. Moreover, these studies demonstrated that developing
large logistics facilities in accessible locations to promote the centralization of logistics firms
can effectively relieve negative externalities of urban freight [11,16,17,29]. Nevertheless,
their research results cannot guide the decision-making and design process of sustainable
logistics center location for UPA.

In general, the effect of logistics center location is mainly analyzed by spatial centro-
graphic analysis [16,19,27,28,30]. The method can rapidly diagnose the spatial distribution
change of logistics facilities in geography. However, it cannot measure the effects of logistics
center locations considering freight travel behavior in road networks. To resolve this issue,
some researchers transformed the method of calculating the increased vehicle kilometers
travelled (VKT) based on road network [28] or via GIS software [20]. Furthermore, Zhao
et al. (2019) evaluated the impacts on freight costs and carbon emissions in Beijing using
traffic simulation [31]. Sakai et al. (2019) analyzed the impacts on VKT, vehicle hours
travelled, and carbon emission using an urban logistics land-use and traffic simulator [17].
Musolino et al. (2019) proposed an approach by integrating location decision problem and
vehicle routes problem to discuss the impacts of logistics facility location on travel time
and pollution emissions [14].

These improvements alleviate the skewness issues, but they also share a common
simplification of the relationship between logistics center locations and transport systems.
So, they cannot be used to explore the effects of freight traffic flows based on the spatial
distribution of logistics centers on road traffic and its variation under the different sustain-
able objectives. On the other hand, they are weak to address the location decision-making
problem of logistics centers considering freight travel behaviors with different parts of
sustainability objectives.

To fill the gap of methods, this paper tries to put forward a novel method to thoroughly
evaluate the effects of logistics center location to actually help UPA make sustainable
logistics center location planning.
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3. Methodology
3.1. Methodology Framework

This paper established an analytical framework for sustainable urban logistics to
better understand the effects of logistics center location on different parts of sustainability
objectives. The methodology framework is shown in Figure 1.
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Figure 1. Methodology framework.

The methodology framework consists of two parts. The first one is the logistics center
location choice model. In urban areas, available land for the logistics industry is limited,
and the land-use allocation of logistics centers may be generally controlled by urban land-
use planning. Therefore, it is necessary to consider the macro conditions to determine
the locations of logistics centers. Secondly, the effect analyzing model based on the multi-
objective shortest path problem is considered, including the multi-objective shortest path
model and other effect indicator measure models. The shortest path model with three
objectives of minimizing travel time, transport costs, and carbon emissions was used to
measure the optimized value of the three objectives and the optimized travel paths. It can
be computed in parallel, reflecting the following two facts: (1) vehicle path planning only
depends on the distribution of logistics center location and freight destination, and road
traffic system; (2) the conflicting objectives of logistics operations and city management
exist in the real world. Other effect indicator measure models aim to measure the effect
level of logistics center location on the other minimized objectives. For example, they can
be used to measure travel time under the objectives of minimizing transport costs and
carbon emissions. Based on the results of these models, the conflicting level of different
objectives can be calculated by the comparison analysis. The formulation of these models
depends on the set of road links acquired by the multi-objective shortest path model.

In this paper, we distinguished two types of decisions related to urban mobility
planning: logistics center location decision and vehicle path planning. The former is related
to the spatial distribution of logistics center locations considering urban development. The
latter concerns the analysis of the effects of logistics center location on travel time, transport
costs, carbon emissions, and road traffic, and further explores the conflict level among them.
Such a model design could reasonably assess the effects of logistic center location choice
for sustainable urban logistics development by integrating strategic location decisions with
operation decisions of vehicle path planning.
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3.2. Logistics Center Location Choice Model

The quantitative model of logistics center location can be divided into multi-criteria
decision-making methods and single-purpose programming methods. In general, the
multi-criteria decision-making methods evaluate and compare solutions through multiple
indicators, and then make a choice between many alternatives which are often in conflict
with each other [32]. Due to the complexity of the logistics center location problem, the
multi-criteria decision-making method was the first choice for location selection [33,34].
Therefore, in this paper, it was chosen to determine logistics center locations in the pri-
mary alternative.

The key of a multi-criteria decision-making method is to carefully select, quantify, and
normalize indicators. According to the study of [24], all public and private sector organiza-
tions need to be involved in these areas. Some researchers suggest that all factors including
natural, economic, social, and environmental need to be taken into account [35–37]. Bjørgen
(2022) found that the integration of urban freight transport in city planning is crucial for
achieving sustainable urban logistics development [8]. This paper addresses economic,
environmental, and social factors in the next section by considering freight travel behav-
ior. Therefore, the section mainly focuses on political factors, natural factors, and some
factors about the development potential of these locations. The indicators of logistics center
location decision are shown in Table 1.

Table 1. The indicators of logistics center location decision.

Primary Indicator Secondary Indicator

Policy factors
Urban planning

The need for regional development
Availability of land use

Natural factors

Geological conditions
Hydrological conditions

Meteorological conditions
Terrain conditions

Development potential

Traffic conditions
Labor population

Attention level of local public policy authorities
Industrial agglomeration situation

The indicators could be quantified by many methods, such as scenario, Delphi, and
expert scoring [37]. Then, these indicators can be integrated by various decision-making
techniques) [38,39], such as analytic hierarchy process (AHP), analytic network process
(ANP), technique for order preference by similarity to ideal solution (TOPSIS), axiomatic
fuzzy set (AFS), artificial neural network (ANN), etc. [36,37,40–42]. These methods have
been widely studied in the literature and applied in planning practice. Özmen and Aydoğan
(2020) proposed a best–worst method and evaluation based on distance from average
solution and demonstrated its applicability to logistics center location selection [24]. It can
be used in this paper. The detailed information can be seen in the study of Özmen and
Aydoğan (2020) [24]. After considering these factors, there were few available locations
for logistics centers in urban areas, and all locations can be enumerated (l1, l2, . . . , ln).
Therefore, in this paper, all available locations are included in the set of feasible logistics
center locations: NL = {l1, l2, . . . , ln}.

