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Abstract

Indian cities are characterized by rapid growth in human as well as motor vehicle populations. Rapidly growing motor vehicle activity is causing a wide range of adverse socio-economic, environmental, and health and welfare impacts. Although the poor benefit the least from motor vehicle activity, they bear the brunt of its impacts. The policy challenge is, how to fulfill mass mobility needs, while minimizing these adverse impacts. But while the need to meet this and other urban challenges grows ever more urgent, Indian cities face severe resource constraints. The paper addresses the question of how to meet this policy challenge, given the realities of the Indian context.

The introductory section shows how low income groups and the urban poor are affected by various transport impacts, and discusses the travel characteristics, and the urban transport needs and priorities, of these groups. The extent to which urban transport policy and planning have responded to these needs and priorities is then explored. Specifically, the issue of how policies to accommodate motor vehicles have affected access and mobility for these groups, and the modes that they rely on the most, is discussed. The need for poor-centred urban transport planning, and more particularly, for maintaining and enhancing public transit service and infrastructure for non-motorized modes is then justified, based on this discussion, and also on a recognition of the contextual capabilities and constraints, and potential environmental benefits. The paper ends with a discussion of the challenges with specific reference to public transit provision to cater for mass mobility needs, and strategies for addressing these challenges.
***************

Rapid Motorization and Impacts on the Poor
Motor vehicle activity has been growing rapidly in India over the last three or so decades, but particularly since the 1980s. The national motor vehicle fleet increased from only 665,000 in 1961, and 5.4 million as late as 1981, to around 41 million as of 1998 (AIAM 1994; SIAM 2002). As in other rapidly industrializing low-income countries, motor vehicle activity has been largely concentrated in the major cities. The four major metropolitan centres, Delhi, Calcutta, Mumbai, and Chennai, along with Bangalore, account for about 16% of the Indian motor vehicle fleet. And Delhi, the Indian capital, with only a little over 1% of India’s population, accounts for around 8% of the nation’s motor vehicles. Motor vehicle sales in Delhi sky-rocketed in the 1970s and 1980s, growing at an annual rate of 20% in those two decades. In 1996, around 2.6 million motor vehicles were registered in the city. The motor vehicle fleet presently stands at around four millions (AIAM 1994; Mohan et al 1997; SIAM 2002). 

The rapid growth in motor vehicle activity in Indian cities has brought in its wake a range of serious socio-economic, environmental, health and welfare, and safety impacts. 

Traffic congestion is increasing rapidly. In the mid-1990s, average speeds for motorized passenger vehicles were reported to range from 10 to 20 km/h in many cities (CSE 1996; RITES/ORG 1994). Besides causing significant time and productivity losses, such low speeds, coupled with the excessive idling and jerky "stop-and-go" nature of highly congested driving conditions typical in Indian cities exacerbate motor vehicle energy consumption and emissions. Because of the concentration of motor vehicular and other energy-intensive activities in the metropolitan centres, and the fact that until recently, these activities have been characterized by very high pollution intensities, air quality has been deteriorating rapidly in these centres. In Delhi, for example, air quality has been poor since the late 1980s. Surveys in the mid-1990s showed daily average suspended particulate levels, which are strongly correlated with respiratory and cardiovascular diseases, exceeding World Health Organization (WHO) guideline limits almost daily, with peak levels as high as 6-10 times the WHO limit at many sites. Daily average sulphur dioxide and nitrogen dioxide levels exceeded WHO limits on several days annually, at several sites. Ozone has been a major problem, especially in winter (CPCB 1996; CSE 1997; Roychowdhury 1997; CPCB 2003). Road accidents cause a significant number of mortalities and morbidities, with considerable productivity loss and expenses that are often not recovered. India’s road safety record, already among the world’s worst, is deteriorating steadily. The national death toll from road accidents rose from around 54,000 mortalities in 1990, to around 77,000 mortalities in 1998 (Stackhouse 1995; ASRTU/CIRT 1997; TERI 2002). 

