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Abstract— Urban mobility is crucial for community life in cities,
as it facilitates movement between work, educational, recreational
and commercial spaces; considering all the necessary journeys that
people make using different means of transport. As the urban
population grows, it becomes a challenge to adapt the development
of the city to meet new mobility needs in a sustainable, inclusive and
economical way. In this sense, one of the great goals is to balance
these three pillars of sustainability, which requires a holistic
approach in its study. This work aims to promote sustainable mobility
through the development of methodologies for the collection of key
data, such as vehicular flow and its characterization. The acquisition
of these data allows the analysis of congestion, vehicle use trends,
and estimation of pollutant emissions, facilitating the design of
public policies and evidence-based decision-making. This study
focuses on describing the methodology used in Bahia Blanca,
Argentina, to perform manual vehicular flow counts and
segmentation, by direct observation of videos at strategic points of
the city. Ten-minute videos recorded during peak hours are used, and
the data are extrapolated to one hour. The methodology has been
applied in the micro and macro center of the city, as well as on
university campuses, adapted to the objective of each study. This kind
of research is pioneering in Bahia Blanca, with the purpose of
assisting in the decision-making process of authorities. Finally, the
methodology can be replicated in other cities, as long as it is adapted
to the specific context.

Keywords— Manual counting, Vehicular flow, Urban mobility,
Argentinian cities.

1. INTRODUCTION

Urban mobility refers to all the trips that people make
around the city using the different means of transport available
[1, 2]. As the population of urban centers grows, the challenge
of adapting urban development and meeting new mobility
needs arises, seeking alternatives that protect the environment,
ensure social inclusion, and do not come at a high cost. Without
a doubt, urban mobility is a vital social resource and an
articulator of community life, since it is directly related to the
movement of people between the different social spaces of the
city, such as work, education, recreation, commerce, among
others [3, 4].

The problems generated by urban mobility are increasingly
relevant not only in Argentina, but in all Latin American
countries, where there are many differences in transportation
conditions [5]. People-centered transformation of public space,
providing safety for pedestrians and cyclists, improving the
quality of life, and prioritizing active mobility and public
passenger transport, is a social, urban, political and economic
challenge. As mentioned by [6], it is time to leave behind the

traditional urban model and rethink urban mobility, the use of
public space and city planning, aiming to generate public
policies that promote the sustainability of transportation and
urban development.

These aspects must be managed by local policies and the
prevailing social awareness, involving all the actors in decision-
making when planning the use of public space, designing public
transport systems, organizing vehicular traffic, providing the
necessary infrastructure and everything that defines the
mobility of a city [3, 7]. Cities have the capacity to establish
comprehensive policies to mitigate the negative effects of urban
mobility and promote a more sustainable one, since they have
the knowledge of local customs and their land borders are
smaller than those of a province or a nation [8, 9].

One of the great challenges of future urban mobility is to
find a balance between the three pillars of sustainability:
economic, environmental and social, which requires studying it
in depth and from a holistic approach [10]. Therefore, the study
of urban mobility should be addressed from different
approaches and using appropriate tools, such as surveys, direct
observation, vehicle counting, vehicle fleet characterization,
statistical analysis, transportation engineering, origin-
destination matrices, among others.

On the other hand, it is known that changes in urban
mobility can have a direct impact on the citizens' quality of life
[11, 12]. Therefore, in redesigning mobility, it is necessary to
study and characterize traffic, with the objective of
understanding how the different means of transport move
within the city. This makes it possible to detect congestion
problems and optimize vehicular flow, achieving a more
efficient movement of people and vehicles. As it is known,
traffic varies from one place to another, differing in volume and
type of vehicles circulating; for example, a downtown street
may have a high volume of vehicles per day, being mostly cars
while, a highway that leads to a port may have a high volume
of traffic but with a predominance of heavy-duty trucks [13,
14].

