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Chapter 1 Introduction 
Climate change is one of the biggest challenges to sustainable development. It is pertinent 

that policies emphasise on measures that are conducive to mitigating Greenhouse Gas 

(GHG) emissions and to facilitating adaptation to changes that are likely to take place.  

Transport sector is a key contributor to global GHG emissions. According to IPCC AR5 (2014), 

the sector accounted for 7.0 GtCO2eq of direct GHG emissions and was responsible for 

approximately 23 % of total energy-related CO2 emissions in 2010. It is also estimated that 

at this rate and with no additional policies and measures, emissions could increase at a 

faster rate than emissions from the other energy end-use sectors and just double to reach 

around 12 GtCO2eq per year by 2050. In India alone, transport sector emissions in 2007 

were estimated to be 142.04 MtCO2eq accounting for approximately 13% of total energy 

related CO2 emissions (MoEF, 2010), of which majority of emissions were from road 

transport. These emissions will further increase given that India is witnessing rapid 

economic growth and owing to dramatic increase in urbanisation leading to multi-fold 

increase in number of registered vehicles in the country. While the transport sector is the 

second largest contributor to GHG emissions in India and emissions in the sector are still 

continuing to grow, the sector is struggling to meet the mobility demands of the country 

required for its economic growth. Besides the challenges to provide access to affordable 

means of mobility, the sector is also grappling with issues like public health & safety, air 

pollution, congestion and loss of productive time.  

Some of these challenges are likely to be aggravated by future climate change as it will 

impact the urban transport sector in more ways than one. For example, extreme rainfall 

events could disrupt transport networks, causing waterlogging and hardship to travellers; 

extreme events and floods can harm the infrastructure imposing higher economic costs and 

financial burden on the economy. Given that the sector plays a vital role in economic growth 

of the country, it is only important to ensure a resilient urban transport system that also 

aims to provide access to affordable mobility means consistent with future climate change. 

First step in this direction would be to constrain GHG emissions and to integrate climate 

proofing into urban transport planning and policy process thereby synergising development, 

mitigation and adaptation concerns.  

The problem of acute road congestion, rising air pollution, and a high level of accident risk 

faced is taking serious dimensions and worsening the people’s quality of life. Without 

vigorous action, this problem would intensify, as rising population over the coming decades 

and the goal of growing economic prosperity puts more pressure on the system.  The 

increased use of private motor vehicles has been rapidly changing the modal-split structure. 

Motorization may have brought a higher level of mobility to the high-income segments of 

urban population, but its adverse impact in the form of congestion, air pollution, and traffic 

accidents is also substantial. 



The Research Council of Norway funded project, ‘CLIMATRANS – Coping with Climate: 

Assessing Transport Sector Strategies for Climate Change Adaptation and Mitigation for 

Indian Cities’ will be assessing the climate change impacts in cities in three large cities in 

India, namely- Delhi, Mumbai and Bengaluru. The project thereby aims to develop 

mitigation and adaptation strategies for the transport sector, crucial to the framing of 

transport policy towards sustainable development. This report is the synthesise of work 

package 2 of the project and tries to assess the current state in the case cities in terms of six 

aspects deemed relevant for transport-related climate change, viz., (i) Demography, (ii) 

Economy, (iii) Technology and transport infrastructure, (iv) Mobility and motorisation, (v) 

Institutions, and (vi) Climate and environment. Following table summarises some of the key 

aspects in the case cities. 

Table 1: Summary of key statistics in three case cities 

  Area Population Million Per Capita income  State 

   Km2 2001 2011 Current prices in US $ (2011-12)   

Bangalore 741 5.70 8.50 3824 Karnataka 

Delhi 1483 12.88 16.31 3669 Union Territory 

G Mumbai 4355 16.43 18.41 3164 Maharashtra 

Source: Census (2001, 2011) 

Approach followed in compiling this report is survey of available data and literature, inputs 

received in stakeholder meetings and specific sections of climate and environment has 

detailed methodology included.  

1.1 Demography  

According to the Census Statistics 2011, the population of India was 1,210,854,977. This was 

a 9.81% increase since the last census. The density of population was found out to be 382 

per square kilometers. The total sex ratio was 940 females to 1000 males. Table 2 gives 

comparison of demographic indicators of the three cities in 2001 and 2011. The data is from 

the Census of India. Detailed description is provided in the case study reports in annex.  

Table 2: Key demographic indicators in three case cities 

Description Bangalore Delhi Mumbai UA 

  2011 2001 2011 2001 2011 

Actual Population 96,21,551 65,37,124 1,67,87,941 1,38,50,507 1,83,94,912 

Male 50,22,661 34,26,599 89,87,326 76,07,234 98,72,271 

Female 45,98,890 31,10,525 78,00,615 62,43,273 85,22,641 

Population Growth 47.18% 35.09% 21.21% 46.31%   

Area Sq. Km 2,196 2,196 1,483 1,483   

Density/km2 4,381 2,985 11,320 9,340   

Sex Ratio (Per 1000) 916 908 868 821 863 

Child Sex Ratio (0-6 Age) 944 943 871 868 910 

Average Literacy 87.67% 82.96% 86.21% 81.67% 89.78% 



Male Literacy 91.01% 87.92% 90.94% 87.33% 92.58% 

Female Literacy 84.01% 77.48% 80.76% 74.71% 86.53% 

Total Child Population (0-6 

Age) 

10,52,837 7,72,540 20,12,454 20,16,849 18,49,894 

Male Population (0-6 Age) 5,41,656 3,97,648 10,75,440 10,79,618 9,68,584 

Female Population (0-6 Age) 5,11,181 3,74,892 9,37,014 9,37,231 8,81,310 

1.2 Economy 

1.2.1 Bangalore 

Bangalore Urban District contributes 33.8% to State’s GSDP at Current Prices. Bengaluru has 

the second highest literacy rate (83%) for an Indian metropolis, after Mumbai. The city's 

workforce structure is predominantly non-agrarian, with only 6% of Bengaluru's workforce 

being engaged in agriculture-related activities. There has been an 86 % increase in 

participation of women in the workforce since 1991. Bangalore is home to not only major IT 

companies of the country but also premier scientific  centers like Indian Institute of Science 

(IISc), Jawaharlal Nehru Centre for Advanced Scientific Research (JNCASR), Indian Space 

Research Organization (ISRO), National Aerospace Laboratories (NAL), Defense Research 

and Development Organization(DRDO) amongst others. An important feature of the 

economic activities of Bangalore is the huge concentration of Small and Medium Enterprises 

(SMEs) in diversified sectors across the city. Bangalore has more than 20 industrial 

estates/areas comprising large, medium and small enterprises. Public Sector undertakings 

and the textile industry initially drove Bangalore’s economy, but the focus in the last decade 

has shifted to high-technology service industries. 

 

Table 3:  Economic Sectors (Bangalore) 

Sector 1981 1991 2001 2011 

Agricultural 5.9% 1.7% 0.8%   

Manufacturing 19.0% - 44.4%   

Services 75.1% - 54.9%   

Source: GMMN Report, 2013 

 

Table 4: Workforce Participation (Bangalore) 

 Year 1981 1991 2001 2011 

Persons 30.3% 33.2% 38.5% 43.8% 

Male 49.4% 52.8% 57.6% 61.8% 

Female 8.8% 11.5% 17.5% 21.5% 

 



1.2.2 Delhi 

Gross State Domestic Product (GSDP) of Delhi at current prices is expected to increase from 

Rs.100325 Cr. in 2004-05 to Rs. 348221 Cr. In 2012-13 and Rs. 404576 Cr. in 2013-14. The 

Net State Domestic Product (NSDP) of Delhi at current prices is expected to touch a level of 

Rs. 332521 Cr. in 2012-13 and Rs. 387097 Cr. in 2013-14 as compared to Rs. 94717 Cr. 

During 2004-05. Per capital income for the year 2013-14 at current prices is estimated as Rs. 

219979. 

Table 5: Gross State Domestic Product (GSDP) at Current Prices 

Sl. No. State Economy 2011-12 2012-13 2013-14 

1. GSDP at Current price (Rs. lakh) 29695688 34822116 40457565 

2. GSDP at 2004-05 price (Rs. lakh) 19754364 21597106 23615645 

3. NSDP at Current Price (Rs. lakh) 28271666 33252052 38709664 

4. NSDP at 2004-05 Price (Rs. lakh) 18767200 20539577 22465527 

5. Per Capita Income at Current Price (Rs. 

lakh) 

166883 192587 219979 

Source: Statistical Abstract of Delhi – 2014 

According to 6th Economics Census 2013 total no. of workers in Delhi were 29,84,850 

includes 20,49,068 hired workers (18,01,274 male & 2,47,794 female) and 9,35,782 non-

hired workers (8,19,719 male & 1,16,063 female) in Delhi (Table). 

Table 6:   

Table 6: Workforce Participation Rate - 2011 

Rural Urban Combined 

Female Male Total Female Male Total Female Male Total 

9.7 49.3 31.1 10.6 53.08 33.34 10.58 52.99 33.28 

Source: Census 2011 

1.2.3 Mumbai 

Greater Mumbai is dominated by tertiary sector (wholesale and retail trade transport, 

storage and communications, finance, insurance, information technology, real estate, 

community, social and personal services) followed by secondary sector ( manufacturing and 

repair, electricity, gas and water construction). This is in contrast to the situation in rest of 

MMR, wherein secondary sector is dominating in Net Domestic Product contribution. Unlike 

the earlier dominance of heavy industry in contribution to economic output of the region, 

sectors such as gems & jewellery, leather & leather products, information technology along 



with tourism/entertainment are contributing significantly to the economic growth of the 

region today. 

 
Figure 1: Greater Mumbai GDP: Sector Growth Rates 

Source: TRANSFORM, 2008 

The Gross District Domestic Product of MMR from year 2008-09 to 2012-13 has been given 

in the table below. It can be observed that the GDDP in the urban area is more than the 

suburban and rural area. There is also a gradual increase in the GDDP in each subsequent 

year. 

Table 7: GDDP at constant (2004-05) Prices in MMR (2008 - 2013) 

Gross District Domestic 

Product at constant 

(2004-05) Prices (INR 

Crore) 

2012-13 2011-12 2010-11 2009-10 2008-09 

Mumbai  191910 178304 167914 153408 153339 

Thane 116552 109624 102197 89512 83706 

Raigad 24019 22855 20898 17569 17217 

Source: Economic survey of Maharashtra (2013-14) 

Table 8: Work participation rate in MMR (2011 census) 

2011 Census Work Participation rate 

 Male Female Total 

Mumbai city 60.6 18.8 41.6 

Mumbai suburban 58.5 18.3 39.9 

Thane 57.3 21.7 40.6 

Raigad 56.1 24.7 40.7 

Source: Economic survey of Maharashtra (2013-14) 



Chapter 2 Transport System and Technological Development1 
Transport system of the three case cities is studied here under following categorisation: 1) Transport 

Infrastructure where a) Road Network, and b) Rail Network are discussed and 2) Modes of transport 

where a) Public Transport, b) Private Motorised Transport and c) Non-motorised Transport are 

discussed. 

2.1 Bangalore 

2.1.1 Road Network 

Bengaluru is endowed with a radial pattern of road network converging in the core area of 

the city. The total road network of the city is about 13,000 km of which arterial/sub-arterial 

roads account for about 350 km. NH7 and NH4 (part of North South Corridor and Golden 

Quadrilateral, respectively) and NH209 pass through Bangalore forming five important 

radial roads within the Bangalore Metropolitan Area. State Highways linking Bangalore with 

Mysore, Bangalore with Bannerghatta, and Bangalore with Magadi form other major radial 

corridors. Developed as a radial town, Bangalore does not have a strong circumferential 

road system, except for the Outer Ring Road, despite the intervening space between the 

corridors developed. The road network is mostly underdeveloped in terms of size, structure, 

continuity and connectivity. Most of the major roads in Bengaluru have V/C ratios > 1.0 

indicating high congestion, low speeds and high delays. Total motorway network (arterial + 

sub arterial) is 1,940 kms. Road length per sqkm is 8.2 kilometers. 

 

 
Figure 2: Major activity centres along with transport network in Bengaluru 

Source: CTTP 2011 

                                                           
1
 For details see individual case city report 



2.1.2 Rail Network 

Bengaluru is an important and a major junction on the South-Western railway network. 

There are three major railway stations in Bengaluru - City Railway Station, Cantonment 

Railway Station and Yeshwantpur Railway Station. Bengaluru is served by 5 radial rail 

corridors, namely Chennai on the east, Mumbai (Pune) on the Northwest, Guntakal on the North, 

Salem/Thiruvananthapuram on the East and Mysore on the Southwest. 

 

Though at present these rail corridors serve only intercity traffic, a small number of 

conventional short distance passenger trains are run in morning and evening hours to 

nearby (satellite) towns like Tumkur, Chikkaballapur, Bangarpet, Hosur and Mandya to serve 

the commuters. Its layout is conducive to convert them as “Commuter Rail System” (CRS), to 

provide viable commuter services to suburbs and also some nodes in the Bengaluru. Till the 

beginning of 2010, no rail corridors were operated as regular intra-urban commuter 

corridors. However, on 6th April 2010, the Government of Karnataka in association with SWR 

has introduced train services from Yeshwantpur to Hosur and Yeshwantpur to Bengaluru 

International Airport (BIA) at Devanahalli on trial basis. 

 

2.1.3 Public Transportation 

Bus Transport System 

The bus transport system of the city is considered best in the country. It is operated in the 

Public Sector by Bengaluru Metropolitan Transport Corporation (BMTC), a wholly owned 

company of the State Government. As per the statistics of 2013, BMTC operates services on 

2,428 routes with fleet strength of 6518. BMTC has established state of the art commuter 

friendly modernized bus stations, TTMC at Shivaji Nagar, Shanti Nagar and MCTC. It also 

observes Bus day on the fourth of every month. BMTC currently provides point-to-point 

services throughout the city. This routing practice usually results in low frequency of service 

and low service levels characterized by large waiting time, number waiting and total travel 

time. 

