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1. INTRODUCTION  

A sustainable transportation system must 
contribute to life improvement and fulfillment 
of human mobility needs with emphasis on 
conservation of natural resources for next 
generations through replacement of renewable 
resources, conservation of biodiversity, carbon 
emission reduction, and support of economic 
knowledge in the field of transportation 
.Today, transportation sector has given rise to 
a myriad of environmental, economic, social 
and health damages. It is predicted that the 
annual production of carbon dioxide gas will 
rise to 85 gigatonne by 2050 from 42 
gigatonne in the early 21th century. Urban 
transportation is regarded as the main cause of 
this problem. Although cities only cover 0.4% 
of land area in the world, they are responsible 
for the production of 80% of harmful gases 
and pollutants. Therefore, greater attention 
should be paid to cleaner transportation 
vehicles such as railway to achieve sustainable 
development. Since railway lines are 
geographically fixed, they can serve as 
permanent transportation vehicles, which can 
be used conveniently by passengers. Among 
all transportation systems, rail transport offers 
the highest efficiency in terms of energy 
consumption and poses the least damage to the 
environment, which explains the term green 
industry often attributed to this system. Carbon 
emission rate of electric high-speed trains is 
approximately one third of cars and one fourth 
of airplanes. Moreover, the area of land 
occupied by rail transport is equal to 0.2 to 0.3 
of road transport with the same capacity, 

which is a decisive factor in issues related to 
development. In addition, its pollutant effect is 
1.1 compared to other forms of transport. By 
creating new lines and connecting densely 
populated areas, rail transportation industry 
must provide equal conditions for convenient 
and quick travel of all people in the city. 
Therefore, rail transport plays an important 
role in environment conservation and livability 
of different areas of the city for all people.   
 

2. METHODOLOGY  
To calculate the ecological footprint in 
transportation, a collection of different 
activities affecting environment is considered, 
which includes: carbon dioxide, nitrogen 
oxides and methane produced from fossil 
fuels, and carbon released from the 
maintenance of vehicles, roads and 
transportation infrastructures (Barrett and et al, 
2001). 
 Eq. 1.          aai=ci /pi 
(aa): The area land required for per capita 
funding of each consumable item(i). 
 ci : Average annual consumption of an item.   
 
Pi : Annual production efficiency. 
Eq. 2.  
(ef): Per capita footprint of people which is 
obtained from calculating the total 
consumption of a person relative to the 
ecological land required for its supply.  
Eq. 3.  EFp = N(ef) 

(EFp): Ecological footprint of population, 
which is obtained from multiplying per capita 

ef = ∑aai 
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footprint of people (ef) by the entire study 
population (N).  

3. DISCUSSION 
The basic scenario: following the current trend 

and conventional business transactions 

Overall, transportation utilizes 87785616 m2 of 
the total land uses of Mashhad city, having a 
per capita of 0.0029 ha. Currently, Mashhad 
with a consumption of over 35 million 
gigajoules of energy per year produces 497554 
tons of carbon. According to the table below, 
the share of gasoline among all other forms of 
energy is more than 24 million GJ, which 
solely accounts for 69% of total energy 
consumption. 
According to the previous calculations of the 
authors, energy consumption in transportation 
section is 11.17 GJ for each citizen of 
Mashhad, with per capital ecological footprint 
of 0.11 ha per person for each 100 GJ per 
hectare.  Given the current trends and annual 
increase of 40000 vehicles in city, there will 
be over 1400000 cars in the city by the year 
2025, which would increase fuel consumption 
in transportation section up to 54 million GJ 
and carbon production up to 773973 tons.   
It is estimated that Mashhad population will 
reach over 4 million people by the year 2025, 
thereby increasing the ecological footprint of 
Mashhad city transportation to 0.14 ha per 
person in 2025. 
The ideal scenario: higher share of Mashhad 

