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Abstract

Urban logistics has emerged as a priority to improve goods distribution and mobility within urban centers
worldwide. Brazil presents a unique set of challenges in this regard due to issues such as excessive reliance on
road transportation, lack of regulations, inadequate infrastructure, cargo theft, and the intricate interplay of cargo
transportation with urban traffic. These challenges collectively exert a substantial influence on the economic,
urban, and environmental performance of cities. This article introduces a novel approach aimed at assessing and
benchmarking urban logistics performance between Brazilian cities with potential applicability to other contexts.
The methodology was based on data envelopment analysis to evaluate efficiency based on key indicators, including
GDP Gross Domestic Product, population size, commercial establishments, urban area coverage, cargo fleet size,
and travel time. By applying this methodology to 12 Brazilian cities, the study improves the understanding of their
relative efficiency levels concerning urban logistics and provides key insights for policymaking. The results also
show the relevance of the proposed methodology and contribute to provide a perspective of different administrative
and logistical facets through the lens of macroeconomic indicators, contributing to a holistic understanding of
urban logistics dynamics.

Policy Significance Statement

The article evaluates the comparative performance of the cities in terms of urban logistics using the data
envelopment analysis methodology. The analysis is based on the production frontiers. The results provide insights
for governments to formulate policies for managing urban freight flow, truck traffic, and land use. These policies are
derived by benchmarking against cities closer to the production frontier and consequently more efficient.

1. Introduction

In Latin America and the Caribbean (LAC), several cities are experiencing massive population growth

alongside chaotic traffic congestion. Sdo Paulo, Mexico City, Buenos Aires, Rio de Janeiro, Lima, and
Bogota are among these cities. Furthermore, countries such as Argentina, Brazil, Chile, Colombia, Costa
Rica, and Mexico are witnessing the emergence of a large group of smaller retailers or nano stores, outside
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metropolitan regions (Boulaksil and Belkora, 2017). These establishments cater to a significant portion of
fast-moving consumer goods to a large part of consumers in a low-income segment (D’Andrea et al.,
2006) across central and peripheral areas. These aspects, coupled with governmental regulations for
trucks, expanding population, and the increasing traffic congestion, have exacerbated the complexity of
urban logistics.

Inefficient urban logistics can directly and negatively impact both the quality of life for the population
and the local economy. The concentration of cargo vehicles can lead to negative externalities such as
congestion, traffic accidents, and pollution (de Vasconcellos, 2005).

In this context, several indicators play a crucial role in achieving efficient urban logistics, including travel
time, cargo fleet size, GDP Gross Domestic Product, population density, and presence of local businesses. In
addition, the urban infrastructure and morphology of the cities (Oliveira et al., 2020), congestion levels
(Laranjeiro et al., 2019), traffic regulations (Dias et al., 2018), and population culture (Lewis, 2019) are also
influential factors. Some studies in Latin America examined the impact of urban freight transport and
logistics efficiency through microlevel analysis (Vieira et al., 2015) and focused on specific solutions for
logistics challenges faced by the companies (Oliveira et al., 2014, 2018; Santos Junior and Oliveira, 2020);
however, a microanalysis considering city characteristics or efficiency comparisons between attributes
affecting urban logistics remains absent. Therefore, a broader analysis is warranted to assess the efficiency of
urban logistics in cities.

This research aims to evaluate and compare the logistics efficiency of diverse cities using readily accessible
data. The data include parameters such as population size, GDP Gross Domestic Product, urban area, number
of commercial establishments, and parameters related to the flow of goods, including cargo fleet size and the
average time of displacement. Analyzing these attributes can provide insights on prospective public policies
for these and other medium- and large-sized cities. The study employs the DEA methodology assessing and
applying it to selected cities based using publicly available data, resulting in a multivariate analysis.

The scientific contribution of this work lies in the development of a methodology for conducting
preliminary assessments of cities within a country or a region, with data that are easily obtained from
public institutions’ websites or free-of-charge services. This methodology offers a preliminary perform-
ance evaluation of urban logistics without the need of surveys or independent studies. The methodology is
a valuable tool for policymakers and traffic planners.

