Mumbai Urban Transport Project                                          Consolidated Environmental Assessment
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SECTORAL ENVIRONMENTAL ASSESSMENT 

4.1 
BACKGROUND 


MMRDA during 1993 to 1996 undertook preparation of the Regional Plan for MMR 1996-2011. On completion of public consultation GoM has approved this Regional Plan in 1999.
 The Regional Plan after carrying out the necessary analysis of the economic and demographic trends has arrived at the forecast of population and employment for the MMR. These are given in Table 4.1 below.

Table 4.1 MMR: Population and Employment (‘000)

Sub Region
1991
2001
2011
Growth 
Rate %

Population



91-01
01-11

Island City
3175
3000
2825
-0.57
-0.60

Western Suburbs
3948
4930
5910
2.25
1.83

Eastern Suburbs
2803
3500
4196
2.25
1.83

Greater Mumbai
9926
11430
12931
1.42
1.24

Rest of MMR
4608
7056
9510
4.35
3.03

MMR - Total
14534
18486
22441
2.43
1.96

Employment






Island City
1349
1320
1271
-0.21
-0.38

Western Suburbs
638
863
1241
3.06
3.71

Eastern Suburbs
438
612
881
3.40
3.71

Greater Mumbai
2425
2795
3393
1.43
1.95

Rest of MMR
798
1344
2040
5.35
4.26

MMR - Total
3223
4139
5433
2.53
2.76

The population of Greater Mumbai according to Census 2001 is 11,914,398. This is indicative of the fact that estimates of the Regional Plan are likely to be reasonably accurate.

The Regional Plan also provides the estimates of private vehicle ownership, which would in turn define the modal composition of the travel demand. These estimates are given in Table 4.2. 

Table 4.2 MMR Private Vehicle Ownership

Sub Region
1991 (Actual) 
2011 (Low Estimates)
2011 (High Estimates)

No of Private Vehicles




Greater Mumbai
506959
943676
1214220

Rest of MMR
128213
412822
451115

MMR
635172
1356498
1665335

Vehicles/1000 population




Greater Mumbai
51.1
67.4
86.7

Rest of MMR
28.5
50.3
55.0

MMR
44.0
61.1
75.0

Private vehicles are thus expected to grow at a rate of 4.95 percent per annum as against the population growth rate of 2.19 per cent per annum.

The Regional Plan provides a growth management framework covering following sectors.

· Industrial Growth 

· Office Location 

· Shelter

· Urban Land

· Water Resource Development

· Transport

· Environment

· Land use and Development Control.

4.2 
COMPREHENSIVE TRANSPORT STRATEGY (CTS)


Concurrently with the preparation of Regional Plan, MMRDA undertook preparation of Comprehensive Transport Strategy (CTS)
 that formed an important component of the Regional Plan. The methodology followed for formulation of CTS is depicted in flow chart given Figure 4.1.

Some of the salient findings of the CTS are described below.

Travel Demand

The peak period travel demand as observed during the surveys carried out for the CTS in 1993 and its forecast for 2011 is given in Table 4.3

Table 4.3   Peak Period Travel Demand


1993
Percent
2011
Percent

Total Trips
2154860

3260431


Public Transport
1893751
88%
2770691
85%

Private Vehicles
148167
7%
289516
9%

Taxi and Auto Rickshaw
112942
5%
200224
6%

Average Trip Length (km)





· Public Transport (Average)
15.06
-
12.36
-

· Bus
4.67
-
4.67
-

· Rail
22.15
-
17.72
-

· Private Vehicles
14.17
-
12.10
-

· Taxi
5.77
-
3.99
-

The total peak period travel demand is estimated to grow by 51% over 18 years period from 1993 to 2011.The share of trips by public transport would decrease from 88% to 85 %. Although the share of private trips would marginally increase by 3 %, in absolute numbers private trips would increase by 87% ( from 2,61,109 in 1993 to 4,89,740 in 2011). The average trip lengths are likely to decrease on account of emerging pattern of dispersed employment distribution. Substantially longer trips along with significant share in total trips are a clear indicator of significant role of suburban rail transport in meeting the travel demand.     

FIGURE 4.1
METHODOLOGY FOLLOWED FOR FORMULATION OF CTS











4.3
SECTORAL STRATEGY OPTIONS

In order to meet the projected travel demand the CTS identified the three strategic options. To facilitate comparison with the base level a “Do minimum” option was also identified. (Instead of a commonly used “Do Nothing “ option”. 

These four   options as identified by the CTS are as follows: 

· Do Minimum: This option contained all the committed railway and road projects as envisaged in 1993.

· Public Transport: In addition to all the committed projects of 'Do Minimum' option, this option contained many railway projects to increase the capacity of rail transport.

· Public Transportation with Demand Management: The option contained all the projects of 'Public Transport ' option and demand management measures such as, cordon pricing and parking control in the Island City.

· Road Investment: In this option, the emphasis was laid on road projects, which are expected to encourage private vehicle trips. The option also included all the committed projects in "Do Minimum' option.

Mumbai has had a series of transport planning exercises from 1962. Each one of these had proposed a number of projects, providing a long list of discrete projects. Many of these have not been implemented mainly on account of paucity of resources. The CTS has therefore divided and regrouped these projects to represent the above strategies. These are described below in further details.  

4.3.1 
Do Minimum or Minimum Intervention

This option includes   rail and road projects, which were underway, or the committed projects. (Refer Table 4.4.) The road projects were expected to relieve immediate pressure on highly congested road sections. Amongst rail projects it includes establishment of the MTP rail line to Belapur and its extension to Panvel in Navi Mumbai and new rail lines viz. Belapur to Uran and Vashi to Kalva.

Table 4.4 Projects under Do Minimum Option 

Sr. No.
Projects
Location
Geographic Zone

ROAD PROJECTS

1
ROB at Mahim/connection to SB Marg
Mahim
Island City

2
Flyover at Dadar on SB Marg
Dadar
Island City

3
Jogeshwari - Vikhroli link  *
Jogeshwari & Vikhroli
Western/Eastern Suburbs 

4
Juhu Tara Road widening
Juhu
Western Suburbs

5
Improvements to all roads currently of poor quality



6
New Mumbai road improvements
New Mumbai
Rest of MMR

7
Dadar W Gyratory*
Dadar
Island City

8
ROB at Jogeshwari in lieu of L.C.No. 25(
Jogeshwari
Western Suburbs 

RAILWAY PROJECTS

9
Belapur - Panvel line
New Mumbai
Rest of MMR

10
Vashi - Turbhe - Kalwa for passenger services
New Mumbai/ Kalwa
Rest of MMR

11
Belapur – Uran
New Mumbai
Rest of MMR

Note: Projects at Sr.No. 3, 7 and 8 though included in the “Do Minimum” option in CTS these have not yet been completed and are included in the MUTP’s investment program.

4.3.2 
Public Transport or Rail Investment Option 

This option includes   the projects of 'Do Minimum'   and   investment to increase capacities of both the Western and Central Railways through various service enhancement measures and by constructing new rail corridors. These measures are as follows:

· Remodelling of trains from 9 to 12 car rakes to increase passenger carrying capacity,

· Construction of Road Over Bridges (ROBs) on both Western and Central Railways to avoid interruptions due to level crossings, and thus to reduce headway time.

