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ABSTRACT 

Induced travel is an important component of travel demand and increasing attention has been paid to building analytical 
model to get more precise travel demand forecasting. In general, induced demand can be defined in terms of additional 
trips that would be made if travel conditions improved (less congested, lower vehicle costs or tolls). In this paper the 
induced demand resulting from higher design speeds and, therefore by less travel time, for the High Speed 1 in UK will 
be modelled on the basis of the relationship between existing High Speed Rail demand (dependent variable) to existing 
High Speed Rail travel times and costs. The covariates include socioeconomic variables related to population and em- 
ployment in the zones connected by the High Speed Rail services. This model has been calibrated by mean of a before 
and after study carried on the corridor, when the new High Speed Rail services was introduced. Elasticities of induced 
travel (trips and VMT) have been computed with respect to fares, travel time and service frequency. 
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1. Introduction 

Investments in High Speed Rail (HSR) systems are cur- 
rently being undertaken in many countries around the 
world. These systems represent a closer to optimal solu- 
tion to meet challenges of increasing mobility demand 
while simultaneously addressing the greater attention of 
citizens to sustainability issues. Europe, together with 
Asia, is already the leader in HSR systems; in fact the 
development of HSR has been one of the central features 
of recent European Union transport infrastructure policy. 
In fact, the programme for the trans-European transport 
network (TEN-T), introduced under the Treaty of Maas- 
tricht, was designed to guarantee optimum mobility and 
coherence between the various modes of transport in the 
Union, establishing the key links needed to facilitate 
transport, optimize the capacity of existing infrastructure, 
produce specifications for network interoperability, and 
integrate the environmental dimension [1]. The TEN-T 
focuses very closely on the development of HSR trans- 
port: of the 30 priority projects put forward under this 
programme, among them 14 concern HSR lines. 

In the literature several contributions have been pro- 
posed on the empirical analysis of the change of us- 
ers’travel behaviour after the introduction of HSR ser- 
vices. Most of them have focussed on modelling the 
mode choice. However very few, as far as the authors 
know, concentrate on induced demand by HSR [2].  

It is well reported in the literature that induced demand 

is an important component of travel demand, and in- 
creasing attention has been paid to building analytical 
models to get more precise travel demand forecasting. In 
general, induced demand can be defined in terms of addi- 
tional trips that would be made if travel conditions im- 
proved (less congested, lower vehicle costs or tolls). In 
this paper the induced demand resulting from higher de- 
sign speeds and, therefore by less travel time, for High 
Speed 1 (HS1) in UK will be modelled. 

This contribution is organised as follows. In Section 2 
an overview on induced demand is presented reporting 
some case studies present in the literature. Section 3 
deals with the case study of HS1 in UK, while Section 4 
reports some implications for further research. 

2. Induced Demand: An Overview 

Modelling induced travel demand is not an easy task due 
to the high number of variables playing which make the 
analysis complicated and difficult to generalize. A trans- 
portation system is a set of elements interconnected by 
complex relationships, such as supply sub-system, de- 
mand sub-system, residences and activities sub-system; 
whenever an action is planned on a part of a transporta- 
tion system, there are unavoidable impacts on other parts, 
positive or negative. Improvement within the supply 
sub-system, such as the introduction of a new road infra- 
structure, of faster/cheaper services, more comfortable 
vehicles, or in any case actions that increase the utility 
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and/or the satisfaction of the customer about the possibil- 
ity of moving, create a new share in travel demand [3,4]. 
Any intervention on a given transport link, producing a 
mode shift, determines a number of trips which can be 
split in two parts: 
 A diverted demand, that is the number of trips previ- 

ously carried out by other transport modes, by other 
route with the same transport mode, or by other ser- 
vices in the same route;  

 An induced demand, that is a number of shifts previ- 
ously not existed and generated directly by the inter- 
vention performed [5]. 

It is difficult to estimate induced traffic with the con- 
ventional four-step models, because generation-distribu- 
tion sub-models are not able to cleave diverted and in- 
duced shares; they are also generally not sensitive to 
changes in the level of service, therefore not able to cap- 
ture the related effects. 

