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Abstract

:

Incheon is a major city comprising the metropolitan area around Seoul. However, it ranks the lowest in terms of road extension scale relative to population and number of vehicles. There is extreme traffic congestion and shortages of parking spaces in downtown Incheon, impacting traffic. Alternative policies of the municipal government to address these issues, including road extension and improving public transportation, have not shown results because of the low satisfaction level of the public transportation service and limited transportation mode transfer owing to travel within the metropolitan area. Therefore, to improve the public transportation service, conducting a comprehensive analysis on the current service and improving its quality were deemed necessary. Additionally, adopting a demand response public transportation service was considered. In conjunction, objective and easy-to-use data should be used, so that if anyone repeats the procedure, the same result should be obtained. For this, we propose the simplest process. Thus, to introduce the service, this study presents a decision-making process by establishing a regional prioritizing methodology based on the transportation environment satisfaction level, average access time to major facilities, public transportation competitiveness, personal vehicle demand, and existing public transit routes. To assess the methodology feasibility and conformity, user satisfaction was analyzed in Jung-gu, Incheon. The analysis showed 91% user satisfaction, verifying that the demand response public transportation service was effectively supplied. This analysis process will be useful when applying and expanding new transportation services.
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1. Introduction


Throughout the world, the continuous occurrences of urban transportation issues are portrayed as a serious urban issue. This problem has still not been resolved despite persistent technical and policy support and effort. The issue has further intensified owing to increased population in cities and the increase in megacities to the point where the concept of the megalopolis has been introduced. Moreover, increasing global population and aging are also accelerating the population concentration problem in cities [1,2,3].



The representative urban transportation issues caused by urban population concentration and expansion of cities are as follows: As public transit can only be used after a user arrives at a bus stop or a subway station, it requires that the users walk to a stop or a station. Moreover, waiting time is unavoidable as public transit is not always available immediately when the users arrive at a stop or a station. Road transportation modes such as buses and taxis allow users to experience traffic congestion, which deprives freedom of travel. The more aggravated these inconveniences become in using public transportation, the more personal vehicles are being used. In this regard, research related to automobile dependence on the outskirts [4,5,6] and sustainable rural access [7,8,9,10] was recently conducted. This automobile dependence leads to demand that exceeds the limited capacity of roads, causing severe traffic congestions. Vehicles that cause the congestion commit illegal parking owing to insufficient parking spaces, leading to extreme social issues such as casualties within child protection zones. Furthermore, the excessive use of vehicles degrades the mobility of public transportation, which again leads to a decreased use of public transportation. Its cumulated results cause serious environmental issues due to particulate matter and gas emissions, etc. In fact, transportation was verified to be the major source of carbon emissions and particulate matter generation, which is particularly recognized as a serious problem [5,11,12].



To overcome these issues, new mobility services have emerged. These services include transportation services using shared transportation modes such as car sharing [11,13,14,15]. In particular, the concept of integrated transit service called Mobility as a Service (MaaS) was introduced recently and technical development for implementing increasingly advanced services is being encouraged. In the past, MaaS was recognized as the concept of one-card, one-pass (one transit card allowing the use of different transportation modes). However, the concept is being developed into using unlimited transportation services for a certain period by paying a flat-rate fee, regardless of transportation modes. During the process of this development, there has been a start to include personal vehicles (kickboards and bicycles, etc.) and paratransit modes such as the taxi in addition to traditional public transportation modes such as the bus and subway. The development extends its scope to designing and operating a single integrated platform of an entire transportation system by planning travel with all available means including ships and airplanes, etc., and proposing optimal routes and fees. MaaS is expected to provide a more powerful urban transportation service by distributing demand into various transportation modes, suggesting optimal routes, and controlling the traffic flow in urban areas accordingly.



MaaS enables the users to travel (a series of steps from the starting point and endpoint of travel) more efficiently so that they can use it without waiting a long time to facilitate transfer between different modes and provide door-to-door services similar to using personal vehicles. This is usually expected to reduce demand for vehicles to ultimately address urban transportation issues (congestions, parking problems, and pollution, etc.) simultaneously. In addition, it is expected to provide new growth engines toward sustainable green cities, completing a coexisting virtuous cycle of urban structure for the long term. However, the technology is only at the starting line of the conceptual establishment. To provide better services, the technology needs to be advanced by developing more systematic methodologies and implementing a variety of pilot projects, etc. Regarding this matter, many countries have studied a variety of living lab approaches [16,17,18]. Many cases of experimental investigation underscore the importance of community participation [19,20,21,22]. Furthermore, case studies of small towns or villages demonstrate the importance of local characteristics in the decision-making process [23,24,25].