This paper is structured as follows: (i) a literature review focusing on performance measurement of
urban logistics indicators and the DEA model; (ii) an exploration of the research question pursuing the
understanding the urban logistics efficiency in cities, the methodology used to gather data from Brazilian
cities, and the subsequent comparison; (iii) presentation of the results; (iv) a discussion regarding the
significance of the model; and (v) conclusion.

2. Literature review

2.1. Performance measurement
Improving efficiency brings benefits to society and yield positive impact on regional income, business, and
profitability (Clarke and Gourdin, 1991; Lidasan, 2011). Each quantitative analysis is related to the need of
assessing the adverse repercussions spanning various sectors—economic, social, political, or environmental
—which are essential for the sustainability of economic activity in urban settings (Mei et al., 2015;
Gonzalez-Feliu, 2018). Logistic efficiency, on the other hand, manifests when a region or company
optimizes operations to minimize errors and uphold product and service quality (Zheng et al., 2020).

Even though, the urban logistics literature presents a range of indicators to measure performance (Pina
and Torres, 2001; Mei et al., 2015; Vieira et al., 2015; Giret et al., 2018), they are often not included in
proposed frameworks due to data limitation. In certain instances, these indicators are confined to specific
initiatives or projects as microlevel measures, which allows them to evaluate efficiency from an external
context toward an internal context of the region or sector (Van Wee, 2016).

On a macroscale, scholars have been exploring diverse methods to measure logistics efficiency as the
gravity model (Marti et al., 2014), the grey relational analysis model (Li and Xiao, 2013), and the DEA
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(Liu et al, 2013; Cao, 2018). DEA, in particular, has been employed to assess logistics performance at
regional, municipal, and specific supply chain levels. It encompasses indicators linked to service quality,
societal values, operations management, pollutant emissions, and road systems, spanning economic,
environmental, and infrastructural dimensions. Comparing these indicators across organizations, cities, or
regions poses a challenge; variations in data collection methodologies based on circumstances or
researchers might impede valid comparisons over time (Chow et al., 1994). Nonetheless, the practice
of assessing logistics efficiency across cities remains valuable as such efforts can unveil constraints that
inform public policies related to urban freight transport planning in cities.

2.2 Efficiency measurement—DEA model

The DEA model was initially proposed by Charnes et al. (1978) as a tool for assessing the relative efficiency
of similar system of economic production, by assigning decision-making units (DMUs) within economic
production systems. The DEA employs a mathematical programming approach to quantify the effectiveness
of DMUs in various contexts, such as urban evaluation (Gerdessen and Pascucci, 2013), analysis of
businesses and firms (Kaffash et al., 2020), and innovation assessments (Bertoni and Croce, 2011). It is
particularly valuable for aiding decisions related to administration, finance, logistics, and production
management. Adolphson et al. (1991) suggest a broader application of DEA extending its application to
the comparison of homogeneous units in multiple dimensions; and Charnes et al. (1989) pointed out that
since a city is a complex input-output system, the DEA model is suitable for evaluating urban efficiency.

The DEA method has been utilized to assess agricultural system sustainability by considering
economic, social, and environmental indicators across 252 European agricultural regions. This approach
enables an analysis of action disparities within EU Member States which is crucial for evaluating
sustainability (Gerdessen and Pascucci, 2013). Another study employs the urban logistics assessment
to compare the efficiency of LAC cities (Fioravanti et al., 2023). This comparative analysis of urban
logistics performance offers insights for further examination of specific cities or variables, elucidating
their proximity to or deviation from the efficiency frontier.

