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INTRODUCTION

Types of transportation services

In relation to space & time dimensions, Transportation Systems can be classified
in:

v Continuous services
are available at every instant and can be accessed from a very large number
of points (e.g. individual modes: car, walking, ....)

v Discrete services (e.g. Scheduled Services)
can be accessed only at given points and are available only at given times

xPassengers services * Freight services
> Bus » Railway
> Plane > Com.b.ined transport
5 Train I;)Marltlme Transport: Ro-
>... >
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INTRODUCTION

Scheduled Services modelling approaches
Scheduled Services can be modelled using two different approaches:

v Frequency-based approaches
x line-based representation of services

x modal choice and path choice models that give the mode and the line
probability in relation to service frequency

x assignment models that give the average flow of each line

v’ Schedule-based approaches

x run-based supply models with explicit consideration and representation of
services timetable

x modal choice and path choice models give the mode and the run choice
probability in relation to run attributes

x assignment models that give the average flow of each run

: Department of Transportation Engineering 5
S University of Naples “Federico I1”

INTRODUCTION

Definitions

v Runr
individual connection among stops with a given scheduled arrival/departure
time at each stop
Arun is defined by the route and the (scheduled) arrival and departure

times at Stops -~ run | Line service initial di‘:‘:” Intermediate | terminal
type station time Stops station

1 AA | INTERCITY A 9.30 - D

2 BB | REGIONAL A 9.50 B/C D

3 AA | INTERCITY A 10.30 - D

4 CC | INTERCITY A 11.30 D E

v Linel
set of runs with the same characteristics (route and stops, average travel
times, quality of services, etc.).

A line is defined by the route and the frequency (average number of runs
in the unit of time)

D

4 Departmentof Transportation Engineering 6
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SUPPLY MODELS
Definitions

v" Line-based supply models =¥ services are represented

by lines
v Run-based supply models =¥ services are represented
by runs
o Department of Transportation Engineering 8
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SUPPLY MODELS
Line-based approach

line 8
-$— centroids --- pedestrian links
taken from: O pedestrian nodes () boarding/alighting links
Cascetta (2009). Transportation System @ stoppedestriannoges > finelinks
Analysis: models and applications. f:ss:(f:::
. . .
2nd edition. Springer.
‘ Department of Transportation Engineering 9
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SUPPLY MODELS

Run-based approach
Diachronic graph:

v/ nodes representing events taking place at a given instant (nodes have
explicit time coordinate);

v allows using network algorithms similar to those used for static
continuous networks.

i Department of Transportation Engineering 10
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TRANSIT SUPPLY MODELS

Run-based models
Diachronic graph - Definition

The diachronic graph (2 consists of
three different sub-graphs in which
each node has an explicit time
coordinate:

v a service sub-graph ;

v" a temporal centroids sub-graph £2;;

v’ an access-egress sub-graph 2.

: ) Department of Transportation Engineering
- A¥  University of Naples “Federico II”

DIACHRONIC SUPPLY MODELS

Service sub-graph
Definition

The service sub-graph (2, represents transit services,
in which each run of each line is defined both in
space, through its stops, and in time, according to its
arrival/departure times at stops.

: ‘ Department of Transportation Engineering
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DIACHRONIC SUPPLY MODELS

Service sub-graph
Representation

TIMETABLE
run Terminal s Terminal s*
arr. dep. arr. dep. §
linel-run5 7.55 8.00 8.55 9.00
linel-run6 9.55  10.00 1055  11.00
linel-run7 1155 12,00 1255 1300
o boarding/alighting
« run arrival/departure time
— run/dwell link
¢ boarding/alighting links o
4 transfer link 66’ .
stop's

stop s’

Department of Transportation Engineering
University of Naples “Federico 11"

DIACHRONIC SUPPLY MODELS

Service sub-graph
Representation

TIMETABLE
run Terminal s Terminal s*
stop
arr. dep. arr. dep. é axis
line 1 - run’5 755 800 855 900 °
linel-run6 9.55  10.00 1055  11.00
linel-run7 1155 12.00 1255 1300
o boarding/alighting
« run arrival/departure time
— run/dwell link
( boarding/alighting links
g
4 transfer link &P j
stop's

stop s

Department of Transportation Engineering
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DIACHRONIC SUPPLY MODELS

