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Abstract

:

In order to develop a transport model for the municipality of Bacau, it was necessary to collect data on the current mobility characteristics of people and goods. Traffic data were collected by means of using an origin-destination (O-D) survey. This survey was carried out in the form of a manual traffic census arranged in stations at six points on the entrance sectors of the national roads in the city of Bacau. At the level of the municipality of Bacau, data from a sample of 3040 drivers were used for the origin-destination surveys. The respondents answered 11 questions. The article presents the results obtained from the six control points for seven questions that were considered relevant. The data obtained were initially used to identify, from a percentage and quantitative point of view, the type of traffic specific to the municipality of Bacau. The analysis of the data shows that the majority of vehicles, 78.9%, originate from Bacau County and that 87.2% of those interviewed have Bacau County as their destination. Most vehicles passing through the checkpoints were within the time intervals 7:30–8:30, i.e., 15.55%, and 16:30–17:30, i.e., 16.18%. The highest proportion of registered vehicles were from Romania, 97.99%. Additionally, 40.75% of the respondents were travelling for business purposes, and approximately the same share was found for the number of people in the vehicle; i.e., single occupant vehicles comprised 58.35% of the total vehicles surveyed. Passenger cars accounted for 67.66% of the vehicles. By using the OriginLab software, the aim was to create parallel graphs for each control point in order to identify certain correlations between the data obtained from the questionnaire. At the end of the article, a hierarchical cluster statistical analysis was carried out by using OriginLab, which identified a series of correlations between the analysed parameters.
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1. Introduction


According to European strategic documents, a sustainable urban mobility plan (SUMP) is a document but also a tool for the development of specific policies, based on a transport model developed with the help of traffic-modelling software, to solve the mobility needs of people and economic units in the city and in neighbouring areas, for better quality of life, contributing at the same time to the achievement of European objectives for energy efficiency and environmental protection [1,2,3,4,5].



Additionally, in the Romanian legislative context, the main target of the urban mobility plan is to improve the accessibility of localities and the relationships between them, to diversify and sustainably use the means of transport from social, economic and environmental points of view and to ensure the good integration of different modes of mobility and transport [6,7]. In Romania, the laws governing aspects of the urban mobility plan include Law no. 350/2001 on spatial planning and urbanism, republished with additions and changes in March 2022 and as Order no. 233/2016 for the approval of the methodological norms for the application of Law no. 350/2001 on spatial planning and urbanism and on the elaboration and updating of urban-planning documentation [6,7,8].



The procedures for creating a sustainable urban mobility plan are carried out by the European Commission in the form of the Guide for Developing and Implementing a Sustainable Urban Mobility Plan and are distributed to the other member states [3,9]. Within the Guide for Developing and Implementing a SUMP, Rupprecht Consult elaborated, in the form of a cyclic diagram, the stages of the development and implementation of a sustainable urban mobility plan. This cycle diagram includes four phases, each with three steps, and a total of 32 activities (Figure 1) [10,11,12].



An important stage of a SUMP consists of analysing the mobility situation and developing possible future mobility scenarios. To analyse the mobility situation, it is necessary to collect data on the current characteristics of mobility for the transport of people and goods. Traffic data are collected in four ways: a travel behaviour survey, an origin-destination survey of passenger cars, an origin-destination survey of public transport and a park and ride survey [10,13,14].



Origin-destination (O-D) studies are used to determine the patterns of traffic movement in an area of interest for a specific period of time [13,15]. These studies provide traffic planners and agencies with information on where drivers start and end their trips. O-D surveys provide rich and extensive data that allow planners to gain a clear picture of journey routes from start to finish [16,17,18].



Numerous sustainable urban mobility plans have been developed with origin-destination surveys as the main components. Various methods were used to collect the data needed to produce such a plan: questionnaires completed by traffic participants [19,20,21,22] and information transmission systems (these are used to study the movement of specific vehicles) [1,10].



In the city of Sussex (New Jersey), 12,346 questionnaires were distributed to drivers in the form of postcards. Of these, 42% sent their answers by email or post, including comments on the travel route (origin and destination), traffic conditions and/or possible solutions [20,21].



Another urban mobility plan study conducted with questionnaires in the form of postcards was conducted in Bloomington-Normal (Illinois). In total, 20,233 survey postcards were handed out to drivers at police stop signs or signalized intersections. The total number of survey cards returned was 6023, representing a return rate of approximately 30%. The subsequent analysis of the O-D data supported the calibration and validation process of the city’s transport model [19,22].



The traffic survey in the metropolitan area of Helsinki (Finland) included four studies: a travel behaviour study, a car origin-destination study, a public transport origin-destination study and a parking and travel study. The survey area covered 37 municipalities in and around the Helsinki region, and the target population was 1.5 million inhabitants [23,24].