3.3. Effect Analyzing Models Considering Multi-Objective Vehicle Shortest Path

In this paper, the overall objective of evaluating the effects of logistics center location
is sustainability. The quantitative evaluation index considering freight travel behavior was
divided into three parts: economics, environment, and society. For each component, one
or more criteria could be specified. Time and transport costs are the most important eco-
nomic indicators of urban freight transport activities [14,43]. Logistics operators generally
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arrange their freight vehicle to travel in the road network with the navigation objectives
of minimizing travel time or transport costs. Therefore, from the economic perspective,
the study considered the effects of logistics center location on travel time and transport
costs. From the environmental perspective, according to these references [14,17,20], this
paper considered carbon emissions. From the social perspective, the effect of freight traffic
flows based on the spatial distribution of logistics center location on road traffic was mainly
explored.

In this given urban logistics infrastructure network G, freight vehicles depart from the
logistics center to deliver goods to all freight destinations K. For each logistics center li,
three objectives are defined as follows:

ϕ(li|G, K) = {ϕU(ϕT(li|G, K), ϕM(li|G, K)), ϕE(li|G, K), ϕR(li|G, K)} (1)

These indicators allow the assessment and comparison of different planning schemes
for logistics center locations to choose the best one. When vehicles departing from a
logistics center deliver goods to all freight destinations, the quantitative value of each
indicator depends on the objective of vehicle shortest path planning Oli =

{
OT

li
, OM

li
, OE

li

}
and the set of road links AO

li
=
{

AT
li

, AM
li

, AE
li

}
through the road network in a city. The

notion OT
li

, OM
li

and OE
li

, respectively, represents the objective of minimizing travel time, the
objective of minimizing transport costs, and the objective of minimizing carbon emissions.
AT

li
, AM

li
, and AE

li
are the road links used under each type of objective.

Different road links (i, j) are denoted by r(i,j). Under the given spatial distribution of
logistics center location NL, the impact level of freight traffic flows on each road link is
denoted by the number of times the road is used by vehicles departing from all logistics
centers. In this paper, AO

NL
=
{

AT
NL

, AM
NL

, AE
NL

}
represents the set of all road links under

different objectives, where AT
NL

, AM
NL

, and AE
NL

, respectively, are the set of road links used
under objectives of minimizing time, transport costs, and carbon emissions. The values of
each indicator with different objectives can be formulated as follows:

ϕT

(
li
∣∣∣Oli , AO

li

)
= {ϕMinT

li

(
li
∣∣∣OT

li , AT
li

)
, ϕOMT

li

(
li
∣∣∣OM

li
, AM

li

)
, ϕOET

li

(
li
∣∣∣OE

li , AE
li

)
} (2)

ϕM

(
li
∣∣∣Oli , AO

li

)
= {ϕMinM

li

(
li
∣∣∣OM

li
, AM

li

)
, ϕOTM

li

(
li
∣∣∣OT

li , AT
li

)
, ϕOEM

li

(
li
∣∣∣OE

li , AE
li

)
} (3)

ϕE

(
li
∣∣∣Oli , AO

li

)
= {ϕMinE

li

(
li
∣∣∣OE

li , AE
li

)
, ϕOTE

li

(
li
∣∣∣OT

li , AT
li

)
, ϕOME

li

(
li
∣∣∣OM

li
, AM

li

)
} (4)

ϕR

(
r(i,j)

∣∣∣NL, AO
NL

)
= {ϕRT

(
r(i,j)

∣∣∣NL, AT
NL

)
, ϕRM

(
r(i,j)

∣∣∣NL, AM
NL

)
, ϕRE

(
r(i,j)

∣∣∣NL, AE
NL

)
} (5)

where MinT
li

is the shortest time spent spent when travel paths through road networks are
planned with the objective of minimizing travel time OT

li
. OTM

li
and OTE

li
is the transport

costs spent and the carbon emission incurred in the scenario. MinM
li

is the total minimum
transport costs spent when paths through road networks are planned with the objective
of minimizing transport costs OM

li
. OMT

li
and OME

li
is the travel time spent and the carbon

emission incurred in this scenario. MinE
li

is the total amount of carbon emission generated
when paths through road networks are planned with the objective of minimizing carbon
emission OE

li
. OET

li
and OEM

li
, respectively, is travel time spent and transport costs in the

scenario. RT
ij , RM

ij , and RE
ij, respectively, are the impact level of the spatial distribution of

logistics center location on each road link, respectively, under three different objectives.
For achieving urban sustainable development, this paper attempts to analyze the

effects of logistics center location considering freight travel behavior. Urban freight travel
behavior generally has been modeled as a vehicle routing problem in the literature (see
Laporte, 2009 [44] and Zhang, 2022 [45] for a detailed state of the art). However, in the
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studies about vehicle routing problems, there is underlying neglect of the impact of freight
vehicles on actual road traffic because vehicle travel behavior between each pair of origin
and destination is generally dealt with by travel distance, time, etc. According to the studies
of Sakai et al. (2015) [27] and Huang et al. (2017) [46], the vehicle actually travels with
the shortest path in the road network. Therefore, the shortest path model was utilized in
this paper.

