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ECONOMIC ANALYSIS 
 
A. Scope of Economic Analysis 
 
1. Travel in Mumbai is slow, uncomfortable, and dangerous, which limits the economic 
development potential of one of India’s most vibrant regions. The existing public transport system 
in Mumbai is overwhelmed. The suburban train system carries more than 7.4 million passengers 
per day, with one of the highest passenger densities in the world. Train passenger densities often 
exceed 14 persons per square meter under “super dense crush load” conditions, while the local 
bus system carries over 5 million passengers per day in highly congested conditions. To address 
these severe transport problems, improve livability, and enable the city to develop to its potential, 
12 metro lines with a length of 277 kilometers (km) are planned. Line 1 is operating. Lines 2, 3, 4, 
and 7 are being implemented by the Metropolitan Mumbai Regional Development Authority 
(MMRDA). The Mumbai Metro Rail Systems Project will assist the MMRDA in financing the 
procurement of rolling stock, signaling and train control systems, and station access and platform 
systems for Lines 2 and 7. The economic analysis was carried out following Asian Development 
Bank (ADB) guidelines by comparing the costs and benefits for urban transport providers and 
travelers with and without Lines 2 and 7.1  
 
B. Travel Demand 
 
2. Travel in Mumbai is primarily via the suburban railway system and local buses. At present, 
Mumbai’s public transport share is about 70%, which is among the highest in the world. The 
suburban railway system carries 7.5 million trips daily, and the local bus system, with a fleet of 
4,336 buses, carries over 5.0 million trips daily. The share of public transport has been steadily 
declining—from 88% in 1994 to 78% in 2005, and 70% in 2015. Increasing vehicle ownership, 
new suburban development areas, and the inability of the current public transport system to meet 
the demand for travel have all contributed to this decline in public transport share.  
 
3. A travel demand forecasting model for the Mumbai Metropolitan Region was prepared as 
part of a comprehensive transportation study undertaken to plan Mumbai’s metro rail system.2 
The planning data (land use and employment) and the transport network were updated in 2014 
and the model run to derive the travel demand forecasts for all modes during the analysis period.3 
Daily ridership estimates for Lines 2 and 7 are in Table 1.4 With completion of the metro lines, the 
model indicated that the share of public transport will increase to about 75% compared to a share 
of below 70% without metro rail. The development of metro lines will reduce the share of trips by 
two-wheelers (from 13.7% to 7.1%), bus (from 27.7% to 11.6%), taxi and auto rickshaw (from 8.5% 
to 4.2%), and suburban train (from 40.6% to 36.2%), while the overall mode share of the metro is 
expected to rise from 1.6% to 32.0%. The reduction in road traffic will ease traffic congestion, 
while the reduction in suburban rail passengers will relieve overcrowding and thus improve safety 
and efficiency of the suburban rail system. The share of trips by private automobiles is expected 
to increase from 7.9% to 9.0%, given the convenience of car travel and continued increases in 
vehicle ownership and per capita income. The transport model was run for 2024 and 2031. Total 

                                                
1  ADB. 2017. Guidelines for the Economic Analysis of Projects. Manila. 
2  Lea International Ltd., Canada and Lea Associates South Asia Private Limited, India. 2008. Comprehensive 

Transportation Study for Mumbai Metropolitan Region (study undertaken for the Mumbai Metropolitan Region 
Development Authority [MMRDA] under World Bank technical assistance).  

3  Detailed project reports for Line 2 and Line 7, updated in 2015 and 2016, were prepared by the Delhi Metro Rail 
Corporation Limited for the MMRDA. 

4  Line 2 is implemented in two phases as Line 2A and Line 2B. Line 2A implementation commenced in 2016 and will 

be completed in 2020; Line 2B implementation commenced in 2018 and is scheduled to be completed in 2022.  

http://www.adb.org/Documents/RRPs/?id=49469-007-3
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trips in metropolitan Mumbai are assumed to grow by 2.5% per year from 2021 to 2031, consistent 
with recent growth in travel demand; the number of total trips is increasing because of population 
and income growth. Growth in travel demand is assumed to decline to 1.65% per year during 
2031–2036, and to 0.65% until 2041, with no growth thereafter. 
 

Table 1: Daily Ridership Estimates 

Year 

Maximum Design Capacity (PPHPD) Daily Ridership 

Line 2 Line 7 Line 2 Line 7 

2024 36,150  18,100 1,406,500 570,400 

2031 38,500 18.600 1,658,950 667,700 

PPHPD = passengers per hour per direction. 
Source: Metropolitan Mumbai Regional Development Authority estimates. 