Table 9: BMTC Statistics 

BMTC Figures at a glance (as on May, 2015) 

Fleet  Strength 6518 

No. of Schedules 6234 

Service kms (in Million) 1.295 

No. of trips 76689 

Revenue(in Million) 54.7 

Daily passengers carried(in million) 5.02 

Depots 40 

Bus stations 52 

Staff strength 36474 

Source: BMTC 



 
Image 1: Ordinary BMTC bus in Bengaluru 

 
Image 2 Volvo bus(Vajra) in Bengaluru 

Mass Rapid Transit (Metro Rail) 

‘Namma Metro’ (literally ‘our metro’) or the Bangalore Metro is the rapid mass transit 

system for the city. A 7-kilometre (4 mi) stretch from Bayappanahalli to MG Road was 



opened to public on 20 October 2011, while another 10 kilometers (6 miles) stretch from 

Malleswaram to Peenya was opened on 1 March 2014. Namma Metro is being built in 

phases. Phase I of Namma Metro covers a total of 42.30 km and will be completed by the 

end of 2015. 

 

Figure 3: Phase I Network of Bangalore Metro 

Phase II spans a length of 72.1 km. Once completed, this will encompass a 42.3 km (26.3 mi) 

elevated and underground rail network comprising 41 stations. Phase III spans a length of 

about 127.57 km which will connect  important  Areas  and connect  phase 1  and Phase 2 

lines  passing through  Outer Ring Road , Magadi Road, Old Madras Road, Koramangala, 

Sarjapur and Yelahanka and Airport.  

 

 



 

Figure 4: Phase II Network of Metro 

 

Figure 5: Phase III Network of Metro 

 



This much-delayed project is the city's primary response to the worsening intra-city 

transport infrastructure which has become a major deterrent to continued business growth. 

 

Image 3: Metro plying on MG Road in Bengaluru 

Intermediate Public Transport (Auto rickshaw/Taxi) 

IPT modes in the city which primarily include auto rickshaws (3 wheeler) and taxi/cabs 

(Indica diesel/petrol, Nano, Sedan cars) have grown at an average rate of 12-13% p.a and 

have maintained a consistent share 0f 4% of total vehicular registrations over the last 

decade(2001-2011). These IPT modes have low carrying capacities and offer on demand 

door to door service which makes them more popular. Over the years autos have become 

an integral part of the transportation system of the city. From the point of view of policy, 

however, the existing intermediate transport modes in Bangalore are not well enough 

regulated to effectively respond to the urban transport problems in the city. 

 

 
Image 4: Auto rickshaws as IPT mode in Bengaluru 



2.1.4 Private Motorised Vehicles 

Personalized modes of transport have grown at a tremendous rate and two wheelers along 

with the cars almost comprise 90% of the total registered vehicular population in the city. 

Two wheelers constitute more than 70% of the total volume, while cars comprise 15%, 

autos 4% and the remaining 8% includes other vehicles such as buses, vans and tempos. 

Bangalore’s rapid urbanization has given rise to unprecedented growth in motorized 

vehicles. Higher income levels have made it possible for larger segment of people to own 

vehicles, more specifically two wheelers. As a result two wheeler growth has seen 

substantial growth comprising 70% of the total traffic volume. 

 

Table 10: Number of Registered Vehicles in Bangalore 

YEAR TWO 
WHEELERS 

THREE 
WHEELERS 

CARS JEEPS TAXIES BUSES TRUCKS TRACTORS TRAILERS MAXI 
CAB 

OTHERS TOTAL 

1976 62199 8699 21760 2048 1045 3487 6081 1419 1121 * 578 108437 

1977 78974 10132 27810 2986 964 3685 6516 1454 1164 * 641 134326 

1978 87753 10608 29302 3179 999 4000 6920 1531 1236 * 781 146309 

1979 97110 10726 30245 3396 1034 4301 7575 1897 1680 * 505 158469 

1980 111750 10044 31738 3554 1120 4671 8236 1929 1734 * 549 175325 

1981 125600 10355 32429 3570 1171 5090 8545 1781 1637 * 475 190653 

1982 135586 11063 33506 3726 1276 5507 10020 1823 1678 * 514 204699 

1983 162206 11880 36064 4043 1607 5931 10686 1510 1361 * 757 236045 

1984 189619 11348 47787 4995 2027 6155 11106 1493 1444 * 1676 277650 

1985 216234 10446 53150 4914 1756 5168 11532 755 671 * 1963 306589 

1986 236726 10524 54885 5122 1717 5704 11366 496 446 * 2269 329255 

1987 301877 12439 64703 5741 2027 6575 13013 693 589 * 3127 410784 

1988 343738 15513 65916 5966 2089 4247 15229 893 789 * 6500 460880 

1989 401811 15591 71078 5823 2218 4215 16467 853 762 * 5443 524261 

1990 458860 17379 82205 6376 2511 4516 19149 1993 1723 * 3574 598286 

1991 502707 23350 91883 6819 2783 4775 21758 2217 1915 * 3941 662148 

1992 522617 24748 92095 4322 2865 6146 26687 2272 1922 * 8861 692535 

1993 522617 24748 92095 4322 2659 10139 26687 2272 1922 * 9874 697335 

1994 577710 33338 103872 4784 3198 10301 25494 3288 3072 709 8138 773904 

1995 648994 37438 116991 5698 3195 11262 28785 3719 2512 2007 10058 870659 

1996 736798 46674 133540 6245 4239 12145 31238 4277 3778 2464 11852 993250 

1997 817273 54124 148437 6579 4786 15165 33303 4936 4523 2889 12862 1104877 

1998 892674 54689 160869 6676 5144 15832 34708 5357 4822 3195 12474 1196440 

1999 971518 57304 178495 6800 5523 17701 36522 5713 5143 3698 17026 1305443 

2000 1067430 61424 201052 6827 6299 20656 41887 6158 5544 4238 16542 1438057 

2001 1162111 64001 221508 6934 7062 22841 47683 6743 6100 4723 16436 1566142 

2002 1292228 67778 245893 7091 7974 24989 53424 7681 6873 5270 19728 1738929 

2003 1419396 72107 269648 7434 9444 28262 59150 8723 7359 7219 23599 1912341 

2004 1586397 74357 314931 7991 13132 34271 68186 10481 9456 10458 27820 2157480 

2005 1811361 80432 359580 11012 16484 36888 84571 11994 11023 12659 31266 2467270 

2006 2074306 90934 426394 7587 20025 39162 91699 18564 10699 16100 45682 2841152 

2007 2232271 95029 490982 7609 28223 48159 109761 19646 11670 18017 45197 3106564 



2008 2263552 95859 515109 7272 30940 48605 119051 20151 11779 18653 53668 3184639 

2009 2607536 105630 606427 8188 31879 42164 129312 20353 12133 20903 68843 3653368 

Source: http://praja.in/en/gyan/number-vehicles-registered-bangalore 

2.1.5 Non-Motorized Modes of Transport 

Bengaluru is ahead of other cities in providing cycle paths. The path spans 45km in the city, 

as compared to 34.03km in Delhi. The city has 80% of footpaths shared with roads, while 

Delhi has only 60% of footpaths running along its roads. 

 

 
Image 5: NMT facility under TenderSure project 

 

 
Figure 6: Share of households having Bicycles 
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In cities of Bangalore and Delhi, bike sharing is being promoted as a feeder to metro 

Systems. However, it has not been very successful till now.  

 Automated public bicycle sharing system (ATCAG) pilot project launched at three 

locations in 2012. 

 Bicycle is available near the metro stations and can be returned to any nearest 

docking station. 

 Bicycle sharing successfully working at Indian Institute of Science campus. 

 

 

 

 
Image 6: Bicycle sharing scheme at IISc Bangalore 

2.2 Delhi 

2.2.1 Road Network System 

The existing transport network in Delhi is ring and radial in nature. The road network is being 

developed and maintained by NHAI, PWD, MCD, NDMC, Delhi Cantonment Board and DDA. Five 

National Highways (NH-1, 2, 8, 10 & 24) converge on Ring Road of Delhi. The transportation network 

in Delhi is predominantly road based with 1284 km of road per 100Sq.km. The total road length (km 

lane) which was 14,316 km in 1981 which increased to 28,508 km in 2001 and 31,373 km in 2009 

respectively. Figure 7 shows the road network map of Delhi. 



 

Figure 7:  Delhi Road Map 

2.2.2 Railway Network 

Delhi division falls under Northern Railways. It has approximately track kilometer-age of 2,875 km. 

This division runs 582 Mail/Express & Passenger trains. Delhi has a network of 24 stations. There are 

six main railway stations of Delhi: Old Delhi Railway Station (16 platforms), New Delhi Railway 

Station (16 platforms), Hazrat Nizamuddin (7 platforms), Anand Vihar Railway Station (7 platforms 

(phase II)), Sarai Rohilla Railway Station (6 platforms), Delhi Cantt Railway Station (5 platforms) and 

rest 18 are small stations. Of Delhi's 10 lakh estimated rail passengers traffic daily, New Delhi station 

handles about five lakh passengers, Old Delhi about two lakh passengers while city's remaining 22 

stations handle the rest of passenger demand.  

 

Figure 8: Railway Development Timeline of Delhi 



Delhi Junction, also known as Old Delhi Railway Station, is the oldest railway station of Delhi city and 

a Junction station. The New Delhi Railway Station, situated between Ajmeri Gate and Paharganj is 

the main railway station in Delhi. New Delhi railway station is the third busiest and one of the largest 

in India. It handles over 300 trains and 500,000 passengers daily with 16 platforms. Most eastbound 

and southbound trains originate at New Delhi Railway Station. Hazrat Nizamuddin railway station 

connects all the major cities and was developed to ease congestion on New Delhi Railway Station. 

Anand Vihar Railway Terminal is a large railway station in Anand Vihar. Spread over 42 hectares and 

it is one of the largest railway stations and will cater to all East–bound trains from Delhi after the 

second phase becomes operational. 

New Delhi Railway Station handles over 300 trains and 370,800 passengers daily with 16 platforms. 

The total land area of NDLS is 86 Hectares. The broad area breakup of NDRS is given in the table 

below. 

2.2.3 Public Transport 

Urban Bus Transport System 

Delhi’s public transport system came into existence in 1948 with the formation of the Delhi 

Transport Service (DTS) under the Ministry of Transport, Government of India (GoI), and then shifted 

under the Municipal Corporation of Delhi (MCD) in 1958. In 1971 the Central Government took over 

and the Delhi Transport Corporation (DTC) was formed under the Delhi Road Transport Laws 

Amendment Act to improve its performance. The DTC was then transferred to the GNCTD in 1997 

with a fleet size of 2,636 buses and a total loss of ` 21,230 million so that it could obtain funds from 

financial institutes and improve its working. However, by 2003-04, DTC’s accumulated loss increased 

to ` 24,200 million after its transfer to GNCTD (Gupta & Savant, 2010), contrary to expectations. 

For years, the Delhi Transport Corporation (DTC) operated its bus services with 5,500 buses in use, in 

a city where the requirements have surpassed a 10,000-strong bus fleet. The existing network of 650 

routes was remodelled into 17 clusters. Under the Delhi Integrated Multi Modal Transit System 

(DIMTS), each cluster will be served by the DTC and the private stage carriage in a 40:60 ratio. 

Around 1300 buses are operating under the Cluster bus system. 

Table 11: Bus Transport System 

Number of Buses 5,500 

Cluster Buses 1,300 

Number of Depots 46 

Average Size of Depots (acres) 5 

Average number of buses / depot 119 

Average Dead Kilometers (per day) 5,390 (per depot) 

                    Source: DIMTS, 2010 

BRT System 

Delhi’s BRT system is ‘Open BRT’, and is used by the existing bus services on upgraded dedicated 

lanes. The first corridor of BRT in Delhi, from Ambedkar Nagar to Delhi Gate, was proposed as a 14.5 



km long with ROW varying from 28 meters to 51.5 meters with bus Lane in the middle of Road with 

a width of 3.3 meters. Motorized vehicle lane is on the side of bus lane with a width of 6.75 meters. 

Separate tracks are made for non-motorized vehicles and pedestrians. Presently only 5.6 km long 

corridor from Ambedkar Nagar to Moolchand is operational. The peak hour bus flows observed are 

120 buses/hour with 6,500 passengers/hour per direction (Hidalgo and Pai, 2009).  Table 12 shows 

the basic facts of existing BRT corridor. 

Table 12: Delhi Bus Corridor Facts 

Date of Launch April 20, 2008 

Length 5.6 kms. 

No. of stations 9 

No. of different routes 57 

Peak ridership 6,500 passengers per hour (both direction) 

Frequency 120 buses per hour 

Average commercial speed 18 km per hour (peak hours) 

Total infrastructure investment Rs. 14 crores per km 

Average Bus Fare Rs. 1 to Rs. 4 per passenger citywide 

         Source: DIMTS, 2008 

 

Image 7 Operational BRT corridor in Delhi 

Figures 9 show the proposed network plan of BRT covering a total length of 310 km by 2021 

over three phases respectively  

Figure 11  



 
Figure 9: BRT Network 

Terminal System 

Passenger Terminals: Bus Terminals 

In accordance with decision taken by the Govt. of India, Ministry of Urban Development in 

consultation with Delhi Development Authority and Govt. of Delhi in March, 1993 Delhi 

Development Authority transferred Inter State Bus Terminus Kashmere Gate now known as 

Maharana Pratap Inter State Bus Terminus, Kashmere Gate of Govt. of India in May, 1993. 

Subsequently two more Inter State Bus Termial Sarai Kale Khan and Swami Vivekanad Inter State Bus 

Terminus, Anand Vihar became functional with effect from August, 1993 and March, 1996 

respectively. Inter State as well as local bus services are being operated from all the three Inter State 

Bus Terminuses. 

Day to day functioning of all the three ISBTs is managed under the control of general Manager who 

is subordinated by Deputy General Manager, Accounts Officer, Executive Engineer and other staff 

including the Engineering financial and administrative. Besides one estate manager is posted for 

each ISBT to look after the functioning of his respective ISBT.  

