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Appendix C1 – Detailed description of the model EURORAIL

Introduction

A passenger Case Study will be undertaken involving a multi-modal analysis of passenger traffic on the London-Paris-Brussels corridor.  This would involve analysis of rail, air and road/ferry services and would consider previous relevant research relating to rail services and the Channel Tunnel Rail Link.

This will examine combinations of economic, regulatory and physical measures suggested by the local case studies and the literature review.

The following modes will be examined in the London-Brussels-Paris Case Study:
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This modeling approach implies that the instruments examined in the case study will concern several modes (rail, air and car). 

A number of studies have been undertaken in relation to the Channel Crossing traffic including, e.g. (Heddbaut 1996), (PETS 2000) and (EUROSIL 1997). The present study will build on these studies and others to examine the impact of a battery of transport policy instruments.

Model overview

The model used is an adapted version of the so-called EURORAIL model used in 1998 to forecast market segments for international traffic using the Channel Tunnel. The basic structure is a series of mode choice models for the modes: rail, air, road (ferry or Le Shuttle). This is based on a binomial logit model framework, where two modes are considered at any one time. 

This model requires three main groups of inputs:

· Demand matrices between each pair of zones by each of the current cross-Channel modes

· Network variables for each pair of zones

· Logit model parameters regarding the importance of the various network variables and passengers’ sensitivity to the variables

Demand matrices

The demand matrices for the base year in the model runs will utilise different passenger surveys, including the International Passenger Survey (IPS), Sea Passengers returns, Accompanied Passengers Vehicles return, Air Passengers returns, Travel Trends supplement survey. The OD information is available for 1991 and 1996 thereby allowing examination of the influence of the Channel Tunnel on travel patterns. Tables 1 and 2 show country aggregated OD demand data for the base year 1996.

Table C1.1. Passenger journeys by sea (aggregated zones) thousand journeys

	
	Greater London
	Rest of SE
	Rest of UK
	UK Unspecified
	Total

	Total France
	3344
	7361
	4787
	54
	15546

	Total Belgium-Lux
	776
	1396
	708
	46
	2927

	Total Netherlands
	553
	685
	1033
	36
	2308

	Total Germany
	1118
	857
	1338
	40
	3353

	Italy
	124
	170
	356
	10
	660

	Switzerland-Austria
	59
	159
	145
	2
	365

	Scandinavia
	87
	158
	478
	10
	732

	Spain/Portugal
	214
	362
	1059
	11
	1646

	Total above countries
	6275
	11148
	9905
	209
	27537


Sources: (Department for Transport 2003)
Table C1.2. Passenger journeys by Channel Tunnel (aggregated zones) 

              Thousand journeys

	
	Greater London
	Rest of SE
	Rest of UK
	UK Unspecified
	Total

	Total France
	3555
	3767
	1858
	19
	9200

	Total Belgium-Lux
	932
	860
	298
	29
	2120

	Total Netherlands
	239
	280
	208
	19
	745

	Total Germany
	229
	266
	310
	18
	823

	Italy
	44
	83
	79
	1
	207

	Switzerland-Austria
	60
	45
	35
	1
	141

	Scandinavia
	22
	2
	2
	0
	25

	Spain/Portugal
	53
	41
	102
	0
	196

	Total above countries
	5135
	5344
	2892
	87
	13458


Source: (Department for Transport 2003)
Demand matrices for future years are estimated using simple growth rates to each modal matrix. These growth rates will be derived from analysis of historic trends and consideration to possible differential growth rates for different zones.

In Table 3 examples of recent traffic forecasts for the Channel Tunnel are shown, although other forecasts are available (DETR by Arthur D. 2000).

Table C1.3. Cross-Channel Traffic Growth Forecasts

	
	1998-2000 

(% p.a.)
	2001-2005

(% p.a.)
	2006-2010

(% p.a.)
	2011-2025

(% p.a.)

	Business inbound
	1.0
	3.0
	3.0
	2.0 for 2011-2015, 

declining 0.5% every five year interval

	Business outbound
	1.0
	3.0
	3.0
	2.0 for 2011-2015, 

declining 0.5% every five year interval

	Leisure inbound
	6.0
	4.0
	4.0
	3.0 for 2011-2015, 

declining 0.5% every five year interval

	Leisure outbound
	5.0
	5.0
	3.0
	3.0 for 2011-2015, 

declining 0.5% every five year interval

	Total
	5.0
	4.0
	4.0
	3.0 for 2011-2015, 

declining 0.5% every five year interval


Source: (DETR by Arthur D. 2000)
Network variables

This includes information about fare, travel time, access and egress, service frequency for each pair of zones. Two main components of data are required for each mode:

· A representation of the physical network incl. details regarding distance

· Details concerning services offered by the operators (fares, service frequencies and routes) (air, ferry and rail).