Litman’s contribution [5] provides a comprehensive 
literature review on the importance of evaluating induced 
demand brought by road transport. Cervero [6] used data 
on freeway capacity expansion, traffic volumes, demo- 
graphic and geographic factors from California between 
1980 and 1994. He estimated the long-term elasticity of 
vehicles-mile-travelled (VMT) with respect to traffic 
speed to be 0.64, meaning that a 10% increase in speed 
results in a 6.4% increase in VMT, and that about a 
quarter of these results from changes in land use (e.g., 
additional urban fringe development). He estimated that 
about 80% of additional roadway capacity is filled with 
additional peak-period travel, about half of which (39%) 
can be considered the direct result of the added capacity. 
Duranton and Turner [7] investigated the relationship 
between interstate highway lane kilometres and highway 
vehicle-kilometres travelled (VKT) in US cities. They 
found that VKT increases proportionately to highways 
and identify three important sources for this extra vehicle 
travel: increased driving by current residents, an inflow 
of new residents, and more transport intensive production 
activity. Time-series travel data for various roadway 
types indicated an elasticity of vehicle travel with respect 
to lane miles of 0.5 in the short run, and 0.8 in the long 
run [8]. This means that half of increased roadway ca- 
pacity was filled with added travel within about 5 years, 
and that 80% of the increased roadway capacity will be 
filled eventually. Noland and Quddus [9] found that in- 
creases in road space or traffic signal control systems that 
smooth traffic flow induced additional vehicle traffic 
which quickly diminished any initial emission reduction 
benefits. Small [10] concluded that 50% - 80% of in- 
creased highway capacity was soon filled with generated 
traffic, based on a detailed review of previous studies. 

A comprehensive study of the impacts of urban design 
factors on US vehicle travel found that a 10% increase in 

urban road density (lane-miles per square mile) in- 
creased per capita annual VMT by 0.7% [11]. In a study 
of eight new urban highways in Texas over several years. 
Schiffer et al. [12] performed a meta-analysis of induced 
travel studies to identify short- and long-term elasticities 
of VMT with respect to changes in traffic lane-miles and 
other variables. They predicted the amount of VMT in- 
duced by regional highway expansion in the Wasatch 
Front (Salt Lake City region). They concluded that in- 
duced travel effects generally decreased with the size of 
the unit of study. 

It is evident how in all the studies stated above, in- 
duced traffic has had a strong impact on the expectations 
of the projects. Most of the benefits estimated, specially 
about interventions of capacity increase, have been 
strongly restricted due to filling by induced traffic. It is 
important within the decision-making process to take into 
account an induced demand estimation model, for which 
due to the high number of factors playing (such as kind 
of roadway, land use, regional or urban area, short or 
long run effect), the proper adaptation is necessary. Yao 
and Morikawa [13] developed a model of induced de- 
mand resulting from the introduction of a HSR service 
linking Tokyo, Nagoya and Osaka metropolitan areas in 
Japan. They proposed an integrated intercity travel de- 
mand model with nested structure, including trip genera- 
tion, destination choice, mode choice and route choice 
models. Induced demand was estimated introducing an 
accessibility measure, as an expected maximum utility 
able to capture the short run behavioural effects such as 
changes in travel departure times, routes switches, modes 
switches, longer trips, changes of destination, and new 
trip generation. They calculated elasticities of induced 
travel (trips and VMT) with respect to fares, travel time, 
access time and service frequency for business and 
non-business travel.  

Ben-Akiva et al. [2] modelled the induced demand by 
HSR in Italy on the basis of the relationship between 
existing HSR demand (dependent variable) to existing 
HSR travel times and costs. The covariates include so- 
cioeconomic variables related to population and em- 
ployment in the zones connected by the HSR services. 
The model was calibrated by mean of a before and after 
study carried out in the Naples-Rome corridor, where the 
new HSR services was introduced. 

3. The Case Study 

High Speed 1 (HS1) is a 108 km (67 mile) HS railway 
line running from London through Kent to the British 
end of the Channel Tunnel. Section 1, opened on 28 
September 2003, is a 74 km section of HS track from the 
Channel Tunnel to Fawkham Junction in north Kent. The 
section’s completion cut the London-Paris journey time 
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by around 21 minutes, to 2 h 35minutes. Section 2 opened 
on 14 November 2007 and is a 39.4 km stretch of track 
from the newly built Ebbsfleet station in Kent to London 
St Pancras. Completion of the section cut journey times 
by a further 20 minutes (London-Paris in 2 h 15 minutes; 
London-Brussels in 1 h 51 m) (see Figure 1). 

