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Abstract: The aim of this paper is to analyze the perceptions of the transport service providers on
the barriers in urban freight transport and the restrictions imposed on freight vehicles, identifying
which urban freight transport policies can improve this activity in Brazil. Principal component
analysis allowed us to identify which are barriers in urban cargo transport and the restrictions
imposed on freight vehicles. In addition, we evaluated freight policies that can improve the activity
using probabilistic preference. We obtained the database from a web-based survey of transport
service providers in Brazil. The results indicate that the urban freight vehicle restriction is related
to congestion and availability of loading and unloading areas. The freight vehicle restriction is a
result of the lack of information and data. The theft of cargo significantly impacts urban freight
transport. Transport service provider company perceptions indicate an urban mobility plan as
the most-required freight policy to improve freight mobility. To reduce the barriers to urban
freight planning, an understanding of the problem involving the stakeholders is needed. To do so,
the challenge is to change the culture in the transportation planning process by integrating various
actors to create an urban logistics plan that generates opportunities for the city.
Keywords: urban freight transport; transport service provider companies; principal component
analysis; probabilistic preference; urban logistics plan

1. Introduction
Since the late 2000s, social, economic, and technological transformations, reclassifications in urban
land use, and the environmental consequences of road-based transport systems have significantly
changed the patterns of freight movements and have increased the interest in urban freight transport [1].
The growth in urban population and, consequently, the increase in the rate of consumption pose
challenges for cities to achieve sustainable urban freight transport. In general, congestion is present
in most cities around the world. In Latin American cities, congestion is a direct result of the current
mobility model, based mostly on the use of private vehicles due to the low quality of the public
transportation system (in most cities). In this context, the logistics operator experiences difficulties
when performing urban deliveries. In the Brazilian context, the freight activities are only viewed as
a private business with negative impacts on the city. This view needs to be changed to implement
efficient freight public policies to reduce the negative effects of urban deliveries. Thus, we intend to
contribute to this shift in paradigm.
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Urban freight transport (UFT) is usually recognized for its unsustainable impacts on the quality of
life in cities, including social, economic, and environmental problems (traffic congestion, air pollution,
and noise pollution) [2,3]. A summary of the current state in Brazil can be described as follows: 86%
of the population live in urban areas [4], which is estimated to reach 91.1% by 2050 [5], the world
population living in urban areas being 54.83% and expected to reach 68% by 2050; the transport sector
in Brazil was responsible for 44.8% of CO2 emissions in 2014 [4].
Besides these problems, UFT plays a policy role in the economic development of a city, in sustaining
the population’s way of life, and in the maintenance and competitiveness of industrial and commercial
activities, as it is a necessity for economic exchanges between spatially dispersed locations [6–10].
This situation has occurred because “freight does not vote like people do” [11] (p. 189). Besides, freight
transport plays a minor role in transport planning procedures and policymaking in most cities [12].
As such, obtaining information on urban freight transportation and how to best influence it
is essential to minimize its negative externalities, without harming the economy or quality of life.
UFT management is often hindered by a lack of awareness, not only in the local regulatory context,
but also regarding the acceptability and operative constraints of the various stakeholders (freight
carriers, local policymakers, and retailers). The lack of participation of the stakeholders in public
policymaking prevents the practical implementation of initiatives and measures.
Considering the context of urban freight transport, logistics operator, and freight policies, despite
the number of papers published, studies are lacking in Brazil. Moreover, it is this deficiency that
motivated us to perform the analysis presented in this paper.
In this way, our objective is to analyze the perceptions of the transport service provider companies on
the barriers encountered by them, and also their opinions on the quality of the urban freight policies in
Brazil. We identified the barriers to urban freight transport and cargo vehicle restrictions using principal
component analysis (PCA). Urban freight policies were evaluated using an entropy measure of preferences.
While European and North American countries discuss the engagement of stakeholders, some
developing countries such as Brazil analyze how to overcome the barriers to improve urban freight
transport by an open dialogue between the stakeholders on urban freight policies. This paper outlines
the perceptions of the Brazilian transport service provider companies to contribute to public policies to
improve urban mobility.
Considering the difficulties of the Brazilian government (and those of other Latin American
countries) experience in obtaining data on urban freight transport, the results of this paper provide
practical information to propose urban freight policies based on the experience of transport service
providers. If the policies consider the vision of the stakeholders, they are more likely to succeed when
implemented. Thus, we contribute to the literature on stakeholder perceptions in order to create a
useful public policy for urban freight transport, based on challenges faced by practitioners and also by
considering the complications experienced when implementing public policies in Brazil. Also, this
study differs from others due to the discussion on the implication of public policies and political issues
in the Brazilian context.
Finally, we used two methods rarely used in urban freight transport literature: PCA and the
entropy measure of preferences. The combination of PCA and the k-means cluster method is used to
identify: (1) a cluster of cities considering the spatial organization, economic profile, and influence
on urban distribution [13]; (2) the logistics criteria used to compose a decision-making tool [14]; (3) a
logistics cluster in São Paulo [15]; (4) motivations and barriers to collaboration in urban logistics in
Singapore [16]; (5) a selection of cities to conduct an urban goods transport survey, using an example
of Parisian municipalities [17]; and (6) urban truck driver activity patterns [18].
The remainder of this paper is structured as follows: Section 2 presents a literature review on
stakeholders’ perception, including a subsection on this perception in Brazil. Section 3 outlines the
research approach. Section 4 presents the results and discussion, and Section 5 presents the conclusion
that includes recommendations for future research.
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2. Literature Review
Some scholars have examined the relationship between the stakeholders’ perceptions and public
UFT policies. A literature review of the interaction between stakeholders in city logistics planning
was reported [19]. We reviewed the literature to identify the stakeholders’ perceptions of urban
freight transport. The results of the literature review were classified based on the focus of this study,
stakeholders involved, and research method. Considering the focus of the paper, the scholars analyzed:
(1)
(2)
(3)
(4)
(5)
(6)
(7)