Also in Romania, sustainable urban mobility plans were developed on the basis of the modelling of travel demand through the O-D matrix. Studies were carried out in cities such as Pitesti, Deva, Ianca, Marghita, Campina, Alexandria, Campulung and Reghin, following which transport needs and appropriate solutions were identified on the basis of using O-D surveys [25,26,27,28].



The analysis of the articles involving a sustainable urban mobility plan (SUMP) was restricted to using only questionnaires. Table 1 presents the findings and gaps in the literature.



At the level of Bacau municipality (Romania), the SUMP was developed according to European documents and recommendations, in accordance with national legislation [40]. The Bacau SUMP aimed to improve the efficiency of transport services and infrastructure, reduce the need for motorized transport, reduce the environmental impact and energy consumption of transport activities, ensure an optimal level of accessibility within the city and within the metropolitan areas, ensure a safe environment for the population and ensure accessibility for all categories of people, including people with disabilities [40].



For the elaboration of the SUMP for the municipality of Bacau, complex documentation of the current performance of the transport system was carried out. Thus, the transport model for the SUMP for the municipality of Bacau was developed on a common application including three basic components. For the development of the transport model, in the case of Bacau’s SUMP, a questionnaire analysis was designed, in 2016, with the following objectives: an origin-destination analysis focused on the entry points of the municipality, an analysis on transport in the municipality and a traffic analysis on the main intersections of the municipality [41].



In the present paper, only a detailed analysis of the data obtained from the questionnaires, based on the origin-destination traffic analysis on the entry points in Bacau municipality, is presented. This analysis was carried out in order to identify certain correlations between the parameters required in the study and obtained through the questionnaires. The article did not aim to generate a traffic model, which was presented in the Bacau SUMP [40].




2. Materials and Methods


The origin-destination (O-D) surveys, which were necessary for the realization of the transport model for the municipality of Bacau, were carried out in November 2016 at six survey points on the entrance sectors of national roads in the city of Bacau, Bacau County, Romania (Figure 2) [40].



At each point, the investigation was carried out over a single day, between 07:30 and 13:30 and between 14:30 and 17:30, investigating vehicles whose trip directions were within the city centre. With the help of the Romanian traffic police, the third or fourth car and all goods vehicles was stopped on the way into the city, for the investigation (by administering the questionnaire). Figure 3 shows images from the A1 investigation point (DN 2, km 280 + 400), in the metropolitan Praktiker area.



In order to carry out the interviews, each interview point was appropriately set up according to the actual conditions in the field under the close supervision of a representative of the Romanian traffic police. The vehicles were stopped only by a police officer so as not to block the traffic.



Interviews were conducted on the basis of a questionnaire. The questionnaire items are shown schematically in Figure 4. Thus, the questionnaire recorded information on the origin and destination of the trip, the time interval in which the interview was conducted, the country of registration of the vehicle and its type, the purpose of the trip and the number of passengers in the car.



This type of traffic analysis, which was based on questionnaires and which involved interviewing drivers and manually filling in the paper questionnaire, was carried out because Bacau does not have a traffic-monitoring system that uses surveillance cameras, tracking cards or drones. Because this analysis was carried out over a single day (for a 9 h interval) and because of the way the analysis was carried out (on the basis of interviewing drivers), the data obtained are not accurate and do not show the real value of car traffic intensity. A comparison of the data collection method used in this study with the data collection method used in the literature (Table 1) shows that there is a significant difference in the time spent on data collection. However, the main element is the number of completed questionnaires, which are, in this case, sufficient and can generate an overview of the traffic in Bacau municipality.



After the data were collected and centralized, they were submitted for analysis. For this purpose, OriginLab software was used [42], which has special tools to perform a simple analysis (individual analysis of the components of the questionnaire) or a complex analysis of the data used. The complex data analysis included a graphical analysis of the data (a graphical analysis that was carried out on two groups of data, groups that were made so that the obtained graphs were clear and as representative as possible) and a statistical analysis; because the data were obtained from a questionnaire and because they have different forms of presentation (numerical and text), it was decided that a statistical cluster analysis be carried out to try to identify a correlation between the obtained data.



In Figure 5, the working steps for both data collection and data analysis are presented.




3. Results


At the level of the Bacau municipality, data from a sample of 3040 drivers were used for the origin-destination surveys, as follows: Point A1—584 questionnaires, Point A2—426 questionnaires, Point A3—514 questionnaire, Point A4—484 questionnaires, Point A5—588 questionnaires and Point A6—444 questionnaires. The results of the interviews are individually presented for each questionnaire item.



