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ABSTRACT  

Public transport has become a challenge to supply on one side and to afford it on the other side. There are 

several issues in practical life, which can be associated with the demand for rail transport service, required 

for sustaining a normal life. This study is based on estimating the determinants of rail transport demand 

and calculating income and price elasticities for different classes of train services in the short run. The 

study found that the substitution is dominant and that the own-price effect and income effect are dominant 

in all the effects. There is a positive relationship between income increase and demand for rail service for 

air-condition class passengers. The study found that substitute elasticities are positive for rail services, 

which indicates that rail tracks and buses are substitutes for each other. It entails that rail fares income 

and road density are constraining variables such that the change in these would consequently bring a 

change in rail passengers in each class, and fuel price is also significantly reallocating the passenger 

across each class while the opposite does not hold. The increase in road accidents increases the demand 

for rail services in Pakistan.   

Keywords: Demand elasticities, Rail services, Short run, ARDL, and Road Accidents  

 

INTRODUCTION 

Transportation plays an important role in the mobility of goods and services to satisfy the needs of humans 

and other species on the planet earth. Transport is the movement of persons and goods from one place to 

another, it has become a basic human need and necessity for survival as transportation often makes it 

possible to efficiently execute a social or economic activity in a world that is moving faster than a human. 

According to (Doll & Wietschel, 2008) transport makes human life very easy and fast to reach a place in 

time. Mainly, the line of Transportation contains four modes that are road transport, rail, air, and sea.  

Previous studies have established that various factors like income, rail fare, service quality, fuel 

prices, and distance influence the choice of transport mode for the journey. This study is specifically focused 

on the applied analysis of demand for rail transport in Pakistan at a disaggregated level. The current paper 

is established on the argument that the minimum is dissatisfaction, the maximum is the probability of 

maximum satisfaction, and increases the demand for rail services in Pakistan. Rail transport is unique in its 

nature as other modes of transport. It is unique, because of its distinct features, such as large capacity and 

safety, as compared to the available choices in Pakistan. And most probably, it does not face any traffic 

issues. This is quite helpful to avoid the dissatisfaction, often faced on roads due to traffic congestion, 

environmental problems, and road construction (Haglund, 2010).  

Humans by nature inclined to live when it is possible to satisfy daily life needs and wants. The 

safety precautions increase the probability of living long life.  unfortunately, the major problem in the 

transport sector of developing countries is lack of safety measures and laws implementation Jacobs & Sayer 

(1983). This has caused significant losses to humans lives in the last few years. According to (Pakistan 
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Bureau of Statistics 2021) the number of fatal accidents in Pakistan, has become larger in FY 2020 as 

compared to FY 2010. This indicates that either the population pressure is increasing or the laws 

implementation has been compromised. Digging deep, when we came across the study of Gulzar et al 

(2012), which established that in terms of traffic accidents, Punjab is the dominant province in Pakistan 

with respect to both fatal and nonfatal accidents. Khyber Pakhtunkhwa is the second highest reported 

provinces in the books of traffic wardens in term of nonfatal traffic accidents but Sindh has higher rates of 

fatal accidents as compared to KPK and Baluchistan. Furthermore, as a source of public transport rail has 

high safety level than other mode of transportation. It saves the travelling time and it is an affordable and 

comfortable mode of transportation. Therefore, due to unique features and characteristics, it becomes a 

primary public transportation (Haglund (2010). 

In Pakistan rail transportation possesses an immense importance as it carries a large number of 

passengers and freight to their destination on long distances (Zamir and Naheed 2021). Pakistan railways 

provide a national transportation service and it runs under the supervision of Federal Government of 

Pakistan. The head-quarter regulates, administrate and supervise the rail services for passengers and freights 

in Pakistan. Pakistan Railways provide an efficient, reliable, safe and sound mode of transport. The number 

of passengers that travel by rail is increased from 54,907 thousand in 2018 to 60,387 thousands in 2019 

with increase in passenger’s kilometers from 24,903,778 in 2018 to 29,595,246 in 2019 which indicates the 

trust, and reliability of passengers on rail transport in Pakistan (Year book 2018-19).  

It also connects the cities and borders of Pakistan with other countries, which creates an opportunity 

of trade across the borders. Pakistan railways contributes positively in economic activities of the country 

as it has a broad network in north south corridor that joins the Karachi sea port with the country’s primary 

population and production centers (Zamir and Naheed 2021). It is observable from the data that demand for 

rail services is increasing over time in Pakistan. It is important to investigate deeply, that what are 

encouraging factors and what are discouraging factors, in order to build a sound policy for managing the 

growing demand for rail transport in Pakistan. 

Demand elasticities in short run and long run can help to understand market price response and 

income response. These are important aspects to explore that how demand for rail services fluctuates over 

time. On consumer behavior perspective, changes in substitute prices, income growth, changes in own 

prices and risk to life have significant policy implications, in context of rail transport demand in Pakistan. 

The demand for rail is further classified in three groups, which include lower class, middle class and Air 

condition class. This is the first study, which has attempted to disaggregate the price, income and substitute 

price elasticities of rail transport demand in Pakistan. Many studies have been conducted but none of the 

study has yet estimated disaggregated level elasticities. The evidence of contribution is provided in both 

the forms, mathematically and econometrically on real time data. The study has used time series data, and 

estimated through VAR and ARDL bound testing method. The study has added road accidents into the 

model, which is never been tested in case of Pakistan. However, it will be also an addition to literature, by 

answering the question that road accidents cause higher demand for rail services.      

  

LITERATURE REVIEW 

Over the past centuries rail transportation was a prominent and essential mode of transport due to its 

economic and social importance. Therefore, rail transport takes an immense importance and attention in the 

past literature. The historical view on economic transportation explores that from the inception of twentieth 

century the researchers starts focusing on it and began some normative analysis on it for instance the studies 

of Frank Taussig (1913) focused on rail rates and tried to make a procedure for joint costs among the 

supplier and users of transportation facilities not only this William Ripley (1912) and Francis E. Worth 

(1925) also performed remarkable work on optimal rates for rail roads. 

