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OD distance (Km)
Travel times 

before HSR

Travel times 

after HSR

% variation of 

travel times 

Torino-Milano 125 1h-33' 54' -42%

Torino-Roma 640 6h-30' 4h-30' -31%

Milano-Roma 515 4h-30' 3h -33%

Milano-Napoli 720 6h-30‘ 4h-55' -31%

Milano-Bologna 182 1h-40' 65' -35%

Bologna-Firenze 79 59' 37' -37%

Roma-Napoli 205 1h-45' 1h-10' -33%

December 2009:

• Opening of the HSR link Bologna-Firenze 

• Opening of the link Torino-Milano

• Completion of the urban penetration in 

Naples 

High Speed Railways

(Torino-Salerno)
830 km

Total Costs 40,5 billion €

Total National Railways

Network
24.179 km

The High-Speed Rail (HSR) Italian Network 



HSR core area 

Population served > 25 millions
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• HSR demand models

• HSR impacts assessment

• HSR services design

Outline



HSR demand modeling architecture



SUPPLY MODELS 

Zoning

220 zones:
-each Province in the catchment 
area split into two zones (i.e. the 
main city and the rest of the 
province)

- the regions Abruzzo, Molise, 
Trentino-Alto Adige and Valle 
d’Aosta  one zone

- the main Italian cities  (Rome, 
Milan, Naples, Turin, Florence, 
Bologna) cities split into multiple 
zones



SUPPLY MODELS 

Zoning example: the 13 zones of the city of Rome 



SUPPLY MODELS

• Synchronic networks
National road and railways (infrastructure) graphs

• Diachronic  networks
The services simulated using a diachronic network 

includes:

- 800 daily domestic flights between major Italian 

airports 

- the following railway services:

• 111 High-Speed and Eurostar trains;

• 232 intercity trains;

• 4.466 interregional and regional train

The diachronic network consists of:

- 126.526 nodes

- 329.657 links

LINE-BASED APPROACH

Terminal A Terminal B Terminal C

RUN-BASED APPROACH

Terminal A
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Terminal C
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TAXONOMY OF DEMAND ON HSR SERVICES*

*Cascetta E. and Coppola P. (2014) “High Speed Rail (HSR) induced demand models” 

Procedia - Social and Behavioral Sciences 111 ( 2014 ) 147 – 156

DIVERTED 

DEMAND

from other modes
e.g. shift from air/auto to 

HSR

endogenous 

factors
from other rail services

e.g. shift from Intercity to 

HSR

INDUCED 

DEMAND

direct

e.g. increase of trip 

frequency, change of trip 

destination

indirect

e.g. increase of mobility 

due to change in life-styles 

and land use
exogenous 

factors

DEMAND 

GROWTH

e.g. increase of mobility 

due to economic growth



HSR DEMAND MODELING ARCHITECTURE



• The “National demand growth” model projects the base year 

total OD volumes to future years, according to assumed 

macroeconomics trends; 

• The “induced demand” model which estimates the additional 

HSR demand due to the improvement of HSR level of services 

(i.e. new services, travel time reductions, etc.)

– trip-frequency models (endogenous factors): significant threshold 

effects on demand elasticity's (i.e. 120 min door-to-door)

HSR demand forecasting sub-models
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HSR DEMAND MODELING ARCHITECTURE



Demand Desired Departure (DDT) Time models

the distribution of the DDT is modeled as a smooth function whose 

parameters were estimated from  a sample of observed DDT with un-

known density function f(.)

distance  <400 Km distance  >400 Km

Other purposesBusiness



The schedule-based mode choice model

Nested logit models with a nesting structure to capture higher degrees of

substitutions among specific subsets of modal alternatives, particularly the HSR

alternatives provided on the same route by different operators, NTV vs. High Speed

Trenitalia (AVTR).



Cascetta E., Coppola P. (2012) ‘An elastic demand schedule-based multimodal assignment model for the 

simulation of high speed rail (HSR) systems’, EURO  Journal of Transportation and logistics, Vol. 1 (1-27)

The mode-service-run choice model: estimation results
 All Business Other purposes 

 Value (t-test) Value (t-test) Value (t-test) 

Access Egress time (min)  -0,00805 (-5,25)  -0,00555 (-2,13)  -0,0103 (-5,09)  

travel time (min)  -0,00700 (-4,89)  -0,0133 (-5,82)   -0,0054 (-1,51)* 

Early schedule delay (min)  -0,00467 (-4,52)  -0,00188 (-1,39)  -0,00677 (-4,13)  

Late schedule delay (min) -0,00917 (-19,27)  -0,0130 (-16,2)  -0,00617 (-10,90)  

Cost by auto if travel in group (Euro)  -0,0292 (-4,52)  -0,0524 (-2,69)   -0,0295 (-2,08)  

Cost by auto if travel alone (Euro)  -0,0386 (-5,56)  -0,0527 (-3,76)   -0,0405 (-4,14)  

Cost by Intercity if reimbursed (Euro)  -0,0247 (-1,88)  -0,0158 (-2,73)  **  

Cost by Intercity if NOT reimbursed 
(Euro)  

-0,022 (-5,13)  -0,0377 (-3,50)  -0,0172 (-3,45)  

