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ABSTRACT 

 Ciclovia are free multisectorial programs for people from different socio-economic backgrounds where 

public spaces and streets are closed to cars and open for leisure activities including walking, biking, 

jogging among others. This program contributes to public health improvement, which is particularly 

important in today’s sedentary society. Over the past three years such programs have been expanded 

worldwide due to their general benefits and the resource-efficient implementation.  

  It is important to measure indicators of performance of Ciclovia programs to analyze the benefits 

on public health. Since one of the indicators is the number of participants, counting is an integral part of 

the performance measurement because it enables to get accurate estimators. Thus a reliable estimation of 

the number of participants is crucial and the models that attempt to do so should be applicable in the 

multiple Ciclovia programs. However, there is not a unified estimation methodology for the number of 

participants to compare between programs.  

  In this paper, we propose a discrete-event simulation model to estimate this number. The 

methodology consists of dividing the Ciclovia into several paths, each having an associated arrival rate. 

Entities are distinguished according to the activity they perform in Ciclovia and have a duration time after 

which they are disposed. We apply our approach to a case study in the city of Bogotá (Colombia), the 

largest program in the world, where we estimate around 675,000 participants per day. We also perform a 

sensitivity analysis to evaluate the impact of changing the arrival rate in the estimation of the number of 

participants.  

 

1 INTRODUCTION 

Ciclovia is defined as the temporary closure of streets to motorized traffic, creating a safe and pleasant 

space for walking, jogging, skating, running and cycling, among others (Sarmiento et. al 2011).  This 

program was first created in Bogota on December 15
th
, 1974 and it has become popular in different 

countries, especially in the Americas, since then. This is due to two main reasons: the fact that the citizens 

recognize it is a space designed for their benefit and the flexibility of the program which is resource-

efficient and easily adapted to every city (Montes et. al 2011). This way, citizens with no distinction of 

strata are given the opportunity of doing physical activity and the city infrastructure and resources are 

used efficiently, generating ample and secure spaces for the participants (Montes et. al 2011). 

  Given the previous reasons, the local governments of cities like Bogota and San Francisco have 

strengthened the development of Ciclovia programs. Their objective is to promote physical activity as one 

of of community strategies to improve public health. Nowadays, public health is a major concern due to 

phyisical activity pandemic and obesity epidemic. Having a sedentary lifestyle I associated with chronic 

diseases. 
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  As a massive program, the Ciclovia promotes much more than cycling:  physical activity sports, 

education and culture, local businesses, among others (Diaz et al 2013). The first aspect, which is physical 

activity, is important because physical inactivity has a significant impact on our health as it is linked to 

heart disease, diabetes and some forms of cancer. Thus, Ciclovia does an important contribution 

preventing chronic diseases and furthermore it helps to farther healthier and more active lifestyles in the 

citizens (Hoehner et al. 2008). Due to the potential high impact of Ciclovia programs on public health, it 

is necessary to have accurate estimators of the number of participants in order to evaluate their 

effectiveness and to analyze the cost-benefit relation. 

  Therefore, the objective of this document is to establish a flexible methodology that allows the 

accurate estimation of participants according to the activities they do in Ciclovia and their characteristics, 

applicable to different Ciclovia programs. In order to reach this goal, we build a counting model based on 

a discrete-event simulation, fed with the required parameters and relevant variables that allowed us to 

obtain a reliable estimation of the number of participants by categories. This estimation provides data that 

facilitates the calculation of performance measures associated with physical activity such as the energy 

consumption. 

  The goal of this project is to build a model to estimate the number of participants in Ciclovia 

programs in an average day. This model should also allow experimenting with various scenarios in order 

to compare different policies which could impact the expected number of participants.  

  The methodology that we propose includes two fundamental aspects for counting: 1) gathering 

and estimation of the input information and 2) the development of the counting model. For the first step, 

we identify the relevant data to use as input parameters and the way to obtain or estimate them. For the 

second aspect, we propose to create a discrete-event simulation model to find the number of people that 

take part in the Ciclovia. We show the performance of our proposed methodology on a case study for the 

City of Bogotá and compare the results with other available approximations for this city.  

  The rest of this document is organized as follows. In the Section 2 we review the literature on 

useful approximation methods for counting populations. In Section 3 we explain the proposed 

methodology, including the details of the discrete-event simulation model. In Section 4 we apply the 

proposed methodology to Bogota’s Ciclovia and we compare the results with previous approximations for 

this city. Finally, Section 5 concludes the paper and point out future work. 

 

2 LITERATURE REVIEW 

Counting problems are presented in several fields. They basically consist of determining how to measure 

the value of a relevant variable according to a specific purpose. It is important to consider limitations in 

resources and time, and also to take into account the possibility of having to repeat the procedure several 

times. For instance, biology is one of the main fields in which sizes of species population needs to be 

determined. In the context of Ciclovia, since it is not possible to directly count the participants for 

practical purposes, other means of approximation should be explored. 

2.1 Counting methods 

The counting problems are divided into two categories: direct and indirect counting methods, as discussed 

below. 

2.1.1 Direct counting methods 

In the literature several methods have been proposed to count animal populations. A summary of these 

direct counting methods can be consulted in Table 1, where a brief explanation of each method is given, 

as well as the strengths it provides and the weaknesses when applied to Ciclovia. 
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  The first family of methods was first inspired by the problem of counting insect populations 

(Southwood 2000; Southerland 2006; Krebs 1989). These are mark and recapture, quadrant counts and 

density methods. Mark and recapture methods consists on a marking session followed by one or more 

recapture sessions where individuals are searched for marks to estimate the size of the population. Several 

approximations exist considering the relaxation of the classical assumptions (i.e. the probability of 

survival of individuals after being marked is not constant, a population can be closed or open meaning 

there have been births/deaths/migrations, etc.) and the variation of the number of marking/recapturing 

sessions. Some examples are Petersen Method (which consists on a single marking and recapturing 

episodes), Schnabel method (which extends Petersen Method to a series of samples) and Jolly-Seber 

Method (which considers open populations). Quadrant counts examine an area or a volume to estimate the 

percentage covered by individuals and provides an estimate of density (measurement of population per 

unit area/volume). Distance methods also provide an estimate of density based on recording distances 

from individuals to sampling points/lines and between individuals. Some examples are Byth and Ripley 

Procedure and T-square Sampling Procedure. 

  We can see that the applicability of insects counting methods in Ciclovia context is limited and 

these are not good methods to use. For instance, mark and recapture methods cannot be used in Ciclovia 

because marking possess a big difficulty as the intention is not to modify the dynamics of the participants 

by interfering with their activities. Also, it is not possible to find exactly the same individuals in this type 

of program where people participation is high. Quadrant counts do not work because Ciclovia gathers 

people doing sports and this method is not applicable for moving populations. Additionally, it requires 

being able to identify every single individual within an area which is not feasible due to the congestion in 

Ciclovia. Finally, distance methods are highly prone to error due to the difficulty of measuring distances 

accurately by an observer when objects move relatively fast and the risk of discretizing the distance 

would affect the reliability of predictions. 