The field was n remains continuously consistent and sustained because most of the attention of 

researchers was diverted towards other issues of inflation crises and especially the mathematical foundation 

of general economic theory and macroeconomic issues at that time. However, a slow but steady revival has 

incepted in 1950s. Moreover, the earlier research deals with the normative economic issues for instance 
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optimal freight and passenger fares (Winston 1985). Still, various researchers are discussing the issues of 

rail transportation in the context of prices, quality, and safety. 

From the beginning of transportation economics, rail transport remains the main focus of the 

researchers (Winston, 1985). Whereas before the 1960s the research was descriptive in nature but afterward 

the researchers introduced proactive methodological tools due to which accurate precision about various 

issues becomes possible like determinants of rail transport demand. To find such destinies in research, it 

was quite hard to prove it through the description, but the data-driven policy analysis has become much 

easier through advance econometric techniques. 

Study shows that the demand for rail transport is affected by various factors that are highlighted in 

the study of Jones and Nichols (1983), the findings indicate that the demand for inter-city rail travel is 

pertinently influenced by the level of average fare paid, time of rail journey, the cyclical activities of the 

economy and seasonal determinants. 

People shift to other alternatives or substitutes, as prices of any common good or service increase 

in the perfect market situation. Additionally, (Ntlatywa, 2019) also validates the influence of prices on 

demand for rail services. The study found that an increase in prices discourages the demand for rail 

transport. Owen and Phillips (1987) concontributeth their additional work on the determinants like rail 

fares, train speed and quality for service, time trend, GDP and competition that influenced the inter-city rail 

travel by estimating the own-fare elasticities and found that revenue can be accelerate in the short term by 

increasing real prices but the policy remains unaffected in long terms. The consistent studies were also 

continued by Rahman and Balijepalli (2016) the rail transport demand in suburban is inelastic to rail fare 

which shows that an increase in rail fare can consequently help to increase the revenue. 

Additionally, Zamir and Naheed (2021) also explores that the co-efficient of rail fare is inelastic so 

the increase in rail fare accelerates the revenue of Pakistan railway in long run. In the world where resources 

are limited or scare everyone wants to maximize its utility by utilizing the given resources efficiently. 

Therefore, the demand for goods and services is necessary for surviving in this planet. Demand is nothing 

but the quantity desired along with the willingness. Demand for a commodity is consumer’s attitude and 

reaction towards that commodity, moreover there are numerous determinants that affects the consumer’s 

demand for any commodity. Among different factors the most dominant factor is price (Shrestha 2010). 

The results of Wijeweera and Michael (2013) are also consistent as they found an inelastic demand 

and conclude that increase in price could increase the revenue. Fuel prices and Rail fare also influence the 

demand for rail transport (Zamir and Naveed 2021). The study of Wijeweera and Michael (2013) 

highlighted that demand for rail transport is negatively affected by rail fare as the rail fare increases the 

demand decreases indicates that rail service is a normal good/service. The study of (Polat, 2012) validates 

the arguments of previous study, by establishing that the public transport demand decreases with an increase 

in transport fares. 

Wijeweeraet al. (2014) explores a positive association between substitute prices and passengers rail 

travel demand as the substitute prices increases people preferred to travel by rail as compare to traveling by 

own transport. Also the study of Jones and Nichols (1983) established that average rail fare is significantly 

affects the rail travel demand. According to Irfan et al. (2012) as the population of Pakistan increases the 

demand for travelling is also increases in the country. Therefore, poor people preferred to travel by train as 

it is the cheapest, most comfortable, and affordable mode of transport, especially for a long-distance 

journey. 

Income is also an important determinant that influences the transportation demand as mention in 

(Metz (2012), which found that demand for travel is affected by income the demand for travel increase as 

income increases. Furthermore, consistent results were found by Ntlatywa (2019) and Heljedal (2013) in 

their research found that low income earners usually preferred train as a mode of transport as it is affordable. 

Nurdden, et al (2007) accepts income as an influenced determinant for the choice of mode of transportation. 

Moreover, the study of (Dargay and clark 2012) indicates income as the main determinant that affect the 

long distance travel according to their findings as the income increase people usually prefer to travel by air. 

Wijeweera and Michael (2013) shows that income exhibits a positive influence on passengers’ demand for 

rail travel.  
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The study of Metz (2012) indicates that as a public transport rail possesses high quality system that 

provides time reliability and low emissions. These features of rail transport make it unique among other 

modes of transport. The findings of Terefe (2018) revealed that service quality positively associated with 

passengers’ satisfaction. Haglund (2010) also investigated the effect of service quality on passengers’ 

satisfaction. Irfan et al. (2012) also conducted a study to find the effect of service quality on rail passengers’ 

satisfaction and found that quality of service is not at satisfactory level in Pakistan. Fuel price are another 

an essential determinant that influenced the rail travel demand Zamir and Naveed (2021) but left an 

important aspect which was demand fluctuation due to increase in other services prices at same time. This 

study has both ticket prices separately and fuel prices is used as price paid for quantity demanded.  

Previous studies explore that age and gender are also the factors that effects the mode of 

transportation as the study of Nurdden, et al (2007) indicates that older people preferred to use public 

transport instead of driving by themselves. The study also explores that females preferred public transport 

for the purpose of travelling. Ntlatywa (2019) indicates that females preferred to travel by train as compared 

to males. Whereas, Dargay and Clark (2012) in their studyreveals that on long distances women travel less 

as compare to men. Wardman (2006) shows in his study that population positively influenced the rail 

demand and growth in population is benefited for rail demand. 

  

THEORETICAL FRAMEWORK FOR ECONOMETRIC MODELING  

The two well Known Economists Hicks and Marshallian address this problem in two different ways, both 

pursue the same object in their theories which is obtaining the utility by the given budget constraint. The 

difference in the ways of dealing with the same problem is due to the consumption duality. Marshallian 

maximizes the utility by keeping the budget constraint fixed (primal demand). Whereas Hicksian in his 

theory maximizes the utility by minimizing the cost which is associated with it (dual demand). Furthermore, 

the main difference between the two theories arises as the Marshallian demand curve shows the association 

of a good’s price and its quantity demanded.  