The main purpose of this study is to support the
development of sustainable and intelligent mobility in cities, for
which the development of key methodological aspects for the
collection of primary data such as vehicle flow and its
characterization are essential. It should be taken into account
that the data collection allows the analysis of congestion levels,
trends in terms of type of vehicle used, as well as being an
essential data for the estimation of emissions and their
dispersion in the air, allowing local authorities to make
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decisions and generate public policies evidence-based.
Therefore, the objective of this work focuses on the description
of the methodology used in a medium-sized Latin American
city (Bahia Blanca, Argentina) to manually count vehicles in
strategic points of the city. It also presents viable alternatives to
apply this methodology in other cities and details the challenges
that could be encountered in such cases.

II. STUDY AREA

The city of Bahia Blanca is an urban conglomerate located
in the southwest of the province of Buenos Aires, Argentina. It
is the head city of the district of the same name and has 336554
inhabitants according to the last census conducted in 2022 [15].
Bahia Blanca is considered a strategic logistic node in the
country since it allows a close trade relationship with other
regions, through multiple road, rail, air and sea connections,
which are shown in Fig. 1. The local situation can be compared
with the context of the following three Latin American cities,
which also have a port and multiple connections by road and
rail: La Plata (Argentina), Santa Marta (Colombia), and
Antofagasta (Chile). In addition, one of the largest
petrochemical poles in the country and a large industrial park
are located around the Port of Bahia Blanca. This situation is
favored by the existence of a technological link between the
industry and the scientific sector of the city, since there are
multiple public and private universities, as well as scientific
research institutions.
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Fig. 1. Main road data of Bahia Blanca city. The location of the seaport,
airport, and bus station are shown, as well as the main routes (blue) and the
railway network (red). Source: Own elaboration

Given all the characteristics that the city of Bahia Blanca
has, it can be classified as a medium-sized city because its
population is between 200000 and 500000 inhabitants,

according to the definition of the Organization for Economic
Co-operation and Development [16].In addition, it can also be
categorized as intermediate because it plays a strategic role in
the interaction between the city and its surroundings [17].

In the last decade Bahia Blanca experienced a significant
uncontrolled urban expansion or urban sprawl, which is the
synonym for increased unplanned urban development [18, 19,
20]. As is well known, urban sprawl is related to increased
mobility, which is known as the theory of induced traffic and,
consequently, to complex problems, including the worsening of
air quality and the deterioration of the citizens' quality of life
[21,22]. In addition, Bahia Blanca presents a lack of monitoring
of both traffic and the emissions generated by it. For these
reasons, it is essential to promote methodologies and data
analysis oriented to know the reality of current urban mobility
in order to act accordingly.

III. METHODOLOGICAL ASPECTS APPLIED TO VEHICULAR
COUNTING IN THE STUDY AREA (BAHIA BLANCA, ARGENTINA)

Traffic engineering is a field within transportation
engineering, which allows the study of traffic variables in cities.
In the case of urban streets, it contemplates, for example,
alternative traffic designs that lead to the creation of safer
environments for all the actors involved in the city's mobility,
as well as environmental and socioeconomic factors. This type
of study focuses on the elements of traffic: driver, pedestrian,
vehicle, street, signaling and control devices, and on the
characterization and study of the behavior of traffic variables:
vehicle volume, speed and density, as well as the relationship
between elements and variables. From the study of these
aspects, possible solutions to urban mobility problems such as
congestion, pollution, travel times, the level of service of public
passenger transport, and accidents can be found [23, 24].