The problem has already been proposed as a 0–1 integer program model in the lit-
erature [47] and widely applied in path planning practices. Unlike this, however, this
paper also needs to address the multiple effects of logistics center location and its covering
problem to guarantee coverage of all freight destinations. Therefore, this study proposed a
multi-objective coverage shortest path model by integrating the set covering model [22]
and the resource-constraint shortest path model. This paper proposed the following:

Min T = ∑
(i,j)∈A

∑
k∈K

xijk·tij·yk (6)

Min M = ∑
(i,j)∈A

∑
k∈K

xijk·mij·yk (7)

Min E = ∑
(i,j)∈E

∑
k∈K

xijk·eij·yk (8)

∑
li∈NL :(li ,j)∈AL

xli jk = yk ∀k ∈ K (9)

∑
j∈NK :(i,k)∈AK

xikk = yk ∀ k ∈ K (10)

∑
li∈L:(li ,j)∈AL

xli jk + ∑
(i,j)∈AR

xijk = ∑
(j,i)∈AR

xjik + ∑
j∈AR :(j,k)∈AK

xjkk ∀ k ∈ K (11)

xijk ≤ yk ∀ (i, j) ∈ AR, k ∈ K (12)

yk = 1 ∀ k ∈ K (13)

xijk ∈ {0, 1} ∀(i, j) ∈ A, k ∈ K (14)

where xijk is the road link decision variable, and it is 1 if the road link (i, j) is chosen while
the vehicle travels through the road network to the freight destination k; otherwise, it is 0.
yk is a parameter identically equal to 1, indicating that for each logistics center, it can cover
every freight destination k. A represents the set of road links; N = {NL ∪ NR ∪ NK} is the
set of nodes; NL = {l1, l2, . . . , ln} is the set of logistics center locations determined by the
above location choice model; NR is the set of road nodes (such as road intersections or
motorway entrances); NK is the set of freight destinations; and AL, AR, and AK, respectively,
represent the set of road links from each logistics center to road nodes, from road node to
road node, and from road nodes to freight destination. Notion tij, mij, and eij, respectively,
represent travel time, transport costs, and carbon emissions of each road link (i, j).

Objective (6) is to minimize travel time spent by vehicles from a logistics center to all
freight destinations. Objective (7) is to minimize total transport costs spent by vehicles
from a logistics center to all freight destinations. Objective (8) is to minimize total carbon
emissions from vehicles from a logistics center to all freight destinations. Constraint (9)
ensures that the vehicles must depart from the logistics center. Constraint (10) guarantees
that if a vehicle can provide service for a freight destination, it must reach the destination.
Constraint (11) establishes the flow balance of vehicles travelling in the road network.
Constraint (12) ensures the connection between the road link decision variable in the road
network and the freight destination coverage parameter. Constraint (13) ensures that the
logistics center can cover all freight destinations in different urban areas. Constraint (14)
gives the domain of decision variables.
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The main methods for solving multi-objective planning models are the weighted
coefficient method, the priority ranking method, and the efficient method [48]. Among
these methods, the core of the efficient method is to find all effective solution sets for the
decision maker by transforming the model into a single objective model. This paper aims to
assess the differences in the effect of different objectives based on logistics center location.
Therefore, this paper used the efficient method to solve the multi-objective coverage vehicle
shortest path model and transformed it into three single objective coverage vehicle shortest
path models. After the transformation, each single objective model is a binary integer
program model that optimization solvers, such as IBM ILOG Cplex Optimization Studio,
Gurobi, and Linear Interactive and General Optimizer (LINGO), can easily solve.

On the other hand, calculating transport cost cij and carbon emission eij of travel-
ing across each road link (i, j) is necessary for the actual application of the model. The
calculation formulas of them are as follows:

cij = Θij ∗ cΘ + ch
ij (15)

eij = tij·EC(v) (16)

EC(v) = −0.064 + 0.0056·v + 0.00026·(v− 50)2 (17)

where Θij represents the energy consumption that vehicle travel across the road link, cΘ

represents the energy price, and ch
ij represents the toll when passing through the h toll-type

motorways. EC(v) is the carbon emission rate (g/h) at the speed v (MPH) [47].
Note that the transport costs and carbon emissions of travelling across a road link are

closely related to the type of freight vehicle. According to Nagarajan et al. (2022) [49] and
Grunt et al. (2022) [50], the application of new technologies, including energy sources, the
green fleet of trucks, electric vehicles, etc., is important for sustainable urban logistics and
will become more and more consolidated in the coming years. In particular, promoting
electric vehicles in freight transport has become the main policy for many UPA because of
their environmentally friendly attributes. Therefore, when freight vehicles in the city are
fuel vehicles, their energy consumption can be calculated by electricity consumption (C),
where cΘ represents the electricity price. Meanwhile, the calculation of carbon emission
can be omitted.

However, when freight vehicles in the city are fuel vehicles, their energy consumption
can be calculated by fuel consumption (liter), where cΘ represents the fuel price. To
calculate the fuel consumption generated by freight transport, scholars have put forward
corresponding fuel consumption models considering different influencing factors of vehicle
fuel consumption [48]. This paper stands in the perspective of UPA to study the effects of
different spatial locations of logistics centers on transport costs. Nevertheless, a general
fuel economy index of trucks—the fuel consumption per 100 km—is better for calculating
fuel consumption and the calculation method of the carbon emission rate (g/h) related to
travel speed. In addition, there may be a mixed use of electric and fuel vehicles in a city for
a long period. Then, when calculating energy consumption, both types of vehicles need to
be considered.