· Enhancement of signaling and power supply,

· Capacity enhancement by adding 5th rail link between Santacruz - Borivali and 2 lines between Borivali - Virar,

· New semi terminus facilities at Bandra to allow reversing of trains to cater to Bandra Kurla Complex, and construction of high-level terminus at Bandra.

· Bandra-Kurla Railway

· Construction of new rail corridor between Wadala and Fort

· Addition of rail corridors to existing lines between Kurla Bhandup and Andheri - Goregaon.

· Improvement of stations for the accommodation of longer trains and better passenger circulation, and

· Re-engineering of cars (for more standing capacity) and increase in rolling stock. 

4.3.3 
Public Transport + Demand Management

It would not be possible to commensurately increase the road and parking capacity particularly in the Island City, with the increasing ownership of private. In addition to investment in Public Transport, it would therefore be imperative to manage (restrain) the travel demand by private vehicles in the Island City. The demand management measures for Island City identified in CTS study are briefly presented here.   

Parking Control: 

Parking fee is proposed to be levied for kerbside parking as well as for parking throughout CBD from Colaba in South to Marine Lines and Phule Market in North. Regulatory measures are recommended to eliminate double and triple row parking.

Cordon Pricing: 

Daily cordon charges at South Island cordons are expected to reduce traffic to Island City.   



Enhancement of Bus Service: 

Cordon pricing and parking control measures would be successful in reducing private vehicle trips to Island City, only if acceptable alternative public transportation modes are available.  Enhancement of bus service in both quantity and quality was seen as critical to attract private vehicle owners to use the public transport system.  A fleet of air-conditioned buses at prices competitive to the Cordon is suggested. 


The road and rail projects under this option are shown under Table 4.5
TABLE 4.5 PROJECTS UNDER PUBLIC TRANSPORT OPTION

No.
Projects
Location
Geographic Zone

ROAD PROJECTS

1
ROB at Mahim/connection to SB Marg
Mahim
Island City

2
Flyover at Dadar on SB Marg
Dadar
Island City

3
Jogeshwari – Vikhroli link road
Jogeshwari & Vikhroli
Western/Eastern Suburbs 

4
Juhu Tara Road widening
Juhu
Western Suburbs

5
Improvements to all roads currently of poor quality



6
New Mumbai road improvements
New Mumbai
Rest of MMR

7
Dadar W Gyratory
Dadar
Island City

8
ROB at Jogeshwari in lieu of L.C.No. 25
Jogeshwari
Western Suburbs 

ROAD PROJECTS


9
ROB at Vile Parle in lieu of L.C. No. 21
Vile Parle
Western Suburbs 

10
ROB at Jogeshwari in lieu of L.C. No. 26 & 27
Jogeshwari
Western Suburbs 

11
ROB at Kandivali in lieu of L.C. No. 31
Kandivali
Western Suburbs 

12
ROB at Borivali in lieu of L.C. No. 33
Borivali
Western Suburbs 

13
ROB at Dahisar in lieu of L.C. No. 34
Dahisar
Western Suburbs 

14
ROB at Mira road – Bhayander in lieu of L.C. No. 35
Mira road to Bhayander
Rest of MMR

15
ROB at Naigaon in lieu of L.C. No. 36
Naigaon
Rest of MMR

16
ROB at Nalasopara in lieu of L.C. No. 38
Nalasopara
Rest of MMR

17
ROB at Virar in lieu of L.C. No. 40
Virar
Rest of MMR

18
ROB at Chunabhatti in lieu of L.C. No. 1
Chunabhatti
Eastern Suburbs

19
ROB at Kurla
Kurla
Eastern Suburbs

20
ROB at Vikhroli in lieu of L.C. No. 14
Vikhroli
Eastern Suburbs

21
ROB at Netivali
Netivali
Rest of MMR

22
ROB at Katai
Katai
Rest of MMR

RAILWAY PROJECTS

23
Quadrupling Borivali – Virar
Borivali – Virar
Western Suburbs/

Rest of MMR

24
5th line Santacruz – Borivali
Santacruz to Borivali
Western Suburbs 

25
Resignalling/Power supply strengthening Andheri – Borivali
Andheri to Borivali
Western Suburbs 

26
Bandra – Kurla (H.L. Terminus at Bandra) link
Bandra to Kurla
Western/Eastern Suburbs

27
Quadrupling Mankhurd- Kurla
Kurla to Mankhurd
Eastern Suburbs/ Rest of MMR

28
New semi terminus at Mankhurd/Thane area
Mankhurd/Thane
Rest of MMR

29
Resignalling / Power supply - strengthening Harbour - I
-
-

30
6th Corridor Wadala - Fort Market
Fort - Wadala
Island City

31
6th Corridor Kurla - Bhandup
Kurla - Bhandup
Eastern Suburbs

32
6th Corridor Andheri - Goregaon
Andheri -Goregaon
Western Suburbs

33
Grade Separation 6th Corridor/5th lane at Bandra - Mahim
Bandra - Mahim
Island City/

Western Suburbs

34
Belapur - Panvel line
New Mumbai
Rest of MMR

35
Vashi - Turbhe - Kalwa for passenger services
New Mumbai/ Kalwa
Rest of MMR

36
Belapur – Uran
New Mumbai
Rest of MMR

37
Diva Jct. - Vasai road
Diva - Vasai
Rest of MMR

   Note: Projects at Sr. No 2,11, 34 have been completed

4.3.4 
Road Investment 

The focus in this option is on improving the road carrying capacity of the region by taking up moderate road investment projects, in addition to the road and rail projects included in the 'Do Minimum' option. The major road projects proposed under this option include Bhiwandi - Kalyan, Kalyan - Shil, Thane - Ghodbunder, Anik-Panjarpole, Panvel By-pass, Mahape - Shil, Kalwa - Dighe and Santacruz - Chembur link, Nalasopara - Bhiwandi link, Panvel - Kalyan link, Vasai - Virar NH8 connector, Eastern Freeway and Western Relief Road Completion.   The list of projects to be undertaken under this investment option is given in Table 4.6.
TABLE 4.6 PROJECTS UNDER ROAD INVESTMENT OPTION

No.
Projects
Location
Geographic Zone

              ROAD PROJECTS

1
ROB at Mahim/connection to SB Marg
Mahim
Island City

2
Flyover at Dadar on SB Marg
Dadar
Island City

3
Jogeshwari - Vikhroli link road
Jogeshwari & Vikhroli
Western/Eastern Suburbs 

4
Juhu Tara Road widening
Juhu
Western Suburbs

5
Improvements to all roads currently of poor quality



6
New Mumbai road improvements
New Mumbai
Rest of MMR

7
Dadar W Gyratory
Dadar
Island City

8
ROB at Jogeshwari in lieu of L.C.No. 25
Jogeshwari
Western Suburbs 

9
Bhiwandi - Kalyan
Bhiwandi to Kalyan
Rest of MMR

10
Kalyan - Shil
Kalyan to Shil
Rest of MMR

11
Kalwa Bridge doubling
Kalwa
Rest of MMR

12
Thane -Ghodbunder
Thane to Ghodbunder
Rest of MMR

13
Anik - Panjarpole + Link road
Anik to Panjarpole & Sion to Chembur 
Island City/

Eastern Suburbs

14
Panvel By-pass
Panvel 
Rest of MMR

15
Mahape - Shil
Mahape to Shil
Rest of MMR

16
Kalwa - Dighe
Kalwa to Dighe
Rest of MMR

17
West Relief road completion
Bandra to Dahisar
Western Suburbs

18
Santacruz - Chembur link
Santacruz to Chembur
Western/Eastern Suburbs

19
Nalasopara - Bhiwandi
Nalasopara to Bhiwandi
Rest of MMR

20
Eastern Freeway Ext.

Island City, Eastern Suburbs & Rest of MMR

21
Panvel to Kalyan
Panvel to Kalyan
Rest of MMR

22
W to NH8 Connector
Vasai to Virar
Rest of MMR

23
Airoli Bridge
Airoli
Rest of MMR

24
Bandra-Worli bridge
Bandra to Worli
Island/Western Suburbs

Note: Projects at Sr. No. 11,12 and 23 have been completed and projects at Sr.No.  14 and 24 are under construction.

