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Abstract: The public bus is a fundamental transport mode and plays an important role serving 

the economy and society of cities. In Bangkok Metropolitan Region (BMR), existing bus 

routes have been used for more than three decades, while land use together with road and rail 

(sky train and subway) networks have been changing significantly. This paper presents the 

study of bus rerouting in the BMR. The multimodal transport model was set up and calibrated 

for evaluating the impacts of bus rerouting schemes. The major findings from the model 

showed that the reroute schemes could increase the coverage area 52%, bus travel distance 

63%, passenger volume 4%, passenger per bus 40%, and average load factor 13%. In addition, 

the schemes could significantly reduce the travel time 4%, waiting time 14%, journey time 

12%, and interchanges 2%. 
 

Keywords: Bus rerouting, Bus services, Multimodal transport network, Bangkok 

 

 

1. INTRODUCTION 

 

Most cities in the developing countries rely heavily on the use of buses as the major mode of 

transports, especially for low-income people. Even in the cities with extensive rail networks, 

the majority of trips are made on buses or minibuses (Armstrong-Wright and Thiriez, 1987; 

Luke and MacDonald, 2006; Mohan, 2013).  

Bus services in developing countries can be characterized by a wide variety of methods 

of ownership and operation, level of control, regulation, and competition. In the view of urban 

problems facing the developing cities, the bus services are needed to improve the quality and 

effectiveness by raising standards and reducing costs. Important aspects to consider include 

ownership of bus services, the variety of vehicles and services, cooperation and competition, 

and the impact on viability and standards (Armstrong-Wright and Thiriez, 1987). 

ASEAN and German Technical Cooperation (2016) suggested some improving bus 

service requirements in the developing countries, for example:  

 strong government support and institutional changes in bus management, 

 enforcement of bus priority lanes and clear signage, 

 improved location and quality of bus stops and interchange stations, 

 real-time travel information integrated with GPS location technology, 

 introduction of more fuel-efficient buses, e.g., hybrid or full-electric technologies. 
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Armstrong-Wright and Thiriez (1987) set out the key performance indicators, which 

should enable both city authorities and bus operators to monitor the performance of their 

services, to detect unsatisfactory trends, and to identify the areas that need attention. The key 

performance indicators and quality standards suggested in their technical paper are designed 

to highlight quickly any deficiencies of bus services and to indicate where attention can best 

be directed in order to effect early improvements. Some key performance indicators and 

quality standards for the bus services can be summarized in Table 1. 

 

Table 1. Key performance indicators and quality standards for bus services 
Operating performance Quality of service 

Indicators Recommendation Indicators Recommendation 

 Passenger volumes 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

- 1,000-1,200 

passengers/bus/day 

(crush capacity 80 

persons) 

- 1,200-1,500 

passengers/bus/day 

(crush capacity 100 

persons) 

- 1,500-1,800 

passengers/bus/day 
(crush capacity 120 

persons) 

- 2,000-2,400 

passengers/bus/day 

(crush capacity 160 

persons) 

 Waiting time 

(passenger 

waiting time at 

bus stops) 

 

- 0-3 min. is good 

- 4-11 min. is regular 

- 12-19 min. is bad 

- >20 min. is very bad 

 Walking distance 

to bus stops 

 

 

 

- 300-500 meters  

(dense urban area) 

- 500-1,000 meters  

(low-density urban area) 

 Interchanges 

between routes 
and services 

(number of times 

a passenger has to 

change buses or 

other modes on a 

journey to or from 

work) 

- Average 0-1 

- Maximum 2  
(<10% of commuters) 

 Fleet utilization  

(buses during the peak) 

- 80-90% of total fleet 

 Distance traveled - 210-260 km./bus/day  Journey time 

(hours traveling 

each day to and 

from work) 

- Average: 1.0-1.5 

- Maximum: 2-3 
 Breakdowns in service - <8-10% of buses in 

operation 

 Fuel consumption - Minibuses: 20-25 

litters/100 km.  

- Buses: 25-50 

litters/100 km. 