By the multi-objective coverage shortest path model, the set of road links, AT
li

, AM
li

, and
AE

li
, can be acquired. According to these solution sets, the effects of logistics center location

on other indicators, in addition to the minimum objective function, can be calculated. When
vehicles pass through the road networks in a city using paths planned with the objective of
minimum travel time, total transport costs, total carbon emissions, and road impact level
can be expressed as:

OTM
li

= ∑
(i,j)∈AT

li

∑
k∈K

xijk·mij (18)

OTE
li = ∑

(i,j)∈AT
li

∑
k∈K

xijk·eij (19)
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RT
ij = ∑

li∈NL

∑
(i,j)∈AT

li

∑
k∈K

xijk·yk (20)

When vehicles pass through the road networks in a city using paths planned with the
objective of minimum total transport costs, total travel time, total carbon emissions, and
road impact level can be expressed as:

OMT
li = ∑

(i,j)∈AM
li

∑
k∈K

xijk·tij (21)

OME
li = ∑

(i,j)∈AM
li

∑
k∈K

xijk·eij (22)

RM
ij = ∑

li∈NL

∑
(i,j)∈AM

li

∑
k∈K

xijk·yk (23)

When vehicles pass through the road networks in a city using paths planned with the
objective of minimum total carbon emissions, total travel time, total transport costs, and
road impact level can be expressed as follows:

OET
li = ∑

(i,j)∈AE
li

∑
k∈K

xijk·tij (24)

OEM
li

= ∑
(i,j)∈AE

li

∑
k∈K

xijk·mij (25)

RE
ij = ∑

li∈NL

∑
(i,j)∈AE

li

∑
k∈K

xijk·yk (26)

To easily compare the impact level of the spatial distribution of logistics center location
on road traffic, this paper normalized their values. The normalization model can be
expressed as:

RT
ij =

∑li∈NL ∑(i,j)∈AT
li

∑k∈K xijk·yk

Max(∑li∈NL ∑(i,j)∈AT
li

∑k∈K xijk·yk)
(27)

RM
ij =

∑li∈NL ∑(i,j)∈AM
li

∑k∈K xijk·yk

Max(∑li∈NL ∑(i,j)∈AM
li

∑k∈K xijk·yk)
(28)

RE
ij =

∑li∈NL ∑(i,j)∈AE
li

∑k∈K xijk·yk

Max(∑li∈NL ∑(i,j)∈AE
li

∑k∈K xijk·yk)
(29)

After normalization, the greater value of RT
ij , RM

ij , and RE
ij, the greater the impacts

on the road traffic, and the more serious the traffic congestion on the road from freight
transport. Note that the road impact level in this paper refers to the relative impact between
road links generated by freight transport, where the differences in road traffic and passenger
traffic are not taken into account. However, the method proposed in this paper can pre-
evaluate the locations of logistics centers and accurately identify the impact of freight traffic
flows based on different spatial distribution schemes of logistics centers on road links.
By referring to the analysis results, city managers can coordinate the current road traffic
state, by carrying out more reasonable urban logistics land-use planning to achieve the
coordination of passenger transport and freight transport.

3.4. The Flowchart of the Analytical Framework

Certainly, the possibility of collecting data is the cornerstone of applying the pro-
posed analytical framework. Although last-mile delivery spurred by the development of
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e-commerce has increased the complexity of urban logistics, and brought more negative
externalities, the development of smart cities and smart logistics can solve these prob-
lems [7,51]. In particular, information and communication technology enable it to generate
and collect vast amounts of data and evaluate the complex links between transactions repre-
sented by these data [52,53]. With the vast amounts of data about both person mobility and
freight mobility, the more smart and efficient solutions of urban logistics, such as location
planning of logistics centers and truck stop places, smart vehicle route planning, the use of
automation equipment in loading and unloading process, etc., can be determined with the
coordination of logistics operation and urban management goals.

In this paper, the following data are needed: (1) data of location factors; (2) geographi-
cal data of alternative logistics center locations, road networks, and freight destinations;
(3) motorway tolls, fuel consumption, and carbon emission factors; and (4) link-specific
traffic data. While applying the proposed framework to an actual case study city, the
geographical data and link-specific traffic data are the most important but yet most difficult
to be acquired. In the past decades, due to the importance of gaining these data, some key
issues related to these data have not been studied widely [28]. Nowadays, the application of
digital technology and smart map software, such as Google Maps, Amap, Tencent Map, etc.,
is a significant step towards more in-depth studies of these issues. It also can help to collect
these data in this paper. By the proposed framework and collected data, the alternative
logistics center location schemes can be firstly refined by logistics center location choice
model. Then, the optimal value and shortest paths of the three different objectives based
on these locations can be analyzed easily. Furthermore, by summarizing and comparing
all solutions, the gap between the minimum values and other values can be analyzed. For
instance, the minimum transport costs can be calculated; meanwhile, the transport costs
under the two objectives of shortest time and minimum carbon emissions, as well as the
impacts on road traffic, can be acquired. Then, the conflicting level between them can
be acquired.

