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Abstract—Bus service demand generally raises when bus 

service quality attractively increases achieving viable and 
reasonable standard. There are many important aspects to 
be considered in the increasing bus service demand include 
the changes of bus service elements and characteristics of 
ridership factors. The study aims to evaluate the change in 
ridership factors and to assess the bus service demand sensitivity 
with respect to ridership factors change. Primary data on bus 
services are collected from the regular stage bus operated in the 
mixed traffic at a corridor level and secondary data are compiled 
from some resources with respected institution. The study 
concludes that the bus service demand responses most sensitive 
on travel time elasticity. Meanwhile, some other factors such as 
ticket fare, fuel price, per capita income, service frequency, and 
headway indicate inelastic factors in the change of bus service 
demand. Therefore, especially for current bus system and based 
on the short-term period, the bus service demand is not 
sensitive with respect to the change in ticket fare, fuel 
price, per capita income, service frequency, and headway. 
It may change based on those factors and some 
circumstances for long-term period.  
 

Keywords—ridership factors, bus service demand, elasticity, 
demand sensitivity, fixed-route bus service, short-term action plan  

I. INTRODUCTION  
US service demand generally raises when bus service 
quality attractively increases achieving viable and 

reasonable standard. Important aspects to be considered in the 
increasing bus service demand include the changes of bus 
service elements and characteristics. The change in bus service 
elements or attributes can play a role in the elasticity of bus 
services demand. A set of elements elasticity can be used to 
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measure and to evaluate the demand of bus services so that the 
opportunities for bus service demand improvements can be 
readily identified. However, the role of elasticity is quite 
reasonable in dealing with efforts to estimate the bus service 
demand for taking optional action plan in short-term period.  

As the background mentioned above, some terminologies 
are considered in the title of study such as ridership factors, 
bus service demand, demand sensitivity assessment, fixed-
route bus service, and short-term action plan.  

The problem statements in this study are expressed by two 
main research questions as follows: (1) what kind of ridership 
factors can affect the change in bus service demand? (2) How 
do those factors influence the bus service demand and how 
sensitive the demand response?  

The study objectives are to evaluate the change in ridership 
factors and to assess the bus service demand sensitivity with 
respect to ridership factors change. A number of reasonable 
efforts for the bus service improvement are among the 
expected significant advantages from this study.  

Scope of work include determining selected ridership 
factors related to current bus system characteristic and data 
available, measuring and estimating the value of ridership 
factors, formulation and analysis of elasticity and assessing the 
bus service demand sensitivity. Primary data on bus services 
are collected from the regular stage bus operated in the mixed 
traffic at a corridor level and secondary data are compiled 
from some resources with respected institution.  

There are several significant factors available in this case 
that can be assessed for short-term and small scope actions. 
These ridership factors are ticket fare, fuel price, per capita 
income, service frequency, headway, and travel time. 
However, there are still many other aspects contribute to bus 
service demand changes. The study is limited on the 
assessment of the fixed-route bus service and dealing with the 
short-term action plan. The analysis emphasizes on the bus 
service demand response on ridership factors changes such as 
ticket fare, fuel price, per capita income, service frequency, 
headway, and travel time.  

II. DEMAND ELASTICITY MODEL  

A. Transit Passenger Demand  
A demand function for a particular good/product or service 
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represents the willingness of consumers to purchase the 
product at alternative prices, i.e. a number of passengers 
willing to use a commuter train at different price levels 
between a pair of origins and destinations, for a specific trip, 
during a given period [1]. In similar way, there is bus service 
demand function, accordingly.  

A general economic concept used in many planning 
situations of transportation system is price elasticity of 
demand. This transportation-demand model provides 
predictions of the response of trip-makers to changes in the 
transportation system. Demand elasticity model is simple and 
appropriate to transportation planning studies for rural areas, 
small and medium size urban areas, and even certain elements 
of planning for larger cities [2]. Additionally, demand 
elasticity model application concern with immediate or short-
term actions or with relatively small changes to the 
transportation system which consider an elaborate and detailed 
analytical treatment.  

In the economic theory, the law of demand is illustrated in 
Fig. 1. The law states that, everything else being constant, the 
quantity Q of goods or service that consumers demand 
decreases as their price P increases, and conversely, when the 
price is reduced, the quantity demanded rises. As 
transportation system is a service, therefore, it is unable to 
avoid that the service is subject to market force. For instant, 
the drop in number of trips should be expected to occur 
following an increase in transit fare. On the other hand, 
decreases in parking fee would encourage car use.  

The definition of price elasticity of demand is the ratio of 
the relative change in the quantity demanded to the relative 
change in price. In other word, elasticity is % change in 
response divided by % change in stimulus [1,2]. Thus, the 
general form of elasticity is formulated as  

 
Q
P

dP
dQ

PdP
QdQE ==   (1) 

 
Fig. 1. A hypothetical demand curve  

B. Linear Demand Function  
As shown in Fig. 2, a linear demand function expresses the 
price elasticity of demand as a function  

 PQ βα −=   (2) 
where,  Q  =  quantity or volume or number of trips  
 P  =  price or bus ticket fare  
 α, β  =  parameter to be estimated  
By performing derivation, substitution, and simplification, 

the elasticity becomes  
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On the other hand, thus  

 
Q

E α
−=1   (4) 

 
Fig. 2. A typical linear demand function  

The results of calculation may show several possible of 
sign. The negative sign (-) of elasticity reflects the fact that a 
percentage increase in price will cause a percentage decrease 
in quantity. The price elasticity of demand is not constant for 
all points on the curves.  

