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Abstract: Forecasting the future patronage of (public transport) is difficult. 
Forecasting the patronage of a new mode of transport is harder. Earlier 
Time Series modelling is compared to the use of Generalised Costs. 
Worked examples are included. A case study from a real transport project 
is discussed to show how effective Generalised Cost modelling can be. 
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1. Introduction 
Forecasting the patronage of a new (public) transport facility, eg. new rail line, bus 
route etc. is important in the cost benefit analysis, often used to justify the investment. 
The accuracy of such forecasts has been criticised in earlier reports, and over optimistic 
forecasts have led to reductions in public funding for new tramway and other public 
transport projects in the UK. 

Part of the reason for forecasts not being accurate is that there are many empirical 
methods based on time series analyses. These rarely have proven cause and effect 
relationships, even though high statistical correlations prove the relationships to be non 
random [12]. Fig. 1 shows a typical time series model, based on 20 years of data (1985 
to 2005). The regression line through the data shows the mid point (by interpolation) 
(2005) to be the most accurate predicted value. Extrapolating ten years beyond the latest 
data point (2005) shows the confidence interval widening, so that in 2015, while the 
forecast value is 11million passengers annually, the probable range (at the 95% 
confidence level) lies between 8 and 18 million. Even at a lower (67%) confidence level 
the forecast range is still 10 to 13 million passengers pa. This however cannot exclude 
autocorrelation, where two or more variables are measuring the same behaviour, slightly 
differently. 

Time series analysis cannot predict step changes in behaviour, nor even prove that past 
behaviour will continue into the future. To overcome this, two different approaches can 
be adopted. In the first a combination of fuzzy logic and chaos theory can be used to 
identify possible behaviour break points, which is the subject of a separate paper. In the 
second, a causal model based on individual behaviour can be used to predict, 
independently of time series data, the modal split or patronage level. One method to 
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achieve this is based on Generalised Costs, which models the perceived quality of 
different modes of transport. 
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Figure 1 Time series analysis 

2. Theory of Generalised Costs 
It is well established in economic theory that there is an inverse relationship between 
demand  and cost, the Demand Curve (Fig. 2) [8]. 

Where n œ 1/C   and so n= k.1/C, where k=a constant. 

Unfortunately where the money cost of transport, is substituted into this relationship, 
there is a weak correlation, and typically the elasticity of demand (e) is low. 

    e = dn/dC < 0.  

For urban bus systems in the UK a figure for e has typically been –0.3. Recently, as bus 
use has declined further in the UK, e = –0.4 has been found from fare increases. These 
elasticity figures mean that between 60 and 70% of the change of patronage is 
determined by factors other than the money cost of travel [4], [13]. 



Acta Technica Jaurinensis Vol. 2. No. 1. 2009 

59 

        
        Demand (n) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0      1                     2                     3                     4    
      Cost (C) 

 
Figure 2. Economic demand(n)/ cost(C) curve. 

Through market research and behavioural studies, the other factors influencing mode 
choice in transport have been identified. These represent measures of the quality of 
service; speed of travel, ease of access and reliability of service. How can these be 
measured, and are there relative weights to represent any bias in the perception by 
passengers? [10], [16] 

The journey time from origin to destination, has been found from a large number of 
studies, can be separated into different parts. Each part has its own value and weighting. 
A typical urban public transport journey starts with a walk to the (bus) origin station, a 
wait for the departure, a ride on the vehicle, and then a walk to the final destination. On 
some journeys there may also be a change of route, requiring a walk between stops and 
a further wait for the new departure [5], [6] [11]. 

Research shows that in-vehicle ride time is perceived by passengers at about the same as 
clock time. This means that a ten minute ride in a bus feels like ten minutes of clock 
time. Waiting time however has a much higher perceived value. Values as high as 2.2 x 
clock time have been reported. This means that every minute of waiting time saved (eg. 
by a more regular service) has the same benefit as reducing in-vehicle riding time (eg. 
by faster running) by 2 minutes [9]. 

Walking access time is viewed more onerously than in-vehicle time but not as badly as 
waiting time. Values of 1.8 x clock time have been reported. This means that every 
minute of walking time saved (eg. by having more stops) has the same benefit as 
reducing in-vehicle time by about 2 minutes. Passengers also value vehicle comfort and 
safety but for most urban journeys these are rather small compared to the components of 
travel time. 



Vol. 2. No. 1. 2009  Acta Technica Jaurinensis 

60 

Now we face a fundamental discontinuity.The components of travel time are measured 
in time, units with international recognition, standardisation and interchangability. The 
travel cost (of public transport) is on the other hand measured in local currency, units of 
money, making camparisons with other countries difficult. Fortunately further research 
shows that different reasons for travelling (journey purposes) have different values 
reflecting passengers available income, and the economic importance of the 
journey [1] [14]. 

