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Abstract. Urbanization and the rising number of cars have exacerbated 
traffic jams, journeys, fuel usage, and pollution in big Indian cities. In 
response to these challenges, metros have become sustainable and high-
capacity public transport networks. This study is an attempt to assess the 
effects of the Chennai Metro Rail System on urban traffic congestion and 
the travel behavior of commuters in the Chennai city through a multi-
dimensional analytical framework that includes traffic engineering 
indicators, commuter perception surveys, spatial analysis and behavioral 
modeling. The findings show considerable decreases in the volumes of 
traffic at peak hour, travel times, Travel Time Index (TTI) and Volume-to-
Capacity (V/C) ratios in metro-influenced corridors. There was a clear 
modal shift from cars, especially two-wheelers and vehicles to the use of 
metro services that helped alleviate congestion. An analysis of the Binary 
Logit Model revealed that travel time savings, service reliability and 
passenger comfort were important factors in the adoption of metros, and that 
access time to metro stations had a negative impact on metro use. The results 
indicate that for a metro system to be effective for sustainable urban mobility 
in the long term, it is essential that they are connected to the road networks 
and other modes of transport, and that fares are designed appropriately. 
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1. Introduction 

In developing countries including India (but in different states), the transportation system of 
metropolitan cities has been drastically altered by rapid urbanization and motorization. With 
the lack of adequate growth in road infrastructure, the unprecedented surge in private vehicle 
ownership and other ownership rights has resulted in an escalating traffic congestion and 
traffic jam, resulting in longer trip durations, higher fuel consumption and poor air quality 
[1]. The traffic congestion in urban areas greatly affects yield and efficiency at work, and 
costs increases in urban and sub-urban areas a lot of money and environmental resources. [2]. 
Therefore, sustainable and high-capacity public transport systems play an important role in 
this circumstance in providing efficient urban and sub-urban mobility. Over the last few 
decades, there has been a substantial growth in the number of all types of vehicles in 
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metropolitan cities in India. This explosion has made traffic flows extremely busy in the 
central business districts (CBD) and major arterials. [3]. Public transportation network based 
on conventional buses and taxis are extensive but they are often limited in terms of speed, 
reliability and passenger capacity because of the mixed traffic operation. [4]. As a result, 
metro rail systems have been a popular choice for mass rapid transit, with the goal of reducing 
traffic congestion and providing a reliable and sustainable mode of transportation for the 
future. Chennai is India's Tier-1 major city, which has undergone a high rate of urbanisation, 
industrialisation as well as an increase in travel demand among different zones of the city. 
Persistent congestion has been caused by the ever-increasing number of two wheelers 
(moped, modified cars and cars) [5]. The Chennai Metro Rail, which has been in operation 
since 2015, is a key improvement in the city's transportation system. It's a high frequency 
transit system that operates at grade level or elevated level, meaning it has many benefits, 
such as less travel time variability, increased safety, and fewer emissions per passenger 
kilometer than on local roads and highway, expressway-based transportation [6]. To address 
the mobility challenges in the city, the Chennai Metro Rail Limited (CMRL) was formed to 
design and operate a modern metro rail system in the urban city and as well as sub-urban city. 
The purpose of this project is to improve the urban connectivity, reduce travel time and 
endorse the use of public transport [7]. International and national studies express the benefits 
that metro rail can offer in falling the number of vehicles on the road during peak time and 
encourage the use of low-cost transportation all modes such as public transit and bicycle, 
which allows for optimal use of road lane space and boosts the demand for the right of way 
[8]. Network-coverage, feeder-connectivity, affordability, user-friendliness and traveler 
perceptions all play a major role on the scope of the congestion reduction and modal shift 
that occurs [9]. While the introduction of metro rail systems is hoped to capitulate extensive 
benefits, its actual effect on traffic congestion and travel behaviour is dependent on specific 
context and require a depth of the necessity. There will be a temporary impact and miniscule 
challenges on the traffic flow during construction, and the operational benefits may vary 
depending on the customer types and corridor based. [10]. A comprehensive analysis of the 
Chennai Metro Rail system is necessary to understand the effect on the Chennai transport 
network of congestion, commuter patterns as well as behaviour and modal choice. This study 
aims to assess the impact of Chennai Metro Rail (CMRL) system on traffic congestion and 
travellers' behaviour in Chennai city in terms of change in traffic flow characteristics, modal 
shift and traveller preference, enhancing better way of safety. The overall findings of this 
research will provide useful inputs for urban transport planners, policy-makers and civil 
engineers and other engineering professionals for developing sustainable integrated public 
transportation systems. 