As part of the previous application of the Eurorail model these data are available for the relevant network variables.

In addition, information about vehicle operating cost parameters has been based on (Affuso, Masson et al. 2003)
Logit model parameters

The following generalised cost parameters will be used to calibrate the mode choice functions:

· Value of time (EUR/hr)

· In-vehicle time (as proportion of physical time)

· Headway effect (equivalent penalty in in-vehicle minutes to reflect effect of service frequency)

· Access time (as proportion of physical time)

· Interchange (mins) (Equivalent penalty in in-vehicle minutes to reflect the physical inconvenience of interchange). 

· Board (mins) (Penalty for waiting to board. Calculated as twice the average wait time in terminal)

These parameters are available from the initial application of the Eurorail model to examine the effects of Regional Eurostar services (DETR by Arthur D. 2000).

In addition, information about demand elasticities is required (in particular fare and service elasticities). Again, elasticity values are available from the previous application of the model. Prior to the calibration of the choice functions the appropriateness of the elasticities will be reviewed. Otherwise, a significant collection of possible elasticity values exist from: BTE's Transport Elasticities Database Online http://dynamic.dotrs.gov.au/bte/tedb/index.cfm
Outputs

This model provides forecasts for international traffic for a 30-year period. As such demand forecasts will be produced for business and leisure trips (with leisure trips further split into independent holiday, package tours and short-stay and excursions) covering each of the four modes - rail, air, car (Le Shuttle and ferry). Modal split and actual passenger numbers will be the main output. Forecasts of demand require assumptions on service level and fares for the different modes over the forecast period. Do-something scenarios can be tested with respect to network changes, service changes, tariff changes for all modes, as well as general socio-economic changes (e.g. population and income changes). The following impacts will be considered in the London-Brussels-Paris case study:-

· Forecast demand (by market segment)
· Revenue and costs (for infrastructure managers and service operators)

· User benefits

· Externalities
· Congestion costs, the Mohring effect for public transport, accidents, air pollution, global warming, noise (all from PETS and UNITE)
Equity and efficiency

The model is well suited to determine effects in relation to the efficiency dimension where changes in consumers’ surplus, producers’ surplus and externalities can be estimated. 

More difficulties concern the consideration to equity due to limited information about the socio-economic characteristics within overall demand. Possibilities are restricted to equity implications as regard to different zones (with different average income levels) and differences between leisure and business travelers. 

Appendix C2 – Tables of the passenger case study London-Brussels-Paris

Table C2.1. Traffic data for Channel Tunnel

	Number per year
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002
	2003

	Le Shuttle Cars (vehicles)
	
	1222722
	2076954
	2319160
	3351348
	3260166
	2784493
	2529757
	2335625
	2278999

	Le Shuttle Coaches (vehicles)
	23383
	57971
	64579
	96324
	82074
	79460
	75402
	71911
	71942

	Eurostar (passengers)
	
	2920309
	4866566
	6004268
	6307849
	6596247
	7130417
	6947135
	6602817
	6314795


Source: Eurotunnel (various years) Annual Traffic Figures, www.eurotunnel.com
	Annual pct growth
	1996
	1997
	1998
	1999
	2000
	2001
	2002
	2003

	Car (vehicles)
	69.9%
	11.7%
	44.5%
	-2.7%
	-14.6%
	-9.1%
	-7.7%
	-2.4%

	Coach (vehicles)
	147.9%
	11.4%
	49.2%
	-14.8%
	-3.2%
	-5.1%
	-4.6%
	0.0%

	Rail (passengers)
	66.6%
	23.4%
	5.1%
	4.6%
	8.1%
	-2.6%
	-5.0%
	-4.4%


Source: Eurotunnel (various years) Annual Traffic Figures, www.eurotunnel.com
	Passenger modal split (%)
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	
	
	
	
	
	
	
	
	

	Car
	27.6%
	25.9%
	25.3%
	29.1%
	29.7%
	26.2%
	24.8%
	24.5%

	Coach
	31.1%
	36.1%
	33.7%
	36.6%
	32.7%
	31.9%
	32.6%
	32.2%

	Rail
	41.2%
	38.0%
	41.0%
	34.3%
	37.6%
	41.9%
	42.6%
	43.3%

	
	
	
	
	
	
	
	
	

	Total
	100.0%
	100.0%
	100.0%
	100.0%
	100.0%
	100.0%
	100.0%
	100.0%


Source: (Department for Transport 2003) Transport Statistics for Great Britain 2003 and own calculations.