There are 10 local bus terminals as under: 

 Shadipur Bus Depot (Shadipur 

Depot) 

 Shivaji Stadium Bus Terminal 

 Uttam Nagar Bus Terminal 

 Ambedkar Nagar Bus Terminal 

 Nehru Place Bus Terminal 

 Azadpur Bus Terminal 

 Shahdara Bus Terminal 

 Najafgarh Bus Terminal 

 Mehrauli Bus Terminal 

 Narela Bus Terminal 

 Hauz Khas Bus Terminal 

Delhi has presently 45 bus depots and 2 central workshops for intra-city bus services. These depots 

can accommodate 5500 buses in total. 
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Delhi Metro Rail System 

Delhi Metro today has a current operational network covering 192.81 kms approx. in Delhi and the 

National Capital Region (Gurgaon and Noida) with 146 operational stations. Table 13 shows the 

details of operational corridors. 

Table 13: Current Route Details 

Line First operational Stations Length (km) 

     Red Line 2002-12-24 21 25.09 

     Yellow Line 2004-12-20 34 44.65 

     Blue Line 
2005-12-31 44 49.93 

2010-01-07 7 8.74 

     Green Line 
2010-04-03 14 15.14 

2011-08-27 2 3.32 

     Violet Line 2010-10-03 18 23.24 

     Airport Express (Orange 

Line) 
2011-02-23 6 22.70 

TOTAL 
 

146 192.81 

                  Source: DMRC 

The Delhi Metro is being built in phases. Phase I completed 58 stations and 65.0 km of route 

length of which 13.0 km is underground and 52.1 km surface or elevated. The inauguration of 

the Dwarka–Road corridor of the Blue Line marked the completion of Phase I on October 2006. 

Phase II of the network comprises 124.6 km of route length and 85 stations, and is fully completed, 

with the first section opened in June 2008 and the last line opened in August 2011. Phase III (103 km, 

69 stations) and Phase IV (113.2 km) are planned to be completed by 2016 and 2021 respectively, 

with the network spanning 413 km by then. Figure 10 shows the trends in daily ridership on metro 

which increased from 82,000 in 2002 to 23.38 lakhs in 2015. 

 
Figure 10: Ridership/Day (in Lakhs) 

Source: Times of India (May, 2015) 
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Figure 11: Delhi Metro Network 

2.2.4 Private Motorised vehicles  

Delhi had a registered vehicle population of 7.45 million in 2011 having increased from 5.21 million 

in 1981 at a CAGR of 1.20%. Two-wheelers (63%) followed by passenger cars (32%) have major share 

in the fleet. Table 14 shows the growth trend of registered vehicles in Delhi 

Table 14: Growth Trends of Registered Motor Vehicles 

Year Personal Vehicles Commercial Vehicles Total 

 

 

Cars & 

Jeeps 

2 Wheelers Auto 

rickshaw 

Taxis Buses Good 

Vehicles 

 

 

1980-81 1,17,213 3,34,389 19,947 6,255 7,912 35,741 5,21,457 

1985-86 1,74,890 6,37,267 30,354 8,654 13,815 58,925 9,23,905 

1990-91 3,83,610 11,91,186 62,007 10,026 18,651 99,078 17,64,558 

1995-96 6,17,585 17,07,528 77,884 13,384 27,473 1,31,877 25,75,731 

1996-97 7,05,923 18,76,053 80,210 15,015 29,572 1,40,922 28,47,695 

1999-00 7,65,470 19,91,710 80,210 16,654 32,333 1,46,668 30,33,045 

2000-01 8,18,962 21,01,876 86,985 17,136 35,254 1,50,243 32,10,456 

2001-02 8,69,820 21,84,581 86,985 17,762 37,733 1,56,157 33,53,038 

2002-03 9,20,723 22,30,534 86,985 18,362 41,483 1,58,492 34,56,579 

2003-04 9,68,894 22,65,955 86,985 20,628 47,578 1,61,650 35,51,690 

2004-05 12,14,693 25,17,788 49,538 9,936 18,731 1,29,723 39,40,409 



2005-06 13,14,672 26,65,750 52,905 11,495 21,962 1,35,671 42,02,455 

2006-07 14,31,638 28,44,004 53,656 13,511 24,235 1,40,982 45,08,026 

2007-08 14,66,641 30,62,536 73,644 20,693 43,500 1,41,996 48,09,010 

2008-09 15,89,872 32,99,838 74,189 24,958 46,581 1,49,972 51,85,410 

2009-10 20,13,680 40,55,229 86,482 45,240 58,047 1,93,205 64,51,883 

2010-11 21,73,323 43,42,403 88,181 57,958 61,471 2,09,370 69,32,706 

2011-12 23,43,113 46,44,146 88,197 69,780 64,033 2,28,886 74,38,155 

Source: Transport Department, GNCT of Delhi. 

2.3 Mumbai 

2.3.1 Road Network 

 

The urban transport network in MMR is linear in line with its urban form. Three urban arterial roads 

(Western Express Highway, Eastern Express Highway and Sion-Panvel Highway) form the major 

routes in the road transport system. Cross road links are less developed with the streets in most part 

of the Mumbai being old and narrow. Combining this with the growth of private vehicles and auto-

rickshaws, lack of appropriate traffic management and parking, traffic congestion, especially in 

Greater Mumbai, has become a severe problem.  

2.3.2 Rail Network 

 

The primary public transport mode in Greater Mumbai is railways which is run by the Central 

Railway and Western Railway. The MMR is connected to Greater Mumbai through the suburban rail 

networks of the Central and Western Railways that serve as the lifelines of the region. Major railway 

junctions in the MMR include Kalyan and Panvel. The Western line runs northwards from Churchgate 

terminus station in Island city which is exclusive to serve sub-urban passenger parallel to the west 

coast towards Ahmedabad and Delhi. The Central Railway runs from CST, Mumbai (Chhatrapati 

Shivaji Terminus) station situated very close to Churchgate and serves large part of Central India to 

the east of Mumbai. Within the MMR, both railways carry a combination of sub-urban, long distance 

and freight traffic.  

 

The total sub-urban rail route network in the MMR is nearly 400 km (280 km of Central railways and 

120 km of Western railway). The MMR has a total of 100 sub-urban stations (77 on Central railway 

and 23 on Western railway).The suburban networks have been extended and strengthened with the 

Western line now extending upto Dahanu Road (120 kms away) and the Central Line extending upto 

Karjat, Khopoli and Kasara (approx 60 kms away) on the mainline. New lines connect Dahanu Road 

to Diva and Panvel through a branch line via Bhiwandi Road- Vasai Road while another is planned to 

connect Uran to Nerul/Belapur (TRANSFORM, 2008).  

 



 
Figure 12: Mumbai Suburban Railway, Metro and Monorail Network 

Source: http://transportformumbai.com/mumbai_local_train_routes.php 
 

High Speed Rail: 

The Mumbai–Ahmedabad high-speed rail corridor is an approved high-speed rail corridor in India 

connecting the cities of Mumbai and Ahmedabad which would be India's first high speed rail line. 

The project is estimated to cost between Rs. 35,000 to Rs. 60,000 crore (about USD 5.6 billion to USD 

9.7 billion). 

2.3.3 Public Transport
 

 

Bus 

In Greater Mumbai, Brihanmumbai Electric Supply and Transport Undertaking (BEST) is the largest 

public bus transport service provider with a fleet strength of 4,699 and operating on 506 routes. 

BEST operates services within Greater Mumbai, and to major destinations outside Greater Mumbai. 

Ferry services between Manori and Malad are also run by the organisation. Bus transport is an 

http://en.wikipedia.org/wiki/High-speed_rail
http://en.wikipedia.org/wiki/Mumbai
http://en.wikipedia.org/wiki/Ahmedabad
http://en.wikipedia.org/wiki/United_States_dollar


important feeder system for rail based mass transit, and contributes 25% of total trips (excluding 

pedestrian). However, the system is ageing and losing popularity due to general traffic congestion. 

 

As per 2011 data provided by BEST, there are a total of 4,699 buses in service, including 3,799 non-

AC buses accounting to 80% of the total fleet and 412 AC buses. Of the total number of buses 2,985 

buses run by CNG accounting to 63.5% of the total buses. The CTS report in 2008 projected that the 

importance of bus transport would face major threat due to growth of personal vehicles and 

increase of rail based transport such as Metro and Monorail. The study projected that the modal 

split of bus transport would decline from existing 25% to around 9% in the coming two decades. 

 

Major regional bus terminals in Greater Mumbai are Mumbai Central, Parel, and Dadar, located 

within the Island City. These locations are the major hubs of transit, commercial and institutional 

activities. Bus terminals such as Kurla, Borivali and Nancy Colony connect to Residential Areas in the 

Suburbs. Bus Terminals are generally located near suburban railway stations and inter-city railway 

stations so that public bus transport can also effectively act as feeders to the rail network. 

 

Private buses also play a major role in intercity movement. At present the pickup and drop-off points 

by private buses are informally organised. Lack of dedicated space and facilities at these points 

causes obstruction to general traffic movement and inconvenience to passengers (TRANFORM, 

2008). 

 

Metro rail: 

Historically, the East-West linkages in Greater Mumbai have been weak, due to geographical 

constraints. There are also several constraints in expanding the capacities of existing rail and road 

networks, and many areas in the Island City and the Suburban District are not served efficiently, by 

rail based mass transport system. In order to provide a rail based mass transit connectivity within a 

convenient walking distance for each of the areas of Greater Mumbai, Metro Rail System is 

proposed for a total length of 146 km (within MCGM limits).  

 

The Mumbai Metro Master Plan includes nine corridors covering a length of 146.5 kms out of which 

32.5 kms is proposed underground and rest is elevated. The master plan provides integration with 

Churchgate station, Chatrapati Shivaji Terminus, Mumbai Central and Bandra Terminus, 

International and the Domestic airports,at Sewri with Mumbai Trans Harbour Link, at Mankhurd 

suburban for Navi Mumbai. Mumbai Metro is operated by the Mumbai Metro One Pvt Ltd (MMOPL) 

which is a joint venture company (SPV) owned by Reliance Infrastructure, Veolia Transport and 

MMRDA.The Government of Maharashtra and CIDCO has prepared a Mass Rapid Transportation 

Master Plan which was further modified M/s DMRC (consultant) by proposing six Metro corridors for 

intermodal connectivity. The passenger carrying capacity of medium Metro Rails System can be up 

to 35000 PHPDT (Peak Hour per Direction Traffic). Hence, Metro Rail System was proposed and 

preferred for Navi Mumbai. 

 

 

 



Table 15: Mumbai & Navi Mumbai Metro Master Plan 

Sr. No. Name of Corridor Length (km) Estimated Cost (`in Cr.) 

(@2012 price level) 

1 Versova-Andheri-Ghatkopar 11.40 2,356 

2 Charkop-Bandra-Mankhurd 32.00 7,660 

3 Colaba-Bandra-SEEPZ 33.50 24,430 

4 Charkop-Dahisar 7.80 4,680 

5 Wadala-Ghatkopar-Teen Hath 

Naka (Thane)-Kasarvadavali 

30.70 8757 

6 Wadala-Carnac Bunder 13.5 2635 

7 SEEPZ-Kanjurmarg 10.50 4,200 

8 Andheri (E) – Dahisar (E) 18.00 10,800 

9 Sewri-Prabhadevi 3.50 2,100 

  Total 160.90 67,618 

Navi Mumbai Metro Plan 

Sr. No. Name of Corridor Length (km) Status 

1 Mankhurd – Belapur – Panvel 29 Completed 

2 Thane – Turbhe – Nerul / Vashi 20 Completed 

3 Nerul – Seawoods – Uran 27 Under progress 

4 Panvel – Ulwe – Uran 32 Under planning 

5 Ring Railway around CBD 15 Under planning 

6 Mansarovar – Taloja 11 Under planning 

           Source: MMRDA, Navi Mumbai Metro Rail Project, CIDCO 

  



 

 
Figure 13: Mumbai Metro Rail Route 

Source: http://www.mapsofindia.com/mumbai/mumbai-metro-map.html 

 

 
Figure 14: Navi Mumbai Metro Rail Route 

Source: Navi Mumbai Metro Rail Project, CIDCO 



Monorail: 

Monorail is envisaged as a feeder network to mass transit system; it occupies very limited space on 

ground; can negotiate sharp turns and can climb up and down steep gradients easily. 

Implementation of about 20km stretch from Sant Gadge Maharaj Chowk (Jacob circle)-Wadala - 

Chembur with 18 stations as pilot project is under operation. 

 

 
Figure 15: Layout plan of Mumbai monorail 

                           Source: MMRDA 

 

2.3.4 Private Transport 

The number of registered two wheelers, car and total private vehicles (in millions) in Greater 

Mumbai is given in the table below. 

 
Table 16: Growth of private vehicles (in millions) in Greater Mumbai (1996 to 2005) 

Year Car Two Wheelers Total private 

vehicles 

1996 0.26 0.30 0.56 

1997 0.29 0.33 0.62 

1998 0.31 0.35 0.66 

1999 0.32 0.38 0.70 

2000 0.33 0.41 0.74 

2001 0.34 0.44 0.79 



2002 0.35 0.48 0.83 

2003 0.37 0.53 0.89 

2004 0.38 0.58 0.97 

2005 0.41 0.65 1.06 

Source: TRANSFORM, 2008 

 

Mumbai has a linear urban form and the transport system of the city has defined its urban structure. 

The sub-urban railway network forms the core mode of public transport in the MMR. The secondary 

mode of public transport in a supporting role is the bus network throughout the city. In the recent 

years, two other modes of transport including Metro rail and Monorail have been initiated on 

selected routes. Along with these, there are intermediate public transport options including taxis 

and auto-rickshaws that either serve as the bridge from the public transport stop to the endpoint or 

as an independent means of transport. Lastly there are private modes of transport including four-

wheelers and two-wheelers, the use of which has been steadily increasing due to the lack of 

adequate mass rapid transit system. 

 

2.3.5 Non-motorized  

 

Pedestrian Pathways: 

According to the CTS Report 2005-08, over 52 percent of the commuters in Mumbai make their trips 

by walking. No data is available on the actual length of footpaths in Mumbai. A survey report by 

Wilbur Smith in 2008 on urban walkability scores Mumbai at 0.85 as compared to the national 

average of 0.52. This was only less than the cities of Delhi (0.87) and Chandigarh (0.914). Walkability 

index is calculated as [(w1 x Availability of footpath) + (w2 x Pedestrian Facility rating)] Where, w1 

and w2: Parametric weights (assumed 50% for both). Also, approximately 57 out of the 100 people 

that die on Mumbai roads are pedestrians.  
 