Service sub-graph

Representation

TIMETABLE
run Terminal s Terminal s
arr. dep. arr. dep.
line1-run5 8.55 9.00
line1-run6 955 10.00 1055 11.00
linel-run7 1155  12.00 1255 13.00

o boarding/alighting
« run arrival/departure time

— run/dwell link

. boarding/alighting links

stop
axis

o
57 q 8.00

755

stop
axis

space
4 transfer link dfp .
stop s
stop s
Department of Transportation Engineering
University of Naples “Federico 11"
- stop
ervice sub-grap
R tati
TIMETABLE
run Terminal s Terminal s*
stop
arr. dep. arr. dep. é axis
line 1 - run’5 [755 so0] | [e55 900 °
linel-run6 9.55  10.00 1055  11.00
linel-run7 1155 12.00 1255 1300
R 9.00
857 <I
8.55
o boarding/alighting
« run arrival/departure time
— run/dwell link
( boarding/alighting links space
4 transfer link

stop's

stop s

Department of Transportation Engineering
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DIACHRONIC SUPPLY MODELS
Service sub-graph

axis
X
Representation
TIMETABLE
run Terminal s Terminal s’ stop
arr. dep. arr. dep. é axis
|tine1-runs || [755  soo| | |85  9.00|
linel-run6 955 10.00 1055 11.00
line 1 - run7 1155 1200 1255 1300

o boarding/alighting
« run arrival/departure time

— run/dwell link

. boarding/alighting links

space
4 transfer link df? stop s
stop s
Department of Transportation Engineering
University of Naples “Federico 11"
- stop
ervice sub-grap o
TIMETABLE
run Terminal s Terminal s*
stop
arr. dep. arr. dep. E axis
* s
| line1-run5 I 7.55 8.00 | 8.55 9.00| :
linel-run6 ‘ 9.55  10.00 1055  11.00
linel-run7 1155 12.00 1255 1300
9.57¢
o boarding/alighting
« run arrival/departure time
— run/dwell link
E
( boarding/alighting links pace
4 transfer link f stop s’

stop s
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DIACHRONIC SUPPLY MODELS

Service sub-graph
Representation

TIMETABLE
run Terminal s Terminal s stop
arr. dep. arr. dep. E axis
3 S
| linel-run5 I 7.55 8.00 8.55 9.00 :
linel-run6 ‘ 955  10.00 10.55  11.00]
linel-run7 1155  12.00 1255 13.00

9.57¢

o boarding/alighting
« run arrival/departure time

— run/dwell link

. boarding/alighting links

stop

axis

1057

4 transfer link f

stops

I

stop

$
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DIACHRONIC SUPPLY MODELS

Service sub-graph
Representation

TIMETABLE
run Terminal s Terminal s*
arr. dep. arr. dep.

[tne-rns ]| [7s5__s00 855 900 :
[Tnei-rns || [os5 1000] | [toss 1r00|

linel-run7 1155 12.00 1255 1300

o boarding/alighting
« run arrival/departure time

— run/dwell link

J boarding/alighting links

4 transfer link éf‘

stop s

stop s”

Department of Transportation Engineering
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DIACHRONIC SUPPLY MODELS

Service sub-graph

Representation

TIMETABLE
run Terminal s Terminal s
arr. arr. dep.
| linel-run5 I 7.55 8.00 | | 8.55 9.00‘
[o5_ 1o00] | [105 1roo]
linel-run7 ‘11.55 12.00 ‘ 1255 13.00

o boarding/alighting
« run arrival/departure time

— run/dwell link
. boarding/alighting links

4 transfer link

stop
axis

1157

stop
axis

stop s

stop s’

DIACHRONIC SUPPLY MODELS
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Service sub-graph

Representation

TIMETABLE
run Terminal s Terminal s*
arr. dep. arr. dep.

| line1-run5 I 7.55 8.00

line - run7 [itss 1200

855 900 5
[1055  1100|

125 13.00]

o boarding/alighting
« run arrival/departure time
— run/dwell link
J boarding/alighting links

4 transfer link

space

stop's

University of Naples “Federico II”
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DIACHRONIC SUPPLY MODELS
Service sub-graph
Representation

axis

s
TIMETABLE /
13.00
run Terminal s Terminal s 1257 \I
arr. dep. arr. dep. oy ©12.55
| linel-run5 I 7.55 8.00 8.55 9.00 g
line 1-run6 [o55 1000 1055 1100
linel-run7 | ‘11.55 12.00 ‘ ‘ 1255  13.00; ‘
o boarding/alighting
« run arrival/departure time
— run/dwell link
. boarding/alighting links
4 transfer link space
‘é‘q ::::I:::‘

& Department of Transportation Engineering
- A University of Naples “Federico II”

DIACHRONIC SUPPLY MODELS

Temporal centroids sub-graph

Definition

The temporal centroids sub-graph 2, represents user
departure/arrival times or an user target times (DDT -
Desired Departure Time and Desired Arrival Time - DAT).

rpy ]
7"4 *sq

d

demand

i Department of Transportation Engineering
A University of Naples “Federico I1”




DIACHRONIC SUPPLY MODELS

Temporal centroids sub-graph
Representation

s es'ss'ssassse
> %0-%n

centroid

‘ Department of Transportation Engineering
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DIACHRONIC SUPPLY MODELS

Access-Egress sub-graph
Definition

The access-egress sub-graph €2,, represents the
connection between centroids and stops, and among
stops.