In summary, based on the proposed method in this paper and detailed data collection,
the effects of logistics center location can be evaluated more thoroughly (Figure 2). Firstly,
according to the research scope, statistical data of location factors, including policies,
natural factors, and development potential, are collected to select the location of alternative
logistics centers. Secondly, according to the multi-objective vehicle shortest path model,
the shortest travel time, minimum transport costs, and minimum carbon emissions, as well
as other costs and road impacts, are calculated, respectively. Thirdly, these calculations
are aggregated to analyze and compare the effects on travel time, transport costs, carbon
emissions, and road traffic.
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4. Case Study Area and Data Collection
4.1. Study Area

Beijing is the capital of China with a permanent population of 21.88 million. There
are 16 districts under the jurisdiction of the city. The characteristics of freight transport in
Beijing city are as follows: (1) As a typical consumption-oriented city, goods are mainly
delivered to the inner-city area from outside logistics centers. (2) Cargo transport activities
are mainly undertaken by third-party logistics companies. Beijing has a monocentric urban
structure. Beijing’s road network mainly consists of five ring roads (named from the second
to the sixth ring road in the order of radial distance from the city center) and radial toll
roads (as shown in Figure 3). The population of Beijing city mainly has a home in the area
inside the sixth ring road, which has the high density with the majority of customers and
retailers and generates the majority of freight movements. Therefore, the study area of
this paper is mainly the area inside the sixth ring road (the rectangle area in Figure 3). In
addition, considering the connectivity of the road network, the study area of this paper
also includes Sanhe City, Dazhan Hui County, and Xianghe County in Hebei Province (The
Map of Beijing and Hebei) [54].



Sustainability 2023, 15, 3091 12 of 22
Sustainability 2023, 15, x FOR PEER REVIEW 12 of 22 
 

 
Figure 3. Study area and data. 

4.2. Data Collection 
In Beijing, the logistics center location is mainly preliminarily planned by city man-

agers considering urban development planning, natural factors, and regional develop-
ment potential. In December 2020, Beijing Municipal Commission of Planning and Natu-
ral Resources published the Special Planning of Beijing Logistics that clarified the con-
struction of all logistics center locations within the city. Therefore, in the case analysis of 
Beijing, these planned logistics center locations were used as alternative logistics center 
locations. In this planning, there are 28 logistics centers in 13 districts of Beijing: Dong-
cheng, Xicheng, Chaoyang, Haidian, Fengtai, Shijingshan, Tongzhou, Changping, Shunyi, 
Daxing, Fangshan, Huairou, and Yanqing. Since the 2 logistics centers in Yanqing District 

Figure 3. Study area and data.

4.2. Data Collection

In Beijing, the logistics center location is mainly preliminarily planned by city man-
agers considering urban development planning, natural factors, and regional development
potential. In December 2020, Beijing Municipal Commission of Planning and Natural
Resources published the Special Planning of Beijing Logistics that clarified the construction
of all logistics center locations within the city. Therefore, in the case analysis of Beijing,
these planned logistics center locations were used as alternative logistics center locations.
In this planning, there are 28 logistics centers in 13 districts of Beijing: Dongcheng, Xicheng,
Chaoyang, Haidian, Fengtai, Shijingshan, Tongzhou, Changping, Shunyi, Daxing, Fang-
shan, Huairou, and Yanqing. Since the 2 logistics centers in Yanqing District are planned to
ensure the success of the 2022 Beijing Winter Olympics, this paper used 26 logistics centers
except for the 2 in Yanqing District.



Sustainability 2023, 15, 3091 13 of 22

In China, roads are classified into toll motorway, national road, provincial road, county
road, and town road. However, in the main urban areas, they are usually divided into
three categories: expressway, arterial, and residential road. Country roads, town roads, and
residential roads are normally used to the first mile and last mile connecting to other roads.
This paper mainly studies the truck transport of urban freight. Therefore, these roads are
not included.

According to the Special Planning of Beijing Logistics, logistics centers need to serve
all demand points within the city and expect to attract a large number of enterprises. It
means the actual customer locations of a particular enterprise cannot be used as the freight
endpoint. What is more, Beijing is promoting the development of co-distribution, where
co-distribution vehicles may deliver to all demand points within a certain geographical
area at the same time. Therefore, this paper uses the geographic center of 180 sub-district
administrative areas within the sixth ring road of Beijing as the data of freight destinations.
All node locations and road network data are shown in Figure 1. The longitude and latitude
data of all nodes are obtained from Amap, a Chinese provider of geographic and marketing
data like Google Maps. The distance of each road segment is calculated based on the
Haversine distance.

In this paper, the authors investigated the timing of commercial activities in 26 super-
markets and large food and fruit stores in September–October 2022. According to the results
of field research, inner-city commercial activities in Beijing generally start from 8:00 to 10:00
a.m.; goods are loaded onto storage racks by 8:00 a.m.; and retailers expect that distribution
vehicles can arrive by 7:00 at the latest. Therefore, this paper selected 6:00–7:00 a.m., which
was expected by retailers. The average speed data of different administrative areas during
the time period of 6:00–7:00 a.m. in November 2021 were obtained from Amap, which
updated every 5 min.

