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1. Introduction and overview

This section provides an overview of KTEN. Next sections presents KTEN in depth. 

KTEN Purpose: KTEN, together with MASST, have been used to precise qualitative scenarios into quantitative ones, providing an economic, spatial and environmental strategic assessment of them. In particular, KTEN is used to define transport network scenarios and evaluate them, from an European perspective. 

KTEN Definition: ("Know trans-European Networks") is a passenger and freight traffic forecast metamodel developed to facilitate a strategic analysis of the trans-European Transport Networks in a wider pan-European and Mediterranean scale.  

KTEN Formulation: It is a sequential Four-steps model, with combined modal split and assignment on multimodal networks; assignment of interurban trips and freight between NUTS3 is made without congestion constraints  (1 complete run of KTEN takes about 4 days; KTEN is 4GB large in total). 

KTEN Information: It uses STREAMS results, WTO and EUROSTAT Air Traffic OD databases, ETIS-BASE freight matrices.

KTEN Integration with MASST: infrastructure regional endowment as output for MASST, GDP and population predictions from MASST as inputs.

KTEN main outputs: Multimodal passenger trips and costs and freight forecast between NUTS2 (disaggregated into NUTS3), traffics on rail, road, air and maritime links, relative European interest of road and rail links (considering interurban NUTS3 relation), spatial development and environmental aggregated indicators.

KTEN steps:

1. Definition of infrastructure scenarios using IGIS project database according to the scenarios sketched by ESPON 3.2 TPG, following expert criteria.

2. Calculation of construction costs, which are sent to MASST.

3. MASST provides provisional GDP and population forecasts.

4. Calculation of travel costs between NUTS2 capitals for different transport modes in a year 2000 scenario and a complete scenario with all infrastructures finished.

5. Creation of future passenger and freight matrices for the complete scenario.

6. Assignment of matrices and calculation of indicators.

7. Redefinition of infrastructure scenarios using calculated indicators.

8. Calculation of construction costs, which are sent again to MASST.

9. MASST provides definitive GDP and population forecasts.

10. Calculation of travel costs between NUTS2 capitals for different transport modes and all scenarios.

11. Creation of future passenger and freight matrices for all scenarios.

12. Assignment of matrices and calculation of indicators.
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Figure 1: Scheme of interrelation between KTEN and MASST models
2. Scenario definition

2.1 Policy definition of scenarios

The infrastructure scenarios are defined based on both political aims and scientific criteria; policy aims determine maximum budget lines for road and rail, for 2015 and 2030, and the decision-making frame. No significant differences concerning ports and airports, and urban infrastructure, are considered in the scenarios.

· Competitive scenario: projects are selected based on socioeconomic profitability only. There is no preference for rail and no strong policies in favor of modal shift; it is assumed in the scenario that the improvement of road vehicle efficiency, road traffic management systems, will produce more efficient use of road and much less environmental impacts. Road pricing is applied on all roads and rail services tend to be adapted to demand and have market prices with no subsidies. This is the most efficient scenario from a transport-economics point of view (the one with the lowest marginal costs in both roads and rail).

· Cohesive scenario: projects are selected based on reducing the infrastructure endowment gap between regions. Policy is based on more roads for regions with less road endowment, and a balanced investment on roads and rail in regions with higher levels of road transport endowment. This is the scenario that can have higher impact inducing economic growth in less developed regions.

· Baseline scenario: projects are selected based on socioeconomic profitability but regions with GDP below the average have a specific budget. Strong policies to induce modal shift. It is assumed that rail technology and rail management will improve enough to carry this traffic increases. This scenario can be considered as the most sustainable, assuming an improvement in rail management.

2.1.1 Competitive scenario

Infrastructures are built according to their socioeconomic profitability, based on a Cost-Benefit Analysis (CBA) appraisal that includes both environmental externalities and indirect territorial impacts. The RAILPAG defined by the European Investment Bank, for instance, proposes an updated methodology to evaluate rail infrastructure projects; according to CBA, the selection criteria could be not to build projects with CBA below a given threshold (measuring CBA in vehicle flow increase per invested €, and fixing priorities based on a CBA ranking). A proxy of this CBA is the marginal cost of the foreseen increase in passenger and freight traffic, and the savings of the existing traffic thanks to the time and cost reductions produced for the new infrastructure project. The total budget to be allocated could be separated into a “road budget” and “rail budget”. The relative budget for roads or rail is then a political decision based on policy aims more global than the transport policy. The total investment in infrastructure will be less than the total possible, since projects with low profitability will not be built.

