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Abstract
This paper reviews the state of the art in spatial accessibility and attractiveness indicators for urban freight transport and logistics, from a territorial intelligence and analytics viewpoint. It proposes a first typology of indicators
and analyzes their potential in Latin American urban planning and development. After presenting the main notions of business intelligence and analytics, as well as a definition of territorial intelligence and analytics, the paper
proposes an overview of territorial intelligence indicators, focusing on accessibility and attractiveness indicators,
and a typology of five categories of indicators: infrastructure-based indicators, generation-based indexes, distance/
time/cost measures, gravity-based indicators and space-time compatibility indexes. Finally, the main issues for implementing such indicators are presented, in terms of data requirements and potential applications focusing on
the Latin American context.
Keywords: urban logistics, territorial intelligence and analytics, spatial indicators, accessibility, attractiveness,
data production
Resumen

Logística urbana e indicadores espaciales de inteligencia territorial: Estado del arte,
tipología e implicaciones para ciudades de América Latina
El presente artículo presenta el estado del arte sobre indicadores de accesibilidad y de atractividad espacial para el
transporte de carga y la logística urbana, desde el punto de vista de la inteligencia y la analítica territorial. El artículo
propone una primera tipología de indicadores, y analiza el potencial de su uso en la planeación y desarrollo urbano
en Latinoamérica. Tras presentar las principales nociones de inteligencia y analítica de negocios, y proponer una
definición de la inteligencia y analítica territorial, el artículo propone una visión de conjunto de los indicadores de
inteligencia territorial, con un foco en los de accesibilidad y atractividad, y una tipología con cinco categorías de
indicadores: de infraestructura, de generación, de distancia/tiempo/costo, gravitatorios y de compatibilidad espacio-temporal. Finalmente, se presentan las principales cuestiones en la implementación de dichos indicadores, en
términos de requerimientos en datos y de potenciales aplicaciones, con un foco en el contexto latinoamericano.
Palabras clave: logística urbana; inteligencia y analítica territorial; indicadores espaciales; accesibilidad;
atractividad; producción de datos

Ed. n.˚11 // Enero-diciembre 2018 // ISSN 1993-4912

INTERFASES

Pág. 135

Artículos de revisión

1. Introduction
Urban logistics is nowadays a central subject in both research and practice that involves different
stakeholders and mobilizes various disciplines (Taniguchi and Thompson, 2015; Gonzalez-Feliu,
2018). In the last years, the subject has been of particular interest for Latin American cities (HolguinVeras et al., 2018; Rojas Huérfano et al., 2018), not only as “learners” or “deployers” of solutions and
actions already tested and validated in other countries (Barbero, 2010; Betanzo-Quezada and
Romero, 2010) but also as promoters of innovation and R&D in the field (Blanco, 2014; GonzalezFeliu, 2018). Indeed, although urban logistics in Latin America has traditionally been seen as
a question of implementing and adapting already mature solutions (Dablanc, 2011), with few
experiences and deployment actions in the region (Bozzo et al., 2014), the trend is changing and
Latin American countries are currently proposing innovations in city logistics, both at the research
(De la Barra et al., 2012; Merchán, 2015; Montoya-Torres et al., 2016; Parra Herrera, 2017; ChicaizaVaca and Hidalgo-Carvajal, 2018) and practice level (Fontes Lima Junior et al., 2010; Lama More,
2010; Macário et al., 2011; Blanco et al., 2014; Fransoo et al., 2017).
Also in the industrial and distribution logistics fields, the application of decisionsupport tools is starting to be standardized and generalized at the Latin American level
in various services and directions of companies (Padilla, 2006). Moreover, the notion of
business intelligence and analytics is nowadays known in Latin American large and mediumsized companies (Sánchez Veas, 2004; Muller, 2007; Gonzales et al., 2015), although it is not
systematically implemented and deployed (Coba et al., 2018).
On another hand, Latin American cities are known for having strong difficulties in terms of
urban planning (Cabeza, 2002; Metzger et al., 2015; Alexandri et al., 2016). The inclusion of urban
freight in urban plans and actions, which is imperative or at least strongly recommended in many
countries of Europe and in the US (Gonzalez-Feliu, 2018), is not required in Latin American cities
(Parra Herrera et al., 2017). Moreover, to include freight in urban plans, suitable indicators are
needed. Thus, territorial intelligence and analytics, defined analogously to business intelligence
and analytics, would add an important insight to urban planning, and allow freight to be correctly
considered in urban planning and development actions. However, territorial intelligence and
analytics remains as an emerging field, and freight transport is often not included in the proposed
frameworks on the subject. Although some indicators and dashboards are proposed in the urban
logistics literature (Melo and Costa, 2011; Gonzalez-Feliu and Morana, 2014; Morana and GonzalezFeliu, 2015), they are carrier-based and non-spatial explicitly in spatial indicators for urban freight,
such as centrality, concentration, accessibility and attractiveness. Indeed, although proposed in
research works, those indicators are not often used in urban logistics (Gonzalez-Feliu et al., 2018)
since they are not always defined in the same terms and developed by different disciplines, as
opposed to their analogous indicators for private transport. However, freight accessibility and
similar indicators have a strong potential for urban planning (van Wee, 2016).
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The aim of this paper is to present an overview of spatial accessibility and attractiveness
indicators for urban freight transport and logistics, from a territorial intelligence and
analytics viewpoint, as well as to address the main issues and implications for an application
in Latin American cities’ urban planning and development. First, the main notions of business
intelligence and analytics and territorial intelligence are presented. A formal definition
of territorial intelligence and analytics is proposed, as well as a brief overview of the main
categories of indicators related to territorial intelligence dashboards. Then, the state of the art
in accessibility and attractiveness indicators in terms of urban freight transport and logistics
is presented, proposing the categorization of said indicators, and the main formulations for
accessibility and attractiveness estimation. The paper includes five categories of indicators
and seeks to synthesize the different research works on the field that have indicators being
assimilated into attractiveness or accessibility measures, and dealing explicitly with freight
transport in urban areas or the activities that generate those transport flows. Afterwards, the
main issues for implementing such indicators, in terms of data requirements and potential
applications, are addressed in a global perspective. Finally, and focusing on Latin America,
the main implications for the deployment of a territorial intelligence analytics vision of
urban freight transport planning and management are presented.

2. The potential and needs of an analytics-oriented territorial intelligence approach
2.1 From business intelligence and analytics to territorial intelligence analytics
Business intelligence (BI) is currently a main issue for companies around the world, and
is also popular in research, especially in relation to decision and management sciences
(Chen et al., 2012). Coined by Howard Dressner, analyst at the Gartner Group, in 1989
(Negash and Gray, 2008), it has become the dominant approach in company-based
information business and management (Watson and Wixom, 2007; Turban et al., 2013).
According to Negash and Gray (2008), business intelligence systems are computer-based
systems that “combine data gathering, data storage, and knowledge management with
analytical tools to present complex and competitive information to planners and decision
makers.” In computer-based environments, business intelligence uses large databases,
typically stored in data warehouses, as main sources of information and the basis for
sophisticated analysis, the so called “analytics”, i.e. processes aiming at “developing
actionable insights through problem definition and the application of statistical models and
analysis against existing and/or simulated future data” (Cooper, 2012).
BI analytics tools are then based on data processing, statistics, artificial intelligence,
combinatorial optimization and other advanced data production and analysis techniques
to provide synthetic and “easy to visualize” results and indicators (Yogev et al., 2012).
Those techniques are of a wide variety (Holsapple et al., 2014) and produce results
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such as simple reporting, slice-and-dice, drill down, answering ad hoc queries, realtime analysis, and forecasting, among others (Negash and Gray, 2008). Nowadays, many
vendors provide BI analysis (and analytics) tools, which have a main common reporting
instrument: the dashboard (Negash and Gray, 2008). Dashboards, which are used in
many business and management issues, are managerial tools that support effect change
diagnosis and steering in companies through the introduction of a set of indicators
(physical, economic and financial, environmental, social, and/or transversal, among
others), and present, analogously to a car’s dashboard, in a graphic and “easy to read” way
(Kerzner, 2017). According to Bouquin (2001), dashboards display a small set of indicators
(five to ten) to support managers’ decisions by making them become aware of the status
and evolution of the systems they are monitoring, as well as to identify the trends in the
system’s behavior on a horizon relevant to the nature of their functions.
Dashboards are used in various fields of business and commercial activities, and are
a common instrument in logistics planning and management, not only for controlling
and monitoring but also as a dialog tool among the different supply-chain stakeholders
(Morana, 2014). In urban logistics, dashboards are starting to be deployed in a unified
way (Gonzalez-Feliu, 2018), by adapting the indicators of sustainable supply-chain
management (Morana, 2014) to the urban logistics context, and in an interactive and
group-decision perspective (Morana and Gonzalez-Feliu, 2015), since various stakeholders
are involved. Indeed, in urban logistics, both public and private stakeholders of different
nature and with different goals and action scopes interact to deploy solutions, with the
aim to improve the logistics activities of the cities, mainly in a sustainability perspective
(Gonzalez-Feliu, 2018).
Private stakeholders such as transport carriers, logistics providers, wholesale
grocery distributors, and most shippers are used or are starting to be used as BI tools,
at least in Europe and the USA1. They may have the potential in Latin America2, for
example, to support the development of Sales and Operations Management approaches
in import-export companies (Padilla Solís, 2014). The deployment of such systems on
retailers, mainly on nanostores (Fransoo et al., 2017), seems to be more difficult, as well
as the introduction of BI tools to support public authorities’ management decisions,