The average speed data of different loop areas were obtained from the Beijing Munici-
pal Commission of Transport, which updated every 10 min. Based on these speed data and
the road design speed of different road types, the hourly average speed of each road type
in different areas from 6:00 to 7:00 was estimated in this paper. According to the abovemen-
tioned field research and the study by Huang et al. (2017) [46], freight vehicles used by
cargo companies are fuel vehicles. So, a light truck JAC HFC1082KD with four tons load
capacity was used as the transport vehicle in this paper. According to research, the 100 km
fuel consumption of this model is 15–18 L. Because the constant speed fuel consumption
was often lower than the actual fuel consumption, the upper limit of 18 (L/100 km) was
used in this paper. Diesel prices used CNY 7.26 per liter as of 1 Oct 2022. In addition,
the motorway toll standard adopted in this paper is the latest motorway toll standard
published by Beijing on 1 January 2020.

5. Results and Discussion

In this paper, the proposed multi-objective coverage shortest path model was solved
by the IBM ILOG Cplex Optimization Studio 12.6 for Student Use, downloading in Beijing,
China. Solutions are processed by Python Python 3.7.16 open platforms and displayed
by Environmental Systems Research Institute, Inc. (Esri) ArcGIS 10.2 for Student Use,
downloading in Beijing, China. According to the solutions of the model, this paper analyzed
the effects of logistics center location on travel time, transport costs, carbon emissions, and
road traffic. The logistics center location planning in Beijing was based on the distance
from the logistics center location to the city center, where a radius of 10 km, 30 km, and
50 km was used. Therefore, the distance dlo between each logistics center location l and
the city center of Beijing was also determined in this paper. Then, the results of the effects
on travel time, transport costs, and carbon emissions were summarized according to the
above distance.
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5.1. The Effects of Logistics Center Location on Travel Time

The average travel time clearly indicates the average length of time taken by vehicles
from each logistics center to reach all freight destinations. The comparison of the average
travel time under different objectives and their conflicting level are shown in Figure 4.
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Figure 4 shows that on the whole, ATTs under three different objectives all increased
as the logistics centers moved away from Beijing’s city center. Obviously, their increasing
tendency is consistent. Figure 4 also shows that compared to the shortest ATT, the ATT
with OMTC and OMCM, respectively, increases by about 4% and 1%, except for Chaoyang
LC2. The result suggests that the ATT’s difference between the shortest one and the one
under OMTC and OMCE is small, particularly under the OMCE. These findings indicate
that the effect variation of logistics center location on travel time is primarily due to freight
transport distance in the city rather than the objective optimization of vehicle path planning.
This highlights the consistency of the effect of logistics center location on ATT with different
objectives of vehicle path planning, and also suggests that achieving fast freight transport
seems feasible while vehicle paths are planned under the OMTC and OMCE.

In addition, it can be seen from Figure 4 that the conflicting level of ATT among
logistics center locations is obviously different and varies with the OMTC and OMCE. The
logistics center with the highest conflict level is Chaoyang LC2, which has a high conflict
level under the OMTC and OMCE compared to its neighbor before it, Chaoyang LC1.
However, the conflicting level of Haidian LC is higher under the OMTC but lower under
the OMCE, compared to its neighbor before it, Fengtai LC4. The results further demonstrate
that when analyzing the effect of logistics suburbanization on ATT, it is feasible to use
any one of three objectives because of their same trend with the distance to the city center.
However, the difference between logistics center location needs to be considered while
actually determining a logistics center location.

5.2. The Effects of Logistics Center Location on Transport Costs

The comparison of the effects of logistics center location on transport costs under
different objectives and their conflicting level are shown in Figure 5.
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transport costs).

Figure 5 shows that all TTCs under three different objectives increased as the logistics
centers moved away from Beijing’s city center. The increasing tendencies of three TTCs
are the same with the increase in distance. The variation situation is the same as the ATT
in Figure 4. In addition, it can be observed from Figure 5 that the TTC under the OMTC
is relatively lower than the two TTCs under the OMTT and the OMCE, which is in line
with the reality. However, an interesting finding is that compared to minimum TTC, the
increases in TTC under the OMTT and the OMCM are the same with all about 10%, except
for Tongzhou LC1.

In this paper, transport cost includes fuel cost and motorway tolls across each road
link. Therefore, their changes also are explored, as shown in Figures 6 and 7.
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Figure 6 shows that the increase tendency of TFCs under three objectives are consistent
with the increase tendency of distance to Beijing’s city center. Compared to minimum
TFC, the increase in TFC under the OMTT with about 4% is slighter than that under the
OMCM with about 6%, except for Chaoyang LC1 and Chaoyang LC2. In addition, it can be
observed from Figure 4 that the conflicting level of TFC among logistics center locations is
obviously different and varies with the OMTC and OMCE. For example, compared to the
TFC of Haidian LC and Tongzhoun LC1, the TFC’s difference between OMTC and OMTT
decreases, but the difference between OMTC and OMCE increases significantly.
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Figure 7 shows that TMTs under three objectives are all obviously low. Their varia-
tion is inconsistent with the distance from the logistics center location to the city center.
Figures 5–7 suggest that high fuel costs spent in the road network contribute to high total
transport costs in Beijing. However, it is noticeable that the large difference in total trans-
port costs of different logistics centers is because of the difference in the total motorway
tolls spent by freight vehicles from each logistics center to all freight destinations.

5.3. The Effects of Logisitics Center Location on Carbon Emissions

The comparison of the effects of logistics center location on carbon emissions under
different objectives and their conflicting level are shown in Figure 8.
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Figure 8 shows that on the whole, TCEs under three different objectives all increased
as the logistics centers moved away from Beijing’s city center. Their increasing tendency
also is consistent with the increase in distance. The variation situation is the same as the
ATT and the TTC in Figures 4 and 5. It indicates that travel time, transport costs, and
carbon emission all have consistent growth with distance increase from logistics center
locations to the city center. That means one indicator of them completely can represent the
variation tendency of others while analyzing the effects of logistics center location away
from the city center.

