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Abstract: Hyderabad City, the capital of Andhra Pradesh State in India is exhibiting an alarming growth of vehicular population in the recent past and the city road network is bursting at its seams to contain the ever increasing traffic problems. Every year more than 0.2 million vehicles are getting added to the city while the road network improvement is not keeping pace with the requirements. The multimodal environment where the traffic consists of two wheelers, three wheelers, four wheelers and heavy vehicles along with non-motorized transport like pedestrians and bicyclists  is a biggest challenge for traffic managers. There are too many stakeholders in the system and there is no umbrella under which a coordinated effort can be made by them. The absence of planned road network, lack of lane discipline and absence of transit oriented development are some of the problems coming in the way of better traffic management. The paper discusses the growth pattern of the city and the multitude of problems to be solved for better Traffic Management and Control.

1.0. HYDERABAD METROPOLITAN AREA: DEMOGRAPHIC PROFILE

Hyderabad Metropolitan Area consists of a vast jurisdiction encompassing the Municipal Corporation of Hyderabad (MCH), Secunderabad contonement and ten outer Municipalities surrounding MCH area. The graphical representation of Hyderabad Metropolitan Area is presented in Figure 1. The administrative control of this entire geographical area rests with the Hyderabad Urban Development Authority (HUDA).
The ever expanding city of Hyderabad with out growths in the fringes coupled with an exponential growth of vehicle population has put the Traffic and Transportation System of the city under tremendous strain. Though there is a geographical definition and separation between the MCH and the outer areas, the MCH area has to bear the brunt in terms of the traffic generated towards the city from the outer areas. Area wise MCH has a total extent of 172.60 Sq.Km. and the population as per 2001 census is 3.63 millions. The population figures of 2001 census of the core area and the outer municipalities are given in Table 1.
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Hyderabad city has already acquired a cosmopolitan nature and is aggressively positioning itself as a hub for administrative, financial, industrial, educational, medical , recreational and sports activities resulting in a high growth rate. The city is experiencing accelerated growth towards north-west due to the establishment of Hitech City and Cyberabad Development Area where many multinational software companies have established their offices and development centres. Towards south-west of the city the new International Airport and Hardware Park are coming up which are expected to give a tremendous spurt in the urban growth around them. Towards north-east due to the establishment of the Apparel Park and Bio-technology Park considerable urbanization is expected. These activities are expected to create large volumes of traffic flows towards and from the core aggravating the already existing traffic problems. Figure 2 shows the proposed and developed activities in Hyderabad Urban Area.
A cursory glance at the projected population numbers of the surrounding Municipalities and the MCH, in relation to the existing population numbers can throw light on the magnitude of growth expected. This data ise presented in tabular form below:
	Component
	Area, Sq.Km
	Population

 In Millions

 ( 2001)
	Expected Population

 In Millions

 ( 2021)
	Population Share as % of Total (2001)
	Population Share as % of Total (2021)

	MCH
	172.60
	3.633
	5.174
	58.80
	38.75

	Outer

Municipalities
	418.58
	1.717
	5.086
	27.79
	38.09

	Other parts
	1273.69
	0.829
	3.093
	13.42
	23.16

	Total HUDA
	1864.87
	61.79
	133.53
	100.00
	100.00


(Source: Draft Master Plan for Hyderabad for 2020,HUDA)

At present 58.80 percent of the HUDA  population is confined to the MCH area of 172.60 Sq. Km and the outer Municipalities that are having almost 2.5 times the area of MCH are housing only 27.79% of the total HUDA population i.e., nearly one half of the MCH population. The projections indicate that the population growth is going to be very high in outer municipalities by the year 2021 and it is expected that the outer Municipalities and the MCH are going to have almost same population of around 5.1 millions. This accelerated growth will have a tremendous impact on the transportation network of entire Hyderabad Metropolitan Area.

1.1. HYDERABAD METROPOLITAN AREA : ROAD NETWORK PROFILE
The city has radial and orbital form of road network. The recent growth trend is more in the west and  south directions of Hyderabad. The main arterials of the city are the National Highway 9 (connecting Vijayawada in the eastern side and Mumbai in the west), National Highway 7 (connecting Bangalore in south and Nagpur in north) and National Highway 202 (connecting Hyderabad to Warangal). Five State Highways SH1, SH2, SH4, SH5 and SH6 start from the city centre and diverge radially connecting several towns and district head quarters within the State in all directions. The road network of Hyderabad is very dense and congested due to narrow roads, heavy encroachments, and high pedestrian and slow moving vehicle concentration. As per the existing land use plan, the area under roads is only 9-10% in MCH area which is grossly inadequate and it is estimated that at least 20% road space is necessary for the Metropolitan area. The road network of the metropolitan area is presented in Figure 3.