2. Literature Review  
Numerous studies that have examined the potential of urban rail, and in particular that of 
metro rail (elevated and underground), to alleviate traffic congestion, improve traffic safety 
and impact travel behavior in quickly growing urban and sub-urban areas. Many systematic 
reviews have confirmed that the addition of new rail transit facilities typically contribute and 
leads to an increase in public transit mode share, and a corresponding decrease in private 
vehicle and bus ridership. This change helps reduce the number of vehicle miles traveled 
(VMT) and congestion. [1]. It is establish that the modal shift depends on the conditions of 
the urban context, but the nature and size of the shift vary based on the urban context in which 
it is occurring, including service quality, inbound-outbound network coverage and 
integration with all other modes of transport. [2]. Similar trends have been observed in the 
Indian context through empirical studies. In particular, research on metro expansion in cities 
like Indore and Bengaluru, and other key cities suggests that the adoption of metro rail service 
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is often found to lead people to switch from buses, two-wheelers and intermediate public 
transport that can help ease congestion in the key corridors. [3][4]. In Chennai and other 
metropolises of India, commuting habits are greatly impacted by the ease with which the 
network is accessible, the pricing structure, and the last-mile connectivity. All of these factors 
help to understand the probability of commuters' changing their travel mode. [5][6]. Previous 
studies with stated preference surveys and binary logit models have identified fare sensitivity, 
travel time savings, and station accessibility as important factors that affect the mode choice 
of bus users for switching to metros. [7]. Studies around Chennai highlight the competition 
between suburban and metro rail services with regard to modal choice behaviour. Available 
primary and secondary data indicate that existing suburban rail commuters have different 
choice patterns in assessing other metro services. [8]. The change of mode in the rail network 
emphasises the importance of understanding how the different modes within the rail system 
work together as part of an integrated transport network. The effect of metro on travel 
behaviour goes beyond the modal shift and relates to other patterns of travel. Before & After 
analysis studies conducted across the Mumbai Metropolitan Region have shown that the 
introduction of metros result in noteworthy savings of commuter travel time, improve their 
perception of reliability and comfort, safety during commute and a significant reduction in 
local emissions due to the reduction in private vehicles and also addition of two-wheelers. 
[9]. Detailed workout and assessments highlight the wide range of settlement that can be seen 
in metro rail systems that go beyond congestion. Although the environmental effects of 
investments in metro rail have been increasingly documented and captured, the spatial and 
temporal effects are also becoming noticeable.  