The DEA model incorporates various inputs (resources or production factors) and outputs (products)
(Carvalho, 2010). A DMU’s efficiency is defined as the ratio between its productivity and the productivity
of the most efficient DMU (Figueiredo et al, 2009). The DEA is categorized into two models: the constant
return to scale (Charnes, Cooper, and Rhodes—CCR) and the variable return to scale (Banker, Charnes,
and Cooper—BCC) as proposed by Banker et al. (1984) and is described by the following notation:

Xi:(xli,x2is--~’xij)T>O9i:172"""n) (1)
T
Y= (Vs Vapscesdyg) >0.r=1,2,....,n) )

where i represents the number of input indicators and r represents the number of outputs indicators. Based
on formulas (1) and (2), the model proposed by Charnes, Cooper, and Rhodes is established by the
following equation:

Outputs: maxho =3, _,u,y,;
Subject to:

Inputs: > 7 vix; =1
s m
Z“ryrj - Zvix;'j <0j=1,....,n
r=1

i=1

Ur, Vi > 0

https://doi.org/10.1017/dap.2023.40 Published online by Cambridge University Press


https://doi.org/10.1017/dap.2023.40

e42-4 Reinaldo Fioravanti et al.

where:

* x;= Amount of the ith input entering the jth DMU.

* y,;= Quantity of the rth product that comes out of the jth DMU.
* x; and y,; are the known parameters.

* u,= Weight of the rth product coming out of the jth DMU.

* v;= Weight of the ith input entering the jth DMU.

Thus, relative efficiency in DEA is represented for each (DMU) and by the ratio between the weighted
sum of the vector components (outputs of a system) and the weighted sum of the vector components
(inputs of a system) used in the process of production. In mathematical programming, it is defined as the
following equation:

For DMU: Efficiency, = %

ViXio
r

3. Methodology

The methodology applied is based on the model of Paiva (2000), which consists of seven phases presented
in Figure 1.

Objective definitions: The selection of the DMUs to be analyzed was based on three criteria:
homogeneity, size of the benchmarking group and the constraints that define a DMU. The 12 cities
studied were Sdo Paulo, Rio de Janeiro, Curitiba, Guarulhos, Salvador, Campo Grande, Teresina, Santos,
Recife, Fortaleza, Porto Alegre, and Campinas.

Data analysis and conclusion: Definition of the role and purpose of DMUs in the application to choose
or formulate performance indicators for identifying relevant variables to monitor and control. Selecting
the variables to be analyzed must start from a list of quantitative, qualitative, controllable, or noncontrol-
lable factors that show the production relationships of a set of DMUs.

Considering the complexity of activities and stakeholders involved in urban logistics, it
is challenging to compare cities in terms of their efficiency levels. Therefore, the main research

Selection of DMUs
Objetive Definition |
L 2
Rule Definition (Select
Inputs and Outputs)
: 3
Find datab: Googl
n Eaarathals;g(e)oog € Select DEA Model
Data Analysis : ‘
Pilot application
Benchmarketing
Model solution Package
Software RSTUDIO
Conclusions l
,| Interpretation of results and
conclusions

Figure 1. Methodology.
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Table 1. Descriptions to quantitative variables

Variables Characteristics Importance in the urban logistics Database
Annual GDP A macroeconomic measure that reflects the It is an indicator that evaluates the economy in IBGE, 2021
monetary value of a cities production of general, based on sustainable development is
final demand goods and services over a designed for urban logistics (Cheba and
given period. Saniuk, 2016).
Population The total number of people living in a This indicator quantifies accessibility within ~ IBGE, 2021
particular world region at a specific time.  local areas in the metropolitan or rural area
depending on the direction of the study
(Saghapour et al., 2016)
Urban area Includes the city itself, considering its Urban freight logistics comprises the movement IBGE RapidEye, 2015
administrative boundaries. and operations generated by the activity of
goods based on indicators of urban areas. By
pacifying decision-making, they look for
possible solutions to the problems generated
by freight transport operations (Amaya et al.,
2021).
Cargo fleet Total number of vehicles dedicated to cargo It is presented as a logistics performance index, IBGE, 2021

Transport cargo companies

Logistic companies

Travel time

transportation (truck, tractor truck, small ~ to monitor and evaluate the sustainability of
truck, van, utility). cities (Buldeo Rai et al., 2018).
Total number of companies dedicated to T-citizens directly related to regulations and ~ Web site: Empresasaqui, 2021
cargo transportation registered in the city.  issues facing problems regarding burden
sharing in megacities, and logistics
performance measures (Vieira and Fransoo,