It allows the connection between the demand sub-graph
and the service sub-graph.

‘ Department of Transportation Engineering
&¥  University of Naples “Federico II”
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DIACHRONIC SUPPLY MODELS

Access-Egress sub-graph
Representation

temporal
centroids

centroid

centroid

& Department of Transportation Engineering
- A University of Naples “Federico II”

DIACHRONIC SUPPLY MODELS

Access-Egress sub-graph
Representation 1.

Jress
ink
afpelfs
tempotal "
centroids
E ....... L
ity
stop
axis
g .......... space
f e é tops”
stops
centroid
centroid
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DIACHRONIC SUPPLY MODELS

The diachronic graph

Q=0 v Qv Q2

@ centroid

m origin departure time

e destination arrival time

o stop arrival time

o boarding/alighting

« run arrival/departure time
— run/dwell link

; boarding/alighting links
----» access/egress link

4 transfer link

@@ ....(D example of path

temporal
centroids

stop axis s’

stop axis s

temporal
centroids

A

stop s

centroid

centroid
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DEMAND MODELS

Services classification

Frequency:
v" Low: av. headway > 30 mins (e.g. non-urban transit services)

v" High: av. headway <12-15 mins (urban transit)
Regularity:

v" Low (e.g. urban transit services): average delays “large” compared to the average
headways

v High (e.g. airlines, intercity train services) : average delays “small” compared to the
average headways

Frequency
High Low
Irregl_JIar URBAN
Service
Regular REGIONAL
Service INTERCITY
Department of Transportation Engineering 31
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DEMAND MODELS
Modelling approaches

Different specifications for modal choice, path choice and
assignment models:

v’ Frequency-based approach

« for High-frequency services
Schedule-based Models for High
Frequency Services

v'Schedule-based approach
« for High-frequency services

« for Low-frequency services _

f_ Department of Transportation Engineering 32
o  University of Naples “Federico 11"

See lecture Public transportation I1:
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DEMAND MODELS

Schedule-Based models for low frequency services
Behavioural assumptions

v'pre-trip choice of the stop (station, airport) and of the run

v'users segmentation according to the user target time (TT), i.e.:
- desired departure time (DDT) or

- desired arrival time (DTT)

AW
"B Department of Transportation Engineering 33
S University of Naples “Federico I1”

DEMAND MODELS
Schedule-Based models for low frequency services
User Target Time

Times in which users desire/need to start or to complete their trips :

v  desired departure times (DDT)
times in which users would like to depart from their origin

v  desired arrival times (DAT),
times in which users would like to arrive at their destination

user target times (TT), due to low frequency, generate early

or late schedule delays, producing a further disutility
component (early/late schedule penalty) in mode and path
choice

: Department of Transportation Engineering 34
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DEMAND MODELS
Schedule-Based models for low frequency services
Example of early/late schedule delay

railway
terminal

IR 312 ﬁ axis

2.30

late departure

penalty

l (40min)
150 . «:] DDT =

B carly departure
IR 310 [ | penalt_y
‘ (20min)

1.30

4~ B Departmentof Transportation Engineering 35
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DEMAND MODELS
Schedule-Based models for low frequency services

Example of User Target Time distribution

Regional trips

[Harrival
5000
[ departure

o 4000

—

]

> 3000

2000

1000
(-
(=3 =3 =3 =3 =3 =3 (=3 =3 =3 =3 =3 =3 =3 =3 (=3
“Q “ “ “ N « “ “ “a “ “Q “ “ «“ “
[ © =N = — i ] < v o ™~ % =N — I
2 92 I 7 47 407 T 003 0Tz 49
[=3 =3 =3 =3 =3 =3 (=3 =3 =3 (=3 (=3 (=3 (=3 =3 (=3
0 “a ] “a i) “ 0 0 “ “ “ 0 “) 0 “
© [ 0 = = —_ ol i < vy O ™~ % = I\
S =) > =) = - — —_ — —_ ot —_ — h) I

time slice
.‘ i Department of Transportation Engineering 36
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DEMAND MODELS
Schedule-Based models for low frequency services