On the other hand, the Hicksian demand curve indicates the same association of a good’s price and 

the quantity demanded but by assuming that the price of other goods as well as utility level, remains 

constant. As both the theories are dealing with the same kind of problem therefore Hicksian and Marshallian 

demand curves meet at the point where the quantity demanded equates with both sides of the consumer’s 

choice problem like the problem of utility maximization or the problem of cost minimization. According to 

the Hicksian demand curve above the point of equilibrium where the price level is high the wealth of the 

consumer is also high as compared to the Marshallian demand curve. This is because for maintaining a 

constant utility level Hicksian assumes that the real wealth remains constant or unchanged. While on the 

other hand, Marshallian assumes that the nominal wealth remains constant. On the vice versa, the picture 

is different the prices that are below the equilibrium point Marshallian theory assumes that the drop off in 

price level makes better consumer’s wealth as the nominal wealth remains unchanged. In the same situation 

when prices are below the equilibrium point as Hcksian theory assumes constant real wealth due to which 

the consumers become worse off.  

Some researchers also extend the theory of consumer demand for instance (SONG W. 2011) 

explains in his study that the consumer choice theory explains how the consumer maximizes his utility 

when he purchases something for consumption. The decision is made at the point of a tangent between a 

budget constraint and an indifference curve. Furthermore, according to (BISWAS 2012) when a 

Marshallian consumer spends A unit of money for getting A unit of utility from it then consequently A is 

nothing but the marginal utility of money and according to the condition of equilibrium marginal utility of 

money must be equal to the marginal utility of expenditure.  

Well, the mathematical results of the two approaches can be obtained by applying the Lagrangian 

and taking the first-order derivatives. Let us assume the utility function and also budget constraint for both 

of the approaches.  

U = XkYb 

Here Xk and Yb are respectively representing the demand for the two different types of trains running in 

Pakistan from Karachi to Lahore i.e Karakoram express and business train. The reason behind selecting the 
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route from Karachi to Lahore is that both the cities are the biggest cities of Pakistan and both the cities are 

well known cities for industrial and trade aspects.  

The Cost function has taken as a Constraint function for the two different trains could be written as:  

M = PkXk + PbYb                                                                                                                  (2) 

Here “M” is representing the total Cost which is approximated by the rail fares and passenger’s demand 

of the respective trains that are mentioned above as Karakoram express and Business train. Where Pk is 

representing the rail fare for the karakoram express and Pb the rail fare for the Business train. Whereas Xk 

and Yb are representing the services provided by the two trains from Karachi to Lahore. 

According to Marshallian approach we maximize utility subject to the budget constraint; 

Therefore, we have  

Max  U = XkYb                                                                                                                            (1)            

s.t  M = PkXk + PbYb                                                                                                                 (2) 

The Lagrangian set by the Marshallian approach will be shown in eq (3) 

L= XkYb + λ (M- PkXk + PbYb )                                                                                               (3) 

Applying first order conditions on eq (3), with respect to Xk and Yb, we extract the following equations 

respectively: 
𝑑𝐿

𝑑𝑋𝑘
 =Yb -  λPk  =0                                                                                                                      (4) 

𝑑𝐿

𝑑𝑦𝑏
 = Xk  - λPb =0                                                                                                                       (5)  

𝑑𝐿

𝑑λ
 = M- PkXk + PbYb  =0                                                                                                           (6) 

By solving eqs (5)and (6), we get 

Yb = λPk                                                                                                                                      (7) 

Xk = λPb                                                                                                                                      (8) 

After taking the ratios of equations (7) and (8), we get 
𝑌𝑏

𝑋𝑘
 = 

λ𝑃𝑘

λ𝑃𝑏
 

The λ will be cancelled out and we get 
𝑌𝑏

𝑋𝑘
 = 

𝑃𝑘

𝑃𝑏
                                                                                                                                  (9) 

From eq (9) we have the following values of 𝑋𝑘 and 𝑌𝑏 are as follows 

𝑋𝑘 =  
𝑃𝑏

𝑃𝑘
𝑌𝑏          and                𝑌𝑏= 

𝑃𝑘

𝑃𝑏
𝑋𝑘 

Substituting these values of 𝑋𝑘 and 𝑌𝑏   one by one in the equations of budget constraint that is eq (2), we 

get 

M= Pk  (
𝑃𝑏

𝑃𝑘
𝑌𝑏) + PbYb                                                                                                               (10) 

After solving eq (10) we have the optimal value of 𝑌𝑏 

𝑌𝑏 = 
𝑀

2𝑃𝑏
 

Now solving for 𝑋𝑘, we substitute the value of  𝑌𝑏 in the budget constraint in eq (2), we get 

M= PkXk + Pb (
𝑃𝑘

𝑃𝑏
𝑋𝑘)                                                                                                              (11) 

 After solving eq (11) we have the optimal value of 𝐗𝑘 

Xk = 
𝑀

2𝑃𝑘
 

Here 𝒀𝒃 = 
𝑴

𝟐𝑷𝒃
 and Xk = 

𝑴

𝟐𝑷𝒌
 are the uncompensated Marshallian Demand. 

According to Hicksian Approach we minimize the money we spend on both goods subject to a given 

utility:` 

Therefore, 

min M = PkXk + PbYb                                                                                                                               (12) 

s.t  U = XkYb                                                                                                                                              (13) 

 Hence, the Lagrangian for Hicksian Demand will be shown in eq (14): 



Jahan, Khan, & Naqvi 

707 
 

L= PkXk + PbYb  + λ (U - XkYb  )                                                                                                             (14) 

Now taking the first order conditions with respect to Xk , Yb  and λ  
𝑑𝐿

𝑑𝑋𝑘
 =Pk - λYb  =0                                                                                                                                      

𝑑𝐿

𝑑𝑦𝑏
 = Pb -  λXk =0                                                                                                                                      

𝑑𝐿

𝑑λ
 =  λ (U - XkYb ) =0                                                                                                                                (15)   

After solving eqns (14) and (15) we get 

Pk =λYb                                                                                                                                                      (16) 

and Pb = λXk                                                                                                                                               (17) 

Now taking the ratio of the two eqns (16) and (17) we get 
𝑃𝑘

𝑃𝑏
 =  

λ𝑌𝑏

λ𝑋𝑘
                                                                                                                                                      

(18) 