2015).
Distribution or logistics centers registered in It represents the consolidation of freight Web site: Empresasaqui, 2021
the city. transport activities in urban areas and is in

line with the growth of cities (Taniguchi and
Thompson, 2014).
This is the average number of hours a driver How to quantify mobility in urban areas to Google map, 2019
would spend in congestion during peak analyze the ease of movement, dependent on

(Continued)
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Table 1. Continued

Variables Characteristics Importance in the urban logistics Database

hours (9 a.m.), on a typical business day.  an (efficient) transport system (Alho et al.,

(Appendix A). 2014)
Commercial establishments Total number of wholesale and retail Direct influence on the merchandise Web site: Empresasaqui, 2021
companies. distribution system, on regulations and
problems in the movement of goods (Vieira et
al., 2015).
Business billing Total turnover of logistic company It highlights the sustainability and growth of the Web site: Empresasaqui, 2021

logistics distribution operations of the
company in the sector (Sanz et al., 2018).
Number of staff Number of people working within The classification is based on estimates of the ~Web site: Empresasaqui, 2021
companies number of employees, evaluating the level of
logistics service provided (Alho and e Silva,
2014).
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question that motivates this work is: How efficiently is performing the urban logistics in selected
Brazilian cities, vis a vis its peers in the same region? It is important to note that there are
innumerable challenges in comparing cities with different geographical, socioeconomic, and cultural
attributes.

The purpose of applying DEA is the examination of whether specific macrolevel data variables have
the potential to identify the most efficient cities among a designated cluster of cities within a specific
region. In a previous study, the focus was on the LAC region, a developing region with very different
topography, sizes, urban concentration, and regulatory framework governing cargo transportation
(Fioravanti et al., 2023). After analyzing the large cities of the LAC region in the work of Fioravanti
et al. (2023), this study focuses on analyzing 12 specific Brazilian cities, namely Sdo Paulo, Rio de
Janeiro, Curitiba, Guarulhos, Salvador, Campo Grande, Teresina, Santos, Recife, Fortaleza, Porto Alegre,
and Campinas.

In the design of the DEA, the first phase involves the definition of the role and purpose of DMUs,
coupled with the selection of performance indicators, as well as the identification of relevant variables to
monitor and control.

This study revolves around the central concept of efficiency, which is divided into two main
approaches: input-oriented and output-oriented models. The first approach aims to minimize inputs while
staying within the limits of what is achievable. On the other hand, the second approach aims to maximize
outputs while staying within the same limits of inputs.

The choice of the cities was based on some factors that can influence the cargo movement within urban
areas, for instance, population density, industrial and commercial activities, presence of airports/ports,
and historical and urban centers with restrictions to cargo circulation.

The variables were chosen based on data availability, relevance, and accessibility in public
databases. The final selected variables were grouped into three main categories: socioeconomic
(including GDP, population size, and the number of commercial establishments); operational (cargo
fleet size from national records) and average travel time in the city center); and spatial (urban area size
within city limits).

The selection of the DMUs was based on three criteria: homogeneity, the size of the benchmarking
group and the constraints that define a DMU. Data analysis and conclusion: this phase involved defining
the roles and objectives of DMU s, selecting or designing performance indicators to identify relevant
variables for monitoring and control).

The RStudio’s Benchmarking data package, developed by Bogetoft and Otto (2020), was used for the
statistical analysis of the different efficiency measures. The package generates database rules, deriving
association rules based on data mining for each factor analyzed. The package applies the methods of limit
analysis. Different efficiency measures were formulated under varied technological assumptions (fdh, vrs,
drs, crs, irs, add/frh, and fdh+), spanning input-based, output-based, hyperbolic graph, additive efficiency,
super and directional approaches. Additionally, the package provides graphical representation of tech-
nology sets and it is suitable to solve standard models and many other variants. Finally, the data were
analyzed, and conclusions were drawn.