An upward and downward price change may result in an 
increase, a decrease, or a constancy of revenue, as the total 
revenue is the multiplication of quantity of demand and unit 
price (See Fig. 3). Clearly, the fact can be described by the 
value of price elasticity of demand. Moreover, there are there 
situations of demand sensitivity upon the implication of a 
price change on the total revenue of the supplier or operator as 
follows [1]-[3]:  
a. Elastic (relatively sensitive) demand; if E < -1, means that 

the percent decrease in quantity is larger than the percent 
increase in price. In other word, the total revenue after the 
price increase decreases because the loss of sales volume 
outweighs the extra revenue obtained per unit sold. There 
is a negative relation between price and total revenue. In 
this case, an increase in price will reduce total revenue, 
but a decrease in price will increase total revenue.  

b. Inelastic (relatively insensitive) demand; if E > -1, means 
that the total revenue after raising price increases. In this 
case, an increase in price will increase total revenue, and a 
decrease in price will decrease total revenue. This is 
called positive relation.  

c. Unitarily elastic demand; if E = -1, if the revenue derived 
from selling less units at a higher price is equal to the total 
revenue prior to raising the price, for instant, more units at 
a lower price. Although the price goes up or down, the 
total revenue will remain the same. In other word, that 
price changes cause a proportional change in 
consumption.  

β
α

α
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Fig. 3. General case of a linear demand function showing elasticity  

C. Product Form Demand Function  
Occasionally, the demand function has essentially constant 
elasticity with respect to change in price. This model is called 
Kraft demand model. In such situation, the demand function 
approximate using equation  

 ( )βα PQ =   (5) 
where,  Q  =  quantity or volume or number of trips  
 P  =  price or bus ticket fare  
 α, β  =  constant parameters of the demand function  
The price elasticity is calculated as follows:  

( ) 1−= βαβ P
dP
dQ   

Hence, by substitution, the price elasticity is identified as 
exponent of the price (β).  

( ) ( ) βαβαβ ββ ==== −−− 111 PQP
Q
PP

Q
P

dP
dQE  

In a particular transit service, the demand function is 
assessed to be a function of fare F and travel time T [2]. As 
shown in (6), the demand function is called product form 
demand function because of some components involved. The 
exponent of the price components represents the elasticity of 
demand with respect to each component.  

 γβα TFQ =   (6) 
The elasticity of demand with respect fare (β) and travel 

time (γ) are calculated as follows:  

βαβ γβ =⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
== − TF

Q
F

Q
F

dF
dQE

fare

1   

Similarly the travel time elasticity is obtained as γ=
t

E .  

It is noted that this function may be reasonable for price-
level changes near the base-data conditions, because it 
assumes that the elasticities are constant. This function was 
particularly used by Quandt and Baumol [4] to developed 
simultaneous demand equation, which is not discussed here.  

D. Demand Sensitivity and Shifted Demand Function  
Demand sensitivity concerns on how responsive the change in 
demand as the reaction to the change in factors (price or 
others) as a stimulus. The elasticity of demand can be used to 
be descriptor for explaining the degree of sensitivity of 

demand change to a change in price or some other factors. 
Practically, people will react by changing their behavior due to 
some change or stimulus, and elasticity measures the response 
to which people react. The general cases of demand sensitivity 
measured by elasticity are described in Fig. 3, as mentioned 
above.  

Demand function can shift by some factors. This shift 
represents changes in the quantity or volume (e.g. travel) due 
to factors other than the perceived price, e.g income, other 
developed new transportation modes, etc. (See Fig. 4). At 
price P0, it can be expected different quantities Q1, Q2, and Q3 
as the demand function changes from D1, D2, and D3. The 
demand function which shifts from D1 to D3 indicates an 
increase in number of trips.  

Single demand function as shown in Fig. 2 indicates the 
short-run changes in the quantity of travel due to price 
changes. Meanwhile, Fig. 4 shows shifted demand function 
which indicates the long-run changes in the travel demand due 
to change in activity or other behavioral variables in the 
transportation system.  

 
Fig. 4. A shift in demand function  

E. Ridership Factors  
The choice of the travel mode depends on several factors, such 
as the purpose of the trip, the distance traveled, and the 
income of the traveler [1,5].  

In general the demand for travel mode depends on the 
income of traveler, for example, bus service demand depends 
on the passenger income. Many attributes of trip-makers are 
very complex. Among the important attributes which affects 
the change in travel demand are price, travel time, headway, 
frequency, income, etc. [3,6]. Elasticity is difficult to use 
because of the complex nature of the changes in attributes in 
trip-makers, for instances, non-availability of comparable 
factors service data. In other word, for instances, the impacts 
of price change are difficult to quantify because of other 
service changes at the same time. Therefore, it is necessary to 
think carefully for discussing the transit demand response. As 
in facts, the different trip-maker attributes or segments have 
different elasticity, then a single elasticity measure may hide 
wide variations of responses.  

F. Direct and Cross Elasticity  
What is different between direct and cross elasticity? Direct 
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and cross elasticity are distinguished by to which the change 
will take effect. The effect of change is able to influence 
whether on the demand for the same product or for another 
product. The elasticity at which the change in price of a 
product affects directly to the change in demand of the product 
is called a direct elasticity. On the other hand, the price 
elasticity reflecting the price change in one product affects the 
demand for another product is called cross elasticity [1,2].  