  The second type of methods is the way bike and pedestrians counting (Schneider et. al 2005) are 

approached around the world. These are manual and automated counts, surveying users and documenting 

facilities. Sometimes a mix of these methods is used since they complement each other. These methods 

are also summarized and discussed in Table 1. Manual counts consist on counting people by hand. This 

might be performed by pencil and paper or by using individual or multiple counters. Manual counts are 

labor intensive and therefore expensive and prone to errors, especially if people flux is high and counting 

periods are long. Automated counts rely on technologies to perform the counting. Table 2 presents some 

information about the existing automated technologies; this is taken from (Active Living Research. 2013). 

These technologies can be of general purpose or oriented to vehicles. For general purpose some examples 

are infrared (Honorato et. al 2008, Linzmeier et. al 2005): active infrared (records passages every time the 

beam is cut) and passive infrared (which detects body temperature). For counting vehicles there are 

several technologies that rely on the pressure exerted at the passage of a vehicle. Some of these 

technologies are piezometric, conducting loops and pneumatic tubes. For counting bicycles the pneumatic 

tube is the best alternative (Fiestberaad 2009). Surveying users is mainly done in the area of interest (in 

this case Ciclovia) by trained surveyors and seeks to get information on the behavior of the participants in 

the system such as the time in which they usually arrive, the time they stay and the frequency with which 

they participate. Documenting facilities relies on filming/photographing the area of interest. Afterwards, 

videos are used for face identification using algorithms (Belongie and Rabaud 2006) or pictures are 

manually counted (Hipp et. al 2013). Videos and pictures can be accessed anytime for recounting.  

  In bike and pedestrian counting techniques, manual counts are the trend and what is currently 

used as an estimate in Ciclovia programs. Nonetheless, programs are seeking automated counts as a 

secondary estimation to manual counts. The information that can be collected from surveys is highly 

dependent on the survey design and the cost is high. People also tend to discretize information in the 

answers, for instance, time intervals. Finally, documenting facilities is generally done using public 

cameras for which permission is required. 
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Table 1: Summary of direct counting methods 

Family 

method 
Method Generalities Strengths Weakness 

Insect 

counting 

methods 

Mark and 

recapture 

Individuals are capture and 

marked. Recapture sessions 

take place and individuals 

are examined for marks. The 

ratio of marked individuals 

over total captures allows 

estimating the size of the 

population. 

Provide accurate 

outputs and it is 

possible to estimate 

the variance. 

Needs data of 

individuals. 

Quadrant 

counts 

Determine the percentage of 

coverage of species in a 

given area (i.e. Big 

mammals in a Savanna) or 

volume (i.e. Birds in a 

forest). An estimate of 

density is calculated. 

Do not need data of 

individuals. 

Organisms should not 

be mobile. Every 

single individual in an 

area/volume should 

be detected. 

Distance 

methods 

Determine the distance from 

individuals to a counting 

line or point and the distance 

between individuals. This 

provides an estimate of 

density. 

Consider moving 

individuals and how 

to treat folks. 

Measure distances 

accurately with fast 

moving individuals. 

Bike and 

pedestrian 

counting 

techniques 

Manual 

counts 

By hand count every 

individual which crosses a 

specified point. This 

counting can be done by one 

of more people. 

Observations are 

accurately when 

counting is done by 

trained people.  It is 

very flexible and 

allows detecting and 

recording features 

considered 

important of the 

individuals. 

As it relies on human, 

it needs training or 

might be prone to 

errors 

Automated 

counts 

Different technologies 

record automatically the 

passage of people/vehicles. 

They differ widely from 

each other and are explained 

in detail in Table 2. 

Reduce labor costs. 

A lot of information 

can be recorded 

since counting 

sessions can be very 

long. 

Technologies cannot 

count all the types of 

non-motorized users 

and some need 

correction factors (for 

example if axes but 

not passages are 

counted) 
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Surveying 

users 

Surveys are designed 

including relevant questions 

of behavior (i.e. Number of 

times the system is visited 

per month, duration time in 

system, etc.). This can be 

distributed in several media 

(i.e. Social networks, 

telephone, intercepting 

users, etc.) 

Detail 

characteristics about 

people and provide 

baseline and follow-

up data. 

Expensive and the 

design of the survey is 

critical 

Documenting 

facilities 

Instead of focusing in the 

entities, the approach is to 

focus in the space. Some 

uses videos and algorithms 

that recognize passages. 

Others take pictures for 

being manually counted 

afterwards. 

Possibility to access 

and review the 

original information 

enables recounting 

in case of doubts. 

Requires specific 

technologies (i.e. 

video cameras) to 

collect data, labor to 

handle data and 

specified software. 

   

    

Table 2: Existing automated technologies for counting non-motorized traffic 

Count methodology Accuracy Cost Other Considerations 

Video (manual 

analysis) 

High (subject to human 

error) 

High  

(depending 

on duration 

of counts) 

Costs of video camera installation 

and operation; Labor intensive; 

Can capture some user 

characteristics; Directional counts 

possible 

Active infrared 
(count is recorded 

when user breaks 

infrared beam) 

Systematic undercounting 

(5% to 15% due to 

clusters of people) 

Low 

Portable; Visual obstructions may 

affect counts; Can provide long-

term, 24 hour counts 

Passive infrared 

(count is recorded 

when monitor 

senses temperature 

differential) 

Systematic undercounting 

(5% to 50% due to 

clusters of people) 

Low 
Widely test and available; 

Directional counts possible 

Computer 

visioning 

Depends on computer 

algorithms 
Medium 

Well-suited for crowed 

environments; Costs of video 

camera installation; Requires 

greater sophistication for analysis 

Inductive loops 

Varies depending on 

installation and 

maintenance of system 

Depends on 

location of 

installation 

Only for counting bicyclists; 

Directional counts possible if 

maintained; Can provide long-

term, 24 hour counts; Difficult to 

use in shared lanes 
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Pneumatic tubes 

(commonly used to 

count cars) 

High (subject to human 

error) 

Depends on 

location of 

installation 

Only for counting bicyclists; 

Requires trained personnel; Can 

provide long-term 

Piezometric pads 
May not count groups 

accurately 

High for 

installation, 

low for 

maintenance 

Only for counting pedestrians; 

Senses pressure when pedestrians 

step on sensor; Appear to be less 

widely deployed than infrared 

sensors 

 

 

2.1.2 Indirect counting methods 

The most important indirect methods for estimating the total participants in Ciclovia are linear regression 

(Greene 2000), neural networks (Gonzales, Martínez 1995), agent based simulation (Allen 2011), 

queueing theory (Winston 2004) and discrete-event simulation (Banks et. al 2010, Kelton 2004) and are 

listed in Table 3.This table includes a brief explanation of each method, the strengths it provides and the 

weaknesses which prevent them to be used in Ciclovia.  

  Linear regression models the relationship between a dependent variable y and one or more 

explanatory variables x. Data is used to estimate parameters and thus create linear predictor functions. 

Neural networks approximate a mathematical function to perform a mapping to determine the relationship 

between the variables. There is a need of training the network. The hidden layer learns to recode (or 

to provide a representation for) the inputs. More than one hidden layer can be used. Agent based 

simulation models a system taking into account the complexity approach, or the interaction of individual 

agents with the system as a whole. Queuing theory is the mathematical study of queueing systems. This 

takes into account waiting and service times to determine the WIP and cycle times expected at any given 

point in time. Discrete event simulation seeks to imitate the behavior of a system. For this, it considers 

how its state is changed by activities/events in discrete moments of time. The computer model might use 

general or blocks languages. Simulation models allow the experimentation of changes and policies and 

the creation of statistics to analyze relevant variables. 