1

2
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Purposes given as a conclusion of a series of interviews granted to private companies in Europe between
2017 and 2018 (related to the ANNONA project financed by the French Agency of Research), and a private
conversation with professors Eiichi Taniguchi, José Holguín Veras, Ron van Duin, and Jesus Muñuzuri in 2016
(during the ILS and VREF conferences).
Private conversations with logistics experts in Colombia and Peru in 2017 and 2018 showed that the field of BI
remains preliminary in small companies, but its deployment has a non-negligible level of maturity in big companies
in Latin America. However, most small logistics operators showed an interest on those systems.
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mainly related to urban logistics (Parra Herrera et al., 2017), which remain far from a BI
logic. Anyway, in all cases, they seem to be favorable to the deployment of dashboards
concerning urban logistics (Gonzalez-Feliu and Morana, 2014), although the definition of
indicators and the decision-support systems that can be implemented for this purpose
remains as a challenging research subject (Palacios-Argüello et al., 2016). Moreover,
communication among all involved stakeholders in urban logistics (and more generally
in urban transport) is essential to reach consensus and deploy satisfactory solutions that
are sustainable and viable in a long time perspective (Ville et al., 2013).
At the land-planning level, the notion of territorial intelligence (TI) was defined in
1999 as “a means for the researchers, actors and territorial community to acquire a better
knowledge of the territory, but also to better handle its development” (Girardot, 2000). The
main aim of TI, according to its initial definition, was to support territorial stakeholders
(mainly belonging to local public administrations) to first understand the dynamics of
their territory, and then plan, define, develop, and evaluate the policies and the actions
of sustainable territorial development. Girardot (2009) links the notion of TI first to
sustainable development and then to a whole range of multidisciplinary knowledge
in the field of territory knowledge, territorial governance and territorial engineering
(Chiasson et al., 2014; Barles, 2018). TI seems to remain mainly related to research
(Bertacchini, 2004; Hebraux and Masselot, 2007; Bertacchini et al., 2007; Dumas et al., 2007
Crozet et al., 2012). Indeed, as opposed to BI which was created in the business context,
TI is a notion generated in research (mainly associated to geography, planning and
development) without an explicit link with analytics, and has difficulty to be appropriate
in public administration practices without a strong support of research communities.
However, various applications in the practice field using GIS and spatial statistics for
planning purposes (Antoni, 2016) are close to what TI aims to address without using
explicitly that term. Anyway, the notion of analytics and the use of BI techniques, mainly
dashboards and data storage and processing capacities, are still not clearly formalized in
classical TI approaches. These remain relying mainly on Geographic Information Systems
(GIS) to visualize the information; however, they do not use, at least in a generalized way,
advanced computing and analytics techniques (Hegron and Haxaire, 2012; Bertacchini
and Desprez, 2016).
Finally, we observe that, if BI is mainly related to business management systems (BMS) and
relies on computer science and data processing and analysis techniques, TI is systematically
associated to GIS and is mainly related to geography and planning studies. However, in order
to provide tools that are used by both planners and logistics managers, and feed debate
and understanding (and then consensus) among all those stakeholders, the combination of
BI tools with the logic of TI will lead to a powerful, reliable set of tools that is, at the same
time, deployed in daily operations (on business side) and interact with land-planning actions
(more often at middle- and/or long-term horizons, mainly on territorial side).
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For those reasons, it seems important to us to define territorial intelligence analytics
as the (until now) missing link between BI and TI, which will then belong to both. In
other words, we can define Territorial Intelligence and Analytics as the set of tools that
combine data gathering, data storage, and knowledge management with analytical
tools to spatially present complex and competitive information to planners and decision
makers in terms of territorial decisions, and feed the interactions between planners and
operational managers.
Territorial intelligence analytics tools will then rely on GIS not only to visualize
information but also to retrieve and process it. Databases and data warehouses will
then contain detailed spatial (mainly geolocated) information, and restitute aggregated
indicators not at an individual or service level (like in classical BI systems) but at a zone or
city level. As in BI and TI classical approaches, dashboards appear to be the most reliable
and transferable output of territorial intelligence analytics.
Said dashboards need to be spatial-based, i.e. they are projected into a cartographic
and/or zonal file. Moreover, they rely on a series of spatially-represented indicators. Some
of them already exist in classical TI approaches, but others are less known at least in
urban logistics. For that reason, we present hereinbelow an overview of those indicators
by category, first in a general way and then focusing on urban logistics applications.

2.2.2 Main types of indicators in territorial intelligence analytics
According to the statements and definitions explained in the previous section, and
analogously to business intelligence analytics and territorial intelligence indicators
(from a land-planning viewpoint), we can distinguish three main categories of
indicators that would be considered in territorial intelligence and analytics. These
categories can be defined based on the principles of TI (which follow sustainable
development issues) from a more spatial and territorial viewpoint (Masson and Petiot,
2012). As said above, territorial information systems would consider to include those
categories of indicators synergically, and deploy them using spatial representations
(mainly via GIS) to address the various stakeholders susceptible to use them. The
main categories of indicators can be derived from the three spheres of sustainable
development, which are also used in sustainable supply chain management and
sustainable urban logistics decision support (Morana, 2014; Gonzalez-Feliu, 2018):
–
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Economic indicators will account for economic (and socio-economic) issues of
the territory.
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–

Environmental indicators will show the impacts of land use and territorial
development in natural resource consumption, climate change, and
environmental issues.

–

Socio-spatial indicators will address socio-demographic issues, as well as
inequalities among populations related to territorial decisions and actions.

We present below a brief description of each category, and show the main
indicators used in urban logistics related to territorial intelligence and analytics.

2.2.1 Economic indicators
Whereas in business intelligence the main economic indicators will focus on sales,
income, margins, and stocks, among others (Chissera et al., 2018; Laursen and
Thorlund, 2016), main economic indicators in territorial intelligence address spatial
economics issues (Dima, 2016; Kourtit and Nijkamp, 2018). For those reasons, sociodemographic indicators (characterizing the population and the employments)
are mainly used (Kourtit and Nijkamp, 2018). Land use costs (primarily acquisition
or rental), population income, or investment costs of infrastructures and services
can also be used (Dima, 2016). In general, territorial intelligence analytics will use
socio-economic indicators, integrating at the same time an economic and social
dimension (Barrientos et al., 2018).
Concerning urban logistics, the main indicators used in both research and
practice, from a territorial intelligence analytics viewpoint, are related either to
the cost of zonal logistics activities or to the characteristics that have an impact
on logistics demand generation (see section 3.3 for more information, since those
elements can be related to attractiveness and accessibility), such as the number of
establishments or employments (Holguín-Veras et al., 2018).
Other indicators that can be defined at a spatial level are congestion levels,
number of vehicles (by type), with their respective average loading rates and use
rates of warehouses and platforms, among others (Melo and Costa, 2011; GonzalezFeliu, 2018).
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Table 1. Main economic indicators for urban logistics in a territorial intelligence analytics
perspective (author´s elaboration from works cited above)
Impact subcategory

Impact indicator

Unit3

Flow intensity

Road occupancy rates

Km vehicle CEU4

Freight flow intensity

Tons km

Number of vehicles (per type)

Vehicles (per type) or CEU

Total transport times

Hours

Total stop times (road occupancy by stopped vehicles)

Hours vehicle CEU

Transport cost of considered routes

€, $, other monetary value

Land use costs

€, $, other monetary value

Time
Cost

2.2.2 Environmental indicators
Main environmental indicators are related to either global warming or pollution.
Global warming indicators are often expressed in greenhouse gas emissions (GHG
emissions) in kg or tons of CO2 equivalent (Dodman, 2009). They are generally nonspatial since global warming is counted at a general scale (related to a city or area),
but can be represented at a zone level to show which are the zones that produce
more GHG emissions (Guzmán-Jiménez et al., 2014). Moreover, GHG are commonly
related to an activity of the city, like household (primarily related to heating and
energy consumption), industry, retailing and service activities, transport (private and/
or freight transport), etc. A similar reasoning is shown for energy consumption and
pollution emissions, which can be related to the potentially-polluted environment, i.e.
water, soil or air, and represented either by the producing source or the main deposit
zone of that pollution. Different pollutants can be estimated (Norman et al., 2006;
François, 2015) and, in that case, indicators are also declined by activity or product.
In all instances, different approaches for estimating pollution can be observed.
In general, two main categories of approaches are used: direct emission models and
methods aimed to estimate the environmental impacts directly generated by a system,
and lifecycle analyses that propose to examine the lifecycle of a product or process to
estimate both direct and indirect impacts (Norman et al., 2006; Andriankaja et al., 2015).
The main environmental indicators that can be used in urban logistics from a territorial
intelligence analytics viewpoint are reported in table 2.
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3

Indicators are presented at a zone level and mainly cartographically when dealing with territorial intelligence and
analytics.

4

Car equivalent unit on the following basis (Gonzalez-Feliu, 2018): 1 private car or van = 1 ECU, 1 light commercial
vehicle = 1.5 ECU, 1 single truck = 2 ECU, 1 articulated truck = 2.5 to 3 ECU.
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Table 2. Main environmental indicators for urban logistics from a territorial intelligence analytics
perspective (adapted from François, 2015 and Andriankaja et al., 2015.)
Impact indicator

Unit

Substances

Global warming emissions

kg CO2 eq.

All greenhouse gases

Terrestrial acidification emissions

kg SO2 eq.

NH3, SO2, NOx

Photochemical oxidant formation index

kg NMVOC eq.

Non-methane volatile organic compounds (NMVOC)

Particulate matter formation index

kg PM10 eq.

PM, SO2, NOx, NH3

Fossil depletion potential

kg oil eq.

Coal, gas, oil

Metal depletion potential

kg Fe eq.

All metals

MJ eq. (fossil)

Coal, gas, oil, nuclear, wood

MJ eq. (renewable)

Hydro, wind, geo, solar, biomass

Energy consumption indicators (fossil and renewable)

2.2.3 Social and spatial indicators
Pure social indicators are the less developed ones in territorial intelligence, since
most social issues are generally related to economic (as said above, various economic
indicators address socio-economic issues) and/or environmental impacts (for
example, employment changes, congestion or noise), or they present as qualitative
issues (such as life quality or inhabitant satisfaction, among others). However,
other socio-economic issues can also be addressed via spatial indicators, such as
inequality, accessibility, attractiveness or resilience (Metzger et al., 2015). Those
specific socio-spatial issues, although very popular in private transport and land
planning (Antoni, 2016), remain unused for urban logistics, at least when dealing
directly with territorial intelligence analytics.
However, measures and indicators that can be assimilated to accessibility and
attractiveness are commonly used in other fields and with other uses. Indeed, the
literature has a plethora of works and examples using indicators related to urban
freight transport and logistics that either are defined as accessibility measures or
represent that accessibility. However, it is difficult to identify and characterize them
since they belong to different disciplines and applications. For that reason, we
propose in the next section an overview of freight accessibility indicators with an
urban and/or periurban scope.