These impacts affect low income groups and the poor disproportionately. In the case of air pollution, for example, the poor, who form the bulk of the urban population, often suffer the highest exposures, since many of them (including infants, the old and the infirm) live and work road-side, where air pollution levels are typically higher than farther away. And because the poor are in marginal health, and lack adequate nutrition and medical care, the poor are also the most affected by, and least capable of, coping with the impacts of air pollution, because of synergies between pollution, poverty and nutritional deficiency (CSE 1996; Faiz et al 1992), and poor access to health care. In the case of road accidents, the majority of the fatalities are pedestrians and cyclists. While car and taxi occupants accounted for only 2% of Delhi’s road accident fatalities in 1994, pedestrians, cyclists and motorized two-wheeled (M2W) vehicle users accounted for 42, 14 and 27% (Tiwari 2002).
 It is sadly ironic that the travel modes that contribute the least to road fatalities are themselves the most affected by them – in this regard, note that cycling has the highest ratio of share of fatalities to share of passenger-trips, in Delhi. Further, road accidents can be particularly devastating for the poor – apart from the health and emotional impacts, the economic costs of accidents can completely ruin poor families who, because of lack of savings, are often forced to sell their assets, and go into debt, which can never be repaid (Tiwari 2002).
Rising incomes are certainly an important factor contributing to rapid motorization in cities in India, and other rapidly industrializing Asian countries (Faiz et al 1992). However, increased motor vehicle ownership and use are also responses to circumstances in which users find themselves. As motor vehicle activity increases, and as transport infrastructure increasingly caters for personal motorized vehicles, walking, cycling and public transit, the travel modes that low-income groups and the poor rely on, and therefore, access and mobility for these groups, are adversely affected. These effects are exacerbated by the fact that many low income people have been forced to live in the urban periphery, in areas poorly served by public transit (which, even in the best circumstances is unreliable, inconvenient and time-consuming), because they have been forced out of the land market in the inner city. This effect is further aggravated by sprawl. The urban area of Delhi, for example, has grown five times since just 1981 (DDA 1996; Misra et al 1998; Tiwari 2002). Correspondingly, average trip lengths have increased 1.2-1.4 times (RITES/ORG 1994). Because of sprawl, unaffordable housing close to workplaces, increased congestion due to growing motor vehicle activity, and poor transit service, people are forced to purchase and use personal motor vehicles, if they can afford them. And the motorized modes that lower income people can most easily afford, are motorized two-wheeled (M2W) vehicles (scooters, motorcycles, and mopeds). 
M2W vehicles are accessible to owners round-the-clock and reliable, offer door-to-door capability, require little parking space, can be parked securely inside the home, and carry passengers as well as things. Though these vehicles contribute to congestion, they can cope with it as no other motorized mode can, because of their size and maneuverability; indeed, they are much faster than buses, and only slightly slower than a car, up to 25 kilometres (RITES/ORG 1994). Yet, they cost a fraction of what cars do. Buses are used only as long as unavoidable, and since cars are out of reach of all but a few, a M2W vehicle is purchased as soon as possible. M2W vehicles (and for-hire paratransit vehicles) offer excellent and affordable mobility, and easy access to employment and other essential services, and have thus become a necessary choice (and expenditure) in a context in which there are few other attractive options. It is therefore hardly surprising that M2W vehicles are the most rapidly growing vehicle type in India, and represent around two-thirds of motor vehicles nationally (AIAM 1994; SIAM 2002). 
While those who can afford them at least have recourse to M2W vehicles, access and mobility are severely compromised for the majority of city inhabitants too poor to afford even the least expensive motorized modes, as motor vehicle activity, sprawl, and accommodation of motor vehicles feed on each other. This is reflected in the significant reduction in non-motorized mode shares over the years -- in Delhi, bicycle trips fell from 36 to 7% of trips by all mechanical modes between 1957 and 1994. In the western Indian city of Pune, households with bicycles fell from 61 to 29%, while those with motorized two-wheeled (M2W) vehicles rose from 17 to 41%, between 1982 and 1989 (RITES/ORG 1994; Sathaye et al 1994). 
In summary, although low income groups and the poor benefit the least from motor vehicle activity, and contribute the least to environmental pollution, road accidents and other impacts, they are the most exposed to, affected by, and least capable of coping with the impacts of motor vehicle activity.
The Urban Transport Challenge

The rapid growth in motor vehicle activity over the last three decades in Indian cities has in fact outstripped population growth rates, which have themselves been quite dramatic. The population of Delhi, for example, which was a mere 700,000, roughly the current population of several medium-sized Western cities, in 1941, had increased to 8.5 million in 1991, representing a 1100% increase over a mere half-century, and a doubling in less than twenty years, since 1971. Delhi’s population is now likely around 13 million. Astounding as the city’s population growth has been (London’s population, for example, took 100 years to grow from one to seven million), Delhi’s motor vehicle fleet grew even more rapidly -- at an annual rate of around 20%, as against a population increase of 5-6% per annum, during the 1970s and 1980s. To put this in a slightly longer perspective, while the city’s population has grown approximately 18-fold in the approximately 60 years since independence, its motor vehicle population has grown more than twenty-fold in half the time. While motor vehicle numbers no longer appear to be increasing at the same pace as they did in the 1970s and 1980s, they are still growing at around 8% per annum. And if current trends persist, Delhi will likely have around five million motor vehicles by 2005, representing a doubling of its motor vehicle population in a mere 9-10 years (DDA 1996; UN Population Division 2002; AIAM 1994; Mohan et al 1997; SIAM 2002).