Nevertheless, it has been determined that there are not enough cases of application or the demonstration of the services in regions with more complex urban structures. As such, this study designed services for Incheon City in the Republic of Korea (ROK) and analyzed the effectiveness based on service provision. In this regard, this study introduces an example of applying the simplest analysis results to the decision-making process conducted for the supply of new transportation means or systems, using data provided by the country that can be obtained simply. Research like this can be of great help in reducing difficulties in areas hesitating to introduce new means and systems, and in giving easy data access to researchers. Although this is a case in Korea, similar survey data are being produced in many countries, and when used, it is expected that it can be easily applied.




2. Status on Service Supply Target Area


Incheon City is a city in ROK, located in the far-east Asian region. Its geographical location is 126°37′ E, 37°28′ N. Among the seven metropolitan cities in the country, Incheon has the largest urban area (1063 km2), but a relatively low population density (2779 persons/km2), which is ranked 5th [26]. Moreover, its administrative area system currently consists of eight units of gu, one of eup, 19 of myeon, and 113 of dong. When expanded to units of eup, myeon, and dong, it consists of a total of 153 administrative areas, requiring a great deal of investment resources including a variety of supportive policies to balance transportation services in the area.



As shown in Figure 1, the structure and data source and contents for the basic decision-making method were defined. To examine the current status more objectively and in detail, data research and analysis on the status of transportation facilities and services in the region were conducted as follows. The composition of the following study was classified according to the composition and subject of each data. Section 2.1 provides the statistics related to roads, Section 2.2 presents survey results related to bus service, Section 2.3 presents survey results related to the subway, and Section 2.4 presents the results of the overall satisfaction survey on public transport services. Each content is related to the status of the transportation facility and the user’s evaluation of the use of the facility.



2.1. Road Statistics


According to the road extension rate statistics shown in Table 1 [27], out of 17 cities and provinces, Incheon is rated 10th in the area and 11th in road extension, implying that the road extension compared to the city area is at a similar level to the national average ratio. On the other hand, its population and the number of vehicles are ranked 5th and 4th, respectively, showing a relatively higher population and a greater number of registered vehicles. Thus, it was revealed that the road extension per person is poor, and road extension per vehicle is the lowest of all cities and provinces in the country. This aggravates traffic congestion and shortage of parking spaces. The government has been consistently investing with the budget to resolve these issues; however, as road extension cannot be increased infinitely, transportation modes need to be transferred to public transportation (to decrease the mode share of personal cars).




2.2. Status of Bus Service Provision


As previously reviewed, the city of Incheon has a large area and a mixture of various land uses, providing an unusual bus service. A characteristic is that the stops and routes are concentrated in a specific area.



Incheon City provides an average of 7.73 buses per 10,000 people through a total of 5634 stops and 197 routes, which is higher than Seoul (7.31 buses/10,000 people) and Busan (7.15 buses/10,000 people), and the highest in the country [28]. The number of buses supplied for the urban area is relatively low, which is 1/6 of Seoul and 2/3 of Busan. However, it is attributable to a higher proportion of islands and mountainous areas than Seoul and Busan.



There are many areas in which public transportation, including such islands, is relatively difficult to supply, and demand is also difficult to maintain, so it is not easy to provide public transportation services. As described above, Incheon has characteristics of both urban and suburban areas, so the results of this study are thus considered to be more meaningful.




2.3. Status of Subway Service Provision


In Incheon, a total of five subway lines operate including Incheon line 1, Incheon line 2, Gyeong-in line, Su-in line, and Seoul metropolitan line 7. The system provides a total of 80 passenger stations (transfer stations duplicated) [29]. Table 2 shows the subway allocation status by gu and gun of Incheon.



Table 3 shows the results of reanalyzing the statistics based on the number of stations per unit area (1 km2) and population (10,000 people) by excluding Ganghwa-gun and Ongjin-gun, which do not have subway stations.



Compared with Seoul, having the most excellent public transportation service in the country with a total of 316 stations in 25 units of gu, Yeonsu-gu, which has the highest number of stations per unit population in Incheon, is placed between Gangnam-gu in Seoul (0.49 stations/10,000 people) and Yeongdeungpo-gu (0.35 stations/10,000 people). It is equivalent to 7th place out of the 25 units of gu in Seoul. The number of stations per unit population excluding Ganghwa-gun and Ongjin-gun is equivalent to 17th place out of the 25 units of gu in Seoul, which is higher than Seocho-gu. Bupyeong-gu, having the highest number of stations per unit area (0.38 stations/km2) in Incheon, would be the 20th in Seoul, between Seongbuk-gu and Dobong-gu. It is equivalent to the average level of Seoul that has approximately four times higher number of stations per unit population. It was confirmed that Incheon provides moderate investment in infrastructure and services.