4. Application development
4.1. DEA BBC—Input oriented

The first model used was the input-oriented DEA, where the input variables were GDP, urban area,
commercial establishments, number of jobs, and business revenue (Table 2). In the input-oriented model,
for the units to be located on the border, it is necessary to minimize the value of the inputs to achieve
maximum levels of efficiency, while the value of variables representing the results or outputs, namely
travel time, cargo fleet, transport, and logistics companies, remain constant.

The results obtained from the efficiency levels in Brazilian cities based on the model described above
are depicted in Table 3:
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Table 2. Data Brazil cities based 2021

Transport
Travel  Cargo Urban  Commercial cargo Logistic
time fleet GDP Population area  establishments  companies  companies Business
ID City (min) (unit) (annual RS) (unit) (km?) (unit) (unit) (unit) revenue (R$) Staff (jobs)
1 Sao Paulo 33 1.367.635 772.804.830.090 12.396.372 1880 492.333 52.123 1.134 1.357.606.060.691 10.852.691
2 Rio de Janeiro 31 390.660 357.974.908.203 6.775.561 1433 193.987 15.499 392 575.997.667.033  4.149.134
3 Curitiba 25 279.317 97.610.221.341 1.963.726 552 95.020 7.329 197 231.793.352.012 1.818.416
4 Guarulhos 25 112.788 66.370.681.792 1.404.694 144 51.747 10.357 187 28.816.820.843 933.185
5 Salvador 28 158.997 64.425.482.024 2.900.319 341 82.527 5.366 109 177.922.156.013  1.368.408
6 Campo Grande 17 104.913  30.910.435.425  916.001 177 32.434 2.199 30 77.410.247.005 595.834
7  Teresina 17 71.880 22.177.561.271  871.126 139 25.286 614 14 71.576.643.005 538.594
8 Santos 31 42.564  22.788.828.351  433.991 34 17.318 1.683 587 62.891.327.019 519.250
9 Recife 18 115.497 55.199.348.808 1.661.017 362 46.051 2.743 81 155.937.814.010 1.141.215
10 Fortaleza 21 168.522  68.272.625.806 2.703.391 367 103.098 3.668 101 211.140.329.011  1.575.772
11 Porto Alegre 18 139.691 82.918.086.237 1.492.530 626 49.313 2.801 116 171.549.149.010 1.277.928
12 Campinas 16 139.853  66.406.645.285 1.213.792 438 41.714 5.544 219 116.437.728.005  820.792

Note. Data referring to Brazil were extracted from the IBGE, only referring to the year 2021.
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Table 3. Summary relative efficiency

DMU Ciudad Efficiency (%) Al A3 A4 A6 A8 AL2
1 Sdo Paulo 100.00 100,000 0,00000 0,00000 0,00000 0,00000 0,00000
2 Rio de Janeiro 73.90 0,25,905 0,65,458 0,08635 0,00000 0,00000 0,00000
3 Curitiba 98.93 0,00000 100,000 0,00000 0,00000 0,00000 0,00000
4 Guarulhos 100.00  0,00000 0,00000 100,000 0,00000 0,00000 0,00000
5 Salvador 87.27 0,03819 0,17,904 0,33,368 0,00000 0, 44,907 0,00000
6 Campo Grande 98.38 0,00000 0,00000 0, 00000 1,00000 0,00000 0,00000
7 Teresina 97.00 0,00000 0,00000 0,00579 0,46,366 0,53,053 0,00000
8 Santos 98.03 0,00000 0,00000 0,00000 0,00000 100,000 0,00000
9 Recife 76.87 0,00000 0,00000 0,00000 0,40,008 0,10,666 0,49,325
10  Fortaleza 67.05 0,00000 0,26,413 0,30,178 0,00000 0,00000 0,43,408
11 Porto Alegre 76.92 0,00000 0,06474 0,00000 0,00000 0,09448 0,84,076
12 Campinas 98.64 0,00000 0,00000 0,00000 0,00000 0,00000 100,000

98-100% relative efficiency (best possible)

80-97% relative efficiency
Less 79% relative efficiency

In an input-based DEA model, the lambdas depicted in Table 3 represent the weights assigned to each
DMU to achieve efficiency. These weights indicate the proportion of each DMU’s input that contributes to
the efficiency score.