The study of traffic circulating in a city provides essential
information that allows the generation of policies and
regulations to improve urban mobility [25]. In this sense,
vehicle counting is a technique that produces basic data in the
field of traffic engineering [24]. Counting the number of
vehicles, bicycles or pedestrians is used to know the amount of
each of these elements that pass-through a given point during a
period of time, which can vary between a few minutes, 24
hours, a month or more, depending on the objectives of the
study [24]. Furthermore, if the count is representative, and it is
known that the flow is maintained over time for at least one
hour, as occurs in the microcenter of Bahia Blanca, the
measurement of about 10/15 minutes can be extrapolated to the
number of vehicles per hour [26, 27]. This extrapolation is only
possible if the area has been previously studied, and it is known
for certain that during a peak hour the traffic flow remains
relatively constant [24]. Considering all this, it would be
possible to know the average daily or hourly traffic in a given
street segment, identify when the highest traffic volume occurs,
among other aspects. In addition, periodic counts allow
detecting current or future problems to take preventive
measures in time, such as on the level of congestion, among
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others. Likewise, categorization by vehicle type makes it
possible to evaluate the predominant segment and its
fluctuations at each point, time and month evaluated. Fig. 2
shows a general scheme of the essential steps to count and
characterize vehicle traffic.

Selection of the representative
study points

Definition of representative
times

Generation of film material

Vehicle counting following
protocols

Fig. 2. Main steps for a local traffic count and characterization. Source: Own
elaboration.

The two basic methods of traffic counting are manual
counting (trained observer) and automatic counting (video,
radar, infrared or laser technology, pneumatic tubes,
piezoelectric strips, among others). Manual counting consists of
a person identifying and counting the number of vehicles or
pedestrians or cyclists during a stipulated time either by direct
observations in the field or from recordings [28]. Whereas,
automatic counting uses software technology to perform the
count, requiring the video to be obtained from a fixed, high-
resolution camera that is properly focused on the study
intersection. The main advantage of manual counting is that it
reduces the necessary equipment costs and preparation time. In
addition, it is accurate and reliable if properly planned, i.e., the
objectives of the count must be established to be able to collect
all the necessary data for the subsequent analysis, as well as to
prepare a data loading sheet according to the situation to be
analyzed [24]. However, they tend to be inefficient as the
counting time increases due to the fatigue that can be caused in
the analyst, however well trained he or she may be. In this case,
it is automatic counting that has the advantage, allowing the
collection of large amounts of data with a reasonable expense
of time and resources, although it does not always achieve the
level of detail in identification that a human can. As mentioned
by Zheng and McDonad [29], they managed to establish that
manual counting, performed by direct observation of short
videos, has a very low margin of error (1%). On the other hand,
the work of De Meio Reggiani and Viego [30] presents the

specific case of automated vehicle counting on videos obtained
from the security cameras of the Bahia Blanca Municipality, in
which they conclude that the particularities of these recordings,
such as micro cuts, change of focus and glare, generate
significant biases in the results. It should be noted that, in the
presence of the aforementioned faults in the security camera
recordings, a human can make decisions that a computer might
not be able to solve, such as choosing another day to perform
the count or selecting another video fragment in order to correct
these faults. Although the use of artificial intelligence and
machine learning is currently being used to perform vehicle
counts, it must be considered that these tools must be trained to
obtain the data correctly and as accurately as possible. This
situation requires time and constant improvement of the
algorithms, since, as previously mentioned, videos are not
perfect.

Based on the above, to collect traffic data in the city of
Bahia Blanca, it was decided to carry out manual counts by
direct observation of 10-minute videos during peak hours,
considering the low level of error reported by Zheng and
McDonad [29]. Then, the number of vehicles counted in ten
minutes can be extrapolated to one hour, after studying the area.
At this point, it is worth mentioning that the area selected for
the study, as well as the timetable, must be representative of the
objective to be achieved; for which it is necessary to carry out
a previous analysis of the area before the count, to know its
activity and critical moments. In the particular case of Bahia
Blanca, the count is done on working weekdays, ideally
Tuesdays or Wednesdays, representative of a normal vehicular
flow, which should not be the eve of official holidays or specific
activities, nor days where there are meteorological phenomena
that affect the normal flow, such as rainy days. The observed
videos can be collected at the place of interest or, if there are
security cameras at the site, by direct observation of these
recordings. It is worth mentioning that the research group has
agreements with the municipality, which allow access to this
material. For confidentiality reasons, the videos can only be
viewed at the Centro Unico de Monitoreo (CeUM), respecting
the indications of the local authorities. The recordings allow for
multiple views, when necessary, for example, when counting
vehicles traveling on two-way streets. It should be noted that in
the studies carried out in Bahia Blanca, the largest streets have
a maximum of four lanes, which does not generate a major
difficulty for the trained eye of the person performing the count.