Preferred Option

The CTS evaluated these options on the basis economic analysis, financial sustainability, environmental and social (resettlement) impacts and recommended Pubic Transport + Demand Management IN THE Island City as the most preferred strategic option.

4.4
ENVIRONMENTAL ASSESSMENT 


CTS included environmental assessment of strategic options in a limited way by considering vehicular emission loads associated with each option. It did not include environmental impact assessment of individual projects and the associated EMPs. It was therefore necessary to undertake environmental assessment at the sector as well as project level according to the OP 4.01 of the World Bank. MMRDA undertook and completed such an exercise through consultants in 1998.  

4.5       SECTORAL LEVEL ENVIRONMENTAL ASSESSMENT

At sectoral level, environmental impacts are seen as arising due to sectoral policies, programs, operations and regulations. Sectoral Environmental Assessment (SLEA)
 refers to the assessment of environmental impacts due to transportation sector as a whole. Thus, it includes the environmental impacts due to physical transportation activities (transportation through road and rail), government policies and other traffic management measures. The impacts are synergetic in the sense, that impacts due to each of the above factors cannot be seen or estimated in isolation. 


SLEA is carried out for the four strategic transport options for MMR described in the previous section. For the purpose of environmental analysis, MMR was divided into four sub regions – Island City, Western Suburbs, Eastern Suburbs and the Rest of MMR -- to assess environmental impacts of transport options with respect to each sub region.   

The Island City 

There is practically no land available for future development in the city except for the Mumbai Port Trust land holdings and areas of wholesale markets and textile mills. The development of these patches of land for commercial and residential uses would require further improvement of service infrastructure, including that of transportation, which is already under strain. This development is envisaged mainly in the eastern part of Island City and is likely to be biased toward commercial sector due to high land prices. The eastern road corridors being already congested because of commercial goods traffic to and from the port, the Central Railways would experience the burden of transportation due to further development of the area. The economic characteristics of the city are also changing from the manufacturing to service sector, which will manifest into change in the nature of employment from blue collar to white collar jobs. 

In 1980 –90 decade has shown decline in the population of Island City. The developments of the port land holding may arrest this decline by making land available for the redistribution of residential population in the city or by arresting out – migration as a result of increased employment opportunities due to the economic regeneration of the city. 

Suburbs 

There is potential for infill in the northern suburbs due to which this sub – area may see increase in population density. Moreover, MMRDA’s plan to develop Bandra Kurla / Mahim Creek area into a commercial complex is likely to create about 150,000 jobs. Apart from other land development benefits, the development of this commercial complex is expected to reduce vehicle trips between the Island City and suburbs. 

Rest of MMR

The towns along the northern extension of Western railway viz. Mira, Bhayander, Vasai, Nallasopara, Navghar, Manikpur and Virar have essentially grown due to easy access to Mumbai by suburban rail corridor. Industrial development has taken place in North – Eastern extension of Central Railway in the towns of Thane, Kalyan and Ulhasnagar. There is possibility of improving rail capacity to these areas. As a result, steady growth is expected in this region. 
The constraints restricting the growth of New Mumbai are expected to be overcome with the completion of the MTP rail line to Belapur and its planned extension to Panvel.  Water supply in the area is adequate. The relocation of wholesale market to the area, which is underway, is likely to generate more economic activity in this are. The area has shown increase in the pace of growth during the past few years. 
The land use in the remaining parts of MMR is primarily agriculture. In this sub region, Alibag / Pen and areas along the railway corridor from Neral to Khopoli are likely to grow. There is already a fertilizer plant in Alibag, which is likely to expand. Some more industries may come to the area, as a result of which employment in the region may increase. 


Apart from the sectoral environmental impacts, the individual sub-projects would have localized environmental impacts. For this purpose detailed Micro-level Environmental Assessment (MLEA) of major individual schemes and  for groups of similar projects programmatic level environmental assessment of generic sub-projects (PLEA) was carried out.


The remainder of this chapter describes the following:

· SLEA Methodology

· Environmental Evaluation of Sectoral Strategic Options

· Environmental Impacts of Flyovers – Sectoral perspective

4.6
SLEA METHODOLOGY


Brief SLEA methodology of various parameters is given below in the concerned sections.  Detailed methodology used for SEA is given in Section 3 of Sectoral Level Environmental Assessment Report of MUTP, March 1998 prepared by Montgomery  Watson Consultants Ltd. and is attached as Appendix 4.1.

The four environmental components used for SLEA were:

· Air quality

· Noise

· Ecological 

· Social

· In addition Transport Service Indicators are also used.  

Air quality and noise are the main environmental components that will be impacted by transportation. Since the implementation of individual investment schemes under each transport option could give rise to ecological and social impacts (particularly those related to relocation and rehabilitation of displaced people), these impacts are also considered in the assessment to identify mitigation measures to be taken up at sectoral / policy level.  A number of indicators / indices are identified to estimate the impacts on the above four environmental components. In addition, congestion and overcrowding are also transport-related factors that directly affect the passengers’ health. These are also captured through appropriate indicators. Table 4.7 lists the indicators that were used for SLEA.

Table 4.7 Environmental Impact Indicators/Indices Used in SEA

Environmental Index
Description

Air Quality

CO concentration in mg/NM3
Ambient CO conc. due to transport option

SO2 concentration in (g/NM3
Ambient SO2 conc. due to transport option

NOx concentration in (g/NM3
Ambient NOx conc. due to transport option

Pb concentration in (g/NM3
Ambient Pb conc. due to transport option. Since unleaded petrol has been introduced this index is no longer valid. 

PM10 concentration in (g/NM3
Ambient PM10 conc. due to transport option

Noise

Traffic Noise Index (Day) – TNI (day)
% of length of road links exceeding daytime standard weighted by population with 150 m of the curb

Traffic Noise Index (Night) – TNI (night)
% of length of road links exceeding nighttime standard

Ecology

Ecological Impact indicator (Natural system) EI-1
Weighted total area of road/rail alignment intercepted by natural ecological system classified into different categories according to their importance

Ecological Impact indicator (Man-made system) EI-2
Weighted total area of road/rail alignment intercepted by man-made natural systems classified into different categories according to their importance

Social – R&R impacts
Number of displaced households 

Service Indices

Traffic efficiency Index
Index reflecting efficiency in terms of speed and fuel consumption

Traffic congestion Index
% of link lengths in the sub-regions exceeding the Volume /Capacity ratio

Railway crowding Index
Link length weighted Volume / Capacity Ratio

4.7 
ENVIRONMENTAL EVALUATION OF SECTORAL STRATEGIC OPTIONS

4.7.1
Air Quality Impacts 

 


The following methodology was used for Air quality impact analysis:

· Determining baseline air quality (reflecting air pollution resulting from the base year traffic level) of the sub regions

· Estimating vehicular emissions in each sub-region for each option/alternative for 2011

· Simulating dispersion of the vehicular pollutants to estimate resulting ambient concentration increments for each sub-region and option for the year 2011

· Assessing impacts of the estimated concentration increments on various stakeholders or target groups by using value function curves for the above pollutants.  (These curves provide a relationship between ambient pollutant concentrations and the resulting impacts on human health and the environment).

