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Abstract
This paper proposes a clear methodology for assessing the impact that might result in the insertion of a
transport infrastructure in the road network of a city after comparing it to other infrastructure
proposals, in order to prioritize its construction. The assessment of the impact for the construction of
the proposed infrastructure was based on the pondered analysis of the following variables: Territorial
Media Accessibility, Average traveling time, vehicle volumes, volume-capacity relationship, accident
rates, surrounding land uses and budget. The proposed methodology was applied in the Formulation of
the Mobility Plan of the city of Manizales (Colombia) in 2011. Initially, a diagnosis of the urban
mobility from the operational and physical viewpoints was done to establish a starting point for the
comparison of impacts. Subsequently, the infrastructure projects proposed by the Municipal
Administration were classified and sectorized. Finally, a list of projects from the ones having the
highest to the lowest impact was generated through the application of the pondered multi-criteria
assessment to prioritize the necessary infrastructure programs for the city. The proposed methodology
might be implemented in other cities regardless their size, as long as there is available updated
information of the road network and also social and accident operational data. The results obtained
established that major works are not always of highest priority, because priority depends not only in
the impact on the operating variables, but also on social and health variables, which are often ignored
in the mobility plans applied in Colombian cities.
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1. Introduction
Currently, important urban transformations are being introduced in many cities around the world to
improve the mobility of the population, which in turn improves the quality of life This paper discusses
the methodology for prioritizing road infrastructure projects, which defines the prioritization of the
road infrastructure of the city of Manizales during the period 2010 to 2040 taking into account the
assessment of the impact on average traveling time generated by each project, the analysis of the need
of each project, the urban growth model, and the analysis of road accidents.
An accessibility analysis allows the technical analysis of the possibilities of interaction between
different geographical areas of a territory (Izquierdo, 1994), being this defined as a measurement of
the ease of communication between activities or human settlements, using a particular mode of
transportation (Morris et al., 1978), (Zhu and Liu, 2004).
Also, accessibility measures the ease or difficulty offered by the infrastructure and transportation
mode to get to a specific place (Geurs and Ritsema van Eck, 2001) or to take a trip. In general,
accessibility is considered an important factor of competitiveness, given that towns with better
accessibility have shown over time greater economic success (Biehl, 1991). Accessibility is closely
related to the variable "distance", being this a function that depends on the proximity between different
geographical points of an area or region. However, it is valid to say that given the current
technological developments, accessibility depends less and less on the actual distance from activity
centers and increasingly more on the distance to the transport infrastructure (Gutierrez, 1998) and on
how the infrastructures shorten connection times, where various modes of transport play a key role.
For this paper, the transport infrastructure network in the city of Manizales was updated through
field and office work. The information inputted in the GIS was validated with aerial photographs of
the city. Speed operation data of the different transport modes (cars, taxis, motorcycles, trucks and
public transport) were taken using GPS equipment. More than 18 million operating speed data were
obtained and used to define the operation characteristics of the network. Operating speeds were
calculated using real monitoring data and showed the actual operational characteristics of the links in
the network, which is important because operational speed is defined in the accessibility analysis
according to the category of road (Burns, 2007); yet recent accessibility research is taking into account
actual vehicle speeds (Li et al., 2011).
An important advantage in the use of GIS is that allows the understanding of the behavior of the
networks (Gutierrez et al., 2010), which is analyzed by using algorithms (e.g. shortest path) providing
researchers with tools to simulate such behaviors. GIS have the ability to store lots of information on
socioeconomic and demographic characteristics of the population, as well as information on the
operational characteristics of the networks. This allows the connection of different layers of
information that would lead to a more detailed knowledge of the accessibility characteristics offered by
the various modes of transport.
This paper presents the issue of prioritization of projects, using a methodology that includes
territorial planning, application of supply and demand models, and the analysis of road accidents. It
also discusses the impact of each of these aspects on the effects of the implementation of these
infrastructure projects in order to define the programs, strategies, projects and strategic indicators that
would lead to an improvement in the mobility system of the city of Manizales. The impact that the
construction of seven projects of road infrastructure, accounting for a length of 122 km, was analyzed,
which meant the assessment of the intervention of approximately 20% of the length of the current road
network. The impact was calculated in terms of the reduction of traveling time, making a comparison
of these reductions with demographic variables (area, population and number of houses covered by the
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isochronous curves).
Accessibility analyzes are becoming increasingly more important in the assessment of plans and
infrastructure projects, considering that improving accessibility is often one of the criteria taken into
