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            The taxi service plays a fundamental role in the urban mobility system of the city of Rio de Janeiro. This study uses data from trip records requested through the TAXI.RIO app to analyze the spatial distribution of pick-ups and drop-offs over the course of a week. The goal is to examine daily mobility by taxi by identifying the main origins and destinations, outlining the primary travel flows between different parts of the city, and mapping spatial clustering trends. The analysis also reveals a temporal pattern related to the city's economic dynamics.
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            Resumo
          

          
            O serviço de táxis desempenha papel fundamental no sistema de mobilidade urbana da cidade do Rio de Janeiro. Este estudo usa dados dos registros de viagens solicitados através do aplicativo TAXI.RIO para analisar a distribuição espacial dos embarques e desembarques ao longo de uma semana. O objetivo é analisar a mobilidade cotidiana por táxi a partir da identificação das principais origens e destinos, traçar os principais fluxos de viagens entre partes da cidade e mapear as tendências de aglomeração espacial. A análise revela também um padrão temporal relacionado à dinâmica econômica da cidade.
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            Resumen
          

          
            El servicio de taxis desempeña un papel fundamental en el sistema de movilidad urbana de la ciudad de Río de Janeiro. Este estudio utiliza datos de los registros de viajes solicitados a través de la aplicación TAXI.RIO para analizar la distribución espacial de los embarques y desembarques a lo largo de una semana. El objetivo es analizar la movilidad cotidiana en taxi a partir de la identificación de los principales orígenes y destinos, trazar los principales flujos de viajes entre diferentes partes de la ciudad y mapear las tendencias de aglomeración espacial. El análisis también revela un patrón temporal relacionado con la dinámica económica de la ciudad.
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          Introduction
        

      

    

    
      The city of Rio de Janeiro has approximately 6.2 million inhabitants, spread across a territory of 1,200.329 square kilometers. It is the main municipality and core of a metropolis of 12 million people (IBGE, 2022). Its transportation system is structured around collective services offered through bus lines (both BRT and conventional), three subway lines, and a system of metropolitan trains. These services account for a large portion of trips and are complemented by a Light Rail Vehicle (LRV) system operating in a limited part of the central area, a bike-sharing system, a tourist tram line, and vehicles from the so-called alternative transport sector (vans, Kombis, and motorcycle taxis).
    

    
      Also functioning as a complementary service, individually hired public transportation through taxis plays a fundamental role in the urban mobility system. More than just a transportation option for residents and tourists, it enjoys wide social acceptance and use. Traditionally painted yellow and blue, taxis in the city of Rio de Janeiro are part of the urban landscape and hold a significant place in the city’s culture and history
      
        [1]
      
      .
    

    
      The taxi market in the city is structured similarly to other places, with three characteristic service segments prevailing, mapped by the OECD (2007) and highlighted by Binenbojm (2016): (1) the taxi stand segment, known in the literature as taxi rank; (2) the street-hailing segment, referred to as hailing; and (3) the pre-booked door-to-door trip segment, frequently mentioned in the international literature as pre-booking, taxi-booking, or phone booking. In this last category, the passenger can track the vehicle’s movement and pay for the ride using a credit card, similar to the conveniences found in app-based ride-hailing services, which now dominate the individual transport market.
    

    
      As in other parts of the world, app-based services quickly became popular, reshaping the individual transport market in the city of Rio de Janeiro and its metropolitan region. In addition to widespread public adoption, the entry of app-based platforms into the market, and their disruptive nature, challenged the regulatory rationale of individual transport services, which until then had been monopolized by taxis (Binenbojm, 2016). This has required the public authorities to develop governance and regulatory solutions to balance the interests of app drivers, professional taxi drivers, and, to some extent, the needs and preferences of the general public.
    

    
      The development of the TAXI.RIO app by the City of Rio de Janeiro fits within this type of solution and is part of a broader context of institutional changes. In this scenario, public authorities have been compelled to address governance-related challenges in the transport sector, especially attempts to regulate remunerated individual transport apps.
      
        [2]
      
    

    
      Thus, TAXI.RIO, as a facilitator of taxi trips, plays an important role in the transportation system and the management of urban mobility in the city. First, because it created conditions for the traditional taxi service, regulated by the municipal authority, to continue operating under real competitive circumstances while safeguarding acquired rights. Second, although there is broad consensus on the need to prioritize public transport and active modes (walking and cycling), there is no doubt that taxis, as a form of individually hired public transport, offer advantages over travel based on privately owned individual vehicles. This mode of transportation offers, among other benefits, convenience, comfort, and a sense of safety. At the same time, since taxis can be used by several people throughout the day, they generate more favorable collective outcomes compared to private vehicle use, contributing to reduced traffic, pollution, and environmental impact.
    

    
      Beyond its importance for transport planning and management, the study of trips carried out through the TAXI.RIO service is supported by the methodological potential of analyzing individualized travel data, which are increasingly available and accessible in academic and corporate contexts. Moreover, the spatiotemporal analysis of these trips serves as a timely starting point to fill knowledge gaps about taxi mobility. To some extent, this analysis can also contribute to a better understanding of key components of everyday mobility, which is expressed through the diverse and complex interactions between places of residence, work, leisure, and other daily activities.
    