  In Ciclovia context, linear regression is not a good method because we lack data on the 

independent variables to consider. This also applies to neural networks which have the additional 

constraint of requiring an important amount of data and learning time. Non-the-less both of these methods 

are frequently applied for traffic forecasting (Smith 1997). An approach built using agent based 

simulation requires a lot of information on the agent, which will be difficult to collect in Ciclovia context. 

Queuing theory provides analytical results which are too complex to apply in this particular system. 

  Finally, we conclude that given the actual condition of the Ciclovia, the existent technologies and 

the historical information available the best method to use is discrete-events simulation. This allows 

imitating the behavior of the real system, understanding how the different parts interact with each other. 

The modeled system can be visualized through animation and the main outputs provided are the number 

of participants in Ciclovia. Additionally, discrete-event simulation is a powerful tool which enables to do 

sensitivity analysis on parameters that cannot be easily measured and misestimating them can result in 

large margins of error. 
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Table 3: Summary of indirect counting methods 

Method Generalities Strengths Weakness 

Linear regression Explains dependent variable y in 

terms of explanatory variables x. 

Parameters are estimated from 

data. 

Predictor linear functions are 

obtained.  

Models are easy to 

build. 

The impact of each 

variable can be 

known/quantified. 

Limitations on the 

information to 

estimate the 

parameters 

Neural networks Determines the relationship 

between the variables by 

approximating a mathematical 

function.  

The network must be trained: 

hidden layer(s) learns to recode he 

inputs.  

Useful for prediction. 

Assigns a weight to 

each variable. 

Training requires a 

dense database and 

important learning 

time 

Agent based 

simulation 

Models a system considering the 

interaction of individual agents 

with the system as a whole. 

Numerical precision. 

Better understanding 

of the problem based 

on complexity's focus. 

Difficult to implement 

in all the Ciclovia’s 

programs. 

Disaggregated 

requiring a great level 

of detail and 

information. 

 

Queuing theory Mathematical/analytical study of 

queueing systems. 

Takes into account waiting and 

service times. 

Determines the average utilization, 

WIP and cycle times of the system. 

Analytical results for 

a examine a system 

Ciclovias’ system too 

complex, thus not 

suitable for this type 

of analysis. 

Discrete-event 

simulation 

Computer model which imitates 

the behavior of a system.  

Activities/events in discrete 

moments of time change the 

system’s state variable. 

 Experimentation of policies and 

creation of statistics of relevant 

variables is easily done. 

Mimics what happens 

in a real system. 

The behavior can be 

observed by 

animation. 

Scenarios can be 

evaluated 

Time consuming and 

expensive 

 

   

3 METHODOLOGY 

The objective of our methodology is to estimate the number of participants that take part in the Ciclovia, 

including the daily average and the average number in Ciclovia. The daily average means the total 

number of participants who visit Ciclovia all throughout the day. The average number in Ciclovia is the 

expected number of participants to be found at any given moment time in the system. Our proposed 

method is divided into two phases: data-collection for the inputs, and the construction of the discrete-

event simulation model. The data-collection for the inputs phase identifies the data that should be 

collected in order to be able to build the discrete-event simulation model. The second phase, which is the 

construction of the discrete-event simulation model aims to find the number of participants based on the 
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data that is obtained in the previous phase. In the next subsections we concentrate our attention on the 

phases mentioned before. 

   

3.1 Input data collection 

The simulation model requires three types of input information. The first type of input is the percentage of 

the participants in each category (i.e., cyclist, walker, etc.) and their velocities. The second type of input is 

the distribution of the time that participants spend in Ciclovia. The third type of input is the number of 

participants that enter the Ciclovia from each point of entry at every hour.  

   In order to collect the data, surveys can be done to the participants of the Ciclovia, asking for the 

activities they do, the time they usually spend in the Ciclovia, and the time and the point of entry in which 

they arrive to the Ciclovia. Also, fieldwork is suggested to estimate how many people enter the Ciclovia 

from each point.  For the purpose of estimating the arrival rate, there can be used some tools, such as the 

lasers beams that were explained in the previous section. 

 

3.2 Structure of the simulation model 

In this subsection the proposed discrete-event simulation model is presented. This model represents a 

generic Ciclovia where four main components are identified: entities, tracks, servers, and processes. The 

tracks are the set of streets that make up the Ciclovia. The tracks are connected by servers, where the 

entities actually arrive. The entities are created according to the inter-arrival time distribution of the point 

of entry which is also known as their initial server. Then, entities go through a decision process to 

evaluate how much time they are going to spend in Ciclovia. According to that process, they leave the 

system or they move through the tracks. The flow diagram of a track is shown in Figure 1. As we can see, 

the process ends in the entity leaving the system or entering a new track, in which this same process is 

repeated. In what follows we will explain each component of this model.  

 

 

Figure 1: Flow diagram of one track in the discrete-event simulation model 

3.2.1 Entities 

In the Ciclovia, entities are considered participants divided into four different categories according to the 

activity they do. Entities arrive to the Ciclovia following an inter-arrival time distribution associated with 

their entry point. Each entity spends a specific time in the system following a service time distribution. 

Also, each entity has a velocity given its category. 
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3.2.2 Tracks 

In order to build the model, we define that a track is a street or a segment of a street that begins in an 

intersection and ends in another intersection. An intersection is a point in which at least two streets of the 

Ciclovia cross each other. Each track has an associated length and is assumed bidirectional. For the 

model, we define that a track has an infinite capacity because a person can go into a Ciclovia’s street 

without having to wait until another person leaves the street. 

 

3.2.3 Servers 

As we mentioned before, the intersection points of the Ciclovia are defined as servers in the model. Also, 

we include as servers the points that are the beginning or end of streets that do not cross with another in 

one of its sides. This situation presents when the streets are located in one of the extremities of the 

Ciclovia. Each server is where the arrivals for the tracks take place, meaning each server has its own 

source from which entities enter the system using a specific arrival rate. Additionally, in each server a 

decision is made every time an entity arrives. Thus, servers are the responsible of disposing the entities or 

route them through the system, once their time in the track is over.  

 

3.2.4 Processes 

In the proposed model, we include a process that all entities do every time that they arrive to a server; this 

is explained in Figure 2. The objective of this process is to evaluate if an entity has enough time to arrive 

to another server. If the time is not enough to go to another server, entities are delayed in their initial 

server until their time is over. If entities can arrive to the next server, they go randomly to one of the 

tracks that are connected to the initial server. This decision process is also used every time an entity 

arrives to a server in order to check that entities’ duration is not finished yet. 

 

 

 

 

Figure 2: Decision process flow diagram 

3.3 Performance metrics 

As the purpose of the simulation is to obtain an accurate estimator of the number of people who go to 

Ciclovia every day, the most important measure is the number of participants who enter the system. 
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However, there are other metrics that should be considered in order to evaluate some characteristics of 

every track, including how many people there are at every hour. Other metrics are going to be used to 

evaluate how sensitive the model is to certain changes.  