3.1. Origin of the Trip


When asked the origin of their trip, respondents had the option of designating the nearest intersection, the actual address, the municipality or the zip code. After analysing the interviews, it was found that, on average, for the six interview positions, 78.94% of the respondents had Bacau County as the origin of their trip, and about 20% of the respondents had 31 counties, among the 41 counties of Romania, as the origin of their trip. It was also observed that the counties neighbouring Bacau County (Neamt, Iasi, Harghita, Covasna, Galati, Vrancea and Vaslui) were the largest contributors of traffic to individual routes (13.05%) and that 1.84% of all trips originated from Bucharest City (the capital of Romania), through the A1 route. There were no registered travellers from the Bihor, Calarasi, Caras Severin, Dolj, Gorj, Hunedoara, Mehedinti, Salaj, Satu Mare or Valcea counties.



Table 2 describes the distribution of trip origins for all surveyed trips for each individual route, and Figure 6 shows the origin of respondents’ travel for each county.




3.2. Destination of the Trip


As with the question of trip origin, respondents were given several options to describe their destination. It was found that approximately 88% of all trips were destined to stay in Bacau County, with about 8% variation for individual routes, and about 12% of the respondents had 23 counties, out of the 41 counties of Romania, as their trip destination. Additionally, an analysis of the questionnaires revealed that between 3.52% and 17.61% of the trips were to counties bordering Bacau County (Neamt, Iasi, Harghita, Covasna, Galati, Vrancea and Vaslui), and 1.21% of all trips were destined for Bucharest City (the capital of Romania), through the A1 route. There were no registered travellers in the Arges, Bihor, Calarasi, Caras Severin, Dambovita, Dolj, Gorj, Hunedoara, Ialomita, Maramures, Mehedinti, Mures, Olt, Salaj, Teleorman, Timis, Tulcea and Valcea counties.



Table 3 describes the distribution of trip destinations for all surveyed trips for each individual route, and Figure 7 shows the travel destination of respondents for each county in Romania.




3.3. Hourly Interval


The time intervals during which the interviews were carried out were 07.30–13:30 and 14:30–17:30. An analysis of the interviews revealed that the time intervals during which the most interviews were carried out were 07:30–08:30, with 15.55% of the questionnaires and a variation of approximately 1% for each individual route, and 16:30–17:30, with 16.18% of the questionnaires and a variation of 2% for each individual route. From these results, it can be concluded that the highest traffic is recorded in these time intervals because the journey to work/school (07:30–08:30) and the return home (16:30–17:30) takes place in these time intervals. It was observed that two other time intervals with high traffic volumes were 11:30–12:30, at 11.28%, and 12:30–13:30, at 12.07%. The high traffic in these two time intervals was due to the commuting of preschool and high school students in the localities bordering Bacau municipality. The time intervals that registered the lowest traffic were 9:30–10:30, at 8.94%; 10:30–11:30, at 8.5%; and 14:30–15:30, at 6.08%.



Table 4 and Figure 8 show the hourly intervals of trips, recorded as origin-destination survey points.




3.4. Trip Purpose


Respondents were asked their trip purpose on the day of the survey and were given several choices: work/shuttle (WS), work interest (WI), studies/school (SS), shopping (SP), free time (FT) and other purpose (OP), of which they could check only one. Table 5 presents the trip purpose information in detail, and Figure 9 shows the trip purpose for the total of all the surveyed routes. Following the questionnaire analysis, it can be noted that, as expected, an overwhelming majority of trips were destined for the workplace: just over 40%, with 7% variation for individual routes. It was also observed that the next-highest trip purposes were work interest, at 12.26%, followed by free time, at 10.65%, and 6.74% of the respondents went shopping, while the purpose of 2.23% of them was school. It was also noted that 27.33% of the respondents had a different purpose of travel compared to those listed by the interviewer or did not want to declare the purpose of their trip.




3.5. Vehicle Occupancy


Respondents were asked how many occupants were in their vehicle, including themselves. An analysis of the interviews revealed that single occupant vehicles represented 58.35% of all trips; vehicles with two occupants represented 27.13%; vehicles with three occupants represented 8.02% of all trips; and those with four passengers represented just over 3%. It was also found that vehicles with five or more occupants comprised just under 5%. The average vehicle occupancy for the surveyed routes was calculated at 1.52 people.



Table 6 and Figure 10 in detail describe the vehicle occupancy for each of the six interview points.




3.6. Vehicle Registration County


Another rubric in the interview questionnaire referred to the country of registration of the reviewed vehicles. Figure 11 shows the number of cars registered in Romania (N) and the number of cars registered in a foreign country (I). Thus, of the 3040 vehicles surveyed, 2979 were vehicles registered in Romania (97.99%), while only 61 vehicles were registered abroad (2.01%). These percentages registered very small variations in the six interview points (Table 7 and Figure 11).




3.7. Type of Vehicle


The rubric from the questionnaire relating to the type of vehicle was completed by the interviewer. He noticed the type of car stopped for review and ticked one of the options in the questionnaire:




	
Buses and coaches (BCs).