Demand Temporal Segmentation

Time-dependent O/D matrix

2 2 2 2
1 1 2 1 1 .
d ‘ d‘t“ d.f' 2 d:'.‘
. 1) 1|d,” ' d” 4 d”‘
d;’ a2 a? a2
! ! 21 ¥ "
2 |¢ ‘d d dar.,
| | 2] | 2[%e g 2%
| | 1 |
7.30 T 7:45 T 800 T 8:15 Ty 830

£ Department of Transportation Engineering 37
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DEMAND MODELS
Schedule-Based models for low frequency services
O-D segmentation: other criteria

Trip purposes: Users’ segmentation:
v'"Home-based (from/to) v’Income level;
v'work v'Reimbursement or not;
v business v'Party size;
v'study v'Car availability.
v'other
v"Non home-based
v'secondary

‘ Department of Transportation Engineering 38
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DEMAND MODELS

Path choice models
estimate the probability of choosing a path on the diachronic network given the origin-
destination pair and the user s target time

DESIRED DEPARTURE TIME DESIRED ARRIVAL TIME

stop axis k

1 Department of Transportation Engineering 40
University of Naples “Federico 11"
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DEMAND MODELS

Path choice models

Path choice set
Choice set defined by the following rules:

v maximum earliness and lateness band
(e.g. all the runs within a given temporal band)

v feasibility rules
(e.g. max schedule delay, max number of interchanges)
v'Dominance rules

(e.g. no paths leaving earlier and arriving later)

7; = departure target time
bl a2 b2 a3

. al
s — T T, T
A L T L

X T
T T run departure
e |

times
:‘_ Department of Transportation Engineering 11
o  University of Naples “Federico 11"

DEMAND MODELS

Path choice models
Example of Random Utility path choice model

Pre-trip choice of run r with maximum perceived utility U, in relation to
target time z¢

U /7r1]= Bre TB, + Pre TC, + uc MC, +fcrg CFB, + fespESD, + fsp-LSD + &

where:
v/ TB, on-board time;
v TC, transfer time;
v"MC, monetary cost;
v CFB, on-board comfort;
v ESD, early schedule delay;
v'LSD, late schedule delay;

f_ Department of Transportation Engineering 42
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DEMAND MODELS
Mode-service choice models

estimate the joint probability of choosing a mode and a service (e.g. train-first
class) on a given OD pair for a given users target time

Service characteristics
v’single or multiclass on the same vehicle or group of
vehicles
(e.g. business and economy for plane, First and second class for train))

v’single or multiservice on different vehicles (train)
(e.g. High-speed, Intercity, Interregional)

v different fare structures
(e.g. different prices for O/D pair, service and class)

: Department of Transportation Engineering 44
&  University of Naples “Federico II
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DEMAND MODELS

Mode-service choice model

Example of model structure

O/D pair
User Target Time
od,trr

Y

Early Run

/

Late Run

/

Individual Mode j Mode n Mode j Mode n
Mode k
Unarsty of Napis edereo 1 °
DEMAND MODELS
Example of mode-service choice model
Model specification
p() = pU/k)- p(k)
_ exp(Vj/6p) exp(6Yx 1 6p)
p(/k)= =
Sexp(Vm / 6p ) 2. exp(6Yh /6y )
mely h
Vj = Zﬁi - X jj = systematic utility of j-th alternative
i
L, model parameters
Xij i-th attribute of j-th alternative
Yh=In Y exp(Vy /6) = logsum variable of h-th group
S, melh
(3 '\ Department of Transportation Engineering 46
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DEMAND MODELS

Example of Mode-service choice model
Model Structure

O/D, target time

EARLY RUNS LATE RUNS

\‘ ‘\‘A
car Early Ef;'?]’ Early Late 'hiﬁ?\ Late
Park-Ride Bus -Ri
Bus (bus+train) (bus+train) Park-Ride
Department of Transportation Engineering 47
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DEMAND MODELS

Example of Mode-service choice model
Alternatives & Attributes

ALTERNATIVES
CAR EB ET EPR LB LT LPR
description car eg:lsy :farilz eagyri[;a;rk late bus tlraatien Iagz r[i)sgk
TB transit travel time X X X X X X
A TC car travel time X
T c travel cost X X X X X X X
; EP early schedule Delay X X X
| LP late schedule Delay X X X
5 AJE access/ egress time X X X X X X
T Hl high income user X
g PR park&ride dummy X X
CAR car dummy X
EBUS early bus dummy X
: Department of Transportation Engineering 48
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DEMAND MODELS