Freight policies [8,10,20–35];
Barriers to urban freight considering the perception of stakeholders [10,21,35];
Engagement of stakeholders in urban freight transport [23,36,37];
The behavior of stakeholders within urban freight transport policies [37,38];
Participation of the stakeholders in the decision-making process [34,36];
Planning processes [33,36]; and
Participation in the policymaking process [23,36].
Scholars considered some stakeholders in these papers:

(1)
(2)
(3)
(4)

Transport providers [8,20,24,27–31,33,38];
Retailers [8,10,24,27–31,33,35,38];
Local authorities [8,23,24,26–28,31–34]; and
Shippers [29,31].

The scholars wanted to understand the relationship between the stakeholders’ perceptions and
public UFT policy using:
(1)
(2)
(3)
(4)
(5)

Quantitative analysis [10,24,26,30,32];
Discrete choice modelling [20,23,36,37];
Multi-criteria analysis [8,29,31,33,34];
Agent-based modelling [23,35,38]; and
Ex-ante assessment [22,39].

The literature review led us to some conclusions: (1) the freight policies analysis is recurrent in the
literature; (2) the literature considered the transport providers, retailers, local authorities, and shippers
as stakeholders in their analyses; and (3) we did not identify a common method used to analyze the
stakeholder’s perception, with quantitative analysis being the most common. Gatta et al. present a
review of the methods used to analyze stakeholder preferences [33].
Urban Freight Transport and Stakeholders in Brazil
In Brazil, the UFT planning is still developing. The Federal Law 12.587/2012 [40] establishes
the obligation to create urban mobility plans in cities with more than 20,000 inhabitants. The cities
must consider the characteristics of the modes of transport in their planning, and the infrastructure
must allow the movement of people and cargo. Despite this requirement, data explaining the urban
freight transport system in Brazilian cities remain scarce. Similarly, Brazilian municipalities struggle to
incorporate cargo into urban mobility plans due to the lack of knowledge in the area [26].
To change this situation, some Brazilian researchers have investigated the involvement
of stakeholders in the UFT policies. Stakeholders’ perceptions (population, carriers, retailers,
and representatives of the municipal government) regarding urban freight distribution and city
logistics solutions in Belo Horizonte (Brazil) were reported [24]. We aim to understand the different
perspectives and underlying paradigms to identify challenges and solutions to urban freight distribution.
In the same context, Oliveira et al. examined the viewpoint of different stakeholders (industries,
carriers, and retailers) from large enterprises in Brazil on urban freight transport problems, city logistics
solutions, and current practices [30]. They compared the effectiveness of city logistics solutions
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considering the viewpoint of these stakeholders to determine whether stakeholders’ stated opinions
match their actions and if solutions can be identified that consider these viewpoints.
Also, Oliveira et al. analyzed the urban freight transportation in nine Brazilian cities with different
demographic, economic, and morphological characteristics [10]. Data from 1882 commercial establishments
were used to discuss problems and solutions for urban freight transport from the retailers’ point of view.
Data collected in commercial establishments in six cities from Brazil’s Minas Gerais state (Betim, Belo
Horizonte, Contagem, Divinópolis, Itabira, and Nova Lima) were used to identify the problems and
solutions for urban freight transportation from the retailer’s point of view [35]. The authors aimed to verify
if any similar problems and solutions exist throughout these cities. Finally, Furquim et al. examined the
differences and disagreements in the delivery and receipt of goods, from the viewpoint of the retailers and
transporters operating in the urban center of Sorocaba [28]. They also identified the local restrictions on
vehicle cargo movement and the challenges with this operation.
Considering the results of the literature review and the reality in Brazil, we conclude that research
gaps exist in stakeholder perception. We observed that few methods were used in the previous
analyses. Thus, we contribute to the understanding of the UFT problem in Brazil. To the best of
our knowledge, this is this first time the research methods used in this paper, PCA and probabilistic
preference, were used for the analysis of urban freight transport, which is another contribution of this
article to the literature.
3. Research Approach
We conducted a survey of Brazilian transport service provider companies. The questionnaire
included 5 blocks (Table 1) that gathered data about the company (Block 1), urban delivery processes
(Block 2), e-commerce deliveries (Block 3), barriers related to urban freight transport and freight
restriction measures (Block 4), and urban freight policies (Block 5). The questionnaire design is
presented in Table 2. Some barriers addressed in the survey are specific to the Brazilian context, such as
cargo theft and robbery (Block 4). We used a 5-point Likert scale: not very important (1), not important
(2), neutral (3), very important (4), and extremely important (5), to evaluate and measure the freight
restriction barriers. We highlight that freight restriction is a common public policy in Brazilian cities,
in general, implemented to improve urban mobility without evaluation of the efficacy of the measure.
The urban freight policies presented in Block 5 were selected from the following literature:
implementation of an urban mobility plan [12], loading/unloading areas [41,42], mini-hubs in
urban areas [43–46], electrical vehicles [47–50], cargo bikes [51–54], truck lanes [55], off-peak
deliveries [56–58], freight delivery restriction [59,60], congestion charge [61], pick-up points or
lockers [62,63], and collaborative delivery [36,64].
The survey was administered via the Internet, where the questionnaire was sent to 5205 Brazilian
transport service provider companies. These companies are part of the database of one of the most
important business schools in Brazil. We obtained responses from 202 companies in Brazil between
July and August 2018.
Figure 1 presents the design of the research approach used to analyze the data. In order to depict
the characteristics of companies’ respondents, we used the measure of central tendency and spatial
tools to identify their location.
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Table 2. Descriptive analysis and Cronbach’s alpha results from Block 4 questions of the survey
(Qu., quartile).
Theme

Variable
Restriction of freight vehicles

Barriers

Freight
restriction
measure

Min

1st Qu.

Median

3rd Qu.

