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Abstract  The world has witnessed rapid urbanization and a five-fold urban population growth since the 1950’s. World 

metro systems followed a similar trend to accommodate the increasing population. However, different countries have varying 

policies on investment in metros. This paper investigated the state of metro systems in the top 10 economies in the world to 

find out which country among them is investing profoundly in metros. This research further analyzed the 2016-17 financial 

statements and ridership data of different metro corporations to find out the best and least performing metro corporations 

from financial and ridership point of view. Parameters considered for analyses are Operating Cash Flow (OCF), OCF Margin, 

Daily Ridership, Usage, and Metro Length per Resident. The results indicate that China leads all other countries in terms of 

developing metro systems at 4,201 Km. Ridership analyses results indicate that London ranks 1st in terms of overall ridership 

ranking considering Daily Ridership, Usage and Metro Length/ Resident. Financial analyses results indicate that Hong 

Kong’s MTR (Mass Transit Railway) ranks 1st with the highest OCF and OCF margin, while New York’s MTA 

(Metropolitan Transportation Authority) is the least performing corporation among the selected metros from top 10 

economies.   
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1. Introduction 

Metros have become an integral part of modern day cities. 

Metros can be defined as urban mass transit systems with 

exclusive right of way. Right of way is the legal right of 

such systems to proceed on specific routes without 

interference from other vehicles or pedestrians. First 

underground railway was opened in London in 1863, which 

used steam engines at that time. In 1890, electric trains were 

first used, again in London. The benefits of such systems 

extend from reduction of commute time and cost for the 

citizens to a phenomenal diminution in the overall carbon 

footprint of the city.  

The world’s urban population has grown more than five 

times from 746 million in 1950 to 3.9 billion in 2014 [1]. 

The rise in congestion in the cities over the last few decades 

has resulted in a stark rise in the number of metro systems 

across the world as shown in Figure 1. 

As of 2017, there are 212 operational metro systems  
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across the world, spread across 59 countries with a 

combined network length of 14,744 km [2]. There are 87 

operational metro systems in Asia, 77 in Europe, 45 in the 

Americas, 2 in Africa, and 1 in Australia as indicated 

graphically in Figure 2. Metro systems include metro, light, 

mono and city rail.  

The metro systems cater to more than 160 million 

passengers daily across six continents; almost 50% of the 

passengers are carried by Asia-Pacific metro systems daily. 

The Americas combined have 27 million daily passengers; 

Europe and Africa combined have 53 million [3].  

 

Figure 1.  Growth of Metros 

http://creativecommons.org/licenses/by/4.0/
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Figure 2.  Countries and their Metros 

Metro network of the world’s top 10 economies arranged 

in descending order is represented in Figure 3. It can be seen 

undoubtedly that China leads all other countries in terms of 

development of metro infrastructure. It has over 4,201 km of 

operational metro systems, which is almost three times that 

of United States. USA has the second largest metro network 

with 1408 km [2]. 

 

Figure 3.  World’s Top 10 Economies and their Metro Network 

In terms of longest metro system in the world, Shanghai, 

China leads with a length of 632 km [2]. There are three 

Chinese metro systems amongst the top 10 longest metros in 

the world as shown in Figure 4.  

 

Figure 4.  World’s Longest Metro Systems 

Keeping in view that almost 60% of the total metro 

network of the top 10 economies is located in three Asian 

countries namely, China, Japan and India, it is important to 

discuss briefly about their metro status in this paper. There 

are 30 Chinese cities with operational metro systems. 

Shanghai metro first opened in 1993, and since then it has 

expanded to be the world’s longest metro system. The 

Chinese government plans to invest about $148 billion in 

development of metro systems by 2020 [4]. Around 39 more 

Chinese cities are constructing metros; another 60 are in the 

planning phase. A total of 5636 km of metro lines are under 

construction [5].  

Development of metros would alleviate congestion in 

major cities, whilst also promoting economic activity in 

smaller cities. Businesses in smaller cities would have an 

increased access to labor. As development of metros is the 

prerogative of the local governments, urban planning is 

integrated with the development of the metro systems. High 

investment in infrastructure by the Chinese government is 

expected to boost economic growth in times of economic 

slowdown. 