Motor vehicle activity will only likely grow over the coming decades in Indian cities, as urbanization proceeds apace, urban incomes grow, and, as we have just discussed, motor vehicle activity is concentrated in the cities, and sprawl, congestion, and motor vehicle activity feed on each other. The bulk of global urban growth is occurring, and is expected to continue to occur, in the low income countries of South Asia, including India. In 2015, a mere ten years from now, India alone will likely have three of the world’s 21 (and Asia’s 12) megacities --  Mumbai, Delhi and Calcutta, with projected populations of 23, 21 and 17 millions respectively, with Hyderabad, Bangalore and Chennai not far behind. Additionally, India will likely have 47 cities with over one million population (UN Population Division 2002).
While motor vehicle activity is already causing high levels of congestion, air pollution, road fatalities, compromised access and mobility, and other transport impacts, infrastructure is drastically insufficient, and financial, technological, institutional and administrative resources are far from adequate, to accommodate even present levels of motor vehicle activity, let alone future growth. Further, while there are severe constraints even in terms of addressing urban transport impacts, these impacts are by no means the only serious urban problems in Indian cities. Water pollution due to ineffective sewage and human waste disposal, and other effluents, is perhaps the most widespread urban environmental problem in India. Coupled with inadequate and overcrowded housing and poor solid waste disposal, water pollution causes water and vector borne diseases that are responsible for millions of mortalities and morbidities annually, mainly among children. It is worth noting in this connection that, in a World Bank study by Brandon and Hommann (1995), water pollution alone accounted for 59% of total health impacts due to environmental pollution in Indian cities, more than due to any other environmental offense. Thus, the scale and range of problems in Indian cities is massive, and many of these do far greater, and more easily preventable, damage to human health and welfare than transport impacts, important as they are. And it is the poor who bear the brunt of these impacts, since they are typically the most exposed to, affected by, and least capable of coping with them. Nearly half the world’s poor will likely be urban, and concentrated mainly in South Asia. The poor already account for 45-60% of Calcutta’s and Chennai’s populations (Brandon and Ramankutty 1993; Hardoy, Mitlin and Satterthwaite 1992). Lastly, the serious urban situation is rendered more daunting by the fact that, even as demands multiply rapidly, basic urban infrastructure and services are already woefully inadequate, and the resources necessary to provide them dwindle.
In view of the foregoing discussion, the urban transport challenge is going to be, how to cater for rapidly growing mass mobility needs, while minimizing the adverse socio-economic, environmental, and health and welfare impacts of urban transport, which affect the poor the most, within a context of multiple urgent demands and increasing resource constraints. The remainder of the paper addresses the question of how to meet this policy challenge, given the realities of the Indian context.
Urban Transport Needs and Priorities

In order to address this policy challenge effectively, it is important to understand the transport needs and priorities of the urban population in India, and in particular of low income groups and the poor, who form the bulk of that population. In this section, we attempt to demonstrate those needs and priorities, based on a discussion of the travel characteristics of these groups. We will draw on, among other sources, the household travel survey conducted in Delhi (RITES/ORG 1994), for this purpose. While this survey is a decade old, it is perhaps the most extensive household travel survey conducted in an Indian city in the recent past. As such, it may be used as a reasonable guide as to the urban transport situation over the last decade, at least in so far as residential households are concerned, in the major metropolitan centres in India.
, 

We have discussed how, because of rapid urbanization, growing urban incomes, sprawl and increasing trip lengths, and increased congestion, there has been a rapid decline in bicycle trip shares, and increase in ownership and use of personal motor vehicles, in Indian cities; indeed, although sales appear to have reached a plateau in the late 1990s, car and M2W vehicle sales increased 103% and 29% per annum over the 1980s, and by another 30% and 18% between 1990 and 1995. This rapid growth in personal motor vehicle sales through the 1980s and 1990s is reflected in the higher ownership of M2W vehicles compared to bicycles among residential households in the RITES/ORG (1994) survey. 
Tiwari (2002) observes that in cities with populations up to 1.5 or 2 million, in which public transit plays a limited role at best, because it cannot be sustained at a sufficiently large scale, M2W and for-hire M3W vehicles and tempos, as well as bicycles and cycle rickshaws, tend to account for significant shares of passenger trips. M2W vehicles typically satisfy more than 25% of personal travel demand in cities sizes with populations below five million.
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Notwithstanding the above trends, and despite high personal motor vehicle ownership rates, non-motorized mode ownership and use continue to be significant, and public transit plays a major role, in the large metropolitan centres. Figure 1 shows the mode shares of trips conducted by members of residential households in the RITES/ORG (1994) survey in Delhi. Note the very high shares of walk and bicycle trips, as well as of public transit, in what is the most motorized city in India; in fact, public transit accounts for 62% of all trips by mechanized modes, that is, by all modes excluding walking. Public transit shares are very high in other cities as well – in Mumbai, almost 80% of trips are by transit – 44% by bus and 36% by suburban rail (Sathaye et al 1994). Further, it is worth noting that while bicycle mode shares have declined significantly since the late 1950s, as already discussed, and mode shares of M2W vehicles have increased equally significantly (from 1% of trips by mechanical modes in 1957, to 18% in 1994), bus mode shares have increased from 22 to 62% over this period. As for the mechanized non-motorized modes, Tiwari (2002) points out that, although their shares are no longer what they used to be in Delhi, there are likely as many as 1.5 million bicycles and 300,000 cycle rickshaws in the city.
Figure 2 compares the mode shares of the lowest income group with those of the highest income group in the RITES/ORG (1994) survey. The average and median household incomes in the survey, incidentally, were Indian Rupees (INR) 4471 and INR 3456 respectively.
 Not surprisingly, the share of personal motorized modes is low for the lowest income group; also unsurprisingly, the lowest income group relies very heavily on walking – indeed, more than half of all of the trips by this group are conducted on foot. This is only to be expected, given that trip distances are typically low for low income groups – as Tiwari (2002) points out, the poor live as close as possible to their work places, often in sub-standard housing in unplanned settlements, because of long working hours and the need to minimize transport expenditure. It is also worth noting that the lowest income group in the RITES/ORG (1994) survey relied on bicycles for about 9%, and buses for nearly one-third of their trips.
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As for the highest income group, while it is not surprising that the shares of personal motorized modes should be significantly higher, and those of walking and cycling should be significantly lower, than for the lowest income group, it is important to note that bus shares are in fact are higher than for the lowest income group; and indeed, while the data is not shown in the figure, the bus shares for the second highest income group (INR 5000-10000) exceed the overall bus shares for trips by all income groups. It is also important to note that the high bus shares for the higher income groups are in part due to their high use of charter buses, which offer point-to-point service and guaranteed seating to their clients, for a monthly fee. At any rate, this shows that bus service is crucial not only for the lower and middle income groups but for higher income groups as well, despite their high personal motor vehicle ownership and use.
An examination of the distribution of trips by purpose, and the mode shares for the most important trips, for different income groups, is also instructive. Education, work and business trips accounted for 42, 40 and 10% of all trips (excluding return trips) in the RITES/ORG (1994) survey. What this shows is that there are very few discretionary trips (unlike in North America, for example), and secondly, that the vast majority of trips occur during peak hours. Both of these facts are important from an urban transport planning perspective. Incidentally, the shares of education trips have shown the greatest increase over the last few decades, of all trip purposes, perhaps indicating a rapid growth in the school and college-age population, and in educational opportunity.

