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Appendix D1 – Detailed description of the Norwegian National Model System for Passenger Travel (NTM)

The model system is designed to produce medium and long-term passenger travel forecasts. The model system represents the passenger travel market for long distance travel (over 100 Kilometres one way) in detail and a wide range of decisions including car ownership, mode and destination choice, and frequency of travel. Long distance travel is segmented into 5 travel purposes (business work, visit, recreation and other private travel purposes) covering 5 travel modes (car, air, rail, bus and boat).

The model system is designed to deal with different scenarios defined in terms of factors that influence demand for travel. Thus not only trends in factors such as relative prices, level of transport services, income, and population are to be accounted for but also compositional changes in population that will have a bearing on the demand for travel. Therefore the model system had to retain a high degree of disaggregation.

The model system has the following components:

i) Disaggregate and aggregate license holding models

ii) Disaggregate car ownership models

iii) Disaggregate models for long distance travel demand comprising models for travel frequency and models for mode and destination 

iv) Segmentation model

v) Network model

i) Aggregate and Disaggregate Licence Holding Models

Disaggregate logit models estimates licence holding at the household level. Two separate models are estimated for this purpose. The first model predicts licence holding of the head of the household and his or her partner. The second model predicts the licence holding of other adults in the household. License holding predictions from these models are compared with aggregate licence holding predictions and calibrated to produce similar results. The aggregate licence holding predictions contain trend effects that are not captured in the cross-sectional models. The aggregate licence holding model was constructed in such a manner to capture licence-holding penetration in population over time. The aggregate licence holding model is based on the aggregate licence holding data from Norway.

ii) Disaggregate Car Ownership Models

Three binomial logit models estimate car ownership at a household level when there are 1, 2 or 3 or more persons of age 18 or older in the household. In these models, car ownership is explained by household's socio-economic. These variables are:

· Sex and age

· Income

· Couple with children

· Number of children of age 0-12

· Dummy for large towns
iv) Disaggregate Models for Long Distance Travel Demand

These models consist of travel frequency (trip generation) models and joint travel destination mode choice models for each travel purpose. 
Disaggregate binomial logit models estimate number of tours at individual level, for various travel purposes. Trip frequency is explained by the socio-economic characteristics of an individual in a household, household characteristics, car availability, level of urbanization of the place of residence of the individual, employment density and logsum variable from the joint destination and mode choice models. The logsum variable describes accessibility of a location to alternative destinations.

Joint travel destination and mode choice models predict travel destination and the mode of travel among car, bus, boat, rail and air on an individual level. Mode/destination models are structured logit models. Variables such as population density, employment density, total employment, hotel and restaurant employment, retail employment, student enrolment and total population were used to describe attraction of destinations. A zonal system based on 1428 communities in Norway was used for this purpose.

Attributes of different modes such as different cost and time components, and frequency of service describe mode choice. Network data was used for the long distance models. For this purpose car, bus, boat, rail, and air networks were coded in terms of 1428 municipalities in Norway in the EMME/2 system. Mode choice is also described by other variables such as car availability within the household and income of the individual.

In the estimation of joint destination and mode choice models, the method of sampling alternative destinations was adopted. Twenty stratified destinations in addition to the chosen destination were used for estimation. Figure D1.1 shows the structure of the frequency and mode/destination choice models.

Figure D1.1. Structure of the frequency and mode/destination choice models.
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The main variables in the frequency and mode/destination choice models are presented in Table D1.2. 