Max

Cronbach’s Alpha

1

5

5

5

5

0.72

Congestion

3

5

5

5

5

0.72

Availability of loading/unloading areas

3

5

5

5

5

0.70

Signalling of loading/unloading areas

1

4

4

4

5

0.75

Theft of goods

3

5

5

5

5

0.74

Delivery time of e-commerce products

1

4

4

4

5

0.74

Home delivery failures

1

5

5

5

5

0.73

Lack of information

1

4

4

4

5

0.71

No planning process

1

5

5

5

5

0.72

Lack of data

1

4

4

4

5

0.70

Impact on the distribution cost

1

4

4

4

5

0.76

Additional fee

1

4

4

4

5

0.71

Environmental impact

1

4

4

4

5

0.70

Lack of involvement of stakeholders

1

4

4

4

5

0.73

Cronbach’s alpha was used to measure the internal consistency of the variables in Block 4.
Cronbach’s alpha is a measure of the internal consistency of a scale, expressed as a number between
0 and 1 [65]. Internal consistency “means that all items in a test measure the same concept” [65] (p. 53).
Relative standing (minimum, 1st quartile, median, 3rd quartile, and maximum) was calculated to
understand the perception of the companies on the issues evaluated. The measure of the association
(Spearman correlation) was used to identify which barriers and restriction issues are more relevant.
These results are presented using Corrgram [66]. We used a heat map to show the Brazilian cities
where urban distribution is a barrier due to restrictions and cargo theft. A heat map illustrates the
concentration of a phenomenon in space [67].
PCA was used to identify dependent variables. Firstly, we measured the suitability of the data
for PCA using Kaiser–Meyer–Olkin (KMO) [68]. A value above 0.7 is considered median, and above
0.8 is considered acceptable for the KMO test [68]. Considering the sample characteristics for analysis,
we used the eigenvalues to determine the number of principal components [69]. An eigenvalue greater
than 1 indicates that the component accounts for more variance than accounted for by one of the
original variables. This is used as a cut-off point to identify components to retain, which is valid to
standard data. The total variance and analysis of the scree plot is another method to limit the number
of components. A scree plot is a plot of eigenvalues ordered from largest to the smallest. The number
of components is determined at a point beyond which the remaining eigenvalues are all small [70,71].
In this study, we considered the eigenvalues ordered from largest to smallest to determine the number
of components. More details on PCA have been previously reported [71].
A circle of correlation was used to identify the correlation between a variable and a principal
component (PC) using the coordinates of the variable on the PC. The results are interpreted as:
(1) positively correlated variables are grouped together, (2) negatively correlated variables are positioned
on opposite sides of the plot origin (opposing quadrants), and (3) the distance between variables and
the origin measures the quality of the variables on the factor map. The squared loading for variables
is called cos2, which measures the quality of the representation of the variables. We present these
results using a correlation circle. A high cos2 value indicates a good representation of the variable
on the PC, and, in this case, the variables are positioned close to the center for the correlation circle.
cos2 is represented using colors in the correlation circle: red represents high values of cos2, blue
represent variables with mid-range cos2 values, and white represents variables with low cos2 values.
Considering these steps, the pattern of similarity between the factors affecting barriers related to urban
freight transport and the freight restriction measure was identified.
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A descriptive analysis of Block 4 variables is also presented in Table 2. In general, the respondents