Japan had started its first metro operations in Tokyo in 

1927 and it had developed 15 metro and light rail transit 

systems totalling 840 km. The last rail transit system was 

opened in 2003 and post which no further new development 

has taken place. Tokyo metro handles the highest daily 

ridership among the world metros at 8.5 million passengers 

as per 2011 data [2]. It is one of the densest metros in the 

world. The Tokyo Metropolitan Government has proposed 

building two new subway lines from central Tokyo, one line 

to Shinagawa and the other to the waterfront districts of 

Harumi, Toyosu and Ariake. However, the exact location of 

the lines is not finalized, and they won’t be built until after 

the 2020 Olympics [6]. 

India, much like China, is witnessing a rapid growth in 

urban population. Almost 60% of Indians are estimated to be 

living in urban areas by 2050 [7]. India saw its first metro 

system open in Kolkata in 1984. Delhi metro was the next to 

open in 2002 and has now become the longest metro system 

in the country and the 10th longest in the world. Nine (9) 

Indian cities have operational metro systems.  

In 2015, the Urban Development Ministry proposed metro 

systems for 50 cities in India [8]. There are 5 metro systems 

under construction, and 17 more planned. Considering the 

high capital investment needed for metro systems, Indian 

government announced a policy making private partnership 

mandatory for central assistance in metro rail projects. 

The recent metro development post 2010 in Americas 

happened in Brazil, Peru and Panama with a combined 

length of about 92 km. Similarly, in Europe a total of 25 km 

of metro has been developed in Spain and Italy put together. 

In Africa, only Algeria developed a new metro line of about 

13 km in recent times. No new metro lines were developed in 

Australia recently [2]. 

Financial performance of selected metros from the top 10 

economies is analysed in terms of financial metrics such as 
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Operating Cash Flow (OCF), OCF Margin, Capex and Sales 

Revenue. In addition, factors such as ridership along with 

the Usage and Metro Length/ Resident are also analysed 

and compared to find out the trend and relationship between 

OCF Margin and Usage, which could give an insight into 

further metro development in a city.  

2. Background 

2.1. Operating Cash Flow 

Operating Cash Flow or Cash Flow from Operations (OCF) 

is the amount of cash that a company generates from 

day-to-day business activities. It can be represented in a 

formula as indicated below in Equation, 1. 

 𝑶𝑪𝑭 =  𝑵𝑰 +  𝑫&𝐴 ±  𝑂𝑇𝐴 ±  𝐶𝑊𝐶   (1) 

Where: 

OCF = Operating Cash Flow 

NI = Net Income 

D&A = Depreciation & Amortization 

OTA = One Time Adjustment 

CWC = Change in Working Capital 

It does not include the cash inflows and outflows from 

investing and financing activities. Maintaining a positive 

cash flow from operations is a healthy sign indicating that the 

corporation is generating enough money to continue its 

operations, and also has the ability to re-invest for expansion. 

2.2. Operating Cash Flow Margin 

Operating Cash Flow Margin is the percentage of Sales 

converted to Operating Cash Flow (OCF/Sales). It is a 

measure of how effectively a corporation can convert sales to 

OCF. A higher OCF margin indicates a more efficient 

corporation, as a smaller portion of their sales is incurred as 

expenditure. For example, a firm with 10% margin converts 

every dollar of sales revenue into 10 cents of OCF. 

Remaining 90 cents are expenses. 

2.3. Capital Expenditure 

Capital expenditure (Capex) is the money spent on 

acquisition & maintenance of fixed assets. As majority of 

assets owned by a metro corporation are fixed assets, high 

capital expenditure is inevitable. Free Operating Cash flow 

(FOCF) is Operating Cash Flow less Capex. For example, a 

firm has a Capex of 40 cents and OCF of 100 cents then 

FOCF is 60 cents.  

Capex/Sales ratio is the ratio between Capital Expenditure 

and the Sales Revenue. It indicates the level of investment 

made by a corporation. The ratio could be greater than 100% 

indicating that the Capex of a corporation is greater than the 

Sales Revenue. 

2.4. Usage and Metro Length per Resident 

Usage of a metro system is the percentage of total city 

population that ride the metro daily which indicates the 

extent of metro usage in a city. Assuming two passenger trips 

per day, Usage can be expressed in terms of an equation (2). 