The road network in the core area of MCH remained more or less static at 250 km over a decade. There are nearly 400 road intersections in the Metropolitan area among which 250 are in the core area. Only 80 intersections are signalized. There are more than 160 unmanned intersections resulting in many accidents.

1.2. HYDERABAD METROPOLITAN AREA : TRAFFIC  PROFILE
In the past decade the vehicular growth in the Hyderabad Metropolitan area has been  phenomenal and the road network has not kept pace with this alarming growth. The two wheelers have recorded a compounded annual growth rate of 11.9 percent in the past decade where as the corresponding percentage growth rates for four wheelers and three wheelers are 13.9 and 10.4 respectively.  The vehicular composition on roads on an average exhibits highly heterogeneous mix with two wheelers comprising 50 percent of the traffic; four wheelers 16 percent; three wheelers 16 percent; human powered bicycles 9 percent; buses 5 percent and the remaining part is that of push carts, animal drawn vehicles and others. The change in the average traffic composition over different years is given in Table 2 and the same is graphically presented in Figure 4. The proliferation of personal modes like cars and two wheelers is clearly indicated by these figures. At the same time the drastic reduction in human powered bicycles indicates the inadequate measures to provide the required infrastructure to sustain and support the bicycle transport.

The peak hour traffic flows on major roads are in the range of 16000 vehicles per hour in the junctions and about 9000 vehicles per hour on the links. The average traffic speed in the peak hour is estimated as 12 kmph which is an indicator of dismal state of congestion and a very low Level of Service. 
On the road safety front, nearly 1000 fatalities occur every year in about 350 fatal road accidents. The total number of road accidents which include non-fatal accidents also is about 1800. Many minor accidents go unreported everyday and the accident recording mechanism needs to be strengthened. More than 60 percent of the victims of the accidents are vulnerable road users like pedestrians, cyclists and two wheeler riders.
1.3. HYDERABAD METROPOLITAN AREA: PUBLIC TRANSPORT AND PARATRANSIT PROFILE

Public Transport System in Hyderabad is primarily road based bus transport, until the recent addition of the rail based Multi Modal Transportation System (MMTS) in 2003. The current mode share of Public Transport in the Hyderabad city is about 35% of the estimated 7.1 million person trips per day. But as per the guidelines given by the Government of India, Ministry of Urban Development, the share of Public Transport must be 70 to 85% for a city like Hyderabad. The desired share as envisaged by the Ministry of Urban Transport is indicated below:
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(Source: Ministry of Urban Development, Government of India, 1988)

Andhra Pradesh State Road Transport Corporation (APSRTC) buses capture about 98.3% of all the trips made by Public Transport whereas MMTS serves the remaining 1.7% of commuting passengers.

Currently, the city division of the APSRTC has a fleet size of 2800 buses and operates 2,669 schedules per day, making more than 36,000 trips across the city covering nearly 0.71 million vehicle kilometers per day. All the buses ply on the same carriageway as that of other private vehicles and thus the level of service offered by the bus system is severely limited by the heavily congested road network. The bus system is unable to cater to the peak hour demand, resulting in over crowded buses , longer waiting times and slower operating speeds. The route planning of bus services is not based on any systematic assessment of demand and patronage. The ad-hoc  and heuristic approach has resulted in a poor level of operations of bus services.
The para-transit operates, mainly in the form of motorized three wheelers called auto-rickshaws that  have mushroomed  in the recent past to capture the peak hour demand and are emerging as unhealthy competitors to the APSRTC buses. A total of 80,000 auto-rickshaws ply on the city roads every day and cater to the estimated 10% of the 7.1 million person trips per day. While a proper integration of para-transit can actually complement the bus system, this has not happened due to the unorganized nature of auto rickshaw operations. Because of their smaller physical dimensions the three wheelers have a high degree of maneuverability. They weave through the gaps in traffic causing confusion and chaos and their frequent stopping on the carriageway to serve the passengers is resulting  in severe problems to the free flow of traffic.

The local train operations in the city have been introduced under the banner of MMTS in a limited way as a joint venture between Government of Andhra Pradesh  and the Ministry of Railways in 2003. The current MMTS network extends to about 50 km with 26 stations. 

