
ABSTRACT
The main competitor of air transportation is High-

Speed Railway (HSR). However, in an oil-exporting coun-
try with low fuel prices and strong car dependence, HSR 
can face fierce competition with private cars and even 
buses. There is little previous research that forecast mod-
al share in this situation. The case study of this research 
is the Tehran-Hamedan route in Iran that has high travel 
demand due to several historical and economic reasons 
and in the absence of air transportation, building the HSR 
in this route attracted foreign investment. To analyse the 
travel behaviour of passengers after the introduction of 
HSR, 409 stated and revealed preferences were collected 
in a self-designed questionnaire. Multinomial logit (MNL) 
model and mixed logit (ML) model were developed and 
modal share of each mode of transportation were forecast-
ed up to 2045. HSR modal share is compared with other 
routes of the world to see the impact of air competition. 
The overall modal share of railway in this route is esti-
mated to reach 64%, which is close to the average of ma-
jor HSR routes globally (around 60%). Therefore, private 
cars can be a fierce competitor for HSR when there is no 
air link on the route and fuel is rather cheap.

KEYWORDS
multinomial logit; mixed logit; high-speed rail;  
demand; travel behaviour.

1.  INTRODUCTION
This research forecasts High-Speed Railway 

(HSR) passenger demand between two cities of 
Tehran and Hamedan in Iran. Tehran is the capital 
and the largest city in Iran, and geographically lo-

cated in the north part of the country as shown in 
Figure 1. Tehran has over 9 million people [1] and 
is economically one of the most important cities 
with the country's highest gross domestic product 
(GDP). Hamedan, as one of the most important his-
torical cities of Iran, is located in the west of the 
country and has a population of about 700,000 [1]. 
It is one of the ancient cities of Iran that was called 
Hegmataneh in the past and the capital and centre 
of kingdom of several dynasties. The remnant of 
Hegmataneh still exist around Hamedan and it is on 
the tentative list of world heritage sites [2]. Hamed-
an has many other tourist attractions, like the mau-
soleum of Avicenna, the prominent scientist and 
Baba Taher, the world famous poet. Alisadr Cave, 
the largest water cave [2] is located near Hamedan, 
which attracts a large number of tourists every year. 
In addition to its cultural and historical attractions, 
Hamedan is also one of the most important cities in 
the country in terms of industry and also hosts an 
important university. Due to the above-mentioned 
reasons, travel demands between the two cities are 
high for different purposes such as tourism, busi-
ness, and education. Distance between the two cities 
is about 320 kilometres. Currently, there is no active 
air travel on this route and passengers should use a 
private car, bus, or conventional train. Three million 
passengers travel between Tehran and Hamedan per 
year and the modal share in this route shows that 
private car is the dominant mode (50%), followed 
by 46 % share for bus and only 2.5% for conven-
tional train [3, 4]. The main reason that passengers 
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modes after the opening of HSR. However, in this 
research, only growth in travel demand and modal 
shift are considered, not induced demand. In Sec-
tion 2, an overview of the past research on HSR 
demand forecast and HSR competition with other 
modes is presented. Section 3 explains the discrete 
choice method and self-designed questionnaire that 
was based on stated preferences (SP) and revealed 
preferences. Descriptive statistics, logit models, and 
forecasted share of each mode are presented in Sec-
tion 4 based on the collected questionnaires from 
passengers who travelled on the route of the case 
study. Section 5 concludes the research with some 
policy suggestions to increase the success of HSR in 
attracting passengers.

2.  LITERATURE REVIEW
Fierce competition between air transportation 

and HSR can be seen in different routes all over the 
world. Mancuso [8] used discrete choice models to 
study market share of existing modes of transpor-
tation on the Rome-Milan route. Game theory was 
used by Raturiet al. [9] to forecast this competition 
in India after HSR lines are built. In China, Liu and 
Zhang [10] used fuzzy clustering to forecast HSR 
demand on the Beijing-Tianjin route. To analyse the 
competition for the forthcoming Jakarta-Surabaya 
HSR line, binomial logit model was used by Nurhi-
dayat et al. [11] based on the data collected by con-
ducting a survey. Tinessa et.al [12] used a multino-
mial logit model to study mode choice in Italy in the 
presence of HSR. Future competition between HSR 
and air transportation in Iran on the Tehran-Isfahan 
route was forecasted by conducting surveys and de-
veloping a logit model by Danapour et al. [13]. 