account in such assessments (Gutierrez et al., 2010). Likewise, there are accessibility analyzes that
tackle criteria related to economic development (Rietveld and Nijkamp, 1993; Vickerman et al., 1999,
MacKinnon et al., 2008), demography (Kotavaara et al., 2011) and social cohesion (Schurman et al.,
1997, Lopez et al., 2008) to name a few.
Section 2 presents the methodology applied for the calculation of the different variables
involved in the prioritization. Section 3 shows the main results obtained after applying the
methodology in the city of Manizales, and section 4 presents the main conclusions.
2. Methodology
Initially, the results of the Global Media Accessibility Analysis obtained in the system were
studied (taking the operating speed in the links as the average speeds of all modes of transport); then
the impact caused by each of the future infrastructure projects proposed for the city of Manizales was
evaluated in terms of average traveling times; then the modeling of the demand for each of the
packages of projects was done, and the projects were sorted from the ones causing the highest to the
ones causing the lowest impact on vehicular volumes in the road network; then the model of urban
growth was established; and finally the road vehicular accidents in the city was done using database
from four years back. The analysis of prioritization was done using the above mentioned variables and
applying a very reliable multi-criteria methodology. This paper proposes a methodology which
includes models of supply and demand, territorial planning and road accident index. The process is to
determine values to weigh the impact of each variable on each package of projects. The
methodological process to determine each value is presented next.
2.1. Global Media Accessibility Analysis
An analysis of Global Media Accessibility was done for the current road scenario. Later, the
road network was modified to include the project to be evaluated and the Global Media Accessibility
analysis was repeated. The comparison of the vectors of the average traveling times for both scenarios
makes evident the impacts generated by a particular package of projects. The gradient of the curves of
Global Media Accessibility were calculated by comparing the results with and without a package of
project. The results were crossed with variables such as area, number of houses, towns or any other
variables of interest associated with mobility. This is the way to obtain a quantified category of the
impacts generated by each of the projects.
2.2. Modeling of vehicular volumes
The traffic volume was assigned on the different links of the road network using the road network
properly updated on its location and properties, and the OD matrix of trips were obtained for the
private transport system. The assignation of the OD matrix was done taking into account these
parameters: length of the link, capacity of the link, traveling time (calculated from the real operating
speed), type of link (vehicular or pedestrian), direction, orientation, preload and parameters α and β of
the function of congestion. For this variable, a project that can bear the most vehicular volumes will
have a better valuation.
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2.3 Territorial planning
Generally, territorial planning includes projects related to mobility, which might be at the idea,
design or execution levels. Each stage refers to a condition that must be considered for prioritization.
2.4 Road vehicular accidentality
The study of vehicular accidentality yields an analysis for different periods of time and can be
geospatially located. It is also possible to assess road accidents of different sites year per year, as well
as the frequency with which these accidents occur on these sites during the period of analysis. An
Average Multiplier Factor was defined to represent what has increased or decreased the value of the
Equivalent Accident Number (EAN) for a specific location in a specific period of time. A priority
estimator was proposed using this value.
3. Implementation for the city of Manizales
3.1 Impact assessment of the average traveling times in the proposed road infrastructure
projects.
The methodology of Global Media Accessibility analysis allows the assessment of the impact
that any infrastructure project has on average traveling times. At first, the road infrastructure projects
proposed in the Territorial Planning or in the different instruments of territorial planning were defined.
The proposed intervention road projects are approximately a total of 122 km of length. The projects
were grouped into seven different packages in order to evaluate the impact generated by the proposed
interventions. See Table 1.
Project package N°7 had the greatest length of intervention (33 km, 27% of the total length of
the intervention). Project package N°2 had the lowest length intervention (7 km, 5.5% of the total
length of the total intervention). Figure 1 shows the geographical position of each of the interventions
and their classification according to the project package to which it belongs. An estimation of the
traveling speeds in the links that make up the project packages must be made to calculate the Global
Media Accessibility offered by the future road network.
Figure 2 shows the curves of Global Media Accessibility obtained using road interventions from
project package N°1. These curves were compared with those obtained in the current road network
scenario and the gradient of the curves in the percentage of project package N°1 were obtained (see
Figure 3). The road intervention allows the identification of the areas of the city that report a
significant change in their average traveling times.
Table 2 shows the results obtained by correlating the database of area, population, and number
of houses to the curves of gradient of package project N°1. This comparison allows the estimation of
the percentage of population, area and the number of houses covered by a given curve of gradient.
This process was performed in each package of projects.
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Table 1. Intervention project packages proposed for the road network