2.4. Review of User Satisfaction Level for Public Transportation Service


As the Incheon City government aims to increase the demand mode share of public transportation by reducing demand for private vehicles, the demand can be transferred to public transportation if the user satisfaction level for public transportation is high and continuously increasing. Thus, the citizens’ satisfaction level for public transit was reviewed as shown in Figure 2. However, the figure demonstrates that in Incheon, the overall user satisfaction level decreased by about 1% each year, and remained lower than the national average level for the three years between 2016 and 2018.




2.5. Comprehensive Analysis Results and Findings


All types of transportation modes operating in the country are concentrated in Incheon City, where also a world-class airport Incheon International Airport is located. The city also has Incheon Port, a representative port of Korea. Moreover, it is equipped with metropolitan land transport infrastructures including express railways that run across the country, and a variety of infrastructures for providing public transportation services. Nevertheless, the user satisfaction level continues to decline; however, it implies that it is not caused by insufficient efforts to expand the transportation service infrastructure and improve services for traffic services including public transportation.



Based on the results of examining the abovementioned statistics, issues related to roads and transportation in Incheon can be diagnosed as follows. Even though each unit of gu provides a sufficient number of bus stops and subway stations, they are concentrated in certain areas, degrading the accessibility of many citizens to public transportation infrastructures (in cases of long spatial distances), or lowering connectivity, which requires multiple transfers to reach a destination (in cases of lack of information or long temporal/psychological distances). Such cases are also revealed in a precedent study [33], and to address them, efforts have been made by using different methods including providing additional infrastructure and adding routes (to reduce the number of transfers and waiting time). However, these methods, have been allocated a limited amount of budget, the effectiveness compared to the amount of the budget can be low, and the beneficiary of services is limited to certain areas. Therefore, these are difficult to be considered as alternatives.



To overcome these challenges, this study aimed to provide a new form of public transportation service and established the following goals to be achieved.



	
Spatial Distance: To reduce travel distance to bus stops/subway stations, and to reduce the travel distance between transfer stations.



	
Temporal Distance: To reduce travel time to bus stops/subway stations, to reduce transfer time, and to reduce waiting time at bus stops/subway stations.



	
Psychological Distance: To reduce the number of transfers.



	
Transportation Information: To provide integrated information on optimal/shortest travel routes/modes during transportation.






These goals are to overcome road and transportation issues by providing a new form of services such as “new sharing means” and “MaaS,” rather than using existing approaches such as adding infrastructure and modes.





3. Subject Areas to Supply Demand Response Public Transportation Modes


To select subject areas to resolve traffic problems through the supply of demand response public transportation modes, the following items were analyzed. The items for analysis include (1) areas with lower user satisfaction level for traffic environment, (2) areas with longer travel time to major infrastructure, (3) areas with lower public transportation competitiveness, (4) areas with higher demand for private vehicles, and (5) areas with expected adjustment of public transportation routes. These factors were comprehensively analyzed to derive areas with service needs.



3.1. Areas with Lower User Satisfaction Level for Traffic Environment


The table below shows the results of the investigation by Incheon City on residents’ subjective satisfaction level for traffic environment based on a comprehensive review of relevant facilities for public transportation and roads. As each user may determine a different user satisfaction level for the same infrastructure, it can be difficult to objectively determine its accuracy. However, it indicates the average satisfaction level of residents in the area, giving it a high value as reference variables to diagnose regional status. The survey of user satisfaction level (out of 5) for traffic environment in Incheon City revealed that out of the 10 units of gu and gun, the highest satisfaction level was shown in Yeonsu-gu and the lowest in Ongjin-gun, as shown in Table 4.




3.2. Areas with Longer Travel Time to Major Infrastructure


The Korean Government provides statistics of travel time (average travel time, Korean Statistical Information Service Portal, 2017) to 11 facility types classified into four categories that citizens must use to go about their daily lives. The 11 facility types are classified as shown in Table 5. Each type of facility was analyzed for averages of both Incheon City and 10 units of gu and gun.