HS 1 railways hosts international services to continen- 
tal Europe and domestic services to Kent area. Eurostar 
is the service connecting London with Paris and Brussels 
across the Channel Tunnel and is provided by Eurostar 
International Limited, a company owned jointly by Lon- 
don and Continental Railways (40%), the French national 
railway company Société Nationale des Chemins de fer 
français (55%), and the Belgian railway operator Nation- 
ale Maatschappij der Belgische Spoorwegen (5%). Euro- 
star services, started in November 2007, have St. Pancras 
International station as terminal in London, and other 
calling point in UK are Ebbesfleet International and 
Ashford International.  

Domestic HS services (see Figure 2) are provided by 
Southeastern Railway Limited, the train operating com- 
pany holder of the “Integrated Kent Franchise” (1st April 
2006 – 31st March 2014). It operates with three kinds of 
services, which are High Speed, Mainline, and Metro. 
HS services, begun on December 2009 and they connect 
London with the Kent using the High Speed 1 to 
Ebbsfleet and Ashford from which branch off the routes 
throughout south east of England. Mainline represents 

the conventional services connecting London with Dover, 
Canterbury, Maidstone, Thanet, Tunbridge and East Sus- 
sex. There are also metropolitan services serving south 
east and south of London, split in four lines: 
 Dartfort and Gravesend metro line 
 Hayes metro line 
 Orpington and Sevenoaks via Grove Park Metro lines 
 Orpington and Sevenoaks via Bromley South Metro 

lines 
The number of stations is 179 of which 173 operating 

and the passenger journeys in 2010/11 were 162.3 mil- 
lion [14]. 

The introduction of a HSR line naturally leads to travel 
time savings and may also provide congestion relief for 
 

 

Figure 1. High Speed 1 route map; source: www.lcrhq.co.uk. 
 

 

 

Figure 2. Southeastern route map (grey line is the HS route and the white line represents mainline routes); source: 
www.southeasternrailway.co.uk. 
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together with the capital and operating costs deriving by 
the new service, the main impacts on the transport sys- 
tem that several studies have monetised within cost- 
benefit analysis [15,16]. Travel time saving for interna- 
tional trip between London and Paris-Brussels due to the 
introducing of the HS track is 35 minutes for domestic 
services between London and Kent using the HS track.  

The total time saving benefits, estimated in 2009 by
ndon & Continental Railways (LCR) using the value 

of time in accordance with WebTAG (the Department for 
Transport’s website for guidance on the conduct of 
transport studies) and expressed as a Present Value over 
60 years, is 2500 and 1200 for international and domestic 
respectively.  

Concerning c
n of 40 pence per trip for passengers who switched to 

the new HS domestic services, and 20 pence for remain- 
ing passengers, with an annual growth rate of 1% applied 
to those values. This approach indicates that, over 60 
years as a Present Value, the congestion relief benefit 
would be £113.6 million. The total construction cost of 
the line was £5.2 billion (Section 1: £1.9 billion; Section 
2: £3.3 billion) and the annual operating cost of around 
£75 million [16]. The HS fares are on average 30% 
higher than the conventional, and it was estimated an 
additional revenue as a Present Value over 60 years of 
£3.53 billion [10]. The actual use of it is very low, being 
the service actually running up to 16 trains per day. It is 
evident that HS1 led to only modest improvements in 
services between London and Paris/Brussels. The Na- 
tional Audit Office [17] indicated that on transport 
grounds alone, the case for the HS1 is quite weak, with a 
Benefit Cost Ratio (BCR) of only 1.1. If regeneration 
benefits are included (estimated at the time as around 
£500 million), the BCR is estimated to increase to 1.35, 
still below the UK Government’s current Value for 
Money threshold of 1.5. However, recent estimates of 
regeneration benefits have been as high as £8 billion [18]. 
Preston and Wall [16] concluded that wider socio-eco- 
nomic impacts are crucial in the justification of HS1 and 
HSR services more generally. 