This can be captured by a value of time, allowing the time elements of a journey to be 
converted into money, or the (fare) costs to be converted into time. The most important 
travel for most passengers is the journey to work. Here research shows that the 
perceived value of time to be close to the wage rate of the passenger. For other (non 
work) journeys, a variety of values have been reported clustering around 25% of the 
wage rate. For convenience, an average of 25% can therefore be used for other (non 
work) journeys [2], [15]. 

3. Establishing the functional relationships. 
To understand better these factors, two worked examples have been selected. Here the 
components of an urban (public transport bus) work trip are: 

3.1. Journey examples 

Table 1 Journey One 

 Part of journey Time (mins) weight Equ.mins. 

(a) origin walk   5 1.8   9.0 

(b) wait at stop   5 2.2 11.0 

(c) riding 12 1.0 12.0 

(d) destination walk   6 1.8 12.8 

   TOTAL 44.8 

(e) fare 300 forints (at value of time 25 forints/minute) 

Table 2 Journey Two 

 Part of journey Time (mins) weight Equ.mins. 

(a) Origina walk   4 1.8   7.2 

(b) wait at stop   4 2.2   8.8 

(c) riding 10 1.0 10.0 

(d) destination walk   3 1.8   5.4 

   TOTAL 31.4 

 (e) fare 300 forints (at value of time 25 forints/minute) 
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3.2. Generalised Costs in units of money 

Journey One 
(a) travel time = 44.8 mins @ 25Ft/ min = 1120 Ft 
(b) fare =       300 Ft 
     TOTAL 1420 Ft 

Journey Two 
(a) travel time = 31.4mins @25Ft/min =   785 Ft 
(b) fare =       300 Ft 
     TOTAL 1085 Ft. 

3.3. Generalised costs in units of time 

Journey One 
(a) travel time =    44.8 equ mins 
(b) fare = 300Ft @ 25Ft/min  12.0 equ mins 
     TOTAL 56.8 equ mins 

Journey Two 
(a) travel time =     31.4 equ mins 
(b) fare = 300Ft @ 25Ft/min  12.0 equ mins 
     TOTAL 43.4 equ mins 

In both methods of Generalised Costs determination, the money portion is small (about 
20-30%) and as the quality of the journey worsens, the generalised costs increase. 

If the modal choice analysis is related to only one period of time, or only one  country, 
then there is little to choose between equ. mins or money as a measure of Generalised 
Costs. If however there is a historical perspective, forecasts are required, or there are 
international comparisons, then Generalised Costs should be measured in equivalent 
minutes. 

3.4. Representing Generalised Costs  

Generalised Costs can now be represented in Fig.3. 

In general terms 

n œ 1/GC      

Subsitituting a constant of proportionality (k) 

n =  k/GC 

If an initial condition of GC1 and n1 is known, the constant can be calculated. On the 
other hand if a new operating condition GC2  (eg. a fare increase or improved quality of 
service) is known, then the new demand n2 can be found by: 

n2/n1 = GC1/GC2 

so 

n2 = n1 x GC1/GC2 
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Figure 3. Generalised Cost/Demand Curve 

This can now be applied to the examples set out above. 

If GC1 = 56.8 equ.mins and GC2 = 43.4 equ.mins 

Then n2 = n1 x 56.8/43.4 

So n2 = 1.308 x n1 

The new demand will be about 30% higher than the original demand. 

4. Introducing a new mode of transport 
The above analysis is obviously valid where incremental changes are made to existing 
modes of transport, eg. higher bus fares, faster car speeds etc. How can the introduction 
of a new mode of transport be handled with Generalised Costs, to provide patronage 
figures for the new mode, and determine the reduction of use of existing modes? [7] 

The easiest way to consider this is by means of pair-wise probabilities. For small 
samples of data there is a danger that probabilities will over (or under) estimate the new 
patronage. On the other hand with large samples, or population sizes, the probability 
functions will be very close to the outcame average. 

Let N1 and GC1 be the present demand for and Generalised Cost of existing mode (1), 
and N2 , GC2 for mode (2) etc. 

Now let GCa be the Generalised Cost of a new planned mode of transport (a). 

As N1 œ 1/GC1 so N1 = k.1/GC1    

And  N1 + N2 = k.1/GC1 + k.1/GC    = k( GC2   + GC1)/(GC2  x GC2) 

To determine the probability of N1 compared to N2 

P1/2  =   N1 /(N1  + N2) = k.1/GC1/k.((GC2  +  GC1)/(GC1 x GC2)) = GC2 / (GC1  + GC2 ) 
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So pair-wise probabilities can be calculated, and the part of the demand attracted from 
mode (1) then becomes  

 P1/a   = GC1 / (GC1  + GCa) 

If N1  = the existing demand for mode (1), then the attraction from mode (1) to mode (a) 
will be 

 Na  =  N1 x P1/a  = N1.GC1 /(GC1  + GCa) 

Similar pair-wise probability can be constructed for the attraction of demand to (a) from 
modes (2), (3) etc. 