considered the barriers extremely important (first quartile and median with minimum values of four),
except the signaling of loading/unloading (L/U) areas. All the variables related to freight restriction
measures were considered as important, except for no planning process considered as extremely
important. These results indicate that all variables in this block require some attention from local
authorities in the development of freight policies to reduce the impacts on and of this activity. As an
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lack
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which were implemented to improve the quality of the air. In Belo Horizonte, the freight restriction
was implemented due to a sequence of fatal accidents involving cars and trucks. Freight restriction
is a measure in the Urban Mobility National Plan, in Law 12,587/2012 [30], to improve urban freight
transport. However, data to measure the impact of this freight policy are not available.
One consequence of this planning process is observed in the moderate correlation between the
lack of involvement of stakeholders and the impact of freight restrictions on the distribution cost
because the companies need to complete deliveries. Consequently, a lack of UFT planning and an
impact on distribution costs are negatively correlated, i.e., a lack of transportation planning reduces
urban mobility and, consequently, cargo mobility, which needs new strategies to deliver products in
the city. For example, a freight vehicle restriction forced transport companies to replace vehicles up to
10 tons in size with those of a maximum of 5 tons (Belo Horizonte case) or 2.5 tons (Fortaleza case),
increasing the company’s fleet and fixed and variable costs to distribute the same volume of products.
Considering the restriction and theft of goods, we asked companies to identify five Brazilian cities
where these problems complicate urban delivery. Figure 5 presents these results. In general, performing
urban deliveries in larger cities is harder due to freight vehicle restrictions (Figure 5a). The theft of
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cities where these problems complicate urban delivery. Figure 5 presents these results. In general,
performing urban deliveries in larger cities is harder due to freight vehicle restrictions (Figure 5a).
goods
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5b). In like
some
regions,
de
Janeiro,
some
companies
apply
an
additional
delivery
fee.
In
Belo
Horizonte
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Favelas in Rio de Janeiro, some companies apply an additional delivery fee. In Belo Horizonte
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cargo theft
due to in
thecargo
frequency
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to the frequency
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Thus,
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5
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problem in this area. Thus, Figure 5 depicts these barriers to urban freight transport in Brazil.
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Figure 7a presents the correlation circle barriers and the representation of the variable on the PC
(cos2) results. The restriction, congestion, and availability of L/U areas are positively correlated
variables. Also, most of the variables have a high cos2, i.e., variables with a good representation of
the PC. The freight vehicle restriction measures (Figure 7b), lack of information, lack of data, no UFT
planning process, additional fees, and environmental impacts are correlated differently
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Figure 6. Scree plot of the (a) barriers and (b) freight restriction measures.
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Figure 7. Correlation circle for (a) barriers and (b) freight restriction measures.