Furthermore, although Zheng and McDonad [29]
established that a high margin of error is generated in the
classification of vehicles, it refers to a segmentation by
dimensions and not by type of vehicle, which is easier for
humans to perform and even more so when the criteria are
always applied by the same observer. In this case, the
circulating fleet is mainly classified into: bicycles, motorcycles,
cars, pick-up trucks, buses, and light commercial vehicles. In
some cases, pedestrians and electric micro-vehicles have also
been considered, as well as discriminating whether cyclists use
exclusive lanes, among other particularities.
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It may also be of interest to know the age of the vehicles,
as well as the type of fuel. In such cases, statistical data
generated by recognized entities can be used, or surveys can be
carried out to estimate the age of the vehicles by means of
particular observable characteristics of the vehicles and the
license plates. Over the years, Argentina's license plate system
has evolved (see Fig. 3). From 1995 to 2016, a new format using
three letters followed by three numbers (AAA-000 to PZZ-999)
was introduced. At this moment, vehicles before 1995 were re-
registered with plates ranging from RAA-000 to ZZZ-999. In
2016, a Mercosur-wide license plate format (AA-000-AA) was
implemented for new vehicles, featuring a white background
and a blue stripe. These changes facilitate the estimation of
vehicle fleet ages and emissions while enabling comparisons
with national fleets.

Since 1995:
AAA 000 — PZZ 999 (0 km)
RAA 000 — ZZZ 999 (re-register)

Since 2016:
AA 000 AA (0 km)

Fig. 3. Different license plates of Argentine vehicles over the years. Source:
Own elaboration.

The categorization by type of license plate also allows
associating each vehicle with the type of emission control
technology it has (EURO) [31]. Thus, vehicles older than 1995
(license plates from RAA-000 to ZZZ-999) are considered as
those that do not follow any EURO standard. Vehicles that are
within some of the EURO standards: I-II-III-IV, are registered
with the 1995 patent format 444-000 up to PZZ-999. Finally,
newer vehicles with the 2016 patent can be associated with the
EURO V standard.

Once the count has been carried out, the raw data must be
processed in an appropriate manner using standardized
spreadsheets that allow the data to be analyzed and the relevant
calculations to be made. It is also necessary to record the
observations of the video and important data of the day taken,
such as weather, important events in the city, among others.

The following is a brief description of the methodology
applied in each area of the city of Bahia Blanca according to the
objective to be achieved in each study. Fig. 4 shows the location
of the different points monitored in Bahia Blanca considering
all the work carried out so far. Points 1, 2 and 3 are located
within the city microcenter and do not have bicycle lanes, but
some of them do have exclusive lanes for buses, being
interesting places to analyze vehicular congestion. Points 4 and
5 are intersections that are within the city's bicycle lane network
and are of interest to evaluate the use of bicycle lanes. Points 6
and 7 are the locations of the two campuses of the Universidad
Nacional del Sur where mobility studies have been carried out.
Finally, point 8 is a strategic location where traffic is monitored
in order to validate the air quality modeling due to mobile

sources, since a continuous air quality monitoring station of the
municipality is located there.

Fig. 4. Location of the strategic points studied in Bahia Blanca considering all
the vehicular counting works carried out. Shaded in red is the area of the city's
microcenter. Source: Own elaboration.