The methodology is summarized in Figure 4.2

Baseline Air Quality


The baseline or base year air quality of the four sub-regions and MMR as a whole is used to assess change in the air quality due to transportation alternatives for the horizon year 2011.  For determining baseline air quality of the 4 sub regions, the sub regions were divided into square grids.  Air pollution monitoring was carried out in 1995 at various locations in each sub region for 3 or more days.  The monitored pollutant concentration values are used to estimate baseline concentrations at the centre of each grid by using the inverse square weighted interpolation technique.  The estimated pollutant concentration values in a grid were then used to determine quality index for each pollutant (CO, N0x, SO2, PM10 and Pb) using value function curves to represent its potential air quality impacts.  Quality index values vary from 0 to 1.  The baseline values are given in Table 4.8 .

Table 4.8 Comparison of Options based on Absolute Values of Air Pollutants

Region
Parameters
Base year (1996)
Do Minimum
Public Transport
Public Transport   + Demand Manage-ment
Road Investment

Island City
CO(mg/Nm3)
4.33
1.16
1.16
0.7
1.04


SO2((g/Nm3)
49.72
53.02
53.38
34.01
44.23


NOx ((g/Nm3)
22.56
8.55
8.65
4.65
8.55


Lead((g/Nm3)
0.53
0.00
0.00
0.00
0.00


PM10​((g/Nm3)
1219.21
1157.86
1123.01
713.35
1011.2

Western Suburbs
CO(mg/Nm3)
17.1
6.30
4.73
6.61
10.63


SO2((g/Nm3)
24.61
36.12
34.56
37.54
56.79


NOx ((g/Nm3)
26.87
13.18
12.48
13.72
20.97


Lead((g/Nm3)
0.35
0.00
0.00
0.00
0.00


PM10​((g/Nm3)
803.44
1146.23
1072.62
1191.66
1834.2

Eastern Suburbs
CO(mg/Nm3)
17.57
4.45
4.99
4.49
13.70


SO2((g/Nm3)
34.28
40.83
44.46
41.44
103.47


NOx ((g/Nm3)
37.34
16.72
17.53
17.07
42.98


Lead((g/Nm3)
0.32
0.00
0.00
0.00
0.00


PM10​((g/Nm3)
964.36
1134.88
1133.92
1194.26
2993.3

Rest of MMR
CO(mg/Nm3)
0.2
0.08
0.07
0.07
0.08


SO2((g/Nm3)
11.78
17.08
17.17
14.37
18.41


NOx ((g/Nm3)
8.23
4.75
4.58
3.91
4.79


Lead((g/Nm3)
0.36
0.00
0.00
0.00
0.00


PM10​((g/Nm3)
214.16
509.52
292.95
244.54
312.81

.

FIGURE 4.2  AIR QUALITY  ASSESSMENT METHODOLOGY  


Air Dispersion Modelling Analysis


Roll Back Model was used to estimate pollutant concentrations resulting from vehicular emissions estimated for each transportation option for base and horizon years.  The choice of the Roll Back model instead of the earlier proposed PAL model is made because of the simplicity of the former.  PAL requires detailed input data, which are not justified for a macro level assessment.   Also there are several limitations in using PAL for this study, which are elaborated in Section 3.4.2 of the earlier SLEA Report for MUTP-II, 1998.  The Roll Back model can be mathematically represented by the following equation:


C1/C2 = Q1/Q2


Where,



C1 = concentration at a given point due to emissions Q1

C2 = concentration to be estimated at the same point due to emissions Q2

C2 = (C1/Q1).Q2

Thus, if C1 and Q1 are known, C2 can be estimated for different values of Q2. 


For the application of the above model, MMR region was divided into various grids. Vehicular emissions for each grid were estimated using the emission factors recommended by Indian Institute of Petroleum (IIP) and Ministry of Environment and Forests (MoEF), and link wise traffic volume and composition for each transport option. Traffic volume and composition (base year and horizon years) for each transportation option were obtained from the CTS model (WS Atkins study). The link wise traffic volumes (vehicle kms.) were assigned to each grid based on the link length being intercepted by the grid. The model was calibrated using air quality data monitored at various locations. The model estimated pollutant concentrations for the four sub regions and for each of four transportation options. The results are presented in Table 4.8.  This was used to then predict overall quality indices of the pollutants.

Conclusion


The key findings are as follows:

· Baseline levels (1996 levels) of all pollutants except PM10  were well below the National Ambient Air Quality Standards (NAAQS).  Baseline PM10 levels varied between 214.16 (g/m3 in Rest of MMR to 1219.2 (g/m3 in the Island City.

· Predicted PM10 levels (for year 2011) were found to decrease (as compared to baseline levels) in the Island City and increase in Eastern and Western Suburbs.  All predicted PM10 levels exceed the NAAQS.   This is because improved fuel and other measures will not affect PM10 emissions substantially.  Levels in eastern and western suburbs will increase due to increase in vehicle kilometers, whereas it will decrease in the Island City due to reduced population growth clubbed with traffic demand management measures.

· N0x, CO and Pb levels were predicted to decrease due to use of catalytic converters.  In spite of substantial increase in vehicle kilometers, proportionate increase in pollution levels is not seen due to the fact that improved fuel (lead free, low sulphur) and improved engines (with catalytic converters and compliance with Euro II or Bharat II emission standards) have been assumed.

· SO2 levels were predicted to increase in the eastern and western suburbs due to growth in population and traffic.  The levels were predicted to decrease in the Island City for the PT+DM option, as Island City is already congested with little possibility of population and traffic growth.
· It was concluded that the PT+DM option performed better for the Island City and Rest of MMR and the PT option performed better in the eastern and western suburbs.

4. 7.2
Noise Impacts 
The following steps were used to determine noise impacts of the transport alternatives in the four sub regions and MMR as a whole.  Detailed methodology is given in Section 3.6 of the earlier SLEA Report for MUTP, 1998 (Attached in Appendix 4.1). 

· Identifying noise indicators and indices

· Estimating traffic composition and volume for road links of each sub region under each alternative using the Regional Transport Model

· Using an appropriate noise prediction model to estimate traffic related noise levels for the base year and the planning horizon years under the transport alternatives

· Assessing traffic-related noise impacts on different stakeholders.

Methodology followed for assessment of noise impacts is summarized in Figure 4.3.The US Federal Highway Administration (FHWA) model was used for predicting noise levels at 30 m from the road central line due to each vehicle type (heavy and light) operating on a road link. The model considered the effect of vehicular volume, speed and noise absorption characteristics of the site on traffic generated noise levels.  Leq for heavy and light vehicles was calculated for each road link by using the following mathematical expression.