As for work trips, reliance on buses, M2W vehicles and bicycles is much higher than for trips for all purposes. About 53% of all work trips are conducted by bus (Figure 3). It is also important to note that more work trips are conducted on bicycles by residential households than by car. Buses, M2W vehicles and bicycles, besides walking, are crucially important for work trips, with bicycles and walk being more so for lower than for higher income groups, and buses being relied heavily for work trips across all income groups.
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Personal motorized modes account for insignificant shares of education trips. As many as 55% of education trips are conducted by walk -- far more than for any other trip purpose, including shopping -- and about 36% by bus and chartered bus (Figure 3). Even the highest income groups rely heavily on these modes for this trip purpose. The fact that education trips are primarily conducted on foot is not surprising, given that this trip purpose has the lowest average trip distance (3.3 km.) of all trip purposes (and the heavy reliance on buses for work and education trips is not surprising either, since these trips are often single purpose, and are performed singly). Interestingly, far more education trips are conducted by chartered bus than even work trips; indeed, chartered buses are used for education trips far more than for any other trip purpose, and predominantly by the higher income groups. 
Lastly in this section, let us consider the matter of expenditure on transport for different income groups. Transport expenditure accounted for about 12% of total household income on average in the RITES/ORG (1994) survey. However, as shown in Table 1, transport expenditure as a share of total household expenditure was the lowest for the INR 5000-10000 income group, and the highest for the lowest income group. Further, among those who used M2W vehicles regularly, 30% spent below INR 250, and 68% spent INR 250-1000 monthly on transport. By contrast, 81% of regular car users spent less than INR 250, and only 14% spent INR 250-1000 monthly. It is likely that such a large percentage of higher income car users spent so little on transport compared to M2W vehicle users, because of company travel expense reimbursements (RITES/ORG 1994). In any case, low income households appear to spend larger shares of their income on transport, thus affecting their expenditure on health, shelter and food, as Tiwari (2002) points out.
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As noted, the RITES/ORG (1994) travel survey referred to is perhaps the most extensive conducted for Delhi. However, it focused only on the residential population; the homeless, institutional and floating populations were not covered. Further, as many as 50% of the residential households surveyed resided in “bungalow/plot” type houses, and another 6% in “dwelling units” designated as high-income. Every single household surveyed had at least one employed person. Even so, nearly 20% did not own even a bicycle (RITES/ORG 1994). But residential households form a minority proportion of the total urban population. Recent studies show that about three-quarters of the population of even an affluent city like Delhi, that is to say, about 10 million people, live in marginal or sub-standard settlements. About 50% reportedly live in slums. The growth rate of squatter settlements is four times higher than for non-squatter households. Most of these households do not have access to municipal water supply or sewerage. The majority work in temporary, unskilled jobs and as daily labour. Even the subsidized bus fares are simply unaffordable for a significant proportion of Delhi residents -- for a household on the outskirts of Delhi, with a monthly income of INR 2000, daily round-trip bus fares for just one worker would consume 25% or more of this income. And for households with lower incomes, the already low bus fares would be prohibitively expensive (Singh 1997; Tiwari 2002).
To summarize the urban transport situation as discussed above: despite rapid growth in motor vehicle ownership and activity, non-motorized mode ownership and use continue to be significant, and public transit plays a major role. A significant proportion of trips in the large urban areas are conducted by walk, bicycle or public transit, particularly by low income groups. Although personal motor vehicle ownership and use of course increase with income, public transit is important for higher income groups as well. Significant public transit use occurs in M2W and car owning households, and indeed, as we have seen, bus shares were higher for the high income groups than for the lowest income group in the RITES/ORG (1994) survey for Delhi. Public transit service is therefore crucial not only for the lower and middle income groups but for higher income groups as well. Public transit, M2W vehicles and bicycles, besides walking, are crucially important for work trips, with bicycles and walk being particularly so for lower income groups, and public transit being relied heavily for work and education trips across all income groups.
In view of all of the foregoing, there is a critical need to maintain and if possible enhance infrastructure and services to support non-motorized mode and public transit use in Indian cities. As for public transit, service that is accessible, frequent, convenient and affordable is important, given that all income groups rely on it to a lesser or greater degree, but particularly for low income groups, in order to dampen the effects of increased urban transport costs due to, for example, higher fuel prices. But the need for  infrastructure for non-motorized modes and affordable and convenient public transit service is the greatest from the perspective of the majority who are too poor to afford even the least expensive motorized mode, and who therefore benefit the least from motor vehicle activity, but are the most affected by it. The poor majority have no choice but to walk and cycle, and use public transit if they can afford it, and however inconvenient and time-consuming it may be; they depend on these modes for their economic survival.  It is likely that the non-motorized modes, and to a lesser extent public transit, account for a significantly higher share of trips in cities like Delhi than studies such as the RITES/ORG (1994) survey would indicate, and with rapidly growing urban populations, many of whom will likely be poor, these modes are likely to remain the mainstay of the majority for many years to come.
It is important to maintain and if possible enhance infrastructure for non-motorized modes and affordable and convenient public transit service not only for the reasons discussed, but also because they provide significant environmental and safety benefits, and are cost-effective. While walking and cycling of course do not consume any fossil fuel energy nor emit any health-critical pollutants, public transit emits significantly lower health-critical emissions on a passenger-kilometre basis than personal motorized modes, on account of the fact that it carries people far more efficiently. In Delhi, for example, whereas M2W vehicles accounted for 60% of vehicle-kilometres but only 16% of passenger-kilometres, buses accounted for only around 10% of vehicle-kilometres, but as much as 71% of passenger-kilometres, in motorized passenger vehicles (Badami 2001). For the same reason, public transit uses far less road space to transport people than do personal motorized modes (see, for example, Pendakur et al 1995). Indeed, even bicycles use road space far more efficiently than do personal motorized modes. As Tiwari (2002) points out, while a 3.5 metre lane has a carrying capacity of 1800 cars per hour, it can carry 5400 bicycles per hour; given that even in India, the average car occupancy is 1.2 persons, moving the same number of people by car would require about 2.5 times the space as would bicycles (and in India, bicycles often carry more than one person). The fact that non-motorized modes and public transit use road infrastructure far more efficiently is extremely important in a context characterized by multiple urgent demands on increasingly constrained resources, and the difficulty of expanding road infrastructure on account of high population densities. 
Lastly, although walking and cycling are the modes that are most affected by road traffic accidents, as already discussed, they themselves contribute almost nothing to road accident fatalities (although they do contribute to accidents). And public transit is significantly better in this regard than personal motorized modes, on a passenger-trip and passenger-kilometre basis (Pendakur et al 1995). In Delhi, bus riders have the lowest fatalities per passenger-trip (Tiwari 2002), although there are some fatalities involved in accessing buses, and buses contribute significantly to M2W vehicle user, pedestrian and cyclists fatalities (Mohan and Tiwari 1997). 
The Gap between Policy and Needs
Despite the fact that the non-motorized modes and public transit account for a significant proportion of travel activity, and despite the need for and the benefits of these modes in the urban Indian context, urban transport infrastructure in India, as indeed in other similar countries, has largely catered for personal motor vehicles that serve only a small section of society, at great cost, and at the expense of low income groups and the urban poor, and the modes on which these groups rely. Motivated in part by concerns regarding transport air pollution in Delhi and other metropolitan centres, and often driven by rulings from the Indian Supreme Court, a series of policy measures have been implemented since the early 1990s, whose purpose has been to reduce per-vehicle emissions. These measures have included technological and institutional measures such as improved vehicle emission and fuel and oil quality standards, inspection and maintenance regimes to control in-use vehicle emissions, vehicle scrappage, and alternative fuel systems such as compressed natural gas (for a fairly comprehensive listing of these measures, see, for example, CSE 2002), and transport infrastructure and transport system management measures to increase average speeds for motor vehicles, such as limited access expressways and grade separated intersections, and synchronized signals and area traffic control systems (Tiwari 2002).
These technological, institutional and transport infrastructure measures have been, and continue to be, implemented at great expense to the public purse. As for transport infrastructure to manage traffic flow, Mumbai recently completed 52 grade separated junctions at a cost of INR 18 million each, and in Delhi, 30 new grade separated junctions have been approved, at INR 30-300 million each (Tiwari 2002). While scarce resources are made available for expensive infrastructure to accommodate motor vehicles, little if any attention has been paid to infrastructure to support non-motorized modes, which are low-cost, yet benefit the vast majority of the urban population. Urban traffic systems in India by and large do not cater for the needs of pedestrians and cyclists. Indeed, the pedestrian and cycling environments are hazardous, as evidenced by the road fatality data discussed earlier. Non-motorized modes and their users are not only ignored, they are often actively discriminated against. Official policy seems to take the view that cycle rickshaws, for example, have no place in the urban transport system, despite the fact these vehicles carry people and goods and provide employment to a large number of the urban poor. In Delhi, not only are rickshaws ignored in traffic planning and road design, time and area restrictions have been imposed on them. Further, the number of rickshaws that can be registered at any given time is fixed, and the procedure for registering these vehicles is cumbersome and difficult (rickshaws, unlike motor vehicles, may be registered only at two fixed times a year). Not surprisingly, a large number of rickshaws are unregistered, and it is estimated that there are around 300,000 rickshaws in Delhi, about three times the registration ceiling. As for public transit, despite the fact that buses account for more than 60% of all passenger trips conducted by mechanical modes, they receive no preferential treatment in terms of road design or traffic management (Tiwari 2002).
While technological measures and infrastructure measures are important for addressing urban transport impacts, focusing on them for the purpose of accommodating motor vehicle activity and mitigating its impacts, at the expense of infrastructure for non-motorized modes and public transit, is likely not only to disadvantage these latter modes and the people who depend on them, but is also likely not to benefit personal motor vehicles and their users in the long run, and is therefore ultimately counter-productive. 
Because urban traffic systems in India typically lack modal separation, and dedicated facilities for buses and slow moving traffic like bicycles and rickshaws, a wide range of vehicle types moving at different speeds share the same road space. While this situation has caused growing congestion and long idle times at intersections, especially at peak hours, mid-block road speeds during non-peak hours can be as high as 50-90 km/h for motor vehicles. Cyclists have no choice but to interact with motor vehicle traffic, on account of the lack of dedicated facilities for them, and this of course leads to the very high fatality rates we have seen. At the same time, this situation leads to sub-optimal conditions for all modes. Because bicycles tend to use the curb lane on  multiple-lane roads, motor vehicles are prevented from using the lane even at low bicycle densities. This causes the flow of motor vehicles to be disrupted in all lanes, and severely reduced, during peak hours. As it is, high density mixed traffic can severely hamper bus operation and service provision. Buses are severely slowed down in these conditions, leading to longer journey times. Further, since bicycles and other non-motorized modes use the curb lane, buses are forced to stop in the middle lane at bus stops, and as a result, passenger boarding and alighting is rendered both difficult and hazardous (Kenworthy and Laube 1999; Tiwari 2002). 
But while building limited access expressways and flyovers, as is happening currently in Indian cities, may increase average speeds for personal motor vehicles, at least over the short term, it does little to ease the situation for non-motorized mode and public transit users, and for the urban poor. First of all, such infrastructure projects could result in the displacement of the urban poor, given the high density and poverty levels in Indian cities. Secondly, access and mobility could be further compromised for the millions who have no option but to walk or use non-motorized modes, apart from taking away scarce resources from infrastructure for them. Third, such infrastructure “improvements” could potentially reduce access and increase journey times for cyclists and pedestrians, unless specific provisions were included for these modes. Finally, worldwide experience has shown that construction of high-capacity limited-access roads as a means of managing automobile congestion in urban areas is doomed to failure. It only causes increased motor vehicle activity over time, both because it attracts latent demand, as well as because it reduces public transit and non-motorized use, owing to compromised access for these modes. The net result is that any benefits that might result by way of increased average speeds for motor vehicles are quickly neutralized over a few years, leading to growing motor vehicle activity and congestion, and the need to build more highways, in a vicious spiral. This is a situation that cities in countries like India can ill afford, given their resource constraints, and high population densities and poverty levels.
Public Transit Challenges and Strategies 