A.  Microcenter of the city without bicycle lanes

The microcenter area of the city has been studied since
2020 by our research line. Initially, it began to be analyzed by
videos generated in situ, but due to the pandemic, permission
was requested for access to film material from the city's security
cameras (July 2020). From that time to the present, data on the
level of vehicular flow and its segmentation are collected at
three strategic points in the city's downtown area (points 1, 2
and 3 in Fig. 4), at three peak hours (8:00, 12:00 and 17:00). In
this area, the fleet was classified according to whether they were
bicycles, motorcycles, cars, pick-up trucks, buses, light
commercial vehicles and vans, as well as whether there were
electric micro-vehicles. Heavy duty vehicles are not considered
in this study area because they are prohibited from entering the
central area of the city during the daytime hours studied
according to municipal regulations, No. 5631 and No. 7136
[32].

In the first period of the study, carried out by means of on-
site video, data were obtained on the age of the fleet, as well as
on the emission control technology of the vehicles. Also, using
national statistics, the type of fuel used by the circulating fleet
was estimated [33], which was already used in the development
of the emissions inventory of the city's vehicle fleet in 2018
[34]. This area and period of study made it possible to
determine changes in the form of mobility, mainly in the
pandemic period; to detect new means of transportation (such
as the use of electric micromobility since October 2021) [35,
36]; s well as to employ these data in air quality modeling [36,
37], generating not only data of a scientific nature, but also
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transferring the results obtained to local authorities through
technical reports.

B.  Macrocenter of the city with bicycle lanes

The analysis of the flow in streets with bicycle lanes allows
us to know the level of use of these lanes, as well as to evaluate
whether it is necessary to build more infrastructure that favors
and facilitates the use of bicycles as a means of transportation.
The study was developed in two strategic points of the bicycle
lane network of the city of Bahia Blanca (points 4 and 5 in Fig.
4) during the period October 2022 to October 2023, presenting
in [38] the main findings. At the selected points, videos were
filmed on a weekday, only during the midday peak hour. In this
case, vehicular flow was categorized into: people on foot,
bicycles (pedal and electric), motorcycles (combustion and
electric), electric scooters, cars, pick-up trucks, buses, cabs, and
light-duty vehicles. In addition, the use of the bicycle lane was
analyzed by evaluating where cyclists ride, as well as
considering the direction in which they ride. It should be taken
into account that the current network of bicycle lanes in the city
(24 km) is entirely two-way, allowing cyclists to circulate in
both directions. In this study, no characterization of the flow by
age or fuel type has been made because it was not considered
necessary for the purpose of the work.

C. University campuses in the city

As has been mentioned, there are several institutions of
higher education in the city of Bahia Blanca. In particular, in
our work we have studied the campuses of the Universidad
Nacional del Sur (UNS). First, we will present the study of the
Alem Campus (point 6 in Fig. 4) and then, the work carried out
on the Palihue Campus (point 7 in Fig. 4).

The vehicle flow characterization study of the UNS Alem
Campus was conducted during the period from August 2023 to
March 2024 [39]. To perform this work, on-site videos were
recorded at the intersections adjacent to the campus during the
midday peak hour. Fifteen-minute video segments were filmed
on a working day, without rain and preferably not consecutive
to a holiday or public holiday. Then, a manual vehicle count
was carried out by direct observation of the videos generated,
classifying the flow into six categories: bicycles, motorcycles,
cars, pick-up trucks, light commercial vehicles and buses. It
should be noted that there are no heavy-duty vehicles, and that
electric micro-vehicles were counted but their presence was
very low. Pedestrians were also counted, although they were
taken as estimated data due to the difficulty in counting them
and the variability in the values obtained. One of the main
objectives of the analysis carried out in this area was to generate
primary data to be compared with new information when a new
bicycle lane is built in the area, which would allow us to analyze
the impact of this intervention, as well as to analyze the current
situation of where most cyclists ride. In addition, as in the case
of the city's downtown area, the data generated were used to

model the dispersion of pollutant emissions from these mobile
sources.