 
C. Project Costs 
 
4. Financial costs were converted into economic costs and adjusted to the domestic price 
numeraire by excluding taxes, price contingencies, and financial charges and applying a standard 
exchange rate factor of 1.0328 to tradable goods.5 A shadow wage rate factor of 0.64 for unskilled 
labor was applied.6 All costs are expressed in constant 2017 rupees using an exchange rate of 
$1= ₹68 because the bulk of construction works began in 2017. The cost estimates converted to 
economic costs of the overall project (for Lines 2 and 7) are in Table 2. ADB proposes to finance 
system components and rolling stock while the civil works are financed by the state government. 
The civil works commenced in 2016. The economic analysis is carried out for the entire project, 
and therefore the implementation period was assumed to begin in 2016. Line 7 is expected to be 
completed in 2020, Line 2A in 2021, and Line 2B in 2022. The economic analysis is conducted 
over a 36-year period: 6 years of implementation and 30 years of operations.   
 

Table 2: Total Investment Cost  
(Economic prices, ₹ million) 

Cost Category 2016 2017 2018 2019 2020 2021 2022 Total 
Civil works 2,425  6,920 30,617  41,948 16,944 1,828 0 100,682 

Systems  0  0  0  5,300 5,949 11,898 5,574 28,722 

Rolling stock  0  0  0  8,710 8,710 17,420 8,753 43,593 

Total Project Cost  2,425  6,920 30,617  55,958 31,603 31,147 14,327 172,997 

Note: Economic prices exclude price contingencies, taxes and duties, and finance charges. Tradable goods are 
multiplied by the standard exchange rate factor.  
Source: Asian Development Bank estimates.   

 
5. The operation and maintenance costs include (i) staff, (ii) system maintenance and 
overhead, and (iii) energy. The staff costs and maintenance costs are based on actual expenses 
for similar metro projects in Delhi. Operation and maintenance costs are assumed to increase at 
an average rate of 1.6% per year. 
 
6. The salvage value of project components was calculated using the straight-line 
depreciation method. Based on MMRDA estimates, 50% of the signaling and telecom works and 

                                                
5   Calculation based on International Monetary Fund International Financial Statistics 2017 database using 

methodology from A. Lagman-Martin. 2004. Shadow Exchange Rates for Project Economic Analysis. EDR Technical 
Note No. 11. Manila: Asian Development Bank. 

6  Labour Bureau, Ministry of Labor and Employment, Government of India. 2017. Reports on wage rate in rural India 
(July). The shadow wage rate factor is calculated as the ratio of the agricultural wage rate multiplied by 210 (days of 
agriculture work per year for an agricultural worker) and the construction wage rate multiplied by 240 (days of 
construction work days per year for a construction worker).  

http://data.imf.org/?sk=4C514D48-B6BA-49ED-8AB9-52B0C1A0179B
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25% of electrical works would require replacement after 20 years, with the same percentages of 
each needing replacement after 30 years. The civil works of the project consist of structures, 
which are assumed to have a life of 50 years, while rolling stock have a life of 30 years.  
 
D. Economic Benefits 
 
7. The economic benefits of Mumbai Metro Lines 2 and 7 are based on a comparison of the 
travel time and costs borne by Mumbai travelers and the safety and environmental impacts in the 
with- and without-project cases. 7  The metro rail network will provide a fast, reliable, and 
comfortable mode of travel compared to existing conditions. Without the metro, it is estimated that 
average speed on the road network will decline to 15.8 km per hour compared to 20.2 km per 
hour in 2014. Metro rail in Mumbai will cause a substantial shift from road-based vehicles and the 
overwhelmed suburban rail system to faster, safer, and more reliable metro lines. The Mumbai 
regional travel demand model provided estimates for the trips shifted from cars, taxis, buses, and 
suburban train to metro rail.  
 
8. Metro passengers will benefit from reduced travel time and cost as well as improved safety, 
comfort, and reliability. The reduction of road traffic in the with-project case compared to the 
without-project case will result in travel time and vehicle operating cost savings. The metro will 
draw passengers away from the suburban rail service, allowing faster, safer, and more reliable 
service for passengers who remain on the suburban railway. The metro will significantly reduce 
the emissions of carbon and other pollutants, providing health benefits to the residents as well as 
climate change mitigation benefits. 
 
9. The vehicle operating cost savings were calculated using unit vehicle operating costs for 
different vehicle categories on the road network, estimated using the results of the Road User 
Cost Study in India.8  Base year travel speeds from the surveys and network travel speeds 
predicted by the transport model were used for calculating the travel times by various modes. 
Travel times by metro are based on the metro operational plan. Suburban train travel times 
observed during the base-year surveys are assumed to remain unchanged. Some road space is 
used by construction works, which reduces the speed on roads near the construction sites. This 
is taken as a negative benefit during the construction period. Time savings were valued using the 
value of time derived from a household survey for travelers using different modes, conducted for 
the comprehensive mobility plan for greater Mumbai.9 The value of time per hour used, updated 
to 2017 rupees, is ₹278 for car passengers, ₹125 for two-wheeler passengers, and ₹75 for bus 
passengers. The value of time is assumed to grow in line with per capita income growth in real 
terms. Per capita income has been growing at an average of 5.2% in real terms during fiscal year 
2012 to fiscal year 2016. For the analysis, a 3% growth in the value of time in real terms is 
assumed for the first 10 years, and 2% per year thereafter. 
 