Table 17: Length of footpaths and walkways in MMR 

Area Length (km) 

Navi Mumbai 47.24 

Thane city 195.71 

                        Source: NMMT, City Development Plan, Thane 

 

Skywalks: 

MMRDA initiated the Mumbai Skywalk Project in 2008, to construct skywalks for pedestrian use to 

connect the suburban railways station and other high concentration commercial areas with heavily 

targeted destinations. These skywalks were constructed with the purpose of efficient dispersal of 

commuters from congested areas to strategic locations, such as bus stations, taxi stands, shopping 

areas etc. and vice versa. A total of 37 skywalks have been constructed in MMR as of now with 

majority being constructed by MMRDA and rest by MSRDC and municipal bodies. Some of the 

maintenance cost of these skywalks is being recovered through the sale of advertisement space on 



these skywalks. A survey in 2010 found that the footfall on these skywalks was over 5 lakh persons 

per day.  

 
Image 8 Bandra (West) Skywalk in Mumbai 

Source: MMRDA
 

 

 

Cycling Infrastructure: 

A 13 km cycle track was constructed by MMRDA in Bandra Kurla complex at a cost of Rs. 6.5 crore in 

2011. However, this track has found no users till date and has fallen to neglect. Attempts to infuse 

interest through provision of bicycles on rent has also failed to pick up with. In 2014 MMRDA 

planned to dismantle a part of this cycling track for constructing a dedicated bus lane.  

 

 

 

 

 

 

 

 

 



2.4 Summary 

 

Table 18: Summary of Transport System in three cities 
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transport options including 
taxis and auto-rickshaws  
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 >Two wheelers along with the 
cars almost comprise 90% of 
the total registered vehicular 
population  

>Two-wheelers (63%) 
followed by passenger cars 
(32%) have major share in 
the fleet 

>Two wheelers and cars  
comprise most of the total 
registered vehicular 
population 
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 >Bicycle paths spans 45km in 
the city 
>Bike sharing is being 
promoted as a feeder to metro 
Systems 

  > Pedestrian Pathways 
> Skywalks 
>13 km cycle track was 
constructed by MMRDA but 
failed 

  



Chapter 3 Mobility and Motorisation2 

3.1 Bangalore 

Bangalore has not formalized a comprehensive urban transport planning strategy, linked to 

an urban development strategy. What underlies the ensemble of actions, plans and 

proposals appears to be: negligent of pedestrians, non-motorized and local area travel; 

(engineering) supply-driven; overly accommodating to individual motor vehicles; 

conservative in public transport regulation; non-protective of street based public transport 

modes; and overly focused on large-scale investments, rail-based public transport 

investments and primary roads, in apparent belief that these visible structures will increase 

the image of competitiveness of the city. This has led to a lack of comprehensive 

information on the issue of the different facets of mobility in the City. The mobility scenario 

in the city is summarized in the following tables: 

Table 19: Household car ownership 

No Vehicle 44% 

Car 11% 

2 Wheeler 45% 

                            Source: GMMN Report 2013 

 

 

 

 

 

 

 

 

                                Source: GMMN Report 2013 

Table 20: Number of Daily trips and trip length 

Type of Vehicle No. of trips per day Average Trip Length 

PT                          2,634,471  14.99 

Car                              416,304  11.59 

2-Wheeler                          1,845,476  8.02 

IPT                              726,425  8.59 

Cycle                              139,407  3.88 

                                                           
2
 For details see individual case city report 

Figure 16: Mode Share 



Walk                              523,597  1.01 

Source: GMMN Report 2013 

 

Table 21: Total vehicle and passenger kilometres travelled by passenger cars 

2001-02 2009-10 

Million Passenger 

km/day 

Million Vehicle 

km/day 

Million Passenger 

km/day 

Million Vehicle 

km/day 

13.85**  5.35 30.61**  11.82** 

Source: GMMN 2013 

Table 22: Passenger kilometres travelled by Public transport 

Rapid transit (km) per million population 
 
2011 

 
0.82 

Total passenger kilometers traveled by rail 
(million km per day) 

 
2012 

 
1.09 

Total passenger kilometers traveled by bus 
(million km per day) 

 
2011 

 
62.73 million km/day 

 

3.2 Delhi 

The per capita trip rate (excluding walk trips)in the city has increased from 0.72 in 1981 to 0.87 in 

2001. An estimated 11.67 million motorised trips were performed in the city by 2007 of which the 

share of public transport was 54.7% while two wheelers and cars accounted for 25.5 % and 15.5 % 

share respectively. It is estimated that per capita trip rate may reach to 1.2 by 2021 in Delhi. The 

intra-city motorized person trips are expected to increase from 11.67 million in 2007 to 17.4 million 

in 2021. The average trip lengths of bus and car in the city in were 10.7 km and 11.3 km respectively.  

In 2001 about 33% trips were estimated to be walk trips. Among the vehicular trips, the maximum 

(60%) trips were being performed by buses. The personalised modes of transport were carrying 

about 27% of vehicular trips in the study area (Refer Table below). 

Table 23: Modal Share of Passenger Trips 

Modes Excluding NMT - 2001 Excluding NMT - 2007 

Daily Trips Percentage (%) Daily Trips Percentage (%) 

Bus 70,63,682 59.8 72,76,892 48.2 

Car 12,16,645 10.3 29,02,120 19.2 

Two-wheeler 20,31,679 17.2 32,50,755 21.5 

Auto 3,66,175 3.1 10,28,622 6.8 

Metro - - 5,52,745 3.7 

Train 82,685 0.7 89,623 0.6 

Total 1,07,60,866 100 1,51,00,757 100 



Source: Transport Demand Forecast Study and Development of an Integrated Road cum Multi-Modal Public 

Transport Network for NCT of Delhi – RITES 

 

 
Figure 17: Modal Split (%) 

                        Source: RITES Delhi Traffic and Forecast Study (2008) 

 
Figure 18: Avg. Trip Length (in Km) 

Source: Transport Demand Forecast Study and Development of an Integrated Road cum Multi-Modal Public 

Transport Network for NCT of Delhi – RITES 

 

Projected Mobility Levels (2021) 
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It is estimated that  there would be an estimated 25.53 million trips per day in 2021 including both 

intra- city and inter- city trips of which the share of public transport would be 30.8% by bus and 

20.1% by metro  while the cars and two wheelers would account for 23.3% and 18.6% respectively.  

Table 24: Passenger Kilometres Estimated to be served by Various Modes in 2021 

Mode Daily Trips- 2021 Avg. Trip Length (in Km) 

Car 5954661 11.2 

Two Wheelers 4753417 7.4 

Auto 

Rickshaws 

1186202 9.5 

Bus 8457999 10.6 

Metro 5043492 15.6 

Train (intra 

city) 

131317 27.8 

Source: Transport Demand Forecast Study and Development of an Integrated Road cum Multi-Modal Public 

Transport Network for NCT of Delhi – RITES 

Table 25: Summary of Transport Demand Trends in Study Area 

Sl. 

No. 

Item Figures 

2003 2011 2021 

1. Total Daily Trips (in million) 15.30 22.50 28.70 

2. Intra-city Trip/Day (in million) 13.05 19.37 24.72 

3. Inter-city Trips/Day (in million) 2.25 3.13 4.08 

4. Modal Split for intra-city trips (in percentage) 65 75 80 

5. Mass/Public Transport Trips/Day (in million) 10.55 17.32 23.66 

6. Peak Hour Factor (in percentage) 9.80 9.80 9.80 

7. Peak Direction Factor (in percentage) 58 58 58 

Source: Transport Demand Forecast Study and Development of an Integrated Road cum Multi-Modal Public 

Transport Network for NCT of Delhi – RITES 

Congestion in Delhi is severe at times and places, and worsening. Average speeds during peak 

periods range from 10 to 15 kms per hour in central areas and 21 to 39 kms per hour on arterial 

roads. Congestion is generally not severe during off-peak hours. Mid-block speeds are relatively high, 

averaging about 50 and 70 kms per hour for buses and private motorized vehicles, respectively. 

Table 26: Percentage Distribution of Trips by Mode and Travel Time 

Mode Travel Time (in minutes) 

< 15 15-30 30-60 60-90 > 90 Average 

Sc/Ms 18.9 44.72 31.05 4.84 0.40 27 

Car 17.4 42.75 34.07 4.96 0.74 32 

Auto 20.1 49.45 25.34 4.36 0.73 29 

Cycle 34.3 40.37 18.80 4.93 1.54 25 

Rickshaw 42.4 54.87 2.59 - 0.11 16 



Bus 2.94 23.42 42.77 24.01 6.86 49 

S.Bus 8.43 43.13 43.64 3.97 0.83 32 

C.Bus 1.46 10.77 55.66 24.82 7.29 55 

Train 8.64 1.23 58.03 25.93 6.17 51 

Walk 81.1 18.59 0.19 - 0.10 10 

Total 100 100 100 100 100 100 

Source: RITES Survey, 2001 

 

3.3 Mumbai 
 

The category-wise number of motor vehicles on road from year 2008 to 2014 is given in the table 

below. 

 

Table 27: Category wise number of motor vehicles on road (in thousands) 

Category 2008 2009 2010 2011 2012 2013 2014 

Two wheelers 

(Motorcycles, 

Scooters & Mopeds) 

859.07 909.9 967.48 1044.8

3 

1118.1 1271.5 1314.9 

Auto rickshaws 104.72 104.71 107.85 108.72 113.5 116.2 130.3 

LMV 

(Cars, Jeeps,  

Station wagons & 

Taxis) 

547.44 566.2 598.71 637.33 691.4 748.4 810.6 

Buses (Stage 

carriages,  

contract carriages, 

school buses & PSV) 

14.5 13.06 13.28 12.84 12.0 11.9 12.3 

Goods vehicles 

{Articulated/ 

Multiaxle vehicles, 

trucks & lorries, 

tankers, delivery 

vans  

(3 & 4 wheelers), 

etc} 

68.03 69.11 69.13 60.3 62.9 64.2 67.0 

Tractors 1.43 1.43 1.36 0.64 0.6 0.7 0.7 

Trailers 1.02 1.03 0.98 0.21 0.2 0.2 0.2 

Ambulances     1.4 1.4 1.5 

Other vehicles 5.06 5.21 5.24 1.51 1.5 1.5 1.5 

TOTAL 1601.2

7 

1670.6

5 

1764.0

3 

1866.3

8 

2001.6 2162.0 2339.0 

        Source: Economic survey of Maharashtra
 
& www.indiastat.com 

 



The details of modal split in MMR including trips per day and average trip length on an average 

working day is given in the table below. 

 

Table 28: Mumbai Travel Demand – Main Mode (Average Working Day): 2005 

Main Mode Trips per day Average trip 

length (km) 

Percentage (%) 

mode split with 

walk 

Percentage (%) 

mode split 

without walk 

Walk 1,48,50,000 1.4 52.4 - 

Train 69,75,000 23.8 24.6 51.8 

Bus 35,50,000 8.9 12.5 26.3 

Rickshaw 10,50,000 4.3 3.7 7.8 

Taxi 2,25,000 7.1 0.8 1.7 

Two Wheeler 10,50,000 6.0 3.7 7.8 

Car 6,25,000 12.0 2.2 4.6 

Total 2,83,25,000 - 100 100 

        Source: TRANSFORM, 2008
 

 

The modal split is diagrammatically represented in the figure below: 

 

 
Figure 19: Modal split including walk in MMR (%) 

Source: TRANSFORM, 2008 

 

The travel speeds in Greater Mumbai and MMR are given in the table below: 

 

52.4 

24.6 

12.5 

3.7 0.8 3.7 2.2 

Modal split including walk (%) 

Walk Train Bus Rickshaw Taxi Two Wheeler Car



Table 29: Travel speeds (kmph) in MMR 

 
Source: http://www.udri.org/udri/MumbaiReader09/17%20Ga%EBle%20Lesteven%20-

%20Traffic%20Congestion%20in%20Mumbai,%20Will%20Public%20Authorities%20take%20the%20

Opportunity%20to%20Leapfrog.pdf  

 

The performance of the second most important mass rapid transit system in MMR – buses, including 

average number of buses, number of passengers and effective kilometres is given in the table below.  

 

Table 30: Bus Service Performance in MMR (2008 - 2013) 

Bus Service performance  2013 2012 2011 2010 2009 2008 

Brihanmumbai Electricity Supply & Transport (BEST) 

Average number of buses per day 3799 3923 4082 4078 3867 3090 

Avg no. of passengers carried per day 

(lakh) 

38.62 39.33 42.06 43.71 43.8 42.43 

Avg. effective kilometers (lakh) per day 7.27 7 7.16 6.92 6.51 6.19 

Thane Municipal Transport 

Average number of buses per day 336 364 350 286 286 286 

Avg no. of passengers carried per day 

(lakh) 

2.41 2.43 2.36 1.93 2.21 2.6 

Avg. effective kilometers (lakh) per day 0.41 0.39 0.39 0.36 0.39 1.61 

Navi Mumbai Municipal Transport 

Average number of buses per day 336 336 376 289 279 256 

Avg no. of passengers carried per day 

(lakh) 

2.35 2.34 2.67 2.2 2.34 2.18 

Avg. effective kilometers (lakh) per day 0.7 0.73 0.64 0.61 0.74 0.75 

Kalyan-Dombivli Municipal Transport 

Average number of buses per day 60 63 64 89 NA 90 

Avg no. of passengers carried per day 

(lakh) 

0.55 0.59 0.71 0.8 NA 0.78 

Avg. effective kilometers (lakh) per day 0.11 0.12 0.16 0.21 NA 0.2 

Mira-Bhayander Municipal Transport 

Average number of buses per day 50 55 NA NA 50 50 

Avg no. of passengers carried per day 

(lakh) 

0.65 0.6 0.53 54 0.15 0.41 

Avg. effective kilometers (lakh) per day 0.1 0.1 0.08 0.11 0.12 0.1 

Ulhasnagar municipal Transport 

Average number of buses per day 5 25 15 NA NA NA 

Avg no. of passengers carried per day NA 0.24 0.11 NA NA NA 



    

Source: EconoEconomic survey of Maharashtra 

 

The daily ridership in Mumbai suburban railway including metro and monorail is given in the table 

below 

 

Table 31:Mumbai suburban railway daily ridership (in lakhs) 

 2002 2013 

Mumbai Suburban railway (Central Railway) 27.85 40.3 

Mumbai Suburban railway (Western Railway) 28.56 35.55 

Mumbai Metro  NA 2.77 

Mumbai Monorail NA 0.14-0.15 

                 Source: Economic survey of Maharashtra 

 

The approximate increase in the daily ridership from 2002 to 2013 is graphically represented below.  