	
Trucks and derivatives with two axles (>3.5 t) (TD2s).



	
Trucks and derivatives with 3 or 4 axles (TD3s).



	
Trucks and special vehicles with MTMA ≤ 3.5 tonnes (TSs).



	
Passenger cars (PCs).



	
Passenger transport minibuses 8 + 1 seats (PTs).



	
Articulated vehicles and tugs with a trailer (AVs).








The following general observations were made on type of vehicle (Table 8 and Figure 12): 67.66% of the reviewed vehicles were part of the PCs category, followed by vehicles from category TSs, with 19.6%, and the other five types of vehicles (BCs, TD2s, TD3s, PTs and AVs) each have percentages lower than 5%.




3.8. Complex Data Analysis


Next, a complex analysis of the studied parameters was carried out. This analysis involved the identification of certain correlations between the studied parameters and their grouping into specific groups that are easy to follow.



The fractional analysis of the questionnaire attempted to identify correlations between the studied parameters. Initially, a visual analysis was carried out by using a parallel graphical representation (from OriginLab software) in order to put forth an overall representation. Owing to the very large number of data (3040 data) and to the large set of responses, this type of representation was carried out for each individual investigation point (Figure 13), for the identification of the origin and destination and for the identification of the registration.



An analysis of the graphical representations in Figure 13 concludes that because the traffic analysis was carried out in Bacau municipality, the county seat, a significant number of cars were found to have Bacau County as their origin and destination. This can also be identified in Figure 5 and Figure 6. According to an analysis of the origin and destination of the cars interviewed, most of the results obtained correspond to the administrative-territorial structure. For Point A1, the number of vehicles that had Bacau County as their destination was 61% more than those that left Bacau County. It can be seen that this point is traversed by a lot of cars originating in the north and the south of the country. It was also observed that for Points A2, A3, A5 and A6, the difference between the number of cars originating from and destined to Bacau County is very small, ranging from 3% to 15%, the dominant number of cars destined for Bacau County, while for Point A4, the difference between the number of cars originating from and destined to Bacau County was about 7%, the majority of cars originating from Bacau County.



The graphical representations in Figure 12 also show a very small number of locations that do not correspond, from an administrative point of view. This was because drivers were asked to specify their departure and their final destination, and the municipality of Bacau is a transit location.



Figure 14 shows correlations between car type, trip purpose and number of passengers in the car. In Figure 14, in order not to load the graphic representation, the following notations were made: 1—work/shuttle; 2—work interest; 3—studies/school; 4—shopping; 5—free time; and 6—other purpose.



In addition to the conclusions drawn from the analysis of Figure 9, Figure 10 and Figure 12, from which general conclusions were drawn for the three questions in the questionnaire, it can be seen in those figures that for Point A1, the highest number of vehicles was found to be PCs, at 314, followed by TSs, at 96. From the large number of PCs, it is observed that 41.7% of them had other purpose and 35% had work interest as the purpose of their trip. For TSs, 73% of them selected work interest. About 60% of the drivers of PCs had no passengers, and 53.1% of the drivers of TCs were alone in the cab. At Point A2, the highest share of vehicles comprised passenger cars, at 66.4%, where two (36.3%) and six (26%) people were in the cab, and 53.6% of these vehicles had only a driver. The next-largest group of vehicles was PCs, at 119 vehicles, 69.74% selected work interest as their purpose. In addition, for these vehicles, 64.7% of the drivers were alone in the car. At Points A2 and A3, the highest share of vehicles comprised passenger cars, at 63.9%, who selected work interest (28.3%) or other purpose (34.7%); 47.8% of these vehicles had only a driver in them. TSs were in second place, representing 22.6% of all vehicles, whose occupants selected work interest as the main purpose (62.06%), and 53.4% of the drivers were alone in the car. At Point A4, the highest number of vehicles were in the PCs category, at 62.2%, followed by TSs, at 30.1%. For passenger cars, the main purpose of the journey was other purpose, at 45%, followed by work, at 22.1%, and work interest, at 22.4%. In the case of TSs, the same main activity was found, i.e., work interest, at 53.6%. Like the points presented above, the highest share of vehicles with only drivers in them was corepresenting the other categories, i.e., 60.9% of cars.



It was also observed that 74.7% of the vehicles that passed through Point A5 were motor vehicles, and in contrast to the previous points presented under Point A5, the next category of motor vehicles, at 11.77%, were PTs. The main purpose of the journey for these two vehicle categories was work interest, at 30.1% of motor vehicles and 61.4% of PTs. Additionally, at Point A5, 225 traffic participants were alone in the vehicle; this number is included in the category of car drivers.