The urban transport challenge in India has been posed in this paper as one of catering for rapidly growing mass mobility needs, within a context of increasingly constrained resources. In the final section of the paper, we discuss the challenge of maintaining, and if possible, enhancing public transit provision at low cost, and strategies for addressing this challenge. We focus on public transit because a significant proportion of trips in the large urban areas are conducted by this mode, and indeed, the poor majority depend on it for their economic survival. And with rapidly growing urban populations, many of whom will likely be poor, the provision of affordable and convenient public transit will continue to be of vital importance for many years to come.
While maintaining and expanding transit provision would be desirable from the perspective of catering for the mobility needs of the majority of the urban population, and curbing personal motor vehicle activity and its various associated impacts, doing so will not be easy. Delhi has the country’s largest bus fleet, but even this fleet has not been able to keep up with growing ridership. Many state-owned public transit operators are experiencing serious revenue shortfalls, despite growing ridership, due to rising operating costs. The Delhi Transport Corporation (DTC), the state-owned public bus transit operator in Delhi, along with Calcutta’s bus transit operator, has had the lowest revenue and the highest costs per vehicle-kilometre in the country. DTC has been continually dependent on government loans, which can realistically never be repaid, for maintaining operations to meet ever growing demand. Its buses are frequently non-operational (ASRTU/CIRT 1997; Chima 1997). The supply situation, as a result of which transit is ever more unreliable, crowded, inconvenient and time-consuming, is aggravated by an ageing bus fleet, shortened vehicle life due to heavy use, poor fleet maintenance, and poor roads (Sathaye et al 1994; Tiwari 2002).
As a response to the serious shortcomings of the public bus transport system, Delhi has turned increasingly since the early 1990s to the private sector to help expand bus service. While privatization has increased capacity, bus service remains poor. In this regard, it is worth noting that a large number of private operators run the majority of Delhi’s buses, under conditions of high capital costs, regulated fares, and extremely slender margins. The operators therefore have little ability or incentive to properly maintain their vehicles for passenger comfort and convenience, let alone invest in fleet expansion or improvements.