Leqi (h) = Loei + 10 Log (Ni/Si . T) + 10 log (15/d) 1+ ( + (s - 13


where,

Leqi (h) = Leq for hours ‘h’ for the ith vehicle type (heavy or light)

Loei       = reference mean sound level for the ith vehicle type

Ni       = number of vehicles of class ‘i’ passing during time ‘T’  through a particular  road section

Si        
=  average speed of the ith vehicle class in km/h in the particular road section

T         = 
duration for which Leq is desired and must correspond to time for which Ni is measured.

d    = 
perpendicular distance in m from the centerline of the traffic lanes to the location of the observer.

(    = 
factor representing the adsorption characteristics of the ground cover between the roadway and the observer.

(s     = 
Shielding factor provided by noise barriers.


The modelling exercise was repeated for each link of the four sub regions for all the four transportation alternatives. Traffic Noise Index (TNI) for day and night as defined in Table 4.9 were used to compare the noise impacts of alternatives.   

Table 4.9 Comparison of options based on absolute values of Traffic Noise Indicators

Region
Parameters
Base Year (1996)
Options for year 2011




PT+ DM
 RI
Do Minimum
PT

Island City
TNI (Day)
61.4
63.7
70.3
64.4
64.4


TNI (Night)
91.5
98.7
94.7
92.1
95

Western Suburbs
TNI (Day)
51.7
71.1
70.4
69.5
69.5


TNI (Night)
86.4
96.3
93.8
94.2
98.8

Eastern Suburbs
TNI (Day)
79
90.8
88.6
74.8
90.1


TNI (Night)
94.4
68.8
100
100
63.2

Rest of MMR
TNI (Day)
30.4
50.1
44
49
49


TNI (Night)
60.3
77.7 
80.2
83.4
83

Conclusions 

The key findings are as follows:

· Day time noise impacts were found to be lower in island city under the PT+DM option.  However, the same option gave rise to higher noise levels at night time.

· In western suburbs, all the four options resulted in almost the same level of noise impacts during the day time.

· Thus in brief, none of the options performed consistently for the four sub-regions.  Day time and night time TNI also showed conflict in vavouring any single option.

Figure 4.3 Methodology for Assessment of Noise Impacts


4. 7.3
Ecological Impacts

Two types of ecological impacts, direct and development induced were considered for the implementation of rail and road projects under each transportation option. Direct impacts resulted from the destruction of flora and fauna due to the construction of roads or railway lines.  Since the introduction of roads and railway lines in a region could induce development in hitherto virgin forests and wetlands, such impacts were assessed qualitatively. 


The damage to ecological resources depended on the extent and richness of these resources at the sites of road or and rail projects. The ecological impacts of the alternatives were assessed at a qualitative level using the following framework.

· Description of location and existing ecological status of the ecologically sensitive areas through which the relevant road / rail link passes

· Qualitative description of direct and development induced impacts

· Mitigation measures to indicate the extent to which adverse ecological impacts could be alleviated.

Very few projects identified under the four-transportation options pass through ecologically sensitive areas. Moreover, ecologically sensitive areas like mangroves, wetlands and forests impacted by projects were not unique in features and the transport projects were not likely to cause any irreversible damage to the ecosystems.


Quantitative analysis of the ecological impacts captured the following concepts:

· Damage to an ecological area due to a road or rail alignment will be proportional to the area covered by road or rail segment in the ecologically sensitive zone.

· Damage will be severe if the ecological area or system is of higher quality.

Ecological indicators for natural and man-made systems were used to estimate quantitative ecological impacts for making comparison of various transport options with respect to their ecological impacts.  The ecological impact on each of the systems is measured by adding weighted areas of road/rail alignments traversing through the system, where weights represent the quality of the system.   Thus ecological impact indices for the 2 systems can be expressed as follows:

EI (Natural) = EI1 = ( WniAj

EI (Man-Made) = EI2 = (WmjAj

Where:

Wni  = Weight associated natural ecological system of class ‘I’

Wmj = Weight associated man-made ecological system of class ‘j’

Ai     = Total area of road/rail alignment intercepted by natural system of category ‘I’

Aj = Total area of road/rail alignment intercepted by man-made system of category ‘j’.

Detailed methodology including classification of ecosystems with associated weights and impacts are discussed in Appendix 4.1 and 4.2 respectively. Results are given below in Table 4.10.

Table 4.10 Comparison of options based on Ecological Impacts

Region
Ecological Impact Indicator

(EI) 
Base Year (1996)
Options for year 2011




PT+ DM
RI
Do Minimum
Public Transport

Island City
EI-1 (Natural System)

EI-2 (Man-Made)
0


0

0
0.06

0
0

0
0

0

Western Suburbs
EI-1 (Natural System)

EI-2 (Man-Made)
0
0.076

0.03
0.047

0
0

0
0.076

0.03

Eastern Suburbs
EI-1 (Natural System)

EI-2 (Man-Made)
0
0.035

0
0.017

0.003
0.005

0
0.035

0

Rest of MMR
EI-1 (Natural System)

EI-2 (Man-Made)
0
0.186

0.26
0.364

0.490
0.063

0.2
0.186

0.26

Conclusion

In the Island City there are no ecological impacts seen as no new transport projects are proposed.  Projects such as Borivali-Virar quadrupling of rail lines, under the PT and PT+DM options will have ecological impacts in the Eastern and Western Suburbs of Greater Mumbai. Option RI has the most severe impact on Rest of MMR as many new road projects are proposed in sensitive areas. 

4.7.4
Social Impact (Limited to Displacement Of People) 


The projects identified under various transport options could give rise to a wide range of social impacts as the implementation of some of these projects would require displacement of households and commercial establishments.  The number of displaced households and establishments provide a measure of adverse social impacts.  Hence these are estimated for each proposed project in each sub region.  Social impacts for each sub region are organized under three headings i.e. beneficial impacts, adverse impacts and mitigation measures.    These are given in more detail in Appendix 4.2.  The number of displacements in each sub region is given in Table 4.11.  
Table 4.11  Comparison of options based on R&R Impacts

Region
Parameters
Base Year (1996)
Options for year 2011




PT+ DM*
 RI*
Do Minimum
PT

Island City
Number of Households displaced
0
0
0
0
0

Western Suburbs
Number of Households displaced
0
5631
1752
1164
5631

Eastern Suburbs
Number of Households displaced
0
1010
7456
0
1010

Rest of MMR
Number of Households displaced
0
6641
9483
1164
6641

The number of households displaced does not include the persons affected by the project on optimization of Harbour Line. 

Conclusion

The key findings are:

· None of the options required displacement of people/households in the Island City.

· In Western Suburbs, the number of households required to be displaced (5631 households) was highest for the PT and PT+DM options.

· In Eastern Suburbs, the RI option required the maximum displacement of households (7456 households).

· In rest of MMR, the RI option followed by PT options required the maximum displacements.  9483 and 6641 households were estimated to be displaced by the RI and PT options respectively.

4.7.5
Impact on Transportation Service

Three indices used to reflect impact of transportation options on transportation objectives were Road Traffic Congestion Index (TCI), Railway Crowding Index (RCI) and Road Transport Efficiency Index (TEI).


Road Traffic Congestion Index (TCI): TCI was designed to measure the level of service. Lower value of TCI indicated lower congestion level on roads in terms of Volume to Capacity Ratio. 


Railway Crowding Index (RCI): RCI reflected the extent to which the crowding inside the trains would reduce under various options.  Lower value of the index meant more reduction in crowding and hence a better option. 