Method to define the infrastructure scenarios:

· Evaluation of the current road and rail CBA proxy

· From the European list of projects, ranked according to CBA proxy, select until the total budget allocated is reached

2.1.2 Cohesive scenario

Infrastructures are built according to territorial criteria, based on assuring a minimum level of accessibility to cities and regions, without regarding the existing traffic or the economic development level. Since less developed regions use to have less resources available to build infrastructures, this policy requires transfers from most developed regions. Priorities are fixed based on reducing territorial gaps, starting by building those projects with higher expectations on traffic (so those that may induce more mobility, relations and development opportunities).

Method to define the infrastructure scenarios:

· Evaluation of the current road and rail densities, and relative gaps.

· Regional distribution of road and rail budgets based on gaps

· From the regional list of projects, ranked according to CBA proxy, select until the regional allocated budget is reached

2.1.3 Baseline scenario

Infrastructures are selected based on both CBA and GDP gaps. Regions are classified into two groups, based on GDP (those above the average and those below). For each group, infrastructures are selected based on CBA ranks similar to the competitive scenario (CBA thresholds will be smaller in the baseline scenario than in the competitive).

Method to define the infrastructure scenarios:

· Evaluation of the current road and rail CBA.

· Analysis of GDP evolution

· From the list of projects for both group of regions, ranked according to CBA, select until the regional allocated budget to rail and road is reached.

2.2 Demand scenarios

Coherent with the infrastructure and supply management scenarios, there are demand scenarios that are based on assumptions regarding population, economic growth, spatial patterns, and other key elements relatively exogenous to transport infrastructure.
The following table summarizes the different variables that define the demand scenarios (shown values are provisional and somehow “qualitative” and can not be directly used in the model, they first need a re-scaling):

	SCENARIO
	2015 BASELINE
	2015 COHESIVE
	2015 COMPETITIVE
	2030 BASELINE
	2030 COHESIVE
	2030 COMPETITIVE

	 
	Environmental
	Territorial
	Economic
	Environmental
	Territorial
	Economic

	Main indicator 
	Development GDP
	Endowment ACC
	Efficiency CBA
	Development GDP
	Endowment ACC
	Efficiency CBA

	Main aim 
	Balancing modes
	Balancing regions
	Balancing sectors
	Balancing modes
	Balancing regions
	Balancing sectors

	PASSENGER
	 
	 
	 
	 
	 
	 

	GDP elasticity 
	1,0%
	1,5%
	1,0%
	1,0%
	1,0%
	0,5%

	POP elasticity 
	0,5%
	1,0%
	0,5%
	0,5%
	0,5%
	0,5%

	Work trips/worker per day
	2,2
	2,5
	2
	2,2
	2,1
	2

	Study trips/student per day
	2
	2
	2
	2
	2
	2

	Maximum trips/person per year
	1000
	1100
	1050
	1000
	1100
	1050

	Minimum  trips/person per year
	100
	125
	110
	100
	125
	110

	Maximum leisure/personal trip ratio
	60%
	55%
	65%
	60%
	55%
	65%

	Minimum leisure/personal trip ratio
	40%
	40%
	40%
	40%
	40%
	40%

	Users' costs perception
	70,0%
	55,0%
	80,0%
	80,0%
	75,0%
	100,0%

	FREIGHT
	 
	 
	 
	 
	 
	 

	GDP elasticity 
	1,5%
	2,0%
	1,5%
	1,5%
	1,5%
	1,0%

	POP elasticity 
	1,0%
	1,5%
	1,0%
	1,0%
	1,0%
	0,8%

	Market integration level of EU-15
	1
	1
	1
	1
	1
	1

	Market integration level of EU-25
	2
	2
	2
	1
	1
	1

	Market integration level of EU-27
	2
	2
	3
	2
	2
	2

	Market integration level of EFTA countries
	2
	2
	3
	1
	1
	2

	Market integration level of Future Candidate countries
	2
	1
	4
	2
	2
	3

	Market integration level of Rest of the World
	2
	1
	4
	2
	2
	3

	Carriers' costs perception
	75,0%
	60,0%
	90,0%
	80,0%
	75,0%
	100,0%

	Cost allocation to roads
	40,0%
	60,0%
	60,0%
	40,0%
	60,0%
	60,0%

	Cost allocation to rails
	40,0%
	40,0%
	20,0%
	40,0%
	40,0%
	20,0%


Table 1: Demand scenarios variables

3. Model description

This chapter intends to be a basic description of the steps required to run the model. 

As it has been previously said KTEN model is interrelated with MASST model, which provides GDP and Population predictions. However KTEN can be used standalone in future predictions, applying the GDP and Population values obtained from MASST during the first run of the model, and project profitability ratios previously calculated.