The major metropolitan centres have relied predominantly on buses for their public transport needs, with the exception of Mumbai, where suburban rail plays a major role. However, urban rail projects are either being built or are being considered for various Indian cities including Delhi, where a rail-based Mass Rapid Transit System (MRTS), an idea studied since at least the 1970s, is at last taking shape.
 While ambitious claims have been made on behalf of rail-based mass transit systems (including Delhi’s), there are divergent views on the ability of such systems to reduce personal motor vehicle activity and congestion, and their financial viability in low-income countries. 
Kenworthy and Laube (1999), for example, argue strongly in favour of urban rail, because of its potential to transport large numbers of people quickly, reliably, comfortably, and safely, and to attract people from personal motor vehicles in addition to captive users. They point to Hong Kong, Singapore and Tokyo, which, despite their wealth, have low automobile dependence and high transit usage, in large part due to investment in rail transit. Mohan et al (1997) have assessed urban rail with specific reference to low-income countries, based on a survey of the performance of rail systems constructed over the past 25 years in several cities in these countries. Most systems, with some notable exceptions, such as Hong Kong and Singapore, have experienced construction delays, high capital costs (ranging from US$ 8 million to US$ 165 million per kilometre), lower than expected patronage levels and revenue-to-operating cost ratios, and massive continuing subsidies. For all this, there appears to be only short-lived or no impact on congestion in the majority of cities for which information exists, because private traffic rapidly grows to utilize released road capacity. While rail systems may cause bus users to transfer to them, they attract no more than a small share of private motor vehicle users (which is key in terms of reducing congestion and emissions). Further, while passengers are mostly captured from buses, reduction in bus traffic is not proportional, and in any case represents only a small portion of overall vehicle traffic (Mohan et al 1997; Sathaye et al 1994).
The financial viability of urban rail systems depends critically on a large population with a high per capita income, high utilization levels and fares, and low staffing and wage levels. Whereas the gross per capita income of Singapore, for example, is around US$ 12,939 (Kenworthy and Laube 1999), the per capita income in Delhi (one of India’s wealthiest regions) is only around US$ 740 (NCTD, 2001). Experience from several low-income country cities suggests that high fares cannot be charged without losing patronage. To attract patronage, the integrated bus and rail fare should ideally not be much higher than the existing bus fare; if it is, the poor will continue to use buses. And any attempt to remove bus competition will likely cause major disruptions in peoples’ lives, and the displacement of many small operators (Mohan et al 1997). All of this means that fares in low-income cities likely have to be subsidized, with adverse implications for financial viability. Another important issue is the inability, because of constrained resources, to build a rail system that is both extensive and fine-grained, which would ideally be required to make a significant dent in personal motor vehicle use in urban forms such as Delhi’s that are growing rapidly in all directions.