Apart from passengers that shift their modes, 
latent demand can also be induced by HSR. For in-
stance, tourism demand can be increased by HSR, 
especially in countries such as China that have 
various cultural and natural attractions [14]. It can 
increase chances of cities on the route to be desti-
nations of visit by tourists although the impact can 
be different in different countries [15]. Panel regres-
sion [16], least square estimation [17], game engi-
neering [18], panel data [19], and non-linear opti-
misation [20] are other approaches that have been 
used to study intermodal competition between air 
transportation and HSR. 

Competition between HSR and air transportation 
can be converted to coordination especially at inter-
national airport hubs [21] by feeding long distance 

are reluctant to take the train on this route is the low 
frequency of trains and the location of Hamedan 
station which is on the outskirts of the city and far 
from its centre. Table 1 shows different travel options 
that exist for this route. As the result of the wide-
spread use of private cars in Iran, the number of 
road accidents and fatality rate is much higher than 
the global average [5]. 

According to Iran's master transportation plan 
[6], the Tehran-Hamadan HSR line is planned to be 
built. The new railway option will be more envi-
ronmentally friendly, and with much shorter travel 
time, it has the potential to induce new travel de-
mand as well as modal shift resulting in consider-
able increase in the modal share of railway on this 
route. The prospects of HSR on this route seem so 
promising that the Italian infrastructure manager 
company (RFI) signed an agreement to invest 3 bil-
lion euros into this one and another one [7]. 

Due to the special circumstances of this line, 
the main purpose of this research is to forecast the 
HSR demand and the market share of different 

Figure 1 – Location of Tehran and Hamedan

Table 1 – Comparison of existing travel options on the  
Tehran-Hamedan route

Travel 
time [min]

Travel cost 
(Toman)* Frequency

Private car 180 96000 Without 
limitation

Bus 240 45000 50 buses per day

Conventional 
train 330 50000 3 pairs of train 

per week
* 30000 Tomans roughly equals to 1 US$ as of October 2020. Due to 
huge fluctuations of exchange rate, the actual amount is used and not 
converted.
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other research methods. For example, examining a 
wide range of parameters as well as using a variety 
of methods and techniques is one of the strengths 
of the case study method, while focusing on a small 
part of the system and generalizing the results to the 
whole system is one of its weaknesses. This is be-
cause some of the research findings may be specific 
to the data set used in the research and may not be 
generalised to the general population. Conducting 
a case study research has certain stages. In the first 
step, the research question(s) should be clarified, 
and the proper case should be chosen; then based on 
the research question and scenario, the data should 
be collected, and the last step is related to data anal-
ysis [32, 33].

In this research, surveying is chosen for data 
collection, as currently there is no operational 
HSR line in the country and actual behaviour of 
passengers is unknown and needs to be explored. 
According to the questionnaire, passengers were 
asked to select one of the existing modes which in-
clude bus, conventional trains, and private cars or 
HSR (as shown in Table 2 at two speeds of 250 and 
300 km/h with different times, cost, and frequen-
cy options). For determining the ticket price for 
HSR, previous studies as well as the opinions of 
experts in this field were used [34–36]. The price 
of an HSR ticket is on average 70% of the price of 
an airplane ticket. Due to the fact that there is cur-
rently no air transportation on this route, first the 
price of a plane ticket on this route was estimated 
and then based on that, the price of the HSR ticket 
was estimated. To make the right choice, the us-
ers had to consider various factors that affect their 
choice of transportation mode. Although the range 
of these factors can be extensive, in this study, we 
focused on the most significant ones (i.e., travel 
time, travel costs, and frequency). We chose the 
speeds of 250 km/h and 300km/h which are the 
most discussed options in the initial stages of this 
project. Travel time is calculated accordingly.