𝑼𝒔𝒂𝒈𝒆 % =
𝑫𝒂𝒊𝒍𝒚 𝑹𝒊𝒅𝒆𝒓𝒔𝒉𝒊𝒑/𝟐

𝑻𝒐𝒕𝒂𝒍 𝑷𝒐𝒑𝒖𝒍𝒂𝒕𝒊𝒐𝒏 
× 𝟏𝟎𝟎         (2) 

Metro Length per Resident is the ratio of total metro 

length of a city to its population expressed in millimetres. 

This factor gives an insight of how widely the metro 

infrastructure is developed and further scope for future 

development. 

Table 1.  Metros and their Ridership Data 

City/ 

Metro 

Metro 

Length 

(km) 

Population 

(million) 

Daily 

Ridership 

(million) 

Usage 

(%) 

Metro 

Length/ 

Resident 

(mm) 

New 

York 

(NY) 

380 19.7 4.65 12.24 20 

Hong 

Kong 

(HK) 

197 7.21 3.96 27.46 27.4 

Tokyo* 

(TYO) 
305 35.7 8.5 11.90 8.5 

Berlin 

(BER) 
147 3.41 1.38 20.23 43.2 

Delhi 

(DL) 
288 15.9 1.66 5.22 18.1 

London 

(LDN) 
402 8.7 5 28.74 46.9 

Paris 

(PAR) 
220 10 4.18 21.11 22.2 

Sao 

Paolo 

(SP) 

78 18.8 2.40 6.38 4.2 

Milan 

(MI) 
97 3.1 1.15 18.55 33 

Toronto 

(TO) 
71 5.21 0.76 7.31 13.6 

* Tokyo Metro includes TOEI Transportation Data 

3. Ridership and Financial Analysis 

3.1. Data Source 

Ridership data of the 10 metros is obtained from World 

Metro Database [2] and is presented in Table 1. It includes 

the Metro Length, Population, Daily Ridership, Usage and 

Metro Length/ Resident data of the metros. Financial 

statements of the 10 metro corporations for the year 2016-17 

were collected and analysed to evaluate the financial 

performance of the metros from the top 10 economies [9-22]. 

For ease of representation, name of the city is assumed as 

name of the metro corporation and is arranged in descending 

order of their respective country’s economy.  

Tokyo leads the chart in terms of Daily Ridership at 8.5 

million passengers followed by London and New York; 

however, it stands at 7th and 9th position in terms of Usage 
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and Metro Length/ Resident respectively. London stands at 

the top in terms of Usage of the metro system and Metro 

Length/ Resident categories indicating the extent of the 

metro system’s infrastructure development and Usage of the 

same by the general public.  

 

Figure 5.  Daily Ridership & Metro Length per Resident 

Daily Ridership data and Metro Length/ Resident of all 10 

metros is represented in the above Figure 5. Tokyo Metro is 

jointly maintained by both Tokyo Metro Corporation and 

TOEI Transportation; hence data is combined for analysis. 

3.2. Operating Cash Flow of Metros 

As indicated earlier, financial statements of all metro 

corporations were analyzed and the Operating Cash Flow 

data was obtained and plotted in a chart as indicated in 

Figure 6. Except New York’s subway system, all other 

metros have a positive cash flow. NY has a negative cash 

flow of $ 3.8 billion. Hong Kong’s MTR has the highest 

operating cash flow of about $ 2.5 billion.  

 

Figure 6.  Operating Cash Flow (in $ millions) 

3.3. OCF Margin of Metros 

Analysis in terms of OCF Margin, which is a measure of 

effective and efficient operations of metros, revealed that 

Delhi leads the chart at 36.4% followed by HK and London 

at 35.4% and 28.4% respectively as indicated in Figure 7. 

Obviously, New York’s negative OCFs translate to 

negative margins. Efficient operations decrease the 

expenditures and increase the margins.  

 

Figure 7.  Operating Cash Flow Margins 

3.4. Usage and OCF Margin Trend Analysis 

To better understand the reasons behind a better 

performing metro with positive and high margins, a trend 

analysis was performed for Usage and OCF Margin 

parameters. 

 

Figure 8.  Metro Usage and Margins 

Data for both Usage and OCF Margin are plotted as shown 

in Figure 8. As stated earlier, Usage is calculated using daily 

ridership and population parameters as per equation (2). A 

higher Usage indicates that large percentage of population is 

traveling by metro resulting in higher sales revenue for the 

metro and possibly higher margins. 