Figure 8 also shows that compared to minimum TCE with the OMCE, the TCE with
the OMTT and the OMTC, respectively, increases by about 1% and 13%. The result suggests
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that the TCE’s conflicting level between OMCE and OMTT is very slight, but the one
between OMCE and OMTC is large. This suggests that if logistics operators plan vehicles
paths in road networks with the objective of the shortest travel time, the amount of carbon
emission is quite low. According to the findings here and Section 5.1, encouraging freight
vehicles to plan vehicle travel paths with the objective of minimizing travel time is the most
sustainable solution for urban logistics, because it can benefit both logistics operations and
city environment. In addition, it can be found from Figure 8 that the TCE’s conflicting level
between OMCE and OMTC is significantly different in different logistics center locations.
The results demonstrate that while actually determining a logistics center location, it is
quite necessary to carefully consider the variation of carbon emission from freight transport
based on all alternative locations.

5.4. The Effects of Freight Traffic Flows Based on the Spatial Distribution of Logistics Centers on
Road Traffic

The effects of freight traffic flows based on the spatial distribution of logistics centers
on road traffic and the difference among these effects under three objectives of vehicle path
planning are shown in Figure 9.

Figure 9 shows that under the objectives of minimizing travel time and carbon emis-
sions, there are almost the same effects of freight traffic flows on road traffic. Their effects are
slighter than that under the objective of minimizing transport costs. The result reconfirms
the importance of encouraging freight companies to plan vehicle paths in road networks
with the shortest travel time for sustainable urban logistics. In fact, the contribution of
freight traffic flows to road traffic congestion is closely related to the road traffic state in a
city. The situation of road traffic congestion in the morning rush hour in Beijing in 2021 is
shown in Figure 10.
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5.4. The Effects of Freight Traffic Flows Based on the Spatial Distribution of Logistics Centers on 
Road Traffic 

The effects of freight traffic flows based on the spatial distribution of logistics centers 
on road traffic and the difference among these effects under three objectives of vehicle 
path planning are shown in Figure 9.  
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of freight traffic flows to road traffic congestion is closely related to the road traffic state 
in a city. The situation of road traffic congestion in the morning rush hour in Beijing in 
2021 is shown in Figure 10.  

 
Figure 10. The situation of road traffic congestion in the morning rush hour in 2021 (from the Beijing 
transport development annual report in 2022 published by Beijing Transport Institute). 

Figure 10 shows that Beijing’s traffic congestion in the morning rush hour mainly 
occurs on the second, third, and fifth ring roads in the northwest, the third ring roads in 

Figure 9. The effects of freight traffic flows based on the spatial distribution of logistics centers on
road traffic and their differences under the three objectives. (a) The objective of minimizing travel time.
(b) The objective of minimizing transport costs. (c) The objective of minimizing carbon emissions.

Sustainability 2023, 15, x FOR PEER REVIEW 18 of 22 
 

 
(c) 

Figure 9. The effects of freight traffic flows based on the spatial distribution of logistics centers on 
road traffic and their differences under the three objectives. (a) The objective of minimizing travel 
time. (b) The objective of minimizing transport costs. (c) The objective of minimizing carbon emis-
sions. 

Figure 9 shows that under the objectives of minimizing travel time and carbon emis-
sions, there are almost the same effects of freight traffic flows on road traffic. Their effects 
are slighter than that under the objective of minimizing transport costs. The result recon-
firms the importance of encouraging freight companies to plan vehicle paths in road net-
works with the shortest travel time for sustainable urban logistics. In fact, the contribution 
of freight traffic flows to road traffic congestion is closely related to the road traffic state 
in a city. The situation of road traffic congestion in the morning rush hour in Beijing in 
2021 is shown in Figure 10.  

 
Figure 10. The situation of road traffic congestion in the morning rush hour in 2021 (from the Beijing 
transport development annual report in 2022 published by Beijing Transport Institute). 

Figure 10 shows that Beijing’s traffic congestion in the morning rush hour mainly 
occurs on the second, third, and fifth ring roads in the northwest, the third ring roads in 

Figure 10. The situation of road traffic congestion in the morning rush hour in 2021 (from the Beijing
transport development annual report in 2022 published by Beijing Transport Institute).

Figure 10 shows that Beijing’s traffic congestion in the morning rush hour mainly
occurs on the second, third, and fifth ring roads in the northwest, the third ring roads in
the east, and some arterial roads. However, compared to Figure 9, it is clear that freight
traffic flows based on the current logistics center location scheme may worsen Beijing’s
traffic congestion on some roads, such as the second ring roads in the west, the roads from
Jing-Zang motorway Kehui Bridge to Bei-Sha-Tan Bridge into the city direction, etc.

This result confirms that the proposed method is useful for urban planners to rec-
ognize the poor effects of freight traffic flows on road traffic to make more reasonable
planning of logistics center locations. To improve overall urban sustainability, the coordina-
tion development of passenger and freight transport is essential, but it challenges urban
planners [8,55,56]. The proposed method and managerial insights from this analysis can be
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used to provide a better way of integrating freight transport into city planning to promote
sustainable urban development in Beijing.