 

 
Figure 20: Increase in Mumbai suburban railway daily ridership 
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Chapter 4 Institutions3 

4.1 Introduction 

Stable and well-functioning institutions, in the form of established rules of the game in a 

society, and their conduciveness to desirable behaviour, have been termed a key success 

factor for desired policy outcomes such as economic growth (North 1990, Rodrik et al 2004). 

In an open complex system like the transport sector, however, there are multiple interacting 

markets, with many types of increasing returns and many positive feedbacks mechanisms 

between these markets, and many non-linear relationships. Consequently, governing a 

socio-technical system like the transport sector means mediating between various 

objectives such as economic development, environmental protection, human health, safety 

and social equality. This generates a highly challenging balance between institutional 

capacities for flexibility on the one hand, and institutional capacities for stability on the 

other (Gifford, 2003).  

 

This deliverable studies the intra- and inter-institutional structures that embed the climate 

policies carried out in the Indian cities of Mumbai, Bangalore, and Delhi, and assess their 

goal achievement capacity. Inter-institutional structure refers to arrangements and 

operating procedures within an institution (March and Olsen, 2006), while inter-institutional 

structure refers to how different institutions operating in the transport policy field may have 

different cultures or norms, different mandates and different problem approaches 

(Campbell and Hartnett, 2005). Goal achievement capacity concerns the institutional 

structure’s ability to address mitigation, adaptation and other sustainable development co-

benefits. While the policies, institutional arrangements and governance in each of these 

three cities have been outlined in Pahuja et al (2015), this deliverable offers a comparative 

approach. Applying insights from neo- institutionalism and governance theory, it aims to 

assess and compare institutional goal achievement capacity in each city.   

 

4.2 Method and data 

The three cities differ in the way their transport system is designed, how they have 

organized their transport policy sectors, as well as in what policies are formulated. On this 

basis, a cross-case analysis approach has been chosen; seeking an explanation to why one 

case is different from others, make sense of puzzling findings, and further articulate 

concepts, hypotheses, and theories (Khan and VanWynsberghe, 2008). By following the 

range of causal paths that reveal given outcomes, as well as the conditions under which 

they occur, a cross-case analysis allows the researcher to construct theoretical claims 

(George and Bennett, 2005).  

 

The empirical background of this deliverable is a the review of policies, institutional 

arrangements and governance in each of these three cities carried out by Pahuja et al 
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(2015), as well as existing publications, reports and articles on neo-institutionalism and 

governance. In addition, introductory stakeholder’s meetings have been carried out in all 

three cities, providing valuable insights on institutional challenges. A broad range of 

stakeholders participated in each meeting, representing organisations such as the 

Metropolitan region authority, the Transport Department, the National Highways Authority, 

the city Development Authority, and the Traffic Police4.  

 

4.3 Analytical Perspectives 

What constitutes crucial institutional virtues for addressing climate policies?  Several 

potential explanations can be derived from different analytical perspectives. In the 

following, two analytical perspectives, potentially providing explanatory value, will be 

presented. 

 

Neo- institutionalism 

The institutional context consists of rules, norms, cognitive and other frameworks (Powell 

and DiMaggio, 1991) that stabilize social perception and interaction (March and Olsen, 

2006). The three pillars of institutions; regulative, normative and cognitive, as identified by 

Scott (1995), forms a certain policy field, where well- established traditions and routines 

(paths) (Krasner, 1988, March and Olsen, 1989) exist. These three institutional pillars directs 

attention towards studying what comprise acceptable and legitimate tools of management 

(regulative pillar); what actors and interests that are defined a part of the policy field 

(normative pillar); and what considerations and concepts predominate the political 

discourse (cognitive pillar). 

 

Indian climate policies are carried out in a fragmented institutional structure, comprising 

ministries, agencies, sub- agencies, county and municipal authorities, and Non- 

Governmental Organizations (NGOs). Identifying these actors, the coalitions they form; the 

division of resources; and the balance of power, hence constitute an important task (Arts & 

Leroy, 2006b; Van Tatenhove, Arts & Leroy, 2000, Bax, 2003). Any policy arrangement have 

certain “rules of the game” upon which actors act (Krasner, 1988, March and Olsen, 2006). 

These comprise formal rules and structures, as well as on informal conventions that embody 

and shape values, power- relations, interests and identities (Lowndes, 2001, Hall and Taylor, 

1996). By studying these relations, it is possible to establish whether the fragmented 

structure pose a challenge for climate policies, e.g. through increased bureaucracy, 

miscommunication, and lack of an integrated interpretation of situations.  

 

Governance 

In the fragmented road safety institutional structure, as identified in section 3.1., the actors 

involved may be viewed participants in large governance network. Governance theories 
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address how the exercised modes of governance might solve problems of collective action 

(Rhodes, 1997, Osborne 2010); and meta- governance examine how different 

metagovernance tools can make governance networks effective and democratic (Jessop, 

2003, Sørensen and Torfing, 2009).  

 

Several governance approaches studies the significance of analytical and managerial 

capacity (Howlett and Ramesh 2014, Wu et al, 2010, Tiernan and Wanna 2006). In brief, 

analytical capacity refers to adequate capabilities of collecting and making use of 

information, while managerial capacity refers to the ability to mobilize commitment and 

resources.  

Critical capacity gaps at the organizational level, such as a lack of leadership, poor 

associational structures and weak steering capacities, makes a network mode of governance 

problematic. Furthermore, as noted by (Klijn and Koppenjan 2012), the routines, trust, and 

mutual benefit which characterize successful networks take a long time to emerge. 

 

As a response to capacity gaps, politicians and public managers can employ different meta- 

governance tools in their efforts to govern networks. Sørensen and Torfing (2011) identifies 

two “hands off” forms; network design and network framing, and two “hands-on” forms; 

network management and network participation. They propose combining the use of hands-

off and hands-on meta-governance tools. 

 

4.4 Organizing the transport sector – insights from three cities 
 

This section presents and compares the institutional arrangements of Delhi, Bangalore and 

Mumbai5.   

The table below attempts to present the institutional set-up in the three cities, and 

illustrates the main differences and similarities. The institutions listed in a row do not 

necessarily hold equal, but similar responsibilities. These differences will be further 

elaborated in the sections following the table. If a cell is blank, this means that a separate 

agency or corporation for this task is not established, and that a more generally oriented 

agency performs this task.  

 

Table 32: Institutional set-up of the transport sector in Delhi, Bangalore and Mumbai 

 Delhi Bangalore Mumbai 

Taxes and regulations Transport 
Department, NCTD 

Transport 
Department, GoK 

Motor Vehicles 
Department 
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Strategic plans, land 
use, development and 
coordination  

Delhi Development 
Authority 
Unified Traffic and 
Transportation 
Infrastructure 
(Planning & 
Engineering) Centre 
(UTTIPEC) 

Bangalore 
Metropolitan Region 
Development 
Authority (BMRDA) 
Bangalore 
Development 
Authority (BDA) 
Centre for 
infrastructure, 
Sustainable Transport 
and Urban Planning 
(CiSTUP) 

Mumbai Metropolitan 
Region Development 
Authority (MMRDA) 
Mumbai 
Transformation 
Support Unit (MTSU) 

Unified Metropolitan 
Transport Authority 

 Department of Urban 
land transport (DULT) 
Bangalore 
Metropolitan Land 
Transport Authority 
(BMLTA) 

Unified Mumbai 
Metropolitan 
Transport Authority 
(UMMTA) 

Road infrastructure 
operation 

Public Works 
Department Delhi 
Delhi Integrated 
Multi-Modal Transit 
System 

Greater Bangalore City 
Corporation- Bruhat 
Bangalore 
Mahanagara Palike 
(BBMP) 

Municipal Corporation 
of Greater Mumbai 
(MCGM) – Roads 
Department 
Maharashtra State 
Road Development 
Corporation Ltd. 
(MSRDC) 

Police Delhi Traffic Police Bangalore City Traffic 
Police 

Mumbai Traffic Police 

Bus Services Delhi Transport 
Corporation 

Bangalore 
Metropolitan 
Transport Corporation 
(BMTC) 

Brihanmumbai 
Electricity Supply and 
Transport (BEST) 
Maharashtra State 
Road Transport 
Corporation (MSRTC) 

Rail/Metro Services Delhi Metro Rail 
Corporation (DMRC) 

Bangalore Metro Rail 
Corporation Ltd 
(BMRCL) 

Mumbai Suburban 
Railway – Western 
and Central 
Mumbai Railway Vikas 
Corporation Ltd 
Mumbai Metro 
Mumbai Monorail 

 

4.4.1 Vehicle taxes and regulations  

The three cities have all established transport departments, holding fairly similar 

responsibilities. Unlike the Bangalore and Mumbai departments, however, the Delhi 

Transport Department holds the responsibility of collecting road taxes.  

Delhi Transport Department holds the responsibility of controlling of vehicular pollution, 

road safety, registration of vehicles, issuance of Driving licences, issuance of various permits, 



and collection of road taxes. The department is also entrusted in policy-making, co-

ordination, implementation, monitoring and regulatory functions of all the Transport related 

aspects of National Capital Territory of Delhi. 

The Bangalore Transport Department deals with various Transport related matters like 

Driving Licenses, Registration of Motor Vehicles, Grant and Renewal of Permits and other 

regulatory and enforcement functions. This is enforced through 12 Regional Transport 

Offices (RTO) across Bangalore city.  

In Mumbai, the Motor Vehicles Department performs activities like registration of Motor 

Vehicles, grant Certificate of fitness to Motor Vehicles, issue permits to transport vehicles 

(auto, taxi’s etc.) and enforce various provisions of the Motor Vehicles Act. It also ensures 

vehicle compliance with the provisions prescribed for pollution. 

4.4.2 Strategic plans, land use and development 

The Delhi Development Authority was set up to promote and secure the development of 

Delhi. Its responsibilities includes formulating and following up a Master Plan for the 

present and future growth of Delhi, and to acquire, hold, manage and dispose of land and 

other property. It also carries out building, engineering, mining and other operations. 

The Unified Traffic and Transportation Infrastructure Centre in Delhi was established in 

order to adopt standard transport planning practices, capacity building, enforcement 

measures, road safety audits, traffic engineering practices and better organizational co-

ordination for improved traffic management by efficient lane capacity and work zone 

management and utilities coordination. Currently, all transportation projects/transport 

engineering solutions in Delhi by any agency having road engineering/infrastructure 

implication requires clearance of the centre.  

The Bangalore Development Authority holds the responsibility of creating quality 

infrastructure, provision of sites and services and catering to the housing needs of the under 

privileged. Key functions include planning and execution of city based development 

projects, city development plans (Master Plans) and the blueprints for city development, 

and development of major infrastructure facilities. Despite having no significant expertise in 

city transport and traffic planning, BDA still plays a very active role in road construction, 

especially flyovers. 

The Bangalore Metropolitan Region Development Authority (BMRDA) has the responsibility 

of planning, coordinating and supervising development of the areas within the Bangalore 

Metropolitan Region (BMR) which comprises Bangalore urban district, Bangalore rural 

district and Ramanagara district. BMRDA plays a leading role in the evolution of urban 

development polices in the Bangalore Metropolitan Region. Some of the notable projects 

include CTTP for Bangalore city, and road development plans under JNNURM. 

The Centre for Infrastructure, Sustainable Transport and Urban Planning in Bangalore 

produces knowledge that addresses urban issues, specifically on sustainable urban 



transportation and related topics of infrastructure and urban planning. The centre also 

conduct training programmes, capacity building and develop expertise.   

The Mumbai Metropolitan Region Development Authority (MMRDA) is engaged in long term 

planning, promotion of new growth centres, implementation of strategic projects and 

financing infrastructure development. It prepares plans, formulates policies and programs, 

implements projects and helps in directing investments in the Region. An activity of the 

MMRDA covers sectors like transport, housing, water supply and environment in the Region. 

Its Transport & Communications Division specializes in urban transport co-ordination with 

overseas departments, providing technical assistance to State Govt. as and when required.  

The Mumbai Transformation Support Unit (MTSU) is an initiative of the World Bank, Cities 

Alliance, USAID, All India Institute of Local Self-Government and Government of 

Maharashtra. It was set up in 2005 to facilitate the process of Mumbai's transformation by 

advising on, coordinating and monitoring projects undertaken these agencies to improve 

quality of life in Mumbai. MTSU's focus areas are physical and social infrastructure, 

environment, housing, governance, strategic planning and economic growth. It therefore 

participates in a number of activities for e.g. slum rehabilitation to rent control, health, 

education, sanitation, beautification etc.  

Delhi has currently not established an UMTA, but there is currently a proposal for a Delhi 

UMTA lying for approval before the Delhi government.  

In Bangalore, the Department of Urban Land Transport (DULT) holds the responsibility of 

improving the utility and acceptance of public transport and to create and improve 

infrastructure for pedestrians and bicycles. The key objective of the DULT is to ensure 

integration and coordination of land-use planning and development of transport related 

infrastructure in urban areas. It funds feasibility and transport studies, build capacities of 

ULBs and implements projects. DULT has also been involved in developing policy 

frameworks for parking and pedestrian movement in BMR. 

The Bangalore Metropolitan Land Transport Authority (BMLTA) is the UMTA for the 

Bangalore Metropolitan Region. The primary functions of the organisation include 

coordinating land transport matters in the BMR; prepare a master plan for Transport 

Infrastructure, and to oversee the implementation of all transportation projects. 