Table D1.2. The main variable in the frequency and mode/destination choice models 

	Level of service, car
	Level of service, public transport
	The individual
	Zones / Attractions at destination 

	· Travel time ”door to door”

· Fuel cost 

· Toll cost / ferry cost 

· Car availability (license holding and car ownership)


	· Onboard time

· Access/egress time 

· Waiting time (based on frequency)

· Number of transfers

· Fare 
	· Sex and age

· Income (personal or for household)

· Employment / profession

· Household category and car availability

· Zone/geography/centrality
	· Population

· Employment in different sectors of industry

· Hotels (hotel beds)

· Cottages / holiday houses

· Transport services


v) Segmentation model 

The segmentation model relies on the results from licence holding and car availability model.
For every zone the population is divided into 7 each sex and age groups and into five groups depending on car availability as follows:

1.No licences, no cars in the household

2.No licence, but car in the household

3.Licence, but no car in the household

4.Licence, number of cars >= number of licences

5.Licence, number of cars < number of licences

Mode/choice model are run for each of these five groups, with different dummies for car availability. 

v) Network model 

The network model is based on 1428 zones. The model consists of road network and networks for rail, boat, bus and air consisting of about 80 transit lines for rail, 110 transit lines for boat, 600 transit lines for bus and 220 transit lines for air.

EMME/2 is used for assignment and calculating level of service data. Generalised cost of travel is used for car assignment. The following figure shows the base network in the Southern part of Norway.

Figure D1.3. Base network in the Southern part of Norway
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The model system has been validated against data including mode share and some flows on different networks

Table D1.4. Income elasticity

	 
	Business
	Visit
	Other private purposes
	Total

	Car
	0.51
	0.38
	0.37
	0.44

	Bus
	0.04
	0.12
	0.15
	0.16

	Boat
	-0.29
	0.09
	0.17
	0.11

	Rail
	0.24
	0.12
	0.14
	0.16

	Air
	0.75
	0.45
	0.47
	0.59

	Total
	0.59
	0.35
	0.34
	0.42


Table D1.5. Price elasticity values

	 
	Totalt NTM5

	Car
	-0.11

	Bus
	-0.37

	Boat
	-0.37

	Rail
	-0.30

	Air
	-0.35


Appendix D2 – Calculation of the changes in operating costs due to an increase in rail frequency

Table D2.1. Changes in cost for rail operator

	1% increase in frequency pr year 2001-2012 = 11.57% increase
	
	

	
	
	

	Unit cost pr train pr day (Nkr)
	29886
	(Based on 15% diesel trains)

	Unit cost pr train pr day (Euro)
	3628
	

	Number of trains in reference scenario:
	145
	

	1% increase in frequency pr year implies 
	16.8
	Extra trains

	
	
	

	Extra cost because of increased frequency:
	60950
	Euro pr day

	
	
	

	Cost pr train-km (Nkr 2003)
	15.5
	

	Cost pr train-km (Euro)
	1.88
	

	Train-km pr day in 2012 reference (according to NTM5)
	82587
	

	1% increase in frequency pr year implies
	92142
	Train-km pr day

	Increase in train-km pr day
	9555
	

	
	
	

	Extra cost because of increased frequency:
	17979
	Euro pr day

	
	
	

	Total
	78930
	Euro pr day


Appendix D3 – Model calculations for the scenarios

Table D3.1. Changes in number of trips  per day

	
	Alt.
	Total
	Car
	Bus
	Boat
	Rail
	Air

	Reference scenario 2012
	0
	209886
	144961
	7369
	6273
	15965
	35318

	Fuel price +25%
	1
	208352
	142112
	7555
	6413
	16316
	35956

	Fuel price+50%
	2
	207002
	139603
	7723
	6538
	16633
	36505

	Air fare-25%
	3
	210556
	143541
	7255
	6099
	15771
	37890

	Air frequency +1% per year
	4
	210186
	144285
	7333
	6214
	15871
	36483

	Rail fare -25%
	5
	210153
	144346
	7319
	6238
	17073
	35177

	Rail frequency +1% per year
	6
	210028
	144638
	7349
	6263
	16527
	35252

	Speed change, road network: B
	7
	206819
	139122
	7722
	6767
	16657
	36550

	Rail fare –25%
	8
	204881
	132310
	7946
	6902
	19050
	38673

	Fuel +25%, rail fare-10%, rail&air freq +1%
	9
	206139
	134733
	7784
	6783
	18703
	38136