After defining research objectives, the exper-
imental design was done according to the previ-
ous related research in other countries which are  

air connections [22] or wherever the integration has 
been achieved smoothly [23]. Cooperation can be 
officially achieved by official agreements and shar-
ing codes too [24]. Coordinating schedules of air 
transportation and HSR can be the most effective 
measure to facilitate this cooperation [25]. 

Blainey et al. [26] have identified 37 hard and 
soft obstacles for attracting passengers to conven-
tional railways or HSR. Another study shows that 
access and location of stations are critical to HSR 
demand, especially for smaller cities [27]. Image 
of railways in general and HSR, in particular, are 
very important in attracting passengers. Harvey et 
al. [28] studied public perception of UK residents 
towards HSR by factor analysis and extracted 37 
criteria such as prestige, ability to use travel time 
fruitfully, and comfort.

Dobruszkes et al. [29] studied 161 routes in Eu-
rope by using censored regression and found out 
that in shorter distances, HSR has supreme superi-
ority to air while this advantage decreases signifi-
cantly when HSR travel time reaches 2–2.5 hours. 
International Union of Railways [30] specifies trav-
el time of less than 2 hours by HSR as complete 
superiority and between 2 hours to 3 hours and 30 
minutes as the superiority of HSR over the air, but 
as travel time increases, the air takes partial to full 
advantage. 

To summarise, although there is consider-
able amount of literature on forecasting demand 
of HSR and studying travel behaviour toward it, 
few researchers have focused on travel behaviour 
in developing countries, especially oil exporting 
countries that have low fuel prices. This is more im-
portant where in the absence of air link between the 
origin and the destination, the main competitor of 
HSR is private car and “Structural and conscious 
car dependence” [26] adds to the complexity. To 
address this topic, the planned-to-be-built route of 
Tehran-Hamedan is chosen as the case study and by 
using the method of surveying and developing log-
it models, modal shares of different transportation 
modes are forecasted. 

3.  METHODOLOGY
The methodology of case study is used in this 

project as the main method. In a scientific project, 
case study is used to do a detailed intensive research 
on a unit of a system or society instead of the whole 
system, and then the result can be generalised [31]. 
The case study has strengths and weaknesses, like 

Table 2 – HSR travel options offered to the respondents 

Speed 
[km/h] Time [min] Cost

(Toman)

Frequency  
(per day & per 

direction)

250 100 130000 6

300 70 180000 8
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The discrete choice methods in form of a mul-
tinomial logit (MNL) model and mixed logit (ML) 
model were used to calculate the probability of pas-
senger mode choice between two or more modes of 
transportation (e.g. conventional train or HSR). The 
MNL model is the simplest, most basic, and most 
widely used discrete choice model. The popularity 
of this model is due to the closed-form that it offers 
to express the possibility of choosing options that 
can be easily interpreted [39]. This model was first 
used by Berkson [40] and then used dramatically 
in the 1970s after McFadden's research [41]. Equa-
tions 2 and 3 show the MNL model structure. In the 
Equation 2 Ui is the utility of mode i, Consti is the 
constant for mode i, β

k
 is the coefficient of kth vari-

able, Xk
i is the kth variable for mode i, and K is the 

number of model variables. Also in Equation 3 P(i) is 
the probability of choosing mode i, and n shows the 
total number of modes.

Ui Const Xi k k
i

k

K

1
b= +

=
/  (2)
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Another type of discrete choice models is the 
mixed logit (ML) Model. The ML model can pro-
vide behavioural and physical interpretations. Mc-
Fadden [42] showed in their research that in the 
ML model, by considering appropriate distributions 
for the properties of coefficients in the utility func-
tion, the behaviour of different models with random 
utility can be approximated, this type of distribu-
tion makes the model more in line with reality. The 
choice of these distributions plays an important role 
in the characteristics of the ML model. In the stud-
ies, different distributions such as normal, normal 
logarithm, triangular, Weibull, and finite distribu-
tions [43–45] have been used. The ML model has 
received more attention from researchers in the last 
20 years due to the development of high-speed com-
puter technology. The structure of the ML model is 
a generalized and logical structure of the MNL that 
has the ability to estimate any model with random 
utility and by considering the difference of random 
taste, unlimited succession pattern, and depen-
dence of not seen factors in time, has compensated 
important shortages of the MNL [39]. In discrete 
choice modelling, the utility function is defined as 
Equation 4, for person n to select option i. In this re-
gard, Vni is the visible utility of option i for person 
n, and εni is the indefinite and invisible part. In the 