The Unified Mumbai Metropolitan Transport Authority (UMMTA) was set up in 2008 to solve 

various transport related problems in Mumbai, Mumbai Suburbs and Region. Currently, 

however, the Mumbai Metropolitan Region Development Authority (see section 4.2. above) 

is also handling the responsibilities of UMMTA, although a draft legal framework of an 

independent UMMTA has been forwarded to the GoM. Planned activities of this authority 

includes recommending or issue directions in regard to the Comprehensive Transport Plan 

for MMR, integration of Regional and City land use plans with the Transport Plan, modal 

priorities and integration, and basic infrastructure priorities and integration.  



4.4.3 Road infrastructure operation 

The Public Works Department (PWD) Delhi is engaged in planning, designing, construction 

and maintenance of Government assets in the field of built environment and infrastructure 

development. Assets in infrastructure development include Roads, Bridges, Flyovers, 

Footpaths, Subways, and Foot Over Bridges etc. PWD Delhi also sustains and preserves 

these assets through maintenance systems.  

The Delhi Integrated Multi-Modal Transit System (DIMTS) Ltd. is an urban transport and 

infrastructure development company providing building and maintenance of infrastructure. 

It is an equity joint venture company between the Government of National Capital Territory 

of Delhi (GNCTD) and the IDFC Foundation (a not-for-profit organization).  

The Greater Bangalore City Corporation (BBMP) is responsible for road expansion and 

maintenance in the city and outlying areas. It is run by a city council of 

elected representatives, one from each of the wards (localities) of the city. It often works in 

conjunction with other civic bodies such as the Agenda for Bengaluru Infrastructure 

Development Task Force (ABIDe) and the Bangalore Development Authority (BDA).  Other 

roles and responsibilities include Zoning and building regulations, Health and hygiene, 

Licensing, Quality of life issues, water bodies, parks and greenery.  

The Municipal Corporation of Greater Mumbai (MCGM) – Roads Department is responsible 

for construction and maintenance of public roads and bridges within the municipal limit 

excluding highways & freeways, flyovers of MSRDC., Roads in jurisdiction of MMRDA and 

Mumbai Port Trust. 

The Maharashtra State Road Development Corporation Ltd. (MSRDC) mainly deals with the 

properties and assets comprising movables and immovables including land, road projects, 

flyover projects, toll collection rights and works under construction which vested with the 

State Government. MSRDC is a corporation established and fully owned by the Government 

of Maharashtra and has been incorporated as a limited company.  

 

4.4.4 Police 

The Delhi Traffic Police is responsible for managing the city’s traffic, including enforcement 

of traffic regulations, preventing and reducing accidents, and encouraging participation and 

involvement of public in traffic management. 

The Bangalore City Traffic Police (BTP) have envisaged the ‘Bengaluru Traffic Improvement 

Project, B-TRAC 2010’, which  is the first of its kind project in the country to address the 

issues of traffic congestion, safety etc., utilizing the latest traffic management technology 

and complementing the efforts being done by other agencies to upgrade the road 

infrastructure & efficient mass transportation system. 

The Mumbai traffic police manages vehicular traffic in Mumbai, including enforcement of 

traffic regulations, maintaining smooth flow of traffic, and achieving reduction in accidents. 



4.4.5 Bus Services 

The Delhi Transport Corporation is an undertaking under the administrative control of the 

Government of NCT, Delhi, and provides the local bus services of Delhi. It shall act on shall 

act on business principles, with the aim of achieving a high level operational efficiency. 

The Karnataka State Road Transport Corporation (KSRTC) is the transport company of 

Karnataka state. The KSRTC is owned by Karnataka State Government and the Government 

of India. The Bangalore Metropolitan Transport Corporation (BMTC) was established as a 

division of the KSRTC in 1997, and is the sole public bus transport provider for Bangalore 

serving urban, sub-urban and rural areas. Its operational jurisdiction has been configured 

into five divisions; North, South, East, West & Volvo. 

The Mumbai area has two major bus operators. The Brihanmumbai Electricity Supply and 

Transport (BEST) is an autonomous body under the Municipal Corporation of Greater 

Mumbai (MCGM). The BEST enjoys a high degree of autonomy under MCGM; the latter 

approves its yearly budget and permits increases in bus fares when required. Unlike other 

cities, BEST plays the supporting role to suburban rail, which is the mass carrier for the 

MMR. The Maharashtra State Road Transport Corporation (MSRTC) is the state run bus 

service of Maharashtra and serves routes to towns and cities within Maharashtra and 

adjoining states. Apart from locations within the state of Maharashtra, the MSRTC service 

also covers destinations in neighbouring states.  

4.4.6 Rail and Metro Services 

The Delhi Metro Rail Corporation (DMRC) has equal equity participation from the 

Government of India and GOI and Government of NCT, Delhi. The Delhi Metro network 

consists of about 193 operational kilometres with 141 stations along with six more stations 

of the Airport Express Link.  

The Bangalore Metro Rail Corporation Limited (BMRCL) is a joint venture of Government of 

India and Government of Karnataka entrusted with the responsibility of implementation of 

Bangalore Metro. The project has an East-West corridor - 18.10 km long, and a 24.20 km 

North-South corridor. BMRCL shares a common policy with Bangalore Metropolitan 

Transport Corporation and Karnataka State Road Transport Corporation for inter-modal 

traffic integration at various places in the city.  

The Mumbai Suburban Railway is operated by Indian Railway's two zonal divisions -Western 

Railways (WR) and Central Railways (CR). It consists of rapid transit on inner suburban 

railway lines augmented by commuter rail on main lines serving outlying suburbs in the 

Mumbai Metropolitan Region. Spread over 465 kilometres, the suburban railway operates 

2,342 train services daily.  

The Mumbai Railway Vikas Corporation Ltd (MRVC Ltd) is a Public Sector Undertaking of 

Govt. of India under Ministry of Railways (MoR) and Government of Maharashtra. The 

Corporation is expected to execute a number of suburban rail improvement projects for 



enhancing suburban rail transportation capacity thereby reducing the overcrowding and 

meeting future traffic requirements. 

The Mumbai Metro Rail Corporation (MMRC) is fully owned company of the Mumbai 

Metropolitan Region Development Authority. MMRC is responsible for the implementation 

of all the Metro Rail Corridors under Mumbai Metro Rail Project. 

Mumbai Metro One Pvt Ltd (MMOPL), a joint venture company formed by Reliance 

Infrastructure, Veolia Transport and the Mumbai Metropolitan Region Development 

Authority, operates line 1 of the Mumbai Metro. The Union Urban Department Ministry 

brought the Mumbai Metro under the Metro Railways (Construction of Works) Act of 1978 

on 18 November 2013, thereby granting MMOPL the authority to fix fares. Prior to this 

notification, the Chief Minister had the sole power to decide fare revisions. 

The Mumbai Monorail project was envisioned as an efficient feeder transit to the metro and 

suburban rail systems. The Mumbai Metropolitan Region Development Authority (MMRDA) 

owns and operates the Mumbai monorail. 

4.5 Discussion 

The presentation above has showed that all three cities have complex and fragmented 

institutional structures. Fragmentation exist both in terms of vertical delegation; 

transference of authority downwards in the hierarchy in the form of establishing state- 

owned corporations, and horizontal delegation; a separation of administrative functions at 

the same hierarchical level. The cities have organized transport policy tasks in somewhat 

different ways, which will be elaborated below. 

Delhi seems to lack an institution that holds an overarching responsibility of managing and 

coordinating the entire transport sector. The Delhi Development Authority holds a 

coordinative responsibility; but it covers a vast array of sectors (business, water, electricity, 

etc.) in addition to transport. The Delhi Transport Department deals with tax collection and 

vehicle control, but does not address other transport sector issues such as infrastructure, 

public transport, etc. The responsibility of the Unified Traffic and Transportation 

Infrastructure Centre Delhi on the other hand, is to oversee infrastructure development, but 

it apparently holds a limited possibility of linking infrastructure development with 

developments in e.g. the vehicular population. With the given institutional structure, there 

is a need to establish well-functioning governance networks that enables the Delhi 

Transport Department the Unified Traffic and the Transportation Infrastructure Centre Delhi 

to work closely together. Informants in the introductory stakeholder’s meeting also pointed 

out this need, but so far, initiatives seem to be scarce.  

Delhi also has yet to establish an UMTA, but informants expressed some skepticism towards 

this institutional arrangement, arguing that prevailing experiences in other Indian cities has 

not been successful due to the absence of adequate powers and financial resources. With 

the lack of an UMTA, along with only one operating corporation within each mode of 



transport (the Delhi Transport Corporation and the Delhi Metro Rail Corporation), these 

public transport operators are likely to hold great autonomy, as monopolist providers. Both 

corporations are owned by the government of Delhi (and in the case of the Delhi Metro Rail 

Corporation; also by the Government of India). The vast responsibilities of the Government 

of Delhi might reduce its capabilities of performing active ownership management. 

Consequently, a transference of ownership to a transport related ministry/agency might 

strengthen ownership involvement.  

In the organization of transport infrastructure, the responsibilities of the Public Works 

Department (PWD) seem to partially overlap with the Unified Traffic and Transportation 

Infrastructure Centre Delhi; which is an agency that provides and approves standards, and 

partially with the Delhi Integrated Multi-Modal Transit System, which is a corporation that 

provides building and maintenance of infrastructure. Establishing responsibilities and tasks 

that are more clear-cut, along with principles for infrastructure operations subject to 

tender, might be desirable.  

 

Bangalore has established two land use and development coordinative authorities; the 

Bangalore Metropolitan Region Development Authority (BMRDA), and the Bangalore 

Development Authority (BDA). These agencies do not solely focus on land use for transport 

purposes, but the development of the city as a whole. The jurisdiction, as well as some of 

the tasks of the BDA seem to overlap with that of the BMRDA. The BMRDA does however 

hold a wider jurisdiction, and accordingly a more comprehensive view of the entire 

Karnataka region. It is unclear whether these agencies have established well-functioning 

governance networks that enables them to work closely together. The Centre for 

Infrastructure, Sustainable Transport and Urban Planning (CiSTUP) provides expertise, but 

does not hold any decision- making powers.       

Similar to the institutional set-up in Delhi, the Transport Department holds quite limited 

responsibilities; dealing with tax collection and vehicle control. 

Bangalore has also established two UMTAs; the Bangalore Metropolitan Land Transport 

Authority (BMLTA), and the  Department of Urban land transport (DULT). According to 

Pahuja et al (2015), these agencies do not have the necessary legislative powers, but are 

nonetheless contributing towards making the urban transport sector more comprehensive 

and sustainable. With limited powers of the UMTAs and the transport department however,  

prime responsibility of the transport sector is not vested in one institution.  

Bangalore has only one operating corporation operating within road infrastructure 

operation and maintenance (the Greater Bangalore City Corporation) and one corporation 

within each mode of transport (Bangalore Metropolitan Transport Corporation and 

Bangalore Metro Rail Corporation). Like in Delhi, then, these public transport providers are 

likely to hold great autonomy, as monopolist providers. The corporations are owned by the 



government of Karnataka (and in the case of the Bangalore Metro Rail Corporation; also by 

the Government of India). The vast responsibilities of the Government of Karnataka might 

reduce its capabilities of performing active ownership management, and transferring 

ownership to a transport related ministry/agency might strengthen ownership involvement. 

In conclusion, the institutional design of the Bangalore transport policy sector is likely to 

benefit from less institutional diversity at the strategic overarching level, and more diversity 

at the operating level.   

 

Mumbai, like the two other cities, lacks an institution that holds an overarching 

responsibility of managing and coordinating the entire transport sector. Two land use and 

development coordinative authorities has been established; the Mumbai Metropolitan 

Region Development Authority (MMRDA) and the Mumbai Transformation Support Unit. 

The former is involved in long- termed planning of regional development, while the latter 

coordinates and monitors projects undertaken by agencies such as the World Bank and 

Cities Alliance. The tasks and responsibilities undertaken by these two agencies hence seem 

to be more clearly differentiated than what is the case in the development institutions in 

Bangalore (see section above). The informants did however identify differences between 

regional planning authorities (unelected) and local authorities (elected) as a barrier for 

policy making and implementation.    

 

Similar to the institutional set-up in Delhi and Bangalore, the Motor Vehicles Department 

holds quite limited responsibilities; dealing with tax collection and vehicle control. 

 

Mumbai has also established an UMTA; the Unified Mumbai Metropolitan Transport 

Authority. Informants did however find that the forming of the UMTA has largely been 

ineffective, possibly due to the local legislative powers residing with the local authorities 

and the resultant policy lethargy. Informants also suggested that the failing of proposed 

initiatives, e.g. a ticketing initiative, was due to disagreement in revenue sharing between 

the different transport agencies.  

 

At the operational level, Mumbai has established two road construction and maintenance 

operators (Municipal Corporation of Greater Mumbai– Roads Department and the 

Maharashtra State Road Development Corporation), as well as two bus operators 

(Brihanmumbai Electricity Supply and Transport and Maharashtra State Road Transport 

Corporation). The institutional set-up in Mumbai is hence designed in a way that may 

reduce potential negative effects of monopolist behaviour. Further studies are however 

required to establish whether de facto competition and tendering is in place.   

 

In conclusion, Mumbai has a fragmented transport policy sector, and lacks an institution 

that holds the overarching responsibility of managing and coordinating the sector. There 



does however seem to be a smaller degree of responsibility overlap at the strategic level, 

and more diversity at the operational level, than what is the case in the other two cities.  

 

  



Chapter 5 Local environment6  
 

5.1 Introduction 
The main objective of this preliminarily work is to evaluate the EMEP CTM over India with 

measurements from different platforms (satellite, ground-based, in situ) and to identify the biases or 

the errors in the simulation. This evaluation is important in order to establish capabilities from the 

model to identify pollution sources and to evaluate future scenarios. 

 

5.2 Model set up 
The EMEP CTM is a 3-D Eulerian model based in Meteorological Synthesizing Centre-West (MSC-W), 

in Oslo. The model is designed to calculate air concentrations and deposition fields for major 

acidifying and eutrophying pollutants, photo-oxidants and particulate matter (Simpson et al., 2012). 

The model resolution is 0.1°×0.1°, using meteorology from ECMWF IFS and the model runs cover the 

period from 2012 to 2013 using ECLIPSEv5 emissions (resolution of 0.5°×0.5°). The presented results 

correspond to the year 2012. The forest fires emissions are from FINNv1.5. 