    
      Therefore, also motivated by the specific opportunity to better understand the role of taxis in the urban mobility system of the city of Rio de Janeiro, this study’s main objective is to explore the spatiotemporal pattern of trips requested through the TAXI.RIO app. To this end, the temporal and spatial distribution of pick-up and drop-off points for trips taken during a reference week (March 1, 2020 to March 7, 2020) is analyzed. It is considered that the choice of this specific subset does not compromise the analysis, since taxi trips tend to follow weekly patterns, a fact already demonstrated in studies with similar purposes (Qian and Ukkusuri, 2015).
    

    
      With geolocated information for each point of origin and destination, the study seeks to understand travel behavior through the mapping of flows across different parts of the city, more specifically, among the five planning areas (the official division used for public planning by the municipal government) and among the 199 spatial units used for disseminating census results. Additionally, as part of the study, visualizations were produced by aggregating the data into a grid of hexagons commonly used in transportation policy research (11,916 in total). This scale of representation allows for a more detailed visualization of the origin and destination locations and their potential relationship to the city’s sociospatial configuration (distribution of population, per capita income, and employment). Finally, the study includes the calculation of a spatial autocorrelation index to detect trends in the clustering of pick-ups and drop-offs in the spatial units throughout the day.
    

    
      It is worth noting that these data refer to a period prior to the COVID-19 pandemic, officially declared by the World Health Organization (WHO) on March 11, 2020. Despite the time lag relative to the present date, the choice of this reference week is justified primarily by the unprecedented opportunity to provide insights into taxi mobility in the city of Rio de Janeiro. Although it is clear that these data cannot reflect the current dynamics, the record from that period serves as a baseline for future comparisons, including the potential impacts of the pandemic on travel patterns for this mode of transportation. Lastly, it is important to note that this time frame was chosen based on the quality of the data provided by the City of Rio de Janeiro, particularly in terms of completeness and comprehensiveness of the information.
    

    
      In addition to this introduction and the conclusion, the article is structured into three sections. The first presents an overview of research on taxi mobility and its spatiotemporal patterns through a brief literature review. The second provides a description of the methodology and the data used in the study. The third presents the results of the analysis focused on the spatial and temporal distribution of taxi trips.
    

    
      	
        
          Overview of Research on Taxi Mobility and Its Spatiotemporal Patterns
        

      

    

    
      With the spread and relative popularization of technologies that enable the recording and sharing of data on location and spatial trajectories, the possibilities for studying human mobility in different contexts have expanded (González et al., 2008; Veloso et al., 2011). The most well-known example of this type of technology is GPS (Global Positioning System), which is now present in a variety of personal and corporate devices. The adoption of these technologies and the recording of large volumes of data, with broad coverage, good continuity, and low collection costs (Tang et al., 2017), have radically transformed transportation management and planning, including the monitoring and projection of traffic intervention scenarios.
    

    
      The spread of this technology has also brought studies on travel patterns and their relationship to urban structure to the forefront of urban mobility research (Liu et al., 2015). The increased availability of spatially referenced trip records has enabled a growing number of studies on taxi mobility (Veloso et al., 2011; Peng et al., 2012; Liu et al., 2015; Mao et al., 2015; Zhang, 2015; Qian and Ukkusuri, 2015; Bischoff et al., 2015; Kumar et al., 2016; Hochmair, 2016; Tang et al., 2017; Zhang, 2018; Yang, 2018; Liu, 2020; Wang et al., 2023; Wang et al., 2024) and other modes of transportation (Braga et al., 2020; Arias-Molinares et al., 2021). This type of data contains precise spatiotemporal properties within the urban space, providing a solid foundation for reflecting on relevant aspects of the structure and functioning of cities (Liu et al., 2015) and, consequently, on the daily mobility of the population.
    

    
      Daily mobility, in this context, refers to people’s routine movements between their homes and other spaces where everyday life unfolds and is reproduced (places of work, study, leisure, healthcare, consumption, social encounters, etc.) (Legroux, 2021). In this article, daily mobility is thus considered synonymous with physical displacement, specifically regarding taxi trips requested via the TAXI.RIO app.
    

    
      In the Brazilian context, studies on daily taxi mobility, and particularly on the spatiotemporal pattern of such trips, are scarce. The few available works on this mode of transportation address aspects related to service operation, such as methods or considerations regarding fare calculation (Dias, 2009; Oliveira, 2009; Gonçalves and Kneib, 2009), performance and efficiency (Drumond, 2017), monitoring (Galvão and Almeida, 2009), business models (Hino et al., 2018), and service reorganization and restructuring (Gonçalves et al., 2011; Monteiro et al., 2016). Additionally, there are studies that address specific issues and variations of taxi services that are less applicable in other contexts. For instance, Brasileiro and Xavier (1996) investigated the operation and characteristics of taxi services without meters in the city of Ilha Solteira-SP. Estolano et al. (2009) examined the implementation of a prepaid taxi service for City Tour-style tourist routes in Recife-PE.
    

    
      Given the growing use of on-demand taxi services and the increased availability of data from embedded GPS systems, it is reasonable to expect a significant rise in studies that can fill the gaps in taxi mobility research in Brazil. Even in countries where this technology is more widespread, the number of studies in this area remains limited, highlighting the existence of a research agenda still under development.
    