In view of the foregoing, it is not at all clear how effective the urban rail systems being implemented in Indian cities including Delhi will be, in terms of addressing congestion and curbing personal motor vehicle use. And even if urban rail systems are effective, it will be several years before they become fully operational. Personal motor vehicle activity, particularly on M2W vehicles, will likely grow in the foreseeable future, for all of the reasons discussed earlier. Since urban rail can be extremely expensive while offering uncertain benefits, there is a critical need for low cost transit solutions that are appropriate to the needs, capabilities and constraints in the Indian context. Bus-based systems have the potential to be a cost-effective public transit option. Besides, even if urban rail is implemented, efficient feeder buses will likely be needed to transport passengers to rail stations, in order for it to be truly effective, especially given that resources might not exist for an extensive, fine-grained system. But as we have discussed, expanding bus service will be difficult. It is also the case, as Kenworthy and Laube (1999) point out, that buses cannot provide the frequency or capacity to cope with heavy passenger loads in mixed traffic in dense settings with limited road capacity, conditions characteristic of many Indian (and other low-income Asian) cities. 
Given the foregoing, and the needs, capabilities and constraints in the Indian context, more efficient use of existing transit along with road infrastructure is called for. This would indicate, first of all, the need to improve service with the existing transit fleet, which is by no means an easy task, given the various transit-related difficulties that we have discussed. The public transit challenge in Indian cities may succinctly be described as one of improving service to maintain and enhance ridership, at low cost, in dense settings with limited road capacity. One possible answer to this difficult challenge is to implement, wherever appropriate and possible, rapid bus transit systems operating on dedicated busways, perhaps with low-floor buses, since such systems offer high line-haul capacities, at significantly lower costs than urban rail (Rabinovitch and Leitman 1996; Mohan et al 1997). Such systems are in fact being implemented by the Transportation Research and Injury Prevention Programme at the Indian Institute of Technology, in Delhi.
The question is, what will the infrastructure needs be for dedicated busways, how can they be accommodated in dense settings, and to what extent if at all can the existing road infrastructure be made use of for this purpose? We have already discussed how, because the transport system does not cater for mixed traffic, and in particular for slow moving non-motorized modes, these modes are forced to share road space with fast moving motor vehicle traffic, and how this not only increases hazards for non-motorized users but also causes the existing transport infrastructure to be used inefficiently and all other modes to operate sub-optimally, including severely hampering bus operation and service provision. The net result is that while all modes are adversely affected, the most environmentally and socially friendly modes, and the vast majority that depends on them, suffer the most.
Much higher levels of service and higher traffic flows can potentially be achieved with the existing infrastructure, provided it is used efficiently, especially in cities like Delhi, which do not lack for road space. It is important that infrastructure be designed to accommodate multiple modes, based on the recognition that, just as dedicated facilities for non-motorized modes are necessary to make the use of these modes attractive, bus systems need to be separated from slow moving non-motorized modes in order to be able to operate efficiently. In cities like Delhi, where most arterials have service roads, existing road space is sufficient to accommodate, with suitable re-design, an exclusive lane for cycles and rickshaws, a separate pedestrian path, and a dedicated bus lane. Providing segregated facilities for cyclists on arterials would cost very little but would increase road space by 50% on three lane roads. This arrangement would allow cyclists to travel in comfort and considerably improved safety, thus making cycling more attractive; as well, it would help use existing road infrastructure more efficiently, by freeing up road space used by bicycles currently, and making it available for dedicated busways, making bus service more attractive and effective (Mohan et al 1997; Tiwari 2002).