As λ will be cancelled out and we get 
𝑃𝑘

𝑃𝑏
 =  

𝑌𝑏

𝑋𝑘
                                                                                                                                                        

(19) 

Now solving for 𝑋𝑘  𝑤𝑒 have 

𝑋𝑘 = 
𝑃𝑏

𝑃𝑘
𝑌𝑏                                                                                                                                                     

(20) 

And similarly for 𝑌𝑏, we have 

𝑌𝑏 = 
𝑃𝑘

𝑃𝑏
𝑋𝑘                                                                                                                                                (21) 

Now substitute first substitute the value of Yb  𝑖𝑛 𝑡ℎ𝑒 𝑢𝑡𝑖𝑙𝑖𝑡𝑦 𝑐𝑜𝑛𝑠𝑡𝑟𝑎𝑖𝑛𝑡 in eq(13) and get 

U = 𝑋𝑘  (
𝑃𝑘

𝑃𝑏
𝑋𝑘)                                                                                                                                           (22) 

U= 
𝑃𝑘

𝑃𝑏
 𝑋𝑘

2 and after solving for 𝑋𝑘  𝑤𝑒 𝑔𝑒𝑡 the following 

𝑋𝑘 =  √
𝑃𝑏

𝑃𝑘
U                                                        

(23) 

Now substitute first substitute the value of XK  𝑖𝑛 𝑡ℎ𝑒 𝑢𝑡𝑖𝑙𝑖𝑡𝑦 𝑐𝑜𝑛𝑠𝑡𝑟𝑎𝑖𝑛𝑡 and get 

U = 𝑌𝑏 (
𝑃𝑏

𝑃𝑘
𝑌𝑏)                                                                                                                                              

(24) 

U=𝑌𝑏
2 𝑃𝑏

𝑃𝑘
 

After solving for 𝑌𝑏  we get  

𝑌𝑏 = √
𝑃𝑘

𝑃𝑏
 U                                                                                                                                                  

(25) 

Here 𝑌𝑏 =  √
𝑃𝑘

𝑃𝑏
 U and Xk =  √

𝑃𝑏

𝑃𝑘
U  are the compensated Hicksian Demand. 

 

Application of theory  

In the context of derived demand, people demand rail services for multiple needs, associated with daily life. 

Passengers travel through rail transport to access education services, to access health services, to attain 

meetings related to their jobs and businesses. Rail service is not being used for traveling purposes 

exclusively but also to meet the other needs of daily life. There are two major approaches, wildly used for 

the derivation of the demand function. The first approach focuses on maximizing the utility function subject 

to a given budget constraint. The second approach focuses on minimizing the expenditures for a given 

utility function. The approach that focuses on maximizing utility is known as the Marshallian or ordinary 



Disaggregating the Demand Elasticities 

708 
 

demand function, and the second approach is known as the Hicksian demand function. In the context of the 

present study, it is important to understand that the Marshallian demand function is more applicable to real-

time data as compared to the Hicksian demand function. This argument is based on the fact, that the 

Marshallian approach is based on observed factors including prices, service quality, income, and so on. 

However, on the contrary, the Hicks theory is not based on observable factors to understand the utility of 

consumers for a specific good or service. Following Coto-Milla´n et al. (1997), we aim to derive the 

passenger’s demand function of rail travel in Pakistan in the following way. For Marshallian proofs are 

provided but for the proofs of Hicksian, there are some limitations, which can be possibly overcome in 

future studies.  

Rail passengers demand for Karakorum express by 

Marshallian approach 

𝐌 (𝟏− 𝛃)

𝐏𝐤
 = Xk 

 

Rrail passengers demand for business train by Marshallian 

approach 

𝛃𝑴

𝐏𝐛
 = Yb 

 

Rail passengers demand for Karakorum express by 

Hicksian approach 
𝛛𝐌

𝛛𝐏𝐤
= 𝐗𝐤

𝐤 = (�̅�)𝛂 (
𝐏𝐤

𝟏− 𝛃
)

𝛂−𝟏
(

𝟏

𝟏− 𝛃
) (

𝐏𝐛

𝛃
)

𝛃
 

Rail passengers demand for business train by Marshallian 

approach 
𝛛𝐌

𝛛𝐏𝐛
= 𝐗𝐛

𝐛 = (�̅�) 𝛃 (
𝐏𝐤

𝟏− 𝛃
)

𝛂
(

𝐏𝐠

𝛃
)

𝛃−𝟏

(
𝟏

𝛃
) 

 

DATA AND METHODOLOGY  

This paper has utilized secondary data to estimate the demand elasticities for income, own prices, and 

substitute prices for rail services in Pakistan. Data is taken from Pakistan Railway (Yearbook, various 

issues), (NHA), Pakistan economic survey, and Hydro-carbon institute of Pakistan. This study is based on 

an empirical approach, which uses ARDL and VAR models to estimate short-run and long-run elasticities 

of rail transport demand in Pakistan.  

 

Table 1. Important Variables of the study  

Variable name   

Demand for rail services  It is measured through passengers in millions per year. The passengers of 

rail will increase with changes in rail facilities, and other individual level 

factors. [Pakistan Railway (Yearbook, various issues)]  

Income (Y) per-capita  Income is one of the important variable which influence the demand of 

individuals. Estimating demand elasticities of income for rail services is 

not possible without variable income. Including income as per capita 

measured in USD per year/per person. It has a two-dimensional impact 

on travel demand. it is positive, in the case of normal goods and in the 

case of inferior goods. The relationship between rail travel and income is 

a positive relationship between GDP per capita and rail travel i.e. θ2, δ2 

> 0. This study has used GDP per capita for final analysis and has treated 

rail service as normal good with a perfectly competitive market structure, 

as a lot of other substitutes are available.  