3. Accessibility-based spatial indicators for urban logistics territorial intelligence
analytics
The notion of accessibility is widely used in transport planning and urban development,
at both research and practice levels. Moreover, it can also have industrial applications

Ed. n.˚11 // Enero-diciembre 2018 // ISSN 1993-4912

INTERFASES

Pág. 143

Artículos de revisión

(Gonzalez-Feliu et al., 2018). Accessibility is defined by Geurs and van Wee (2004) as “the extent to
which land-use and transport systems enable individuals to reach destinations by means of a transport
mode,” and remains, at least in transport and land planning, mainly related to private transport
(van Wee, 2016). However, specific freight accessibility is not only a challenging subject in research
but has real applications and issues in practice (van Wee, 2016). Despite this, the literature in urban
studies (the main field addressing accessibility) has few works addressing freight accessibility
explicitly. However, works proposing indicators that represent that accessibility can be found in
various disciplines but, since they do not use the same terms and notations, such analyses are not
always identified and related to freight accessibility.
We present herein a first attempt to systematically show the main approaches to define
accessibility and attractiveness indicators from different viewpoints and perspectives.
Attractiveness can be defined as a reciprocal measure to accessibility: according to GonzalezFeliu and Peris-Pla (2017), attractiveness can be defined as the measure “that estimates
the ability of people and/or goods to reach a given destination from each possible origin.” In
other words, if accessibility is observed for each origin, attractiveness is observed for each
destination. Due to these reasons, we can mainly use the same approaches to define either
attractiveness or accessibility; the difference will lie on the aggregation focus: the origin of
trips for accessibility, and the destination for attractiveness.
The main issue of a good indicator (from a problem-solving viewpoint, Ackoff, 1977) is to
represent the suitably of this ability to reach (a destination) or be reached (from an origin). We have
observed in the literature a variety of indicators and approaches. To propose a categorization, we
start by examining how private transport accessibility has been defined and organized, since it is a
field with more than 50 years of existence (van Wee, 2016). Private transport accessibility indicators
are in general divided into three main groups (Gonzalez-Feliu et al., 2014b):
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–

Infrastructure (or service) indicators state at the service level related to a transport
infrastructure. The main examples of infrastructure-based accessibility indicators
are congestion levels and average travel speeds on a road network (Geurs and
van Wee, 2004), and are related to traffic analyses. Although traffic analyses can
explicitly integrate freight flows, they remain being oriented to private transport
with respect to service-level measures.

–

Location-based measures describe the level of accessibility to spatially distributed
activities. Two main groups of indicators can be distinguished in this category:
distance-based indicators (Ingram, 1971; Pirie, 1979) and gravity accessibility
measures (Stewart, 1947; Hansen, 1959).

–

Person-based measures define accessibility at the individual level (Burns, 1979).
Such indicators can be derived from space-time geography theory (Hägerstrand,
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1970; Miller, 1999; Recker et al., 2001) or be based on the concept of utility (BenAkiva and Lerman, 1979; Martinez, 1995). Geurs and van Wee divide this category
in two but, since those indicators are person-based and related to behavior and/or
time budget issues, they seem not suitable for an adaptation to freight.
Freight accessibility is less standardized in research than accessibility related to private
transport (Gonzalez-Feliu, 2012), with few works being appointed in general accessibility
reviews (Geurs and van Wee, 2004; van Wee, 2016). Indeed, although works of different nature
and disciplines address freight accessibility (Gonzalez-Feliu, 2012), they remain unknown for
transport and land use stakeholders (van Wee, 2016). However, the inclusion of freight in
accessibility has recently been appointed as necessary and having a strong potential for
future works (van Wee, 2016; Gonzalez-Feliu et al., 2018a, 2018b).
To examine how those indicators can be deployed in urban logistics, we followed a document
selection and analysis method based on the lexical-metanarrative literature review framework of
Gonzalez-Feliu (2013). We started from a core set of papers (issued from the main references on
freight accessibility cited by Gonzalez-Feliu, 2012 and van Wee, 2016, as well as from papers issued
after a keyword-based search on Web of Science, Scopus, and Google Scholar5).
Then, via snowballing techniques and exchanges with researchers working in the fields
of urban planning, transport, and logistics, other papers which address the notions of urban
freight accessibility and attractiveness were selected. To that end, the main metanarratives
followed the notion of freight accessibility (and freight attractiveness) as defined above. In
other words, papers addressing measures related to those definitions, even not using those
terms, were selected. Synonymous notions such as centrality, concentration, catchment area,
attraction, production, or logistics potential were considered to select papers and works.
Later, a first set of indicators could be related to urban freight accessibility and attractiveness,
and a second round of document search was made, mainly using citations of citations and
Google Scholar on precise terms that follow the considered metanarratives. It is important
to note that, as opposed to other systematic literature review techniques, this method is not
limited to documents on a database, but extends the search to most research documents
including grey literature (Gonzalez-Feliu, 2011, 2013). Finally, 124 documents were selected:
52 research papers published in peer-review journals, 5 literature review papers published
in peer-review journals, 28 conference papers, 9 scientific books, 11 book chapters, 4 PhD

5

The terms used for the keyword-based search were “freight accessibility” AND urban; “freight attractiveness”
AND urban; “freight transport” AND accessibility AND urban; “freight transport” AND attractiveness AND urban.
According to the metanarrative literature review methodology (Gonzalez-Feliu, 2011), a pre-selection of those
papers is made by verifying that the main scope of the paper is related to that of the literature review, i.e. that the
papers address issues of spatial accessibility and attractiveness regarding freight transport in urban areas.
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theses, and 15 other grey literature documents (3 Master’s theses, 8 research reports, and 4
communications from invitations to conferences and seminars).
From those works, we observe that the terms and notations used in the definition
of accessibility and attractiveness indicators are different and obey to disciplinary issues.
However, a typology of indicators can be defined, grouping them by their similarity in terms
of the physical notion used to define accessibility and the variables used to explain it.
Therefore, we propose a typology of accessibility (and attractiveness) indicators that
define 5 categories of measures:
–

Infrastructure or service level indicators

–

Freight generation-based indicators

–

Distance and cost accessibility indicators based on route construction

–

Gravity indicators

–

Compatibility accessibility measures

3.1 Infrastructure or service level indicators
Infrastructure accessibility indicators measure the service levels of infrastructures; and,
in the case of freight indicators, they need to refer explicitly to goods transport and
logistics activities. Since we can define two types of infrastructures (Gonzalez-Feliu et al.,
2014a), i.e. nodal and linear (or edge-based), we can expect two types of infrastructure
freight accessibility. Nodal accessibility will refer to nodal infrastructures, i.e. logistic
platforms and terminals, as well as loading/unloading area availability and capacity.
Edge accessibility will refer to linear (or edge) infrastructures, i.e. roads, railways and
fluvial lines, and will define capacities and service levels. Since roads (and streets) are in
general used for private transport, public (or collective) transport of people, and freight/
goods transport, it is difficult to propose a “unique private transport” or a “unique freight
transport” indicator. Nevertheless, we can define person-oriented or freight-oriented
indicators, i.e., those which focus on one of the two main segments of urban transport.

3.1.1 Nodal indicators
Nodal indicators are the most difficult to identify, since they are not generally
presented under the banner of “accessibility”. However, service levels and capacities
of logistics infrastructures can be accessibility indicators, mainly when presented in
a spatial form. Those capacity and service indicators are often shown at an individual
level or for interurban and international transport (Liu and Ma, 2005; Li et al., 2015).

Pág. 146

INTERFASES

Ed. n.˚11 // Enero-diciembre 2018 // ISSN 1993-4912

Urban logistics and spatial territorial intelligence indicators

However, logistics capacities can be estimated at a zone level for cities (Avelar-Sosa
et al., 2014), generating a first nodal accessibility indicator (the logistics capacity of
a zone can be a proxy variable of the accessibility of its logistics infrastructure).
Another indicator related to accessibility is that of the delivery space capacity
and availability. Delivery bay capacity and availability indicators are needed in
practice, mainly for delivery area planning (Dablanc and Beziat, 2015). Some public
authorities conducted studies to define the needs of delivery bay resources (via
freight trip generation or FTG models, Holguín-Veras et al., 2012, Gonzalez-Feliu,
2018), estimating the current capacity and determining a service level of delivery
bays (CERTU, 2009). However, most works related to delivery bay planning are based
on logistics organizations and routing/fleet management issues (Patier et al., 2014;
Comi et al., 2017), and not on bay capacity and service level, which is essential to
make new projects of this nature be economically viable (Gonzalez-Feliu et al., 2013a,
2014c). However, some works deal with the spatial clustering of areas to define
the “service level” and capacity of the delivery bay system of a city or conurbation
(Magniol et al., 2018).
Service levels of logistics infrastructures (Rafele, 2004), expressed in terms of
service key performance indicators or KPI (Morana, 2014), can also be considered as
accessibility indicators, although to the best of our knowledge they remain related
to individual logistics platforms or plants, or are aggregated at a regional or national
level (Yang et al., 2009). Anyway, this type of indicators seems suitable to be adapted
to periurban or urban zones in order to define a service-level nodal accessibility
indicator.

3.1.2 Edge indicators
Edge indicators can be related to road, fluvial or railway infrastructures (air and
sea are not examined herein since we focus on urban and periurban areas, and
they would be considered in a general freight accessibility for interurban and
international transport). However, fluvial and rail capacity estimation in urban areas
remains little studied, but methods to estimate the capacity (in the number of
vehicles or available travel times) of railway (Pavone, 1997; Laroche, 2014; Troch et
al., 2017) and fluvial (Lendjel and Fishmann, 2014) infrastructures can be determined
at an urban, periurban or local (i.e. less than 150 km from main cities) level when
it relates to urban logistics. In general, capacity estimation of such infrastructures
is deterministically or probabilistically expressed in the number of vehicles (by
time interval) that can circulate on those infrastructures (de Kort et al., 2003; Abril
et al., 2008). This is inferred knowing that, as opposed to roads where the use of
the infrastructure is open and submitted to equilibrium principles, the use of the

Ed. n.˚11 // Enero-diciembre 2018 // ISSN 1993-4912

INTERFASES

Pág. 147

Artículos de revisión

infrastructure in railways is regulated (Laroche, 2014). Fluvial infrastructures follow
a mixed logic, with main flows being regulated. However, touristic and private
transport flows can enter the system but remain in the minority in most cases). Road
accessibility indicators are mainly related to network load and capacity (so to road
service levels). Capacity indicators are related to road planning and dimensioning,
and are primarily used to define the limits and needs of transport planning and
management actions linked to master plans or transport-land use actions (Yachiyo
Engineering Co. Ltd. and Pacific Consultants International, 2005).