 

4 CASE STUDY: CICLOVIA IN BOGOTÁ 

The Ciclovia of Bogotá works on Sundays and Holidays from 7:00 a.m. to 2:00 p.m. It is currently the 

largest Ciclovia around the world with an extension of 113.6 km and a geographical distribution which 

enables the participation of people from different socio-economic backgrounds, as it can be seen in Figure 

3. The first attempts to create a Ciclovia were done in 1974 but the inauguration of the weekly Ciclovia 

was done in 1982. In that moment the Ciclovia only had an extension of 34 kilometers and during the 

next decade the circuit was unevenly distributed: 80% of the streets belonged to the upper middle class 

neighborhoods. However, since the administration of the Ciclovia was assigned to the regional entity in 

charge of sports and recreation Instituto Distrital de Recreación y Deportes (IDRD), it has grown to its 

current size, 113.6 km which are distributed into the 70% of the localities (administrative divisions of the 

city containing several neighborhoods) of the city. Also, there were included parallel activities to the 

Ciclovia, which were named Recreovia. All the changes mentioned before meant an increase of the 

relevance of the Ciclovia program. (Ciclovias Recreativas n.d.). 

 

Figure 3: Map of the Ciclovia against socioeconomic strata including the survey points 

 

  In order to evaluate the benefits of Ciclovia in Bogota, some cost-benefit studies have been 

developed. One of such studies, developed in the Primer Taller de Planeación e Implementación de 

Programas de Ciclovías Recreativas (which was a workshop developed by the IDRD and Universidad de 

los Andes to improve the implementation of the Ciclovia program) suggests that the benefit-cost ratio is 

4.83. It means that the benefits to public health are higher than the costs of implementing and maintaining 

the program. One of the main inputs they used to calculate that ratio was the number of people who take 

part in the Ciclovia. According to a simulation model that they made, using the tool Mathematica 7, the 
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total number of participants is very important to determine the ratio because the benefits grow greater 

than the costs when the number of participants grows, as show in Figure 4, which was taken from the 

presentation Análisis costo‐beneficio del ahorro en salud pública por actividad física para usuarios de la 

Ciclovía (Montes et al, 2012). 

 

Figure 4: Results from the Cost-Benefit Study (Estimation of the Ciclovia growth and its effect in the 

benefit-cost ratio). 

  As for the case of the cost-benefit studies, some other projects, which have been developed in the 

recent years regarding the Ciclovia program, require as key inputs the estimate number of participants. 

For example, The Ciclovia and Cicloruta Programs: Promising Interventions to Promote Physical 

Activity and Social Capital in Bogotá, Colombia (Torres et. al 2012) considers the impact on public 

health of Ciclovia of Bogota which is calculated according to the number of people who exercise as a 

response of the facilities that are given by Ciclovia. This also applies to Metodología para el Ranking de 

la Red de Ciclovías Recreativas de las Américas (Gomez et. al 2012), that states that an important 

variable to rank Ciclovias is the number of participants. 

  Given the reasons presented before about the impact of Ciclovia’s program on public health, there 

exists a need to compare between Ciclovias and the resources invested for the development of the 

network; thus, the need of having a methodology to accurately estimate the number of participants.  

  Furthermore, due to the expansion of Ciclovia programs in the last years, it is in the best interest 

of the Panamerican Health Organization to be able to compare the performance of different programs in 

terms of the number of participants in the Americas. Having a common methodology which can be 

adapted to the Ciclovia program in consideration is a key factor. New policies and their feasibility can be 

explored without affecting the behavior of the actual system and they can be tested for sensitivity. 

4.1 Current counting methodology 

According to the manual of Ciclovia, manual counting should take place according to the following 

procedure. There are 16 counting points located all across the network shown in Figure 10, in which 

participants are counted every time they cross a target line. Counting is done by two people, each 

counting in one direction and from 11:00 a.m. to 11:15 a.m. as it can be seen in Figure 5. The counts are 

discriminated per activity (i.e., cycling, walking, jogging and others) and include information of the 

weather at the time. 
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Figure 5: Counting in Ciclovia of Bogotá 

 

These counts are then used to calculate the total number of participants as follows: 

 

     
  

  
   

 

                          

                         

                                                        
                                                              

                                 
 

4.2 Previous works on the Ciclovia of Bogotá 

Several research projects on Ciclovia have been developed in the previous years; here we present the most 

relevant works for our purpose of estimating the total number of participants per day.  

4.2.1 Programs of recreation and sports 

This study was done by Universidad Nacional (one of the main universities of Colombia) in 2005 

(Universidad Nacional 2005) in which the same counting problem in Ciclovia is directly approached. The 

methodology consists of counting 5 minutes during each hour only in one direction and in a defined 

distance. Then an expansion factor is applied as follows: 

 

     
              

     
   

 
 

                                                              

   
  

   
 

                                  

                                       

                                           

                                                               

                              

                                                                                      
 

This study forecasts 1’400,274 participants per month. 
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4.2.2 Pedestrians and cyclists dynamics on an open social system: the study case of Ciclovia 

Recreativa  

In this study (Medina 2011) the author estimates the time series of the number of people who visit 

Ciclovia on an average day using an expansion formula as shown in Figure 6.  

 

 

Figure 6: Graphical representation of expansion formula.  

   
 

  
 

 

                                  

                       

                      

                             
   

Applying this method the author obtains the following results, in which the area under the curve would 

represent the total number of participants in the Ciclovia during a specific moment of the day as shown in 

Figure 7, which was taken from Medina’s study. Non-the-less the total number of participants that enter 

to the Ciclovia in a day is not presented. 

 

 

Figure 7: Results of the expected number of participants in Ciclovia according to the time (Time scale is 

divided in 30 minutes intervals).  

4.2.3 Summarize 

As we can see, previous work has been done to attack the counting problem in Ciclovia in order to 

estimate a number of participants. Universidad Nacional’s study provides the estimated number of 

participants that even today is used as reference. Non-the-less, is not explicit enough in the parameters, 

thus it is not possible to apply their proposed expansion formula to get an up-to-date estimated number of 

participants. On the other hand, Medina’s study provides the time series of the distribution of participants 

throughout the day, but fails to present an estimated number of the total participants. Besides, it is 

modeled as an agent based simulation which is too complex to be used by Ciclovia’s staff and too rigid, 

thus not easy to generalize to other Ciclovia programs. 



Murcia, Rivera, Akhavan-Tabatabaei and Sarmiento 

 

  Since the problem of estimating the total number of participants is yet to be answered and this 

tool is going to be used in a wide variety of areas and by several types of decision-makers, such as the 

medical community (e.g., Faculty of Medicine of Universidad de los Andes and Panamerican Health 

Organization) and the IDRD amongst others, it is important to have a model which is easy to understand 

and easy to manipulate. This allows that different actors of the Ciclovia programs use the same tools to 

estimate the number of participants in their programs. As discussed in the literature review section, an 

advantage of using a simulation model for this purpose is that it mimics the behavior of a system, 

providing graphical representation. This lead us to Section 4.3 in which the general model explained in 

Section 2 is applied to Ciclovia of Bogota. 