rail transport in daily trips from 3.7 % in 2013 

to 20% in 2025 

It is predicated that each of the four lines of 
urban railways would come into operation in a 
five-year period. It is estimated that the 
complete operation of urban railways will 
increase the share of rail transport in carrying 
passengers from 3.7% to 20% by the year 
2025. Therefore, one million and eighty-eight 
thousands passengers will be transferred by 
rail network in each day. It not only causes 
10% reduction in traffic, but also significantly 
reduces the fuel consumption. Assuming that 
rail network of Mashhad would come into full 
operation by the year 2025, the amount of 
gasoline saved per day will reach 674560 

liters, which is equal to annual saving of 
246214 thousand liters or 7859460 GJ as well 
as an annual reduction of 111604 tons in 
carbon production. It also means a reduction of 
23827 thousand liters of diesel fuels 
consumption per year. As a result, the 
consumption of gasoline and diesel in the 
transport sector fall by 20 percent. Given the 
annual consumption of 52 million GJ energy 
in transportation section by the year 2025, the 
completion of the rail network will reduce this 
figure to 44 million GJ with an ecological 
footprint of 0.13 ha per person, which is equal 
to the current figure. 
 In addition to the economic benefits, the 

completion of Mashhad railway network will 

have the following outcomes: In terms of 

reduction in fuel consumption: 

Total gasoline saving in 2025= 674560 × 365 
× 0.33 =82×106  $  
Total diesel saving in 2025= 65280 × 365 × 
0.15 = 35×106  $  
Cost of wasted time: 

Cost of wasted time = 365 × (1088000 × 20%) 
× 42% × 1.6 = 53 × 106 $ 
Total saving in the treatment costs of disease 

caused by air pollution: 

Saving in treatment costs of disease caused by 
air pollution= 800000 × 10 × 20% = 1.6 × 106 $ 
Total saving in depreciation and spare parts of 

vehicles 

Saving in total annual depreciation costs of 
vehicles in 2025= 1400000 × 6600 × 10% × 
20% = 185 × 106 $  
Total saving in total annual costs of vehicles 
spare parts in 2025= 1400000 × 6600 × 5% × 
20% = 93× 106 $  
Total saving in developing costs of Mashhad 

city street network  

Total saving in developing costs of street 
network = 600000 × 7.4 = 4.4×106 $ 

4. CONCLUSION 

Given its importance, the rail transportation 
requires further attention. In long term, rail 
transport will be the most important and 
effective strategy of sustainable transportation, 
especially in metropolitans. In Mashhad 
metropolis, which in addition to its 3-million 
populations plays host to huge number of 
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religious tourists and pilgrims, rail transport is 
the key to sustainability and one of the 
requirements of urban planning. The ideal 
scenario proposed in this research is optimistic 
in that it assumes that by the year 2025, four 
railways and one monorail line will be 
operating in full capacity. This assumption, 
however, has only been made in 2025 outlook, 
and it seems impossible to be realized in the 
next 10 years, especially given the slow 
progress of rail network completion. The 
findings of this research suggest that achieving 
ideal conditions in rail transport of Mashhad 
city, despite the increase in population and 
vehicles, can hamper the ecological footprint 
increase. Currently, over 35 million GJ of 
energy is consumed to satisfy the need for fuel 
in transportation sector in Mashhad city, which 
produces 497,554 tons of carbon. It is 
estimated that by the completion of the railway 
network and its full operation, the 

consumption of gasoline and diesel in the 
transport sector will decline by 20 percent. 
Given the annual consumption of 52 million 
GJ of energy in the transport sector in 1404, 
this amount will decrease to 44 million GJ 
after the completion of the rail network, with 
the ecological footprint being 0/11 ha per 
person. A comparison of the current scenario 
and the ideal scenario reveals that the 
completion and operation of the railway 
network also produce positive effects in terms 
of financial saving. Thus, the saving derived 
from reduced gasoline consumption would 
justify the construction costs of Mashhad 
Urban Railway Corporation Company. In 
general, the total economic saving is estimated 
to reach 454 million dollars. 
 
Keywords: Ecological footprint, Sustainable 

transport, Urban railway, Fuel consumption, 
Mashhad.
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