The work carried out at the Palihue Campus of the UNS
was part of a research project that aimed to diagnose the
mobility of the university community [40, 41]. For this study,
videos were recorded in situ in the two accesses of the campus,
considering the characteristics of each one to evaluate how it
affected the means of transport chosen by people. In particular,
the videos were taken in the month of September 2022 (month
of high educational activity), in five time slots considered to
have a high vehicular flow, according to previous surveys. The
classification made in this study was into bicycles, electric
bicycles, electric scooters, combustion motorcycles, electric
motorcycles, private cars, private pick-up trucks, buses, cabs,
light commercial vehicles, as well as people on foot, those
getting on/off the bus or car/taxi, whose vehicle does not enter
the campus. In addition, the number of passengers coming in
each of the detected vehicles was counted. This work also
analyzed the age of the vehicle fleet, associated with the type of
emission control technology, through the study of the license
plate, as well as surveyed the type of fuel of the vehicles
through particular observable characteristics. All this work was
carried out through a survey in the campus parking lots by direct
observation of the parked vehicles. The data obtained not only
contributed to generate an initial diagnosis of mobility on the
university campus, but also to propose sustainable mobility
alternatives and estimate the emissions generated by mobility
[42].

D. Strategic area of the city where a continuous air quality
monitoring station is located

It is well known that when air quality modeling is
performed, it must be validated. In this sense, we worked in an
area seven kilometers from the city center (point 8 in Fig. 4),
where a continuous air quality monitoring station is located,
with the objective of modeling the air quality due to nitrogen
oxides generated by traffic in the area and comparing it with the
station's records [43]. For this purpose, it was necessary to carry
out a survey of the vehicular flow in the area and its
characterization. For this purpose, during the period from
November 2022 to December 2023, the area was analyzed.
First, by means of direct observation counts of videos generated
in situ, and then by recordings from the municipality's new
security camera at the study location. In this study, only the
morning peak hours were analyzed and the flow was segmented
into bicycles, motorcycles, cars, pick-up trucks, light
commercial vehicles, buses and heavy-duty trucks, since in this
area they can transit and it is common to see them. Electric
micro-vehicles were also considered, but their incidence in the
area is almost nil. Currently, since November 2024, the area is
being monitored again following the methodology proposed,
but considering three peak hours (morning, midday and
afternoon), to analyze the impact that vehicles have on the level
of particulate matter recorded by the station.
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E.  Main findings at each point studied

Although this paper focuses on the methodological aspects
used to carry out the vehicle count in different parts of Bahia
Blanca, the most important findings detected in the cases
analyzed are briefly presented. One of the main findings of the
studies carried out in different parts of the city is the
predominance of private cars. This type of vehicle represents
between 60% and 70% of the vehicle fleets studied. As for
vehicle flow, it is difficult to compare the results obtained at
each point since they were taken specifically for a given study.

In the city's microcenter area, Brown and Estomba streets
stand out as main arteries, with average flows of motorized
vehicles of 1314 and 1055, respectively, in 2024. Thanks to the
analysis of the macrocenter streets that have bicycle lanes, we
have been able to detect that those streets with bicycle lanes
favor cyclists’ circulation compared to those that do not have
them [38]. Likewise, it has been detected that the flow of
bicycles, during midday hours, is greater in the area of the Alem
campus of the UNS with respect to the Palihue campus, but in
the latter a greater number of electric micro-vehicles is detected
[44].

IV. METHODOLOGY ASPECTS APPLICABLE TO VEHICULAR
COUNTING IN OTHER ARGENTINE CITIES

Considering that the methodological aspects previously
mentioned for the city of Bahia Blanca have been used in
different strategic points of the city and with different
objectives, it could be inferred that this type of methodology
could easily be transferred to other cities with similar
characteristics.

La Plata is a slightly larger city than Bahia Blanca, since it
has 768547 inhabitants [15], but it is also similar because it is
considered a university city, and has multiple road connections
to its port and an industrial center nearby. However, despite the
similarities, there will always be aspects to consider, such as the
fact that La Plata's public transport fleet is newer than Bahia
Blanca's, using stricter emission control technologies such as
EURO 5 (see Fig. 5).