4.3 Application of the simulation model 

In this subsection we present how the simulation model of Ciclovia of Bogota was built. In first place, we 

explain the inputs that we use in the simulation. In second place, we present the implementation of the 

model. Then, we present the verification and the validation of the model. Finally, we present the results, 

including a sensitivity analysis. 

4.3.1 Simulation inputs 

As mentioned before, the counting problem consists of two complementary aspects which are the data and 

the model. Data is needed for feeding the model as input parameters. In the model we have two 

distinguished needs of information: general information that has been used in the different studies 

performed on the Ciclovia of Bogotá (i.e. activities with their respective percentages and velocities) and 

specific information for a simulation model (i.e. arrival rates and duration times). For the second type of 

information requirements, we based our simulation inputs in two main sources: a survey and field work. 

  The survey was done during three weekends in the 16 counting points of Ciclovia in 2011 using a 

sample of 1000 people. The key questions we use as input data are: 1) How much time you spend in 

Ciclovia? 2) At what time you come to Ciclovia? and 3) Where is your departure point in Ciclovia? The 

way these questions were integrated to obtain the different inputs of the model will be discussed in the 

following subsections. Additionally, we performed fieldwork to determine the arrival rate into the system. 

This fieldwork was performed between 11:00 a.m. to 11:15 a.m in one of the counting points of the 

system: Carrera 15 between 88
th
 and Street 92

 th
 Street. This particular time was chosen because it is the 

time at with IDRD counts users. 

  In the following subsections we describe the input data we use to build the model including the 

distribution of the time in system, the selected categories according to the activities and the estimated 

arrival rate.                    

4.3.1.1 Activity categories 

In order to model the participants according to their activities, we include the following categories:  

cyclist, joggers, walkers, and others (this category includes people that skate and go in wheelchairs, 

among others). Every category has a specific velocity and a proportion as shown in Table 4. In order to 

determine the velocity, we used the values that Universidad Nacional presented (Universidad Nacional 

2005). Also, to generate a specific number of participants in every category, we followed the percentages 

proposed by Sarmiento et al. 2011. It was assumed that all tracks had the same proportion of participants 

in each category. 

Table 4: Velocity and percentage of each category. 

Category Velocity(km/h) Percentage 

Cyclists 10.00 67.90% 
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Joggers 2.00 6.10% 

Walkers 2.25 21.90% 

Others 2.70 4.10% 

 

4.3.1.2 Distribution of the time in the system                                  

In the simulation model we use an empirical distribution to determine the time in system of the entities 

shown in Figure 8. This data was obtained from the survey which was explained in the previous section. 

The specific question was the time people expect to spend in the Ciclovia, having seven hours as the 

maximum time. It is important to mention that most of the people interviewed answered this question as 

“rounded-up” number (e.g. 30 minutes, 60 minutes, etc.), so the empirical distribution has some peaks at 

the hour (e.g. 7:00, 8:00, etc.). 

 

Figure 8: Time that people expect to spend in the Ciclovia 

 

4.3.1.3 Arrival rate of participants to Ciclovia 

An important input of a discrete-event simulation model is the rate at which entities are created, or in the 

Ciclovia context, the rate at which participants join the system. Fieldwork was performed in order to 

estimate this rate. Since participants can join Ciclovia at any point, we estimated the arrival rate of 

participants to Ciclovia per meter. The methodology followed was counting the participants crossing two 

given points and calculating the difference, which was then adjusted by the distance between points to 

estimate the arrival rate per meter. These points were located in Carrera 15 between 88
th
 and Street 92

 th
 

Street (the distance between the two points is 88 meters) and the experiment was performed between 

11:00 a.m. and 11:15 a.m. An important characteristic when choosing these points is that we ensure that 

according to their velocities, people of every category could go through the whole distance in the 

considered time. This way, we avoided the underestimation of the number of people. 

  Since this arrival rate per meter was determined in a specific point at a specific location, but from 

results of the survey and observation in fieldwork, we know this behavior is not constant in the different 

Ciclovia tracks throughout the day, thus we must extend it to consider every hour of the Ciclovia as well 

as every track. In the subsections to follow we explain how the weighting per time and track was 

performed. The arrival rate we obtain was 0.113 arrivals per meter in fifteen minutes; we will be referring 

to this as the “reference arrival rate”.  
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4.3.1.3.1 Weighting per time 

From the survey we considered a question which asked at what time people joined Ciclovia, this results 

can be seen in Figure 9. As we can observe, more people tends to arrive Ciclovia in the early morning and 

the peak is at around 8 a.m.  

 

 

 

Figure 9: Time in which people went to the Ciclovia 

Since the arrival rate was estimated at 11:00 a.m., we used the arrival times information to obtain the 

relative weights of arrivals at every hour compared to the number of arrivals at 11 a.m. expressed as a 

percentage. The relative weights were obtained by dividing the frequency of arrivals at every hour by the 

arrivals at 11:00 (e.g., if in the survey there are 20 people that arrive to the Ciclovia at 11:00 a.m., and 

there are 50 people who arrive at 8:00 a.m., the relative weight is going to be 20 divided by 50). 

According to the way we calculate that proportion, there are some relative weights that are bigger than 

one. This weighting factor is shown in Table 5. 

 

Table 5: Relative weight of number of arrivals per hour. 

Hour Relative weight 

7 a.m 289.29% 

8 a.m 297.62% 

9 a.m 247.62% 

10 a.m 175.00% 

11 a.m 100.00% 

12 a.m 32.14% 

1 p.m 1.19% 

 

At last, the rate at the different times of the day is to be found by adjusting the reference arrival rate by 

the relative weight. For example, if the arrival rate at 11:00 a.m. is 500 participants per hour and we want 

to estimate the arrival rate at 8:00 a.m., we multiply 500 by the relative frequency of arrivals, which is of 

297.62% for this case. Then, we multiply that arrival rate by four, assuming that arrivals are homogenous 

during the hour. 
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4.3.1.3.2 Weighting per server 

Before we explain how this weighting per server was determined, we must get clear in two important 

things. First, is that due to the definition of Ciclovia, people can join the system in any point of the track. 

Non-the-less, for the purpose of simulation, we considered the arrivals to take place only at the 

intersection points or servers, knowing that this is not going to affect the number of people who enter the 

system. Second, as we explained above, the estimated rate must consider the different tracks. Summing 

up these two statements together, we have that we actually adjust the rate by a weighting per servers, 

since in our model, arrivals occur only at servers for simplifying the simulation model. This means that 

first arrival rate per track must be determined and then adjusted in order to get data per server. This is 

explained in detail below. 

  Again, we refer to the survey to get information of where people join Ciclovia, or which is their 

beginning point. These starting points can be seen in Figure 10. It is important to notice that out of the 

1000 surveys, only 683 entry points could be determined. The missing data either was omitted or 

mistaken when doing the survey. This information was given to an expert of the software ArcMap, whom 

uploaded it and help us manipulating the data such that every surveyed participant was assigned to the 

closest track from its location. Thus, we obtain a frequency of participants that join the Ciclovia in a given 

track as seen in Table 6. As in the time weighting section, here we calculate relative weights of the other 

tracks compared our reference track (the track where the reference rate was estimated; Track 8). Once we 

have the weight of each track, as well as the reference arrival rate, we multiply this two together, getting 

the rate per track. For the selected track, we extend the rate considering the track length. This was done by 

multiplying the arrival rate per meter by its total length, assuming that the track has a homogeneous 

arrival rate all over its length. 