Source: Escobar, D.; García, F., 2012. Page 18.
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Figure 1 Location of the infrastructure projects.

Source: Escobar, D.; García, F., 2012. Page 19.
Figure 2 Global Media Accessibility, Project package N°1

Source: Escobar, D.; García, F., 2012. Page 23.
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Figure 3 Curve of gradient in percentages of time of Project package N°1

Source: Escobar, D.; Garcia, F., 2012. Page 25.

3.2 Modeling of vehicular volumes
The private transport was modeled by assigning traffic on the different links of the network taking
into account the road network and its properties, as well as the OD matrix. Next, the OD matrix was
assigned on the network in each project package. Using the assigning in each project package, it is
possible to evaluate which project has the greatest impact regarding vehicular volumes. It was then
possible to generate an assessment to be included in the prioritization process.
Figure 4 shows the results for the road network in 2011, which shows that in effect the busiest
vehicular corridors correspond to the main roads. Main corridors are identified as areas with high
vehicular concentrations. This process was repeated for each project package.
Following the above modeling, the vehicular volume of each project package, pondered by its
length was calculated. In this way, an impact indicator was obtained in each project, thereby sorting
project packages 3, 2, 4, 6, 7, 1, 5 from the ones having the highest to the lowest volume impact.
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Table 2. Percentage of area, population, and number of houses covered by the curves of gradient
in percentage of time for the project package N°1.

Source: Escobar, D.; García, F., 2012. Page 24.

3.3 Analysis of locations with higher number of road accidents.
First, the road accidentality in the city of Manizales during the last four years was analyzed; then
the accidents were valuated year after year in the various locations where they occurred; after the
frequency in which the different accident locations appeared every year was analyzed; and finally, an
Average Multiplier Factor was defined to represent the cause for the increase or decrease of the value
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of Equivalent Accident Number (EAN) for a specific location in the last four years. The relations
between the EAN values for each location in each consecutive year were calculated to carry out the
above mentioned analysis (between 2008 and 2007, 2009 and 2008 and 2010 and 2009. See Table 3).

Figure 4. Vehicular volumes on the existing road network.

Source: Escobar, D.; García, F., 2012. Page 104.
Locations with an Average Multiplier Factor equal to one represented places where the value of the
EAN has maintained a relatively consistency throughout the four years of analysis. Of the 63 locations
analyzed, nine reported an Average Multiplier Factor equal to one, which represents a little over 14%
of the locations under study. The locations with an Average Multiplier Factor lower than one
represented those locations with a decrease in the EAN over the last four years. The lower this value
is the greater the decrease in EAN. Of the 63 locations analyzed, 22 reported a Multiplier Factor lower
than one which represents approximately 35% of the locations under study. The comparison of the
results of the Road Accidentality Analysis and the project packages determined the locations with the
highest accidentality that needed to be properly tackled with the inclusion of works.
3.4 Prioritization Analysis of the infrastructure projects.
The following variables were taken into account in the prioritization of the different project
packages: Accessibility (supply model), vehicular volumes (demand model), Territorial planning
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(Growth Model) and Road Accidentality.