Figure 1. Volume/capacity ratio of road infrastructures for the city of
Lima in 2004 and forecast for 2025 (Yachiyo Engineering Co. Ltd. and
Pacific Consultants International, 2005)

Service level indicators derive from traffic dynamics and analysis, but we present herein
the works which explicitly consider trucks in the definition of indicators (Chiabaut et al.,
2015), with the aim of considering the inconvenience caused by freight vehicles in double
parking (Chiabaut et al., 2016; Lopez et al., 2016; Lopez, 2017), or the difficulties of accessing
to urban highways and high-capacity road infrastructures (Wang et al., 2016). Those works
propose in general an adaptation of macroscopic flow diagrams to include truck traffic and
truck impacts in general traffic. They indicate the traffic load, and indirectly the travel speed,
related to double-line parking of trucks and/or the congestion caused by those trucks when
they are in difficult maneuver situations related to road capacity reduction (in number of
lines) or access (crossroads, intersection lines, road accesses) to those infrastructures. Other
aggregated indicators are those of average congestion reported on a dashboard perspective
(i.e. in a color code from “very good” to “very bad”), and according to the number and type
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(in terms of capacity) of the road infrastructures. Said accessibility can then be grouped by
zones using, for example, clustering techniques to identify homogeneous zones in terms of
traffic congestion (Metzger et al., 2015; Lopez, 2017).

Figure 2. Service level edge accessibility
(related to congestion and capacity of road
infrastructures) for the city of Lima in year
2010 (Metzger et al., 2015)

Finally, a simple and “easy to assess” edge indicator is that of average (or geometric
mean) speeds of infrastructures (Pluvinet et al., 2012), by infrastructure type, obtained
empirically from survey data (Ségalou et al., 2004; Béziat, 2017), and from GPS data collection
procedures (Gonzalez-Feliu et al., 2013b). It can also be estimated via modeling techniques
and/or probabilistic estimation (Wang et al., 2016, 2017), among others.

3.2 Freight generation determinants and rates as an accessibility indicator
An interesting indicator that can be related to attractiveness is that of the potential of a
zone’s logistics demand, which can be defined by a logistics demand index (Zhao, 2010),
or more generally that of logistics demand generation rates, since zones of higher demand
may be considered more attractive zones for logistics purposes. Whereas infrastructure-
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based indicators show capacity or service levels (in other words, they characterize the
logistics supply of spatial areas), indicators presented in this category characterize
demand as an attractiveness measure. Logistics demand can be expressed in terms of
freight quantities to be shipped/delivered (Cai and Chen, 2004), number of shipments or
deliveries (Guilbaut and Gouvernal, 2010), or number of trips (Holguín-Veras et al., 2011).
In general, the last two may be directly related (Gonzalez-Feliu, 2019).
Freight trip and freight generation can be defined at the level of inbound trips (i.e.,
only receptions or deliveries represented in attraction models), outbound trips (pickups
or expeditions, represented in production models), or both types of flows together
(without distinguishing them). Those estimations can also be considered as a nodal
accessibility measure or zonal accessibility measure, when defined in zones. For that
purpose, Holguín-Veras et al. (2018) perform an international comparison of cities based
on freight trips, showing that this type of measures may be a good proxy of accessibility (or
attractiveness) to compare cities and areas in terms of logistics needs and opportunities.
Other works propose a spatial view of freight generation and freight trip generation,
defining zone profiles in terms of freight needs (Lawson et al., 2012; Sanchez-Diaz et al.,
2013; Ducret and Gonzalez-Feliu, 2016; Gonzalez-Feliu and Peris-Pla, 2017).
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At an individual level, freight trip generation rates
class k and in zone i are mainly defined as follows:
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𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖 = 𝐾𝐾𝐾𝐾.

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑖𝑖𝑖𝑖∈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 (𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖 )

𝐷𝐷𝐷𝐷𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹
𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑖𝑖𝑖𝑖
𝑖𝑖𝑖𝑖

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖

in terms of freight trips
𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖
𝐷𝐷𝐷𝐷𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹
=
𝑖𝑖𝑖𝑖 𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖
𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖
𝐷𝐷𝐷𝐷𝑖𝑖𝑖𝑖 =
𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖

or 𝐷𝐷𝐷𝐷𝑖𝑖𝑖𝑖𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 =

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖

𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖
=
or
𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖
in terms of commodity quantities

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑖𝑖𝑖𝑖∈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 (𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖 )

𝑃𝑃𝑃𝑃(�𝑥𝑥𝑥𝑥𝑖𝑖𝑖𝑖𝑆𝑆𝑆𝑆 − 𝑥𝑥𝑥𝑥𝑖𝑖𝑖𝑖𝑆𝑆𝑆𝑆 � ≤ 𝐴𝐴𝐴𝐴)
𝑆𝑆𝑆𝑆
Where FTG and FG are estimated as shown
above:
when
using
FTG or FG rates, this
𝑆𝑆𝑆𝑆
𝑆𝑆𝑆𝑆
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑅𝑅𝑅𝑅
=
𝑃𝑃𝑃𝑃(�𝑥𝑥𝑥𝑥𝑖𝑖𝑖𝑖 − 𝑥𝑥𝑥𝑥𝑖𝑖𝑖𝑖 � 𝑟𝑟𝑟𝑟≤ 𝐴𝐴𝐴𝐴)
𝑆𝑆𝑆𝑆
)
𝐷𝐷𝐷𝐷𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴(𝑁𝑁𝑁𝑁, 𝑁𝑁𝑁𝑁 𝑆𝑆𝑆𝑆Note
𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹
𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖 quantities).
𝑖𝑖𝑖𝑖 (and
=
𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹
𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹freight
indicator considers both attracted and 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑅𝑅𝑅𝑅
produced
trips
that FTG
𝑟𝑟𝑟𝑟
= 𝐷𝐷𝐷𝐷𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴(𝑁𝑁𝑁𝑁,
or 𝐷𝐷𝐷𝐷𝑖𝑖𝑖𝑖 𝑁𝑁𝑁𝑁 𝑆𝑆𝑆𝑆=
𝐷𝐷𝐷𝐷𝑖𝑖𝑖𝑖
) 𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖
𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖
can be replaced by FTA (in this case, the
will be attractiveness) or by FTP (for a pure
𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹indicator
𝑖𝑖𝑖𝑖
in terms of freight trips
𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖 = 𝐾𝐾𝐾𝐾.
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑖𝑖𝑖𝑖∈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 (𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖 )
accessibility indicator).

𝑅𝑅𝑅𝑅𝐴𝐴𝐴𝐴𝑅𝑅𝑅𝑅𝐴𝐴𝐴𝐴𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖𝑘𝑘𝑘𝑘

𝑆𝑆𝑆𝑆
𝑆𝑆𝑆𝑆
Another interesting indicator
is the density 𝑃𝑃𝑃𝑃(�𝑥𝑥𝑥𝑥
of freight
trips
(or deliveries) or the freight
𝑖𝑖𝑖𝑖 − 𝑥𝑥𝑥𝑥𝑖𝑖𝑖𝑖 � ≤ 𝐴𝐴𝐴𝐴)
𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖
𝑆𝑆𝑆𝑆
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑅𝑅𝑅𝑅
=
=
𝐾𝐾𝐾𝐾.
in
terms
of
commodity
quantities
𝐴𝐴𝐴𝐴
𝑟𝑟𝑟𝑟
𝑖𝑖𝑖𝑖
=
(𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖to
𝐴𝐴𝐴𝐴
𝑖𝑖𝑖𝑖 ) each zone’s
generation density, obtained
by reporting
FTG
FG rates
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀respectively
) 𝐴𝐴𝐴𝐴𝑅𝑅𝑅𝑅𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴
𝐷𝐷𝐷𝐷𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴(𝑁𝑁𝑁𝑁,
𝑁𝑁𝑁𝑁𝑖𝑖𝑖𝑖 𝑆𝑆𝑆𝑆 and
𝑖𝑖𝑖𝑖∈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 (𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖 )
surface (or area):
𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖 = 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑅𝑅𝑅𝑅 (𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 )

𝐷𝐷𝐷𝐷𝑖𝑖𝑖𝑖𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 =

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑅𝑅𝑅𝑅𝑟𝑟𝑟𝑟𝑆𝑆𝑆𝑆 =

Ed. n.˚11 // Enero-diciembre 2018 // ISSN 1993-4912

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖
𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖

or 𝐷𝐷𝐷𝐷𝑖𝑖𝑖𝑖𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 =

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑅𝑅𝑅𝑅𝑟𝑟𝑟𝑟𝑆𝑆𝑆𝑆 =

𝑃𝑃𝑃𝑃(�𝑥𝑥𝑥𝑥𝑖𝑖𝑖𝑖𝑆𝑆𝑆𝑆
𝐷𝐷𝐷𝐷𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴

𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖 = 𝐴𝐴𝐴𝐴𝑅𝑅𝑅𝑅𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴
𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖 = 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑅𝑅𝑅𝑅

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖
𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖

𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖 = 𝐴𝐴𝐴𝐴𝑅𝑅𝑅𝑅𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 (𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 )

(𝑋𝑋𝑋𝑋𝐴𝐴𝐴𝐴)
𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖𝑆𝑆𝑆𝑆=−𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀
𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 )
𝑥𝑥𝑥𝑥𝑖𝑖𝑖𝑖𝑆𝑆𝑆𝑆𝑅𝑅𝑅𝑅� ≤
𝑃𝑃𝑃𝑃(�𝑥𝑥𝑥𝑥
𝑖𝑖𝑖𝑖
𝐷𝐷𝐷𝐷𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴(𝑁𝑁𝑁𝑁, 𝑁𝑁𝑁𝑁 𝑆𝑆𝑆𝑆 )
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𝑉𝑉𝑉𝑉𝑖𝑖𝑖𝑖𝑘𝑘𝑘𝑘
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖𝑘𝑘𝑘𝑘
𝑘𝑘𝑘𝑘
𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖
Artículos de revisión

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑘𝑘𝑘𝑘 , 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑘𝑘𝑘𝑘 ,