  

 

Figure 10: Place from which people enter the Ciclovia. Results were obtained using the software ArcMap 
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Table 6: Frequency of participants to join the system by a specific track 

Tracks Frequency Relative weight Distance 

1 30 96.77% 12,226 

2 49 158.06% 7,730 

3 17 54.84% 8,685 

4 15 48.39% 4,090 

5 65 209.68% 6,490 

6 90 290.32% 13,783 

7 49 158.06% 9,249 

8 31 100.00% 6,745 

9 7 22.58% 5,251 

10 7 22.58% 943 

11 59 190.32% 5,014 

12 26 83.87% 4,394 

13 66 212.90% 7,166 

14 70 225.81% 5,373 

15 48 154.84% 2,749 

16 12 38.71% 3,518 

17 5 16.13% 2,313 

18 33 106.45% 1,475 

19 4 12.90% 1,964 

 

  Now this information must be translated from tracks to servers (intersection points). To be able to 

find an estimation of the arrival rate in each server, a percentage of the arrival of the track was assigned 

to the proximate servers. This was done by splitting the arrivals of each track in two, assigning half the 

arrivals to each server at each extremity. It is important to notice that for example extreme servers only 

get half the arrivals from its associated track, while an intermediate intersection gets half of the arrivals 

of each of the track with which it is connected. 

4.3.1.3.3 Summing up 

Summarizing, from previous sections, we have a rate of arrivals per track per day in Table 7. The arrival 

rate found in the server 8 at hour 11:00 a.m. was used as reference. 

 

Table 7: Arrival rate per server per hour 

Servers/ 

Hours 
07:00 08:00 09:00 10:00 11:00 12:00 13:00 

1 7,530.22 7,747.14 6,445.62 4,555.32 2,603.04 836.69 30.99 

2 19,596.94 20,161.46 16,774.33 11,854.94 6,774.25 2,177.44 80.65 

3 19,073.24 19,622.68 16,326.07 11,538.13 6,593.22 2,119.25 78.49 

4 3,031.04 3,118.35 2,594.47 1,833.59 1,047.77 336.78 12.47 

5 26,020.00 26,769.55 22,272.27 1,5740.50 8,994.57 2,891.11 107.08 
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6 9,764.58 10,045.86 8,358.16 5,906.97 3,375.41 1,084.95 40.18 

7 21,360.60 21,975.93 18,283.97 12,921.84 7,383.91 2,373.40 87.90 

8 1,397.66 1,437.92 1,196.35 845.50 483.14 155.30 5.75 

9 998.96 1,027.73 855.07 604.31 345.32 111.00 4.11 

10 2,709.17 2,787.21 2,318.96 1,638.88 936.50 301.02 11.15 

11 19,775.89 20,345.56 16,927.51 11,963.19 6,836.11 2,197.32 81.38 

12 9,709.09 9,988.77 8,310.66 5,873.40 3,356.23 1,078.79 39.96 

13 6,773.97 6,969.10 5,798.29 4,097.83 2,341.62 752.66 27.88 

14 6,963.11 7,163.70 5,960.19 4,212.25 2,407.00 773.68 28.65 

15 6,072.93 6,247.87 5,198.23 3,673.75 2,099.28 674.77 24.99 

16 10,147.02 10,439.32 8,685.52 6,138.32 3,507.61 1,127.45 41.76 

 

4.3.2 Implementation of the simulation model 

The simulation model of Bogota’s Ciclovia was built using sixteen servers and nineteen tracks as shown 

in Figure 11, because that is the total number of intersections and extremities that the Ciclovia has, and 

the streets in-between. Each server has a source from which the participants arrive following their 

assigned arrival rate. Participants are created according to their category and they have as an attribute, the 

amount of time they are going to spend in system. An example of the different sources according to the 

different categories to join server 1 can be observed in Figure 12. The single sink in which all entities are 

disposed when their time is due can also be seen. 

  In the case of Bogota, given that it was not possible to find the proportion of people that at an 

intersection, decide to go to a specific path, we assume that all the following paths have the same 

probability of being chosen. This way, when a participant leaves a track, the model verifies whether if 

with his remaining time, he is able to cover the whole distance of the largest connecting path. Is this 

condition is verified, the participant is randomly routed to any track. If not, the participant is delayed in 

the current track until his time is over, this to avoid that an entity surpasses its time in system. 
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Figure 11: Defined servers and tracks in the simulation model. 

 

 

Figure 12: Screenshot of the simulation model. This screenshot only includes the sources of the server 

one and a sink. 

  The assumptions used in the implementation of the model are the following: 

 The arrivals are homogeneous in an hour. Thus, the 15 minute “reference rate” is transformed 

into an hourly rate by multiplying it by four. 
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 The arrivals change according to the time of the day. Given the information we have, the 

change of the arrival rate by hour does not depend on the track. 

 The arrivals are homogeneous in a track. This means that the behavior of arrivals is the same 

in the whole length of the track.  

 Arrivals occur only through the servers (intersections) for modeling purposes. 

 When assigning arrivals from tracks to servers, it is assumed that half of the arrivals belong to 

one server and the other half to the other server. The number of arrivals is equally distributed 

into the two servers that belong to each track. 

 As the routes followed by people are unknown. People choose randomly the next track to 

follow. 

 It was assumed that all tracks have the same proportion of participants in each category. 

 Every person regardless the type of activity that does in Ciclovia, has the same duration time 

distribution in the system. 

4.3.3 Verification and Validation  

In order to verify that the model is appropriately implemented according to the conceptual model and that 

it correctly imitates the real system, we built a validation model. It was built using five servers and their 

respective tracks as shown in Figure 13. As it was mention before, the purpose of this model is to check 

that entities in the system behave as it is expected. In this model we include the track where the counting 

point of arrivals was located (Carrera 15 between 88
th
 Street 92

 th
 Street).  

  

 

Figure 13: Servers in the simulation model. The servers in orange are the ones selected for the validation 

model. 

  The validation model shown in Figure 14 was analyzed using three scenarios in which the arrival 

rate was changed. The first of them was built with the data collected from the counting point, the second 

was built assuming that arrivals follow a Poisson process with the arrival rate changing every hour 
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according to the data from the first scenario, and the third scenario was created supposing that the inter-

arrival time follows a Erlang distribution with two phases and with the rate equal to the one used in the 

previous scenarios. The objective of the last two scenarios is to observe how the system changes its 

behavior adding a stochastic component to the arrivals.   

 

Figure 14: Screenshot of the validation model. 

  Before running the scenarios, we need to determine the number of replications that are required to 

obtain an absolute error of 5% in the expected number of participants of the validation model. For the 

calculations we define an initial number of 3 replications. Then, we have the following calculations that 

let us having a confidence interval of a giving rate with an error of 5%: 

 

              

 

  
   

Where  

              

                         

                          

        

                     
                                                                                               

 

First, an estimation of the simple variance from a first run of an arbitrary number of replications. In this 

case, as it was mentioned before, the number is 3.  