Table 3 Location regarding each project package. Average Multiplier Factor.

Source: Escobar, D.; García, F., 2012. Page 128.
Table 4 shows the prioritization calculation assuming the following percentages: accessibility
(45%), vehicular volumes (25%), growth model (25%) and accidentality (5%). A sorted list of the
projects, from the ones having the highest impact to the ones having the lowest impact on the variables
area, population, and number of houses, was obtained using the analysis of the results of the
calculation of the impact caused by the inclusion of the different project packages in the average
traveling times. Thus, project N°3 (South Alternate - Panamerican Highway) was number one, having
the highest impact; Project package N°6 (PIP 4 and 11, Route 30 two-lane highway and the
connection Palermo - Panamerican) was number two; and project package N°1 (Colón Avenue, Chipre
Circuit and the connection Colón Avenue- Villa Pilar) was number three.
Regarding vehicular volumes, each of the seven projects were divided into sub- projects to sort
them from the ones having the greatest impact to the ones having the lowest impact on the distribution
of road network flows, as previously mentioned. These projects are considered of high-impact in
terms of mobility for the city of Manizales.
Regarding the growth model, a higher value was assigned to construction, infrastructure, or urban
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renewal projects that were currently in the implementation stage or that already have final designs,
such as: Colón Avenue, South Alternate (Panamerican highway) – Lusitania and Bus Terminal
Segment, Street 52 Tunnel, Kevin Angel Avenue – Autónoma Roundabout segment.
Regarding road accidentality, the project packages were sorted from the ones having the highest
impact to the ones having the lowest impact in terms of the number of locations to be tackled. The
greater the number of locations covered by the project package the higher the value for this variable.

Table 4 Prioritization of the project packages under study.

Source: Escobar, D.; García, F., 2012. Page 132.
4. Conclusions
The accessibility analysis implemented in this paper is a detailed application of an actual
operating speed database, which increases the possibility to implement urban models applied in
developed countries, and in some cases in developing countries like Colombia (Adhvaryu , 2010).
The impact produced by the different projects of road infrastructure projects was evaluated
and it was concluded that project packages N°3, N°5 and N°7, impact areas of Manizales with low
population density. These projects presented a greater coverage of the variable area than the variables

CODATU XV - Le rôle de la mobilité urbaine pour (re)modeler les villes

12

population and number of houses, using the same percentage reduction in the average traveling times.
The above leads to the conclusion that these projects impact areas with low population densities. Also,
project packages N°1, N°2, N°4 and N°6, were implemented in the areas of the city with greater
population density. These projects presented lower coverage of the variable area than the variables
population and number of houses, using the same percentage reduction in the average traveling times.
The Model of Territorial Occupation in the Territorial Planning proposes the densification of the
city of Manizales and its continuous and diffuse expansion, which are opposite forms of land
occupation. However, these projects are aimed mainly to land generation in peripheral areas, thus
encouraging the continuous and diffuse expansion of the city and population deconcentration.
The variables of project prioritization might be complemented with other variables such as quality
of life index (Velasquez, 2010, 2011), and socioeconomic, cultural, or competitiveness variables,
which could lead to a better decision-making spectrum. However, the variables considered in this
research make possible the prioritization of the road infrastructure works from a simple technical point
of view, taking into account that the variables accessibility and accidentality are directly related to
improvement to the conditions and quality of life of the residents.
Accessibility evaluates the reduction of average traveling times in a given infrastructure, and
accidentality takes into account the most frequent locations of incidents that could be tackled with the
proposed projects.
This methodology yielded a proposal of priority projects for the city of Manizales, where the
different analysis, supported by processes, converge free from external manipulation or subjective
criteria, quite often criticized. To date, the results are consistent with those obtained by different
analyzes, and have been well accepted by the community and the administration, after presenting the
results in different scenarios.
It is concluded, that the prioritization of projects should be a joint and concerted work among the
different actors involved. In this particular case, the interaction between the Municipal Government
and researchers was crucial to adequately establish the importance of the variables.
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