 Journey speeds of 

buses 

 

- Dense areas in mixed traffic 

10-12 kph 

- Bus-only lanes 15-18 kph 

- Low-density areas 25 kph 

 Staff ratios  

(staff per operating bus) 

- Total staff: 3-8 

- Administrative staff: 

0.3-0.4 

- Maintenance staff: 

0.5-1.5 

 Travel 

expenditure 

(household 

expenditure on 

travel) 

- <10% of household income 

 Accident rate  

(accidents/100,000 bus 

kilometers) 

- 1.5-3  

 Dead mileage  

(percentage length of bus 
journeys not earning 

revenue) 

- 0.6-1.0% 

 

 Cost of bus services 

(total cost per 

passenger-kilometer) 

 

- US cent 2-5  

(mixed traffic) 

- US cent 5-8  

(segregated busway) 

 Operating ratio (total 

revenue/operating costs) 

- 1.05:1 to 1.08:1 

Source: Armstrong-Wright and Thiriez (1987) 
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In Thailand, public bus is an important transport system affecting the economy and 

society of the Bangkok Metropolitan Region (BMR) because it is a fundamental mode of 

transport to facilitate the travels for citizens in the city and surrounding provinces (or cities).  

Bangkok Mass Transit Authority (BMTA) is the major bus-operating agency in the 

BMR. The agency is a state enterprise in the public utility category under the Ministry of 

Transport. The BMTA has been established under the Royal Decree since October 1976. Its 

main business characteristics are providing bus services for passengers in Bangkok and 

vicinities, i.e., Nonthaburi, Pathum Thani, Samut Prakan, Samut Songkhram and Nakhon 

Pathom; and providing other services related to all types of mass transit (BMA, 2016).  

The existing bus routes have been used for more than three decades (slightly changed 

over time), while land use together with road and rail (sky train and subway) networks have 

been changing significantly. As a result, the bus services cannot meet the needs of users in 

terms of quality, safety, and sufficiency. The connectivity of the bus system with other 

transport modes, such as rail and boat, is not convenient. In addition, the BMTA is a public 

utility giving services mainly to the people with low to middle income. The bus fare structure 

is fixed at the rates below the actual costs, whereas the operating costs are high, leading to 

continuing losses, as shown in Figure 1. Such losses and accumulated liabilities also partly 

resulted from the bus fare collection being below the target (BMA, 2016). 

To improve the bus service, the Office of Transport and Traffic Policy and Planning 

(OTP, 2004) proposed the performance improvement plan for the bus services in the BMR. 

The plan suggested the improvement of existing bus services and proposed the new Bus 

Rapid Transit (BRT) network that can serve a higher travel demand effectively on major roads. 

After that, only a single line of BRT in operation since May 2010 stretches only 15 kilometers 

and transports merely 15,000 passengers daily. There are several obstacles to the creation of 

successful bus rapid transit systems (see the details in Wu and Pojani, 2016).  

Recently, the Department of Land Transport (DLT), the main government agency for the 

regulation of bus services, conducted a study of the bus system master plan in the BMR 

(KMITL, 2016). The study highlighted the major problems of the bus services in the BMR, as 

shown in Figure 2. The bus services have faced with the insufficient coverage area due to 

routing problems. In addition, the service quality is low because of operating losses (steep 

rises in both capital and operating costs) and ineffective quality regulation. Thus, the whole 

bus network in the BMR needs to improve its effectiveness and efficiency. The study also 

suggested two approaches for the improvement. On one hand, the bus network should be 

rerouted and planned for short-term and long-term developments. On the other hand, the 

regulatory authority and service providers should be reformed. 

 

 
Figure 1. Net operating losses during 2009-2015 

Source: BMTA (2016) 
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Figure 2. Major problems of the bus services in the BMR 

Source: Modified from KMITL (2016) 

 

This paper focuses on the study of bus rerouting in the BMR (case study). The 

multimodal transport network model of the study area is developed and calibrated for 

evaluating the impacts of bus rerouting schemes. Several indices in terms of both demand side 

and supply side are evaluated before and after the bus rerouting. 

The remainder of this paper is organized as follows. Section 2 introduces the network 

model. The concept of the proposed combined modal split and assignment model for the 

multimodal transportation network in the BMA are explained in this section. The calibration 

process and results of the proposed (based) model are also presented in this section. Section 3 

describes the bus rerouting schemes. Then Section 4 presents and discusses the results of bus 

rerouting schemes. Finally, Section 5 concludes the paper. 