The sign of cross elasticity may be positive or negative 
depending on whether the two products are complementary or 
substitutes for each other [1,2]. For example, an increase in 
private cars travel cost would be expected to cause a decrease 
in private cars use (direct elasticity) and an increase in number 
of transit trips (cross elasticity). This sign is positive because 
cars travel cost and transit trips demand are substitutes for 
each other. Otherwise, it is possible that cross elasticity is 
negative, as there is a decrease in the demand of cars tires. 
Clearly, the cars tires demand and cars travel cost are 
complementary for each other.  

G. Elasticity Measurement  
The method of measurement of elasticities is by observing 
actual price changes in the system under study [2]. The price 
change is accounted carefully and properly for demand 
changes because there are more than one cost component. 
There are many factors other than price taking effect on 
demand change including many attributes of population and 
demographic change. Thus, it is important to assess separately 
the overall demand response to its corresponding individual 
components. Parody and Brand [7] as cited by Papacostas et 
al. [2] reported the study on forecasting demand and revenue 
for transit prepaid pass and fare alternative. Various 
elasticities for several user subgroups were derived and used 
to predict the transit demand effects of alternative fare 
structures.  

There are several equations can be used to approximate the 
price elasticity of demand such as shrinkage ratio, mid-point 
elasticity, and log-arc elasticity.  

1) Shrinkage Ratio  
Elasticity is a ratio between percentage of change in quantity 
(units) and percentage of change in unit price (or other 
factors). The shrinkage ratio is defined as  

 ( )
( ) 112

112

PPP
QQQEshr −

−
=   (7) 

where,   P1, P2 : price before and after a situation  
    Q1, Q2 : quantity or ridership before and after  
    Eshr   : shrinkage ratio  
2) Mid-point or Arc Elasticity  

The mid-point (or linear) arc elasticity is computed as  

 ( ) ( )
( ) ( )2112

2112

PPPP
QQQQEarc +−

+−
=   (8) 

The calculation of elasticity by using the mid-point 
elasticity formula is illustrated in Fig. 5.  

 
(a) Demand curve  

 
(b) Mid-point elasticity  

Note:  P1, P2  : price before and after  
  Q1, Q2  : quantity before and after  
  - ∞   : perfectly elastic,  
  0    : perfectly inelastic,  
  -1    : change in demand equals change in “price”.  
An elasticity E = β means that every 1% of price change lost β% demand.  

Fig. 5. The illustration on elasticity equation  
 
From Fig. 5, the mid-point elasticity formula is expressed as  
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where,   P1, P2 : price before and after a situation  
    Q1, Q2 : quantity or ridership before and after  
    Earc   : arc elasticity  
3) Log-arc Elasticity  

The log-arc elasticity is calculated as  

 
12

12
log loglog

loglog
PP
QQE arc −

−
=−   (9) 

where,  Q1, Q2  :  quantity or observed demand change 
before and after a situation  

 P1, P2  :  actual price before and after a situation  
 Elog-arc  :  log-arc elasticity  

III. METHODOLOGY  

A. Data Compilation  
A case study based on the Ipoh-Lumut corridor in Perak 
Malaysia is performed for data collection. Fig. 6 illustrates the 
Ipoh-Lumut bus service corridor. In this corridor, a regular 
stage bus (44 seats capacity) is operated in the mixed traffic. 
An 82.6 km length bus route is traveled within 110 minutes 
with operating speed of 45 km/h. Bus operating hour is 
available everyday from 07:00 to 21:00 with service frequency 
of 30 minute each departure at peak period and 60 minute each 
departure at off-peak period.  
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(a) Bus service route  

 

 
(b) Schedule and travel time  

Fig. 6. The Ipoh-Lumut bus service corridor  
 
Primary data was collected by performing the on board 

survey to compile the number of passengers per day using the 
existing bus service in 2007. On board survey were done for 
full one day (workday), one week (daily at peak period), and 
one year (two typical days each month, workday and weekend, 
at peak period). Secondary data were also collected from 
government institution and bus operator. Those cover highway 
data, population and demography, socio-economic data, 
vehicle growth, per capita income, ticket fare, schedule, etc.  

B. Sensitivity of Bus Service Demand  
As being discussed above, to assess the bus service demand 
sensitivity, the elasticity is measured. Elasticity of bus service 
demand E is a useful descriptor for explaining the degree of 
sensitivity to a change in price or some other factors. Bus 
service demand is reflected by number of passenger per day.  

In this study, the demand sensitivity of bus service is 
assessed based on the change in factors or travel attributes 
such as ticket fare, fuel price, per capita income, and service 
frequency. Those factors are compiled from both primary and 
secondary data collected. Several assumptions and practical 
estimation method are applied according to the need as 
mentioned for each ridership factors assessed. The data, 
assumption, estimation, and calculation steps are explained in 
the following sub section in results and discussion section.  

C. Bus Service Demand and Passenger Growth Rate  
For analysis, in general, the use of maximum passengers per 
day in 2007 is preferable. Thus, Q2007 = 3,927 passengers per 
day (see Table I). In this case, however, the scenario of 
analysis is divided into three scenarios such as pessimistic, 
moderate and optimistic for comparison purpose (see Table 
III). Pessimistic scenario analysis considers the minimum 
passengers per day which means that people are unenthusiastic 
to use bus service. Moderate scenario is based on the average 
number of passengers per day using bus. Meanwhile, 
optimistic scenario is analysis of demand regarding to the 
maximum number of passengers per day using bus service.  