2.0 TRAFFIC MANAGEMENT ISSUES
All the above description about the Hyderabad Metropolitan Area presents a picture of a typical metropolitan traffic scenario plagued with a multitude of problems.  Any sustainable transportation planning effort for a Metropolitan area is expected to have certain basic objectives like:

i) Higher Level of Service and Better Quality of urban Life

ii) Safe, reliable, comfortable and  affordable Public Transport
iii) Promotion of Non motorized transport 

iv) Increased levels of road safety

There are many Traffic management measures that are adopted throughout the world to fulfill the objectives mentioned. But in the given situation of Hyderabad Metropolitan area, the implementation of such measures is hampered by the inherent peculiarities and constraints of the system. Some of the Traffic management  measures and the difficulties in their implementation are discussed in the subsequent articles.
2.1. Lane Adherence by Vehicles
Lane discipline is a common feature of traffic in almost all the developed countries and the strict enforcement of lane discipline will help in an orderly movement of traffic and it will also help in effective regulation of traffic. But the lane discipline in the developed countries is based on speed, where the vehicles have to move in specific lanes depending on their operating speeds. Incase of  homogeneous traffic consisting of predominantly  passenger cars, the lane adherence and its enforcement is not a problem. But in the context of Indian urban traffic where heterogeneous traffic dominated by smaller vehicles is a common feature, such a measure is difficult to implement. All types of vehicles exhibit a wide range of speeds and if they are to be regulated into specific lanes on the basis of speed, the measure will result in confusion and chaos because of the different maneuverability levels exhibited by different vehicles. At the same time, segregation of vehicles into lanes by type of vehicles also will result in a chaotic traffic situation because of the speed variations with in the same type of vehicle. Some sort of regulation model needs to be evolved for Indian traffic scenario by  researchers so that an effective control and regulation of traffic can be achieved.
2.2. Deployment of ITS Technologies for Traffic Management

World over, many cities are deploying ITS Technologies for effective Traffic Control and Regulation. These technologies make use of many hardware components like cameras, sensors, transmitters etc and many software tools are also used in association with them for traffic control. In case of heterogeneous traffic, the detection of classified traffic approaching a junction or moving along a link is still a major problem in the absence of lane discipline and the complex lateral and longitudinal spacings maintained by different types of vehicles. Another drawback is the non-uniform geometrics where the carriageway width changes haphazardly making the platoon prediction extremely difficult. There is no customized software for Indian traffic conditions that can be employed for any Indian city. The  traffic engineering research for Indian traffic conditions still remains vastly unexplored and there are no standard models to explain the speed-flow-density relationships. The capacity norms for urban roads are debatable. These limitations have become a major hindrance in the deployment of ITS for urban traffic management.
2.3. Exclusive Bus Lanes for Promotion of Public Transport
This measure is widely used to discourage the proliferation of personal transport and to attract more patronage to the Public Transport. As there is no extensive rail based system for Hyderabad City, the only possibility is to strengthen the Public Transport by giving preferential treatment to buses. This needs allocation of exclusive lanes for buses. But the provision of road infrastructure and its maintenance rests with the local municipal authorities and the operation of buses is by another agency APSRTC as mentioned earlier. There is no official coordination between these agencies. Unless the agencies have coordination among themselves, these type of measures can not be implemented effectively.
2.4. Parking Management

It is normally stated that  fifty percent of the traffic problems can be solved if the parking demand is effectively managed. The parking can be restricted either by time restrictions or space restrictions. A major deficiency in the Hyderabad Transportation System is the absence of parking policy. The permissions for major commercial centres are usually accorded without any traffic impact assessment and evaluation of the parking provision for the traffic attracted. Again the problem is the absence of inter departmental coordination. Town Planning department of the local urban body issues the permissions and the traffic wing of the municipality or the traffic police are never consulted before clearing the plans. There is no integration of landuse planning with the Transport planning. 
3.0. ISSUES TO BE ADDRESSED IMMEDIATELY FOR EFFECTIVE TRAFFIC MANAGEMENT  
The system constraints and the deficiencies have been discussed at length and if a really an effective and workable traffic management policy is to be developed for the city of Hyderabad the following issues need to be resolved immediately.