At Point A6, 68.9% of the cars identified their purpose as work interest. In terms of the number of persons in the car, it was found that 56% of those questioned were alone in the vehicle. The second largest category of vehicles that were identified as passing through Point A6 were TSs, at 52 vehicles, whose purpose was work interest. Additionally, in this category of vehicles, it was found that 73% of the drivers were alone.



However, even from an analysis of these graphs, no correlations can be identified between the studied parameters. For this reason, a statistical analysis was used, i.e., a hierarchical cluster analysis, obtained using OriginLab software. The analysis was carried out by taking into account all the parameters previously presented and analysed, aiming at identifying an absolute correlation. The analysis performed by the programme resulted in the graphical representation shown in Figure 15.



From a statistical point of view, it can be concluded that as a result of the statistical analysis, three clauses emerge, from which the main correlations between the studied parameters are apparent. The first cluster is defined by the origin and destination of the trip, where origin is the most representative variable and where the second cluster comprises the type of vehicle and the number of passengers. Vehicle type and trip purpose are the characteristics included in the last cluster, and the time parameter is, according to the statistical analysis, the last representative parameter of the last cluster, being a secondary parameter.





4. Discussion


The main purpose of the work was to analyse the data obtained from conducting a questionnaire-type analysis, on the origin and destination of the vehicles that were on the entrance route to the Bacau municipality. This analysis is part of a plan for the realization of the traffic model corresponding to the municipality of Bacau and represents only part of the information necessary for its creation. The aim of the study is to identify certain correlations between the data obtained from the questionnaire.



According to this traffic model, the Bacau municipality needed a bypass belt, an objective that was completed in the second half of 2021.



In the future, we propose to carry out a second study that will have as its objective the impact of the bypass belt of Bacau on the traffic in the municipality of Bacau, aiming to carry out a comparative study between the values obtained in 2016 and new values.



A comparison of the analysis presented in the paper with those found in the literature (including only studies that conducted an origin-destination type of analysis and not a traffic model) reveals that the present paper is highlighted by the following: (1) it introduces a representation model of data, obtained after the questionnaire, that is much more complex but at the same time easier to analyse (Figure 13 and Figure 14) and (2) it carries out a hierarchical cluster statistical analysis with the aim of identifying whether traffic is influenced by certain individual factors or a combination of factors (Figure 15).




5. Conclusions


At the current stage of global economic development, transport planners are faced with the options of building new roads or implementing traffic management programmes as a result of increasing transport demand.



In order to realize the transport model for Bacau municipality, but also for traffic analysis and forecasting, it was necessary to collect concrete traffic data. Data from a sample of 3040 drivers were used to obtain traffic information.



The majority of respondents (about 80%) had Bacau County as the origin of the trip, the other respondents coming from 31 of the other counties of Romania, and no vehicles came from the other 10 counties of Romania.



Regarding the destination of the trip, almost 90% of the travellers had Bacau County as the final destination of the trip; the rest of the respondents were travelling to one of the 23 other counties of Romania.



The time intervals in which most interviews were conducted were 07:30–08:30, with a variation of approximately 1% for each route, and 16:30–17:30, with a variation of 2% for each route.



In terms of trip purpose, as expected, an overwhelming majority of trips were to work (of the six travel options): at just over 40%, with a 7% variation for individual routes.



The average vehicle occupancy for the all the surveyed routes was calculated at 1.52.



Of the cars that participated in the survey, 98% were registered in Romania, and the rest were registered abroad.



Additionally, following the interviews, it was found that approximately 70% of the vehicles surveyed belonged to the PCs category.



The results of the raw data processing were of particular importance in both calibrating and validating the transport model in terms of the spatial distribution of trips and trip purposes.



The statistical analysis resulted in three groups, into which the analysed variable parameters could be grouped.



As a final conclusion of this study, it can be said that the Bacau municipality is a city where the number of vehicles is high, which results from the large number of drivers who were surveyed in the relatively small time interval, i.e., 3040 questionnaires in 10 h. These drivers are only a fraction of those who passed through the checkpoints. Bacau is also a road junction linking the north of Moldavia to the south, east and west of the country.



The origin-destination questionnaires were used for the elaboration of the sustainable urban mobility plan of the municipality of Bacau and implicitly to improve the efficiency of transport services and infrastructure, reduce the need for motorized transport, reduce the environmental impact and energy consumption of transport activities, ensure an optimal level of accessibility within the locality and within the metropolitan/periurban areas, ensure a safe environment for the population and ensure accessibility for all categories of people, including people with disabilities.



Consequently, the assessment of the current and future mobility of Bacau in terms of its impact on economic efficiency, the environment, accessibility and safety was implicitly an assessment of its impact on the quality of life and liveability of cities.
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Figure 1. The steps of a sustainable urban mobility plan. 
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Figure 2. Location of points where origin-destruction surveys were carried out. 
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Figure 3. Image of the investigation point A1 (DN 2, km 280 + 400), metropolitan Praktiker area. 
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Figure 4. Schematic presentation of the interview questionnaire questions. 
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Figure 5. Presentation of the work steps required for both data collection and data analysis. 
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Figure 6. Graphic representation for origin of respondents’ trip for each county. 
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Figure 7. Graphic representation for destination of respondents’ trip for each county. 