𝑅𝑅𝑅𝑅𝐴𝐴𝐴𝐴𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖𝑘𝑘𝑘𝑘

𝑘𝑘𝑘𝑘
Where
Si is 𝑖𝑖𝑖𝑖𝑘𝑘𝑘𝑘the surface (or area) of zone i. As for the previous indicator, this density can
𝑉𝑉𝑉𝑉𝑖𝑖𝑖𝑖𝑘𝑘𝑘𝑘 ; 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑘𝑘𝑘𝑘 , 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸
𝑖𝑖𝑖𝑖 , 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴
𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖
𝐾𝐾𝐾𝐾. of attraction
in terms of freight trips
𝑖𝑖𝑖𝑖 =
be estimated𝐴𝐴𝐴𝐴in
terms
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑖𝑖𝑖𝑖∈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 (𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖 ) (FTA, FA), production (FTP, FP) or combined (FTG, FG) rates.
𝑘𝑘𝑘𝑘
𝑅𝑅𝑅𝑅𝐴𝐴𝐴𝐴𝑅𝑅𝑅𝑅𝐴𝐴𝐴𝐴𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖
A more advanced indicator which can also be associated with generation-based
𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖
accessibility
and attractiveness,
although
initially
proposed for this purpose, is that of
in terms
of commodity
quantities
𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖 = 𝐾𝐾𝐾𝐾.
𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹not
𝑖𝑖𝑖𝑖
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑖𝑖𝑖𝑖∈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 (𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖 ) 𝐴𝐴𝐴𝐴 = 𝐾𝐾𝐾𝐾.
in terms of freight trips
𝑖𝑖𝑖𝑖
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑖𝑖𝑖𝑖∈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈
(𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖 )
concentration of industrial and logistics
activities
(Marcon and Puech, 2009). Indeed, since
freight-intensive sectors like industry, wholesaling and logistics result in high-logistics
needs (Holguín-Veras et al., 2018),
defining a measure of concentration can lead to a
𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 in 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹
𝑖𝑖𝑖𝑖
terms
of commodity quantities
𝐴𝐴𝐴𝐴𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹
𝑖𝑖𝑖𝑖 = 𝐾𝐾𝐾𝐾.
= 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖∈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈
or 𝐷𝐷𝐷𝐷
(𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹
𝑖𝑖𝑖𝑖 accessibility
𝑖𝑖𝑖𝑖 𝑖𝑖𝑖𝑖 ) = 𝑆𝑆𝑆𝑆 in urban logistics. Said concentration can be
suitable attractiveness𝐷𝐷𝐷𝐷or
indicator
𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖
𝑖𝑖𝑖𝑖
measured as the proportion of such activities within a sector, where distance is smaller than
a given threshold of the same proportion in the entire urban area, and can take different
𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖 Duranton
𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖
forms (Ripley, 1977; Marcon and Puech,
2003; 2009;
Overman, 2005, 2008). The
𝐷𝐷𝐷𝐷𝑖𝑖𝑖𝑖𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹
or 𝐷𝐷𝐷𝐷𝑖𝑖𝑖𝑖𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 = and
𝑥𝑥𝑥𝑥𝑖𝑖𝑖𝑖𝑆𝑆𝑆𝑆 � =
≤ 𝐴𝐴𝐴𝐴)
𝑃𝑃𝑃𝑃(�𝑥𝑥𝑥𝑥𝑖𝑖𝑖𝑖𝑆𝑆𝑆𝑆 −
𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖
𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖
𝑆𝑆𝑆𝑆
concentration index 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑅𝑅𝑅𝑅𝑟𝑟𝑟𝑟 =
of industrial and
logistics activities in sector r (with respect to a
𝐷𝐷𝐷𝐷𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴(𝑁𝑁𝑁𝑁, 𝑁𝑁𝑁𝑁 𝑆𝑆𝑆𝑆 )
threshold r) can be formalized as follows:

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑅𝑅𝑅𝑅𝑟𝑟𝑟𝑟𝑆𝑆𝑆𝑆 =

𝑃𝑃𝑃𝑃(�𝑥𝑥𝑥𝑥𝑖𝑖𝑖𝑖𝑆𝑆𝑆𝑆 − 𝑥𝑥𝑥𝑥𝑖𝑖𝑖𝑖𝑆𝑆𝑆𝑆 � ≤ 𝐴𝐴𝐴𝐴)
𝐷𝐷𝐷𝐷𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴(𝑁𝑁𝑁𝑁, 𝑁𝑁𝑁𝑁 𝑆𝑆𝑆𝑆 )

𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖 = 𝐴𝐴𝐴𝐴𝑅𝑅𝑅𝑅𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 (𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 )
Where 		
𝑃𝑃𝑃𝑃(�𝑥𝑥𝑥𝑥𝑖𝑖𝑖𝑖𝑆𝑆𝑆𝑆 − 𝑥𝑥𝑥𝑥𝑗𝑗𝑗𝑗𝑆𝑆𝑆𝑆 � ≤ 𝑟𝑟𝑟𝑟) is a probability (or statistical density) function defining the proportion
=in𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀
𝑅𝑅𝑅𝑅 (𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖distance
𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖 S,
of couples of activities in sector
which
is smaller than r, and 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷(𝑁𝑁𝑁𝑁, 𝑁𝑁𝑁𝑁 𝑆𝑆𝑆𝑆 ) is a density
𝑖𝑖𝑖𝑖 )
function of the number of activities NS in sector S, and the total number of activities in the
𝐴𝐴𝐴𝐴𝑅𝑅𝑅𝑅𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴
𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖 =take
𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 )
given urban area is N. Those functions can
various(𝑋𝑋𝑋𝑋forms
and involve eventually other
variables (Marcon and Puech, 2009).

𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖 = 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑅𝑅𝑅𝑅 (𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 )

3.3 Distance, time and cost accessibility indicators based on route construction
In this third category, accessibility is seen as the “cost” of reaching a zone (for freight
transport purposes) from another zone of a city. To that end, three measures can be
identified and used:
–

Travel distance, either in an interzonal linking logic or from a route viewpoint.

–

Travel or transport time, including or not loading and unloading service time.

–

Transport cost, from a freight-transport viewpoint.

The most common and traditional indicator, as in private transport, is distance,
which associates in each zone the average distance with a logistics service (Thomas
et al., 2003; Rodrigue, 2004; Bowen, 2008; Rodrigue and Notteboom, 2010; Dablanc
and Rodrigue, 2014). A variant of that indicator is the application of time accessibility
indicators to logistics platforms (van der Heuvel et al., 2014). Accessibility indicators of
this type mainly have the following form:
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or

or

𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖 = 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 (𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 )
𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖 = 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 (𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 )

Where Xij is a variable that measures the gap (in terms of distance, time or cost)
between zone i and any logistics service j. Those accessibility measures can also be
reported from a spatial dashboard viewpoint (i.e. by reporting various accessibility
classes, from low to high values, in a map in various spatial representation ways).

Figure 3. Firemen accessibility (in categories of travel
time) in the city of Lima (Metzger et al., 2015)

Gonzalez-Feliu and Salanova Grau (2014) and Gonzalez-Feliu et al. (2014) propose
an alternative indicator which is based on the estimation of routes (and not on the basis
of direct transport between centroids as in other methods) to calculate travel distance
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and costs, and then estimate an accessibility indicator which is in general inversely
proportional to those distances (Gonzalez-Feliu and Salanova Grau, 2014) or costs
(Gonzalez-Feliu et al., 2014b). The distance (or cost) accessibility Ai of a zone i can be
determined as follows:

𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖 = 𝑓𝑓𝑓𝑓(𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖 ; 𝑡𝑡𝑡𝑡𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖 )

Where dri is the total traveled distances of routes traveling and/or delivering inside
zone i, and tri is the total transport time (including both travel and service times) of routes
𝑛𝑛𝑛𝑛
acting inside zone i. Then, those distances
can be estimated in two main ways (Gonzalez𝑃𝑃𝑃𝑃
𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖 = � 𝑂𝑂𝑂𝑂𝑗𝑗𝑗𝑗 . 𝑓𝑓𝑓𝑓(𝑐𝑐𝑐𝑐𝑖𝑖𝑖𝑖𝑗𝑗𝑗𝑗 )
Feliu, 2018):
𝑗𝑗𝑗𝑗=1

–

In a disaggregated way, via vehicle routing approaches (Cattaruzza et al., 2017) or
microsimulation (Wisetjindawat and Sano, 2003).

–

In an aggregated way, either
analytical
models (Daganzo, 2005; Combes,
−𝛼𝛼𝛼𝛼
𝐾𝐾𝐾𝐾. � 𝑂𝑂𝑂𝑂
𝐴𝐴𝐴𝐴𝑃𝑃𝑃𝑃𝑖𝑖𝑖𝑖 = using
𝑗𝑗𝑗𝑗 . 𝑐𝑐𝑐𝑐𝑖𝑖𝑖𝑖𝑗𝑗𝑗𝑗
2016) or empirical approaches (Gonzalez-Feliu
and Morana, 2014; Gonzalez-Feliu
𝑗𝑗𝑗𝑗=1

𝑛𝑛𝑛𝑛

and Battaia, 2017).