Transport Efficiency Index (TEI): TEI captured the concept that vehicles operating close to their optimum speeds will be fuel efficient and less polluting. TEI value close to 1 reflected vehicles operating efficiently at or near optimum speeds.


The CTS model outputs were used to determine the above indices.  The indices calculated for the four options are given in detail Appendix 4.2.   The various indices calculated for the sub-regions are given below in Table 4.12
Table 4.12 Comparison of Options based on Transport Service

Region
Parameters
Base year (1996)
Options for year 2011




PT+ DM*
 RI*
Do Minimum
PT

Island City
Traffic efficiency Index
0.47
0.54
0.50
0.48
0.48


Traffic Congestion Index
13
6.9
7.7
12.5
12.8


Railway crowding index
2.186
1.078
2.186
2.186
1.078

Western Suburbs
Traffic efficiency Index
0.482
0.542
0.559
0.566
0.575


Traffic Congestion Index
16.9
13.86
9.2
12.33
12.33


Railway crowding index
2.278
1.368
2.278
2.278
1.368

Eastern Suburbs
Traffic efficiency Index
0.32
0.49
0.52
0.48
0.49


Traffic Congestion Index
74.3
16.88
13.3
20.66
16.88


Railway crowding index
1.736
1.568
1.736
1.736
1.568

Rest of MMR
Traffic efficiency Index
0.308
0.41
0.44
0.391
0.413


Traffic Congestion Index
81.46
12.86
12.45
14.54
13.83


Railway crowding index
1,.442
0.552
1.442
1.442
0.552

.


Conclusions

· In Island City, PT+DM option performed better w.r.t TCI and RCI transport service indices.

· In Western Suburbs, PT + DM performed better w.r.t TCI and RCI transport service indices. 

· In Eastern Suburbs, PT and PT + DM preformed better w.r.t. RCI transport service index. .

· In Rest of MMR PT + DM performed better w.r.t. TCI and RCI, transport service indices. 

4.8       SELECTION OF THE BEST OPTION


The various impacts associated with each option were evaluated using 13 indicators for 5 major impact areas – air, noise, ecology, social and transport. Since all indicator values were not favourable for any single option, the following three methods were used to find the most suitable transport option for MMR.

· Decision Matrix Method

· Maximum no. of favorable indicators

· Estimated PM10 concentrations 


Individually, each of the above method has limitations for selecting the best option. Therefore, all the three methods were used to narrow down the choice of the best option. 

4.8.1
Decision Matrix Method


This process involves progressive elimination of options, one by one, in preference to others, using a set of indicators, one at a time.  The set of indicators chosen will be used in the order of their importance.  The group related to Transport Service Level was given the top priority, as the basic objective was to improve the transport in MMR. This was followed by air quality and noise related indicators.  Ecology and R & R were combined together and placed below in the sequence since these impacts could be mitigated through proper mitigation measures.  For each group of indicators (decision level) the worst performing option was dropped.  The same procedure was repeated at all the decision levels leading to the ultimate selection of one option. 

While proceeding with the decision matrix exercise the following procedure is followed:

· Any option eliminated at any decision level in the Decision Matrix will not be considered for further scrutiny.

· Groups of indicators once used for eliminating an option will not be considered again unless the decision Matrix process fails to bring out a single best option at the end of the exercise.

· If there is a tie between options at any decision level, all these options are passed on to the next decision level.

· If at the end of the first exercise, it is not possible to identify a single best option, the entire exercise will be repeated for the un-eliminated options.


Detailed results of the Decision Matrix exercise is given in Section 4.3 of the earlier SLEA Report for MUTP, 1998.   Public Transport + Demand Management was the preferred option in the Island City and Rest of MMR whereas Public Transport was the best option in Western and Eastern suburbs. 

Tables 4.13 to 4.17 gives the results for selection of the best options using Decision Matrix Method for the 4 sub regions. Overall Public Transport + Demand Management is the preferred option for implementation under MUTP Project.

4.8.2
Maximum number of favourable indicators


The Decision Matrix process involves elimination of the options, one by one, on the basis of their worst performance in respect of indicators, which are arranged in a sequence according to their importance. Thus is subjective to some extent.   


In the Maximum Favorable Indicator method all the indicators were treated equally in spite of having different importance from environment perspective.  An indicator was said to be favorable for an option if the value of indicator favored that option most. The option having the maximum number of favorable indicators was treated as the best option.   The analysis was done for all the four sub-regions. Details are given in Appendix 4.2. 

In the Island City, Public Transport + Demand Management was the best option, since besides promising improvement in all the 3 service level indicators; it fares well in as many as 9 out of 10 environmental parameters.  This option was also the best for rest of MMR and entire MMR.

4.8.3
Estimated PM10 Concentration


The ambient PM10 concentrations in the region, especially Greater Mumbai area, are very high compared to its ambient air quality standard. Hence PM10 was considered as the single most important indicator for evaluating the transport options in the four sub regions.


Conclusions


Table 4.18 summarizes the results of SLEA using the above three selection methods. ‘Public Transport with Demand Management’ emerged as the best option for Island City and MMR as a whole.  For Western and Eastern Suburbs, ‘Public Transport’ or ‘Do Minimum’ appeared to be the best options. ‘Do Minimum’ left much to be desired from the viewpoint of developing the transport sector. Hence, the choice was narrowed down to ‘Public Transport’ and ‘Public Transport with Demand Management’. Both these options had a common set of projects, which laid emphasis on encouraging public transportation. Demand management measures were important to alleviate congestion and pollution levels in Island City. ‘Public Transport with Demand Management’ was recommended for implementation in MMR.

Table 4.13: Selection of Best Option for Island City through Decision Matrix Method.

DECISION LEVEL
SR. NO.
ENVIRONMENTAL IMPACT INDICATOR/INDEX
BASE YR.
DO MIN.
PUB. TPT.
PUB.TPT+ D.MGT.
ROAD INVSTM.

1
1
Traffic Efficiency Index
0.47
0.48
0.48
0.54
0.50


2
Traffic Congestion Index
13.0
12.5
12.8
6.9
7.7


3
Railway Crowding Index
2.186
2.186
1.078
1.078
2.186

2
4
CO Quality Index
0.946
0.974
0.974
0.980
0.975


5
SO2 Quality Index
0.937
0.936
0.922
0.965
0.939


6
NOx Quality Index
0.726
0.899
0.891
0.935
0.899


7
Pb Quality Index    
0.404
1.0
1.0
1.0
1.0


8
PM-10 Quality Index
0.063
0.054
0.054
0.090
0.055

3
9
Traffic Noise Index (Night) – TNT (night)
91.48
92.07
95.03
98.73
95.73


10
Traffic Noise Index (Day) – TNT (day)
61.40
65.41
65.41
63.71
70.31

4
11
Ecological Impact Indicator (Natural System)-EI 1
0
0
0
0
0.06


12
Ecological Impact Indicator (Man-made System)-EI 2
0
0
0
0
0


13
R & R Impacts (Number of house holds displaced)
0
0
0
0
0

 
                             Result of Decision Level 1

: Do minimum is eliminated


     Result of Decision Level 2

: Public Transport is eliminated 


Result of Decision Level 3                  : A tie is observed between Demand Management and Road Investment    

                                                             Options

     

     Result of Decision Level 4

: Road is eliminated

     

    Selected Option


: Public Transport + Demand Management

Note :

For Indicators/Indices at – Sr.No. 1,4,5,6,7,8 higher values indicate better option






For Sr. No. 2,3,9,10,11,12, 13 lower values indicate better option.