 

                                       
 

   Here we observe that with three replications we are having already an error of 0.88% thus this 

analysis is not required and three replications are enough to perform the rest of the experiments. 
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  After defining the number of replications, the simulation was run in the three scenarios. The 

results of the simulation are presented in Table 8, including the expected number of entities in the system, 

the expected time an entity spends in the system and the total number of people that enter to the Ciclovia 

in a day. The results obtained using the Exponential distribution and the Erlang distribution are compared 

with the results of the deterministic scenario, calculating the difference of the values. 

 

Table 8: Comparison of the performance measures in the three scenarios 

Category 
Performance 

Measure 

Deterministic Exponential Erlang, K=2 

Value Half Width Value Difference Value Difference 

Cyclists 

Expected number 

in system 
19,807.53 118.90 37,660.71 47.41% 18,802.94 5.34% 

Expected time in 

system (hours) 
1.92 0.01 1.99 3.85% 1.99 3.65% 

Expected number 

of arrivals 
137,455.00 587.87 275,173.00 50.05% 137,652.00 0.14% 

Joggers 

Expected number 

in system 
1,787.38 33.32 3,351.00 46.66% 1,694.51 5.48% 

Expected time in 

system (hours) 
1.92 0.03 1.99 3.81% 2.00 4.01% 

Expected number 

of arrivals 
12,421.33 125.04 24,543.00 49.39% 12,357.00 0.52% 

Walkers 

Expected number 

in system 
6,398.35 57.45 12,093.00 47.09% 6,051.98 5.72% 

Expected time in 

system (hours) 
1.92 0.02 1.99 3.09% 1.99 3.37% 

Expected number 

of arrivals 
44,324.33 203.84 88,205.00 49.75% 44,356.00 0.07% 

Others 

Expected number 

in system 
6,764.13 39.04 2,263.42 198.85% 1,125.60 500.94% 

Expected time in 

system (hours) 
1.93 - 2.00 3.38% 1.99 2.88% 

Expected number 

of arrivals 
46.683.00 442.61 16,525.00 182.50% 8,248.00 465.99% 

Total 

Expected number 

in system 
34,757.39 304.92 55,368.13 37.22% 27,675.03 25.59% 

Expected time in 

system (hours) 
1.92 0.01 1.99 3.53% 1.99 3.48% 

Expected number 

of arrivals 
240,883.67 1.866.80 404,446.00 40.44% 202,613.00 18.89% 

  As it is observed in Table 8, the time people spend in system in all the scenarios is between 1.93 

and 2.00 hours. This result is consistent with the mean value of the empirical distribution that is used in 

the simulation: 2.07 hours. Also, it is checked that maximum and minimum times that the participants 

spend in the system belong to the interval where the density function of the distribution is defined. 

  On the other hand, it is observed that, when the inter-arrival distribution is modified, the 

performance measures change according to the new distribution. For the first scenario, we observe that 

the arrivals are almost the same number as the one specified as parameter, with an error of 0.003%. In the 

other two scenarios, it is observed how the time in system remains almost the same, which is consistent 
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because the duration distribution never was changed. In contrast, it is interesting to observe that, for the 

validation model, the second scenario represented an increase of almost 50% in the arrivals and the 

average number in system, while the third scenario using an Erlang distribution has similar results to the 

ones in the deterministic scenario, with an error close to 0.02% in the arrivals and 5.6% in the average 

number in system. These results allow us to conclude that, changing the arrival rate, the behavior of the 

model is consistent with the modifications that were done in each scenario. 

  Finally, we take into consideration a validation using the complete model. The model was run 

simulation an average day in Ciclovia, from 7:00 am to 2:00 pm. The results obtained are shown in Table 

9. They present the total number of participants in Ciclovia per day. As it was mentioned before, the first 

scenario considers the base mean, while in the second scenario the rate is modified by increasing it by 

10%, and in the third by decreasing it by the same percentage. As it is expected, the total number obtained 

using the input data in each scenario changed according to the percentage change in the arrival rate. 

 

Table 9: Results of the simulation changing the mean 

Scenario 
Expected number of 

participants (arrivals) 

Percentage of 

variation 

Base 675,255 0% 

-10% 607,729 90% 

10% 742,780 110% 
 

  It is interesting to notice that the number forecasted is very close to the number predicted by the 

study realized by the Universidad Nacional in 2005 which was of 1’400,000 people in a month. Taking 

into account the behavior of participants (some people go regularly, several times a month, within the 

limits of 4 or 5 times in a regular month with no holidays) it was estimated that in a day, a number 

between 600.000 and 700.000 people. Our results lie in this interval, showing its validity. 

4.3.4 Simulation results 

The simulation model was run using two experiments. For both experiments an element of randomness 

was added to the model. This stochastic component was included by defining a distribution for the inter-

arrival times. In the first experiment, we fitted the data to follow a gamma distribution. Then, we proceed 

to change the estimated arrival rate, increasing it and decreasing it by 10%, while leaving the coefficient 

of variation constant. For the second experiment, the data was fitted to follow a lognormal distribution. In 

this experiment the objective is to examine how a change in the coefficient of variation impacts the total 

number of participants in the Ciclovia program and how the confidence interval is affected, keeping the 

mean constant. 

 

4.3.4.1 Changing the arrival rate 

The model was run simulating an average day in Ciclovia, from 7:00 am to 2:00 pm. For this experiment, 

we assume that the inter-arrival times distributes gamma. For each scenario, the coefficient of variation 

was kept constant, in a value 0.75, while changing the variance and the mean, to evaluate its impact on 

the number of participants. The results show the total number of participants in Ciclovia per day under 

each scenario and are shown in Table 10.   
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Table 10: Results from experiment 1 changing the arrival rate 

Scenario 
Expected number of 

participants (arrivals) 
Half Width Difference (%) 

Base 675,576.0 2,171.8 0% 

-10% 608,280.3 2,247.3 -9.96% 

10% 743,280.0 1,842.6 10.02% 

 

 

Figure 15: Results from experiment 1 

 

  We see in Figure 15 that, as the mean increases while the coefficient of variation remains 

constant, the estimation of the number of participants in Ciclovia is statistically different because the 

intervals do not overlap. In other words, the total number of participants in Ciclovia is affected by the 

mean of the inter-arrival times. 

 

4.3.4.1  Changing the coefficient of variation 

The model was run simulating an average day in Ciclovia, from 7:00 am to 2:00 pm. For this experiment, 

we assume that the inter-arrival times distributes lognormal. For each scenario, the mean was kept 

constant while changing the variance to evaluate its impact on the number of participants. The results of 

this experiment are presented in Table 11. They show the total number of participants in Ciclovia per day 

   

Table 111: Results of the simulation changing the coefficient of variation 

Scenario 
Lognormal Distribution Expected number 

of participants 

(arrivals) 

Half 

Width Mu Sigma^2 Coef Var 

1 1.0 0.000 0.000 675,203 0 

2 1.0 0.251 0.251 675,218 598.268 

3 1.0 0.506 0.506 675,330 862.421 

4 1.0 0.755 0.755 675,450 1,086.514 
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5 1.0 0.992 0.992 675,565 1,300.021 

 

 

 

Figure 16: Total number of participants and confidence intervals changing the variance 

  

  We see that as the variance increases and thus the coefficient of variation, the half width increases 

and it might seem the mean increases too. Non-the-less as we can evidence in Figure 16, intervals 

overlap, which means that this differences is not statistically significant. In other words, the total number 

of participants in Ciclovia is not affected by the variance of the inter-arrival times. 