mentioned in literature review, as well as the opin-
ion of expert and the guidelines provided in the 
“High-Speed Railway System Implementation 
Handbook” produced by the International Union of 
Railways [37]. All the attributes mentioned in this 
handbook were included in the questionnaire to 
extract the characteristics of current mobility and 
forecast future modal share after the introduction of 
HSR. After pre-testing and finalizing the question-
naires, they were distributed among private car us-
ers as well as passengers at bus terminals, train sta-
tions, and on board the train in December 2019 on 
the Tehran-Hamadan routes and terminals. Finally, 
409 fully filled questionnaires were collected. The 
contributions of this study are twofold: First, at the 
national level, mobility, and modal share are studied 
for the first time on this route before and after HSR. 
Second, at the international level, it provides a bet-
ter understanding of HSR competition with private 
cars in the absence of air connection, and especially 
in a developing country, for which there is a lack of 
research in the literature. 

The questionnaire consists of two parts: The first 
part includes the socio-economic characteristics of 
travellers such as age, gender, level of education, 
job, and private car ownership. The second part in-
cludes information regarding the respondents' cur-
rent trip (such as their travel mode, trip purpose, and 
accompany person) and previous trips (for instance 
trip frequency and their usual travel mode) on this 
route (over the past year). Also, to conclude, some 
questions were presented to understand each re-
spondent's preferences about mode choices by pro-
viding options. 

In cases where the stated preference and revealed 
preference methods are used, the sample size should 
be large enough to ensure the final result. Numerous 
formulas have also been proposed for calculating 
sample size. Among them is Orme's research that 
uses Equation 1 [38]. For this research, the minimum 
sample size computed was 200 respondents.

N j s
l500
$
$=  (1)

where:
l – Maximum number of levels taken by any single 
  attribute.
j – Number of alternatives considered in the stated  
  preference question.
s – Number of choice tasks considered by each  
  respondent.
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Based on statistical analysis shown in Table 4, 
57.4% of the passengers who were using the con-
ventional train, 45.2% of bus passengers, and 
53.2% of private car users would choose HSR 
as their most preferred mode if this option were 
available. Furthermore, 64% of passengers who 
selected HSR preferred the scenario with 250 km/h 
speed and 130000 (T) cost (the cheaper option).

Finally, for variable definition in the model, a 
dummy variable was used (for instance, variable 
Age 17–30=1 if age is 17–30 and =0 otherwise). 
After calibrating more than 200 models in the soft-
ware, the best model of MNL and ML was chosen 
based on maximum likelihood value. The confi-
dence level was chosen as 95%. The obtained util-
ity function is presented below in Equation 7. In this 
equation i indicates transportation modes and j in-
dicates independent variable which affects utility 
function. Ui is the utility function of mode i, Consti 
is the constant value of mode i, βTi refer to coeffi-
cient of time, Timei is the Time of mode i, βCi is the 
coefficient of cost, Costi is the cost of mode i, xij is 
the jth independent variable that affects mode i, and 
βij is the coefficient of the jth variable that affects 
transportation mode i. The result of predicting the 
coefficient of the effective variables and P-Value 
MNL model and ML model are shown in Table 5. 
Variables that do not appear in the table and vari-
ables that do not have values are the ones that are 
not statistically significant. Since the confidence 
level in this study was considered to be 95%, if the 
p-value is less than 0.05 or the t-value is more than 
1.96 or less than -1.96 for each of the variables that 
are used in the model, it means that βi is statistical-
ly significant in the model.