TABLE I  
NUMBER PASSENGERS PER DAY IN 2007  

Type Passengers per 
bus per day 

Passengers per 
day (Calculated) 

Average 366 2,560 
Minimum 138 966 
Maximum 561 3,927 

Table II shows the number of population and motor vehicle 
per thousand populations. The number of vehicles per 
thousand populations is called service rate. However, the 
number of vehicles per kilometer (access rate) is not 
discussed. For approximation, the growth of passengers is 
predicted by using the growth of population. The equation to 
calculate growth rate is  

 ∑
−

+ −
−

=
1

1
1 n

i i

ini

P
PP

n
r   (10) 

It is considered that the growth of population is used for 
assuming the growth of number of bus passengers. The 
calculation of population growth rate is shown in Table II.  

TABLE II  
NUMBER OF POPULATIONS AND MOTOR VEHICLES PER 1,000 POPULATIONS  

State Population 
(million) 

Service rate 

Cars/ 
1,000 pop 

Motor/ 
1,000 
pop 

Tot veh/ 
1,000 pop

Bus-taxi-
hired cars/ 
1,000 pop 

Perak       2004 2.23 189 365 595 3.7 
2005 2.26 200 379 621 3.7 
2006 2.28 212 394 648 3.7 
2007 2.32 217 397 658 3.7 

Aver. growth rate 1.3% 4.7% 2.9% 3.4% 0 
Malaysia  2004 25.58 231 257 538 5.1 

2005 26.13 248 268 567 5.2 
2006 26.64 261 280 593 4.9 
2007 27.17 273 292 619 5 

Aver. growth rate 2.0% 5.7% 4.3% 4.8% -0.6% 
Note: Refer to (10), growth rate of transport indicators is calculated.  
Source: Department of Statistics Malaysia (2004-2007) [8-11].  
The number of passengers in 2009 is predicted using (11).  
 t

t rQQ )1(0 +=  (11) 
where,  Q0, Qt :  number of passenger at base and target year  
 r  :  growth rate  
 t  :  time duration (target year – base year)  
Assuming the passengers trip growth rate is approximately 

similar to r = 1.3% per year. This growth rate is assumed for 
total passenger trips including both of public transport use and 
private cars.  

2
20072009 %)3.11( += QQ  = 4,030 passengers per day  

According to Minister of Transport Malaysia [12], the 
Malaysia targets to increase the modal share of public 
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transport in the Klang Valley ranging from 10% to 25% by 
2012. Thus, for approach in this case, it is assumed that 10% 
growth rate is concerned to public transport use and 90% is for 
private cars use. Thus, r = 10%*1.3% = 0.13% per year.  

2
20072009 %)13.01( += QQ  = 3,937 passengers per day  

The scenario of solution to the case on bus service demand 
is shown in Table III.  

TABLE III  
ANALYSIS SCENARIO ON THE BUS SERVICE DEMAND  

Scenario Type Passengers per 
day (2007) 

Passengers per 
day (2009) * 

Passengers per 
day (2009) ** 

Pessimistic Minimum 966 992 969 
Moderate Average 2,560 2,630 2,569 
Optimistic Maximum 3,927 4,030 3,937 

Note:  *)   : estimated with r = 1,3% per year  
  **)  : estimated with r = 0.13% per year  

IV. RESULTS AND DISCUSSION  

A. Price Elasticity  
Price elasticity is calculated in term of ticket fare of existing 
bus service. Bus service system in the existing corridor carries 
passenger per day as shown in Table I, charging RM 6.50 per 
ride in 2007. At this corridor, there are 7 bus trips available 
everyday. The management (operator) raises the rate to RM 
8.40 per ride in 2009. The elasticity of bus service demand 
with respect to price is unknown. Therefore, analysis is made 
to find what ideas can be offered to management or operator.  

Ticket fare of bus service (transit trip) is considered as a 
price variable. Then, the price elasticity Ef is calculated using 
three equations above, (7), (8), and (9). For example, the 
elasticity of transit demand with respect to price is calculated. 
This is classified into a direct elasticity.  

( )
( ) 50.6/50.640.8

927,3/927,3937,3
)( −

−
=shrfE  = 0.008901  

( ) ( )
( ) ( )40.850.650.640.8

937,3927,3927,3937,3
)( +−

+−
=arcfE  = 0.010188  

50.6log40.8log
927,3log937,3log

)(log −
−

=−arcfE  = 0.010133  

The result of price elasticity calculation is shown in Table 
IV. Table V shows that both arc and log-arc elasticity result 
close values. Thus, the arc elasticity is applied for discussion.  

TABLE IV  
PRICE ELASTICITY USING THREE EQUATIONS  

Demand Transit ridership    
scenario (pass/day) Price Elasticity 

 2007 2009 SHR ARC LOG-ARC
 (Q1) (Q2) (Ef) (Ef) (Ef) 

r = 1.3% per year      
Optimistic 3,927 4,030 0.089526 0.101285 0.100739 
Moderate 2,560 2,630 0.089526 0.101285 0.100739 

Pessimistic 966 992 0.089526 0.101285 0.100739 
r = 0.13% per year      

Optimistic 3,927 3,937 0.008901 0.010188 0.010133 
Moderate 2,560 2,569 0.008901 0.010188 0.010133 

Pessimistic 966 969 0.008901 0.010188 0.010133 
Note: Ef = price (ticket fare) elasticity, SHR = shrinkage ratio, ARC = arc 
elasticity, LOG-ARC = log-arc elasticity  

TABLE V  
DEVIATION OF PRICE ELASTICITY USING THREE EQUATIONS  

Demand scenario Δ1 Δ2 Δ3 
r = 1.3% per year    

Optimistic 0.011759 0.011213 0.000546 
Moderate 0.011759 0.011213 0.000546 

Pessimistic 0.011759 0.011213 0.000546 
r = 0.13% per year    

Optimistic 0.001288 0.001232 5.55E-05 
Moderate 0.001288 0.001232 5.55E-05 

Pessimistic 0.001288 0.001232 5.55E-05 
Note: Δ1 = |Eshr-Earc|;  Δ2 = |Eshr – Elogarc|;  Δ3 = |Earc-Elog-arc|  