Public Transport + Demand Management is the best option is Island City.

Table 4.14: Selection of Best Option for Western Suburb through Decision Matrix Method.

DECISION LEVEL
SR. NO.
ENVIRONMENTAL IMPACT INDICATOR/INDEX
BASE YR.
DO MIN.
PUB. TPT.
PUB.TPT+ D.MGT.
ROAD INVSTM.

1
1
Traffic Efficiency Index
0.482
0.566
0.575
0.542
0.559


2
Traffic Congestion Index
16.9
12.3
12.33
13.86
9.2


3
Railway Crowding Index
2.278
2.278
1.368
1.368
2.278

2
4
CO Quality Index
0.514
0.957
0.959
0.954
0.880


5
SO2 Quality Index
0.979
0.967
0.969
0.966
0.938


6
NOx Quality Index
0.703
0.851
0.859
0.846
0.770


7
Pb Quality Index    
0.614
1.0
1.0
1.0
1.0


8
PM-10 Quality Index
0.066
0.008
0.016
0.012
0.003

3
9
Traffic Noise Index (Night) – TNT (night)
86.42
94.20
98.84
96.3
93.76


10
Traffic Noise Index (Day) – TNT (day)
51.75
69.64
69.54
71.13
70.44

4
11
Ecological Impact Indicator (Natural System)-EI 1
0
0
0.0765
0.0765
0.0475


12
Ecological Impact Indicator (Man-made System)-EI 2
0
0
0.03
0.03
0


13
R & R Impacts (Number of house holds displaced)
0
1164
5631
5631
1752

Repeat
1
Traffic Efficiency Index
0.482
Eliminated
0.575
0.542
Eliminated

(2nd round
2
Traffic Congestion Index
16.9
In 1st round 
12.33
13.86
In 1st round 

D.Making)
3
Railway Crowding Index
2.278
D. Making
1.368
1.368
D. Making


                           Result of Decision Level 1
: Do minimum is eliminated


 Result of Decision Level 2
: Road Investment option is eliminated 


Result of Decision Level 3 
: Tie is observed between Pub.Tpt & Pub.Tpt + D.Mgt.  

                                                                     

Result of Decision Level 4
: Tie is observed between Pub.Tpt & Pub.Tpt + DMgt. Hence Decision Matrix is repeated from Decision 




               Level 1





Result of Decision Level 1 (repeat) : Public Transport + Demand Management option is eliminated.

    

Selected Option


: Public Transport 

Note :1
For Indicators/Indices at – Sr. No. 1,4,5,6,7,8 higher values indicate better option



For Sr. No. 2,3,9,10,11,12, 13 lower values indicate better option.

Public Transport is selected as the best option at Decision Level1 (repeat) in the 2nd round of decision making process.

Table 4.15 : Selection of Best Option for Eastern Suburb through Decision Matrix Method.

DECISION LEVEL
SR. NO.
ENVIRONMENTAL IMPACT INDICATOR/INDEX
BASE YR.
DO MIN.
PUB. TPT.
PUB.TPT+ D.MGT.
ROAD INVSTM.

1
1
Traffic Efficiency Index
0.32
0.48
0.49
0.49
0.52


2
Traffic Congestion Index
74.30
20.66
16.88
16.88
13.3


3
Railway Crowding Index
1.736
1.736
1.568
1.568
1.736

2
4
CO Quality Index
0.590
0.953
0.956
0.946
0.710


5
SO2 Quality Index
0.980
0.973
0.972
0.971
0.884


6
NOx Quality Index
0.703
0.852
0.856
0.844
0.645


7
Pb Quality Index    
0.732
1.0
1.0
1.0
1.0


8
PM-10 Quality Index
0.076
0.057
0.049
0.053
0.010

3
9
Traffic Noise Index (Night) – TNT (night)
94.41
100
100
100
100


10
Traffic Noise Index (Day) – TNT (day)
79.02
90.02
90.02
90.81
88.65

4
11
Ecological Impact Indicator (Natural System)-EI 1
0
0.005
0.035
0.035
0.017


12
Ecological Impact Indicator (Man-made System)-EI 2
0
0
0
0
0.003


13
R & R Impacts (Number of house holds displaced)
0
0
1010
1010
7456

                             Result of Decision Level  1

: Do minimum is eliminated


     Result of Decision Level  2

: Road Investment Option is eliminated 


Result of Decision Level  3 
: Public Transport + Demand Management Option is eliminated

     

    Selected Option
: Public Transport 

Note :

For Indicators/Indices at – Sr. No. 1,4,5,6,7,8 higher values indicate better option





For Sr. No. 2,3,9,10,11,12, 13 lower values indicate better option.

Public Transport is the best option is Eastern Suburbs.

Table 4.16 : Selection of Best Option for Rest of MMR through Decision Matrix Method.

DECISION LEVEL
SR. NO.
ENVIRONMENTAL IMPACT INDICATOR/INDEX
BASE YR.
DO MIN.
PUB. TPT.
PUB.TPT+ D.MGT.
ROAD INVSTM.

1
1
Traffic Efficiency Index
0.308
0.381
0.413
0.41
0.44


2
Traffic Congestion Index
81.46
14.54
13.83
12.86
12.45


3
Railway Crowding Index
1.442
1.442
0.552
0.552
1.442

2
4
CO Quality Index
0.989
0.994
0.995
0.995
0.995


5
SO2 Quality Index
0.989
0.984
0.985
0.986
0.984


6
NOx Quality Index
0.859
0.926
0.933
0.936
0.930


7
Pb Quality Index    
0.6
1.0
1.0
1.0
1.0


8
PM-10 Quality Index
0.413
0.330
0.347
0.316
0.232

3
9
Traffic Noise Index (Night) – TNT (night)
60.29
83.39
83.05
73.74
80.24


10
Traffic Noise Index (Day) – TNT (day)
30.41
49.02
49.02
50.14
43.98

4
11
Ecological Impact Indicator (Natural System)-EI 1
0
0.068
0.186
0.186
0.364


12
Ecological Impact Indicator (Man-made System)-EI 2
0
0.2
0.26
0.26
0.49


13
R & R Impacts (Number of house holds displaced)
0
0
0
0
275

                             Result of Decision Level 1

: Do minimum is eliminated


    Result of Decision Level 2

: Road Investment option is eliminated 


Result of Decision Level 3 
: Public Transport Option is eliminated   

    

     Selected Option
: Public Transport + Demand Management
Note :

For Indicators/Indices at – Sr.No. 1,4,5,6,7,8 higher values indicate better option





For Sr. No. 2,3,9,10,11,12, 13 lower values indicate better option.

Public Transport + Demand Management is the best option is the Rest of MMR.

Table 4.17: Selection of Best Option for Entire MMR through Decision Matrix Method.

DECISION LEVEL
SR. NO.
ENVIRONMENTAL IMPACT INDICATOR/INDEX
BASE YR.
DO MIN.
PUB. TPT.
PUB.TPT+ D.MGT.
ROAD INVSTM.