Given the imperatives and realities in the Indian context, it is strategies such as this that will be required to meet mass mobility needs over the coming decades, and to build urban access and mobility systems that are low cost, resource conserving, environmentally benign and socially just.
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� Other LIC countries show a similar trend. In Bangladesh, Sri Lanka, and Thailand, 53-72% of such fatalities are pedestrians and NMV users. In the USA, by contrast, less than 20% are pedestrians or cyclists. In Sri Lanka, Malaysia and Thailand, M2W vehicle users account for 34-57% of road fatalities (Mohan and Tiwari 1997; Mohan, Tiwari and Kanungo 1996).


� The RITES/ORG (Rail India Technical and Economic Services/Operations Research Group) study was based on a survey of 18,721, or 1.1% of households in the Delhi Urban Area (DUA). The total number of individuals involved was 99,868 (RITES/ORG 1994).


� More recent data, from 1999, for travel by low income and high groups (with average monthly incomes of INR 2000 and 7000 respectively), is reported in Tiwari (2002). For the low income group, the bus shares match well between the 1994 and 1999 surveys. However, while the walk and cycle trips combined are about the same in the two surveys, the 1999 data shows much higher bicycle shares and lower walk shares than in the 1994 survey. As for the high income group, the bus shares again match well, but the shares of car and M2W vehicle trips are much higher in the 1999 survey than in the 1994 survey.


� 46% of households had monthly incomes between INR 2000 and 5000, 19% between INR 5000 and 10000, and 5 and 7% of the households had incomes below INR 1000, and above INR 10000 respectively (RITES/ORG 1994).


� The system, the bulk of which will run above ground, is expected to be 198.5 kilometres long when completed. The first phase of 62 kilometres, of which a 8.3 kilometre section became operational in December 2002, is expected to be completed in 2005, and to cost  US$2.3 billion, 64% of which will be financed by a Japanese government loan (Delhi Metro Rail Corporation 2003).
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Figure 1   Distribution of Trips by Mode in Delhi

M2W/M3W = Motorized two-wheeled/three-wheeled vehicle. Other modes 0.4%

Source: RITES/ORG 1994
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Figure 2   Distribution of Trips by Mode in Delhi, 

by Income Group

% Share of Trips

Lowest Household Income < INR 1000 per month; other modes 2.5% (of which rickshaw 1.6%); 

Highest Household Income > INR 10,000 per month; other modes 6.5% 

(of which Rickshaw 2.1%, M3W 3.7%)

M2W/M3W = Motorized two-wheeled/three-wheeled vehicle

Source: RITES/ORG 1994
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