3.4 Gravity indicators
𝑛𝑛𝑛𝑛

Gravity-based accessibility is one
of the most popular accessibility indicators in private
𝐴𝐴𝐴𝐴𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖 = 𝐾𝐾𝐾𝐾. � 𝑂𝑂𝑂𝑂𝑗𝑗𝑗𝑗 . 𝑒𝑒𝑒𝑒 −𝛽𝛽𝛽𝛽𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖
transport (Geurs and van Wee, 2004), and remains as one of the most promising indicators
𝑗𝑗𝑗𝑗=1
also for freight transport in urban areas (Helling, 1998; Crainic et al., 2010; Gonzalez-Feliu,
2012; Giuliano et al., 2016; Gonzalez-Feliu et al., 2018). Gravity accessibility is defined,
𝑖𝑖𝑖𝑖 = 𝑓𝑓𝑓𝑓(𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
𝑖𝑖𝑖𝑖 ; 𝑡𝑡𝑡𝑡𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖 )
from the seminal work of Hansen𝐴𝐴𝐴𝐴(1959),
analogously
to gravity models and can mainly
take two functional forms: a potential or an∑exponential
one. The potential accessibility
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐼𝐼𝐼𝐼𝐴𝐴𝐴𝐴/𝐵𝐵𝐵𝐵 >0 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴/𝐵𝐵𝐵𝐵
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 =et al., 2010):
index can be defined as follows (Giuliano
𝑛𝑛𝑛𝑛𝑆𝑆𝑆𝑆+
𝑛𝑛𝑛𝑛

Where
		

𝐴𝐴𝐴𝐴𝑃𝑃𝑃𝑃𝑖𝑖𝑖𝑖 = � 𝑂𝑂𝑂𝑂𝑗𝑗𝑗𝑗 . 𝑓𝑓𝑓𝑓(𝑐𝑐𝑐𝑐𝑖𝑖𝑖𝑖𝑗𝑗𝑗𝑗 )
𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖 = 𝑗𝑗𝑗𝑗=1
𝑓𝑓𝑓𝑓(𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖 ; 𝑡𝑡𝑡𝑡𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖 )
𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑛𝑛𝑛𝑛𝑓𝑓𝑓𝑓𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑡𝑡𝑡𝑡𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴/𝐵𝐵𝐵𝐵
(%)
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝐴𝐴𝐴𝐴 =
𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑛𝑛𝑛𝑛𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑛𝑛𝑛𝑛𝑒𝑒𝑒𝑒𝑛𝑛𝑛𝑛𝑒𝑒𝑒𝑒𝑛𝑛𝑛𝑛𝑡𝑡𝑡𝑡𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝐴𝐴𝐴𝐴𝑛𝑛𝑛𝑛
Oj is the opportunities to reach the zone of destination j.
𝑛𝑛𝑛𝑛

𝑛𝑛𝑛𝑛zone j from zone i.
cij is the cost of reaching
𝐴𝐴𝐴𝐴𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖𝑖𝑖 = 𝐾𝐾𝐾𝐾. � 𝑂𝑂𝑂𝑂𝑗𝑗𝑗𝑗 . 𝑐𝑐𝑐𝑐𝑖𝑖𝑖𝑖−𝛼𝛼𝛼𝛼
𝑗𝑗𝑗𝑗
𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖 = �𝑗𝑗𝑗𝑗=1
𝑂𝑂𝑂𝑂𝑗𝑗𝑗𝑗 . 𝑓𝑓𝑓𝑓(𝑐𝑐𝑐𝑐𝑖𝑖𝑖𝑖𝑗𝑗𝑗𝑗 )
		
f(cij) is an impedance of𝑗𝑗𝑗𝑗=1
cij.
∑𝐴𝐴𝐴𝐴 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 (𝑡𝑡𝑡𝑡𝐴𝐴𝐴𝐴𝐵𝐵𝐵𝐵 )
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐼𝐼𝐼𝐼𝐴𝐴𝐴𝐴/𝐵𝐵𝐵𝐵 >0
Other functions of cost cij can
be defined
𝐴𝐴𝐴𝐴𝑛𝑛𝑛𝑛𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑛𝑛𝑛𝑛
= analogously to gravity models:
𝑛𝑛𝑛𝑛𝑅𝑅𝑅𝑅
𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛
𝑃𝑃𝑃𝑃
−𝛼𝛼𝛼𝛼
𝐾𝐾𝐾𝐾.�
�𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑗𝑗𝑗𝑗. .𝑒𝑒𝑒𝑒𝑐𝑐𝑐𝑐−𝛽𝛽𝛽𝛽𝑑𝑑𝑑𝑑
𝑖𝑖𝑖𝑖𝑗𝑗𝑗𝑗 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖 𝑖𝑖𝑖𝑖 ==𝐾𝐾𝐾𝐾.
𝑗𝑗𝑗𝑗
𝑗𝑗𝑗𝑗=1
𝑗𝑗𝑗𝑗=1
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𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖
𝐾𝐾𝐾𝐾. �=𝑂𝑂𝑂𝑂𝑗𝑗𝑗𝑗 . 𝑒𝑒𝑒𝑒 −𝛽𝛽𝛽𝛽𝑑𝑑𝑑𝑑
𝐴𝐴𝐴𝐴𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖 =𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴
𝑛𝑛𝑛𝑛𝑆𝑆𝑆𝑆+

𝐴𝐴𝐴𝐴𝑃𝑃𝑃𝑃𝑖𝑖𝑖𝑖
Where
		

𝑛𝑛𝑛𝑛

= � 𝑂𝑂𝑂𝑂𝑗𝑗𝑗𝑗 . 𝑓𝑓𝑓𝑓(𝑐𝑐𝑐𝑐𝑖𝑖𝑖𝑖𝑗𝑗𝑗𝑗 )

Urban logistics and spatial territorial intelligence indicators

𝑗𝑗𝑗𝑗=1

Oj is the opportunities to reach the zone of destination j.
𝑛𝑛𝑛𝑛

		

cij is the cost of reaching
= 𝐾𝐾𝐾𝐾.j from
� 𝑂𝑂𝑂𝑂zone
. 𝑐𝑐𝑐𝑐 −𝛼𝛼𝛼𝛼 i.
𝐴𝐴𝐴𝐴𝑃𝑃𝑃𝑃zone

		

K is a constant.

𝑖𝑖𝑖𝑖

𝑗𝑗𝑗𝑗=1

𝑗𝑗𝑗𝑗

𝑖𝑖𝑖𝑖𝑗𝑗𝑗𝑗

β is the impedance parameter defined empirically or analytically.

𝐴𝐴𝐴𝐴𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖

𝑛𝑛𝑛𝑛

= 𝐾𝐾𝐾𝐾. � 𝑂𝑂𝑂𝑂𝑗𝑗𝑗𝑗 . 𝑒𝑒𝑒𝑒 −𝛽𝛽𝛽𝛽𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖
𝑗𝑗𝑗𝑗=1

A variant of the potential accessibility is that of the exponential accessibility, defined
for urban goods transport as follows:
Where

∑𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐼𝐼𝐼𝐼𝐴𝐴𝐴𝐴/𝐵𝐵𝐵𝐵>0 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴/𝐵𝐵𝐵𝐵
Oj is the opportunities to reach
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴the
= zone of +destination j.
𝑛𝑛𝑛𝑛𝑆𝑆𝑆𝑆

		

cij is the cost of reaching zone j from zone i.

		

β is the impedance parameter defined empirically or analytically.
𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑛𝑛𝑛𝑛𝑓𝑓𝑓𝑓𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑡𝑡𝑡𝑡𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴/𝐵𝐵𝐵𝐵
(%)
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝐴𝐴𝐴𝐴 =
𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑛𝑛𝑛𝑛𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑛𝑛𝑛𝑛
𝑒𝑒𝑒𝑒𝑛𝑛𝑛𝑛𝑒𝑒𝑒𝑒𝑛𝑛𝑛𝑛𝑡𝑡𝑡𝑡𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝐴𝐴𝐴𝐴𝑛𝑛𝑛𝑛
K is a constant.

		

The opportunities are related to the demand of logistics services (in general delivery or
pickup needs) and can be related to freight quantities to deliver (Gonzalez-Feliu, 2008b, 2012;
Crainic et al., 2010) to the number of establishments (Giuliano et al., 2016) or to the employment
∑𝐴𝐴𝐴𝐴 of 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛
)
𝑛𝑛𝑛𝑛 (𝑡𝑡𝑡𝑡𝐴𝐴𝐴𝐴𝐵𝐵𝐵𝐵distance
at the destination zone. Costs can be defined in terms
Euclidean
(Crainic et al., 2010),
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐼𝐼𝐼𝐼𝐴𝐴𝐴𝐴/𝐵𝐵𝐵𝐵 >0
𝐴𝐴𝐴𝐴𝑛𝑛𝑛𝑛𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑛𝑛𝑛𝑛
average travel distance (Gonzalez-Feliu,
2018),=peak travel
time
(Helling,
1998), generalized
𝑛𝑛𝑛𝑛𝑅𝑅𝑅𝑅
travel time (Gonzalez-Feliu and Mercier, 2013) or travel cost (Gonzalez-Feliu, 2019).

3.5 Compatibility and flexibility accessibility measures
Although personal measures seem not suitable for freight accessibility (since freight flows are
organized in routes and schemes that imply systematic behaviors and choices related directly
to the modes of management and of distribution for given commodities), it is possible to
define indicators that associate space and time, not in terms of proximity but in terms of
compatibility. Indeed, two close zones cannot be compatible for freight delivery purposes if
time restrictions are applied to them, and travel times between them do not allow satisfying
all deliveries in both zones (Gonzalez-Feliu, 2008a).
Some measures of compatibility in freight transport have been defined, which are mainly
related to vehicle routing (Toth and Vigo, 2014; Cattaruzza et al., 2017) or driver scheduling
optimization (Fischetti et al., 2001). The compatibility between two delivery requests Ri and Rj
(required in a fixed location at given time intervals) can be defined as a binary attribute with
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a value that equals 1 if a feasible route that visits the destination point of request Ri before
serving request Rj exits; otherwise, it takes the value of 0 (Fischetti et al., 2001). This attribute
may support identifying which request Ri can be served consecutively or not before request
Rj with the same vehicle, but remaining as an individual measure in relation to a single route
and/or vehicle. Amico (2005) extends this notion into that of compatibility time interval (CTI)
of a pair of requests Ri and Rj, defined as the interval between the earliest arrival time and
the latest arrival time at Ri to deliver consecutively Ri and Rj in this order. Three stages can be
defined regarding compatibility between two requests Ri and Rj (Gonzalez-Feliu, 2008a):
–

Pair compatibility, when both Ri and Rj can be delivered without waiting time.

–

Early incompatibility, when both Ri and Rj can be delivered but the vehicle arrives to
location j too early to deliver, so it needs to wait or include other deliveries between
Ri and Rj.