Studies using a spatial difference in differences approach suggest that metropolitan transit 
systems can improve urban air quality, and have a noteworthy impact on travel behavior, 
especially during peak hours. However, these effects can be reduced over time due to induced 
demand and network saturation [10]. Empirical research has indicates that the 
implementation of metro rail infrastructure has a important effect on travellers' departure 
times, flexibility on their choice of route based on the fare and perceptions of service quality, 
among others, all of which add to the complexity of congestion outcomes [9][11]. Besides 
modal shift, behavioral studies that rely on theories like the Theory of Planned Behavior 
suggest that the manipulate of economical and socio-demographic factors, environmental 
concerns, and subjective perceptions are all important in determining commuters' acceptance 
and use of metro rail systems mostly in Asian cities [12]. The conclusion show that 
infrastructure alone is not enough, additionally consider the user perception, user 
accessibility and services integration is not taken into consideration. Finally as per 
conclusion, a comprehensive review of metro literature through meta-analysis and 
bibliometric analysis shows that most studies focus on travel behavior, ridership modelling 
and environmental impacts, and there is limited research in relation to long-term monitoring 
of the impact of congestion and integrated studies that incorporate traffic simulation with 
behavioural traffic outline related information and data [1][13]. Some researchers have 
emphasized the need and necessity for more holistic strategies that consider multimodal 
transport options such as bike-share lanes, feeder systems, and non-motorized transport to 
effectively improve the measures taken to address congestion and improving network 
infrastructure [2][14]. Most research is related to the performance of metro services, such as 
station dwell time, train frequency (up and down) and capacity constraints, which is indirect 
contribution towards understanding of the effects of congestion. A most attractive public 
transport experience can be achieved by implementing an effective service control and 
scheduling system which will lead to a higher modal shift and help ease the congestion on 
arterial roads and internal roads [15,16]. But there are still some problems to be overcome. 
The transitional effects associated and accompany with the construction phases of metro 
projects can also be linked to temporary increases in roadway congestion, as the number of 
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roadway lanes is limited during construction and construction work creates congestion on the 
roadway, and are an important part of comprehensive project assessment. [16]. Furthermore, 
the potential of the metro rail projects can offer to reduce congestion on road surface is often 
constrained by the lack of last mile connectivity. These underscore the necessity for 
integrated planning in which BRT, bicycle facilities and pedestrian (walking) infrastructure 
and door-path to door-path facilities are included and neighbourhood design [17]. A number 
of sources in the literature have suggested the metro rail can help to reduce congestion of 
urban traffic and contribute shaping travel behavior in reality format. But their effectiveness 
is contingent upon their fully integrated into the transport network, their services are good 
and a full socioeconomic study and contextual are completed. This highlights the need for a 
more detailed and specific assessment of the Chennai Metro Rail network to better 
understand the network's impact on congestion, travel behavior and modal shift in the context 
of the rapidly urbanizing metro city environment of Indian states as per selective condition. 

3. Methodology  

3.1  Study Area 

This study is based on the southern part of India, in the city of Chennai which is a major 
metropolitan city. The Greater Chennai Corporation covers around 426 km² of the city which 
is also part of the Chennai Metropolitan Area (CMA) with an area of 1100 km² and more. 

The city is unique for its dense urban and sub-urban density, its growing peri-urban zones, 
and its multifaceted and complex multimodal transport system, with its arterial roads, sub-
arterial corridors, city buses, suburban rail, metro rail and other mode of transport. The ever-
increasing population, industrialisation and rise in the number of vehicles, especially two-
wheelers and private vehicles, have led to frequent congestion on major corridors like Anna 
Salai, Poonamallee High Road and Inner Ring Road and other industrial belts. The study 
specifically looks at the corridors impacted by the work of Chennai Metro Rail Limited 
(CMRL) with the operational corridor in phase I that connects various important residential, 
commercial and institutional areas. The selected impact corridors were drawn based on their 
closeness to the metro stations (with buffer 1-2 km) and functional classification of the roads 
(arterial and sub-arterial). Control corridors outside of metro influence zones with similar 
traffic characteristics were identified to allow for a comparative assessment to be made. 