1
1
Traffic Efficiency Index
0.395
0.4792
0.4895
0.4955
0.5147


2
Traffic Congestion Index
18.54
15.55
13.78
12.57
11.5


3
Railway Crowding Index
1.9105
1.9105
1.1415
1.1415
1.9105

2
4
CO Quality Index
0.784
0.975
0.976
0.976
0.930


5
SO2 Quality Index
0.957
0.969
0.967
0.977
0.945


6
NOx Quality Index
0.723
0.921
0.921
0.931
0.882


7
Pb Quality Index    
0.528
1.0
1.0
1.0
1.0


8
PM-10 Quality Index
0.085
0.038
0.039
0.045
0.025

3
9
Traffic Noise Index (Night) – TNT (night)
71.573
87.739
88.591
83.046
85.927


10
Traffic Noise Index (Day) – TNT (day)
42.355
58.196
58.196
58.985
55.199

4
11
Ecological Impact Indicator (Natural System)-EI 1
0
0.118
0.2975
0.2975
0.4885


12
Ecological Impact Indicator (Man-made System)-EI 2
0
0.2
0.29
0.29
0.493


13
R & R Impacts (Number of house holds displaced)
0
1164
664
6641
9483

                             Result of Decision Level 1

: Do minimum is eliminated


   Result of Decision Level 2

: Road Investment option is eliminated 

Result of Decision Level 3 
: Public Transport option is eliminated    

     

    Selected Option

: Public Transport + Demand Management

Note :

For Indicators/Indices at – Sr. No. 1,4,5,6,7,8 higher values indicate better option





For Sr. No. 2,3,9,10,11,12, 13 lower values indicate better option.

Public Transport + Demand Management is selected as the best option for entire MMR.

Table 4.18 Best Option for the various regions based on the three selection methods

Region
Maximum Number of Favorable Indicators
Method of Decision Matrix
Based on PM10 Concentration

Island City
Public Transport + Demand Management
Public Transport + Demand Management
Public Transport + Demand Management

Western Suburbs
Public Transport 
Public Transport 
Public Transport 

Eastern Suburbs
Do Minimum/Public Transport
Public Transport
Do Minimum / Public Transport 

Rest of MMR
Public Transport + Demand Management
Public Transport + Demand Management
Public Transport + Demand Management

Total MMR
Public Transport
Public Transport + Demand Management
Public Transport + Demand Management

4.9

TRANSPORT DEVELOPMENTS SINCE 1998

After the SLEA study was completed in 1998, some new transport projects have been conceived and are in various stages of implementation.   Some of these are mentioned below:

 
CONSTRUCTION OF FLYOVERS IN MUMBAI

MSRDC planned to construct about 50 flyovers, out of which 33 have been constructed, and the rest are at various stages of planning.  The flyovers have been mainly constructed or planned on highways of MMR -- Western Express Highway, Eastern Express Highway, and Panvel Sion Highway. The purpose of the flyovers on Highways is to facilitate uninterrupted flow of traffic in and out of Greater Mumbai.  In addition, a number of flyovers are planned or are at different stages of construction in the Island City, to relieve extreme traffic congestion at the intersections. 


Except for a few, the flyovers were not part of any of the strategic transport options identified by the CTS study. Yet, MMRDA carried out a comprehensive study on flyovers, which included environmental analysis as well. The study brought forth various environmental concerns associated with flyovers, which could have sectoral environmental impacts. 
4.10
ENVIRONMENTAL IMPACTS OF FLYOVERS – SECTORAL PERSPECTIVE 


The above flyover study provides environmental analysis of the selected flyovers in Island city. The study does not present the analysis from the sectoral perspective. A sectoral qualitative environmental analysis of flyovers is presented in Appendix 4.3. The sectoral analysis was carried out with a view to identify mitigative measures.


The analysis indicates that the flyovers will marginally change the local air quality and noise levels due to the redistribution of traffic between flyover corridors and competing road links. The shift of passenger trips from public transport to private vehicles due to flyovers will slightly increase air pollution and noise levels, but the magnitude of shift would reduce with the growth of passenger trips by 2011. The flyover corridors would lead to more private vehicles and traffic into the Island city, thus making demand management for restraining traffic in the Island city imperative. The flyover would be too close to some residential flats in densely populated areas. The people living in these areas would experience visual intrusions, disturbance of privacy and exposure to higher pollution and noise levels. The Sectoral Environmental impacts of the flyovers with respect to air quality, noise and social impacts and the mitigation measures identified for flyover impacts are included in Appendix 4.4. 


Moreover, although flyovers are likely to encourage use of private vehicles by improving the intersection capacities, they would not add to the network capacity of the roads and parking in congested areas like Opera House, Kalbadevi, Fort, Tardeo etc.  "Public transport with demand management” option therefore becomes even more critical for encouraging public transportation and restraining travel demand in Island City.  In view of these considerations the flyovers would not change the choice of “public transport with demand management” as the best strategic transport option for MMR.

4.11
MUTP: INVESTMENT PROGRAM


Since the completion of CTS in 1994 and environmental assessment carried out in 1998, as noted below the Tables 4.4 to 4.6 describing the four strategic options, some projects considered to be committed have not yet been taken up for implementation whereas some projects that were proposed as options have already been implemented. Nevertheless the investment program proposed under MUTP is essentially a sub-set of the PT+DM Option with some of the projects under “Do Minimum” option also being included. Sub projects of MUTP are described in more details in Chapter 5.  

Surveys of Travel Demand and Travel Behavior





Validation of a Mathematical Model





Population and Employment Distribution for 2011 from Regional Plan





Forecast of Income and Vehicle Ownership





Prediction of Travel Demand for 2011





Identifying alternative strategies to meet the Travel Demand e.g. Public Transport vs. Private Transport





Evaluating the alternatives with reference to


Economic Analysis


Financial Sustainability


Environmental Impact


Social (Resettlement Impact)





Translating the preferred alternative into a medium and long-term investment program.





Vehicular Emission for Year 2011





Estimating vehicular emissions in each sub- region for each option for 2011 taking into account improved fuel and engine efficiency








Baseline Air Quality/ Vehicular Emission for Base Year





Each sub-region divided into grids. Baseline concentrations  monitored a various locations in the year 1995/96. Baseline concentration at the centre of each grid was calculated.


Quality index (varying from 0 to 1) determined for all pollutants using value function curves.








Air dispersion modelling by Roll Back Model to derive impact on the air quality in sub regions








 


Evaluation of options for each sub region and the MMR   





Preferred option for sub regions and MMR





Identifying noise indicators and indices





Estimating traffic composition and volume for road links of each sub region under each alternative using the Regional Transport Model








To estimate traffic related noise levels for the base year using USFHWA model and the planning horizon years under the transport alternatives





Assessing traffic-related noise impacts on different stakeholders for each strategic option and for sub regions and MMR.











       


     Preferred Option








     Evaluation of Strategic Options  














� Regional Plan for Mumbai Metropolitan Region 1996-2011, MMRDA, 1996


� Based on the outcome of the studies carried out under the World Bank assisted Metropolitan Environment  


   Improvement Program. 





� Comprehensive Transport Strategy for Bombay Metropolitan Region, Final Report, WS Atkins International in association with Kirloskar Consultants Limited and Operations Research Group, July 1994.  


� Sectoral Level Environmental Assessment of MUTP  - II by AIC Watson Consultants Ltd., March 1998


� Traffic Noise Indicator: TNI (Night) = % length of road links in a sub region exceeding night time standards, TNI  (Day) =% length of road links in a sub region exceeding day time standards
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