10. According to the Maharashtra Department of Public Works, Mumbai has 0.022 fatalities 
and 0.182 road crashes per million vehicle km. Road crash reduction is calculated by multiplying 
the fatality and road crash rate with the reduction in vehicle km resulting from the shift to metro 
rail. In addition, massive overcrowding results in very high accident, injury, and fatality rates on 
the suburban railway, with over 3,000 fatalities per year since 2006. Reduced suburban rail 

                                                
7   Lines 2A, 2B, and 7 are all under construction as of 2018. Lines 2A and 7 are expected to open in 2021 while Line 

2B is expected to open in 2023. These lines are interconnected and rolling stock will be shared among them. 
8  Central Road Research Institute. Road User Cost Study in India. New Delhi. 
9  Lea Associates South Asia Private Limited, India. 2016. Comprehensive Mobility Plan (CMP) for Greater Mumbai, 

Final Report. Prepared for the Municipal Corporation of Greater Mumbai. 
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overcrowding and shifting of passengers to metro rail will provide substantial safety benefits. 
Applying current accident rates at lower demand levels because of the shift to metro rail results 
in an estimated reduction of 83 fatalities and over 400 injuries per year. The analysis uses the 
gross domestic product per capita x 70 as the value of a statistical life, while the economic value 
of a serious injury is 0.25 x the value of a statistical life.10  
 
11. The reduction in emissions of carbon dioxide (CO2) gases as a result of reduced vehicle 
kilometers was estimated using emission factors from the Central Pollution Control Board of India 
and the National Atmospheric Emissions Inventory of the United Kingdom.11 The value of CO2 

reductions was based on the global recommended value of $37.026 per ton of CO2 equivalent in 
2017 values,12  converted to 2018 rupees, and increased by 2% in real terms annually. The 
benefits of reduced emission of other pollutants were ₹10,000 per ton. 
 
E. Results of the Economic Cost–Benefit Analysis 
 
12. The economic analysis results and the annual cost–benefit streams are in Table 3 and 
Table 5. The project’s economic internal rate of return is estimated at 16.1%, with a net present 
value of over ₹197 billion. Greater Mumbai’s long-term economic sustainability and livability 
depend on providing an efficient public transport system. The proposed project and other metro 
lines planned and under implementation will provide a fast, reliable, and comfortable travel option. 
 

Table 3: Results of Economic Analysis 
Metro Corridor EIRR (%) NPV (in ₹ million) 

Line 2 16.5 161,752 

Line 7 14.8 35,813 

Both Corridors 16.1 197,565 
EIRR = economic internal rate of return, NPV = net present value. 

 Source: Asian Development Bank estimates.  

 
13. Sensitivity analysis (Table 4) was carried out for the project with respect to adverse 
changes in the costs and benefits. The following cases were analyzed: (i) a 15% increase in cost, 
(ii) 15% decrease in total benefits, (iii) 15% increase in cost and a 15% decrease in benefits, (iv) 
ridership estimate reduced by 25%, (v) emission and road safety benefit not considered, and (vi) 
delayed opening until 2024 for all lines. The analysis shows that the project has an economic 
internal rate of return of more than 9% in all sensitivity cases. 
 

Table 4: Results of Sensitivity Analysis 
Project 
Component 

Economic Internal Rate of Return (%) 
Base Case Case I Case II Case III Case IV Case V Case VI 

Line 2 16.5 15.5 
(+305) 

14.9 
(–58) 

14.0 
(+45/–45) 

13.8 
(–58) 

15.5 
 

15.5 

Line 7 14.8 13.7 
(+220) 

13.0 
(45) 

12.1 
(+33/–33) 

12.3 
(–53.5) 

13.7 
 

12.2 

Note: Case I—15% cost increase; Case II—15% benefit decrease; Case III—Cases I and II combined; Case IV— 25% 
decrease in ridership; Case V—no emission and road safety benefits; Case VI—opening delayed to 2024. Values in 
brackets are switching values for variables (percentage change in a variable required for the EIRR to go below 9%). 
Source: Asian Development Bank estimates.  