3.2  Research Design and Framework 

The methodology used in this study included a combination of quantitative traffic analysis, 
commuter travel behavior surveys and statistical modeling. Changes in traffic congestion 
indicators and modal share patterns, mobility changes and changes in fare pattern following 
the introduction of the metro rail were analysed using a quasi-experimental before & after 
design. The analytical framework is composed of three main elements: (i) traffic performance 
assessment, (ii) modal shift and travel behavior analysis and (iii) statistical evaluation of the 
measured effects. The datasets used in this study were primary and secondary data from the 
following: The main data comprised traffic volume counts, travel time surveys and the 
commuter-questionnaire surveys and other related surveys. Secondary data was comprised 
of historical traffic data, traffic pattern, metro ridership data, characteristics of the road 
network, and socioeconomic data from official transport authorities and planning agencies. 
The use of multi-source datasets provided robust and triangulated findings which increased 
the outcomes of the research. 
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3.3  Data Collection 

3.3.1  Traffic Volume and Speed Data 

The classified traffic volume counts and counts specified were taken on selected sites on both 
the metro-influenced and control corridors as per IRC guidelines. Traffic data was recorded 
both on-peak (8:00 to 11:00 AM and 5:00 to 8:00 PM) and off-peak (from 12:00 to 5:00 PM 
and from 9:00 to midnight) times, using both video and manual measuring methods. Vehicles 
were classified as 2-wheelers, cars, auto-rickshaws, buses, light commercial vehicles and 
heavy vehicles and oversized vehicles.  

All the data were converted to PCU (Passenger Car Unit) with the IRC standard equivalency 
factors for a common analysis of traffic flow. The moving car observer method and GPS-
based travel time survey applications was used to conduct a spot speed study and a travel 
time survey. Congestion levels were determined by calculating the average journey speed, 
delay time and delay at at-grade intersections. 

3.3.2  Metro Ridership and Operational Data 

The ridership data, train frequency, headway, boarding and alighting data at the stations were 
collected from Chennai Metro Rail Limited (CMRL) portal and offices and dedicated 
stations. The data sets were analyzed to understand the trends of ridership in terms of 
‘temporal age and gender’ and to find out the peak demand patterns. To assess the substitution 
effects and outcomes, ridgeship growth rates were cross-correlated with changes in road 
traffic volume. 

3.3.3  Travel Behaviors Survey 

The survey was in the form of a structured or an un-structured questionnaire that was done 
on a sample of commuters within the metropolitan influence zones that is statistically 
representative. The survey gathered data on socio-demographic (age, gender, occupation, 
income), trip (trip zones, trip purpose, trip distance, travel time), previous mode of transport, 
current mode transport choice and perceptions of the metro services. The sample size was 
calculated according to the Cochran's Formula and Statistical bell formula to give the 
statistical reliability at 95% confidence level. Stratified random sampling was used to ensure 
the representation of various user groups, such as regular, occasional and non users. The 
questionnaire also included the Likert Scale items to assess the perception of the service 
quality such as comfort, safety, reliability, affordability and Zones to Zones last mile 
connectivity. 

3.4  Traffic Congestion Assessment 

The study used multi-indicator method for calculating and evaluating the traffic congestion 
as it will provide a comprehensive and concrete technical assessment of the performance of 
the roadways under the influence zones of the Chennai Metro Rail Limited (CMR) in 
Chennai. However, congestion has been proved to be a multi-dimensional phenomenon 
which could not be simply quantified in terms of a single performance measure, so this study 
applied both flow-based, speed-based and delay-based performance measures as 
recommended by IRC guidelines and international transportation engineering standards. First 
traffic volume data of the selected traffic corridors were normalized for the heterogeneity of 
traffic in Indian cities by applying the standard equivalency factors to get the Passenger Car 
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Units (PCU). The ratio of Actual to Practical Traffic Volume (V/C) for the observed peak 
hour traffic volumes was further calculated based on the practical roadway capacity. This 
ratio was used as one of the main indicators of the severity of the congestion, with values of 
V/C greater than or equal to unity (V/C ≥ 1.0) implying unstable or forced flow condition. 
The service level (LOS) was then calculated for each corridor according to the thresholds 
recommended by the IRC (from LOS A - free flow to LOS F - breakdown flow). The level 
of service (LOS) was compared between the pre-metro and post-metro operational periods 
and this comparison helped quantify the improvements in service due to the modal shift 
caused by the metro. Along with the flow-based measures, spot-speed surveys and GPS-
based travel time observations were used to evaluate speed based measures. Average journey 
speeds (km/h or miles/h) were computed for peak and off-peak periods and differences were 
statistically analyzed to determine if there was a measurable improvement in corridor 
mobility due to the implementation of the metro. The travel times were used to calculate the 
Travel Time Index (TTI), which is the ratio of the peak hour travel time to the free-flow travel 
time, and thus reflects the reliability aspect of congestion. 