Example of mode-service choice model
Estimation results

§  University of Naples “Federico IT”
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Attribute B 1 Stud

On board time -1.4805 -2.154

Car fime -2.6050 -1.964

Monetary cost -0.2371 -1.989

High income 2.0066 1.895

Parké&Ride -0.31 -2.113

Purpose -15911 -2.109

Center -2.3510 -2.322

Center2 -1.1253 -1.866

Car 5.0109 2.343

Early arrival -2.6152 -2.876

penalty

Late arrival -5.2426 -2.856 log-likelihood -264.11
Eler":c:r:y acc/egr 0.7333 1972 o’ 06834
Early bus 0.3465 1633 ° 02032

’ Department of Transportation Engineering 49
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ASSIGNMENT MODELS

Demand-Supply interaction models

Classification
Path Choice Model
Transit network = Assignment = Deterministic | Stochastic

approach

uncongested thwgrk AON SNL
[e=cost] Loading

congested Equilibrium DUE SUE

[e=c(D)] ! Dynamic [

DDP DDP or SDP

AON=All or Nothing; SNL=Stochastic Network Loading,
DUE=Determunistic User Equilibrium; SUE=Stochastic User Equilibrinm,
DDP=Deterministic dynamic process; SDP=Stochastic dynamic process

f Department of Transportation Engineering

§  University of Naples “Federico IT” 51
DEMAND MODEL
Schedule-based
Assignment Models for
- choice model
low frequency services
’ Path(;)lows ‘ ’ Pat};giost ‘
f
Path Pz’g?j;nl'lances
Within-day dynamic network [ Network Flow ] Linchosts
loading model (WD-DNL) i < G
SUPPLY MODEL
= = = = =p Within-day Dynamic Systems
Department of Transportation Engineering 52
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ASSIGNMENT MODELS
Within-day Dynamic Network Loading

stop axis B

stop axis C

T

f. ateach time zon day t

stop axis A

space

4 Department of Transportation Engineering 53
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The within-day dynamic
network loading model
(WD-DNL) allows to
obtain  the  network
loading map, i.e. loads

27



Application example

The Italian High Speed Railways

N
"B Departmentof Transportation Engineering 55
A¥  University of Naples “Federico 11"

APPLICATION EXAMPLE

* The base scenario

*The methodology for demand forecasting

- Modeling specifications
- Validation

« Simulation of strategic operations of a new entrant

*The opening of competition the HSR

LA
"B Department of Transportation Engineering 56
A¥  University of Naples “Federico 11"
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APPLICATION EXAMPLE

The base scenario

HSR lines
- lengths and mavel times

HighSpeed | yoskm

Total

Railwavs 24179 km

Department of Transportation Engineering 57
University of Naples “Federico 11"

APPLICATION EXAMPLE

Current Scenario
The study area: The catchment area of the station of the Italian HSR

o

*37 trains

Department of Transportation Engineering 58
University of Naples “Federico II”
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APPLICATION EXAMPLE

» December 2009:was completed and opened to the public the director
High Speed Turin-Milan-Naples-Salerno ; 1,000 km long

Distance  Travel time  Travel TIME A A%
before HSR after HSR

Torino-Milano 125 1h 33’ 54’ 39’ -42%
Torino-Roma 640 6h 30’ 4h 30’ 2h -31%
Milano-Roma 515 4h 30 3h 1h 30 -33%
Milano-Napoli 720 6h 30’ 4h 55’ 1h 35’ -31%
Milano-Bologna 182 1h 40’ 65’ 35 -35%
Bologna-Firenze 79 59’ 37 22 -37%
Roma-Napoli 205 1h 45’ 1h 10’ 35

& Department of Transportation Engineering
University of Naples “Federico 11"

APPLICATION EXAMPLE

» 2012 incoming of a new operator
o TRENITALIA : (Italian National Operator)
o NTV : (expect entry time : Dec 2001)