U Const Time Cost xi i Ti i Ci i ij ij$$b b b= + - +/  (7)

As Table 5 shows, gender, age between 51 and 60, 
high level of education, traveling alone, and hav-
ing at least 1 trip per week are the variables which 

ML model, the invisible part consists of two parts: 
The first part consists of a specific distribution and 
the second part is similar to the second part of the 
MNL model, which was presented earlier. There-
fore, fewer assumptions are imposed on the model. 
The general form of the ML model is in the form of 
Equation 5. In this equation, Pni is the probability of 
selecting option i by person n and Lni(β) is the proba-
bility of selecting option i by person n in the model, 
which is a function of the value of parameter β and 
is defined as Equation 6.

U Vni ni nif= +  (4)
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Logit models were calibrated using stated prefer-
ence and revealed preference data by R software to 
analyse the weight of different criteria for passen-
gers and their actual and forecasted mode choice 
behaviour. This model was used to identify and 
highlight the importance of some features in choos-
ing different modes of transportation and find utility 
functions.

4.  RESULTS
Although 540 questionnaires were initially col-

lected, after reviewing and cleaning the data, 409 
questionnaires were complete and good enough to 
be used. For checking the reliability, Cronbach's 
alpha was computed for the questions that used the 
Likert scale, and it yielded 0.877, which is in the 
range of the good grading [46].

More than half of travellers were between 17 
and 30 years old, and the average age was 33 
years. About 70% of respondents were men. The 
distribution of the age variable is shown in Figure 2. 
More than half of the respondents had a graduate 
degree or higher. About 67% of the trips were for 
recreational and business purposes. More than 
80% of passengers owned at least one private car, 
and about half of passengers travelled with their 
families. This is most probably due to a big part of 
the passengers traveling for leisure purposes. Sta-
tistical data about the socio-economic status and 
the passenger's current trip information is given in 
detail in Table 3.

40

30

20

10

0
10 20 30 40 50 60 70 80

Figure 2 – Distribution of age of the respondents
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an influence on the utility. Gender, age between 17 
and 30, high level of education, travelling alone, and 
having at least 1 trip in a month are the variables that 
affect the utility of private cars for users.

In this research, the ML model was used to show 
the systematic heterogeneity and random taste dif-
ferences between passengers in the route of the case 
study because the MNL model cannot present it. 

affect the utility of the HSR option. Regarding the  
conventional train, gender, age 17 and 40, medi-
um level of education, not having access to private 
car, travelling for leisure, and travelling with family 
are variables that affect utility function. For the bus 
mode, the age between 31 and 40, low and medium 
level of education, traveling for educational purpose, 
and travelling with family are the variables that have 

Table 3 – Demographics of respondents 

Factor Category Frequency (%)

Gender
Male 287 70.2

Female 122 29.8

Age

17-30 206 50.3

31-40 106 26

41-50 72 17.6

51-60 19 4.7

More than 60 6 1.4

Education

Undergraduate education or lower 157 38.5

Graduate education 179 43.7

Post graduate education 73 17.8

Job

Student 92 22.4

Employee 160 39.2

Unemployed 92 22.4

Other 65 16

Purpose

Educational 95 23.3

Business 130 31.8

Leisure 144 35.1

Other 40 9.8

Private car ownership
No 80 19.7

Yes 329 80.3

Accompanying person

Alone 133 32.5

Family 203 49.7

Friends or colleague 73 17.8

Passengers trip frequency

Irregular 209 51.1

At least one trip in week 112 27.3

At least one trip in month 88 21.7

Table 4 – Stated preferences questions result by different modes

                          Future mode
Current mode High-Rail Conventional train Bus Private car Total

Conventional train 57.4 28.4 0 14.2 100

Bus 45.2 0 47 7.8 100

Private car 53.2 4.5 13.4 28.9 100
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tion Test (-2[LL(0) – LL(β)] > χ2
k,a), the value of  

-2[LL(0) – LL(β)] is equal to 439 and 461 re-
spectively for MNL and ML which are more than  
χ2

17,0.05=27.59. Actually, it means that β coefficients 
have a strong relationship with the calibrated mod-

Different distributions were tested and finally the 
best type of distributions (normal distribution and 
uniform distribution) were selected for random co-
efficients of age, private car, and trip frequency. In 
other words, the model considers the importance of 
these attributes in choosing a trip mode which are 
not equal for all passengers.