If a Travel Time Index (TTI) is greater than 1.3 it means that there is a big delay pattern in 
peak conditions. The performance of intersections was also analyzed since the delays at 
intersections cause a major portion of urban congestion, and are greatly congested within the 
road arterial network of Chennai. Field observations and standard delay estimation 
techniques were used to determine the control delay per vehicle (seconds per vehicle). Level 
of Service (LOS) was classified to determine if LOS improvements were achievable at 
intersections as a result of the reduction of approach volumes near metro corridors. A 
comparative and an alternative corridor analysis was conducted to separate the effect of the 
metro system from the general traffic growth. Corridors within 1-2km of the metro stations 
were identified as the impact corridors and functionally similar road segments outside the 
metro influence zone were chosen as control corridors. A statistical test (paired sample) was 
used to compare the changes in congestion indicators for both sets of data to determine if the 
observed improvements were statistically significant and not coincidental. Temporal analysis 
was added to expand for the differences between weekdays/weekends and for seasonal 
differences. Peak hour factor (PHF) calculations were done to assess the level of traffic 
concentration during peak times. This analysis helped to understand whether the metro 
system helped to redistribute demand or spread demand peaks. 

3.5  Modal Shift and Travel Behaviors Analysis 

The modal shift analysis was based on comparing modal shares before and after the metro 
was launched, and was based on the survey answers and the secondary transport data, with 
the positioning of comparative status, which was carried out. The percentage change from 
the use of private vehicles (both two-wheelers and cars) and buses to the use of the metro rail 
was calculated for each station per zones based.  

To estimate the likelihood that the users and commuters turn to the metro instead of other 
modes, a Binary Logit Model (BLM) was developed. This model includes explanatory 
variable like travel time saving, travel cost, safety time and access time and perception of the 
service provided. The many likelihood evaluation techniques were used to calibrate the 
model. The performance of the model was validated using goodness-of-fit measures such as 
McFadden's R² and likelihood ratio tests. Additionally, this study also includes an elasticity 
analysis to test the sensitivity of the mode choice to changes in accounting fare and, thus, 
changes in travel distance time. 
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3.6  Statistical Analysis and Compare the relation of Analysis 

Descriptive statistics were first calculated to describe the responses of traffic and commuters. 
Then, inferential statistical methods, including statistical tests, such as paired-sample t-tests, 
chi-square tests and ANOVA, were used and involved to determine significant differences 
between the user groups and between time periods. Correlation and regression analyses were 
used to explain correlations between the metro ridership and congestion reduction indicators. 
To map congestion hotspots and to visualize changes in traffic pattern within the metro 
influence zones, spatial analysis using satellite based GIS tool was done. Buffer analysis 
(radius 1 km and 2 km) was used to analyse the extent of use of the ground surface and the 
spatial variation of the intensity of the modal shift. 