Seatxm/day Avg Distance per

T i {
srum/day rankm/day (ma) Avg. TrainCapacy
Tremitadc (year 2011) 105 b BTS2 419 Jes S61
NTV (Base scemanio) st 35238 159 &1 as1
NTV partaer Heoldiag: Shareheolders of NTV partaer
Totsle MDP Bokdins 33 5% Delis Valle - Montezemolo - Punzo
- (egaal hokdeng)
DM Ervestumnent: 20.0% Intesa SaaPaolo
VFEPSA 20 0% SNCF
Geoenl: Funacal Holdings FCP-FIS  15.0% Generah
Nuovs Fourd 5.0% Bombarises
MalS Sge 5.0% Seragmol:
Reset 2000 1.5% Scamrrone
Josal 100 00M%

i Department of Transportation Engineering
University of Naples “Federico II”
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http://www.google.it/imgres?q=italo+treno&um=1&sa=N&biw=1290&bih=515&hl=it&tbm=isch&tbnid=0PF0flXE2NAomM:&imgrefurl=http://www.florence-guide.it/blog/2012/06/26/134-viaggi-da-e-per-firenze-con-italo-treno&docid=uGHiGaW6OfHHMM&imgurl=http://www.florence-guide.it//images/lyftenbloggie/italo_treno.jpg&w=500&h=333&ei=pDb4UcPLMZWq4APl-IGQCA&zoom=1&ved=1t:3588,r:34,s:0,i:202&iact=rc&page=4&tbnh=182&tbnw=243&start=33&ndsp=15&tx=155.29031372070312&ty=69.61289978027344

APPLICATION EXAMPLE

* The base scenario

*The methodology for demand forecasting
- Modeling specifications
- Validation

« Simulation of strategic operations of a new entrant

*The opening of competition the HSR

B ‘ Department of Transportation Engineering 61
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APPLICATION EXAMPLE

Supply Models
(drechromic
netwaork )

Run based
mode choice
mode!

Devired (by purpore

Departwe Time v

(DOT ) demand
distribution

L

—_—

INTV E
TRENITALIA)

Mode!
colibration

Current sypply Run-besed
scenario

mode cheice
model

(Estimation)
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APPLICATION EXAMPLE

Supply models

220 zones:

-each Province in the carchment
area split info two zones (L.e. the
main city and the rest of the
province)

= the regions Abbruzzo, Molise,
Trentino-Alto Adige and Valle
d’dosta D one zone

- the main ltalian cities (Rome, m
Milan, Noples, Turin, Florence, ’ )
Bologna) cittes split into mulriple Y

zones

Department of Transportation Engineering 63
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APPLICATION EXAMPLE
Supply models

Zoning example: the 13 zones of the city of Rome

Department of Transportation Engineering 64
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APPLICATION EXAMPLE

Supply models
the road graph the railways eraph

1900 nodes ; \ 2600 nodes \ A "_'-
=000 links 1 5300 links \;,b
(representing 35000 Km) }; . (representing 14500 Km) |

71

|
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APPLICATION EXAMPLE

Supply models

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,;

* 4.406 interregional and regional tyain /.rr
!

The diachronic network consists of:
- 126.526 nodes
- 329.657 iinks

Space
Department of Transportation Engineering 66
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APPLICATION EXAMPLE

The run-based mode choice model

estimating the market share of different OD transportation modes, including
alternative rail services (HSR vs Imerciny; 1" vs. 2 class) and individual flight
and trains (runs) characterized by different schedided timetables

Requires the specification of

* Desired Departure Time-of-day (DDT) demand distribution

* Mode-service-run choice model

Department of Transportation Engineering 67
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APPLICATION EXAMPLE

Desired Departure Time-of-day (DDT) distribution
Reference period: 5.00 - 21.30 (=P 990 minutes corvesponding to the values of the

Junctions 1o be estimated)
Non-parametric uni-variate Kernel fimction

hw=1) k()
being:

*x; the DDT revealed by respondent i
* K1) the Epachenikov function

Koy = 0,75 (1 =) if |ul<1, 0 otherwise
oh the length of the generic time period

Estimation methods - Max Likelihood (2079 obs)

Department of Transportation Engineering 68
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APPLICATION EXAMPLE

Desired Departure Time-of-day (DDT) distribution

The estimated DDT distribution fimctions by OD distance (<400Km and
~400Km) and by travel purpose (Business vs. Other)

T4

. .
‘'
S22 REIZRERZRLZASY S gussagrEszuezRny
gfssgggezzazeIsEssese gtz sgssnzsess
e e &
winversity of Naples “Federico IT°

APPLICATION EXAMPLE

The mode-service-run choice model: RP-SP survey

The RP data
contacts recruited at home, stations and atrports
7 observations
Alrports 385
Stations 1633
Awr e
cities with
sampled at HSR stations 04 PP I,:
home from the —_— '
population of N - -
fray other cities 369 Tram 44
Awnto 2
Total 34

Department of Transportation Engineering 70
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APPLICATION EXAMPLE

The mode-service-run choice model: RP-SP survey

The SP data
145 contacts gathered via web with 6 experiments per respondent 1o test
e fare levels
o Lo.S attributes (travel time + access/egress)
* Run departure time
* New HSR operator ti.e. NTV)