–

Late incompatibility, when if Ri is delivered, the vehicle arrives too late to location
j, so it cannot deliver Rj.
Finally, various aggregates can be defined from individual compatibilities to define zonal

indicators, like average values of each of those three compatibilities and incompatibilities
(Amico, 2005) or more advanced indicators (Deflorio et al., 2012). Some of them are:
Average Compatibility Time Interval (ACTI), which represents the average value of all
the positive pair compatibilities, and contains
a 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴
CTI from
and to the depot (Amico, 2005):
∑𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐼𝐼𝐼𝐼also
𝐴𝐴𝐴𝐴/𝐵𝐵𝐵𝐵
𝐴𝐴𝐴𝐴/𝐵𝐵𝐵𝐵 >0
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 =
+
∑𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐼𝐼𝐼𝐼𝐴𝐴𝐴𝐴/𝐵𝐵𝐵𝐵
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴/𝐵𝐵𝐵𝐵
𝑛𝑛𝑛𝑛>0
𝑆𝑆𝑆𝑆
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 =
+ 𝐴𝐴𝐴𝐴/𝐵𝐵𝐵𝐵
∑𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐼𝐼𝐼𝐼𝐴𝐴𝐴𝐴/𝐵𝐵𝐵𝐵>0𝑛𝑛𝑛𝑛𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴
𝑆𝑆𝑆𝑆
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 =
𝑛𝑛𝑛𝑛𝑆𝑆𝑆𝑆+
Percentage of positive compatibilities in a zone (PPC, as in Amico, 2005):
𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴/𝐵𝐵𝐵𝐵
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝐴𝐴𝐴𝐴 =
(%)
𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛
𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛
𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝐴𝐴𝐴𝐴𝑛𝑛𝑛𝑛
𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛
𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴
𝐴𝐴𝐴𝐴/𝐵𝐵𝐵𝐵
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝐴𝐴𝐴𝐴 =𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴
(%)
𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝐴𝐴𝐴𝐴/𝐵𝐵𝐵𝐵
𝑛𝑛𝑛𝑛𝐴𝐴𝐴𝐴𝑛𝑛𝑛𝑛
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝐴𝐴𝐴𝐴 =
(%)
𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝐴𝐴𝐴𝐴𝑛𝑛𝑛𝑛

Average of the Minimum Time Between each request A and any Compatible Request
B (AMTBCR, as in Deflorio et al., 2012):

∑𝐴𝐴𝐴𝐴 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 (𝑛𝑛𝑛𝑛𝐴𝐴𝐴𝐴𝐵𝐵𝐵𝐵 )
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐼𝐼𝐼𝐼𝐴𝐴𝐴𝐴/𝐵𝐵𝐵𝐵 >0
𝐴𝐴𝐴𝐴𝑛𝑛𝑛𝑛𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑛𝑛𝑛𝑛 = ∑𝐴𝐴𝐴𝐴 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 (𝑛𝑛𝑛𝑛𝐴𝐴𝐴𝐴𝐵𝐵𝐵𝐵 )
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐼𝐼𝐼𝐼𝑛𝑛𝑛𝑛
𝑅𝑅𝑅𝑅 >0
𝐴𝐴𝐴𝐴/𝐵𝐵𝐵𝐵
∑𝐴𝐴𝐴𝐴 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛
(𝑛𝑛𝑛𝑛𝐴𝐴𝐴𝐴𝐵𝐵𝐵𝐵 )
𝐴𝐴𝐴𝐴𝑛𝑛𝑛𝑛𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑛𝑛𝑛𝑛 =
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐼𝐼𝐼𝐼𝐴𝐴𝐴𝐴/𝐵𝐵𝐵𝐵𝑛𝑛𝑛𝑛
>0
𝑅𝑅𝑅𝑅
𝐴𝐴𝐴𝐴𝑛𝑛𝑛𝑛𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑛𝑛𝑛𝑛 =
𝑛𝑛𝑛𝑛𝑅𝑅𝑅𝑅 time intervals between the requests, PPC
ACTI quantifies the average compatibility
shows the proportion between positive and negative compatibilities, and AMTBCR gives
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an estimate of the time required to connect two requests in a plan. Those indicators
based on the compatibility are calculated for pairs of requests, so they give an initial idea
of how the request configuration fits on the network features.
Other indicators related to time access restrictions are also defined in the literature,
mainly in terms of cost or distance indicators (which would be classified into the category
of cost accessibility), such as in Quak and De Koster (2009), and Muñuzuri et al. (2013), or
distance indicators, such as in Gonzalez-Feliu et al. (2015).

4. Deployment of accessibility indicators in territorial intelligence analytics:
Implications for Latin America
4.1 Implementing urban freight accessibility and attractiveness indicators in a territorial
intelligence analytics perspective
We have seen above that freight accessibility and attractiveness indicators can take different
forms and will then need processed data. Those indicators have different uses, related to the
stakeholders, planning horizons, and data needs that are involved in their deployment.
Infrastructure-based indicators depend mainly on logistics capacities and service
levels in the case of nodal accessibility (which are given at individual level although
mean values can be given by some public authorities and/or chambers of commerce and
industry), and need traffic data for edge accessibility. Nowadays, mapping and itinerary
websites, such as Google Maps, Bing Maps or Open Street Maps, have average congestion
charging data on most road links of cities (some of them at different time slots), allowing
the estimation of congestion charging indicators. The same reasoning can then be made
for distance and time accessibility indicators when no route construction is used. Cost
indicators need to define average transport costs but, since there are national road
transport instances allowing to estimate those costs, the information is easy to retrieve
(Gonzalez-Feliu, 2018). For route construction, a demand generation (in terms of freight
quantity) is needed unless analytical models are used.
Freight generation needs to know the location and the characteristics of the different
establishments of a city. Gravity and concentration indicators need both distance/
time/cost information and establishment location data. Those locations can be given
in a geolocated way (allowing then to process and select information via GIS, and feed
geospatial analytics tools) or in a zonal way (i.e., knowing the number of establishments
by type with their mean characteristics and zone.) In all cases, GIS tools are required to
process and prepare the indicator calculation, and not only for visualization purposes.
Finally, compatibility indicators remain more difficult to calculate, since they derive
from route optimization, and need to define several characteristics and constraints
related to urban deliveries (Cattaruzza et al., 2017).
Ed. n.˚11 // Enero-diciembre 2018 // ISSN 1993-4912
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The computation of those accessibility and/or attractiveness indicators is then
related to data needs. Those data can be geospatial (and, in all cases those data are
required, GIS are mainly used to retrieve and prepare the geospatial information to
estimate such indicators), socio-economic or functional (i.e., data constructs, models and
estimations needed to prepare the data to finally compute the indicators). We report a
summary of those data requirements in table 3.

Type of indicators

Indicators

Modeling and estimation
issues

Socio-economic

Logistics capacities

Logistics facilities’ location,
city zoning

Logistics facilities’
characterization

-

Logistics service levels

Logistics facilities’ location,
city zoning

Logistics facilities’
characterization

-

Parking capacities

Delivery area/parking location
& dimensions, city zoning

-

-

Parking service levels

Delivery area/parking location
& dimensions, city zoning

-

FTG rates

Lane/road service
levels

City network with an
infrastructure typology

-

Database of network flow
charging

Speeds

City network with an
infrastructure typology

-

Database of speed travel in the
network

Generation
Accessibility

City zoning

Number of premises with
characteristics, per zone

FTG/FG modeling framework

Generation Density

City zoning with area
estimation

Number of premises with
characteristics, per zone

FTG/FG modeling framework

Concentration
measures

City zoning, inter-premise
distance

Number of premises per
zone

An assignment of each premise
to a zone is needed; r requires
to be defined

Direct indicators

City zoning, distances between
zones

-

Travel time, speed and/or
transport cost between zones

Delivery customers’ locations,
city zoning, distances between
locations

-

A demand dataset is needed
for route construction, as well
as a vehicle routing algorithm
or analytic distance estimation
model; travel speeds and
unitary costs; service times

Gravity-based

City zoning, distances between
locations

Number of premises,
employment

Travel times, unitary costs,
eventually FG models if freight
quantities are considered as
opportunities

Space-time compatibility

Delivery customers’ locations,
city zoning, distances between
locations

-

A demand dataset (with
time constraints and service
times) is needed for route
construction, as well as a
vehicle routing algorithm

Infrastructurebased, nodal

Infrastructurebased, edge

Generation-based

Distance, time
or cost
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Table 3. Main data needed to estimate the proposed types of accessibility/attractiveness
indicators. Those indicators, although primarily proposed by the research communities,
have a direct use and application in real planning and management issues. Potential uses
of those indicators from a territorial intelligence analytics viewpoint that respond to current
requirements of practitioners are (the list is presented to illustrate the main applications of
accessibility and attractiveness indicators in practice but does not aim to be exhaustive):
–

Delivery area and/or parking design, dimensioning and planning (Dablanc and
Beziat, 2015; Magniol et al., 2018). Nowadays, the definition of delivery areas
is not matched with the needs in terms of demand, and the capacities (current
or potential) are not always estimated systematically (CERTU, 2009). A nodal
accessibility indicator would support decisions and assessments in that field, and
help city planners and companies to reach a consensus on the strategy of delivery
area planning in a city (Magniol et al., 2018).

–

Retailing land use planning and store development (Desse, 2001; Hounwanou
et al., 2018). Retailing accessibility (Gonzalez-Feliu and Mercier, 2013; GonzalezFeliu and Peris-Pla, 2018) may be used to define the needs in sustainable retailing
planning, in order to propose land use plans which allow to decrease shopping
trips by car and, at the same time, bring the basic food close to households to
be accessible to the population. Moreover, mall and commercial center planning,
construction and management need decision-support tools for both urban
planners, who state in terms of retailing land use, and private construction and
mall promotion companies, which aim to make their commercial center projects
attractive to urban and periurban populations (Desse, 2002, 2014).

–

Urban transport planning, urban land use planning or other territorial plan
development, in which freight transport is starting to be included (CERTU-ADEME,
1998; Ballantyne et al., 2013). Since accessibility (mainly distance-time or gravity
indicators) is used in transport and urban plans, the corresponding indicators
for freight transport, their equivalent for freight, can give a double approach of
accessibility, and feed the deployment of global assessments of the plans which
would include both private and goods transport.

–

Concentration indicators but in general freight generation attractiveness can also
be used by real estate companies, wholesalers, industry and transport/logistics
stakeholders for their location and market expansion strategies, based on freight
transport potential which follows different patterns and determinants than those
of household real estate (Kauko and d’Amato, 2009).

–

Transport as a service, and more generally infomobility systems, would integrate
spatial indicators, such as service levels (both nodal and edge), concentration or
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compatibility indicators, to support operational decisions of logistics carriers but
also of private transport (mainly in the case of crowded transport or c2c6 deliveries)
to improve the sustainability of such trips (Gonzalez-Feliu et al., 2018).
–

Although non-exhaustive, this list shows the potential of such indicators and of
territorial intelligence analytics. However, since the proposed works generally
deal with European and North American countries, it seems important to finish
this paper by focusing on Latin America and its context, from the viewpoint of
deploying such indicators in practice to see their potential but also the limits of
their deployment.