                                                
10  International Road Assessment Program (iRAP). 2016. iRAP Star Rating and Investment Plan: Data Analysis and 

Reporting Specification. London. p. 17. 
11 Central Pollution Control Board of India and United Kingdom National Atmospheric Emissions Inventory. (accessed 

on 26 July 2018). 
12 Intergovernmental Panel on Climate Change. Fifth Assessment Report (AR5).  

http://cpcb.nic.in/
http://naei.beis.gov.uk/
http://www.ipcc.ch/report/ar5/


5 
 

Table 5: Economic Benefit and Cost Streams for Line 2 and Line 7  
(₹ million) 

Year 

Project Costs Project Benefits 

Net 
Benefits 

Capital 
Cost O&M Cost 

Time Savings 
(Metro Users) 

Time Savings 
(Road/ 

Rail Users) 
VOC 

Savings 
Emission 
Reduction 

Road/ 
Rail Safety 

2016 2425.3 0.0 0.0 (3981.2) 0.0 0.0 0.0 (6406.6) 

2017 6919.2 0.0 0.0 (4302.2) 0.0 0.0 0.0 (11221.4) 

2018 30615.0 0.0 0.0 (6532.0) 0.0 0.0 0.0 (37146.9) 

2019 55955.2 0.0 0.0 (7005.0) 0.0 0.0 0.0 (62960.2) 

2020 31602.4 0.0 0.0 (7482.4) 0.0 0.0 0.0 (39084.8) 

2021 31146.6 1189.0 2682.3 (6003.7) 632.0 48.6 486.1 (34490.4) 

2022 14327.2 1782.0 5804.2 (3901.5) 1342.3 102.7 1042.5 (11718.9) 

2023 0.0 2507.0 9450.9 1423.8 2192.8 163.7 1681.5 12405.6 

2024 0.0 3256.0 21748.7 3539.7 6033.8 442.2 4003.5 32512.0 

2025 0.0 3868.0 27620.1 4060.6 7329.8 545.1 4164.7 39852.2 

2026 0.0 3930.0 32182.1 4531.0 8388.8 620.9 4318.6 46111.5 

2027 0.0 3993.0 36186.5 4879.5 9086.7 683.9 4471.3 51314.9 

2028 0.0 4057.0 38159.9 5128.9 9531.6 714.0 4613.9 54091.3 

2029 0.0 4122.0 40219.5 5387.4 9765.4 745.0 4761.1 56756.4 

2030 0.0 4188.0 42368.7 5655.3 10233.1 777.0 4913.0 59759.1 

2031 0.0 4255.0 44611.0 5910.2 10459.9 810.0 5069.6 62605.8 

2032 1882.7 4323.0 46716.6 6163.5 10897.6 839.9 5229.1 63641.0 

2033 0.0 4392.0 48921.5 6425.9 11068.2 870.8 5393.7 68288.1 

2034 0.0 4462.0 51230.5 6695.4 11531.5 902.9 5563.6 71461.9 

2035 0.0 4534.0 53648.5 6976.4 11739.8 936.1 5738.9 74505.8 

2036 0.0 4606.0 56180.6 7269.3 12055.1 970.6 5920.0 77789.6 

2037 0.0 4679.0 58253.5 7551.7 12259.6 996.4 6101.2 80483.4 

2038 0.0 4754.0 60402.8 7845.5 12467.6 1023.0 6288.0 83273.0 

2039 0.0 4830.0 62631.5 8144.9 12679.3 1050.2 6480.6 86156.5 

2040 0.0 4907.0 64942.4 8456.3 12894.7 1078.2 6679.1 89143.6 

2041 3366.7 4986.0 67338.5 8780.3 13113.8 1106.9 6883.7 88870.5 

2042 5135.0 5066.0 69372.1 9089.0 13252.6 1129.0 7090.2 89732.0 

2043 0.0 5147.0 71467.2 9409.7 13393.0 1151.6 7302.9 97577.4 

2044 0.0 5230.0 73625.5 9737.9 13535.2 1174.7 7522.0 100365.2 

2045 0.0 5314.0 75849.0 10078.8 13679.0 1198.1 7747.7 103238.6 

2046 0.0 5399.0 78139.6 10432.9 13824.6 1222.1 7980.1 106200.3 

2047 0.0 5486.0 80499.4 10800.7 13972.0 1246.5 8219.5 109252.1 

2048 0.0 5574.0 82930.5 11182.7 14121.2 1271.5 8466.1 112398.0 

2049 0.0 5664.0 85435.0 11579.7 14272.2 1296.9 8720.1 115639.9 

2050 0.0 5755.0 88015.1 11992.2 14425.1 1322.8 8981.7 118981.9 

2051 (53627.2) 5847.0 90673.2 12420.8 14579.9 1349.3 9251.1 176054.4 

 
EIRR 16.1% 

NPV 197,565 

EIRR = economic internal rate of return, NPV = net present value, O&M = operating and maintenance costs, VOC = 
vehicle operating costs. 
Source: Asian Development Bank estimates. 