5 CONCLUSIONS AND FUTURE WORK 

The methodology that is developed in this work contributes to the improvement of the estimators of the 

total number of participants in the Ciclovia and the average number in the system by activities, through 

the construction of a discrete-event simulation model. Additionally, the model allows finding the 

estimators of some other relevant variables as the number of people expected to be in the system at a 

given time and the average time they spend in the Ciclovia; all these performance measures distinguished 

by activity. Even though these performance measures are not analyzed in the current project, they should 

be studied in future work due to their relevance for the medical community, who can use them to estimate 

whether this program contributes to the improvement of public health. 

  For the case of Bogota, the implementation of the discrete-event simulation model for the 

Ciclovia allows validating the results of previous works done in that Ciclovia, giving a tool that can be 

used in the future to update the estimators for that system every time that new data is acquired.  

  An important point to take into account in the feedback and limitations is that the software 

utilized was not flexible enough to allow us to generalize as much as possible the design of the Ciclovia 

network. It would be interesting to explore new tools that easily permit to the different Ciclovias in the 

Americas to find their estimators through the discrete-event simulation model proposed. 

  A key point for the future work related to this project is to keep on working on the first part of the 

counting problem; this is how to get better estimations of the data required as inputs. For example, we can 

work on data collection to try to feed a probability distribution to it. 
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  Additionally, there is still a lot of investigation to do about Ciclovia and the important factors that 

influence the number of people which participate. For instance, we might think the presence of Ciclovia 

near parks can attract more people to come, as well as having a denser network (see Figure 16 and 17 

from ArcMaps in Annexes section). This extension would complement previous works done such as 

Methodology for the Ranking of Ciclovia’s Network in the Americas (Gomez 2012) which determines the 

efficiency score, identify Ciclovias characteristics to determine their categories and verify the conditions 

that Ciclovia should have. 
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ANNEXES 

Annex 1: ArcMaps 

In the following image Ciclovia network and surveys are mapped taking into account the presence of 

parks. It seems to be a relationship between parks being crossed by Ciclovia and the participation of 

people living in that sector. Additionally, when Ciclovias do not cross the park, it looks like people stop 

participating in the Ciclovia. This phenomenon may be explained by the fact people would rather go to 

the park than to Ciclovia. 

 

Figure 167: Map of the Ciclovia against parks including the survey points 

 

 

In addition, in the image below we can see a magnified view from a map of Ciclovia against 

socioeconomical strata. It can be seen that when the network is denser (Ciclovia makes loops and people 

have several paths to choose from) people seemed to participate more in Ciclovia, probably because they 

are able to do a tour around their neighborhood. 
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Figure 178: Zoom into map of the Ciclovia against parks and socioeconomical strata including the survey 

points                         
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Annex 2: Laser counters 

As the Ciclovia programs have been growing in the last years, the Panamerican Health Organization 

(PHO) has tried to compare the performance of the different programs in terms of the number of 

participants in the Americas. For that reason, the PHO acquired two laser counters last year and, as part of 

our research for the project, we perform field work in the Ciclovia using them. In this annex we present 

the description of the lasers and the results of the field work. 

 

Laser counters specifications 

 

The two lasers were bought to the company ECO Counter. Basically, they are conform by a box, which is 

known as pyro box, that inside has an infrared ray that allows recording people when a person breaks the 

infrared beam. The model of laser that PHO bought only has one infrared beam which is located in one of 

its sides, as it can be shown in the Figure 19, which was taken from the ECO Counter website. Also, it 

detects the direction of the people (i.e. the laser identifies if people are going in or out). 

 

 
Figure 19: ECO Counter – Pyro box 

 

  The equipment also includes an account in the Eco Vision software, shown in Figure 19, which is 

a program where we can find the recorded people, and we can see the counts that have been done in time 

intervals. The Eco Vision software permits to create several graphics and reports of the records.

  
Figure 20: Screenshot of the Eco Vision Software 
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Field work 

 

In order to test if the lasers function appropriately, we went to the Ciclovia of Bogotá on February 3
rd

 and 

on Febrary 10
th
. The first time, the objective was to compare the results of manual record and one of the 

lasers counters. However, we found out that the installation of the laser was not easy and the results we 

obtained were not reliable because of the way in which the laser was supported. The second time, we 

designed two experiments with both lasers to estimate an arrival rate. Given the problem with the first 

field work, we are going to focus on the results of the second field work. 

  Before presenting the results, it is important to explain the experiments we performed. The first of 

them has duration of 5 minutes and it was done in Parque El Virrey, which is a park connected to the 

Ciclovia. In this experiment, we wanted to count only people that were in the street and to do it we 

located a poster board in the opposite side of the street in which we located the laser counter, as it is 

shown in Figure 20, The second experiment, also has a duration of 5 minutes but  in this case, we did not 

use a poster board, as it is shown in Figure 21, because we wanted to see if people out of the street were 

recorded and how these records affects the estimations. Additionally, we recorded on a video the results 

to be able to verify if the counts that the lasers did were reliable. 

 
 

 

Figure 21: Description of the first experiment 

 

 

 
Figure 22: Description of the second experiment 
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The results of the experiments, shown in the Table 12, indicate that there were some problems with the 

lasers. One of them was over estimating the number of people while the other one was underestimated. 

Also, we observed that the use of the poster board in the experiment was counterproductive because in 

this experiment the difference was bigger. Analyzing the results, the hypothesis is that the laser is 

sensitive to small movements, so it records the movements of the person who was with the poster board in 

the opposite street. 

 

 

Table 12: Results of laser’s experiments in Ciclovia 

 

Pyro box 1 

Pyro box results Video results Difference (%) 

In Out Total Total Total 

Experiment 1 537 598 1135 167 579.64 

Experiment 2 185 250 435 126 245.24 

 
Pyro-Box 2 

 
Pyro-box results Video results Difference (%) 

 
In Out Total Total Total 

Experiment 1 23 3 26 148 -82.43 

Experiment 2 43 14 57 153 -62.75 

 

 

Experiments continued with in the campus of the university. Constant communication with the 

technical support of ECO Counter allowed us to figure out additional information about the lasers. 

Lasers were synchronized with the time of the computer assigned for fieldwork and the sensitivity 

was upgrades for it to perform well at recording the passage of crowds. Several work with the lasers 

allowed us to reach a satisfactory level of difference between lasers as shown in Table 13.  

 

Table 13: Results of laser’s experiments in University 

Manual observations Laser counter 1 Laser counter 2 

184 191 3,80% 238 29,35% 

165 155 -6,06% 142 -13,94% 

 

Finally, a special box and support was customized for the laser according to the specifications given by 

ECO Counter were, the suggested height of installation is of 70 cm. This is shown in Figure 23. Having 

this support, future work in this project includes continuing experiment with the lasers in the field to have 

a better estimation of the entry rate in the Ciclovia. 
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Figure 22: Box and support customized for the lasers. 