London, Hong Kong and Paris have high Usages 

indicating their reliance on metros. Delhi in contrast has the 

lowest Usage. This is due to its relatively high population 

when compared to daily ridership. 

General trend between the two lines shows that as Usage 

increases, margins tend to increase and vice versa except for 

three metros namely Delhi, Sao Paulo and Milan, where the 

Usage and OCF Margin trend lines move in opposite 

directions. For Delhi and Sao Paulo, Usage seems to be low 

due to their high populations, indicating that further 

expansion of the metro is needed. However, for Milan even 

though the Usage is higher, the OCF Margin is on the lower 

side, indicating high expenditure. 
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3.5. Capital Expenditure of Metros 

As explained earlier, Capital expenditure is the money 

spent by a corporation on acquisition and maintenance of its 

fixed assets. Free Operating Cash Flow is Operating Cash 

Flow less Capex. Only Tokyo, Hong Kong and Milan have 

positive Free Operating Cash Flow. This could be due to 

capital expenditure being funded either through government 

grants or debt. 

Capex/Sales ratio indicates that Delhi, Sao Paulo and 

Toronto metros have high Capex/Sales percentage which is 

above 100% as shown in Figure 9. These metros are 

expanding their network to meet the demand due to growing 

population of their cities. Annual population of these cities 

grew at 3.3%, 1.21% and 1.21% respectively [24].  

 

Figure 9.  Capex/Sales Ratio 

New York, Hong Kong and Paris have high capital 

expenditures of greater than $ 2 billion. However, in terms of 

Capex/Sales, Hong Kong and Paris have a lower ratio which 

is due to high sales revenue. New York’s capital expenditure 

is mostly due to the high maintenance of the aging 

infrastructure.  

4. Results and Discussion 

4.1. Comparison of Metros Based on Ridership Data 

Metros were ranked based on the results obtained from 

ridership data analyses. All metros ranked differently with 

different parameters such as Daily Ridership, Usage and 

Metro Length/ Resident. However, overall ranking was 

calculated by taking an average of the three different ranks as 

indicated in Table 2. It is to be noted that ridership data year 

varies from 2008 to 2012 and the population data is as of 

year 2010. 

London ranked 1st in overall ranking while Hong Kong 

and Paris ranked 2nd and 3rd respectively. Tokyo and Milan 

have same average scores; however, Japan has a higher 

individual rank in daily ridership, hence it was assigned a 

higher rank in the overall ranking. 

 

Table 2.  Metros and their Overall Ranking based on Ridership 

City/ 

Metro 

Ranking 

Overall 

Ranking 
Daily 

Riders

hip 

Usage 

Metro 

Length/ 

Resident 

New York (NY) 3 6 6 5 

Hong Kong (HK) 5 2 4 2 

Tokyo (TYO) 1 7 9 6 

Berlin (BER) 8 4 2 4 

Delhi (DL) 7 10 7 8 

London (LDN) 2 1 1 1 

Paris (PAR) 4 3 5 3 

Sao Paolo (SP) 6 9 10 9 

Milan (MI) 9 5 3 7 

Toronto (TO) 10 8 8 10 

4.2. Comparison of Metros based on Financial 

Performance 

It is prudent to compare both the size of the OCF and the 

OCF margin to get a better picture of the financial 

performance of a metro. Hence both parameters were 

estimated for all the metros and ranked. Overall ranking was 

calculated by taking an average of the ranks obtained for the 

above two parameters. Based on the results of the financial 

analyses, Hong Kong seems to be leading the chart in the 

overall ranking followed by Tokyo and London in 2nd and 3rd 

positions respectively. Even though Tokyo and London have 

the same average ranking, Japan has a better OCF hence was 

assigned a higher rank. New York stands last in the table at 

10th position. Results of the analyses are included in Table 3. 

Hong Kong’s MTR has the highest Operating Cash Flow 

of $2.5 billion with a margin of 35%. Over the years, MTR 

has expanded operations abroad and has its presence in 

China, Sweden, UK and Australia.  

Along with high Usage of 25%, diversification of business 

is another reason for high margins. Along with the railway 

business, MTR has other revenue sources. In Hong Kong, 

MTR earned $538 million from station retail revenue, $238 

million from advertising and other commercial revenue [9]. 

MTR also operates in the property development and 

management sphere in Hong Kong and Mainland of China. 