Figure 7. Graphic representation for destination of respondents’ trip for each county.



[image: Sustainability 15 04975 g007]







[image: Sustainability 15 04975 g008 550] 





Figure 8. Graphic representation for hourly interval of trip, recorded as origin-destination survey points. 
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Figure 9. Graphic representation for trip purposes, recorded as origin-destination survey points. 
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Figure 10. Graphic representation for vehicle occupancy recorded as origin-destination survey points. 
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Figure 11. Graphic representation for vehicle registration county, recorded as origin-destination survey points. 
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Figure 12. Graphic representation for type of vehicle, recorded as origin-destination survey points. 
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Figure 13. Identification of cars according to their origin, destination and registration: (a) Point A1; (b) Point A2; (c) Point A3; (d) Point A4; (e) Point A5; (f) Point A6. 
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Figure 14. Analysis of the data obtained for each point, according to type of car, purpose of travel and number of passengers: (a) Point A1; (b) Point A2; (c) Point A3; (d) Point A4; (e) Point A5; (f) Point A6. 
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Figure 15. Demographic representation of correlations between questionnaire parameters. 
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Table 1. Summary of the findings and the gaps in the literature.
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	Location under Analysis
	Type of Data Analysis
	Findings
	Gaps





	Romania—Pitesti [25]
	
	−

	
statistical analysis






	
	−

	
questionnaire completed on paper




	−

	
1-month survey




	−

	
14 h monitoring






	Small number of questions in the questionnaire (5)

The number of questionnaires analysed was not specified



	USA—Sussex, NJ [29]
	
	−

	
statistical and graphical analysis






	
	−

	
questionnaire completed on paper




	−

	
5186 respondents




	−

	
the questionnaire was conducted for 1.5 months






	The questionnaire was conducted only for a period of 3 h, in the morning



	USA— Bloomington-Normal, IL [30]
	
	−

	
statistical and graphical analysis






	
	−

	
questionnaire completed on paper




	−

	
20 monitoring points




	−

	
6023 respondents






	There is no data on the period during which monitoring was carried out



	Czech Republic [31]
	
	−

	
statistical and graphical analysis




	−

	
estimation model




	−

	
DEA model for evaluation






	
	−

	
questionnaire completed online




	−

	
3136 respondents




	−

	
1-month survey






	Investigation was affected by the COVID-19 situation



	Czech Republic [32]
	statistical and graphical analysis
	questionnaire completed online
	A small number of respondents participated in the questionnaire (45), who were chosen as experts



	Italy—Palermo [33]
	statistical and graphical analysis
	
	−

	
questionnaire completed online and on paper




	−

	
400 respondents




	−

	
1-month survey




	−

	
13 questions






	Some questions were multiple choice



	Latvia—Valmiera [34]
	document analysis
	
	−

	
carrying out questionnaires




	−

	
semistructured deep interviews




	−

	
structured observations






	No values were given, and the way the questionnaire was carried out was not shown



	Canada—Montreal, QC [35]
	statistical and graphical analysis
	
	−

	
360,000 respondents






	The mode of completion of the questionnaire was not specified

The period during which the analysis was carried out was not specified



	Chile—Temuco [36]
	statistical analysis
	
	−

	
1721 respondents




	−

	
questionnaire completed on paper






	The mode of completion of the questionnaire was not specified

The analysis was carried out in 2013 and the article presenting the data was published in 2022



	Brazil—Rio de Janeiro [37]
	statistical and graphical analysis
	
	−

	
questionnaire completed on paper




	−

	
9578 respondents






	The period during which the analysis was carried out was not specified



	India—Nagpur [38]
	statistical and graphical analysis
	
	−

	
questionnaire completed on paper




	−

	
study conducted over 2 months




	−

	
437 respondents






	The study was carried out for a region and not for a city



	Nepal—Kathmandu Valley [39]
	statistical and graphical analysis
	
	−

	
questionnaire completed on paper




	−

	
18,100 respondents




	−

	
study conducted over 2 months






	The study was carried out for a region and not for a city
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Table 2. Origin of trip, recorded as origin-destination survey points.
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Point Number

	
A1

	
A2

	
A3

	
A4

	
A5

	
A6

	
All Routes




	
Origin of Trip

	