Dusts from a global simulation in 2012 are used as boundary conditions. The Ozone (O3) boundary 

conditions are defined by the climatological O3 data of Logan (1998). 

 

5.3 Validation 
The validation work is done with different platforms. The current results are not exhaustive as 

measurements data are still processed. 

5.3.1 IASI satellite mission: CO and O3  

The Infrared Atmospheric Sounding Interferometer (IASI) was launched on board the MetOp-A 

platform in October 2006 providing now up to 8 years of observations, followed by a second model 

launched in September 2012. IASI is a nadir-viewing Fourier Transform Spectrometer instrument. 

Each instrument provides near global coverage twice per day of observation close to 9:30 local time 

(AM and PM) owing to the wide swath with a pixel size of 12 km diameter at nadir. Global scale 

distributions of several species can be derived from the atmospheric spectra, such as CO, O3 

(Clerbaux et al., 2015).  

For the comparison with the IASI measurements, the EMEP outputs are smoothed by the IASI 

averaging kernel (AK). This convolving with the AKs allows to take account the vertical sensitivity of 

the instrument (e.g. Pommier at al., 2012). This technique is applied for each compound, hereafter, 

for the CO and the O3. Due to the limited vertical sensitivity by IASI, the CO total column can be used 

as a tropospheric product (e.g. Pommier et al., 2010). The comparison with O3 measurements is 

trickier due to the large impact of the stratospheric O3 in the column. An usual technique for a 

tropospheric comparison is to limit the comparison to the partial 0-6 km column. 

The time-series presented in Fig. 1, over India (black boxes indicated on the maps shown in Figs 2 & 

3) highlight clearly an underestimation of CO and O3 compared to IASI. This underestimation is 

obvious for each season (Figs 2 & 3). 
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Figure 21: Monthly CO total column (left) and 0-6 km column (right) mean over India for IASI (red) and 

EMEP convolved with the IASI AKs (blue). The error bars correspond to the standard deviation. The bias and 

the correlation coefficient for the full period are also provided 

 

  

  
Figure 22: Relative difference between EMEP and IASI in % for the CO total column distribution. 

DJF=December-January-February, MAM=March-April-May, JJA=June-July-August, SON=September-

October-November. The data are averaged on the EMEP grid. The relative difference is defined as: (EMEP-

IASI)/IASI. The black box corresponds to the area used for the time-serie presented in Fig. 1. 

 

 



  

  
Figure 23: As Fig. 2 for the O3 0-6 km distribution. 

 

5.3.2 AERONET: AOD 

The  Aerosol  Robotic  Network  (AERONET)  (Holben  et al.,  1998)  is  a  ground-based  remote  

sensing  aerosol  net-work  of  more  than  1000  sites  established  by  the  National Aeronautics and 

Space Administration (NASA), which uses Sun- and sky-scanning radiometers to measure aerosol 

optical properties (Dubovik and King, 2000). Data and maps are available by the AEROCOM website 

(http://aerocom.met.no/). The comparison on AOD with the seven sites over India presents a good 

correlation (r=0.6) with however a significant bias (69.5%). The better agreement is found on the 

southern station.  

 

 

http://aerocom.met.no/


  

 
 

Figure 24: Distribution of the bias (top left) and the correlation coefficient (top right) between the 

simulated AOD and the measureed AOD. Bottom: scatter plot between the monthly AOD mean from 

EMEP and from AERONET in 2012. 

 

5.3.3 In situ measurements 

5. 3.3.1 WHO: PM 

Particule matter (PM) measurements are collected by the WHO for cities. Fig. 5 presents the annual 

mean for PM10 (Particulate  Matter  having  an  aerodynamic diameter  less  than  or  equal  to  10  

μm) and PM2.5 compared to the simulation. A better agreement is found with these annual means 

in the Eastern India but EMEP globally overestimates the concentrations for both PM. The mean bias 

is around 50 µg/m3 for PM10 and 8.4 µg/m3 for PM2.5 with a correlation close to 0.4 for each 

distribution (not shown). 

Even if the global distribution is well represented by EMEP, this comparison highlights the difficulty 

to compare annual urban measurements with simulations using emission with a large horizontal 

resolution. 

 



  
Figure 25: Annual PM10 (left) and PM2.5 (right) distributions from EMEP over India in 2012, compared with 

WHO measurements represented by colored dots on the maps. 

 

5.3.3.2 Central Pollution Control Board: NOx, SO2, PM10 

Annual average NOx, SO2 and PM10 data are provided by the Central Pollution Control Board (CPCB) 

in cities. Fig. 6 presents the distribution in comparison with the measurements in 2012. As 

previously, differences are observed between the simulation and these urban measurements. The 

mean bias of all the stations is  NOx ~ -11 µg/m3, SO2 ~ -2.8 µg/m3 and PM10 ~ -60 µg/m3 (not 

shown). 

 

  

  



Figure 26: Annual NOx, SO2 and PM10 distributions from EMEP over India in 2012, compared with CPCB 

measurements represented by colored dots on the maps. The name of each station is plotted on the bottom right 

map. 

5.4. Examples of simulated distributions 

5.4.1. Composition of aerosols over the stations 

The composition of aerosols can be provided over each station or city by the CTM. Fig. 7 shows an 

example on this composition of the stations illustrated in Fig. 6. A large part of the aerosols are due 

to dust but secondary inorganic aerosols could also largely contribute on PM budget as over Kolkata. 

 

 
Figure 27: Annual aerosol composition simulated by EMEP in 2012 over all stations monitored by the CPCB. 

Anthropogenic organic matter (anthro OM), biogenic organic matter (bio OM), dust, SO4, sea salt, forest fire 

black carbon (FFBC), elemental carbon (EC) and secondary inorganic aerosol (SIA) are plotted 

 

5.4.2. Concentrations over cities 

Fig. 8 shows the annual surface concentrations for different compounds from the simulation over 

the three cities: New Delhi, Mumbai, and Bangalore. That is clear New Delhi is largely impacted by 

PM (10 and 2.5) and Bangalore is mostly influenced by O3. O3 is an important pollutant over these 

three cities. 



 
Figure 28: Annual mean surface concentration over New Delhi, Mumbai and Bangalore in 2012 from EMEP. 

5.5 Conclusions and Perspectives 
Despite the coarse emission resolution (0.5°), EMEP provides good agreement with measurements. 

Fine scale emissions should largely improve the comparisons and larger temporal (daily) data will 

allow a more accurate comparison with the EMEP simulations. This validation work will continue 

using other measurements as O3 sondes and satellite data (e.g. NO2 from GOME2 or AOD from 

MODIS).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



Chapter 6 Rainfall analysis7 

6.1 Introduction 
Extreme precipitation events resulted in severe flood in different Indian cities in recent 

years. A major expanse of rainfall variability is linked to the occurrence of heavy 

precipitation events. Trend analysis of rainfall data indicated no significant trend on all India 

basis (Kumar et al., 2010). Trends in monsoon rainfall in different sub-divisions were 

examined by Subbaramayya and Naidu (1992).Parthasarathy and Dhar (1974) reported that 

the annual rainfall during the period 1901-1960 had a positive trend over Central India and 

the adjoining parts of the peninsula. They also reported a decreasing trend over some parts 

of eastern India. Krishnakumar et al. (2009) revealed significant decrease in SW monsoon 

rainfall over Kerala in the last century. Many studies (Dash et al., 2007; Goswami et al., 

2006) show that the frequency and intensity of heavy rainfall events in many parts of India 

has increased and the number of rainy days decreased. Variability of extreme rainfall events 

over central India were analysed by (Rajeevan et al., 2008) using daily gridded rainfall data 

and opined that the increasing trend of extreme rainfall events in the recent decades could 

be associated with increasing trend of sea surface temperatures and tropical latent heat 

flux. 

6.2 Data 

IMD gridded rainfall data 1901-2004 (Rajeevan et al., 2008) was used in this analysis. 

6.3 Analysis 

Mean annual cycle of rainfall in the three cities (New Delhi, Mumbai and Bengaluru) is 

shown in Fig.1. New Delhi is a subtropical humid city influence by the monsoon with large 

seasonal variations in temperature. Onset of monsoon rainfall over New Delhi is during late 

June and lasts till mid-September. Being a coastal city in the Central India, among the three 

cities, Mumbai receives the most rainfall during the summer monsoon season. Bengaluru 

receives more rainfall during the month of September. 
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Figure 29: Mean annual cycle of rainfall (mm/day) at New Delhi (Black line), Mumbai (Red line) and 
Bengaluru (Blue line) 

Fig. 29 Analyses of rainfall for two different seasons (JJA & DJF) were performed for the 

three cities. Fig. 30 shows the summer monsoon rainfall in New Delhi City during the period 

1901-2004. It shows a gentle, long-term increasing trend. In recent years (1971-2004) there 

is a decreasing trend in summer monsoon rainfall. 

 

Figure 30: New Delhi Summer monsoon (JJA) rainfall (mm/day) time series with long and short-term trend 
lines 

 



The Winter rainfall in New Delhi (Fig.31) did not show any significant trend during the period 

1901-2004. 

 

Figure 31: New Delhi NE monsoon (DJF) rainfall (mm/day) time series with long and short-term trend lines 

 

The time summer monsoon rainfall over Mumbai city also showed a slight, long-term 

increasing trend. The mean seasonal rainfall remained almost unchanged during the period. 

 

 

Figure 32: Mumbai Summer monsoon (JJA) rainfall (mm/day) time series with long and short-term trend 
lines 

Mumbai city receives very little rainfall (Fig.33) during the winter except a few isolated 

rainfall events. 



 

Figure 33: Mumbai NE monsoon (DJF) rainfall (mm/day) time series with long and short-term trend lines 

Fig.33 Bengaluru city receives rainfall in both summer winter seasons with a peak in the 

month of September Fig.34 & Fig.35). The time series did not show any significant trend in 

both the seasons. 

 

Figure 34: Bengaluru Summer monsoon (JJA) rainfall (mm/day) time series with long and short-term trend 
lines  



 

Figure 35: Bengaluru NE monsoon (DJF) rainfall (mm/day) time series with long and short-term trend 

lines 

Fig.36 shows the monthly rainfall maximum (mm/day) during the period 1901-2004 at the 

three cities. Black line represents New Delhi, red line Mumbai and blue line represents 

Bengaluru rainfall. 

There is no significant variation in the magnitude of maximum rainfall event in New Delhi 

during the summer monsoon season. During winter, the intensity of monthly rainfall 

maximum is decreasing in recent decades. 

Mumbai city experiences increase in the intensity of rainfall maxima during the summer 

monsoon season. Compared to the early decades of the last century, extreme rainfall events 

are increasing during the recent decades. Intensity of extreme rainfall events has been 

significantly decreased during the post monsoon season (October). 

The city of Bengaluru shows an increasing tendency in the intensity of heavy rainfall events 

during the month of April in the last three decades and a decreasing tendency in March. 

December experiences more heavy rainfall events in recent decades. 
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Figure 36: Monthly rainfall (mm/day) maximum at the three cities (New Delhi: Black, Mumbai: Red, 

Bengaluru: Blue lines) 

 

 

 

 

 

 



References 

A study of the Auto rickshaw sector in Bangalore City (2012).Centre for Infrastructure & Sustainable 

transportation & urban planning(cistup), IISc. 

Air quality assessment, emission inventory and source apportionment study for Bangalore city. Final 

report, New Delhi: The Energy and Resources Institute.186pp. (Project report No.2004EE28) 

Air Quality Assessment, Emissions Inventory and Source Apportionment Studies : Mumbai, Central 

Pollution Control Board & NEERI, 2010 

Air Quality Monitoring, Emission Inventory & Source Apportionment Studies for Delhi – NEERI (2010) 

Auto Fuel Vision & Policy – 2025, Government of India (2014) 

Bangalore Mobility Indicators 2008, DULT 

Bharath Setturu , Uttam Kumar, Ramachandra T V( 2010) Spatio-temporal pattern of landuse 

dynamics for Bangalore. Accessed from 

http://wgbis.ces.iisc.ernet.in/energy/lake2010/Theme%201/bharath_s.pdf 

Census of India, http://www.censusindia.gov.in/ 

Centre for Global Development Research Private Limited, New Delhi, Planning Commission of India, 
2011 

Change, U. N. (2012). Greenhouse gas (GHG) reporting under the UNFCCC process.  

CHOI, S. A. (2010). Urban India and Climate Change: Mitigation Strategies Towards Inclusive Growth.  

City Development Plan 2009, JNNURM 

Clerbaux C, Hadji-Lazaro, J., Turquety, S., George, M., Boynard, A., Pommier, M.,Safieddine, S., 

Coheur, P.-F., Hurtmans, D., Clarisse, L., Van Damme, M.: Tracking pollutants from space: Eight years 

of IASI satellite observation. C. R. Geoscience, http://dx.doi.org/10.1016/j.crte.2015.06.001, 2015. 

Comprehensive Traffic and Transportation Plan, KUIDFC, RITES 2011 

Dash S.K., Jenamani R.K., Kalsi S.R. and Panda S.K., 2007: Some evidence of climate change in 

twentieth-century India, Climatic Change, 85, 299-321. 

Delhi Public Transport (2012). WWF, The Green House, Kyle Mason-Jones and Brett Cohen 

DNA. 2013. Mumbai: New parking policy gets approval | Latest News & Updates at Daily News & 

Analysis (dna). Available at : http://www.dnaindia.com/mumbai/report-mumbai-new-parking-policy-

gets-approval-1941269 

DNA. 2014. 6 years on, Maharashtra has no climate-change action plan | Latest News & Updates at 

Daily News & Analysis (dna). Available at : http://www.dnaindia.com/india/report-6-years-on-

maharashtra-has-no-climate-change-action-plan-1978026 

http://www.censusindia.gov.in/
http://www.dnaindia.com/mumbai/report-mumbai-new-parking-policy-gets-approval-1941269
http://www.dnaindia.com/mumbai/report-mumbai-new-parking-policy-gets-approval-1941269
http://www.dnaindia.com/india/report-6-years-on-maharashtra-has-no-climate-change-action-plan-1978026
http://www.dnaindia.com/india/report-6-years-on-maharashtra-has-no-climate-change-action-plan-1978026


Draft Development Plan – 2034 Greater Mumbai 

Draft Regional Plan for MMR, 1996-2011, MMRDA 

Dubovik, O. and King, M. D.: A flexible inversion algorithm for retrieval of aerosol optical properties 

from Sun and sky radiance measurements, J. Geophys. Res., 105, 20673–20696, 2000. 