5. Application of concrete data 
A corridor in a city is 10km long and presently has the following modal split : 

Table 3 Present corridor traffic 

 Mode Trips pa(million) Av. GC (equ.mins) 

(1) Bus   8.0 40 

(2) Car   9.0 35 

(3) Walk   2.0 70 

 TOTAL 20.0  

A new mode of mode of transport (a) (eg. tram) is planned for this corridor. The tram 
will have a lower Generalised Cost through more frequent/reliable services, and faster 
operating speeds. Let the new mode (a) have a Generalised Cost = 30 equ. mins 

Using the pair-wise probability analysis developed in section 4, the attraction of existing 
trips to the new mode (a) can be calculated 

N1/a  =  8.0 x 40/(40 + 30) =  4.6million 

N2/a =  9.0 x 35/(35 + 30) =  4.8million 

N3/a =  2.0 x 70/(70 + 30) =  1.4million 

Total demand for new (a) = 10.8million pa 

So the new tramway will attract about 50% of the present total corridor traffic. This 
ignores any traffic attracted from other (parallel) corridors, or the generation of new 
trips, eg. carrying disabled passengers in wheelchairs etc.. 

How sensitive are these values to the quality of the new (tram) mode ? If the average 
Generalised Cost of the new mode was higher, at 35equ.mins, how many trips would be 
attracted ? 

N1/a  =  8.0 x 40/(40 + 35) =  4.3million 

N2/a =  9.0 x 35/(35 + 35) =  4.5million 

N3/a =  2.0 x 70/(70 + 35) =  1.3million 
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Total demand for new (a) = 10.1million pa 

Increasing the new tramway Generalised Cost by 17%, reduces the forecast tram traffic 
by 7%. 

If on the other hand the tramway replaces the bus service, then either all existing bus 
passengers will transfer to the tram, or there will be a redistribution of trips between car 
and walk, and tram. 

Option One: all bus passengers transfer to tram 

Table 4 Bus to tram transfer 

 From Demand pa(millions) 

(a) Bus   8.0 

(b) Car   4.8 

(c) Walk   1.2 

 TOTAL 14.0 

Option Two : Redistribution of bus trips 
(a) bus to car  = 8.0 x 40/(40 + 35) = 4.3million 

 So new car demand = 9.0 + 4.3 = 13.3million pa 

(b) bus to walk =  8.0 x 70/(70 + 40) = 5.1million  
 So new walk demand = 2.0 + 5.1 = 7.1million pa 

(c) car to tram = 13.3 x 35/(35 + 30) = 7.2million 
(d) walk to tram = 7.1 x 70/(70 + 35) = 4.7million 

Table 5 All bus traffic redistributed 

New demand Volume pa (million) Total(million pa) 

Tram 7.2 + 4.7 11.9 

Car 13.3 - 7.2   6.1 

Walk 7.1 -  4.7   2.4 

 Corridor TOTAL 20.4 

The new tram demand is 15% less than assuming all bus trips transfer, and possibly 
more realistic. Alternatively this can be considered as the low (11.9 million) and the 
other the high (14.0million) forcast. More importantly tram will be carrying between 
49% and 75% more passengers than the bus service it replaces. 

6. A practical example from the city of Galway in Ireland 
Galway is a city of 85,000 on the west coast of Ireland. Presently 4% of all city trips are 
by bus, 79% by car, and 17% walk and cycle. There are only four bridges over the River 
Corrib that splits the city into a western (residential), and eastern (commercial and 
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industrial) halves, with severe traffic congestion in the morning and evening peaks. At 
the Feasibility Study stage, seven route options were studied. From these a two line, 
21km long tramway was planned to serve the most densely developed parts of the city. 
60% of residents live within 500m of a new tram line. There will be a total of 50 
stations, including 4 major interchange stations [3]. 

The new tramway will operate in competition with two bus companies and a high level 
of car ownership (over 70% of households have a car). Generalised Costs have been 
used both to determine the likely patronage of a new mode (tram) of transport, and also 
to examine the sensitivity to data uncertainties, and to examine how the tramway will 
cope under different competitive conditions. 