There are several tests for model evaluation, 
and some of them were used in this paper to eval-
uate the goodness of model. These models are re-
liable, because in using the Chi-Square Distribu-

Table 5 – Result of model parameters calibration

HSR Conventional train Bus Private car

MNL ML MNL ML MNL ML MNL ML

Coef.
(p-value)

Coef.
(p-value)

Coef.
(p-value)

Coef.
(p-value)

Coef.
(p-value)

Coef.
(p-value)

Coef.
(p-value)

Coef.
(p-value)

Constant 1.436 
(0.008)

1.279 
(0.001) - - 4.542 

(0.001)
4.040 

(0.000)
2.13 

(0.007)
1.801 

(0.000)

Time -0.968 
(0.000)

-1.258 
(0.000)

-0.968 
(0.000)

-1.258 
(0.000)

-0.968 
(0.000)

-1.258 
(0.000)

-0.968 
(0.000)

-1.258 
(0.000)

Cost -1.04 
(0.001)

-1.396 
(0.000)

-1.04 
(0.001)

-1.396 
(0.000)

-1.04 
(0.001)

-1.396 
(0.000)

-1.04 
(0.001)

-1.396 
(0.000)

Gender Male 0.3762 
(0.000)

0.915 
(0.005)

-0.287 
(0.000)

-0.469 
(0.000) - - 0.6325 

(0.000)
0.5103 
(0.002)

Age

17–30 - - -0.6822 
(0.004)

-0.5778 
(0.000) - - 0.6822 

(0.000)
0.3765 
(0.000)

31–40 - - 0.3134 
(0.000)

0.4559 
(0.006)

0.423 
(0.000)

0.590 
(0.000) - -

51–60 -0.182 
(0.004)

-0.127 
(0.000) - - - - - -

Education

Low-Edu - - - - 0.528 
(0.000)

0.469 
(0.004) - -

Med-Edu - - 0.167 
(0.003)

0.218 
(0.000)

0.248 
(0.000)

0.396 
(0.005) - -

High-Edu 0.1334 
(0.001)

0.1380 
(0.000) - - - - 0.117 

(0.000)
0.1347 
(0.000)

No private car - - 1.092 
(0.000)

0.8566 
(0.000) - - - -

Purpose
Education - - - - 0.6822 

(0.005)
0.856 

(0.003) - -

Leisure - - 0.631 
(0.000)

0.7439 
(0.001) - - - -

Accompanying 
person

Alone 0.842 
(0.000)

0.931 
(0.002) - - - - -0.369 

(0.006)
-0.297 
(0.000)

Family - - 0.475 
(0.000)

0.572 
(0.000)

-0.3894 
(0.000)

-0.554 
(0.004) - -

Trip frequency

At least once a 
week

0.2896 
(0.000)

0.2699 
(0.008) - - - - - -

At least once a 
month - - - - - - 0.889 

(0.000)
1.070 

(0.000)

Table 6 – The result of model evaluation tests

MNL ML

Correct estimation (%) 73 81

ρ2 0.478 0.531
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be saved. In the viewpoint of the government, the 
total annual revenue of this line in the first year for 
the first and second scenario is computed. In the 
first scenario, the total annual revenue will be about 
6.8 million US dollars, and for the second scenar-
io the total revenue will be 9.4 million US dollars. 
Considering the environment, rail transportation, 
especially HSR, has the lowest CO2 emission com-
pared to other modes. Based on Figure 4, in Iran in 
the period 1998–2016, between different modes of  
transportation, the road transportation produces the 

el. In this research, the percentage of correct estima-
tion is also calculated and the goodness of fit value 
(ρ2) is used to evaluate the model; the results are 
shown in Table 6. The value of goodness of fit will be 
[0–1], and the higher the value, the better model is 
created. It can be seen that the ML model has better 
performance than the MNL model in this research.