The contribution of each variable to each component is presented in Figure 8a,b. For the barriers
related to UFT, restriction, congestion, and availability of L/U areas contribute to PC1 (Dim. 1 in
the Figure 8a). Theft of goods and signaling of L/U areas contribute to PC2, the delivery time of
e-commerce goods contributes to PC3, restrictions contribute to PC4, and theft of goods and restrictions
contribute to PC 5. For the freight vehicle restriction measures, almost all variables contribute to PC1:
lack of information, no planning, lack of data, additional fee restrictions, and environmental impact.
The impact of distribution cost and involvement of stakeholders contribute to PC2. The dimension of
the contribution of each variable is presented on the axes on the right of Figure 8a,b.
From the PCA results, we identified three main problems related to urban freight transport in
Brazilian cities, according to Brazilian transport service provider companies: restriction, congestion,
and availability of loading/unloading spaces. These problems are related, in our opinion, to freight
policies implemented to avoid having freight vehicles in the city center. Freight restrictions are
implemented, in general, to improve car mobility. The consequence of these freight policies is the
increase in congestion (due to changing fewer larger freight vehicles to many smaller freight vehicles
or to cars to deliver the goods in dense areas). Correspondingly, the number of loading/unloading
spaces is insufficient for the number of deliveries required in these areas. The lack of freight parking
area generates more congestion.
For the urban freight vehicle restriction measures, the lack of information, no planning, lack of
data, additional fee restrictions, and environmental impact are the main issues faced by the urban
freight vehicle restriction. The lack of data induces the lack of planning. Brazil does not produce
data to analyze urban freight movement. Consequently, urban freight planning is still developing
in Brazilian cities. As such, the stakeholders do not have information to operate efficiently in urban
centers, which implies that operations are constantly affected. The companies have created fees for
delivering to restricted areas. Finally, as stated above, smaller vehicles are being used, increasing the
number of cargo vehicles and, consequently, negatively contributing to the environmental impact.
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0.64

LackInformation
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Figure 8a). Theft of goods and signaling of L/U areas contribute to PC2, the delivery time of ecommerce goods contributes to PC3, restrictions contribute to PC4, and theft of goods and restrictions
contribute to PC 5. For the freight vehicle restriction measures, almost all variables contribute to PC1:
lack of information, no planning, lack of data, additional fee restrictions, and environmental impact.
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the contribution of each variable is presented on the axes on the right of Figure 8a,b.
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4.2. Freight Policies Analysis
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For the urban freight vehicle restriction measures, the lack of information, no planning, lack of
Table
Ranking freight policy
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data, additional fee restrictions,
and4. environmental
impact
are the main issues faced by the urban
freight vehicle restriction. The lack of data induces the lack of planning. Brazil does not produce data
Ranking
Freight Policy
Shannon’s Entropy Weight
to analyze urban freight movement. Consequently, urban freight planning is still developing in
1
Urban mobility plan
0.40
Brazilian cities. As such, the stakeholders do not have information to operate efficiently in urban
2
Guidelines to loading/unloading areas
0.19
centers,3which
are constantly
and 10implies that operations
Collaborative
delivery affected. The companies have
0.02 created fees for
delivering to
aspoints
statedorabove,
used, increasing the
4 restricted areas. Finally,
Pick-up
lockerssmaller vehicles are being0.02
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charge tonegatively
freight vehicles
0.01
number of 5cargo vehicles and,
consequently,
contributing to the environmental
impact.
6
Cargo bikes
0.06
7
Booking
in
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loading/unloading
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0.05
4.2. Freight Policies Analysis
8
Truck lanes
0.12
9
Electrical
vehicles
Table 4 presents the ranking of freight policy preferences for the preference0.02
measure. The urban
11 is ranked first amongst
Freight vehicle
restriction
mobility plan
the freight
policies considered by the0.05
companies. Urban
12
Off-peak delivery
0.05
mobility plans are mandatory for cities with more than 20,000 inhabitants in Brazil. However, some
Not chosen
Mini-hubs in urban areas
0.04