By referring to the population growth, that both transit and 
private cars demand growth are assumed 1.3%. The elasticity 
of transit demand with respect to price is not negative. This 
means that a 1% increasing fare will still lead to a 0.101285% 
increase in transit demand. This is happen because the 
increasing fare does not affect people leaving from using 
public transport. Therefore, the increase in fare from RM 6.50 
to RM 8.40 (a 29.2% increase) is not likely to reduce the 
transit demand in this corridor. The number of 3,927 
passengers per day in 2007 will remain to increase to 4,030 in 
2009 (a 2.96% increase). In terms of revenue, the results are as 
follows (see Table VI):  

3,927 passengers at RM 6.50/ride  = RM 25,526  
4,030 passengers at RM 8.40/ride  = RM 33,851  
Thus, the company will still benefit as follow:  
 - Optimistic  = 33,851 – 25,526  = RM 8,325 per day  
 - Moderate   = 22,067 – 16,640  = RM 5,427 per day  
 - Pessimistic  = 8,327 – 6,279   = RM 2,048 per day  

TABLE VI  
TOTAL REVENUE BASED ON PRICE ELASTICITY  

Demand scenario Revenue Increment 
 2007 2009 Benefit 

r = 1.3% per year    
Optimistic 25,526 33,851 8,325 
Moderate 16,640 22,067 5,427 

Pessimistic 6,279 8,327 2,048 
r = 0.13% per year    

Optimistic 25,526 33,073 7,547 
Moderate 16,640 21,560 4,920 

Pessimistic 6,279 8,136 1,857 
Additionally, it is estimated that transit demand grow by 

10% of the r = 1.3% of total demand growth. Then, this is 
called as a low growth rate of passengers. For optimistic 
scenario, in condition of low growth rate of passengers (r = 
0.13%), the price elasticity equal to 0.010188. Here, the 
company will still benefit of RM 7,547 per day, as the revenue 
is RM 33,073 per day. In other word, there is no loss in 
revenue for the company/management due to increase in fare.  

In other side, the increasing fare does not practically reduce 
the people from using bus service. This may due to subsidy 
allocated by government makes the fare still affordable. The 
increase of fare is not significant against the passenger’s 
growth. This is shown by positive elasticity.  

B. Cross Elasticity of the Fuel Price  
The effect of change in the price of a good on the demand for 
the same good is referred to as direct elasticity. However, the 
measure of responsiveness of demand for a good to the price 
of another good is referred to as cross elasticity. When two 
products are substitute good in demand, the cross elasticity is 
positive. For example, bus and gas are substitute good, their 
cross elasticity is positive. Otherwise, bus and airplane are 
complement good, their cross elasticity is negative. Below is 
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the example of the change of elasticity against fuel price.  
For the case of Ipoh-Lumut corridor, a 20% increase in fuel 

costs (from RM 1.60 /liter in 2007 to RM 1.92 /liter in 2009) 
has resulted in a 2.62% increase in bus patronage (from 3,927 
passengers per day in 2007 to 4,030 passenger per day in 
2009). Then, calculation is needed for the implied cross 
elasticity of demand.  

For the calculation, let  
P0  : price of fuel before = RM 1.60  
P1  : price of fuel after  = RM 1.92  
            There is a 20% increase  
B0  : bus patronage before = 3,927 passengers/day  
B1  : bus patronage after = 4,030 passengers/day 
            There is a 2.62% increase  
The cross elasticity is shown in Table VII as follows:  

TABLE VII  
FUEL PRICE ELASTICITY USING THREE EQUATIONS  

Demand Fuel Price Elasticity 
scenario SHR ARC LOG-ARC

 (Efp) (Efp) (Efp) 
r = 1.3% per year    

Optimistic 0.130845 0.142071 0.141686 
Moderate 0.130845 0.142071 0.141686 

Pessimistic 0.130845 0.142071 0.141686 
r = 0.13% per year    

Optimistic 0.013008 0.014291 0.014251 
Moderate 0.013008 0.014291 0.014251 

Pessimistic 0.013008 0.014291 0.014251 
   Note: Efp = fuel price elasticity  

C. Cross Elasticity of the Income  
The percentage of income based on the income level category 
or income distribution data for Kinta and Manjung is not 
available. Meanwhile, income data for Perak Tengah is 
available only for 2000. Regarding to the city development, 
Ipoh (Kinta) and Manjung district may have different 
distribution with Perak Tengah. Because the detail of income 
was not completely gained from the sources, then other socio-
economic data is used for the approach of analysis. Series data 
of per capita GDP (Gross Domestic Product) as shown in 
Table VIII can be used for the approach of analysis.  

TABLE VIII  
PER CAPITA GDP OF PERAK AND WHOLE OF MALAYSIA  

 Per capita GDP 
Year Perak Malaysia 
1998 11,476.64 12,919.65 
1999 12,314.44 13,733.58 
2000 13,183.00 14,584.00 
2001 14,118.99 15,400.70 
2002 15,121.44 16,263.14 
2003 16,195.06 17,173.88 
2004 17,344.91 18,135.62 
2005 18,616.00 19,189.00 
2006 19,677.11 20,340.34 
2007 20,798.71 21,560.76 

Average 15,884.63 16,930.07 
Growth (r) 6.83% 5.86% 

Note: GDP = Gross Domestic Product  
Source: Department of Statistics Malaysia (1998-2007) [8-11].  