For the entire Incheon City, the average travel time to the 11 facility types by public transportation/walking is 31.83 min, whereas, that using private vehicles was 22.36 min, showing a gap of 9.46 min. The review by the unit of gu and gun showed the largest gap of 25.43 min in Ganghwa-gun which is categorized as a remote area (island), followed by Jung-gu, Ongjin-gun, Yeonsu-gu, and Seo-gu. Only for the eight units of gu, excluding the remote areas Ganghwa-gun and Ongjin-gun, were the biggest travel time gaps shown in the order of Jung-gu, Yeonsu-gu, and Seo-gu, which are the highlighted areas in Table 6, demonstrating relatively low public transportation competitiveness.




3.3. Areas with Higher Demand for Vehicles


Analysis of mode share for each travel purpose in Incheon showed that the mode share of cars accounts for 50.3% as shown in Figure 3. The increased mode share in 2016 compared with 2016 represents a mode share added from the share of buses. In 2016, the most recent base year for the disclosed mode shares, buses (public transportation) account for the largest share of 60.6% for going to school, but cars account for the larges shares for all the remaining travel purposes. Especially for commuting, 76.9% of passengers with commuting purposes used cars. It is deemed that, despite the expected severe traffic congestion during peak time, commuters choose cars because the inconveniences of using public transportation exceed the inconvenience of traffic congestion when driving their cars.




3.4. Areas with Expected Adjustment of Public Transportation Routes


This study analyzed 157 routes from statistical data of route operation systems and operating profits in Incheon City as of 1 January 2020. The statistics include profits generated from the routes, based on which route adjustment and merger occur. In this perspective, areas with the lowest 10% of profits from public transportation were derived based on the high possibility of modification of the operation system through adjustment. As a result, a total of 15 routes was selected as shown in Figure 4. The blue lines represent main routes, and the green lines represent branch routes.




3.5. Comprehensive Review Results of Subject Areas for Demand Response Public Transportation Modes


To select areas that require the supply of demand response public transportation modes, the above analysis results were collected in accordance with the following principles:




	
Areas with lower quality of current public transportation services (Figure 5a,b)



	
Areas with higher public transportation demand, but insufficient supply of services (Figure 5c)



	
Areas with expected disconnection of public transportation due to the reorganization of the route system by the municipal government despite the presence of public transportation demand (Figure 5d)








Out of the 10 units of gu and gun, excluding island areas such as Ongjin-gun and Ganghwa-gun, a total of eight units of gu was analyzed and the results are shown in Figure 5. For the results, weighted values were assigned to the areas having the issues, and these were overlapped to each item to derive areas that mostly require improvement.



This study did not apply weighted values when statistics for each item were aggregated. The weighted value for each item may be changed based on a determination by decision-makers or priorities of the area. However, to derive subject areas for regular services, this methodologic study applied the same weight to all items and used the aggregated results to derive areas that require public transportation service improvements and additional supply. The results showed the highest demand for public transportation improvement and additional supply in the order of Jung-gu, Seo-gu, and Yeonsu-gu, which are the highlighted areas in Figure 6.





4. Effectiveness Verification through Pilot Service


A pilot service was implemented in Jung-gu, which was selected as the area with the highest priority. The basic operation method of demand response public transportation service involved a user entering the current location and destination in a smartphone app, regardless of the location of the station, and allocating transit based on the input. The allocation of transit is based on the location of vehicles, the location of the passenger, the shortest path, and traffic status. Another passenger who has a nearby destination or can be picked up/dropped off on the path may share the vehicle. For the fare, the regular intra-city bus fare was applied and details are shown below.



4.1. Status of Subject Areas for Pilot Operation


Jung-gu, Incheon, belongs to an area with vulnerable public transportation owing to its low population density and transitional characteristics of new town development. In particular, in Yeongjong International City located in Jung-gu, the average bus service operation interval is very large, causing major inconvenience to the users. Therefore, the study aimed to resolve the inconvenience of government-operated buses by supplying the demand response transportation mode in Yeongjong International City of Jung-gu and verifying the possibility of restraining the demand for cars and revitalization of public transportation through this.



There are 181 public transportation vehicles in operation through 20 routes in Yeongjong International City. In addition, eight government-operated buses are currently in operation through six routes. Nevertheless, the area experiences the highest number of bus-related civil complaints compared to other areas; in 2018, 1955 cases of bus-related complaints were filed, which is two times (2.53%) the average complaint rate by population (1.31%) in Incheon. The analysis results of the complaints are shown in Figure 7, most of which were revealed to be items related to adjustment of bus operation system (54%). This is related to the adjustment of the bus allocation interval and operation hours (the first and the last buses), which only can be addressed by increasing bus operation. To resolve the complaints, the municipal government is increasing its financial expenses by 123% each year, and over 1.3 billion KRW is being spent as the financial expense for government-operated buses as of 2019. Nevertheless, since the government-operated bus allocation interval is 78 min, a user could technically wait up to 155 min if he/she failed to catch a bus. This study verified the possibility of resolving the public transportation problems by applying the demand response public transportation service.