# scenarios " "
% %
completed  respondenty observations
! 82 18% 82 1%
2 20 4% 40 2%
3 11 2% 33 2%
A 6 1% 24 1%
5 3 1% 15 1%
6 323 73% 1938 1%
Total 445 100% 2132 100%
Department of Transportation Engineering 71
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APPLICATION EXAMPLE

The mode-service-run choice model: RP-SP survey

The SP survey : example of train schedule submitted 1o respondent

o T o 14dm
Bans tare f sdvanced | adwenced | retn L
Teadber Yim
g o By | gt Darang
o ’ Degp. ar Taent | nd 22 |2t | 2st |20 | i int
ot dentmetam
Hme S Tate dass | dem chane | clans | chaws (o | daas | dasa
ool Wi
»e NS X 1200 &2 mw 14 “ mw (=] ‘ s 5
Certrake Asgoreso
MlSE e o B0 %oomn | 2t | %0
Certraie certraie
o Wi
e rn® i 50 Men| S o
Cartr ke ety ale
Waroad Maano
. i * s 23 [0 %3me| 8| ©
jCerosle | Sagorede
Nt Nisno 530 K Shiom 1is e
Cortrale Cols ade
Naoed e
pas 2 F 1U® 133 »Xen| 18| W
Certrate geriraie
Noaped [V EPEN)
1 3N 1300 VW = =
Lotrpbe ol e
N Mdaig
» E | &5 o s -
Certrate Sogoresc
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APPLICATION EXAMPLE

The mode-service-run choice model
Nested logit models with a nesting structure to capture higher degrees of
substiturions among specific subsets of modal alternatives, particularly the HSR
alternatives provided on the same route by different operators, NTV vs. High Speed
Tremitalia (AVIR)

.“..
Auto Teain Al
| vt wrenews
B S
e
vy
! h )
rl‘l Feea v
" B p— IR = S——
lﬁ — -l - o -
et . — — —— —
m-rgud | & — S— Ly Lt ety [T
Vel bbbl —— Mo || Sl —
- - [ -
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APPLICATION EXAMPLE

The mode-service-run choice model: choice ser analysis
Hp 1: choice set includes the rim beforo and the vun after the Desired Departure

Time (DDT) g ey RV

Coverage ratio Ll 64% 0%

Hp 2: choice set includes all the runs departing in a time window of a given
length

3 /
fmn 4 S ——
—t 0 Tie dabe
i —yA

LR T T T T
gt o e e whadre (84 g
Hp 3: choice set includes all the non-dominated rins w.r . travel time, cost and

earhlate penalty

Department of Transportation Engineering 74
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APPLICATION EXAMPLE

The mode-service-run choice model

Stratistics
Business  Other
_scc-egress time / travel time 0.5 34
traveling alone 34,7 232
VOT (Euro/N) traveling vith party 21,3 10,7
train faie # roimbursed 538 180
sk Jaw i oot ieimburved 28.2
early dep. penalty / travel time 1,5 29
late dep. penalty / travel time 08 09

Values comparable with those found m the Hrerature.
e.g a study on HSR in Japan (Yao e1al. 2005)

Busie Other
st Lima tpenl Lime 08 1
VOT |conerted im Luro/h) 59.7 212

Department of Transportation Engineering 75
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APPLICATION EXAMPLE

The mode-service-run choice model
Delta ASC'’s for the two HSR operators
by distance band, trip purpose and service class

Business d,',':mm' Other ",',:;:{,:

1st class -2,58 -1,45

trenitali v 4

>400Km e 2nd class  -2,48 -1,35
NTV 1st class -3,33 -0,75 -1,79 -0,34
2nd class -2,73 -0,25 -1,52 -0,17

1st class -1,75 -1,18

<00k WO rddess 142 0,69
NTV 1st class -2,85 -1,10 2,14 -0,96

2nd class -1,76 -0,33 -0,93 -0,24

Department of Transportation Engineering 76
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APPLICATION EXAMPLE

MODEL VALIDATION: Scatter diagram of assigned and
counted flows

HSR line sections Single train sections

’,
2
=3 Y i
(3 .
? -
-

counted flows counted flows
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APPLICATION EXAMPLE

MODEL VALIDATION: Scatter diagram of counted flows
in May and October 2010

Yo D% 1305
.o

May (counted flows)

" » w ¥ (5 -

October (counted fMlows)
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APPLICATION EXAMPLE

* The base scenario

*The methodology for demand forecasting
- Modeling specifications
- Validation

« Simulation of strategic operations of a new entrant

*The opening of competition the HSR

& Department of Transportation Engineering 79
- A University of Naples “Federico II”