From Table 3, it can be noted that most Brazilian cities approach the upper limit of relative efficiency,
with many scorings above 80%. Rio de Janeiro stands out with a relatively lower efficiency of 73.9%. To
achieve 100% efficiency, Rio de Janeiro could benchmark operational strategies from cities such as Sao
Paulo, Curitiba, and Guarulhos (A > 0). Similarly, Recife exhibits an efficiency of 76.87% and could aim for
100% efficiency using DMUs like Campo Grande, Santos, and Campinas as benchmarks. Fortaleza, at
67.05% efficiency, can consider Curitiba, Guarulhos, and Campinas as its reference points. Additionally,
Porto Alegre’s efficiency of 76.92% aligns with the references of Curitiba, Santos, and Campinas. Salvador,
with 87.27%, could reference Sdo Paulo, Curitiba, Guarulhos, Santos, and Campinas and Teresina, with a
high level of efficiency of 97%, can have Guarulhos, Campo Grande, and Santos as references.

Furthermore, Campinas proves to be a pivotal reference for Recife (A = 0.4932511), Fortaleza
(A = 0.4340841), and Porto Alegre (A = 0.8407669), underscoring its significance as an exemplar of
efficient cargo transportation.

As aresult of the DEA application and for a more homogenous interpretation of the results, the model
group cities in four clusters (Figure 2). Generally, cities with higher GDP and population dominate the
upper portion of the vertical axis due to their elevated production values. Conversely, medium and small
cities cluster in the lower range of the chart, reflecting comparatively lower output values:

4.2. DEA BBC—Output oriented

The first model used was the input-oriented DEA, where the input variables were GDP, urban area,
commercial establishments, number of jobs, and business revenue. In the input-oriented model, for the
units to be located on the border, it is necessary to minimize the value of the inputs to achieve maximum
levels of efficiency, while the value of variables representing the results or outputs, namely travel time,
cargo fleet, transport, and logistics companies, remain constant.

The second model used was the output-oriented DEA, where, given a level of inputs, the model seeks
the maximum proportional increase in outputs while remaining within the production possibilities
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Figure 2. Relative efficiency—Input oriented.

frontier. A unit cannot be considered efficient if any output can be increased without increasing or
decreasing another output.

We use the same proposition and variables as in Section 4.1, and the results obtained from the
efficiency levels in Brazilian cities are presented as follows:

From Table 4, in general, most Brazilian cities are close to the upper limit of relative efficiency, with the
majority surpassing the mark of 97%. While Curitiba (78.8%) does not achieve full efficiency, it maintains
a position above the lower threshold of 50%. To reach 100% efficiency, Curitiba’s target benchmarks

Table 4. Summary relative efficiency

Efficiency

DMU City (%) Al A2 A7 A8 10 Al A2

1 Sao Paulo 100.00 100,000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000
2 Rio de Janeiro 100.00  0,00000 100,000 0,00000 0,00000 0,00000 0,00000 0,00000
3 Curitiba 78.83  0.02072 0.03512 0,00000 0,00000 0,41,786 0,33,548 0,19,094
4 Guarulhos 75.34  0,00000 0,11,248 0,38,006 0,37,306 0,13,441 0,00000 0,00000
5 Salvador 97.27  0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000
6 Campo Grande 76.38  0,00000 0,00000 0,44,552 0.55447 0,00000 0,00000 0,00000
7 Teresina 97.52  0,00000 0,00000 100,000 0,00000 0,00000 0,00000 0,00000
8 Santos 100.00  0,00000 0,00000 0,00000 100,000 0,00000 0,00000 0,00000
9 Recife 97.61  0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000
10  Fortaleza 97.33  0,00000 0,00000 0,00000 0,00000 100,000 0,00000 0,00000
11 Porto Alegre  97.52  0,00000 0,00000 0,00000 0,00000 0,00000 100,000 0,00000
12 Campinas 97.64  0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 100,000

98-100% relative efficiency (best possible)

80-97% relative efficiency
Less 79% relative efficiency
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include DMUs such as Sao Paulo, Rio de Janeiro, Fortaleza, Porto Alegre, and Campinas. Similarly,
Guarulhos exhibits an efficiency of 75.34%. To realize perfect efficiency, Guarulhos can benchmark from
DMUs like Rio de Janeiro, Teresina, Santos, and Fortaleza. Additionally, Campo Grande, with an
efficiency of 76.38%, could align itself with Santos or Teresina to approach the frontier of efficiency.