Gravity models are used in so and  The number of conventional trains per day
describe behaviours that mimic gravitational interaction 
as described in Isaac Newton’s law of gravity [19]. A 
general application of these models to transport systems 
analysis concerns demand forecasts in a corridor, ex- 
pressed as a function of a mass of the origin, a mass of 
the destination, and a cost function of the shift. Once 
calibrated applying to all origin/destination (O/D) pairs, 
these models are able to reproduce generated traffic on a  

or more variable values. Obviously they are not able to 
cleave diverted and induced demand, because they only 
take into account what happens on the relations consid- 
ered. They forecast travel demand changes only on the 
O/D pairs where a change of the conditions occurred. 
Therefore the right application of this kind of model de- 
pends on the expected transport intervention effects. If 
diverted traffic, is expected, a generation-distribution 
model is preferred; when generation effects are expected, 
a gravity model applied to all O/D pairs is more appro- 
priate. Introducing a new HSR system produces both 
diverted (from conventional services) and induced traffic; 
the objective here is to investigate to which results a 
gravity model leads applied to forecast changes in the 
number of trips before and after Britain’s HS domestic 
services introduction. A gravity model to be calibrated 
needs real travel demand data for conventional and HS 
services referred to a proper catchment area. Being quite 
difficult to collect historical travel demand data, the sta- 
tion usage information have been collected, provided by 
the Office of Rail Regulation (ORR), the independent 
safety and economic regulator for Britain’s railways. 
Station usage data represent the total number of trips 
occurred yearly for each Britain’s railway station. Being 
the vast majority of the travels concerning HS services 
towards London metropolitan area, it has been consid- 
ered a catchment area made up by a number of origins 
equal to the number of stations served by HS services, 
and London as the only destination. Socioeconomic vari- 
ables have been at first considered, but the low sample 
size and the unavailability of a precise catchment area led 
to very low statistical significant results.  

The first step has been the analysis of the HSR ser- 
vices running from London to Kent, pr

utheastern Train Operating Company. These services 
involve 24 stations throughout Kent area, each of which 
is served by both HS and conventional trains. 

Referring to the current timetable available on the 
Southeastern website, the following inform

en computed for each station: 
 The number of HS trains per day to London;  
 The mean HS journey time to Lon
 The mean HS fare to London; 

 The mean conventional journey
 The mean conventional fare to London. 

The mean fare is the average of the full fares ran
in the day and the same values are deduc

velcard discount (34%). 
The second step has been that of finding a correlation 

between the station usage p
riables linked by the following function: 
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Ti is t
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hin 4 minutes uPopi is the population wit
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mputed (for each station toward London) as a general- 
ized journey time (see Equation 4), then used together 
with the fare for obtaining a utility value (see Equation 6) 
both for HS and conventional services. 
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 between the predictions of 
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etable in place of 2009/10 values. 
A

 derived by 

(DummyHSonly)i is a dummy variable which assumes 
the value 1 for the stations served by HS services only, 
and the value 0 for the stations served by both HS and 
conventional services. 

(DummydistrictHub)i is a dummy variable which as- 
sumes the value 1 for the expected main District station, 
in terms of number of customer services, opportunity to 
make interchange, centrality in respect to the District 
area; the value 0 for the other stations. The regression 
outputs are shown Table 1. 

The coefficients of the regression estimated are all sta- 
tistically significant and to test the model accuracy a 
comparison has been made

e model and the real values. Given the station usage 
data for the years 2008/09, 2009/10, and 2010/11, it has 
been calculated the real percentage change of the number 
of trips before the domestic HS (2008/09-2009/10) and 
after its introduction (2009/10-2010/11). It should be 
pointed out that 2009/10 data are considered before the 
HS introduction because they are referred to the financial 
year, and so they include only three months of HS ser- 
vices (started in December 2009). Forecast of the number 
of trips for 2008/09 is calculated considering in the 
model the Logsum related to 2008 timetable from where 
the mean journey time and the number of trains to Lon- 
don for each station have been calculated. The fares have 
been estimated starting by the current values considering 
the Retail Price Index and the annual fares increase. The 
value of time annual change (see Table 2) has been ob- 
tained from WebTAG. 

Concerning the 2009/10 model prediction, the Logsum 
is calculated with the approximation of considering the 
current conventional tim

s it can be seen in the Table 3, the real change in the 
number of trips from 2008/09 to 2009/10 is generally 
negative, except for Rochester and Canterbury West. 
 