4.2. Pilot Operation Method


The pilot operation was carried out with eight minibuses, each of which accommodates 16 people, for two months (from 1 December 2019 to 31 January 2020). It was operated 20 h a day from 4:00 a.m. to 12:00 a.m. to encourage passengers to use the demand response public transportation service and to facilitate the use of the urban railway located nearby. Passengers who wish to use the demand response public transportation service request the service by sending their current locations using the smartphone application. Then, the system allocates buses most closely located to the passengers by using their request information. Sharing a vehicle is only allowed within the range where sharing is available and which does not cause detours over a certain distance. The operation method is illustrated in Figure 8. When using the existing bus route, a passenger with a departure point and destination shown in Figure 8 should move to a bus stop and wait until boarding on a Line 3 bus, then get off at a bus stop to transfer to a Line 2 bus. Through this process, the passenger has to go through a total of three transfers (board and alight) as shown in Figure 8a, requiring waiting and walking time. In some cases, walking and waiting time for transfers becomes much longer than the actual time onboard. This inconvenience makes passengers prefer using cars to using public transportation. However, if the demand response public transportation service is operated as shown in Figure 8b, a passenger can travel to the destination with one ride without any transfer. The time required for waiting and transfer is reduced even when a passenger travels along the same route. Even if another passenger with a similar route shares the ride in the process, the travel time is still reduced if it takes less than the time consumed for transfer.





5. Analysis of Results and Effects


As shown in Figure 9, a total of 21,019 requests were made during the operation period (two months), 13,177 allocations were completed, and 11,071 passengers used the service. Figure 10 shows the analysis results of the waiting time, which is considered to be most dominant of that experienced by the total of 11,071 passengers. Compared with the average waiting time of 78 min for government-operated buses, which reflected the unique situations of Yeongjong-do, and 18 min for regular public transportation buses, the waiting time was reduced to 13 min for the demand response transportation service.



As shown in Figure 11, such effects can be increased when a transfer is being taken into account. Because the demand response transportation eliminates waiting and walking time for transfer, travel time was reduced to 16 min from the 27 min which was taken for traveling with the existing public transportation.



The results were also reflected in the survey for user satisfaction level by the passengers, where 1756 passengers (91%) responded that they were satisfied, as shown in Figure 12.



When asked which transportation mode(s) passengers used before using the demand response public transportation service, 56% of passengers responded they used bus, 24% cars, 9% taxis, and 8% the government-operated bus. Through this, it was confirmed that the demand of 33% of those who drive their own cars can be changed to public transportation. According to the participants, before using the demand response public transportation service, their average waiting time was 18 min, and the average travel time was 27 min when using the existing public transportation. On the other hand, they responded that they experienced a total of 16 min travel time reduction effect when the demand response public transportation was connected to the existing public transportation, as the waiting time and travel time were reduced by 5 min and 11 min, respectively. As detailed response results for the satisfaction level, 30% answered reduced travel time, 28% reduced waiting time, 13% no transfer, and 11% long operating hours (dawn and late-night operations) for using the demand response transportation service. For disadvantages of the demand response transportation service, 54% answered low availability of vehicles, 13% inaccurate arrival time, 9% detour of route, and 7% lack of convenience of using the app. The overwhelming percentage of low availability of vehicles is attributable to concentration of travel demand during rush hours and shortage of operating vehicles, which will be gradually addressed by providing a sufficient number of vehicles, changing the allocation method, and clarifying the operation range.




6. Conclusions


The pilot project in Yeongjong International City in Jung-gu, Incheon, showed that the demand response public transportation service improved passenger convenience by eliminating the causes of avoidance of using the public transportation service due to long allocation intervals, short operating hours, and long transfer distance, etc. which are caused by an imbalance between inter- and intraregional transportation services. The demand response public transportation service provides consistent services to everyone regardless of the distance to a public transit station or the number of public transportation routes available, etc. through demand-based operation, to minimize the imbalance problems of existing public transportation. In this regard, this system is expected to provide seamless mobility through connection with the existing bus and subways systems by closing the temporal and spatial gaps in the existing public transportation, thereby improving the mode share of public transportation. The time required to walk to a stop/station and to wait for a vehicle will be reduced by 16 min on average. This reduced time can be converted into a socioeconomic benefit of 660 million KRW/year by calculating with the values in Table 7.