 

Own/Rail Fare/prices  The variable average-revenue-per-passenger is taken as a rail fare. It 

is  denoted by Rail-F.  The anticipated sign of co-efficient of rail fare is 

negative i.e. θ1, δ1 < 0. (Wijeweera et al., 2014). Zamir and Naveed 

2021. It is used to capture its own price elasticities. The data is taken from 

[Pakistan Railway (Yearbook, various issues)] 

Fuel prices index  Road transport in Pakistan uses several fuels (high-speed diesel (D), 

gasoline (G), compressed natural gas (CNG), etc.). but Current study has 

used direct fuel price for rail as per metric ton coal prices in Pakistan 
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because it is argued that in Pakistan 95 percent of rail services on running 

on coal as engine fuel. [(CEIC)] 

Fuel price Oil/substitute 

prices  

Fuel prices for oil and petrol average are calculated to investigate 

weak substitution effect.[Hydrocarbon institute of Pakistan] 

Substitute/Rail tickets 

prices 

Multiple rail ticket data is taken from serving companies on a times 

scale which is used for calculating the substitution effect through 

prices.  

Road accidents  Number of accidents recorder on motorways and highways each year.   

Road length/Density  Generally, Road density is defined as the ratio of the Road network 

offered by the Pakistan NHA to the total land area of Pakistan. The 

expected sign of θ4 and δ4 is Negative because an increase in road density 

will facilitate the road transport quality and prices, which can reduce the 

demand for rail services as a weak competitor.  

Trade  The study of (Wijeweera et al., 2014) suggested that including trade in 

the model will capture the internal and external movement of goods, 

which also influences the demand for rail sevices in Pakistan. This study 

measures the trade as sum of imports and exports of Pakistan and 

expressed in local currency units (million rupees). 

 

Empirical Analysis/Econometrics Model: 

To find an appropriate method for time series data analysis, it is the basic requirement of the process to 

check the properties of time series variables. To see the properties there are various tests and techniques, 

which are previously been used by researchers all around the world. A Stationary series has no own time 

dependency, which needs to be captured and these findings guide a researcher in the selection of an 

econometric model that can provide the best possible estimates. Unite root test using the augmented Dickey-

Fuller (ADF) approach is utilized to test the data for time series property of stationarity Dickey & Fuller 

(1979)  

The generalized form of ADF test including time trend and intercept can be written as: 

Δ𝑋𝑡 = 𝑎0 + γX𝑡−1 + 𝑎2t + ∑ 𝑏𝑖∆𝑋𝑡−𝑖
𝑝
𝑖=1  + ε𝑡                                                                  (26) 

Where Xt is the selected variable of time series to be tested for unit-root. It can be a dependent as well as 

an independent variable with time-series data. 𝛼𝑜 indicates testing series with drift term in the equation, t 

indicates a deterministic trend, 𝑏𝑖∆𝑋𝑡−𝑖 sign of Δ represents the first difference operation applied on the 

series.  

 

The Co-integrated VAR model  

The following equation is constructed for the unrestricted vector autoregressive (VAR), this method is used 

by Johansen. Which indicates long run association between time series variables 

𝑌𝑡 = 𝐴1𝑌𝑡−1 +……………+ 𝐴𝑝𝑌𝑡−𝑝 + μ + Φ 𝐷𝑡 + ε𝑡                                                (27) 

Where Yt is n × 1 vector representing endogenous variables including price and income of passenger class. 

The term εt is representing a vector of white-noise error terms which is associated with time series analysis. 

Φ 𝐷𝑡 shows exogenous variables which are not in control of the model, it can be a shock of any type, which 

is not perfectly predicted.    

The VAR system can be homogeneously inscribed as follows  

∆𝑌𝑡 = Γ1∆𝑌𝑡−1 + ……………+ Γ𝑝−1 ∆𝑌𝑡−(𝑝−1) + ΠY𝑡−1 + μ + ΦD𝑡 + ε𝑡                 (28) 

In the above system Π = − (I -𝐴1- 𝐴2 …………..- 𝐴𝑝 and Γ𝑖 = - ( 𝐴𝑖+1+ 𝐴𝑖+2 +……………+ 𝐴𝑖+𝑝) there 

are three possibilities for the existing and number of the co-integrating vectors in the time series. if the 

value of the matrix is 0, it indicates a null matrix, showing that all the given variables are integrated of order 

I (1) but there is no Cointegrating. In this case, the variable is stationary at the first difference in the reduced 

form of the model. In the second case, if the rank value of the matrix is equal to n, it indicates a full rank. 

But it is possible that there is no Cointegrating because of stationary series. On the other side, in case three, 

https://www.sciencedirect.com/science/article/pii/S2210970619300526?casa_token=OD1-wpmSiVsAAAAA:zYHIGYqzBw-v-y2rhjXMnjIYY-InV5ui1-L-tRsAFmTJOZDSMj6iY4Ao6iD_LddOhLEKnFbU#bib47


Disaggregating the Demand Elasticities 

710 
 

if the variables are observed with a Co-integrated vector, it must have the value of 0>II >n.  The Johnson 

co-integration tests can be applied for trace-statistic & maximum-eigenvalue-statistic, which can be 

described as following: 

λ𝑇𝑟𝑎𝑐𝑒(r) = -T ∑ ln (1 − 𝜆⏞𝑟
𝑛
𝑖=𝑟+1  ) 

λ𝑇𝑟𝑎𝑐𝑒  (𝑟, 𝑟 + 1) = - Tln (1-λ⏞𝑟+1) 

T shows total usable observation in the above equations, 𝜆⏞ indicates the calculation of matrix in descending 

order. if co-integration exists, then system in equation can be transformed in the form of vector error 

correction model as following:  

ΔY𝑡 = Γ1ΔY𝑡−1 +……………+Γ𝑝−1ΔY𝑡−(𝑝−1) + α( β’ 𝑌𝑡−1) +μ + Φ 𝐷𝑡 + ε𝑡                (29) 

Where β’ Yt− 1 measures the error correction term in the context of estimating deviation from the 

equilibrium. This equation also captures the short-run adjustment mechanism in order to achieve long-run 

steady-state equilibrium. This term must be equal to zero in case of full equilibrium and the value of α 

notifies about speed of correction of variable Yt to any imbalance 

 