    
      Most existing studies do not delve deeply into the specific investigation of the spatiotemporal patterns of taxi trips, instead focusing on data processing methods, mathematical modeling, or evaluations of operational efficiency and individual driver performance (Tang et al., 2017). Nonetheless, the available studies offer valuable insights into taxi travel behavior and reveal recurring patterns in different cities. For example, a study conducted in Singapore by Kumar et al. (2016), using a clustering method for pick-up and drop-off points, identified a predominant pattern of trips heading to the city’s central business district. In a study on taxi trip trajectories in Shanghai, Liu et al. (2012) found two distinct patterns. First, they observed a consistent temporal regularity, with most trips occurring on weekdays. Second, they identified stable spatiotemporal patterns, indicating that certain locations are highly likely to serve as both origin and destination throughout the day.
    

    
      In another study also conducted in Shanghai, Liu et al. (2015) discovered a regular structure in which short-distance spatial interactions prevail, revealing a demand strongly linked to daily mobility. In a broader study that analyzed factors influencing urban taxi demand, such as income and education variables, Qian and Ukkusuri (2015) demonstrated that areas with higher employment levels, especially in Manhattan, are the most popular destinations for taxi trips in New York City. Using data from Washington, D.C., Yang et al. (2018) investigated taxi demand and found that the occurrence of pick-ups is strongly related to residential and employment density. Bischoff et al. (2015), in turn, studied taxi trips in Berlin over two specific weeks in 2013 and 2014, observing peak demand in the mornings on weekdays and at night on weekends. In terms of spatial patterns, although Tegel Airport stood out as a major origin and destination, they identified that most trips occurred within the city center. It is worth noting that, unlike other studies, these authors found evidence of a correlation between taxi demand and disruptions in public transportation.
    

    
      Tang et al. (2017) analyzed the individual behavior of high-performing drivers in Wuhan (China), based on the proportion of time their taxis were occupied. Regarding spatial patterns, the authors concluded that these drivers, compared to less efficient ones, concentrated their trips in commercial zones and key urban transportation hubs. Moreover, they were better able to identify operational areas with favorable traffic conditions and high passenger demand at different times, both on weekdays and weekends.
    

    
      In a study on Qingdao (China), Liu et al. (2020) found results similar to those in other works, indicating that peak hours show some differences in taxi trip demand between weekdays and weekends, and that residential density and housing prices tend to favor an increase in taxi trip frequency. Giraldo-Forero et al. (2019), although focusing on mathematical modeling, explored taxi trips in Manizales, Colombia, and similarly concluded that demand peaks coincide with morning work start times, lunch hours, and the end of the workday.
    

    
      While this article contextualizes the results in relation to the city’s sociospatial configuration, it focuses solely on the exploration of the spatiotemporal pattern of trips in Rio de Janeiro, without delving into a detailed investigation of the influence of socioeconomic factors and land use on travel behavior. Future studies aim to explore explanatory factors behind demand and trip trajectories, taking into account elements specific to the city’s spatial heterogeneity and metropolitan and regional context.
    

    
      In this regard, beyond its evident potential to generate novel knowledge on the functioning and role of the TAXI.RIO service, this study also seeks to contribute methodologically, given the replicability conditions in contexts where similar services are in operation or may be implemented. In this context, it is emphasized that exploring the spatiotemporal patterns of taxi trips using this data is also useful for understanding how the city functions, by observing, for instance, when and where demand for individual transportation services is greatest. It is also understood that better knowledge of this data can support traffic planning and management, as well as medium- and long-term land use and occupation policies. More than that, this study is grounded in the idea that research on taxi trips can help identify key aspects of human mobility patterns as part of broader urban dynamics (Sang et al., 2011).
    

    
      	
        
          Data and Methodology
        

      

    

    
      The data used in this article cover records of pick-up and drop-off events within the boundaries of the municipality of Rio de Janeiro and were provided by IPLAN/RIO
      
        [3]
      
      , the municipal public company responsible for the development and management of the TAXI.RIO application. The dataset contains records of 166,337 trips that began and ended between March 1, 2020 (Sunday) and March 7, 2020 (Saturday), and originally includes the following variables:
    

    
      ● trip identifier;
    

    
      ● date and time of pick-up;
    

    
      ● coordinates of the pick-up point;
    

    
      ● coordinates of the drop-off point.
    

    
      Two preprocessing steps were implemented to clean and validate the data and to include calculated variables added to the dataset. All procedures in these steps were performed using functions from packages developed in the R programming language.
    

    
      In the first step, two temporal units of analysis were incorporated: the day of the week and the time interval in which the trip began (time band). The first was calculated from the original trip date, while the second was added based on the information on hour, minute, and seconds, also contained in the original dataset. The distance variable was calculated using tools from the 
      sf
       package, a computational solution for handling spatial data developed by Pebesma et al. (2018). This procedure was essential to identify trips that, although classified as completed, had a distance value equal to zero. These, along with trips covering a distance of up to 100 meters, were eliminated. This procedure is based on the understanding that records of very short trips or those with zero distance are often the result of null operations or data transfer errors, as documented in the literature (Liu et al., 2012; Veloso et al., 2011). As a result, the final number of observations analyzed in this article corresponds to a set of 154,267 trips over 100 meters in length, beginning between the first hour of March 1, 2020, and the last hour of March 7, 2020. In addition to this total, Table 1 shows the number of trips by date and day of the week on which the pick-up occurred.
    