 
Table IX shows the average growth rate of per capita 

income GDP. The per capita GDP of Perak increase 81% (RM 
9,322.07) from RM 11,476.64 (1998) to RM 20,798.71 
(2007). From 1998 to 2007, the average GDP is RM 15,884.63 

per year with a growth rate of 6.8%. Meanwhile, for the whole 
of Malaysia, during 1998 to 2007, the average GDP is RM 
16,930.07 per year with a growth rate of 5.8%.  

 
TABLE IX  

PER CAPITA GDP GROWTH OF PERAK AND WHOLE OF MALAYSIA  
 Perak  Malaysia  

Year Per capita GDP Growth rate 
(r = 6.83%) 

Per capita GDP Growth rate
(r = 5.86%)

2007 20,798.71  Base year 21,560.76  Base year 
2008 22,219.53  Predicted 22,823.28  Predicted 
2009 23,737.41  Predicted 24,159.72  Predicted 
2010 25,358.98  Predicted 25,574.42  Predicted 
2015 35,287.75  Predicted 33,991.90  Predicted 

 
The calculation of income elasticity is shown as follows:  
Let data given,  
I0  : per capita income in 2007 = RM 20,798.71  
I1  : per capita income in 2009 = RM 23,737.41  
             There is a 14.13% increase  
B0  : bus patronage before    = 3,927 passengers/day  
B1  : bus patronage after    = 4,030 passengers/day  
             There is a 2.62% increase  
The cross elasticity (Ei) is indicated in Table X. The 

demand will increase about 0.196% as the income (per capita) 
increase about 1%.  

TABLE X  
INCOME ELASTICITY USING THREE EQUATIONS  
Demand Income Elasticity 
scenario SHR ARC LOG-ARC

 (Ei) (Ei) (Ei) 
r = 1.3% per year    

Optimistic 0.185212 0.195735 0.195462 
Moderate 0.185212 0.195735 0.195462 

Pessimistic 0.185212 0.195735 0.195462 
r = 0.13% per year    

Optimistic 0.018414 0.019689 0.01966 
Moderate 0.018414 0.019689 0.01966 

Pessimistic 0.018414 0.019689 0.01966 
   Note: Ei = income elasticity  

D. Frequency Elasticity  
Scheme of frequency change is taken as the one of strategy for 
improvement of bus service quality. In this case, frequency 
change aims to produce the attractive waiting time rather than 
to relieve the overcrowding demand. The change in number of 
passengers per day is measured with respect to frequency 
change. To calculate frequency elasticity, the data and 
estimated demand are given in Table XI. Two alternatives of 
frequency change are appraised. This analysis assumes that the 
capacity of bus is still remain at the target year. Hence, in this 
case, by referring to (7), (8), and (9), the frequency elasticity is 
calculated by replacing price with frequency of bus service. 
This is classified as a direct elasticity.  

 
TABLE XI  

SCHEME OF NUMBER OF PASSENGERS WITH RESPECT TO FREQUENCY CHANGE  

Description Unit Existing 
service Alternative 1 Alternative 2

  2007 2009 2009 
Headway, H minute 39.66 30 20 
Frequency, F bus/hour 3 bus/2-hours 2 bus/hour 3 bus/hour 
Roundtrips per day bus trip 21 30 45 
Number of 
passengers per day, P

pass/day 3,927 4,030 4,030 
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The frequency elasticity (Efr) is summarized in Table XII 
and Table XIII. The frequency elasticity for both alternative 1 
and 2 is comparatively shown. Fig. 7 shows the frequency 
elasticity on affecting the change in demand. In alternative 1, 
the 1% increase in frequency will affect the 0.073% increase 
in demand. Meanwhile, in alternative 2 with higher frequency 
change, the frequency elasticity is lower, that is at 0.036.  

 
Fig. 7. The illustration on elasticity of frequency change  

 
TABLE XII  

FREQUENCY ELASTICITY USING THREE EQUATIONS (ALTERNATIVE 1)  
Demand Frequency Elasticity 
scenario SHR ARC LOG-ARC

 (Efr) (Efr) (Efr) 
r = 1.3% per year    

Optimistic 0.061061 0.073188 0.072426 
Moderate 0.061061 0.073188 0.072426 

Pessimistic 0.061061 0.073188 0.072426 
r = 0.13% per year    

Optimistic 0.006071 0.007362 0.007285 
Moderate 0.006071 0.007362 0.007285 

Pessimistic 0.006071 0.007362 0.007285 
   Note: Efr = frequency elasticity  
 

TABLE XIII 
FREQUENCY ELASTICITY USING THREE EQUATIONS (ALTERNATIVE 2)  

Demand Frequency Elasticity 
scenario SHR ARC LOG-ARC

 (Efr) (Efr) (Efr) 
r = 1.3% per year    

Optimistic 0.022898 0.035518 0.033895 
Moderate 0.022898 0.035518 0.033895 

Pessimistic 0.022898 0.035518 0.033895 
r = 0.13% per year    

Optimistic 0.002276 0.003573 0.003409 
Moderate 0.002276 0.003573 0.003409 

Pessimistic 0.002276 0.003573 0.003409 
   Note: Efr = frequency elasticity  
Frequency elasticity is necessary to evaluate the change in 

transportation demand. Normally, the increase in bus service 
demand can be resulted from the increase in frequency of bus 
service. The frequency elasticity is generally positive (Efr > 0). 
For this case, frequency elasticity Efr = 0.035518 (alternative 
2) is less than Efr = 0.073188 (alternative 1), however, both are 
inelastic. At the beginning of bus service improvement (by 
adding frequency), the load factor is still low about 27%, but it 
is possible to go up after people being familiar with bus 
service system and new generated passengers are attracted to 
use bus. Frequency elasticity of 0.036 means the frequency 
rise of 1% will result 0.036% increase in bus service demand 
(ridership). In other word, because headway is inverse 
frequency, therefore, 1% decrease in headway will cause 
0.036% increase in transit demand.  