Final Model of the study 

∑ 𝐴𝐶𝑝𝑎𝑠𝑠𝑡 = 𝛼𝑡 + 𝛽𝐼𝐿𝑛𝐺𝑑𝑝𝑡  + 𝛽𝐹𝑢𝑒𝑙 𝑝𝑟𝑖𝑐𝑒𝑠𝑡 + 𝛽4𝑆𝑢𝑏𝑠 − 𝑃𝑟𝑖𝑐𝑒𝑡 +  𝛽1𝑅 −        𝐴𝑐𝑖𝑑𝑒𝑛𝑡𝑠𝑡 +𝑛
𝑖=0

𝛽2𝑡𝑟𝑎𝑑𝑒𝑡 + 𝛽𝐼𝑟𝑜𝑎𝑑𝑑𝑒𝑛𝑠𝑖𝑡𝑦𝑡 + 𝑒𝑡                                                                                         (30) 

 

ARDL Functional form for AC, MC and LC passenger  

∆𝐴𝐶𝑃𝑎𝑠𝑠𝑡 = 𝛽𝑜 + 𝛾𝐸𝑇𝐶𝑡−1 +
∑ 𝛽1∆⍬𝐴𝐶𝑃𝑎𝑠𝑠𝑡−1

+𝑡 ∑ 𝛽2∆⍬𝐿𝑛𝐺𝑑𝑝𝑡 +𝑡 ∑ 𝛽3∆⍬𝐹𝑢𝑒𝑙 𝑝𝑟𝑖𝑐𝑒𝑠𝑡 +𝑡 ∑ 𝛽4∆⍬𝑆𝑢𝑏𝑠 −𝑡

𝑝𝑟𝑖𝑐𝑒𝑠𝑡 + ∑ 𝛽5∆⍬𝑅𝐴𝑐𝑑𝑡 +𝑡 ∑ 𝛽7∆⍬𝑙𝑛𝑅𝑃𝑡−1 +𝑡 ∑ 𝛽8∆⍬𝑇𝑟𝑎𝑑𝑒𝑡 +𝑡 𝜆𝐼𝑛𝐴𝐶𝑝𝑎𝑠𝑠𝑡 + 𝜆𝐼𝑛𝐼𝑛𝐺𝑑𝑝𝑡 +
𝜆𝐼𝑛𝐹𝑢𝑒𝑙 𝑃𝑟𝑖𝑐𝑒𝑠𝑡 + 𝜆𝐼𝑛𝑅𝐷𝑇 + 𝜆𝐼𝑛𝑅𝐴𝐶𝑑𝑡 + 𝜆𝐼𝑛𝑆𝑢𝑏 − 𝑃𝑟𝑖𝑐𝑒𝑠𝑡 + 𝜆𝐼𝑛𝑇𝑟𝑎𝑑𝑒𝑡−1 + 𝜇𝑡                                                                                                                                             

(31) 

 

∆𝑀𝐶𝑃𝑎𝑠𝑠𝑡 = 𝛽𝑜 + 𝛾𝐸𝑇𝐶𝑡−1 +
∑ 𝛽1∆⍬𝑀𝐶𝑃𝑎𝑠𝑠𝑡−1

+𝑡 ∑ 𝛽2∆⍬𝐿𝑛𝐺𝑑𝑝𝑡 +𝑡 ∑ 𝛽3∆⍬𝐹𝑢𝑒𝑙 𝑝𝑟𝑖𝑐𝑒𝑠𝑡 +𝑡 ∑ 𝛽4∆⍬𝑆𝑢𝑏𝑠 −𝑡

𝑝𝑟𝑖𝑐𝑒𝑠𝑡 + ∑ 𝛽5∆⍬𝑅𝐴𝑐𝑑𝑡 +𝑡 ∑ 𝛽7∆⍬𝑙𝑛𝑅𝑃𝑡−1 +𝑡 ∑ 𝛽8∆⍬𝑇𝑟𝑎𝑑𝑒𝑡 +𝑡 𝜆𝐼𝑛𝑀𝐶𝑝𝑎𝑠𝑠𝑡 + 𝜆𝐼𝑛𝐼𝑛𝐺𝑑𝑝𝑡 +
𝜆𝐼𝑛𝐹𝑢𝑒𝑙 𝑃𝑟𝑖𝑐𝑒𝑠𝑡 + 𝜆𝐼𝑛𝑅𝐷𝑇 + 𝜆𝐼𝑛𝑅𝐴𝐶𝑑𝑡 + 𝜆𝐼𝑛𝑆𝑢𝑏 − 𝑃𝑟𝑖𝑐𝑒𝑠𝑡 + 𝜆𝐼𝑛𝑇𝑟𝑎𝑑𝑒𝑡−1 + 𝜇𝑡                                                                                                                                                

(32) 

 

∆𝐿𝐶𝑃𝑎𝑠𝑠𝑡 = 𝛽𝑜 + 𝛾𝐸𝑇𝐶𝑡−1 +
∑ 𝛽1∆⍬𝐿𝐶𝑃𝑎𝑠𝑠𝑡−1

+𝑡 ∑ 𝛽2∆⍬𝐿𝑛𝐺𝑑𝑝𝑡 +𝑡 ∑ 𝛽3∆⍬𝐹𝑢𝑒𝑙 𝑝𝑟𝑖𝑐𝑒𝑠𝑡 +𝑡 ∑ 𝛽4∆⍬𝑆𝑢𝑏𝑠 −𝑡

𝑝𝑟𝑖𝑐𝑒𝑠𝑡 + ∑ 𝛽5∆⍬𝑅𝐴𝑐𝑑𝑡 +𝑡 ∑ 𝛽7∆⍬𝑙𝑛𝑅𝑃𝑡−1 +𝑡 ∑ 𝛽8∆⍬𝑇𝑟𝑎𝑑𝑒𝑡 +𝑡 𝜆𝐼𝑛𝐿𝐶𝑝𝑎𝑠𝑠𝑡 + 𝜆𝐼𝑛𝐼𝑛𝐺𝑑𝑝𝑡 +
𝜆𝐼𝑛𝐹𝑢𝑒𝑙 𝑃𝑟𝑖𝑐𝑒𝑠𝑡 + 𝜆𝐼𝑛𝑅𝐷𝑇 + 𝜆𝐼𝑛𝑅𝐴𝐶𝑑𝑡 + 𝜆𝐼𝑛𝑆𝑢𝑏 − 𝑃𝑟𝑖𝑐𝑒𝑠𝑡 + 𝜆𝐼𝑛𝑇𝑟𝑎𝑑𝑒𝑡−1 + 𝜇𝑡                                                                                                                                                