    
      
    

    
      Table 1: Number of trips by date and day of the week of pick-up
    

    
      
        	
          
            Date 
          

        
        	
          
            Day of the Week
          

        
        	
          
            Number of Trips
          

        
      

      
        	
          
            01/03/2020 
          

        
        	
          
            Sunday
          

        
        	
          
            11.547
          

        
      

      
        	
          
            02/03/2020 
          

        
        	
          
            Monday
          

        
        	
          
            22.085
          

        
      

      
        	
          
            03/03/2020 
          

        
        	
          
            Tuesday
          

        
        	
          
            22.453
          

        
      

      
        	
          
            04/03/2020 
          

        
        	
          
            Wednesday
          

        
        	
          
            22.848
          

        
      

      
        	
          
            05/03/2020 
          

        
        	
          
            Thursday
          

        
        	
          
            24.695
          

        
      

      
        	
          
            06/03/2020 
          

        
        	
          
            Friday
          

        
        	
          
            26.386
          

        
      

      
        	
          
            07/03/2020 
          

        
        	
          
            Saturday
          

        
        	
          
            24.253
          

        
      

      
        	
          
            Total
          

        
        	
          
            —
          

        
        	
          
            154.267
          

        
      

    

    
      Source: IPLAN-RIO
    

    
      
    

    
      In the second step, procedures were carried out to allow for the identification of the three spatial levels used in the analysis, with the inclusion of three additional variables related to the geographic location of the points. Thus, the following were identified: the Planning Areas defined by the City of Rio de Janeiro, the Census Tract Groups from the 2010 Demographic Census, and a hexagonal spatial grid accessed through a tool developed by Pereira et al. (2022). These variables were defined through a spatial join between the location of each pick-up and drop-off point and the polygonal mesh of each area type. This was done using the 
      st_join
       function from the sf package in the R programming language (Pebesma et al., 2018).
    

    
      The Planning Areas (Áreas de Planejamento, AP’s) of the city of Rio de Janeiro are an administrative division of the municipality created for land use planning and management purposes. They were established by the city’s Master Plan and 
      divide
       the territory into five large areas, numbered from 1 to 5. Each Planning Area comprises a defined set of the city's 163 neighborhoods, grouped according to socioeconomic, geographic, and urban characteristics. This division is used by various municipal and state government agencies for purposes such as territorial management, urban planning, transportation, health, and education. In research settings, the use of AP’s is important because they represent a macro-level social and spatial division of the city. Moreover, it allows for analyses that align more closely with local planning practices and public policy implementation.
    

    
      Planning Area 1 corresponds to the city’s central zone, including the neighborhood of Centro and its surroundings. Planning Area 2 (AP 2) includes neighborhoods in the so-called South Zone (such as Copacabana, Ipanema, Flamengo, and Laranjeiras) and the area known as Greater Tijuca. It represents the region with the highest income levels, though it also includes Rocinha, one of the city’s largest and most important favelas. Planning Area 3 (AP 3) encompasses neighborhoods in the North Zone and has a relatively high population density. Although its income levels are lower, it contains key neighborhoods for commerce and economic activities, such as Méier, Cachambi, and Governor’s Island, which is home to the city’s largest airport, as well as two major favela complexes: Alemão and Maré. Planning Area 4 (AP 4) is centered around Barra da Tijuca, one of the city’s largest neighborhoods in terms of area and the main focus of real estate expansion in recent decades. Finally, Planning Area 5 (AP 5) corresponds to the West Zone. This is a vast and populous area that includes important neighborhoods in demographic terms such as Campo Grande, Bangu, and Realengo.
    

    
      The Census Tract Groups from the 2010 Demographic Census are geographic units used by the Brazilian Institute of Geography and Statistics (IBGE) to estimate and publish data collected through the census sample questionnaire at the intra-urban level. These divisions are defined to ensure the sample is representative of the population in a geographic scope that falls between the census tract and the municipality. Dividing the city into Census Tract Groups is essential for capturing the diversity and heterogeneity of urban space and is used for various purposes, including management, urban planning, and social indicator monitoring. This scale not only enables a reasonably detailed visualization of the data but also allows for linkage with demographic and socioeconomic data produced by the national census.
    

    
      In the case of Rio de Janeiro, these 199 spatial units resemble the boundaries of the city’s official neighborhoods and also reflect cultural and historical identity issues, reinforcing their adoption as an important tool for territorial organization and representation. The city’s division into official Planning Areas and Census Tract Groups (shown in dark gray lines) is illustrated in Figure 1.
    

    
      The division of space into hexagons corresponds to a statistical grid that provides a general view of the spatial distribution of points and has been widely used in studies assessing transportation policies and access to urban opportunities (Pereira, 2018; Braga et al., 2020; Pereira, 2022), as well as in research on spatiotemporal patterns of taxi and other transportation modes (Veloso et al., 2011; Liu et al., 2015; Patel & Chandan, 2015; Arias-Molinares et al., 2021; Wang, 2023). This geographic level was used for data visualization and descriptive analysis.
    

    
      
        [image: Diagrama, Mapa
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      Figure 1: Division of the city of Rio de Janeiro into Planning Areas and 2010 Demographic Census Tract Groups
    

    
      Source: City of Rio de Janeiro and Brazilian Institute of Geography and Statistics (IBGE).
    