Table 6 Impact of reduced bus fares 

 Bus fare = €2  Bus fare = €1  

Tram route 
Options 

Tram 
Passengers pa 

Revenue €m pa Tram Passengers 
pa 

Revenue 
€m pa 

1    801,000 2.4    780,000 2.3 

2 1,412,000 4.2 1,403,000 4.2 

3    763,000 2.3    741,000 2.2 

4    227,000 0.7    218,000 0.7 

5    708,000 2.1    682,000 2.1 

6    960,000 2.9    914,000 2.7 

7    545,000 1.6    527,000 1.6 

Table 7 Impact of changing car speeds 

Motor car 
speeds 

Speed=40kph  Speed=20kph  

Tram route 
Options 

GLUAS 
Passenger pa 

Revenue 
€m 

GLUAS 
Passenger pa 

Revenue €m 

1    801,000 2.4    815,000 2.5 

2 1,412,000 4.2 1,444,000 4.3 

3    763,000 2.3    780,000 2.3 

4    227,000 0.7    232,000 0.7 

5    708,000 2.1    721,000 2.2 

6    960,000 2.9    977,000 2.9 

7    545,000 1.6    555,000 1.7 
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Table 8 Impact of different tram operating speeds 

Tram 
speed 

Slower 20km/hr Base 22km/hr Faster 25km/hr 

Tram 
route 
Options 

GLUAS 

Passenger 

Revenue 
€m pa 

GLUAS 
Passenger 

Revenue 

€m pa 

GLUAS 
Passenger 

Revenue 

€m pa 

1    733,000 2.9    735,000 2.9    738,000 3.0 

2 1,286,000 5.1 1,293,000 5.2 1,303,000 5.2 

3    685,000 2.7    690,000 2.8    695,000 2.8 

4    203,000 0.8    205,000 0.8    207,000 0.8 

5    645,000 2.6    645,000 2.6    647,000 2.6 

6    877,000 3.5    877,000 3.5    878,000 3.5 

7    499,000 2.0    498,000 2.0    497,000 2.0 

Table 9 Impact of different tram service frequency 

Frequency More 
trams 

 5mins Base 6mins Less trams 10mins 

Tram route 
Options 

Tram 

Passenger 

Revenue 
€m pa 

Tram 

Passenger 

Revenue 

€m pa 

Tram 
Passenger 

Revenue 

€m pa. 

1    741,000 3.0    735,000 2.9    703,000 2.8 

2 1,300,000 5.2 1,293,000 5.2 1,231,000 4.9 

3    693,000 2.8    690,000 2.8    652,000 2.6 

4    206,000 0.8    205,000 0.8    194,000 0.8 

5    652,000 2.6    645,000 2.6    616,000 2.5 

6    887,000 3.6    877,000 3.5    838,000 3.4 

7    504,000 2.0    498,000 2.0    477,000 1.9 

Different combinations of the 7 route options were considered, from which one 
Network was selected as the most efficient for detailed planning (Table 10). 

These analyses allowed the tram promoter to confirm the likely patronage and the 
Business Plan, so that the capital costs of €200million was released. 
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Table 10 Network Profitability(IRR) 

Network Cap.Cost 
€m 

Ops.Cost 
€m 

Passeng pa Revenue IRR  

A = 2+3,6,7 150 4.00 4,538,000 €16.10m pa 10.4% 

B = 1+3,5,6 159 4.10 3,883,000 €14.66m pa   8.8% 

C = 2+3,5,6 144 3.84 4,817,000 €16.89m pa 11.3% 

D = 2+3,4,6,7 185 4.77 3,180,000 €10.05m pa   5.0% 

7. Conclusion 
Non-causal time-series extrapolation models provide implausable methods for 
forecasting accurately the future patronage of public transport systems. This is 
particularly true when a new mode of transport (eg. a tramway) is introduced (in 
competition to existing modes). 

Generalised Costs provide a causal model, linking the cost of using a (public transport) 
service and the demand created. Considerable research over the last 30 years has shown 
that the choice of a public transport mode includes measures of the quality, as well as 
the monetary costs for using the service. Generalised Costs can be converted to standard 
units of measurements by a conversion factor: the value of time. This is sensitive to the 
purpose of the journey and the economic value afforded to passengers. Journeys for 
work are valued at about the rate of the hourly pay. 

Generalised Costs can be expressed in units of money, or time (equivalent minutes). 
There are significant advantages in using a time based measure, since this allows 
historic and international data to be compared directly. Generalised Costs measured in 
equivalent minutes provide an inverse relationship with demand, directly equivalent to 
the classical economic Demand Curve. As well as making patronage forecasts possible 
for changes to existing transport services, Generalised Costs also allow patronage 
forecasting, when completely new modes of transport to be introduced. This is possible 
using pair-wise probability analysis, comparing the Generalised Cost of an existing 
mode with that of the new mode. Generalised Costs can be further adapted to examine 
the sensitivity of the accuracy of the input data, and impact on the output forecasts. 

Finally Generalised Costs have been used over several decades for many real transport 
projects. A recent case study from Galway in Ireland, showed how the promoters of the 
new tramway were able to evaluate the financial viability of a new tramway network. 
Crucial patronage and revenue forecasts were calculated from expected Generalised 
Cost values, splitting the existing and known traffic demands in the corridors served. 
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