Table 1. Regression results. 

Variable Coefficient t-statistic 

Intercept 19.170 13.126 

Ln Car Park 

ict Hub 

bs. 

0.358 3.401 

Logsum 0.031 3.453 

Dummy HS only 3.953 –7.163 

DDummy Distr 1.093 4.540 

R2  0.8  

Adjusted R2 0.75  

N. O 24  

 
Table 2. Value of time adopted. 

Year 
on 

Year

Annual RPI 
(Based on Previo

Ju

Annual Fare  VOT 

ge

Value
of Time

us 
ly Figure) 

Increase 
RPI+3% 

Mean 
Chan

2008    12.1405

2009 –1.40% 1.600% –5% 11.5646

2010 4.80% 7.800% 0.51% 11.6239

2011 5% 8.000% 0.86% 11.7247

 total 16.530% –3.5%  
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Table 3. Compariso e cast and real dat re High S

STATION NAME ange—Real Change 

n betwe n model fore a befo peed 1. 

Model Change 2008/09-2009/10 Real Change 2008/09-2009/10 Model Ch

Stratford International Didn’t Exist 

Ebbsfleet International No Data  

–2.79% –7. 4.95% 

Maidstone West 

Gill nt) 

Birc

B  

Ashfo ional 

F

Sa

Canterbury West 

Me ion 

Available

Gravesend 75% 

Strood –4.25% –4.54% 0.29% 

–3.94% –33.90% 29.95% 

Rochester –9.00% 1.29% –10.29% 

Chatham –10.07% –8.82% –1.25% 

ingham (Ke –10.67% –2.76% –7.92% 

Rainham (Kent) –7.38% –7.89% 0.51% 

Sittingbourne –6.71% –8.14% 1.43% 

Faversham –7.75% –6.08% –1.67% 

Whitstable –7.45% –5.24% –2.21% 

Herne Bay –7.72% –4.95% –2.77% 

hington-on-Sea –8.95% –1.79% –7.16% 

Margate –5.92% –8.12% 2.19% 

roadstairs –2.93% –5.80% 2.87% 

Ramsgate –11.60% –4.25% –7.35% 

rd Internat –10.97% –0.10% –10.87% 

Folkestone West –10.75% –3.91% –6.84% 

olkestone Central –14.19% –4.69% –9.50% 

Dover Priory –11.56% –11.78% 0.21% 

Deal –11.14% –9.99% –1.15% 

ndwich –11.03% –12.73% 1.70% 

–4.04% 5.30% –9.34% 

an Standard Deviat 3.22% 7.38%  

 
R  of the reason the predic- 

on of the model reflects well the negative trend even if 

30% error, and for Canterbury Westand 
R

factors w ould have been taken into account. Firstly, 
the more or less influence of the crisis on the areas, dif- 

milar to those stated above.   

ecession is certainly one s, but 
ti
it does not take into account crisis effects. That is be- 
cause the Logsum decreases from 2008/09 to 2009/10, 
first because of the fare increases, second because of the 
number of stops increase that has led to higher travel 
times. 

As it can be seen the lower accuracy is for Maidstone 
West with a 

ochester, where the model predicts respectively a de- 
crease of 4% and 9% against an increase of 5.3% and 
1.3%, and for Ashford and Folkestone Central, with 
10.87% and 9.5% error respectively. Besides the ap- 
proximation concerning the 2009/10 Logsum, that likely 
would have led to more precise results, there are other 

ficult to take into account without reliable local GDP 
data; secondly, it could be a substantially different value 
of time from that adopted; thirdly, socioeconomic vari- 
able as the population, employees etc have not been con- 
sidered. A further comparison has been made between 
the change in number of real trips and those predicted 
from 2009/10 to 2010/11 (see Table 4). This could also 
represent an approximate measure of the extent to which 
HSR has grown the market. 

Even in this case there are values in which the forecast 
is substantially different from the real data, such as 
Strood, Rochester, Folkestone West and Canterbury 
West, and the reasons are si

hich c
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Table 4. Comparison between model foreca nd real data before and after high speed 1. 