    
      
    

    
      In the analysis stage, the study employed traditional methods and metrics from descriptive statistics, exploratory data analysis, and spatial data analysis, including visualization tools through mapping. Additionally, two types of spatial autocorrelation indices were calculated to assess clustering trends in trip origins and destinations. First, the Global Moran’s I index (Anselin, 1995) was calculated. This statistical measure assesses the spatial autocorrelation of variables within a given geographic area, in this case, the entire municipality of Rio de Janeiro. A positive Global Moran’s I value indicates positive spatial autocorrelation, meaning similar values tend to be clustered in neighboring areas. A negative value indicates negative spatial autocorrelation, meaning dissimilar values are located near each other. The univariate form of the index was calculated separately for all origins and all destinations at the level of the Census Tract Group. This served to better understand the overall behavior of trips during specific pre-defined time bands (7:00-10:00 a.m. and 5:00-8:00 p.m.). For comparison purposes, the index was also calculated for other times of the day. Additionally, the Local Indicator of Spatial Association (LISA) was calculated in its univariate form to map specific clustering trends in pick-up and drop-off points over time. The calculation and mapping of this index are useful for identifying clusters where the variable values are significantly different from what would be expected under a random distribution, revealing whether pick-ups and drop-offs are concentrated in specific patterns and whether those patterns vary throughout the day. Both the global statistic and the local statistic that generated the clusters were calculated using a first-order contiguity weight matrix, i.e., considering only immediately neighboring units.
    

    
      The data preprocessing, statistical analysis, and spatial representation of the results were carried out using the R programming language (R Core Team, 2018). For procedures related to analyzing the temporal distribution of trips, the spatial distribution of pick-up and drop-off points, inter-area flows within the city, and the spatial autocorrelation index, the study followed the approach proposed by Lovelace et al. (2019). This approach suggests integrating tools from geography, geoinformatics, geocomputation, and spatial statistics for the applied analysis of spatial data in R, based on the principles of open-source code, open data, and reproducibility.
    

    
      
    

    
      
    

    
      
    

    
      
    

    
      	
        
          Exploring the Spatiotemporal Pattern of TAXI.RIO App Trips
        

      

    

    
      	
        Temporal Travel Patterns
      

    

    
      The temporal distribution of boardings reveals highly similar patterns throughout weekdays. First, the data show that taxi rides occur far more frequently during the day than at night. Second, it is possible to identify two clearer peaks throughout the day—one in the morning and another in the late afternoon (Figure 2). Additionally, from Monday to Friday, a third peak in boarding volume appears around midday
      
        [4]
      
      . The concentration of trips in the middle of the week and the regular peaks in the early morning and late afternoon suggest that taxi rides may be strongly associated with commuting to and from work. This behavior resembles findings from other cities, as shown in studies analyzing taxi trips in New York (Patel and Chandan, 2015), Shanghai (Liu et al., 2012; Mao et al., 2015), Singapore (Kumar et al., 2016), and Qingdao (Liu, 2020).
    

    
      On weekends, the two characteristic peaks are not as evident, which may suggest that travel is not driven by the same predominant motives observed on weekdays. This observation reinforces the notion of a daily mobility less tied to work-related purposes. On Saturdays, the pattern is characterized by an increase in the number of boardings throughout the day, with two more evident peaks, one around midday and another in the late afternoon. This behavior has not been recorded in studies of other cities, suggesting a context specific to Rio de Janeiro. On Sundays, the day with the lowest number of recorded trips, the two times with the highest number of rides are around midday, likely when people are heading to restaurants for lunch or visiting relatives, and in the late afternoon, presumably as people return from daytime activities.
    

    
      
    

    
      
        [image: ]
      
    

    
      Figure 2: Number of boardings by time and weekday.
    

    
      Source: Author’s elaboration using data from IPLANRIO.
    

    
      
    

    
      	
        Spatial Travel Patterns
      

    

    
      Figure 3 shows the distribution of trip origins and destinations for the reference week. In addition to a clear concentration in certain parts of the city, there is a noticeable spatial overlap between areas with higher numbers of boardings and those with more drop-offs. This suggests that taxi circulation tends to follow a consistent spatial regularity limited to certain urban zones, in other words, trips mostly originate from and arrive at the same regions throughout the week. This tendency is confirmed by the scatter plot showing the correlation between the number of boardings and drop-offs within the hexagonal grid (Figure 4). The darker colors, representing areas with the highest number of trips, are predominantly located in Planning Areas 1 and 2, as well as a small portion of Planning Area 3 bordering those two.
    

    
      The zones where trip origins and destinations are concentrated partially coincide with areas of higher income, as seen in Figure 5. The exception is the Barra da Tijuca region, which, despite being a high-income area, does not exhibit a strong incidence of departures or arrivals during the reference week compared to other parts of the city. This discrepancy may be explained by the area's distinct social profile, urban characteristics, and residential typology. Barra da Tijuca is known for a culture strongly centered on the use of private automobiles. Additionally, the neighborhood features wide avenues, gated communities, and abundant parking spaces, all of which encourage private vehicle use over public transit, active mobility, or even taxis.
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      Figure 3: Spatial distribution of boarding points (A) and drop-off points (B) during the reference week.
    

    
      Source: Author’s elaboration using data from IPLANRIO.
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      Figure 4: Scatter plot of boardings and drop-offs by hexagon during the reference week.
    

    
      Source: Author’s elaboration using data from IPLANRIO.
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      Figure 5: Spatial distribution of per capita income in the municipality of Rio de Janeiro – 2010.
    

    
      Source: Author’s elaboration using data from IPEA.
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      Figure 6: Spatial distribution of population (A) and employment (B) in the municipality of Rio de Janeiro – 2010.
    