KTEN is divided in five modules:

1. Infrastructure definition module: it allows to define which infrastructures will be constructed in each scenario.

2. Passenger forecast module: it generates the future passenger flows between NUTS3 for each scenario.

3. Freight forecast module: it generates the future freight flows between NUTS3 for each scenario.

4. Assignation module: it assigns the passenger and freight flows to the infrastructure network.

5. Spatial and environmental indicators module: calculates different indicators based on the obtained traffics. (Under development)
3.1 Infrastructure definition module

The definition of infrastructure scenarios is done through a set of parameters which control the amount of budget to be spent and its spatial and temporal distribution.

For the three scenarios, baseline, cohesive and competitive, the first step is to choose the minimum acceptable profitability of the infrastructure projects, measured as the ratio of vehicle increase forecast divided by the monetary cost of the project.

Three different profitability limits must be defined for every scenario, one for each transport mode (road, rail and inland waterways). 

3.1.1 Competitive scenario infrastructure parameters

The competitive scenario is based only on profitability, so apart from profitability thresholds it has only parameters concerning temporal distribution of budget for each transport mode.

The following table summarizes all the parameters for competitive scenario with example values:

	
	Profitability threshold
	2015
	2030

	Road budget
	5Mveh/M€
	60%
	40%

	
	
	
	

	Rail budget
	0,5Mveh/M€
	50%
	50%

	
	
	
	

	Inland waterways budget
	0,05Mveh/M€
	45%
	55%


Table 2: Infrastructure definition parameters for competitive scenario
3.1.2 Cohesive scenario infrastructure parameters

The cohesive scenario attempts to reduce the infrastructure gap between regions and a new variable has to be introduced to achieve this objective. The density of each network is calculated for each NUTS2 region in the year 2000 and compared with the European average. Then we classify regions above and below the average of infrastructure density and distribute the budget according to user-defined percentages between regions and time periods.

The following table summarizes all the parameters for cohesive scenario with example values:

	
	Profitability threshold
	
	GAP <1
	GAP >1
	
	2015
	2030

	Road budget
	3Mveh/M€
	
	60%
	40%
	
	45%
	55%

	
	
	
	
	
	
	
	

	Rail budget
	0,1Mveh/M€
	
	57%
	43%
	
	40%
	60%

	
	
	
	
	
	
	
	

	Inland waterways budget
	0,09Mveh/M€
	
	50%
	50%
	
	50%
	50%


Table 3: Infrastructure definition parameters for competitive scenario
3.1.3 Baseline scenario infrastructure parameters

The construction of the baseline scenario is based on the GDP gap between regions. The GDP per capita of each NUTS2 region in the year 2000 is calculated and compared with the European average. Then regions are classified in two groups above and below the average of GDP per capita and the budget is distributed according to user-defined percentages between regions and time periods.

The following table summarizes all the parameters for cohesive scenario with example values:

	
	Profitability threshold
	
	GAP <1
	GAP >1
	
	2015
	2030

	Road budget
	2Mveh/M€
	
	55%
	45%
	
	45%
	55%

	
	
	
	
	
	
	
	

	Rail budget
	0,15Mveh/M€
	
	60%
	40%
	
	40%
	60%

	
	
	
	
	
	
	
	

	Inland waterways budget
	0,21Mveh/M€
	
	50%
	50%
	
	50%
	50%


Table 4: Infrastructure definition parameters for baseline scenario
After all these parameters are defined, KTEN updates the network attributes and calculates the matrix of generalized cost of travel between each NUTS2 region for each scenario and time period. This is a total of six cost matrices that will be used in the following modules.

3.2 Passenger forecast module

The passenger forecast module generates the matrices of passenger trips between NUTS2 regions. The mathematical formulation of the model is described later in depth in its specific chapter.

The passenger module needs some inputs to produce a forecast matrix that is consistent with the scenario being defined. It also incorporates the cost matrices calculated in the infrastructure definition module to define the modal split.

3.2.1 Horizon year

The model allows selecting the desired horizon year for the simulation. This directly affects the values of GDP and Population used.

There is a built-in table with the predictions of GDP and Population change provided by MASST model for the three scenarios (Baseline, Cohesive and Competitive) and two horizons (2015 and 2030). Values for countries not covered by MASST model are extracted from the paper ‘European Energy and Transport trends 2030’. Values from EUROSTAT are taken as year 2000 base values. Simulated years are 2015 and 2030.

3.2.2 GDP elasticity 

Elasticity of GDP is a parameter that allows simulating the direct relation between economy and people movement. It controls the decoupling of trip generation and economy growth.

Present trends show that improvement of the economy in a given region, which we can measure with an indicator such as GDP, implies a growth of generated trips. However, this trend can change in the future reinforcing or decreasing the relation.