4. Result and Discussion  
The traffic volume graph shows a comparison of the volume of traffic before and after the 
metro was introduced. There was a significant decrease in the post-metro traffic volume index 
compared with the pre-metro condition, of around 10-11%. The descending trend suggests 
that a portion of commuters travelled to work by road-based private transportion but 
commuters took up metro travel instead of the diminishing the number of vehicles travelling 
down the key corridors. This decreases is especially noticeable in traffic scenerio which are 
not homogeneous like those in Chennai where two-wheelers and private cars have taken the 
predominant share of traffic during the peak hours. The observed trend pattern signifies a 
structural change, not a short-term transit fluctuation, which also suggests that the reduction 
in the amount of traffic on the corridor has been affected by mode substitution attributable 
due to the metro. Substituting the peak PCU flow on the heavily trafficked arterial roadway 
with a lower value can significantly enhance the stability of the arterial's operational 
performance from a traffic engineering perspective, with a 10% reduction representing a 
significant change. A 10% reduction in the peak PCU flow on the heavily-trafficked arterial 
roadway can have a traffic engineering impact that drastically develop the operational 
stability of the arterial roads and internal roads. 

 

Fig. 1. Traffic Volume Reduction 

The upward trend is shown in the average speed graph after the operationalisation of the 
metro. There was an improvement of around 15-20% in peak hour speeds from the previous 
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20 km/h to about 24 km/h. This trend specifies that there is a direct relationship between the 
reduced traffic density on road lanes and improved mobility performance along the stretch. 
A moderate decongesting of traffic in urban network categories by high levels of congestion 
can yield larger improvements in average speed, particularly in this highly nonlinear 
situation. The rising prevalence of metros continues to demonstrate that they help relieve stop 
and go traffic common on congested corridors. Furthermore, a more consistent travel speed 
leads enhance to better travel time reliability, thereby further increasing the chances for 
public transport, thus further reinforcing the reduction of congestion. 

 
Fig. 2. Average Speed Improvement 

Travel Time Index graph has a downward trend from 1.62 to 1.37. The TTI is a ratio of the 
peak travel time to the free-flow travel time and a lower TTI ratio means more steady traffic 
conditions. The observed downturn indicates a more predictable service and less congestion 
during the peak periods. This pattern indicates and very well knows that commuters do not 
have as many delays as compared to ideal traffic conditions. Notably more importantly, the 
decrease in Travel Time Index (TTI) is attributed not only to accelerated travel times but also 
to a decrease in the variability of travel times, which is a crucial parameter for urban transport 
planning. This trend implies a advanced level of network reliability and efficiency in 
corridors that are influenced by metros system.  

 
Figure 3:- Travel Time Index (TTI) Reduction 

The V/C ratio graph showed a distinct decrease in the volume to the flow, from about 1.02 
(oversaturated conditions) to 0.85 (stable flow conditions). This change is reflective of the 
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Figure 3:- Travel Time Index (TTI) Reduction 

The V/C ratio graph showed a distinct decrease in the volume to the flow, from about 1.02 
(oversaturated conditions) to 0.85 (stable flow conditions). This change is reflective of the 

change in the Level of Service from LOS E/F to LOS C/D. The trend suggests a shift to more 
stable forced-flow conditions to relatively stable and controllable traffic operation. For 
transportation engineering purposes, V/C ratios of less than 0.90 decrease the likelihood of 
traffic breakdown and spillback of traffic queuing. The graph proves the theory of the 
functional efficiency of critical corridors, which is the result of demand diversion from other 
modes of travel that is created when Metro is built. The post-metro value is still relatively 
high (0.85), however, and the system is still operating towards full capacity during periods 
of peak load, which again requires additional traffic management measures in order to operate 
the system. 

 

Fig. 4. Volume-to-Capacity (V/C) Ratio Improvement 

The modal shift graph shows the percentage shares of each mode that shifted to the metro. 
Two-wheelers recorded the largest shift (32%), while buses recorded that at 27% of the total 
change and private cars by 21%. The trend suggests that two-wheelers are more sensitive to 
the adoption of the metro than other modes, possibly as a result of experiencing congestion 
stress and safety issues. Private cars are still used widely by higher income groups, but some 
substitution is suggested by the moderate reduction in their use. Within public transport, the 
shift from bus users is balanced which means an intra-public transport redistribution. In terms 
of congestion, the reductions in Passenger Car Unit (PCU) values belongings of the shifts 
from private modes are direct. The enhancement of passenger comfort due to the shifts from 
bus modes may not be as pronounced. The distribution pattern underscore the necessity of 
private car vehicles as a primary objective to maximize the benefits of congestion mitigation. 
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Figure 5:- Distribution of Modal Shift 