In normal conditions, the HSR on the Teh-
ran-Hamedan route will be in operation in 2025. 
The growth rate of passengers was calculated using 
the growth rate method and by collecting the trans-
portation data and statistics over 20 years for each 
mode and also in total. These data were released by 
the Ministry of Road and Urban Development. The 
growth rate will be -6.5% for bus, 6.9% for the pri-
vate car, and about 2.2% for the conventional train, 
so the total number of passengers on this route will 
be about 3,059,558 in 2025. The number of passen-
gers for each mode is shown in Table 7.

The passenger growth rate will increase from 
2025 to 2035, and then the growth rate will decrease 
from 2035 to 2045. After that, the growth rate will 
be constant, and this is because of the capacity of 
trains and line. The growth rates are shown in Table 8 
and these were used for predicting HSR demand 
shown in Figure 3. The number of passengers in 2045 
is estimated to be over 2,800,000. However, it must 
be noted that these numbers only cannot be taken as 
indication for financial sustainability of the project, 
so future research is needed especially regarding 
operational costs. 

Elasticity is computed for time and cost in 2025 
using the model results, and values are shown in 
Table 9. Values in the table show that increasing 1% 
in cost or time does not significantly increase or de-
crease the probability of mode choice.

This HSR route will bring some advantages to 
passengers, the government, and even the environ-
ment. From the point of view of passengers, the 
travel time in total would decrease to 81.52% of the 
current time, and about 20% of travel time would 

Table 7 – The market share of different modes with/without high-speed railway

Mode of transport
Market share in 

2019 (%)  
(without HSR)

2019 (Yearly)
(without HSR)

2025 (Yearly)
(without HSR)

2025 (Yearly)
(with HSR)

Market share in 
2025 (%)  

(with HSR)
Private car 51.1 1554900 1662188 406921 13.3

Bus 46.6 1418000 1325830 694520 22.7
Conventional train 2.3 70000 71540 385504 12.6

HSR 0 0 0 1572613 51.4
Total 100 3042900 3059558 3059558 100

Table 8 – HSR passenger growth rate

Year 2030 2035 2040 2045

Growth rate (%) 3.5 4 3 1.5
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Figure 3 – High-speed railway and other modes demand 
forecast
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Figure 4 – CO2 emission by different modes in Iran
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HSR. The result is shown in Table 10. After the HSR 
operation, it is estimated that CO2 emissions will 
decrease by about 55.15% on this route.

In the final stage of the paper, we compare the 
results with modal share of the existing HSR routes 
in the world to analyse the impact of air compe-
tition. As it can be seen in Table 11, in major HSR  
corridors of the world (as far as data were available), 
air transportation had a considerable modal share 
which dropped significantly after HSR operation. In 
the absence of air transportation (like the case study 
of the present research), the forecasted modal share 
of the railway (HSR and conventional) (64%) is just 
a little bit over the average modal share of 8 routes 
(60%). Hence, private cars can be considered an 
equally fierce competitor, just like airplanes, in the 
oil exporting countries that have lower fuel prices.

most CO2, followed by sea, air, and, rail transpor-
tation[47]. CO2 emitted by transportation modes 
varies by country, but IPCC (Intergovernmental 
Panel on Climate Change) calculated the average 
CO2 emission by different modes. Based on the 
IPCC statistics, the authors calculated the annual 
CO2 emission for this route in Iran before and after 

Table 9 – Time and cost elasticity for 2025

1% increase in
Change in the probability of choosing (%)

Private car Bus Conventional train HSR

Private car cost -0.0284 0.013 0.0021 0.0011

Bus cost 0.06 -0.091 0.0086 0.0225

Conventional train cost 0.073 0.0983 -0.667 0.101

HSR cost 0.0913 0.079 0.248 -0.119

… … … … …

Private car time -0.271 0.014 0.029 0.0569

Bus time 0.114 -0.863 0.852 0.143

Conventional train time 0.0472 0.3531 -0.822 0.0331

HSR time 0.0708 0.0296 0.0183 -0.036

Table 10 – CO2 emission by different modes before and after 
HSR

Before HSR-yearly
CO2 emission [t]

After HSR-yearly 
CO2 emission [t]