As aresult of the DEA application, and for a more homogenous interpretation of the results, the model
group cities in four clusters (Figure 3). Generally, cities with higher GDP and population dominate the
upper portion of the vertical axis due to their elevated production values. Conversely, medium and small
cities cluster in the lower range of the chart, reflecting comparatively lower output values:

5. Conclusions

This work’s main contribution is proposing a methodological strategy for comparative assessment of
urban logistics in cities focused on the efficient use of resources. The data used are acquired on websites of
public institutions or free services without conducting field surveys. This approach intends to inform
future public policies, in areas such as land use, logistics infrastructure and services, and urban traffic
management.

The DEA method proved its effectiveness as a tool for analyzing and classifying DMUs. In this case,
specifically urban logistics performance in different Brazilian cities. The results demonstrated the
feasibility of obtaining an overview of urban logistics among major cities.

The input-based model fits better to the problem of urban logistics, based at the economic unit level; it
recognizes the freedom of action of those DMUs, as it should be in the currently selected regions.
Productivity can be influenced by economic progress and the change in the logistics and transport
efficiency indicator, which can act in opposite directions, cancelling one another or working in the same
order, adding both. Suppose productivity is increasing mainly due to the movement up the frontier. In that
case, logistical innovations will be taking place that increase the potential output generated by the
economic production process of the sector.

The process was shown to be robust, quick to apply, and adaptable for personalized valuations, even for
nonexperts in statistical and computational tools. The DEA methodology allows the use of multiple inputs
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and outputs, including macroeconomic indices that directly affect and help to characterize urban logistics.
It also accommodates various units for measurement, allowing comparisons with best practice units to set
goals for inefficient ones.

The application of the methodology relies on gathering necessary data, having access to it, and
mastering its organization and processing. Once consistently handled with a clear goal, these data-driven
decisions can support evidence-based policymaking. Even though, the method is of easy application,
there are potential limitations in the case of gap of availability or quality of data. This can be enhanced by
improving databases or conducting complementary surveys when feasible.

As future research, other aspects could be included in the DEA model either as input or output, for
example, variables related to environmental sustainability or low carbon urban logistics and also variables
related to the e-commerce as a relevant component of cargo generation in urban areas.

Supplementary material. The provided summary code was developed to conduct the analyses of Figures 2 and 3, applying the
model described in Section 2.2. The supplementary material for this article can be found at https:/doi.org/10.1017/
$2632324923000408.
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Appendix A

METHODOLOGY: CALCULATION OF AVERAGE TRAVEL TIME
Description of the methodology

1. Using Google Earth and with help from other internet pages, the points for each city were located. A location was chosen in
the center of each city, which was established as the arrival point.
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Figure Al. Example of arrival point (city center).

2. Four points (N, S, O, E) were created, within a radius of 5 km from the arrival point, using the ruler tool.
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Figure A2. Example of origin points.
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These points were located on Google maps, and their addresses were considered as departure points.

4. In Google maps, the minimum and maximum time between the starting point and the arrival point was calculated, for each of
the starting locations (N, S, E, O) (Figure A.3).

5. The departure times 8, 9, and 10 am, on Wednesday November 21, 2018 were considered.

6. The final data called “average time travel” was found from the formula, (the data taken at 9 am.):

The formula was applied for all the starting locations and finally the total mean is applied.

Xtmin +Xtmax

X=
2

where X i, = Average of minimum time of displacement
X imax = Average of maximum time of displacement
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Figure A3. Example of arrival point (city center).
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