 

 

2. MULTIMODAL TRANSPORT DEMAND MODELING 

 

2.1 Description of the Network Model 

 

The network model covers the BMR including Bangkok and five surrounding provinces, 

including Nonthaburi, Samut Prakan, Pathum Thani, Samut Sakhon and Nakhon Pathom. The 

BMR covers an area of 7,762 km2 and has approximately 19.76 million person-trips daily 

(OTP, 2015). The multimodal transport networks (including road, bus, rail, and ferry networks) 

for the base year 2015, as shown in Figure 3, consists of 500 zones and 6,892 transport links. 

The road network (Figure 3a) covers the national highways and major arterial roads within the 

BMR. For the bus network (Figure 3b), it covers a total of 202 bus routes operated by the 

BMTA and the private joint companies. There are a total number of 6,098 buses operated in 

the system. Of this number, 2,784 are BMTA buses (1,562 regular buses and 1,222 

air-conditioned buses) and 3,314 are private joint buses (1,414 regular buses, 886 

air-conditioned buses, and 1,014 minibuses). The capacity of each bus is considered in the 

model. The Bangkok metro networks, including BTS sky train, Airport Rail Link (ARL) and 

MRT subway, are also included in the model (Figure 3c). Moreover, the model covers the 

ferry services in the Chao Phraya river, Saen Saeb canal, and Phra Khanong canal (Figure 3d). 
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a) Road network 

 
b) Bus network 

 
c) Rail network 

 
d) Ferry network 

Figure 3. Multimodal transport network in the BMR 
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Apart from the base network in 2015, this study considers the transport network in 2019 

(existing bus route network) and the future transport network in 2019 (bus rerouting network). 

The two networks in 2019 are considered as bus rerouting will be implemented and some 

sections of railway network extension will be completed. This study aims at finding the 

impact of bus rerouting services on the traveler’s choice and network conditions in 2019. For 

these future networks, the road networks are considered to be the same as in 2015, while the 

railway and bus services are improved by extending the original services or introducing new 

services.  

 

2.2 Development of Multimodal Transport Demand Forecasting Model 

 

Several studies have been conducted on the multimodal transport demand modeling in the 

BMR such as Ho et al. (2011), Ikeshita et al. (2012), Jaensirisak et al. (2009). In this paper, 

the multimodal transport demand forecasting model in the BMR is formulated as a combined 

modal split and assignment model by applying the concept in the studies of Jaensirisak et al. 

(2009) and Ho et al. (2011).  

In the proposed model, the Origin-Destination (OD) demand flows of auto and public 

transports (i.e. bus, rail, and boat) are assigned separately on the combined transport network 

in order to determine the corresponding travel utility (time and cost). Then, the utility values 

are used in the modal split. Due to the interdependence between modal split and auto/transit 

assignment processes, the iterative approach is adopted for the combined modal split and 

assignment models. The auto and transit assignments in the proposed model are solved using 

the EMME software (INRO, 2016). The assignment results (travel times and distance of auto 

and public transport users) are used to update the modal split model. With these updates, the 

OD matrices are re-estimated and the above process will be repeated until the differences of 

OD matrices between the successive iterations are less than the predefined tolerance.  

For the model calibration process (as shown Figure 4), the alternative specific constant 

(ASC) and the potential demand for each OD pair are needed. In reality, these data are less 

available and more difficult to collect. In this study, these parameters are calibrated based on i) 

observed link volume and speed, ii) public transport passenger count, and iii) public transport 

fare elasticity. The base network model is calibrated for the year 2015. Further details of the 

calibration process can be found in the study of Ho et al. (2011).  

 

2.3 Results of the Base Network Model in 2015 

 

Based on the calibrated auto and public transport OD matrices in 2015, the auto and transit 

assignments were completed using the EMME. The results of demand flow and travel times 

were obtained. Figures 5a) and 5b) show the spatial distributions of the link volume on auto 

and transit networks, respectively. As expected, the high traffic volumes are around the 

downtown area and along the trunk routes of the networks. On the other hand, the low traffic 

volumes are in the surrounding areas. However, the traffic volumes on the links in the west of 

the networks are relatively high despite their locations in the suburban area. This is because 

the demand in the west of the BMR is only served by those few links (i.e. major roads). On 

the contrary, the links in the northeast of the BMA seem to be less congested than it is 

expected. This is mainly due to the aggregated definitions of the zones and centroid 

connectors in that area. 