The effects of applying a transportation service that incorporates public transportation will expand beyond the boundaries of the area due to the effects of the traffic network connected throughout the country. Moreover, the service itself can have significance only when extended to wider areas. Therefore, this study verified its effectiveness by first implementing the service in the form of a pilot project in a limited area over a short period of time, and checking the benefits through survey and investigation. Tangible benefits of the demand response public transportation service will be demonstrated only by verifying its effectiveness through wider and larger projects. Still, this study clarified the potential of the service as it showed a significant increase in the user satisfaction level for public transportation in an area provided with relatively poor public transportation service, implying that more varied types of wide-area services need to be discovered and attempted.
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Figure 1. Basic research structure for decision-making. 
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Figure 2. Overall user satisfaction level for public transit [32], reconfiguration. 
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Figure 3. Mode shares of different travel purposes in Incheon [35]. 
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Figure 4. Routes with the lowest 10% profit in Incheon. 
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Figure 5. Selection process of areas that require demand response public transportation. 
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Figure 6. Areas that require public transportation service improvement and its additional supply. 
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Figure 7. Analysis results of civil complaints on the use of existing public transportation services. 
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Figure 8. Example of users’ travel before/after operating demand response public transportation service. 
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Figure 9. Implementation results of pilot project operation. 
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Figure 10. Waiting time reduction effects based on the project implementation. 
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Figure 11. Reduction effect of travel time to passengers’ destination based on the project implementation. 
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Figure 12. Satisfaction level survey results. 
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Table 1. Road supply rate by city and province [27].
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Category

	
2018 Statistics




	
Road Extension (km)

	
Area (km2)

	
Population (1000 Persons)

	
Car (1000 Cars)

	
Road Extension by Area (km/km2)

	
Road Extension by Population (km/1000 Persons)

	
Road Extension by Car (km/1000 Cars)






	
Total

	
110,714.0

	
100,363.8

	
51,826.0

	
23,203.0

	
1.1

	
2.1

	
4.8




	
Seoul

	
8273.0

	
605.2

	
9766.0

	
3125.0

	
13.7

	
0.8

	
2.6




	
Busan

	
3372.0

	
770.0

	
3441.0

	
1371.0

	
4.4

	
1.0

	
2.5




	
Daegu

	
2867.0

	
883.6

	
2462.0

	
1178.0

	
3.2

	
1.2

	
2.4




	
Incheon

	
3271.0 (11th)

	
1063.1 (10th)

	
2955.0 (5th)

	
1578.0 (4th)

	
3.1 (6th)

	
1.1 (14th)

	
2.1 (17th)




	
Gwangju

	
1859.0

	
501.2

	
1459.0

	
664.0

	
3.7

	
1.3

	
2.8




	
Daejeon

	
2140.0

	
539.5

	
1490.0

	
670.0

	
4.0

	
1.4

	
3.2




	
Ulsan

	
2142.0

	
1061.2

	
1156.0

	
558.0

	
2.0

	
1.9

	
3.8




	
Sejong

	
402.0

	
464.9

	
314.0

	
148.0

	
0.9

	
1.3

	
2.7




	
Gyeonggi

	
14,013.0

	
10,186.6

	
13,077.0

	
5618.0

	
1.4

	
1.1

	
2.5




	
Gangwon

	
9953.0

	
16,827.8

	
1543.0

	
766.0

	
0.6

	
6.5

	
13.0




	
Chungbuk

	
6943.0

	
7407.7

	
1599.0

	
815.0

	
0.9

	
4.3

	
8.5




	
Chungnam

	
7160.0

	
8226.4

	
2126.0

	
1094.0

	
0.9

	
3.4

	
6.5




	
Jeonbuk

	
8504.0

	
8069.0

	
1837.0

	
916.0

	
1.1

	
4.6

	
9.3




	
Jeonnam

	
10,630.0

	
12,335.1

	
1883.0

	
1032.0

	
0.9

	
5.6

	
10.3




	
Gyeongbuk

	
13,324.0

	
19,032.5

	
2677.0

	
1422.0

	
0.7

	
5.0

	
9.4




	
Gyeongnam

	
12,650.0

	
10,539.8

	
3374.0

	
1694.0

	
1.2

	
3.7

	
7.5




	
Jeju

	
3211.0

	
1850.2

	
667.0

	
554.0

	
1.7

	
4.8

	
5.8








Row in gray indicates the emphasis.
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Table 2. Subway allocation status of Incheon.
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	Yeonsu-gu
	Namdong-gu
	Bupyeong-gu
	Michuhol-gu
	Gyeyang-gu
	Dong-gu
	Seo-gu
	Jung-gu
	Ganghwa-gun
	Ongjin-gun
	Total