(33) 

• 𝛽𝜃 indicates the coefficient of short-run change dynamics in the model   

• ⅄ indicates the long-run coefficients in the model  

• 𝛾𝐸𝑇𝐶𝑡−1 represent the Error correction term in the equation  

 

RESULTS AND DISCUSSION 

This section of the study provides results of the study with interpretations to understand, whether research 

questions are answered or not. This section provides descriptive statistics of important variables followed 

by the results of testing time series characteristics of the data. The results of the long-run and short-run 

estimates are also provided at the end of the section. The results for descriptive statistics are given in an 

appendix.  
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Descriptive Statistics of Important Variables  

The table for descriptive statistics is given in appendix a1; which shows averages of the data on each 

variable of the study. The median, maximum, mean, minimum, standard deviation, and other characteristics 

of data are estimated. The data on railway freight and passenger traffic over the past 70 years show that the 

annual freight volume was 14.2 million tons from 1965–to 1970 while passenger volume peaked at 

146 million passengers from 1975–to 1980. It can be because of a lack of substitute options to travel. 

However, with an increase in the availability of other sources for travel, the volume of passengers traveling 

by rail decreased. And by the end of 2018, it declined by 43 percent from the maximum level. The data 

shows that fuel prices are increasing and demand for other transport services is also increasing but it is not 

clear what changes in demand are subject to the percentage change in prices of rail passes and the income 

of the population.   

Time series characteristics of data 

The study applies the ADF test to check the stationarity of the data and to see the order of integration for 

each variable. The test is designed to test the hypothesis that there is a unite root vs unite root does not exist. 

The results of this study show that aggregated passengers in million, Air condition class passengers, per 

capita income, own prices of rail service per seat and road density are stationary at level in log form. While, 

other variables like middle class passengers, road accidents, lower class passengers, trade and substitute 

prices are stationary at first difference. Due to mixed order of integration the study chooses to use the ARDL 

bound testing technique. Other tests conducted on this data includes B G LM test, White test, J B test and 

ARCH test. The coefficient of the arch is 0.46 and greater than one for all the other tests. All the tests show 

p-value greater than 0.05 and rejects null hypothesis. *** indicates significance at 99 percent, ** shows 

significance with 95 percent and * indicates that it is statistically significant with 90 percent confidence 

interval.  

Table 2. ADF Test for Unite root  

Variable name Z value at Level  P value  First difference  P value Order 

Ln Ps Millionst -4.579*** 0.001 -6.321*** 0.001 I(0) 

Ln AC pass -3.394*** 0.001 -3.892*** 0.000 I(0) 

Ln Mc Pass -2.504* 0.081 -3.121*** 0.000 I(1) 

Ln Lc Pass -1.921 0.099 -3.121*** 0.000 I(1) 

Ln Road Accident  -0.979 0.311 -3.321*** 0.001 I(1) 

Ln Yt-income -2.10** 0.071 

 

-2.052* 0.061 I(0) 

Trade  -2.504* 0.081 

 

-5.039** 0.000 I(1) 

Substitutes-Price -1.109 0.091 -3.801*** 0.001 I(1) 

Ln own price -3.120*** 0.001 

 

-1.052 0.061 I(0) 

Ln Road Density  -4.504*** 0.000 

 

-5.039*** 0.000 I(0) 

 

Long run relationship between rail services demand and its influencing factors  

The lag length of the variables is check using AIC criteria. This study uses the VAR test to examine the 

connections concerning rail travel demand with respect to passenger demand for rail services in Pakistan, 

along with other manipulating factors. The study has also used the test of long-run weak exogeneity for the 

purpose to understand the speed-of-adjustment and to examine, whether the co-efficient are significantly 

different from zero i.e. αi 0. In case, if the variable does not respond to disequilibrium in long run, it is 

considered as an exogenous variable.    

 A variable is said to be weakly exogenous to a system if it does not respond to deviations from long-run 

equilibrium. In this case it follows the rule and clearly rejects the null hypothesis for rail passenger and 

fuel-price. It indicates that fuel prices are endogenous in the model, which can be controlled. These results 
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are quite provoking test the short run elasticities of rail services demand. To find better estimates this study 

has disaggregated the demand for rail services into different class and influencing factors are explored. The 

results of this study indicates that there exists long run association between rail demand and substitute 

services prices. The study shows the evidence for long run relationship between road density and rail 

demand   

Table 3. Estimated Long-run travel demand on train for Ln passenger Million 

Variable name β1 Std. Error β2 Std. Error 

Ln passenger Millionst 1.000    

Ln Road Accident  0.406* 0.033 0.006 0.176 

Ln Yt-income 0.515* 0.041 

 

0.009 0.510 

Substitutes-Price 1.002*** 0.444 0.102* 0.127 

Ln Fuel price 0.138*** 0.029   

LnRoad Density  9.02** 2.961 15.84*** 4.299 

C 0.200 2.121 177.98*** 39.76 

 

Class-wise analysis of demand for rail services in Pakistan 

The table 4 shows short run estimates through ARDL bound tests equation. The results reports coefficients 

and standard error in parenthesis. These models are estimated, where the first model from the left shows 

lower-class passenger demand and its influencing factors. The second column shows the results for middle-

class passenger demand for railway services. And finally, the third model shown on the extreme right of 

table 4, indicates the influencing factors of demand for railways of the Air condition class passengers. The 

results indicate that there is a relationship between passenger in each class with their own past year lag 

value. This shows demand in current year is also influence by the demand of rail services in past year but 

statistically, it is not significant. The results show that fuel prices are negatively influencing the demand for 

rail services in each of the given classes. Own prices indicator fuel prices exhibit lower elasticities for 

higher class passenger and vice versa. The study results indicate that substitute effect is significant but the 

own-price effect is dominant as compared to the substitution effect. However own prices are highly 

significant in this study. An increase in income increases the demand for rail services in Pakistan. The effect 

is greater in model one, it means income elasticity for rail demand is greater among lower class followed 

by the middle and air condition class respectively. The study also found that income effect is dominant as 

compared to price effect or substitution effect. The results show that road accidents influence demand for 

rail services positively and it is statistically significant for middle and air-condition class passengers. The 

risk for life increases the demand for safe travel increases, and rail is considered safer than other transport 

services in Pakistan. The results of the study show that the demand for rail services is also associated with 

dissatisfaction caused by congestion. The road density increase means the construction of more roads and 

the availability of more open roads for travel, which reduce the congestion from roads. Less congestion 

means a more comfortable journey or fast journey. That’s why there is a negative relationship between road 

density and demand for rail services. Trade positively influences the demand for rail services in each class 

but is significantly high in the air condition class. The error correction term indicates that any disequilibrium 

from steady-state will be converged by 4 percent in lower-class 6 percent in the middle class and 3 percent 

in air condition class passengers.      