Table C2.2. Sea Passenger Trends

	Sea Passenger Trends (Cross-Channel)
	
	

	
	
	
	
	

	
	2000
	2001
	2002
	2003

	Eastern Channel
	16923
	16301
	16838
	15176

	Dover - Calais
	14970
	14679
	15406
	14084

	Dover - Ostend
	814
	663
	266
	n

	Dover - Dunkerque
	75
	306
	445
	547

	Folkestone - Boulogne
	440
	5
	0
	0

	Ramsgate - Ostend
	76
	88
	117
	137

	Newhaven - Dieppe
	313
	337
	379
	397

	Other routes
	234
	224
	225
	11

	
	
	
	
	

	Western Channel
	4274
	4514
	4666
	4357

	Plymouth - Roscoff
	458
	447
	498
	478

	Poole - Cherbourg
	402
	510
	537
	532

	Portsmouth - Caen
	909
	889
	894
	942

	Portsmouth - Cherbourg
	848
	942
	939
	772

	Portsmouth - Le Havre
	741
	803
	859
	755

	Portsmouth - St Malo
	479
	489
	502
	457

	Other Routes
	437
	434
	438
	421

	
	
	
	
	

	Pct growth
	
	
	
	

	
	
	
	
	

	Eastern Channel
	
	-3.7%
	3.3%
	-9.9%

	Dover - Calais
	
	-1.9%
	5.0%
	-8.6%

	Dover - Ostend
	
	-18.6%
	-59.9%
	

	Dover - Dunkerque
	
	308.0%
	45.4%
	22.9%

	Folkestone - Boulogne
	
	-98.9%
	-100.0%
	

	Ramsgate - Ostend
	
	15.8%
	33.0%
	17.1%

	Newhaven - Dieppe
	
	7.7%
	12.5%
	4.7%

	Other routes
	
	-4.3%
	0.4%
	-95.1%

	
	
	
	
	

	Western Channel
	
	5.6%
	3.4%
	-6.6%

	Plymouth - Roscoff
	
	-2.4%
	11.4%
	-4.0%

	Poole - Cherbourg
	
	26.9%
	5.3%
	-0.9%

	Portsmouth - Caen
	
	-2.2%
	0.6%
	5.4%

	Portsmouth - Cherbourg
	
	11.1%
	-0.3%
	-17.8%

	Portsmouth - Le Havre
	
	8.4%
	7.0%
	-12.1%

	Portsmouth - St Malo
	
	2.1%
	2.7%
	-9.0%

	Other Routes
	
	-0.7%
	0.9%
	-3.9%


Source: (Department for Transport 2003) Transport Statistics Bulletin, Sea Passenger Bulletin

Table C2.3. Air Passenger Trends

	
	
	
	
	
	
	
	
	

	Total # passengers
	1996
	1997
	1998
	1999
	2000
	2001
	2002
	2003

	LHR-Paris Charles de Gaule
	1893785
	1839086
	1846290
	1883927
	1964524
	2120079
	2150791
	1970345

	LHR – Paris Orly
	498722
	433607
	451056
	428877
	378915
	38002
	 
	 

	LGW-Paris Charles de Gaule
	314173
	305433
	314002
	322498
	312083
	281754
	278064
	288997

	LGW - Paris Orly
	1044
	188
	 
	 
	 
	 
	 
	  

	London City – Paris
	42910
	95242
	77830
	72121
	96101
	88140
	71331
	43035

	London City - Paris Orly
	34514
	4
	
	
	
	
	13322
	83775

	Stansted-Paris
	126524
	125685
	119704
	119030
	161889
	178081
	178921
	34766

	LHR-Brussels
	974172
	1068698
	1064499
	1080766
	1163877
	1022320
	968982
	838337