4.2 Territorial intelligence analytics and city logistics in Latin American cities
We have previously seen that territorial intelligence analytics spatial indicators have
a strong potential for city planners, real estate stakeholders, industrial and logistics
managers, among others. However, since said indicators need various data sets coming
from different sources, it is important to analyze the main data collection issues for
Latin American cities. Indeed, the issue of data production related to urban planning
and transport in Latin America is not new, and many authors presented the main issues
regarding urban planning data production (Dale et al., 1992; Arraigada, 2003; Borja,
2003; Calderón and Sevén, 2004; Uchida and Nelson, 2009; Garrocho and Buzai, 2015)
not focusing on urban freight transport. Moreover, according to Gonzalez-Feliu (2019),
urban logistics is confronted with a data paradox: although big data and open data allow
to produce a huge quantity and variety of information, that information is not always
suitable or necessary to estimate the main data needed in urban logistics information
systems (this is called by the author “the big-no data paradox”). This paradox is of great
importance in Latin American cities for several reasons:
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–

From an urbanistic viewpoint, Latin American cities present city structures which
combine modern headquarters with a strong land-planning organization and
development, and popular headquarters which follow a road and public space
land planning, with a heterogeneity of buildings and activity zones, and human
settlements which obey to little or no planning issues (Metzger et al., 2015;
Alexandri et al., 2016). Moreover, the capabilities of urban planning and the real
actions performed in that field in Latin American cities are unequal in the different
countries, and even within the same country (Cabeza, 2002).

–

In Latin American cities, the levels of informal economies (Tokman, 1978; Friedmann,
2018), as well as the lack of unification in establishing company databases (Parra
Herrera, 2017), make the availability of establishment files difficult, such as the
standard national files of EU countries or USA states (Holguín-Veras et al., 2018).
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–

Land-planning competencies are not standardized in many countries of the region,
often resulting into an overlapping of competencies and actions of different
public (and parapublic) actors (Palacios Argüello et al., 2016) who do not always
communicate or exchange basic information (Castrellón-Torres et al., 2018).

–

Last but not least, urban freight transport is often associated with private
competencies in the countries of that region, and main priorities regarding traffic
and urban planning are still given to private transport (as it was in other regions of
the world until the beginning of the 21st century). However, that vision is changing,
and several Latin American countries are starting to deploy city-logistics planning
actions and issues, most of them on a standard basis (Vieira et al., 2016; HolguínVeras et al., 2018).

Although those four issues are not the only specificities of Latin American cities,
they strongly impact the current state of the art in urban logistics planning in that region,
as well as the near-future actions (Gonzalez-Feliu and Cedillo-Campos, 2017). Moreover,
data production issues are also strongly conditioned by a multistakeholder context,
where collaboration is not always a habit (Parra Herrera, 2017; Rojas Huérfano et al.,
2018). For those reasons, we propose a brief overview of the current state of the art in
Latin American cities regarding data production for territorial intelligence analytics, and
more specifically for accessibility indicators as presented in the previous section.
Concerning cartographic data, most Latin American metropolitan cities have
nowadays GIS-based data which can be used for the construction of geospatial indicators
(Parras and Ramírez, 2016). However, the availability of standard, national, geolocated
databases of city areas, roads and built environments can differ in each country, although
most of them have national geographic institutes producing various cartographic and
spatial databases (Garrocho and Buzai, 2015). The road network geospatial information is
not always updated and available. Anyway, a valid alternative is the use of OpenStreetMaps
files, which are available at the corresponding website6 and propose basic geospatial
information of most large and medium-sized Latin American cities. The main issues in
Latin American cities concerning one of the most basic information needed to deploy
spatial indicators are the heterogeneity of data production practices (national and/or
local standards) and data availability, but it seems to be produced at least in a form and
quality that allow to define most of the indicators proposed above.
Demographic and socio-economic data is more difficult to obtain, since the
unreliability of economic activities, but also of some human settlements in urban

6

https://www.openstreetmap.org
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areas (Clichevsky, 2017; Soto, 2018), make it difficult to get an accurate census of both
the population and economic activities. However, the statistics of the population of
different urban areas (including informal settlements) is accurate and standard, since
national statistics institutes have worked together to propose an extensive census of the
population following a standard basis, at least within the country (Vignoli, 2002; Acosta,
2003). An economic census is also available. It includes only formal activities (Cevallos
Vallejos, 2003; Santa María y Rozo, 2009) and misses an important part of the information,
since informal economies account for 30-50% of the employees in Latin American cities
(Portes and Haller, 2004; Chen, 2012). Moreover, an important part of the informal
activities consists of non-sedentary activities, which are difficult to precisely geolocate,
although they can be related to a zone of the city in which they operate. To deal with
this lack, various assessment techniques can be performed (Portes and Haller, 2004) to
estimate such activities, propose a global vision of the economic sectors of a city, and
determine the indicators related to freight transport (Gonzalez-Calderon et al., 2018;
Holguin-Veras et al., 2013). However, said estimations need to be aggregated at a zone
level, with the geolocation being not possible to be given in such context. Anyway, the
main demographic and socio-economic information seems to be able to be reproduced
and determined to propose suitable accessibility indicators.
Regarding transport flow data, Latin American cities still lack standard surveys in
that field. For example, in Lima, two private transport surveys promoted by the Japan
International Cooperation Agency (JICA) were carried out for years 2003 and 2014. Those
surveys fed the Master Plan for Lima and Callao Metropolitan Area Urban Transportation
(Yachiyo Engineering Co. Ltd. and Pacific Consultants International, 2005), and presented
the definition of Origin-Destination Matrix. Although those surveys address private
transport, several commercial trips, and more importantly shopping trips, are reported.
This allows to define trip flows but also centrality and attractiveness of zones for
logistics and retailing/shopping purposes. Another alternatives to transport surveys are
traffic counts and cordon surveys, which are more common in the cities of the region7
(Christopher, 1995; Shifter et al., 2005; Saide et al., 2009; Quintero et al., 2010; GonzalezCalderon et al., 2018).
Concerning freight, most Latin American cities did not deploy (at least yet and
to the best of our knowledge) a standard survey, such as the surveys carried out with
the FTG methodology in more than 20 countries (Holguín-Veras, 2016). Only Medellín
(Gonzalez-Calderon et al., 2018) has presented a survey which encompasses the whole
city. Bogotá has also presented partial FTG surveys, focused on industrial, wholesaling
or retailing zones (Parra Herrera, 2017), for which approximated FTG models can be

7
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Traffic counts are mainly used in Latin America for vehicle inventorying and traffic pollution impact estimation.
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deployed. Similarly, in the context of night delivery programs (Holguin-Veras et al., 2018),
surveys are being performed in various Latin American cities (like São Paulo or Bogotá,
among others) using a standard questionnaire, which can deploy FTG models based on
the models of Holguin-Veras et al. (2013).
However, various data collection procedures have been carried out in Latin American
cities, mainly in the context of the km² methodology (Regal, 2018; Suarez-Nunez and
Gonzalez-Feliu, 2018). Those surveys, which cover small zones (of about 1 km² of surface)
and just few zones (in general 3 to 5 zones in each city), are aimed to characterize
high freight generators, and not to develop FG or FTG models generalizable to a city.
However, when coupled with an establishment survey, and for surveyed activities, such
data collection allows to gather enough information to estimate FTG rates and generalize
them to all the establishments of the same type in the city. Another option is to use
carrier data to produce the necessary information to characterize supply chains (Padilla
Solís, 2016), focusing on urban deliveries (Gonzalez-Feliu, 2019).
As shown above, it seems that data is not a main limiting issue, although it needs
to be produced in a suitable way to deploy relevant indicators. In the deployment of
such indicators, it is important to consider the main goals, the main users, the context of
application, and the needs of aggregation and data quality to produce a representative
indicator (in the sense of problem-solving, Ackoff, 1977; Gonzalez-Feliu, 2019).

5. Conclusions
This paper presented an overview of spatial accessibility and attractiveness indicators for
urban freight transport and logistics in the context of business intelligence and analytics,
as well as the main practical implications for its deployment in Latin American cities in
planning and development issues, including urban logistics and freight transport. Moreover,
it introduced a definition of territorial intelligence and analytics from its analogous
notion in business, as well as a brief overview of the main categories of indicators. Then, it
focused on the definition of indicators to account for two reciprocal notions: accessibility
and attractiveness. A typology of five categories of indicators has been proposed and
overviewed, showing the state of the art and the main calculation issues. Finally, data and
context application issues are proposed, first from a general viewpoint and then from the
perspective of their deployment in Latin American cities’ planning and management.
The various categories of indicators need different data and account for slightly
different aspects of accessibility and attractiveness. They are adapted to different uses, such
as retail development, infrastructure dimensioning and planning, or parking and access
issues, among others. As shown in the paper, such issues do not only involve city planners
but also logistics managers and carrier stakeholders. Moreover, data issues, which are seen
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in Latin America as a limitation to the deployment of analytics-based approaches, are to be
examined to produce the most suitable indicators with the data available for the requested
uses. In other words, territorial intelligence accessibility indicators may be a first approach to
define socio-economic issues, such as inequalities, food and goods accessibilities, logistics
needs and vulnerabilities, or deficiencies in logistics levels of service, among others, which
can synergically be performed using existing data, in order to provide a first easy-to-assess
and easy-to-understand decision-support tool. Moreover, since the data used to define
such indicators exists and is available, and may be standardized for the entire region (or the
indicators being proposed may be standardized worldwide), it can be a good dialogue and
communication tool among urban stakeholders (public and private) to reach a consensus on
the priority zones, in terms of logistics and the main actions that may be carried out.
Finally, we aim to address four main directions that research would follow to develop and
improve such indicators. The first one is related to data processing and production methods
to provide standards and unified methodologies, so that the use of such indicators becomes a
habit as already is in private transport. The second one is to go in-depth into the links between
socio-spatial patterns (defined by accessibility and attractiveness indicators) and logistics flow
intensity and characteristics, to formalize the links between logistics and territorial development.
The third one consists in defining territorial intelligence and analytics spatial dashboards, based
on a sustainable development, and then focusing on the spatial-visual representation of such
indicators (not only on accessibility and attractiveness but combining them with socio-economic
and environmental indicators to produce sustainable spatial dashboards). Finally, the last one
involves the evolution of current indicators to define Key Spatial Indicators (KSI) that seem to be
the next step of Territorial Intelligence and Analytics.
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