Fig. 5. La Plata city (Argentina) bus indicating the EURO 5 emission control
technology standard. Source: Own elaboration

Another city that could be assimilated to Bahia Blanca is
Viedma (capital of the province of Rio Negro, Argentina),
Although it should be considered that this city is smaller than
Bahia Blanca since it has 60903 inhabitants [15]. This is a
university city with a road infrastructure similar to that of our
city. Fig. 6 shows part of the two-way bicycle lane network, as
in Bahia Blanca, and low-speed streets (maximum 10 km/h).
Viedma, like La Plata, has a difference in public transport
compared to Bahia Blanca, but in this case, it is related to a
poorer quality service in terms of frequency, since buses usually
run every 25/30 minutes.

Fig. 6. Section of the bicycle lane network and calm streets in the city of
Viedma, Argentina. Source: Own elaboration

On the other hand, it is interesting to analyze what
methodological aspects could be applied in cities that are not
similar, such as those that do not have a flat geography like
Bahia Blanca, or that are touristic. In this case it will be essential
to work with interdisciplinary teams that have a wide
knowledge of the new study area. Likewise, it is essential to
establish the objective(s) to be achieved before carrying out a
characterization of the vehicular flow.

At present, Tandil has 145575 inhabitants [15]; this city,
considered a tourist destination, can also be considered a
university one (see Fig. 7). This city, not only differs from
Bahia Blanca in terms of its function, but also has a more
complex geography due to being located in a mountain range
(Sistema Serrano de Tandilia). In particular, we consider that
the main methodological aspects to be adapted in this situation
are to determine the days and times of data collection, since it
is influenced by tourist fluctuations. In Bahia Blanca, the
frequency is normal on working days and decreases on
weekends. However, in the city of Tandil, this does not
necessarily occur in this way; there may even be a greater flow
of vehicles on weekends due to the incidence of tourism. Also,
the non-flat geography makes it necessary for vehicles to have
more power, in some cases consuming more fuel than usual,
which should be surveyed if we want to work on the air
pollution aspect.
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Fig. 7. City of Tandil (Argentina). Different intersections showing the
different actors of local urban mobility. Source: Own elaboration

Another city that could be mentioned is Mar del Plata,
which has 667082 inhabitants [15]. Although this city is known
as a tourist city, it has a large urban area where the city functions
as one that is not. In addition, it can be considered a university
city, as well as a port city. It should be noted that the city's
strong tourism, which triples the number of inhabitants, occurs
between the months of December and February. Therefore, it
would be interesting to analyze the impact of tourism on the
city's mobility. It would also be interesting to work with the
different zones of the city to evaluate similarities and
differences. Fig. 8 shows how the parking spaces are full on the
seafront street in the middle of summer 2025.

B f ‘ —\ %

Fig. 8. Vehicles parked in all available spaces in Mar del Plata's seafront street
in January 2025 (Argentina). Source: Own elaboration

V. CONCLUSIONS

This paper shows the methodological aspects used to
perform the manual counting of vehicular flow and its
segmentation in the city of Bahia Blanca, Argentina. In
particular, it was presented how the methodology is adapted to
the different objectives of each study carried out in strategic
points of the city.

The proposed methodology can be applied not only to
Bahia Blanca city, but it is considered adaptable to cities with

similar characteristics, as well as to others that are not. In this
sense, it is important to work together with experts from the
new cities who have specific knowledge of the new study area,
as well as well-defined objectives, which will allow adapting
the methodology to the requirements

It is worth noting that this research line is a pioneer in the
study of urban mobility in Bahia Blanca. Although manual
counting methodologies are still being applied at present, work
is being done on the development of a computational tool, with
Al assistance based on pattern recognition, to generate vehicle
counts and their characterization, with the necessary level of
detail and minimum margin of error. Given that the videos that
could be used correspond to city security cameras, special
permits must be obtained to access them, and strict
confidentiality protocols must be followed.
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