APPLICATION EXAMPLE

Strategic policies tested
Services and Rolling Stock

Operational policies tested
Fares
Timetable setting

=21~ B Department of Transportation Engineering 80
o A¥  University of Naples “Federico 11"
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APPLICATION EXAMPLE
Reference Scenario (2012)

* additional services of the new operator, i.e. NTV
* Incumbent As Is

Rl seunario
o o
Panhm/yenr NTV . 3.569 313,4%
Lenid) Tranitalia 9.791 7.128 66,6%
oo .7 &:7 1000% Demand generated by the
udditional NTV services
s9%

* Assumptions on GDP and

GOF yearly  Cumuinted GOF Cumulstad demand :

growth (%) growth (%) growth (%) -

011 1,16% 1.16% 142% s
012 154N 2,70% —
s L d * -
2014 1,30% 5,44% 6, o
_q018 126w 6,70% 8,20% 5

e " ML M MY oM oy
® Department of Transportation Engineering 81
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APPLICATION EXAMPLE

Strategic policies tested: services and rolling stock

NIV The HSR network
Ref. Scenario
(2012)
Rolling stock 20
# runs /day 51
trainsKm / day 35.238
Pax-km/year (mil.) 3.593

. WS
\
\ J
, / et
Department of Transportation Engineering 82
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APPLICATION EXAMPLE

Strategic policies tested: service and rolling stock

Alternative scenario:

No services between Napoli and Salerno  + mew services on the “Torino-Miuano-Venezia™

+ new services on

the Adriatic corridor

Department of Transportation Engineering
University of Naples “Federico 11"

83
APPLICATION EXAMPLE
Strategic policies tested: service and rolling stock
Ref. scenario Alternative scenario Delta %
Total ";“:’ To-Mi-Ve ”::" Total
Rolling stock 20 14 2 ) 19 5%
# runs /day 51 a . 10 58 14%
trainsKm / day 35.238 IMA55 2484 4814 35753 1%
Packm/yoar 3.503 1110 263 324 1,697 %
(mil.)
84

Department of Transportation Engineering
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APPLICATION EXAMPLE

H5R Service supply
Rel. Scenerio
(vanant) .

Prstetunitos e bey

Operational policies tested: fares

Fares “war™ among the two HSR competitors

Alternative scenario |

- 14 don e TR N e e O .
Trannaia b BT an LY [ e TAIS AN 20N aON 066 110% 71N
NV B.2s 155 bere bare % 1508 33an 5209 20N 2N

10697 1000% LIS 4% 1000%
HSR Serwice supply
p tort) Rel Scenario Alernative scenario 2
Ay poet = FROLES
oSy ey e dow indt lewn pey) - 1 e 2d e ) artse -
Tramzalia e aHns Baiw [ TAIS AN N 0 IS AN BN
NV 5lm 159 Lo

10687 1000

beiedN 1580 334N 0N -MA0N 761 sav RN
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APPLICATION EXAMPLE

Operational policies tested: timetable
Example of timetable setting to increase flows

i

1 ane

85

clan
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APPLICATION EXAMPLE

Operational policies tested: timetable

Nilenw Vomer e
Example of timetable setting to balance train loads . .
g . . - - ': ':v. Batognd®
'“”":::M“ .M" vt ) ML i "“:‘: MOOVA R Bbw Pirenie o
S wa Al e ey w.rn -
en ,‘

WMOLRA oA

b 181 -u('- m>m "
~—— Direct service

from Bologna

o to Roma

RegTvron. U AL LR

PIMENZE  BORSA OMA
LN PR TIMA O 118 NS4

No pax from Bologna to Roma boarding on
his train at Boloana Centrale

Department of Transportation Engineering
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HSR supply growth

Runs/day Trains-km/day

- 130
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o !
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HSR demand growth

Passengers/day Passengers-Km/day

—— = -
&y Y B —

I s

—pasn g S Ry
o

e ey
frririend

W hwetale o NTV jdeomber 1501} o Trenesia ATV (Scamber 1012)

» induced demand
o

« Intercity
» Air

induced demand
P

* Motorway

demand diversion from

other rail services

demand diversion from
other modes
(motorway, AIR)

o - -t e
Mil. Passenger/ year
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APPLICATION EXAMPLE
Modal shares between 2009-2012

1ong Dstance Nasianal Demand Long-Distance Demand in the HSR Cocw Area
[ 140
RS 8 a- 03N
i o 3 =23 )
S e
T - % =
T s - s
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