From the assignment process, Figures 6a) and 6b) show the distributions of auto trip 

time and public transport in-vehicle time, respectively. For the based case, the average travel 

time of auto trips is about 35 minutes, while the average in-vehicle travel time of public 

transports is about 50 minutes. 
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Figure 4. Model calibration process 

Source: Modified from Jaensirisak et al. (2009) 

 

 
a) Auto network      b) Transit network 

Figure 5. Spatial distribution of link volume  
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a) Auto trip travel time (minutes) 

 

b) Transit in-vehicle travel time (minutes) 

Figure 6. Distribution of trip travel time 

 

3. PLANNING FOR BUS REROUTING 

 

This section presents the concept and criteria for bus rerouting. The proposal for bus rerouting 

network is also described. The details are as follows. 

 

3.1 Concept and Criteria for Bus Rerouting 

 

The key performance indicators and quality standards for bus services (Table 1) are applied 

for bus rerouting in this study. The major criteria for bus rerouting in the BMR can be 

summarized in Figure 7. The criteria are classified mainly into the demand (passenger) side 

and the supply (operator/operation) side. On one hand, the bus rerouting and service should 

serve the passenger demand considering the desired line between OD pairs, the traveler’s 

choice (i.e. mode choice), and the traveler’s utility (i.e. travel time and waiting time). These 

three factors can be determined by using the developed model. On the other hand, the bus 

rerouting and service should support the operator(s) and operation to minimize the 

overlapping routes; to maximize the accessibility to the other modes of transport 

(connectivity); and to optimize the headway and frequency of bus services, the use of existing 

terminals, and the balance between profit and loss. 

Journal of the Eastern Asia Society for Transportation Studies, Vol.12, 2017

2383



One of the main factors affecting the profit and loss of bus services is the length of bus 

routes. Figure 8 presents a relationship between the length of bus routes and the costs 

(revenue and expenses) of the air-conditioning bus services operated by the BMTA in 2015. 

The figure reveals that the profitable lengths of bus route are between 16 and 43 kilometers. 

The longer length of bus route service increases the bus operating costs, while the revenue is 

rather constant. So long distance bus route is one of the causes of the loss. 

The other factor causing the bus service problems is the overlapping of bus routes. From 

the BMTA data, Figures 9 show the number of overlapping routes classified by the route 

length (Figure 9a) and the number of overlapping routes (Figure 9b). Most of the overlapping 

routes have the service length from 20 to 40 kilometers when the two to five overlapping 

routes cause about 700 meters overlapping length. Apart from the above factors, the effective 

use of existing bus terminals, circulation of bus services from different bus zones, and 

accessibility to the other modes of transport (multimodal transport) should also be considered 

as bus rerouting criteria (see the details in KMITL, 2016). 

 

 
Figure 7. Major criteria for bus rerouting 

 

 
Figure 8. The relationship between the length of bus route and the costs of bus services 
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a) Overlapping routes 

 

b) Overlapping length 

Figure 9. Overlapping of existing bus routes 

 
3.2 Proposal for Bus Rerouting Network 
 

The criteria mentioned in the previous section were applied to reroute the bus service network 

from 202 routes (called existing network) to 269 routes (called rerouting network). Three bus 

route patterns (existing routes, new routes, modified routes) were considered in the rerouting 

network. Firstly, the existing routes were the routes that currently serve the high demand for 

effective service performances (e.g. revenue). Secondly, the new routes were the routes that 

require fulfilling the service gaps (e.g. coverage area, desire line) of the existing bus network. 

Lastly, the modified routes were the routes that their section(s), origin(s), or destination(s) 

requires to be modified to avoid the overlapping problem or to support the other routes. Note 

that all bus routes in the rerouting network were thoroughly considered by various 

stakeholders (e.g., bus users, operators, and regulators) through several public participation 

workshops (see the details in KMITL, 2016). Furthermore, land use pattern and connectivity 

with other transport modes (MRT and ferry) were also considered in rerouting the bus service. 
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The number of bus routes in the rerouting network, classified by eight bus zones in the 

BMR and three bus route patterns, can be summarized in Table 2. It shows there are 269 bus 

routes in the rerouting network in which 52 are the existing routes (19%), 69 are the new 

routes (26%), and 144 are the modified routes (55%). 