Table 4.  Short-run estimates of rail demand and its influencing factors  

Dependent Variable: passenger in millions) 

Method: ARDL 

Model selection method: Akaike info criterion (AIC) 

Variable Model (!) 

L class 

Model (2) 

M class 

Model (3) 

Ac class 

Ln Passenger t (-1) 0.83 0.903 0.73 
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(0.21) (1.45) (1.02) 

 

Ln Fuel price -0.037** 

(0.27) 

-0.01** 

(0.96) 

-0.07*** 

(0.87) 

Subs-Price 0.70** 

(1.23) 

0.11 

(0.16) 

0.15* 

(1.10) 

Subs-Price (-1) 0.93* 

(0.41) 

0.48 

(0.18) 

- 

Ind per capita GDP 5.62*** 

(2.5) 

2.49** 

(1.48) 

2.01** 

(1.99) 

Ind per capita GDP (-1) 7.38*** 

(3.6) 

5.032*** 

(1.07) 

- 

Ind per capita GDP (-2) 6.05 

(6.61) 

7.33 

(6.03) 

- 

Number of road accidents 0.012 

(4.30) 

2.91*** 

(1.54) 

1.01** 

(0.91) 

Number of road accidents (-1) -0.010 

(5.75) 

-1.071 

1.19 

- 

Number of road accidents (-2) - 0.198** 

(1.7605) 

- 

LnRoad Density -16.2*** 

(1.89) 

-2.09** 

(1.96) 

-1.10** 

(2.91) 

LnRoad Density (-1) -52.39*** 

(2.1) 

-11.33*** 

(1.66) 

- 

Trade 1.04** 

(0.09) 

1.099* 

(0.11) 

4.27** 

(2.50) 

Trade (-1) 0.904 

(0.17) 

1.609 

(1.01) 

- 

ECT t-1 -.041* 

(0.51)  

-.066** 

(0.92) 

-.030*** 

(0.61) 

R-squared 0.999 0.911 0.991 

Adjusted R-squared 0.989 0.909 0.989 

Mean dependent var 62.78 81.72 80.88 

Akaike info criterion 0.606 0.606 0.606 

Schwarz criterion 1.948 1.948 1.948 

Hannan-Quinn criter. 1.043 1.043 1.043 

Log likelihood 19.59 40.61 49.10 

Durbin-Watson stat 1.959 1.991 2.659 

 

CONCLUSION  

This study empirically examines the influencing factors of demand elasticities of Rail services in Pakistan. 

The study investigates the major difference between the responsiveness of demand for rail services toward 

changes in prices and income of the consumers. The research found that there exists a positive relationship 

between substitute prices and demand for rail transport in Pakistan, which is an indication of evidence, to 

establish that trucks and rail services are substitutes. Fare price are negatively associated with rail demand. 

This also means that increase in prices of rail services with reduce the demand for rail transport in Pakistan. 

This shows that it is common good with inverse demand function. The coefficient values of substitution 

effect with-in the classes indicates that it is more effective in low-class passengers. Lower income class 

people travel in low class. The demand of low income people is more sensitive against prices and income 

fluctuations. Theoretically, the goal is to maximize utility within the given budget and any increase in 
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substitute prices, keeping the income constant, will lead to a reduction in the passenger utility from the 

substitute, which will consequently increase the demand of rail. This way the cross-price elasticities are 

positively associated with rail demand in Pakistan. The income elasticities are greater among low class 

passengers as they pay more attention to income and response faster than AC class passengers. This 

indicates that increase in per capita with lead to an increase in the demand for rail services. It also means 

that, as the income grows, Lower class service demand will grow faster than AC class services demand. 

The study also found that the most important factors are, road density, income, and prices which influence 

the demand for rail services in Pakistan. The study revealed that the risk of death or injury also influences 

the choice of consumers. There is a positive relationship between road accidents and demand for rail 

transport in Pakistan. However, the improved access to comfortable transport has also several implications 

for rail transport in Pakistan. The study concludes that income elasticities are greater than price and cross-

price elasticities in the transport sector of Pakistan. Government can earn by increasing prices less than the 

rate of responsiveness of demand to own prices, which will not affect the passenger traffic but will 

positively influence the revenues from rail transport in Pakistan.  Another option is to go in the opposite 

direction and reduce the prices, which will increase rail passenger traffic. It appears rationale for the reason 

that the Pakistan railway has gained a relative advantage in transporting large-scale rail users over long 

distances. This way the average operating costs decrease and make it more competitive and more efficient 

as compared to the road transport. 
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Appendix-A1  

Variables statistics  Passengers 

Kilometers  
Log 

Rail fare 

Frequency of 

train monthly  
Accidents 

on 

motorways  

GDP per 

capita  

Mean 21005.83 0.48 82.73 123.65 45857.11 

Median 19352.00 0.28 67.47 71.42 44714.41 

Maximum 26446.00 0.99 144.00 445.30 69905.68 

Minimum 16093.00 0.07 41.10 8.86 28440.55 

Std. Dev. 2990.61 0.27 17.91 125.58 11113.01 

Skewness 0.67 0.94 0.79 1.31 0.15 

Kurtosis 2.34 2.91 2.96 2.95 2.94 

Jarque-Bera 3.53 5.02 4.52 11.50 2.84 

 