The vehicle ridership graph illustrates the steady significant increases in the number of riders 
over the number of decades, the metro system is experiencing growing popularity and 
utilization are suggested the ridership trend. The trend is consistent with expected transit 
ridership patterns, as ridership slowly levels off after the start-up periods. The steady increase 
in the ridership index is indicative of the increase in commuter trust, in the integration of the 
system and in familiarity of the network. The expanded network and feeder improvements 
will also drive up the congestion mitigation effect, which would also be greater with time. 
But if the ridership growth is to be sufficient to ensure effective long-term congestion control, 
it must exceed the rate of growth of vehicles. 

 

Fig. 6. Metro Ridership Growth Trend 
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Fig. 6. Metro Ridership Growth Trend 

The sensitivity graph shows that there is a negative linear relationship between fare increase 
and ridership changes. Basically it’s well known concept, when the ridership decreases 
proportionately with the increase in fare. It’s reflecting the price elasticity of demand. The 
pattern of available trend indicates that there is moderate sensitivity with a 15% fare increase 
resulting in an estimated 6% decline in ridership. The downward trend highlights the need to 
have a balanced fare structure to maintain the modal shift and to avoid a shift back to private 
cars. This suggests that although service quality and time saving are important factors for 
metro users, fare policy is also a key factor in choice of mode. The moderate gradient 
indicates that the demand for metro service is somewhat price inelastic but still effected by 
price. 

 

Figure 7:- Sensitivity Analysis 

4. Conclusion  
This study analytically assessed the effect of Chennai Metro Rail System on urban traffic 
congestion and urban travel behavior on the city of Chennai with a multi-dimensional 
analytical framework with the integration of traffic engineering indicators, commuters 
perception survey, spatial analysis and behavioural modelling. Results show statistically 
significant lower traffic levels at peak hours, shorter average journey times and lower Travel 
Time Index (TTI) and traffic Volume-to-Capacity (V/C) ratios along metro influenced 
corridors. The findings offer empirical evidence of the measurable improvements that the 
metro system operated by Chennai Metro Rail Limited (CMR) has caused in the corridor 
level traffic performance, especially in high-density urban areas, near metro stations. These 
improvements are the result of a shift from unsustainable and over-saturated traffic to more 
sustainable and efficient traffic flow regimes. The phenomenon of modal shift, which is 
mainly characterized by a decline in the use of two-wheelers and private cars and a 
corresponding increase in the use of the metro, has clearly helped in alleviating congestion, 
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thus demonstrating the effectiveness of high-capacity rail transit in reducing the use of 
personal cars in dense metropolitan areas.  

The Binary Logit Model also highlighted that the most important factors affecting the 
likelihood of metro adoption are the travel time savings, service reliability and perceived 
comfort, while the access time to stations has a negative impact on the adoption of metro. 
The results of the model validate the behavioral significance of service quality and 
accessibility for the model's power to explain and predict the mode choice. Importantly, the 
analysis shows that the benefits associated with congestion mitigation vary across space, and 
crucially are also highly sensitive to feeder connectivity and multi-modal integration. The 
areas with efficient V/C ratios had larger reductions in V/C ratios than those with more 
limited integration. Though good, the study shows that the positive results are a moderate not 
a transformative effect on reducing congestion. Although implementation of the metros has 
increased their operational efficiency on some major corridors, long-term effects of 
urbanization and continued growth of vehicle usage can be neutralized without the 
complementary use of demand management policies. Another aspect of the sensitivity 
analysis performed with the fares indicates the need to have a careful pricing policy, to keep 
the demand for public transport steady and avoid the return to the private car. 
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