STATION N e—Real change 

st a

AME Model Change 2009/10-2010/11 Real Change 2009/10-2010/11 Model Chang

Stratford International No Data Available 487%  

Ebbsfleet International No Data Available 152%  

5.54% 5.80% –0.26% 

4.74% 19.52% –14.79% 

Maidstone West 1.16% 5.27% –4.11% 

Rochester 1.25% 17.08% –15.83% 

0.90% –1.23% 2.13% 

Gillingha t) 2.75% 4.49% –1.74% 

Rainha ) 0.14% 1.60% –1.47% 

0.56% 0.81% –0.24% 

0.27% 0.21% 0.06% 

0.02% 0.56% –0.53% 

0.02% –0.10% 0.12% 

Birchingt Sea 0.005% –2.50% 2.51% 

0.04% 0.92% –0.87% 

0.01% 5.43% –5.42% 

Ra 7.40% 5.30% 2.10% 

Ashford Int onal 6.40% 13.32% –6.91% 

Folk est 1.41% 37.13% –35.72% 

3.74% 13.42% –9.67% 

1.59% 12.03% –10.44% 

0.48% 2.03% –1.55% 

Canterbury West –24.

Mean St ion 

Gravesend 

Strood 

Chatham 

m (Ken

m (Kent

Sittingbourne 

Faversham 

Whitstable 

Herne Bay 

on-on-

Margate 

Broadstairs 

msgate 

ernati

estone W

Folkestone Central 

Dover Priory 

Deal 

Sandwich 0.50% –2.01% 2.51% 

6.82% 31.19% 37% 

andard Deviat 2.50% 10.62%  

 
Eb ations are char ed by high 

al changes because 2009/10 data include only three 

, the elasticity related to the latter has been com- 
pu

It follows that increasing the Logsum of one unit, the 

number of trips will increase of 3.15%. A more immedi- 
ate measure is the elasticity with respect to the fare and 
the generalized journey time, from where 
derived. Obviously there are two elastic
bo

onventional number of 
tri

bsfleet and Stratford st ecteriz
re
months of HS service, which is the only service available 
for them. The model is therefore not able to predict the 
number of trips for 2009/10 because there is not the 
Logsum measure related to the conventional service. 
This is a consequence of the approximation of consider- 
ing the station as origin, instead of the classic area’s cen- 
troids. 

As the model is linear with respect to the Logsum 
variable

ted as: 

 100 Logsum % 3.15%            (7) 

the Logsum is 
ity values, for 

th conventional HS services. 
Concerning the generalized journey time, which is the 

sum of in-vehicle time and average waiting time, the 
elasticity is –0.06 for conventional trains and –0.14 for 
HS trains; this means that a 10% increase in journey time 
results in a 0.6% decrease in c

ps, and a 1.4% decrease in a HS number of trips. Elas- 
ticity with respect to the fare is –0.05 for conventional 
and 0.34 for HS; meaning that a 10% increase in journey 
time results in a 0.5% decrease in the number of trips for 
conventional and a 3.4% decrease for the HS number of 
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trips. 

4. Conclusions and Further Perspectives 

Modelling induced demand by HSR systems is a topic 
not well-established in the literature, this paper attempts 
to provide a contribution to the international research. 

ange

he Logsum variable), and the related elas

lusion in the regression 
m

 Citizens,” 2010.  
a.eu/research/horizon2020/index_en.cfm 

[2] M. Ben-Akiva , A. Papola and V. 
Velardi, “Hig orecasting: Ital

7-2

The model specified has been used to predict the ch
in the number of trips between two years and with

 
 the 

purpose of comparing the results with the real available 
data. There are two possible implications for this model: 
 It could be used to forecast the change in the number 

of trips deriving by the change in time and fare on a 
corridor where two services, HS and conventional are 
available; 

 It could be used to predict the number of trips deriv- 
ing by the introduction of a new HS service. 

In any case, an improvement in the level of services 
variables is reflected in a customer satisfaction increase 
(modelled by t - 
ticity indicates that a 1 unit increase results in a 3.15% 
increase in the number of trips.  

The main constraint of this study is related to the un- 
availability of a conventional catchment area, to which 
always transport analysis is referred, besides the un- 
availability of the real travel demand data. These limita- 
tions also can be found in the exc

odels of some socio-economic variables such as popu- 
lation and employment, as well as other transport vari- 
ables such as car journey times and costs. Further per- 
spectives will consider the inclusion of such variables in 
the models. 
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