	LGW-Brussels
	126640
	173807
	227837
	227946
	118963
	54050
	49356
	71831

	London City – Brussels
	41808
	61066
	74728
	77138
	86940
	56283
	52774
	70348

	Stansted-Brussels
	60735
	62512
	90455
	133295
	32573
	1031
	 
	 

	
	
	
	
	
	
	
	
	

	Total Paris
	2911672
	2799245
	2808882
	2826453
	2913512
	2706056
	2692429
	2420918

	Total Brussels
	1203355
	1366083
	1457519
	1519145
	1402353
	1133684
	1071112
	980516

	TOTAL
	4115027
	4165328
	4266401
	4345598
	4315865
	3839740
	3763541
	3401434

	
	
	
	
	
	
	
	
	

	Annual Pct Growth
	
	
	
	
	
	
	
	

	London – Paris
	
	-3.9%
	0.3%
	0.6%
	3.1%
	-7.1%
	-0.5%
	-10.1%

	London – Brussels
	
	13.5%
	6.7%
	4.2%
	-7.7%
	-19.2%
	-5.5%
	-8.5%

	London - Paris/Brussels
	
	1.2%
	2.4%
	1.9%
	-0.7%
	-11.0%
	-2.0%
	-9.6%


Source: Civil Aviation Autority (various years) International Air Passenger Traffic to/from UK airports

Table C2.4. Social Marginal Costs by Mode for United Kingdom, France, Belgium and EU15 (c per passenger kilometre)

	
	
	FR
	BE
	LU
	UK
	EU15

	Accidents
	Air
	
	
	
	
	

	Congestion
	Air
	
	
	
	
	

	Global Warming
	Air
	1.31
	1.39
	1.39
	1.16
	1.24

	Infrastructure
	Air
	
	
	
	
	

	Noise
	Air
	0.06
	0.05
	0.01
	0.09
	0.07

	Air pollution
	Air
	0.08
	0.07
	0.07
	0.03
	0.04

	MSC TOTAL
	Air
	1.45
	1.51
	1.47
	1.29
	1.36

	Accidents
	Bus
	0.09
	0.18
	0.17
	0.06
	0.11

	Congestion
	Bus
	0.10
	0.11
	0.11
	0.09
	0.10

	Global Warming
	Bus
	0.02
	0.02
	0.02
	0.02
	0.02

	Infrastructure
	Bus
	0.17
	0.18
	0.18
	0.15
	0.16

	Noise
	Bus
	0.01
	0.02
	0.02
	0.02
	0.01

	Air pollution
	Bus
	0.65
	0.46
	0.46
	0.14
	0.29

	MSC TOTAL
	Bus
	1.04
	0.98
	0.96
	0.48
	0.69

	Accidents
	Car
	1.09
	1.85
	1.6
	0.55
	1.05

	Congestion
	Car
	0.40
	0.48
	0.48
	0.44
	0.44

	Global Warming
	Car
	0.16
	0.17
	0.17
	0.14
	0.15

	Infrastructure
	Car
	0.63
	0.44
	0.44
	0.36
	0.39

	Noise
	Car
	0.04
	0.06
	0.06
	0.05
	0.04

	Air pollution
	Car
	0.72
	0.68
	0.68
	0.35
	0.42

	MSC TOTAL
	Car
	3.03
	3.67
	3.42
	1.89
	2.50

	Accidents
	Ferry
	
	
	
	
	

	Congestion
	Ferry
	
	
	
	
	

	Global Warming
	Ferry
	0.25
	0.27
	0.27
	0.22
	0.24

	Infrastructure
	Ferry
	
	
	
	
	

	Noise
	Ferry
	
	
	
	
	

	Air pollution
	Ferry
	5.59
	4.99
	4.99
	2.32
	3.08

	MSC TOTAL
	Ferry
	5.85
	5.26
	5.26
	2.54
	3.32

	Accidents
	Rail
	0.05
	0.06
	0.06
	0.05
	0.05

	Congestion
	Rail
	0.06
	0.07
	0.07
	0.06
	0.06

	Global Warming
	Rail
	0.02
	0.02
	0.02
	0.02
	0.02

	Infrastructure
	Rail
	0.61
	0.48
	0.48
	5.67
	0.43

	Noise
	Rail
	0.03
	0.04
	0.04
	0.03
	0.03

	Air pollution
	Rail
	0.36
	0.36
	0.36
	0.19
	0.22

	MSC TOTAL
	Rail
	1.13
	1.03
	1.03
	6.01
	0.81
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