    
      Source: Author’s elaboration using data from IPEA.
    

    
      	
        Mapping the Main Origin-Destination Flows
      

    

    
      Analyzing the distribution of boarding and drop-off points aggregated by Planning Areas (AP’s) allows for a broader understanding of the data. This procedure also enables mapping the macro-behavior of all trips, identifying flows that occur within the same area or between different areas. The analysis found that 63.4% of trips both started and ended within the same AP, while 36.6% had origins and destinations in different AP’s, an expected pattern for taxi mobility, where trips tend to be shorter (Liu et al., 2012). Furthermore, the study revealed that 55.7% of trips started and ended in APs 2 or 3, with 37.9% and 17.8% respectively. Regarding inter-AP flows, notable segments include trips from AP 2 to AP 1, accounting for 10.4% of the total, and the reverse (AP 1 to AP 2), comprising 7.3% of all trips during the reference week.
    

    
      In addition to this behavior, which reinforces the trend of macro-concentration in APs 1, 2, and 3, taxi mobility in Rio de Janeiro is marked by the low participation of AP 5. Although this region contains 27% of the city's population and 47% of its territory, only 0.25% of trips both began and ended within it. Moreover, no other flow involving AP 5 as either origin or destination exceeded this percentage. This is significant, as it indicates that the distribution of taxi trips closely mirrors the city’s social divide, with a macro-concentration in wealthier areas (Figure 5). This scenario suggests that in AP 5, the TAXI.RIO app-based taxi service is virtually non-existent. Additionally, the area’s position in the urban structure is characterized by its distance from the city center and its population's reliance on substandard train and bus services. The low availability of taxi services in this region appears to reflect broader issues of limited access to public services, including transportation (Pereira, 2019).
    

    
      Mapping flows based on the 199 census weighting areas, in turn, provides a more detailed view of the spatial behavior of these trips in terms of trajectories. The study identified a total of 10,532 flows, including those that started and ended within the same area. These intra-area flows are particularly noteworthy, first, because they account for 6.5% of all trips made during the reference week, and second, because 50% of them occur in just 16 of the 199 areas, further emphasizing the concentration of taxi services in specific parts of the city.  Among these areas, five are located in AP 2 (in the neighborhoods of Ipanema, Gávea/Jardim Botânico, Laranjeiras/Cosme Velho, Grajaú, and Vila Isabel), five in AP 3 (in the neighborhoods of Engenho Novo; S. Francisco Xavier/Riachuelo/Rocha/Sampaio/Jacaré; Méier; Cachambi; Engenho de Dentro; and Maria da Graça/Del Castilho/Higienópolis), two in AP 4 (Barra da Tijuca and Freguesia), and two in AP 1 (Centro and São Cristóvão/Vasco da Gama). Notably, a total of 599 trips started and ended within the boundaries of the Centro neighborhood, the highest value recorded for this type of flow across all census areas. Méier and Cachambi also stand out, helping explain the high number of trips in AP 3. Both are sub-centers for the service and retail sectors, with Cachambi housing one of the city's largest shopping malls.
    

    
      In addition to having the highest volume of internal trips, the city center is also the main destination for flows originating in other areas. Figure 7 illustrates this by showing origin-destination flows with more than 11 trips between areas. The dots represent the centroid of each area. This information is complemented by Table 2, which lists the top ten flows. Among them, either as origin or destination, the Barra da Tijuca area is notably absent, even though it ranks among those with the highest internal flow.
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      Figure 7 – Main travel flows between areas.
    

    
      Source: Author’s elaboration using data from IPLANRIO.
    

    
      
    

    
      
    

    
      
    

    
      
    

    
      
    

    
      
    

    
      
    

    
      
    

    
      
    

    
      
    

    
      
    

    
      Table 2: Main travel flows between census weighting areas
    

    
      
        	
          
            Origin
          

        
        	
          
            Destination
          

        
        	
          
            Number of Trips
          

        
      

      
        	
          
            Laranjeiras/Cosme Velho
          

        
        	
          
            Centro
          

        
        	
          
            519
          

        
      

      
        	
          
            Vila Isabel
          

        
        	
          
            Centro
          

        
        	
          
            475
          

        
      

      
        	
          
            Cachambi
          

        
        	
          
            Méier
          

        
        	
          
            466
          

        
      

      
        	
          
            Ipanema
          

        
        	
          
            Centro
          

        
        	
          
            451
          

        
      

      
        	
          
            Maracanã
          

        
        	
          
            Centro
          

        
        	
          
            390
          

        
      

      
        	
          
            Méier
          

        
        	
          
            Cachambi
          

        
        	
          
            388
          

        
      

      
        	
          
            Flamengo
          

        
        	
          
            Centro
          

        
        	
          
            380
          

        
      

      
        	
          
            Glória
          

        
        	
          
            Centro
          

        
        	
          
            376
          

        
      

      
        	
          
            Flamengo
          

        
        	
          
            Centro
          

        
        	
          
            352
          

        
      

      
        	
          
            Grajaú
          

        
        	
          
            Centro
          

        
        	
          
            332
          

        
      

    

    
      Source: Author’s elaboration using data from the TAXI.RIO App
      .
    