a) Absence of Institutional Framework that coordinates the functions 

      and operations of various stakeholders
b) Lack of budgetary allocation

c) Absence of Hierarchical Road Network

d) Absence of Integrated Land use and Transport Planning

e) Lack of Transit Oriented Development

f) Neglected Equity for all the road users

3.1 Absence of an Institutional Framework 
The major constraint is that there are too many stake holders in the Transportation System and there are fractured responsibilities. Some times the interests of these stake holders are conflicting and there by the overall objective of providing a safe, efficient and economic transportation gets defeated. For example, the agencies responsible for providing road infrastructure are numerous like MCH, Roads and Buildings Department, National Highways Department, Urban Local Bodies and Panchayat Raj Department.  The agencies responsible for traffic regulation and control are the Traffic Police and Road Transport Authorities. The public Transport providers are APSRTC and Railways. There are many service organizations like Telecom Department, Electricity Department, Water Supply and Sewerage Department whose operations directly affect the road traffic movement. Unfortunately, there is no unified authority to regulate these agencies and to coordinate their operations for the common goal of improving the Transportation System. 
3.2 Lack of Budgetary Allocation
Despite the absence of a common umbrella under which to operate, the agencies involved are trying on their own to evolve some strategies and plans to mitigate the problems. But the finances have become a serious constraint. The traffic infrastructure provision is not given any priority in the budgetary allocation of the State Government and Local Bodies. To cite an example, it was estimated that for the year 2005-2006, the investment required for the improvement of transportation infrastructure in the form of new road links, bus terminals, pedestrian facilities, junction improvements etc. in Hyderabad City is around Rupees 2200 millions. But the Municipal Corporation of Hyderabad (MCH) has allocated only Rupees 35 millions towards the traffic and transportation improvement for the year 2005-2006. The Corporation is trying to fill the huge gap between the demand  and the supply by adopting certain funding strategies like  BOT ( Build, Operate and Transfer ) and Public-Private-Partnership (PPP) which are not able to meet the requirements.
3.3 Absence of  Hierarchical  Road Network
The development of road network that has taken place in the past is totally arbitrary in nature.  No cognizance is given to the functional requirements of roads such as mobility and accessibility. As a result no road is serving any definite function, the geometrics of the roads are non-uniform and all the roads operate more or less at the same Level of Service in the metropolitan area. This situation seriously hampers the adoption of measures like lane discipline, access control, pedestrianisation and parking policies. 

3.4 Absence of Integrated Land Use and Transport Planning 
The development of Hyderabad Urban area in the past has not been according to a plan and the town planning and Transport Planning were not integrated. This is one of the root causes of the traffic chaos. The traffic impact analysis of the activities is totally absent and the mushrooming growth of commercial centers along the major corridors of the city is compounding the problem.
3.5 Lack of Transit Oriented Development
The role of transit in defining and controlling the urban growth was never given importance in the planning. The gross negligence of Public Transport and related infrastructure development in the past has resulted in an uncontrolled urban sprawl and proliferation of personal transport. Though some new measures like provision of rail based transit systems are  adopted, their coverage of the urban area is very marginal and they seem to have no effect in improving the traffic situation. It is strongly recommended that a road based mass transit  system like BRTS has to be implemented with an extensive coverage of urban area. It should be planned in such a way that it defines the growth of the urban area.
3.6  Neglected Equity 
The roads are built keeping in view only the motor vehicles and the other road users are not given any importance. The cyclists, pedestrians and other vulnerable road users are not provided with adequate supporting infrastructure and are facing a serious road safety threat. The fact that more than 60 percent of the road accident victims are vulnerable road users speaks of the deficiency of a sustainable transportation plan.
4.0 CONCLUSIONS
This paper presents the traffic and transport scenario of Hyderabad Metropolitan Area with emphasis on the key issues and constraints coming in the way of traffic management. These issues are to be resolved immediately if a sustainable, safe and efficient transportation system is to be achieved. The resolution of the issues discussed will provide the answers for better traffic management in the Hyderabad Metropolitan Area. 
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Table 1. Demographic Profile of MCH and Outer Municipalities (2001)

	S.No.
	Name of the Municipality
	Area,Sq.Km.
	Population (2001)

	1.
	MCH Area
	172.60
	3633000

	2.
	Gaddiannaram
	2.12
	53622

	3.
	Alwal
	26.32
	109386

	4.
	Uppal
	21.97
	117875

	5.
	Rajendranagar
	50.87
	143377

	6.
	Serilingampally
	96.99
	153255

	7.
	Kapra
	43.81
	159176

	8.
	Malkajgiri
	16.75
	192810

	9.
	Qutbullapur
	52.02
	229322

	10.
	LB Nagar
	64.61
	267592

	11.
	Kukatpally
	43.12
	291202

	
	Total
	591.58
	5350617


(Source: Draft Master Plan for Hyderabad for 2020,HUDA)
	
	Percentage Composition in Traffic

	Type of Vehicle
	1986
	1996
	2003

	Two wheelers
	18
	50
	50

	Auto rickshaws
	6
	18
	16

	Buses/trucks
	2
	3
	5

	Cars
	4
	14
	16

	Bicycles
	42
	10
	9

	Others
	28
	5
	4



























































































  Table 2. Percentage Composition of Different Modes in Traffic
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