Table 3 compares the number of bus routes, total length, and average length between the 

existing network and the rerouting network. It reveals that the total number of bus routes 

increases from 202 to 269 (33%) and the total length of the bus network expands from 6,437 

to 7,833 kilometers. This extension could improve the coverage area of the bus services in the 

BMR (more accessible to users), as shown in Figure 10. This study assumes that each bus 

route covers approximately 500 meters from its centerline. The results from the multimodal 

transport model developed in the study show that the coverage area increases from 2,582 m2 

for the existing network to 3,933 km2 for the rerouting network (52.3% increase).  

In contrast, the rerouting network could reduce the redundancy of overlapping bus 

routes. As shown in Table 3 (last column), the average length of bus route can be shortened 

from 31 km./route to 28 km./route (about 10% decrease). Focusing on the bus routes in the 

city, Table 4 obviously shows that the number of overlapping bus routes on the most major 

roads in the BMR can be reduced by 7 to 48%. However, the number of bus routes on the 

Vibhavadi Rangsit road slightly increases by 9% due to the increase of demand on that road.   

From the network point of view, Figures 11 compares the number of transit lines (i.e. 

bus routes) on the existing network and the rerouting network. The Figures 11a) and 11b) 

obviously show that the number of overlapping routes on rerouting network reduces 

significantly, i.e., the color on the links turn from red to orange (or green). Even though, the 

percentage of 1-10 overlapping bus routes increases slightly, the percentage of 11-25 

overlapping bus routes decreases significantly.   

 

Table 2. Number of bus routes in the rerouting network 

Bus zone 
Number of bus routes in the rerouting network 

Existing routes New routes Modified routes Subtotal 

1 10 9 19 38 

2 6 21 21 48 

3 4 7 24 35 

4 5 4 12 21 

5 7 5 23 35 

6 7 7 22 36 

7 9 12 15 36 

8 4 3 13 20 

Total 52 69 144 269 

 

Table 3. Comparison between existing network and rerouting network 

Bus zone 
No. routes Total length (km.) Average length (km./route) 

Existing Rerouting Existing Rerouting Existing Rerouting Reduced 

1 26 38 907 1,192 34 31 3 

2 30 48 918 1,356 31 28 3 

3 23 35 820 1,171 36 33 2 

4 19 21 366 408 19 19 0 

5 29 35 958 1,016 33 29 4 

6 32 36 1,194 1,126 37 31 6 

7 27 36 803 1,068 30 30 0 

8 16 20 471 496 29 25 5 

Total 202 269 6,437 7,833 31 28 3 
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Table 4. Number of bus routes on the major roads in the BMR 

Major road Section 
Existing  

(routes) 

Rerouting  

(routes) 

Percentage  

change (%) 

Vibhavadi Rangsit Lat Phrao - Rangsit 11 12 9 

Phahonyothin Mo Chit – Victory Monument 30 18 -40 

Lat Phrao Bang Kapi - Lat Phrao 20 14 -30 

Nawamin Happy Land – Km.8 14 9 -36 

Ramkhamhaeng Ramkhamhaeng University 27 14 -48 

Sukhumvit Phra Khanong - Udom Suk 20 14 -30 

Phet Kasem Tha Pra – Buddhamonthon 2 22 14 -36 

Borommaratchachonnani Pinklao - Chimphli 20 18 -10 

Borommaratchachonnani 
Phra Pinklao Bridge –  

Phra Pinklao Junction 
27 20 -26 

Rama II Rama II Junction - Sakae Ngam 15 14 -7 

 

 
a) Existing network 

 
b) Rerouting network 

Figure 10. Comparison of the coverage area between existing network and rerouting network  
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a) Number of transit lines on the existing network 

 
b) Number of transit lines on the rerouting network 

 
c) The percentage share of overlapping bus routes on the network 

Figure 11. Comparison of bus routes on each road section 
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4. RESULTS AND DISCUSSION 

 

The base network model in 2015, proposed in Section 2, was adopted to evaluate the impacts 

of the bus rerouting scheme on the operation performance and service quality in 2019. Based 

on the statistical data in the BMR, the travel demand in the multimodal transport network was 

set with 2% annual growth rate. The two network scenarios were then set up. First, the 

do-nothing scenario (called existing bus network) was set based on the assumption that there 

was no bus rerouting implementation. Second, the bus rerouting scenario (called rerouting bus 

network) was set by implementing the bus rerouting scheme (the combination of existing 

routes, new routes, and modified routes).  