	Speed change: A
	10
	208446
	142178
	7532
	6583
	16276
	35876

	Fuel +25%, rail fare-10%, rail&air freq +1%
	11
	206406
	135271
	7761
	6729
	18638
	38007

	Rail fare +10%
	12
	209795
	145170
	7387
	6285
	15588
	35365

	Rail fare -10%
	13
	209985
	144732
	7350
	6260
	16376
	35266

	Fuel cost -25%
	14
	211681
	148300
	7161
	6110
	15564
	34546

	Fuel +25%, rail fare-10%, rail freq +1%/year
	15
	208603
	141547
	7512
	6389
	17325
	35831

	Fuel +25%, rail fare+10%, rail freq +1%/year 
	16
	208401
	142004
	7552
	6416
	16492
	35938

	Fuel –25%, Speed change A
	17
	210190
	145459
	7323
	6420
	15877
	35112

	Railfare –10%, rail freq +1%/year, Speed A
	18
	208696
	141615
	7490
	6558
	17280
	35753


Table D3.2. Percentage change in no of trips relative to the reference scenario in 2012

	Prosentvis endring i antall turer 
	% change in trips relative to the reference scenario

	Scenario
	Alt
	Total
	Car
	Bus
	Boat
	Rail
	Air

	Fuel price +25%
	1
	-0.7%
	-2.0%
	2.5%
	2.2%
	2.2%
	1.8%

	Fuel price+50%
	2
	-1.4%
	-3.7%
	4.8%
	4.2%
	4.2%
	3.4%

	Air fare-25%
	3
	0.3%
	-1.0%
	-1.6%
	-2.8%
	-1.2%
	7.3%

	Air frequency +1% per year
	4
	0.1%
	-0.5%
	-0.5%
	-0.9%
	-0.6%
	3.3%

	Rail fare -25%
	5
	0.1%
	-0.4%
	-0.7%
	-0.6%
	6.9%
	-0.4%

	Rail frequency +1% per year
	6
	0.1%
	-0.2%
	-0.3%
	-0.2%
	3.5%
	-0.2%

	Speed change, road network: B
	7
	-1.5%
	-4.0%
	4.8%
	7.9%
	4.3%
	3.5%

	Package 1
	8
	-2.4%
	-8.7%
	7.8%
	10.0%
	19.3%
	9.5%

	Package 2
	9
	-1.8%
	-7.1%
	5.6%
	8.1%
	17.2%
	8.0%

	Speed change: A
	10
	-0.7%
	-1.9%
	2.2%
	4.9%
	2.0%
	1.6%

	Package 3
	11
	-1.7%
	-6.7%
	5.3%
	7.3%
	16.7%
	7.6%

	Rail fare +10%
	12
	0.0%
	0.1%
	0.2%
	0.2%
	-2.4%
	0.1%

	Rail fare -10%
	13
	0.0%
	-0.2%
	-0.3%
	-0.2%
	2.6%
	-0.1%

	Fuel cost -25%
	14
	0.9%
	2.3%
	-2.8%
	-2.6%
	-2.5%
	-2.2%

	Fuel +25%, rail fare-10%, rail freq +1%/year
	15
	-0.6%
	-2.4%
	1.9%
	1.8%
	8.5%
	1.5%

	Fuel +25%, rail fare+10%, rail freq +1%/year 
	16
	-0.7%
	-2.0%
	2.5%
	2.3%
	3.3%
	1.8%

	Fuel –25%, Speed change A
	17
	0.1%
	0.3%
	-0.6%
	2.3%
	-0.6%
	-0.6%

	Railfare –10%, rail freq +1%/year, Speed A
	18
	-0.6%
	-2.3%
	1.6%
	4.5%
	8.2%
	1.2%
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