Cost by HSR if reimbursed (Euro)   -0,00857 (-1,42)*   -0,0120 (-4,11)  **  

Cost by HSR if NOT reimbursed (Euro)  -0,0156 (-10,90)   -0,0284 (-11,1)   -0,00256 (-2,04)  

Cost by Air if reimbursed (Euro)   -0,0079 (-1,48)*   -0,0109 (-1,91)  ** 

Cost by Air if NOT reimbursed (Euro)   -0,0150 (-7,15)  -0,0201 (-5,65)  -0,0194 (-5,21)  

Dummy Male (1/0)   +0,406 (1,91)   +1,400 (2,41)   +0,550 (2,28)  

Dummy priority gate at the airport (1/0)  +0,194 (0,97)**   +0,242 (1,97)  ** 

Rho-square  0,154 0,161 0,218 

Adjusted rho-square  0,150 0,153 0,209 

Final log-likelihood  -5341,875 -3006,045 -2137,475 

Initial log-likelihood  -6317,116 -3583,503 -2733,613 

Sample size  1884 1067 817 

    

    

    

* significant at level of 85%; ** parameter not statistically significant 



Values of time

Business Other

access time/travel time 0,8 2,1

VOT (converted in Euro/h) 59,7 21,2

Values comparable with those found in the literature, 

e.g. a study on HSR in Japan (Yao et al. 2005)

The mode-service-run choice model: estimation results

All purposes Business Non-Business

Cost by auto if travel in party (Euro) 14,4 15,2 11,0

Cost by auto if travel alone (Euro) 10,9 15,1 8,0

Cost by Intercity if reimbursed (Euro) 17,0 50,5

Cost by Intercity if NOT reimbursed (Euro) 19,1 21,2 18,8

Cost by HSR if reimbursed (Euro) 49,0 66,5

Cost by HSR if NOT reimbursed (Euro) 26,9 28,1 12,7

Cost by Air if reimbursed (Euro) 53,2 73,2

Cost by Air if NOT reimbursed (Euro) 28,0 39,7 16,7



HSR DEMAND FORECASTING MODELS
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SURVEYS  AND COUNTS

May  2009 : RP-SP survey + passengers counts

October 2009 : passengers counts

May 2010 : passengers counts

October 2010: RP-SP survey + passengers counts

May + October 2011: passengers counts

May + October 2012: passengers counts

May 2013: passengers counts

↘OD-estimation + Frequency-based model specification

↘OD-updating

↘OD-updating

↘OD-estimation + Schedule-based model specification

↘OD-updating

↘OD-updating + Trip-frequency model specification

B

E

F

O

R

E

A

F

T

E

R

December 2009



The Schedule-based SP survey (2010)

• Respondents recruited either at station/airport or at home

• Data:

‒ Most recent inter-city trip during the past three 

months - RP survey

•Alternatives:

‒ Existing and new services



The SP survey : factors and levels (based on current Level of service attributes on 

the actual OD pair)

Auto Air Trenitalia NTV

Intercity HSR HSR

Station / airports depending on origin zone depending on origin zone

time in vehicle 11 levels

Check-in closure time 4 levels

Dedicated security pass 2 levels

highway toll 11 levels

Base fare 12 levels 1st class and 2nd  fare ( 12 levels)

off-peak reduced fare 6 levels 6

advanced purchasing

reduction
7-day and 15-day (6 levels)

return fare 16 levels 16 levels

only for people > 65 y.o. Senior fare  - 4 levels

only for children < 12 y.o. children fare - 4 levels

only if frequent traveller Montly pass  and carnet x10 trips (7 levels)

The Schedule-based SP survey (2010)



Scatter diagram of assigned and counted flows 

HSR line sections Single train sections
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• HSR demand models

• HSR impacts assessment

market evolution : year 2009-2013

‒ HSR services in a competing market 

‒ Impacts on national demand 

‒ Some wider impacts (people lifestyles and tourism)

• HSR services design

Outline



HSR services growth between 2009 and 2013



The effects of competition on HSR

• More flexible fare structure : 

different fare rules  

multiple ticket price-point for each rule

• New services on-board and at stations

• Reduction of the average HSR price



Variation of # HSR passenger /year w.r.t . 2009

Cascetta, E. and Coppola P.(2014) “ New High-Speed Rail (HSR) lines and market competition: short 

term effects on services and demand in Italy” Transport Policy (under revision)

HSR demand growth (2009-2013)

NTV 

services

HSR network

completed



• HSR demand models

• HSR impacts assessment

• HSR services design
Strategic policies

rolling stocks

lines

Operational policies

fares

timetables

Outline



HSR SERVICES DESIGN (example)

Operational policies tested:  timetable
Example of timetable setting to increase passengers flow on 
specific trains



CONCLUSIONS

• We presented an integrated modeling architecture to forecast 

different components of HSR demand, based on scheduled service 

representation of different Air and  HSR operators (NTV and 

Trenitalia)

• The estimation of mode-service-run choice models require the set up 

of advanced computer-assisted Schedule-Based SP survey

• schedule-based assignment improve modal shares estimation and 

allow to better estimating direct benefits (travelers surplus) of new 

HSR services

• schedule-based assignment is essential for the evaluation of 

alternative timetables settings and fare structure design (operational 

policies)
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