Economic survey of Maharashtra 2013-14, Directorate of Economics and Statistics, Planning 

Department, Government of Maharashtra, Mumbai, 

https://mahades.maharashtra.gov.in/files/publication/esm_2013-14_eng.pdf 

Economic survey report of Karnataka 2013-2014. 

Employment & Unemployment in Delhi, Directorate of Economics and Statistics, 2010 

Environment Status Report 2002-2003, MCGM, Mumbai, 2004 

Environment Status Report 2003-2004, MCGM, Mumbai, 2005 

Forests, M. o. (2010). Climate Change and India: A 4X4 Assessment (A Sectorial and Regional Analysis 
for 2030s)  

Functional Plan on Transport for NCR-2032 

Goswami B.N., Venugopal V., Sengupta D., Madhusoodanan M.S. and Xavier P. K., 2006: Increasing 
trend of extreme rain events over India in a warming environment, Science, 314(5804), 1442-1445. 

Greater Mumbai Disaster Management Action Plan, Maharashtra Emergency Earthquake  

Management Programme, Govt. of Maharashtra, 2007 

Greater Mumbai Report on Draft Development Plan - 2034, Municipal Corporation of Greater 

Mumbai, Mumbai 

Holben,   B.   N.,   Eck,   T.   F.,   Slutsker,   I.,   Tanre,   D.,   Buis,   J. P.,Stezer, A., Vermote, E., Reagan, 

Y., Kaufman, U. J., Nakajima, T.,Lavenu, F., Jankowiak, I., and Smirnov, A.: AERONET-A federated 

instrument network and data archive for aerosol characterization, Remote Sens. Environ., 66, 1–16, 

1998. 

http://pdf.usaid.gov/pdf_docs/pnadn715.pdf 

http://timesofindia.indiatimes.com/home/environment/pollution/Govt-begins-giving-out-daily-air-

quality-bulletin-for-11-cities/articleshow/47182375.cms 

http://www.business-standard.com/content/b2b-manufacturing-industry/government-support-to-

revitalise-electric-vehicles-market-frost-sullivan-114070200247_1.html 

http://www.environment.delhigovt.nic.in. (2010). State of Environment Report for Delhi 2010, 
Department of Environment & Forest, Govt.  

http://www.imdpune.gov.in/Temp_Extremes/histext2010.pdf 

https://mahades.maharashtra.gov.in/files/publication/esm_2013-14_eng.pdf
http://pdf.usaid.gov/pdf_docs/pnadn715.pdf
http://timesofindia.indiatimes.com/home/environment/pollution/Govt-begins-giving-out-daily-air-quality-bulletin-for-11-cities/articleshow/47182375.cms
http://timesofindia.indiatimes.com/home/environment/pollution/Govt-begins-giving-out-daily-air-quality-bulletin-for-11-cities/articleshow/47182375.cms


http://www.mcgm.gov.in/irj/go/km/docs/documents/MCGM%20Department%20List/City%20Engin

eer/Deputy%20City%20Engineer%20(Planning%20and%20Design)/City%20Development%20Plan/Re

gional%20Setting.pdf 

http://www.thehindu.com/news/national/air-quality-levels-bengaluru-fares-worse-than-

delhi/article7074817.ece 

http://www.visionmumbai.org/images/projects/Document_DCR%20Options%2008x%20abscvk0313

13042241.pdf 

Integrated Multi-Modal Mass Rapid Transport System for Delhi – 1995 RITES (Transport Demand 
Projections) 

JOHN PUCHER, Z.-R. P. (2006). Urban Transport Trends and Policies in China and India: Impacts of 
Rapid Economic Growth.  

Karnataka District Census report, 2011. 

Kishwar, Madhu Purnima (3 July 2006). "Three drown as heavy rain lashes Mumbai for the 3rd day". 

Daily News and Analysis (DNA) (Mumbai). Retrieved15 June 2009. 

Krishnakumar K.N., Rao G.S.L.H.V.P. and Gopakumar C.S., 2009: Rainfall trends in twentieth century 

over Kerala, India, Atmos. Environ., 43, 1940-1944. 

Kumar V., Jain S.K. and Singh Y., 2010: Analysis of long-term rainfall trends in India, Hydrol. Sci. J., 55, 

484-496. 

Level and Pattern of Household Consumer Expenditure in Delhi (GNCTD, 2011-12) 

Levels, Trends and Structure of Workforce in India: Census Based Study 1981-2001, R.B. Bhagat, K.C. 

Das, International Institute for Population Sciences, Mumbai, 2008 

Logan, J. A.: An analysis of ozonesonde data for the troposphere: Recommendations for testing 3-D 

models and development of a gridded climatology for troposheric ozone, J. Geophys. Res., 10, 

16115–16149, 1998. 

Lohia, S. K. (n.d.). Retrieved from NUTP and JnNURM - Government of India Initiatives to Strengthen 
Public Transport: http://www.dimts.in/pdf/Symposium-on-Publi-Transportation/S-01-P1-
Mr.DIMMTS-Jan10.pdf 

Master Plan Delhi 2001 & 2021 

MCGM, (2007), Statistics on Mumbai, Municipal Corporation of Greater Mumbai, available at  

http://www.mcgm.gov.in 

MCGM, City Map, 

http://www.mcgm.gov.in/irj/portal/anonymous?NavigationTarget=navurl://ce7407c74001ac932426

502e58da0827 

MCGM, Regional setting, 

http://www.thehindu.com/news/national/air-quality-levels-bengaluru-fares-worse-than-delhi/article7074817.ece
http://www.thehindu.com/news/national/air-quality-levels-bengaluru-fares-worse-than-delhi/article7074817.ece
http://www.dnaindia.com/mumbai/report-three-drown-as-heavy-rain-lashes-mumbai-for-the-3rd-day-1039257
http://en.wikipedia.org/wiki/Daily_News_and_Analysis
http://www.dimts.in/pdf/Symposium-on-Publi-Transportation/S-01-P1-Mr.DIMMTS-Jan10.pdf
http://www.dimts.in/pdf/Symposium-on-Publi-Transportation/S-01-P1-Mr.DIMMTS-Jan10.pdf
http://www.mcgm.gov.in/irj/portal/anonymous?NavigationTarget=navurl://ce7407c74001ac932426502e58da0827
http://www.mcgm.gov.in/irj/portal/anonymous?NavigationTarget=navurl://ce7407c74001ac932426502e58da0827


Millenium Development Goals - Delhi (2014), GNCTD, Delhi, 2014 

MMRDA - About MMR. [online] Available at: https://mmrda.maharashtra.gov.in/about-mmr 

[Accessed 27 Apr. 2015]. 

MMRDA - About MMR. [online] Available at: https://mmrda.maharashtra.gov.in/about-mmr 

MMRDA - Mumbai Metro Master Plan. [online] Available at: 

https://mmrda.maharashtra.gov.in/mumbai-metro-rail-project [Accessed 27 Apr. 2015]. 

MMRDA - Who We Are. [online] Available at: https://mmrda.maharashtra.gov.in/who-we-are 

[Accessed 27 Apr. 2015]. 

Mobility for Development (2009). World Business Counsil for Sustainable Development  

Mokashi, A. P. (2002): ‘Dedicated Urban Transport Fund for Mumbai’, The CITY I(3):36-37 

Motor Transport Statistics of Maharashtra 2010-11, Motor Vehicle Department, Maharashtra, 

http://mahatranscom.in/pdf/STATISTICAL.BOOK.10-11.pdf 

Motor Vehicle Department Statistics 2012-13, Motor Vehicle Department, Maharashtra, 

http://mahatranscom.in/pdf/MVD%20Statistics%20-%202012-13.pdf 

Mumbai City Report, Archana Patankar, Anand Patwardhan, Janki Andharia, Vikas Lakhani,  

International Workshop on Climate Change Vulnerability Assessment and Urban Development 

Planning for Asian Coastal Cities, 2010 

Mumbai Human Development Report 2009, Municipal Corporation of Greater Mumbai, Mumbai, 

http://mhupa.gov.in/w_new/mumbai%20hdr%20complete.pdf 

Mumbai Metropolitan Region Development Authority & Lea International Ltd, 2008, Comprehensive 

Transportation Study for Mumbai Metropolitan Region, Final Report, MMRDA, Mumbai. 

Mumbai Metropolitan Region Development Authority & Lea International Ltd, 2008, Comprehensive 

Transportation Study for Mumbai Metropolitan Region, Final Report, MMRDA, Mumbai. 

Navi Mumbai Metro Rail Project, CIDCO, http://www.ddkmumbai.org/wp-

content/uploads/2012/06/Navi-Mumbai-MetroRailway-Booklet.pdf#page=3&zoom=160,-130,536 

Nielsen, All India Study on Sectoral Demand of Diesel and Petrol, Petroleum Planning & Analysis, 
2013 

OECD. (2010). Reducing Transport Greenhouse Gas Emissions (Trends & Data).  

Overview of Transport Scenario in Delhi” – Delhi Vision 2021, DIMTS Limited, 2008 

Parthasarathy B. and Dhar O.N., 1974: Secular variations of regional rainfall over India, QJRMS, 100, 
245-257. 

Parveen Dhamija. Energy Efficiency & Renewable Energy management Centre, Govt. of Delhi, 
Climate Change Agenda 2009-12 

http://mahatranscom.in/pdf/STATISTICAL.BOOK.10-11.pdf
http://mahatranscom.in/pdf/MVD%20Statistics%20-%202012-13.pdf
http://www.ddkmumbai.org/wp-content/uploads/2012/06/Navi-Mumbai-MetroRailway-Booklet.pdf#page=3&zoom=160,-130,536
http://www.ddkmumbai.org/wp-content/uploads/2012/06/Navi-Mumbai-MetroRailway-Booklet.pdf#page=3&zoom=160,-130,536


Pommier, M., Clerbaux, C., Law, K. S., Ancellet, G., Bernath, P., Coheur, P.-F., Hadji-Lazaro, J., 

Hurtmans, D., Nédélec, P., Paris, J.-D., Ravetta, F., Ryerson, T. B., Schlager, H., and Weinheimer, A. J.: 

Analysis of IASI tropospheric O3 data over the Arctic during POLARCAT campaigns in 2008, Atmos. 

Chem. Phys., 12, 7371-7389, doi:10.5194/acp-12-7371-2012, 2012. 

Pommier, M., Law, K. S., Clerbaux, C., Turquety, S., Hurtmans, D., Hadji-Lazaro, J., Coheur, P.-F., 

Schlager, H., Ancellet, G., Paris, J.-D., Nédélec, P., Diskin, G. S., Podolske, J. R., Holloway, J. S., and 

Bernath, P.: IASI carbon monoxide validation over the Arctic during POLARCAT spring and summer 

campaigns, Atmos. Chem. Phys., 10, 10655-10678, doi:10.5194/acp-10-10655-2010, 2010. 

Rajeevan, M., Jyoti Bhate, and A. K. Jaswal, 2008: Analysis of variability and trends of extreme 

rainfall events over India using 104 years of gridded daily rainfall data, Geophys.Res. Lett., 35.18. 

Ram B. Bhagat, Gavin W. Jones, Population Change and Migration in Mumbai Metropolitan Region: 

Implications for Planning and Governance, Asia Research Institute, Working Paper Series No. 201, 

May 2013, http://www.ari.nus.edu.sg/docs/wps/wps13_201.pdf 

Report on Environment Status of Mumbai Region, Maharashtra Pollution Control Board, 

Government of Maharashtra, 2005 

RITES, Energy and urban innovation, Case Study – New Delhi 2010, WEC 

Road Transport Year Book, Ministry of Road Transport & Highways, Government of India - 2011 

Robin Hickman, David Banister, Looking Over The Horizon: Transport and Reduced CO2 Emissions In 
The UK By 2030 (2009) 

Sanjiv .N. Sahai, DIMTS Ltd., Bus System Reform in india. GNCTD and IDFC 

Simpson, D., Benedictow, A., Berge, H., Bergström, R., Emberson, L. D., Fagerli, H., Flechard, C. R., 

Hayman, G. D., Gauss, M., Jonson, J. E., Jenkin, M. E., Nyíri, A., Richter, C., Semeena, V. S., Tsyro, S., 

Tuovinen, J.-P., Valdebenito, Á., and Wind, P.: The EMEP MSC-W chemical transport model – 

technical description, Atmos. Chem. Phys., 12, 7825-7865, doi:10.5194/acp-12-7825-2012, 2012. 

Singh, D. A. (2010). Transport Sector - Greehouse Gas Emissions 2007. New Delhi: CRRI.  

Statistical Abstarct of Delhi, 2014, GNCTD 

Subbaramayya I and Naidu C.V., 1992: Spatial variations and trends in the Indian monsoon rainfall, 
Int. J. Climatol., 12, 597-609. 

Transport Demand Forecast Study and Development of an Integrated Road cum Multi-Modal Public 
Transport Network for NCT of Delhi (2010) – RITES (In association with MVA ASIA Ltd. And TERI) 

Urban Governance Framework – MCGM. [online] Available at: 

http://www.mcgm.gov.in/irj/go/km/docs/documents/MCGM%20Department%20List/City%20Engin

eer/Deputy%20City%20Engineer%20(Planning%20and%20Design)/City%20Development%20Plan/Ur

ban%20Governance%20Framework.pdf[Accessed 27 Apr. 2015]. 

Verma A., Velmurugan S., Singh S. K., Gurtoo A., Ramanayya T. V. (2013), “Global Mobility Monitor 
Network – India Mobility Final Report”, Project Report, IISc Bangalore, India. 



Welcome to The Municipal Corporation of Greater Mumbai. [online] Available at: 

http://www.mcgm.gov.in/irj/portal/anonymous?NavigationTarget=navurl://55454fe42297ed3da8ca

5afe777d49de [Accessed 27 Apr. 2015]. 

 