Table 5 compares the key performance indicators reflecting the bus service quality of 

the existing network and the rerouting network. Regarding the operating performance, the 

rerouting network increases the number of routes from 202 to 269 (33%). This could slightly 

increase the total bus network length by 18% (6,437 to 7,833 kilometers). However, the 

network expansion could significantly rise up the coverage area from 2,582 km2 to 3,933 km2 

(52% increase). Bus service would be more accessible. Thus, the passenger volume rises from 

4,825,900 to 5,041,760 passengers per day (4% increase). 

 

Table 5. Comparison of key performance indicators and quality of bus services 

Network 

Indicators 

Existing bus 

network 

Bus rerouting 

network 

Percentage  

change 

(%) 

Operating performance 

 Number of routes 202 269 +33% 

 Network length (kilometers) 6,437 7,833 +18% 

 Average route length (kilometers/route) 31 28 -11% 

 Coverage area (km2) 2,582 3,933 +52% 

 Fleet utilization (buses/day) 6,098 4,561 -25% 

 Distance traveled (kilometers/bus) 10.6 17.2 +63% 

 Passenger volume (passengers/day) 4,825,900 5,041,760 +4% 

 Passenger per bus (passengers/bus/day) 792 1,106 +40% 

 Load factor (bus volume/capacity) 0.32 0.36 +13% 

Quality of bus services 

 Travel time (minutes) 50 48 -4% 

 Waiting time (minutes) 11 9.5 -14% 

 Walking distance to bus stops (minutes) >500 ≤500 - 

 Journey time (hours) 1.99 1.74 -12% 

 Journey speed (kilometers/hour) 33 36 +9% 

 Interchanges (times/person) 1.28 1.26 -2% 
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Table 5 also shows that due to the rerouting scheme the average route length of the bus 

service would reduce from 31 to 28 kilometers (11%). In addition, the number of fleet 

utilization would reduce from 6,098 to 4,561 buses per day (25%). Moreover, the bus 

utilization in terms of passenger per bus would enhance 40% and the load factor 

(passenger/capacity) would increase 13%. These improvements would further reduce the 

operating cost of the operator(s). Considering the quality of bus services, the rerouting 

scheme would significantly improve the service quality by reducing the travel time 4%, 

waiting time 14%, journey time 12%, and a number of interchanges 2%. These decreases 

would also lessen the generalized cost of bus users and tend to attract more users to use the 

bus service.  

 

 

5. CONCLUSIONS 

 

During last two decades, in the BMR the MRT network has been expanding significantly, 

together with changing in land use pattern along the MRT corridors, while the bus service has 

been rarely improving. The number of bus passengers has been decreasing. Apart from the 

service quality, one of the main barriers is that bus network, which has been used for more 

than three decades, is not suitable for the changing circumstances. 

This paper presented the study of bus rerouting in the BMR. The multimodal transport 

demand forecasting model was set and calibrated using the link volumes/speeds and public 

transport line volumes in 2015. The model was then applied to evaluate the impacts of bus 

rerouting scheme (combination of existing routes, new routes, and modified routes) on the 

operating performance and service quality of the bus network in 2019. The bus rerouting aims 

to reduce the overlapping routes as well as to improve the operating performance and the 

quality of service. The impacts of bus rerouting scheme on network operating performance 

and quality of bus services were evaluated mainly in terms of distance and time. The 

operating cost and revenue for service improvement were taken into account.  

In terms of operating performance, the results showed that the rerouting scheme would 

increase the coverage area 52% and the bus distance traveled 63%. In addition, the scheme 

would reduce the average route length 11% and the fleet utilization 25%. Regarding the 

quality of service, the scheme would significantly improve the service quality by reducing the 

travel time 4%, the waiting time 14%, the journey time 12%, and the number of interchanges 

2%. Thus, these leads to increase of passenger volume 4%, passengers per bus 40%, and 

average load factor 13%.  

In summary, the new design of bus network makes the bus service more accessible and 

better connection with other transport modes and newly developed areas. Therefore, the 

number of bus passengers would increase. Finally, the analysis techniques in this study have 

been transferred to the Department of Land Transport (DLT), who is the bus regulator. In the 

near future, the bus network needs to be rerouted again because a few more MRT lines (over 

200 km) will be in service in the next 10 years.  
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