E. Headway Elasticity  
Headway is inversely proportional with service frequency. 
The headway elasticity (Eh) is calculated similarly with the 
way how frequency elasticity is calculated. Headway elasticity 
is obtained as a direct elasticity. The result is then tabulated in 
Table XIV and Table XV. In this case, for alternative 1, as the 
headway elasticity is -0.09314, the headway change from 
39.66 to 30 minute (24.36%) will cause the 2.62% increase in 
bus service demand. Moreover, in alternative 2, if headway 
decreases from 39.66 to 20 minute (49.57%), then the demand 
increases by headway elasticity of -0.03919. Negative sign of 
headway elasticity means the relative decrease in headway 
will cause the relative increase in demand.  

 
TABLE XIV  

HEADWAY ELASTICITY USING THREE EQUATIONS (ALTERNATIVE 1)  
Demand Headway Elasticity 
scenario SHR ARC LOG-ARC

 (Eh) (Eh) (Eh) 
r = 1.3% per year    

Optimistic -0.10744 -0.09314 -0.09254 
Moderate -0.10744 -0.09314 -0.09254 

Pessimistic -0.10744 -0.09314 -0.09254 
r = 0.13% per year    

Optimistic -0.01068 -0.00937 -0.00931 
Moderate -0.01068 -0.00937 -0.00931 

Pessimistic -0.01068 -0.00937 -0.00931 
   Note: Eh = headway elasticity  
 

TABLE XV  
HEADWAY ELASTICITY USING THREE EQUATIONS (ALTERNATIVE 2)  

Demand Headway Elasticity 
scenario SHR ARC LOG-ARC

 (Eh) (Eh) (Eh) 
r = 1.3% per year    

Optimistic -0.05279 -0.03919 -0.03773 
Moderate -0.05279 -0.03919 -0.03773 

Pessimistic -0.05279 -0.03919 -0.03773 
r = 0.13% per year    

Optimistic -0.00525 -0.00394 -0.0038 
Moderate -0.00525 -0.00394 -0.0038 

Pessimistic -0.00525 -0.00394 -0.0038 
   Note: Eh = headway elasticity  

F. Travel Time Elasticity  
Travel time elasticity is calculated based on the short-run 
changes in travel time and passenger per day at the first and 
second semester of 2007. This is classified into a direct 
elasticity. Table XVI indicates that the travel time elasticity 
significantly exists. In this case, bus service demand changes 
sensitively with respect to relative change in travel time. This 
shows that approximately 1% increase in travel time causes 
4.057% decrease in passenger per day.  

 
TABLE XVI  

TRAVEL TIME ELASTICITY USING THREE EQUATIONS  
Passenger per day Travel time (minute) Travel Time Elasticity 
Jan-Jun Jul-Dec Jan-Jun Jul-Dec SHR ARC LOG-ARC

2007 2007 2007 2007 (Et) (Et) (Et) 
       

2,630 2,489 237.17 240.42 -3.921342 -4.057220 -4.057188 
       

   Note: Et = travel time elasticity  

  
                Alternative 2 
   F2 
   F1          Alternative 1
           Efr = 0.036 
   F0   Efr = 0.073 
 
 
 
 
 
                 Q0  Q1 
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G. Discussion and Strategic Bus Service Improvement  
Table XVII summarizes the elasticity of bus service demand 
with respect to change in some factors. As briefly explained 
above, the elasticity of transit demand is assessed with respect 
to ticket fare, fuel price, per capita income, service frequency, 
headway, and travel time. The elasticity of transit demand 
with respect to price is not negative. An 1% increasing fare 
will still lead to a 0.10% increase in passenger per day. This is 
because the increasing fare does not cause people leaving from 
using public transport. The increase in fare from RM 6.50 to 
RM 8.40 (a 29.2% increase) doesn’t reduce the transit use in 
this corridor. However, a number of 3,927 passengers per day 
in 2007 still increase to 4,030 in 2009 (a 2.62% increase). In 
terms of revenue, the benefits are as follows, RM 8,326.50 per 
day (optimistic scenario), RM 5,439 per day (moderate 
scenario), and RM 2,054 per day (pessimistic scenario). In 
other words, there is no loss in revenue for the 
company/management due to increase in fare.  

TABLE XVII  
SUMMARY OF ELASTICITY OF BUS SERVICE DEMAND  

Factors Elasticity Sign Type of 
elasticity 

Product or 
Service 

Category of 
sensitivity 

Ticket fare 0.101285 (+) direct  complement inelastic 
Fuel price 0.142071 (+) cross  substitute inelastic 
Income 0.195735 (+) cross  complement inelastic 
Frequency 0.073188 (+) direct  complement inelastic 
Headway -0.093136 (-) direct  complement inelastic 
Travel time -3.99891 (-) direct  complement elastic 
Note: fuel = gasoline  

E = -∞ : perfectly elastic  E > -1 : inelastic region 
E = -1 : unit elastic point  E < -1 : elastic region 
E = 0 : perfectly inelastic    

The increase of fare is still affordable by users as there is 
subsidy from government, so that it doesn’t significantly 
influence the demand of bus service. The magnitude of price 
(ticket fare) change does not make a difference in number 
passengers. The ticket fare change in two years (2007-2009) is 
only a single elasticity. However, the elasticity is only relative 
measure which may still hide various responses. This ticket 
fare elasticity can be quite different in short-term plan from 
long-term plan.  