6. Conclusions

Good logistics center locations can facilitate the development of a sustainable city
by promoting efficient logistics operations, low-emission freight transport, and the har-
monization between the spatial distribution of freight traffic flows and passenger flows.
While actually developing a sustainable logistics center location planning, UPA need to pre-
evaluate carefully the effects of alternative location schemes on economic, environmental,
and social sustainability goals. This paper provides a helpful analytical framework for UPA
to address this issue. The proposed framework harmoniously integrates a multi-criteria
decision-making method and shortest path model with multiple objectives. It can be used
to thoroughly evaluate the effects of different logistics center location schemes on freight
travel time, transport costs, carbon emissions, and road traffic, and explore the conflicting
level among these effects. In this paper, the proposed approaches were applied to Beijing
city. The main findings and policy suggestions underlying the result analysis include
three aspects.

Firstly, there is a relationship between freight travel time, transport costs, and car-
bon emissions based on different logistics center locations. They all show an increasing
tendency with the increase in urban freight distance. This means reducing the distance
can improve transport efficiency and decrease transport costs and carbon emissions from
freight transport. In other words, logistics center locations in a city should not be away from
these areas that have a high activity density with the majority of customers and retailers.
On the other hand, these findings highlight the importance of considering all effects of
logistics center location on travel time, transport costs, carbon emission, and road traffic
while actually planning logistics center location. Moreover, the results also suggest that
while analyzing the effects of logistics suburbanization, one indicator of them completely
can represent the variation tendency of others.

Secondly, the conflict level between the objective of minimizing travel time and carbon
emissions is slight. However, there is a large conflict level between the two objectives
and the objective of minimizing transport costs. Compared to the shortest travel time,
the travel time increases by about 1% and 4% under the two objectives of minimizing
carbon emissions and transport costs, respectively. Compared to the minimum carbon
emission, the carbon emission also increases by about 1% under the objective of minimizing
travel time but increases by more than 13% under the objective of minimizing transport
costs. However, compared to the minimum total transport costs, the total transport costs
increase by more than 10% under the two objectives of minimizing travel time and carbon
emission. The finding suggests that encouraging freight vehicles to travel in road networks
with the navigation objective of minimizing travel time is an excellent way to achieve
sustainable urban logistics, because in this scenario, urban freight transport is the quickest.
Meanwhile, transport costs and carbon emissions are all more moderate. For local public
authorities, the cancellation of motorway tolls for freight trucks may be a feasible way to
encourage cargo companies to plan their trucks’ paths with the navigation objective of
minimizing travel time, which can be regarded as an economic subsidy to cargo companies.
The last but not least finding is that the effects of logistics center location on road traffic
are obviously different with the different objectives of vehicle path planning. However,
the difference under the objectives of minimizing travel time and carbon emissions are
relatively slight. Promoting single-objective path planning is conducive for UPA to formu-
late effective policies to achieve the coordination between freight transport and passenger
transport. According to the study results of this paper, vehicle path planning with the
navigation objective of the shortest travel time should be encouraged. Additionally, this
paper demonstrated that by rationally planning logistics center locations, it is possible
to reduce the overlap of freight and passenger flows and make road traffic congestion in
urban areas smoother.



Sustainability 2023, 15, 3091 20 of 22

The policy implications for urban logistics planners and local land-use practitioners
are that there might not be a one-size-fits-all design solution to eliminate the negative
externalities from freight transport. Actually, logistics center location planning in a city
requires solutions that are sensitive to the distribution of local customers and the time
performance of transportation systems and freight activity in a city. Although this paper
provides a useful tool for them and has acquired richer insights, several issues still remain
for future study. First, it would be more significant to analyze how the results would be
affected if, considering the dynamic traffic state of the road network, the focus is placed
on the changes in the effects of logistics center location on travel time, transport costs,
carbon emissions, and road traffic. Secondly, the function and holistic nature of logistics
and supply chain management (SCM), particularly the vehicle routing problem, trucks
stop location planning, last-mile delivery, and the like, should be carefully considered in
future research. Furthermore, the studies about the effects of freight mobility on residents’
welfare, such as noise, traffic accidents, infrastructure injuries, etc., will provide deeper
management insights for the development of sustainable urban cities.

Author Contributions: Conceptualization, Y.W. and Y.L.; Methodology, Y.W.; Validation, Y.L. and
C.L.; Formal analysis, Y.W.; Investigation, Y.W.; Writing—original draft, Y.W. and C.L.; Writing—
review & editing, Y.W. and C.L.; Visualization, Y.W.; Supervision, Y.L.; Project administration, Y.L.;
Funding acquisition, Y.L. and C.L. All authors have read and agreed to the published version of the
manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: This research was supported by Zhejiang Provincial Philosophy and Social
Sciences Planning Project (Grant no. 23NDJC306YB) and Beijing Logistics Informatics Research Base.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Sianes, A. Academic Research on the 2030 Agenda: Challenges of a Transdisciplinary Field of Study. Glob. Policy 2021, 12, 286–297.

[CrossRef]
2. United Nations. Department of Economic and Social Affairs. 2018. Available online: https://www.un.org/development/desa/

en/news/population/2018-revision-of-worldurbanization-prospects.html (accessed on 13 September 2019).
3. United Nations. Environment Programme: ‘UN Environment 2018 Annual Report’. Available online: https://www.

unenvironment.org/resources/un-environment-2018-annual-report (accessed on 2 April 2019).
4. Sang, Z.; Li, K. ITU-T Standardisation Activities on Smart Sustainable Cities. IET Smart Cities 2019, 1, 3–9. [CrossRef]
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