	
T

	
%

	
T

	
%

	
T

	
%

	
T

	
%

	
T

	
%

	
T

	
%

	
T

	
%






	
Bacau County

	
426

	
72.94

	
217

	
50.93

	
449

	
87.35

	
405

	
83.67

	
538

	
91.49

	
365

	
82.2

	
2400

	
78.94




	
Other Counties

	
158

	
27.06

	
209

	
49.07

	
65

	
12.65

	
79

	
16.33

	
50

	
8.51

	
79

	
17.8

	
640

	
21.06




	
Total

	
584

	
100

	
426

	
100

	
514

	
100

	
484

	
100

	
588

	
100

	
444

	
100

	
3040

	
100
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Table 3. Destination of trip, recorded as origin-destination survey points.
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Point Number

	
A1

	
A2

	
A3

	
A4

	
A5

	
A6

	
All Routes




	
Destination of Trip

	

	
T

	
%

	
T

	
%

	
T

	
%

	
T

	
%

	
T

	
%

	
T

	
%

	
T

	
%






	
Bacau County

	
487

	
83.39

	
351

	
82.39

	
484

	
94.16

	
467

	
96.48

	
502

	
85.37

	
379

	
85.36

	
2670

	
87.82




	
Other Counties

	
97

	
16.61

	
75

	
17.61

	
30

	
5.84

	
17

	
3.52

	
86

	
14.63

	
65

	
14.64

	
370

	
12.18




	
Total

	
584

	
100

	
426

	
100

	
514

	
100

	
484

	
100

	
588

	
100

	
444

	
100

	
3040

	
100
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Table 4. Hourly interval of trip, recorded as origin-destination survey points.
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Point Number

	
A1

	
A2

	
A3

	
A4

	
A5

	
A6

	
All Routes




	
Hourly Interval

	

	
T

	
%

	
T

	
%

	
T

	
%

	
T

	
%

	
T

	
%

	
T

	
%

	
T

	
%






	
7.30–8.30

	
91

	
15.58

	
63

	
14.78

	
79

	
15.36

	
83

	
17.14

	
92

	
15.64

	
65

	
14.63

	
473

	
15.55




	
8.30–9.30

	
77

	
13.18

	
53

	
12.44

	
35

	
6.80

	
44

	
9.09

	
84

	
14.28

	
45

	
10.13

	
338

	
11.11




	
9.30–10.30

	
43

	
7.36

	
45

	
10.56

	
44

	
8.56

	
39

	
8.05

	
63

	
10.71

	
38

	
8.55

	
272

	
8.94




	
10.30–11.30

	
61

	
10.44

	
52

	
12.20

	
48

	
9.33

	
28

	
5.78

	
46

	
7.82

	
25

	
5.63

	
260

	
8.55




	
11.30–12.30

	
68

	
11.64

	
49

	
11.50

	
65

	
12.64

	
54

	
11.15

	
49

	
8.33

	
58

	
13.06

	
343

	
11.28




	
12.30–13.30

	
74

	
12.67

	
46

	
10.79

	
72

	
14.00

	
59

	
12.19

	
59

	
10.03

	
57

	
12.83

	
367

	
12.07




	
14.30–15.30

	
39

	
6.67

	
20

	
4.694

	
26

	
5.058

	
18

	
3.71

	
49

	
8.33

	
33

	
7.43

	
185

	
6.08




	
15.30–16.30

	
44

	
7.53

	
30

	
7.042

	
58

	
11.28

	
72

	
14.87

	
58

	
9.86

	
48

	
10.81

	
310

	
10.19




	
16.30–17.30

	
87

	
14.89

	
68

	
15.96

	
87

	
16.92

	
87

	
17.97

	
88

	
14.96

	
75

	
16.89

	
492

	
16.18




	
Total

	
584

	
100

	
426

	
100

	
514

	
100

	
484

	
100

	
588

	
100

	
444

	
100

	
3040

	
100
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Table 5. Trip purpose, recorded as origin-destination survey points.
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Point Number

	
A1

	
A2

	
A3

	
A4

	
A5

	
A6

	
All Routes




	
Trip Purpose

	

	
T

	
%

	
T

	
%

	
T

	
%

	
T

	
%

	
T

	
%

	
T

	
%

	
T

	
%






	
WS

	
275

	
47.08

	
175

	
41.07

	
209

	
40.66

	
182

	
37.60

	
199

	
33.84

	
199

	
44.81

	
1239

	
40.75




	
WI

	
47

	
8.04

	
38

	
8.92

	
54

	
10.50

	
56

	
11.57

	
138

	
23.46

	
40

	
9.00

	
373

	
12.26




	
SS

	
13

	
2.22

	
17

	
3.99

	
8

	
1.55

	
18

	
3.71

	
0

	
0

	
12

	
2.702

	
68

	
2.23




	
SP

	
35

	
5.99

	
31

	
7.27

	
77

	
14.98

	
33

	
6.81

	
11

	
1.87

	
18

	
4.054

	
205

	
6.74




	
FT

	
90

	
15.41

	
13

	
3.05

	
30

	
5.83

	
74

	
15.28

	
33

	
5.61

	
84

	
18.91

	
324

	
10.65




	
OP

	
124

	
21.23

	
152

	
35.68

	
136

	
26.45

	
121

	
25

	
207

	
35.20

	
91

	
20.49

	
831

	
27.33




	
Total

	
584

	
100

	
426

	
100

	
514

	
100

	
484

	
100

	
588

	
100

	
444

	
100

	
3040

	
100
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Table 6. Vehicle occupancy, recorded as origin-destination survey points.
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Point Number