For comparison, the study by VTPI [3,13] reveals the 
elasticity for short-term impacts analysis. The elasticity values 
are lower than those of prediction in medium and long-term 
changes under conditions in most North American urban 
areas. The facts, the elasticity of transit ridership with respect 
to fares is about –0.3 to –0.5 in the short run (first year) and 
increases to about –0.6 to –0.9 over the long run (five to ten 
years). Table XVIII summarizes transit elasticity values.  

TABLE XVIII  
TRANSIT ELASTICITY VALUES  

Aspects Market 
Segment 

Short Term Long Term 

Transit ridership WRT transit fares  Overall  –0.2 to –0.5  –0.6 to –0.9 
Transit ridership WRT transit fares  Peak  –0.15 to –0.3 –0.4 to –0.6 
Transit ridership WRT transit fares  Off-peak  –0.3 to –0.6  –0.8 to –1.0 
Transit ridership WRT transit fares  Suburban 

Commuters  
–0.3 to –0.6  –0.8 to –1.0 

Transit ridership WRT transit service  Overall  0.50 to 0.7  0.7 to 1.1 
Transit ridership WRT auto operating 
costs  

Overall  0.05 to 0.15  0.2 to 0.4 

Automobile travel WRT transit costs  Overall  0.03 to 0.1  0.15 to 0.3 
Note: WRT = with respect to; This table summarizes estimates of transit 

elasticities. These values can be used to predict how various types of changes 

in prices and service are likely to affect transit ridership and travel behavior.  
Source: Victoria Transport Policy Institute (VTPI), 2008 [3]  
The change of elasticity against fuel price is calculated with 

a 20% increase in fuel costs (from RM 1.60 /liter in 2007 to 
RM 1.92 /liter in 2009). Meanwhile, there is a 2.62% increase 
in bus passengers (from 3,927 passengers per day in 2007 to 
4,030 passenger per day in 2009). The cross elasticity of 
demand to the fuel price is +0.142. It means, a 1% increase in 
fuel price will lead to a 0.142% increase in transit demand.  

On the other hand, the elasticity of demand to income is 
+0.196. The demand will increase about 0.196% as the income 
(per capita) increase about 1%. For this case, in the public 
transport captive demand, the increase in income does not 
affect the decrease in transit use due to capability of buying 
private car. However, people with free option (rich) have 
naturally capable to choose to drive their own car since the bus 
service (public transport) is not attractive.  

To attract more passengers using bus service (ridership), the 
quality of bus service has to be improved. A strategic option to 
improve quality of service is performed such as by changing 
frequency for attracting increased demand or ridership. The 
change of frequency to become 3 buses per hour is preferable 
which is at headway of 20 minute, capacity of 44 seats, and 15 
buses per day available with load factor of 27%. Other 
possible way, the capacity is changed to 25 seats, headway of 
20 minute, frequency of 3 buses per hour, 15 buses per day, 
and load factor of 59%.  

Frequency change is likely most preferable 
recommendation than the change in capacity due to the 
opportunity of raising load factor in future time. The 
frequency change in this case intends to increase ridership by 
adding number of buses. Adding buses is to reduce the 
passenger waiting time rather than to relieve overcrowding as 
the loading passenger is low. Accordingly, at this load factor, 
the bus service become comfortable, convenient, and it will 
attract more bus users in long-term period. For comparison 
with increase in frequency, Evans [3,13] stated that the 
elasticity of transit use to service expansion is typically in the 
range of 0.6 to 1.0, meaning that each 1% of additional service 
(measured in vehicle-miles or vehicle-hours of service) 
increases ridership by 0.6-1.0%, although much lower and 
higher response rates are also found (from less than 0.3 to 
more than 1.0).  

In the headway factor, alternative 2 is a preferred strategy 
with headway elasticity of -0.09319. The headway changes 
from 39.66 to 20 minute (49.57%) will cause the 2.62% 
increase in bus service demand. Negative sign of headway 
elasticity means the relative decrease in headway will cause 
the relative increase in demand. However, headway change is 
a direct inelastic factor to demand change. In other study, 
according to Evans [3,13], the elasticity of transit use with 
respect to transit service frequency (called a headway 
elasticity) averages 0.5.  

Travel time is the most significant elastic factor due to high 
elasticity. In this case, bus service demand changes sensitively 
with respect to relative change in travel time. This shows that 
approximately 1% increase in travel time causes 4.057% 
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decrease in passenger per day. Consequently, it can be 
elaborated the effort on reducing travel time to attract more 
bus service users. It may possible to improve the traffic 
management system and bus service quality control for 
reducing delay, waiting time, and running travel time.  

Naturally, the demand of bus service increases when the 
level of service quality increases. Therefore, the reliability of 
bus service performance is necessary to be improved for 
achieving viable and reasonable standard.  

V. CONCLUSION  
The study concludes that the bus service demand responses 

most sensitive on travel time elasticity. Consequently, it can 
be elaborated the effort on reducing travel time to attract more 
bus service demand. Meanwhile, some other factors such as 
ticket fare, fuel price, per capita income, service frequency, 
and headway indicate inelastic factors in the change of bus 
service demand. Therefore, especially for current bus system 
and based on the short-term period, the bus service demand 
change is not sensitive with respect to the change in ticket 
fare, fuel price, per capita income, service frequency, and 
headway. It may changes based on those factors and some 
circumstances for long-term period.  
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