Strategy to develop property sites along the railway network 

has proven to be highly profitable. In Hong Kong alone, 

MTR manages 96,000 residential units and has 13 shopping 

malls in its portfolio [9]. Revenue of $637 million was 

generated from property management and rental business in 

Hong Kong, 94% of which was rental revenue alone [9]. 

New York’s MTA earned $8 billion from passenger fare 

[16]. However, high payroll costs amounting to $9.3 billion 

resulted in an overall negative cash flow from operations 

[16]. MTA currently employs two conductors on every train. 

Investing in driverless metros would save approximately 700 
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million dollars every year [23]. Aging infrastructure results 

in poor performance, and a high capital expenditure. MTA’s 

construction costs are two to seven times more than that of 

other metros in the world [23]. 

Table 3.  Metros and their Overall Ranking based on Financials 

City/ 

Metro 

Ranking Overall  

Ranking OCF OCF Margin 

New York (NY) 10 10 10 

Hong Kong (HK) 1 2 1 

Tokyo (TYO) 2 5 2 

Berlin (BER) 5 7 7 

Delhi (DL) 9 1 5 

London (LDN) 4 3 3 

Paris (PAR) 3 6 4 

Sao Paolo (SP) 6 4 6 

Milan (MI) 7 8 8 

Toronto (TO) 8 9 9 

5. Conclusions 

The objectives of this research are to investigate and 

compare the state of metro systems in the top 10 economies 

of the world from the data obtained from World metro 

database and to analyse their ridership and financial 

performance from the 2016-17 financial statements. 

Analyses of key indicators such as OCF, OCF Margin, Daily 

Ridership, Usage and Metro Length/ Resident were carried 

out. Research also tried to find out a relationship between the 

Usage and OCF Margin, which would help as an indicator 

for future growth of the metros. 

The state of world metro systems indicate that Asian 

countries have invested heavily and are continuously 

investing in the development of the metros in recent times. 

China leads all other countries in terms of operational metro 

system length of 4,201 Km. 

The results of the ridership analyses indicate that London 

leads all other metros in terms of overall ranking considering 

Daily Ridership, Usage and Metro Length/ Resident. It has to 

be noted that even though Tokyo has the highest daily 

ridership, it lacks the edge in terms of Usage and Metro 

Length/ Resident. London has the highest Usage and Metro 

Length/ Resident at 29% and 47 mm respectively. It is clear 

that a low Metro length/ Resident of a city combined with 

low Usage and high population indicates that metro network 

of the city needs to be developed extensively to cater to the 

larger population. 

The results of the financial analyses indicate that most 

metro corporations are able to generate Operating Cash Flow. 

Hong Kong leads all other metros in overall ranking 

considering OCF and OCF Margin. Tokyo and London stand 

at 2nd and 3rd ranks respectively. Due to its negative OCF and 

OCF Margin, NY metro ended up last in the top 10 

economies list. As indicated above, implementation of 

driverless technology and reduction of construction costs and 

upgradation of infrastructure would improve the situation of 

NY metro. Results of the Usage versus OCF Margin analysis 

indicated that in general, Usage is directly proportional to 

OCF Margin. However, in situations where Usage is low and 

OCF Margin is high due to high population, it indicates that 

metro network needs to be developed. 

High Capex/ Sales ratio results of Delhi, Sao Paulo and 

Toronto indicate that these metros are expanding to meet the 

demand. 

In terms of social benefits, better connectivity between 

commercial centers and residential areas by metros increases 

economic productivity. In addition, metros will reduce 

carbon footprint, reduce road accidents and travel time. 

Metros act as backbones of major metropolitan cities 

across the world. Capital investments, however, require 

assistance by the government. Planned investment in metros 

should be seen as a tool for urbanization and boosting 

economic productivity. Governments across the world 

should look to further develop metro systems, at least for 

bigger cities. Even though autonomous vehicles (AV) may 

give rail business a stiff competition [25] in the future, the 

high cost of owning them by an average individual is very 

high. Recent fatal accidents by AVs in Tempe, AZ and 

Mountain View, CA has let down the public and government 

regulators confidence. Until the regulators approve this 

technology for safe operations on public roads, which could 

mean billions of test miles away, metros seem to be the cheap 

and best alternative. 

Further research will be conducted based on a different 

criterion such as top 10 metro networks instead of economies 

and see how various metros rank based on financial and 

ridership factors. 
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