    
      
    

    
      	
        
          Spatiotemporal Patterns of Taxi Trips in the City of Rio de Janeiro
        

      

    

    
      This section analyzes the distribution and clustering trends of pickup and drop-off points according to two distinct time intervals, defined by the recorded time of boarding: between 7:00 and 10:00 (morning period) and 17:00 and 20:00 (afternoon/evening period). The darkest areas on the maps in Figure 8 highlight the locations with the highest occurrences of taxi pickups and drop-offs during these intervals. It is possible to observe that the areas with the highest number of pickups in the morning are concentrated in a swath covering virtually all of Planning Area 2 (AP 2) and a smaller, lighter portion of AP 3. On the other hand, the darkest areas indicating the highest number of drop-offs in the same period are more prominent in the city center, with some scattered occurrences in other areas.
    

    
      Regarding the afternoon period, pickups are more spatially dispersed, although there is a darker, more prominent concentration in the central area, similar to that observed for morning drop-offs. This behavior once again suggests that the spatiotemporal pattern of taxi trips is closely linked to commuting for work purposes.
    

    
      The identification of a greater number of pickups in predominantly residential areas during the morning and of drop-offs in areas with high job concentration reinforces this hypothesis (see Figure 6). Moreover, the afternoon pattern further supports this trend, with pickups concentrated in the city center and drop-offs in predominantly residential zones. At the same time, the increase in pickups in residential areas during the afternoon peak suggests that trips during this period may have more varied purposes, including travel to commercial and leisure centers, such as shopping malls.
    

    
      As shown in the maps, drop-off points in the afternoon coincide spatially with pickup points in the morning. This is reinforced by Figure 8, which visually represents the association between the number of pickups and drop-offs in these specific periods, and by the correlation calculated between the two variables, which is positive and highly correlated (0.82 on a scale of 1). This result suggests that the areas where trips begin in the morning are the same as those where they end in the afternoon. At the same time, this behavior reveals a pendular travel pattern in the city of Rio de Janeiro, at least in these time intervals.
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      Figure 8: Spatial distribution of pickup and drop-off points in the reference week by peak hour intervals.
    

    
      Source: Author’s elaboration based on data from IPLAN/RIO.
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      Figure 9: Scatter plot of the number of pickups in the morning and drop-offs in the afternoon (A), and scatter plot of drop-offs in the morning and pickups in the afternoon (B).
    

    
      Source: Author’s elaboration based on data from IPLAN/RIO.
    

    
      
    

    
      To better understand the spatiotemporal dynamics of taxi mobility, the Global Univariate Moran’s I Index was calculated for the number of pickups and drop-offs aggregated at the census weighting area level for each time interval. The results are shown in Figure 10. The Global Moran’s I calculated for morning peak pickups yielded a result of 0.75, indicating a high degree of spatial autocorrelation and suggesting a strong clustering tendency during this period. For drop-offs in the same time slot, the index result was 0.213, approaching a situation of no spatial autocorrelation. This result reflects the extreme concentration of drop-off points in the city center, which, despite high volumes, are surrounded by areas with significantly different values, thus limiting the influence on the global index. Therefore, while this concentration is sufficient to generate a cluster of drop-offs (as will be seen), it does not indicate a global trend of significant clustering.
    

    
      The result for pickups between 5 PM and 8 PM (0.705) is similar to that of morning pickups, suggesting a comparable clustering pattern. In other time intervals, both pickup and drop-off indices (0.589 and 0.57, respectively) indicate a moderate positive spatial autocorrelation, meaning areas with similar values tend to be near each other, but not to the same extent as in the morning and afternoon peak periods.
    

    
      In summary, the most relevant results of the Global Moran’s I Index point to a general pattern characterized by a higher tendency for clustering of origins in the morning and destinations in the afternoon, indicating a general pendular movement pattern in taxi travel behavior.
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      Figure 10: Global Moran’s I Index by time intervals.
    

    
      Source: Author’s elaboration based on data from the TAXI.RIO app.
    

    
      
    

    
      As noted in the methodology section, in addition to visualizations through maps and the global index, the Local Moran’s I Index was calculated. This measure detects origin and destination clusters at the census weighting area level to better explore and qualify the trends already identified. The maps in Figure 11 show statistically significant clusters. Red regions represent High-High (HH) clusters, where areas with high values are surrounded by others with similarly high values. Dark blue regions represent Low-Low (LL) clusters, where low-value areas are clustered together. High-Low (HL) clusters occur when a high-value area is surrounded by low-value areas, indicating spatial dissociation, which also characterizes Low-High (LH) clusters, where low-value areas are surrounded by high-value areas.
    

    
      In this study, only statistically significant HH, LL, and LH clusters were identified
      , there
       were no areas with high quantities of origins or destinations surrounded by low-value areas across the time intervals analyzed. It is clear that in the morning period, the HH pickup cluster is concentrated predominantly in areas located in AP 2 and some parts of AP 3. For drop-offs, the HH cluster is limited to areas within AP 1, which comprises Rio de Janeiro’s central region. These findings reinforce the existence of a travel pattern beginning in predominantly residential areas and ending in the city's main employment hubs.
    

    
      This pattern is confirmed by the HH cluster of pickups between 5 PM and 8 PM, which includes downtown Rio, its immediate surroundings, and areas corresponding to neighborhoods such as Lagoa, Botafogo, and Flamengo—all in the city’s South Zone. This configuration is likely due to the high number of people taking taxis to return home from work. Additionally, a cluster was identified in AP 3 encompassing areas corresponding to the neighborhoods of Cachambi, Todos os Santos, Engenho Novo, Lins de Vasconcelos, and part of Méier, all with a strong commercial presence, including one of the city’s largest shopping centers.
    