	Area (km2) [30]
	123.33
	68.65
	31.99
	24.9
	45.55
	7.6
	111.61
	141.23
	17.31
	7.59
	579.76



	Population [31]
	346,359
	537,161
	524,640
	416,542
	312,680
	66,233
	538,596
	122,499
	68,896
	21,036
	2,954,642



	Station [29]
	15
	16
	12
	9
	7
	1
	16
	4
	0
	0
	80
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Table 3. Ratio of subway stations to area and population.
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	Category
	Yeongsu-gu
	Namdong-gu
	Bupyeong-gu
	Michuhol-gu
	Gyeyang-gu
	Dong-gu
	Seo-gu
	Jung-gu
	Average





	Number of Stations/km2 [30]
	0.12
	0.23
	0.38
	0.36
	0.15
	0.13
	0.14
	0.03
	0.14



	Number of Stations/10,000 people [31]
	0.43
	0.30
	0.23
	0.22
	0.22
	0.15
	0.30
	0.33
	0.28
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Table 4. Satisfaction level for the traffic environment [31].
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	Category
	Yeonsu-gu
	Namdong-gu
	Bupyeong-gu
	Michuhol-gu
	Gyeyang-gu
	Dong-gu
	Seo-gu
	Jung-gu
	Ganghwa-gun
	Ongjin-gun





	Satisfaction Level
	3.47
	3.40
	3.39
	3.35
	3.29
	3.06
	2.96
	2.86
	2.79
	2.66
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Table 5. Categorization of major facilities [34].
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	Facility Type
	Traffic Facilities (Three Types)
	Education Facilities (Three Types)
	Medical Facilities (Three Types)
	Commercial Facilities (Two Types)





	Subcategory
	Bus Terminal

Railway Station

Airport
	Elementary School

Middle School

High School
	Public Medical Facility

Clinic

Hospital
	Traditional Market

Large-scale Store
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Table 6. Travel time to major facilities in Gu and Guns in Incheon [34].
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Category

	
Travel Time (min)

	
Travel Time Gap

(min) (a–b)

	
Rank




	
Public Transportation/Walking (a)

	
Vehicle (b)






	
Ganghwa-gun

	
57.96

	
32.52

	
25.43

	
1




	
Gyeyang-gu

	
18.62

	
11.64

	
6.98

	
6




	
Nam-gu (currently Michuhol-gu)

	
19.63

	
13.37

	
6.26

	
8




	
Namdong-gu

	
20.43

	
13.72

	
6.71

	
7




	
Dong-gu

	
21.40

	
15.33

	
6.06

	
9




	
Bupyeong-gu

	
17.65

	
12.90

	
4.75

	
10




	
Seo-gu

	
22.43

	
14.26

	
8.16

	
5




	
Yeonsu-gu

	
22.03

	
12.35

	
9.69

	
4




	
Ongjin-gun

	
90.13

	
79.94

	
10.20

	
3




	
Jung-gu

	
27.97

	
17.59

	
10.37

	
2




	
Average of Incheon City

	
31.83

	
22.36

	
9.46

	
-








Row in gray indicates the emphasis.
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Table 7. Travel rate and travel time value criteria [36].
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Category

	
Travel Purpose




	
Business

	
Commute

	
Personal






	
Travel Rate

	
0.05

	
0.28

	
0.67




	
Time Value (KRW/person·h)

	
22,775

	
11,444

	
5033

















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file13.jpg
[r—)





media/file4.png
4.9

4.85
4.8
y =—0.04x + 4.8633
z_
4.5 R*=0.9796
a.7
4.65

2016 2017 2018

® Entire ROK E Incheon





media/file18.png
Nmberof Demamd calk

10,000

5000

Service applications

13,177
(62.7%)

Complete assignments

Boarding complete





media/file21.jpg
Travel time (minutes)

0
>
2
15
10

General public transportation

Demand response public
transportation





media/file3.jpg





media/file22.png
Travel time {(minutes)

30

20
15
10

General public transportation

Demand response public
tran sportation





media/file19.jpg
Waiing e (mies)

szess8ze

Govermment persedes

Genera pubic wonspotaion

Oemsndresponse pubic





media/file7.jpg





media/file10.png
(a) Areas with lower user satisfaction level for

public transportation

L0

s ‘TJ:G@

‘b;

20!