	
A1

	
A2

	
A3

	
A4

	
A5

	
A6

	
All Routes




	
Occupancy

	

	
T

	
%

	
T

	
%

	
T

	
%

	
T

	
%

	
T

	
%

	
T

	
%

	
T

	
%






	
1

	
331

	
56.67

	
245

	
57.51

	
262

	
50.97

	
285

	
58.88

	
374

	
63.60

	
277

	
62.38

	
1774

	
58.35




	
2

	
160

	
27.39

	
128

	
30.04

	
156

	
30.35

	
128

	
26.44

	
152

	
25.85

	
101

	
22.74

	
825

	
27.13




	
3

	
58

	
9.93

	
33

	
7.74

	
54

	
10.5

	
27

	
5.57

	
38

	
6.46

	
34

	
7.65

	
244

	
8.02




	
4

	
17

	
2.91

	
13

	
3.05

	
24

	
4.66

	
11

	
2.27

	
13

	
2.21

	
15

	
3.37

	
93

	
3.05




	
5

	
7

	
1.19

	
4

	
0.93

	
15

	
2.91

	
6

	
1.23

	
9

	
1.53

	
6

	
1.35

	
47

	
1.54




	
>5

	
11

	
1.88

	
3

	
0.70

	
3

	
0.58

	
27

	
5.57

	
2

	
0.34

	
11

	
2.47

	
57

	
1.87




	
Total

	
584

	
100

	
426

	
100

	
514

	
100

	
484

	
100

	
588

	
100

	
444

	
100

	
3040

	
100
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Table 7. Vehicle registration county recorded as origin-destination survey points.
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Point Number

	
A1

	
A2

	
A3

	
A4

	
A5

	
A6

	
All Routes




	
Occupancy

	

	
T

	
%

	
T

	
%

	
T

	
%

	
T

	
%

	
T

	
%

	
T

	
%

	
T

	
%






	
N

	
568

	
97.26

	
419

	
98.35

	
505

	
98.25

	
476

	
98.35

	
579

	
98.46

	
432

	
97.29

	
2979

	
97.99




	
I

	
16

	
2.74

	
7

	
1.65

	
9

	
1.65

	
8

	
1.75

	
9

	
1.64

	
12

	
2.71

	
61

	
2.01




	
Total

	
584

	
100

	
426

	
100

	
514

	
100

	
484

	
100

	
588

	
100

	
444

	
100

	
3040

	
100
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Table 8. Type of vehicle, recorded as origin-destination survey points.
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Point Number

	
A1

	
A2

	
A3

	
A4

	
A5

	
A6

	
All Routes




	
Type of Vehicle

	

	
V

	
%

	
V

	
%

	
V

	
%

	
V

	
%

	
V

	
%

	
V

	
%

	
V

	
%






	
BCs

	
6

	
1.02

	
4

	
0.93

	
3

	
0.58

	
4

	
0.82

	
2

	
0.34

	
3

	
0.67

	
22

	
0.72




	
TD2s

	
16

	
2.73

	
6

	
1.40

	
28

	
5.44

	
10

	
2.06

	
13

	
2.21

	
18

	
4.05

	
91

	
2.99




	
TD3s

	
10

	
1.71

	
2

	
0.46

	
12

	
2.33

	
3

	
0.61

	
5

	
0.85

	
13

	
2.92

	
45

	
1.48




	
TSs

	
119

	
20.37

	
96

	
22.53

	
116

	
22.56

	
39

	
8.05

	
177

	
30.10

	
49

	
11.03

	
596

	
19.60




	
PCs

	
382

	
65.41

	
311

	
73.00

	
329

	
64.00

	
364

	
75.20

	
366

	
62.24

	
305

	
68.69

	
2.057

	
67.66




	
PTs

	
33

	
5.65

	
4

	
0.93

	
20

	
3.89

	
57

	
11.77

	
9

	
1.53

	
19

	
4.27

	
142

	
4.67




	
AVs

	
18

	
3.08

	
3

	
0.7

	
6

	
1.16

	
7

	
1.44

	
16

	
2.72

	
37

	
8.33

	
87

	
2.86




	
Total

	
584

	
100

	
426

	
100

	
514

	
100

	
484

	
100

	
588

	
100

	
444

	
100

	
3040

	
100
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