Private car 74635 19532

Bus 38569 18890

Rail 1417 7806

HSR 0 16984

Total 114622 63213

Table 11 – Comparison of modal share on different HSR routes

Route Country Distance
Approximate mode share

ReferenceAir Rail Road
Before After Before After Before After

Tehran–Hamedan Iran 320 - - 2.3 64 97.7 36 Current 
research

Milan–Rome Italy 475 50 24 36 65 14 11 [48]

Rome–Naples Italy 205 - - 49 55 51 45 [49]

Paris–Lyon France 275 31 7 40 72 29 21 [50]

Madrid–Seville Spain 471 40 13 16 51 44 36 [50]

Madrid–Barcelona Spain 625 - - - 35 - - [51]

Taipei–Kaohsiung Taiwan 345 24 13 - - - - [52]

Tokyo–Osaka Japan 553 - 14 - 86 - - [53]

Tokyo–Hiroshima Japan 894 - 44 - 56 - - [53]
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tive elasticity was observed for bus time that its 1% 
increase would result in -0.863 percent decrease of 
bus passengers. 

After model calibration, it was concluded that 
people who travel at least once per week prefer 
to use HSR; probably because travel time on the 
HSR is significantly shorter than in other modes of 
transportation and time is more important for this 
category of passengers. Also, passengers who were 
travelling alone prefer using HSR more. However, 
it must be noted that success in achieving this modal 
shift to HSR is dependent upon appropriate design 
and implementation of HSR, especially the location 
of the station in Hamedan. The current railway sta-
tion is far from the city centre, which results in an 
impedance of most passengers currently not choos-
ing conventional railway. Therefore, the HSR sta-
tion should be built in a suitable location in the city 
centre where it is easily accessible and this greatly 
affects attracting passengers in the future. Overall, 
HSR has much better chances in terms of modal 
share in the absence of air competition. Also, fu-
ture research is suggested in the field of using other 
models such as latent class and studying economic 
aspects of building high speed railway on this route 
by considering costs of construction and operation.

5.  CONCLUSION
The purpose of this research was to predict and 

analyse the demand for HSR in the Tehran-Hamed-
an route, and study its impact on other modes. For 
data collection in this study, a questionnaire was 
designed and completed by passengers who travel 
on this route; they were asked about their prefer-
ences regarding their choice of transportation mode. 
Then by calibrating an MNL and ML model, mar-
ket share and utility function of each transportation 
modes were obtained, and ultimately the number of 
passengers was predicted. ML yielded better results 
in comparison with MNL (based on goodness of fit). 
Analyses showed that as soon as the HSR opens, 
more than half of passengers (51.4%) can be expect-
ed to choose to use it over other options. Therefore, 
the number of passengers in 2025 will be more than 
1.5 million per year, and it can reach up to 2.8 mil-
lion passengers per year in 2045. However, it should 
be considered that this research and its results are 
based on the current situation and due to potential 
changes in technologies and the emergence of new 
modes of transportation (such as electric cars), as 
well as changes in passenger travel behaviour, the 
predicted demand for HSR may not be fully met. 
Based on the percentage of shifts from other modes 
to HSR, the conventional train passenger with 
57.4% had the most shifts to high-speed rail. Fur-
thermore, 53.2% of private car users and 45.2% of 
bus passengers are expected to choose HSR in the 
future, but still 47% of bus passengers will use the 
bus despite the existence of HSR. However, if the 
numbers of passengers that will transfer to HSR are 
considered, most passengers that shift to HSR are 
private car users. That is because the largest market 
share belongs to private car users right now. After 
examining the passenger growth rate in total as well 
as separately for each mode, the result was that af-
ter the operation of HSR, the number of private car 
users, HSR passengers, and also conventional train 
passengers will increase, but the number of bus us-
ers will decrease. 

Considering modal share before and after HSR, 
total travel time would decrease by about 19% 
and carbon emissions would decrease by 50%.The 
highest positive cross elasticity was observed for 
increasing 1% in bus time that would lead to 0.852 
percent change in choosing conventional train (sub-
stitute service). Cross elasticity for the increase in 
HSR cost and time was negligible. The lowest nega-
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