(b) Areas with larger travel time gap between

public transportation and car

L0

i ?9:5@

<
(3

(hegjisn-gun)

‘{};

20!

(c) Areas with higher mode shares of car by travel

e
i

purpose

o %‘

Wi ) ’

(d) Areas with bus route service of lower profit






media/file14.png
Nonstop passing, 90,
23%

Non—mmp[iancé
with bus operation
schedual, 48, 13%






media/file11.jpg





media/file6.png
Commute

BPassengercar HBus Esubway Wtaxi Wbicyce BEtC

.

School shopping

Leisure





media/file15.jpg
Bus step

> Line 1
Get off
> Line 2

Walk  Waiting/Transfer

Waitng/Searding )
> > Line3

(a) Travel using existing bus route system

. Destination

Getoff,

D 6:”1

Bus step

Wamng/suvdmg

]l

Sy

(b) Travel using demand response public transportation service





nav.xhtml


  sustainability-13-05574


  
    		
      sustainability-13-05574
    


  




  





media/file16.png
. Destination

Bus step - Walk

== Line 1
Waitingﬂrm Get off

[ v == Line 2
Waiting/Boarding - Walk  Waiting/Transfer

== Line 3

Departure.

(a) Travel using existing bus route system

. Destination

« Walk
Bus step Cet off A
\ / — |ine 1
—— — | — ] —- | NG 2
Waiting/Boarding

- | iNne 3
Walk

Departure.

(b) Travel using demand response public transportation service





media/file2.png
Spatial distance |  Access time \ Traffic information

Bus Stop Approach Distance | Stop/station access time | Number of transfers 1 Mo total route information
Transfer distance | Stop/station waiting time 1 Burden of congestion Ladk of speahic information
Problem
Waiting time for transfer 1 Route change restrictions Lack of information by mode
No route/means combination

{FlSthl’E!‘EfEf]SII‘.{}m ) ( ) ( Real-time informabion )(Hﬂal time total mul(‘inhnrmatinn)
Supply of means for access Stmlyofnmﬁxm —based on route change

Provasion of infommation
bwy situation (weather/time, etc)

(First/Transfer) Stop/History Minimum transit public transport
Provision of arrival information Providing route and Provision of traffic
means information : :

(user, means) information by means
Providing route/means
Minimum transit public transporl combination information

Provide access

ptimal transfer (minimum/transfer
stop/Providing
nistorical transportation informatio

Approach

Real-time with high reliability/
accuracy provide travel
and renewal information

Iransher based on eal-tbme
trererd tirme informmation

2 Provading: stopy/station chanee infoamath
Service

National statistical data MNational survey data

Direct Survey (If necessary)

Solution ( New Mode _) ( New Service )






media/file20.png
Waiting time {minutes )

2

=

=

=S

20

10

Government operated bus

General public transportation

Demand response public
transportation





media/file23.jpg
Usually Dissatisfaction
5% 4%

A\






media/file5.jpg
-ssssssass

g whs mabey w Abce 28

Lo b k.






media/file24.png
Usually
S0/ Dissatisfaction

Ny






media/file1.jpg
Spatol dstance Trathc information






media/file12.png





media/file9.jpg
(a) Areas with lower user satisfaction level for
‘public transportation

2

.
v
w‘-’a_ - O

(b) Areas with larger travel time gap between
public transportation and car

ok

(© Areas with l\lghﬂmud: shares of car by travel

<25
¥

.

(d) Areas with bus route service of lower profit






media/file0.png





media/file8.png
ojYs ; A
GAN(;:;;{%-GUN ar A .
Seongmodo 2N
*&5 I saﬁ’seo-cu:"\u.\_
YAA <
~ Goyan 3
ALSAl
'A.“ .
PE r N
.\ '," ’ Bu
N { 3
./ SEOD
\ ] GYEYANG-GU - ) MAPO-GU
’ A2F azanaw 4 NS
Jangrbgoggdo o N ~Seonyudo

odo : Hete : y

=13 Sindo N YANGCHEON-GU””

. ' B = (G2

k! °£9d° sfpvedyc JU HHAl
DONG-GU v Sl B
RN -

< x g

Incheon

QMU A|

DONG=GL
2§

Ingj
nternatid
ol
LS

-.' Airport
8%

L

Silmido A S
A

Map Data: Google, ©2021 SK telecom





media/file17.jpg
Naeof Demand ol

2500

15000

som

Senvice sppcaions

Complee ssigaments

Boucting ompete