Loading/unloading areas are the second-ranked measure preference. However, this measure
is reported to be a challenge to urban freight transport in the literature [10,42,79]. In Brazil,
federal law establishes the loading/unloading areas as the infrastructure in urban mobility [10].
However, loading/unloading areas in Brazilian cities are lacking. The lack of enforcement encourages
the use of loading/unloading areas for parking for other purposes. The importance of this freight
measure to improve the number and availability of these areas in Brazil has been reported [10].
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Pick-up points are a developing solution in Brazil [63] and could provide one alternative to the
failure of home deliveries. The local authorities need to support this solution by providing secure
delivery locations. However, Brazilian transport service provider companies need to implement this
solution in different areas.
Congestion charges were the solution ranked fifth by the companies. This result is surprising and
can be explained by a possible lack of knowledge of companies about the solution. Improvements in
cargo mobility are not guaranteed with the implementation of urban tolls. However, this was a freight
policy suggested by Campbel et al. [79].
Lastly, we highlight cargo bikes and electric vehicles. Both vehicles are not yet common in Brazil
for cargo transportation. However, both can environmentally benefit cargo transportation and can be
incorporated into a sustainable urban logistics plan [80].
Another result is the lack of preference for mini-hubs in urban areas. This measure is not usual in
large Brazilian cities. Distribution centers are generally located in the peripheral cities of metropolitan
areas due to the high cost of land. Thus, despite the benefits of this measure for urban freight transport,
it was not recognized by the companies surveyed.
4.3. Discussion
The results presented in this paper and previous studies [10] allow us to conclude that Brazilian
urban mobility policy does not consider stakeholders’ views and, most probably, urban logistics plans
will be proposed to comply with the law without the consideration of practical effectiveness and
implementation, as is common in the transportation planning process in Brazil.
In general, local authorities create problems instead of focusing on real problems. The local
authorities need to articulate and use the law to regulate solutions that create opportunities for the
cities and the economy. The measures required to improve urban freight transport must be examined
at the micro-level. through examining and understanding the problem, when implementing a suitable
solution. Thus, understanding the problem during the planning process must include the involvement
of the stakeholders. To do so, the challenging is changing the culture in the transportation planning
process by integrating various actors to create an urban logistics plan that generates opportunities for
the city. In Brazil, the challenge is to create an urban freight plan in four years (the duration of one
political mandate), with simple solutions that are easy to implement.
The literature supports the importance of stakeholder engagement in the planning process [29] to
guarantee the efficacy of freight policies. However, conflicting objectives prevent effective engagement.
This needs to be changed so that the collective interest will predominate in the development of public
policies. Also, stakeholder engagement could be a first step in developing smart cities [81].
5. Conclusions
In this paper, we identified the perceptions of the transport service provider companies on barriers
and urban freight policies in Brazil. The data were obtained from a web-based survey of 202 Brazilian
transport service provider companies.
The main results indicate barriers associated with a lack of urban freight planning process. In order
to improve this activity, local authorities need to promote an effective urban mobility plan including
cargo mobility in the planning process. On-street loading/unloading areas need to be included as a
measure to improve urban freight transport.
For future research, we suggest developing a new vision to planning urban freight transport,
integrating stakeholders and different levels of planning. All stakeholders need to participate in the
process. Engagement, involvement, and quality of life should be the basic principles of urban freight
transport planning. Finally, the freight policies can be effective through the use of planning, monitoring,
and evaluation using realistic and standardized indicators. The urban logistics plan should be simple to
implement within a single government mandate with an efficient regulatory framework. Then, urban
freight transport will contribute to more efficient urban mobility. Also, for future research, we suggest
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discussing the importance of urban freight transport for developing smart cities. We suggest these
topics for future research in developing countries.
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