    
      Some of these areas also make up the clusters of afternoon drop-offs. Notably, the city center does not appear among them, reinforcing one of the defining characteristics of taxi travel patterns in Rio de Janeiro: its role as the main destination in the morning and origin in the afternoon when work activities conclude.
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      Figure 11: Spatial clusters of pickups and drop-offs by time interval based on the Local Moran’s I Index.
    

    
      Source: Author’s elaboration based on data from IPLAN/RIO.
    

    
      	
        
          Conclusion
        

      

    

    
      This article aimed to analyze the spatiotemporal patterns of taxi trips in the municipality of Rio de Janeiro requested through the TAXI.RIO app. To this end, we employed methods and metrics from descriptive statistics, exploratory data analysis, and spatial data analysis, including mapping tools and the calculation of spatial autocorrelation indices.
    

    
      Before the analysis itself, it was important to contextualize the implementation of the app as a technological tool tied to an important institutional dimension of transportation in the city. Its institutionalization as a public solution to a transportation issue also touches on mobility governance, allowing the accommodation of taxi drivers’ interests, who had seen a sharp drop in income with the rise of private competitors. In this sense, the implementation of the app marked a sort of reinstitutionalization of taxis as a public individual transport service in the city of Rio de Janeiro. The City Hall thus began to provide institutional guarantees for the continuity of the service through the deployment of this technology. This observation highlights the importance of TAXI.RIO not only as an object of research in the field of transportation but also in urban planning and public policy, justifying further exploration in future studies.
    

    
      
    

    
      The analysis confirmed the existence of a spatiotemporal pattern with significant daily regularity during the reference week. First, it is possible to identify recurring spatiotemporal regularities that define a predominant pattern, even though one of the main characteristics of taxi service is its adaptability to passenger needs, as it is not limited to predefined routes or pickup/drop-off locations. This pattern is marked by peaks of origin and destination that are spatially concentrated. In the morning, this demand appears specifically in predominantly residential areas, while destinations cluster around the city center and its surroundings. Although we did not explore this aspect in greater detail, it is reasonable to assume that public facilities, train stations, airports, parks, and shopping centers are important attractors of these trips. Future research into the spatiotemporal patterns of taxi travel should delve deeper into these specific spatial characteristics.
    

    
      This study also showed that taxi use presents significantly different patterns between weekdays and weekends, an aspect that should also be explored further in subsequent research. Nonetheless, as in other studies (Liu et al., 2015), the exploration of data from Rio de Janeiro reveals a predominance of short-distance spatial interactions, indicating that the demand and trajectory of taxi trips are strongly linked to everyday mobility. At the same time, the results show that the most popular destinations are located in areas with high employment concentration, as also demonstrated by Qian and Ukkusuri (2015) and Patel and Chandan (2015) for New York, and by Yang et al. (2018) for Washington, DC. In addition to this trend related to employment location, the analysis of taxi trip data in Rio de Janeiro also indicates that the temporal pattern is closely associated with the operating hours of economic establishments. This aligns with findings in other cities, such as Manizales (Giraldo-Forero et al., 2019) and Berlin (Bischoff et al., 2015).
    

    
      Beyond its methodological contribution, the results presented in this article may be incorporated into public transportation planning by identifying demands not captured through traditional passenger data. Furthermore, efforts to map spatiotemporal patterns may support public policies for traffic management and the implementation of circulation infrastructure, including interactions between taxi use and other modes of transport.
    

    
      Finally, it is important to acknowledge that taxi data inevitably face representativeness issues, that is, taxi passengers and app users do not constitute a sufficiently random sample of the general transport-using population. In the case of Rio de Janeiro, such data can certainly point to relevant aspects of urban dynamics and transportation operations, but they are not representative of general mobility patterns. One of the main limitations concerns the potential bias introduced by differences in the profile of taxi users compared to the general population, as these users tend to be higher-income residents concentrated in specific areas of the city. Despite this limitation, we hope the study can inform public policies related to taxi transportation in the city, contributing to improving the efficiency and convenience of the overall transportation system. By drawing on studies of taxi demand patterns, authorities can make informed decisions about where and when to implement improvements in public transport, such as expanding bus lines or constructing metro stations in high-demand areas.
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         In 2021, the City of Rio de Janeiro issued a decree to regulate remunerated private individual transportation via mobile applications, based on Articles 11-A and 11-B of Federal Law 12,587 of 2012 (Urban Mobility Law). The measure included provisions for the creation of a Municipal Fund for Sustainable Urban Mobility, financed by a 1.5% levy on the fare charged to passengers, as well as the establishment of a Committee for the Study and Regulation of App-Based Transportation (Cerva). However, neither the fund nor the committee were implemented, and in March 2021, the decree was revoked.
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         Municipal company responsible for managing Information and Communication Technology (ICT) resources in the city of Rio de Janeiro. It was established by Law No. 140 of November 14, 1979.
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         As can be seen in Figure 2, this peak is more pronounced on Thursday, differing from the pattern observed on other days. This discrepancy was investigated in detail, but no reasons were found to explain the behavior, as there were no intervening events in the city on that date and time. Furthermore, no technical issues were detected in the data that could have caused such a difference.
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