The quotient 
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 is what we call elasticity ε and measures how much does the trips volume change for a given GDP variation. Both variations are relative %

The model allows controlling the GDP elasticity with the parameter GDP ε. A change of 1% in the elasticity is translated into a 1% variation of the predicted flow. Any number can be chosen, either negative or fractionary; a value of 0 means the model assumes present trend will not change in time.

This parameter should only be different from 0 in case there is a change of trends between present and forecast scenarios.

Recommended values range from –3% up to 3%

3.2.3 POPULATION elasticity 

Elasticity of POPULATION is a parameter that allows simulating the direct relation between demography and people movement. It controls the decoupling of trip attraction and population growth.

Present trends show that a growth of population in a region, implies a growth of trips towards it. However, this trend can change in the future reinforcing or decreasing the relation.

The quotient 
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 is what we call elasticity ε and measures how much does the freight tonnage change for a given POP variation. Both variations are relative %

The model allows controlling the POP elasticity with the parameter POP ε. A change of 1% in the elasticity is translated into a 1% variation of the predicted flow. Any number can be chosen, either negative or fractionary; a value of 0 means the model assumes present trend will not change in time.

This parameter should only be different from 0 in case there is a change of trends between present and forecast scenarios.

Recommended values range from –3% up to 3%

3.2.4 Work trip rate

This parameter indicates how many daily trips are done for work purpose, and is defined at regional level (NUTS2), i.e. one value for each region to allow the simulation of different socio-cultural tendencies. 2 is the minimum value, but as some people go home for lunch the average value rises to 2.2.

3.2.5 Study trip rate

This parameter indicates how many daily trips are done for study purpose, and is defined again at regional level (NUTS2), so one value for each region should be chosen. 2 is the average value.

3.2.6 Leisure and personal trips

The model defines the number of leisure and personal trips at regional level depending on the GDP. The user must define the minimum and maximum total trips per year and the parameters of the equation relating GDP and trips. Then work and study trips are deducted from this total of trips and the result are the leisure and personal trips.

3.2.7 Leisure / Personal ratio

To determine the ratio between leisure and personal trips the model applies an equation based on the ratio of foreign population. The user should provide the minimum and maximum leisure/personal ratios and the equation parameters. 

3.2.8 Passengers’ cost perception

The model divides the trips in three modes, road, rail and air (modal split), according to distribution curves that define the percentage of each mode depending on the straight line distance. To simulate future scenarios the distance in each relation is reduced according to the cost variation (that is calculated in the scenario definition module) affected by the Passengers’ cost perception factor.

This factor can be interpreted as the user’s perception of costs. A value of 0 means that cost variation will not affect the user’s choice. 1 is the recommended value and the higher it is, the higher the modal change will be.

The effect of modal change depends on the initial point on the modal split curves, so it can not be determined a priori. However, due to the shape of the curves, a decrease in the cost of a relation means that the share of air mode will decrease in favor of road and rail.

Once a passenger trip matrix is created, the module disaggregates it from NUTS2 to NUTS3 according to the year 2000 NUTS3 population distribution in each NUTS2.

3.3 Freight forecast module

The freight forecast module generates the matrices of freight flows between NUTS2 regions. The mathematical formulation of the model is described later in depth in its specific chapter.

The freight module needs some inputs to produce a forecast matrix that is consistent with the scenario being defined. It also incorporates the cost matrices calculated in the infrastructure definition module to define the modal split.

3.3.1 Horizon year

The model allows selecting the desired horizon year for the simulation. This affects directly on the values of GDP and Population used.

There is a built-in table with the predictions of GDP and Population change provided by MASST model for the three scenarios (Baseline, Cohesive and Competitive) and two horizons (2015 and 2030). Values for countries not covered by MASST model are extracted from the paper ‘European Energy and Transport trends 2030’. Values from EUROSTAT are taken as year 2000 base values. Simulated years are 2015 and 2030.

3.3.2 GDP elasticity 

Elasticity of GDP is a parameter that allows simulating the direct relation between economy and freight. It controls the decoupling of freight generation and economy growth.

Present trends show that improvement of the economy in a given region, which we can measure with an indicator such as GDP, implies a growth of generated freight goods. However, this trend can change in the future reinforcing or decreasing the relation.

The quotient 
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 is what we call elasticity ε and measures how much does the freight tonnage change for a given GDP variation. Both variations are relative %

The model allows controlling the GDP elasticity with the parameter GDP ε. A change of 1% in the elasticity is translated into a 1% variation of the predicted flow. Any number can be chosen, either negative or fractionary; a value of 0 means the model assumes present trend will not change in time.

Variation of elasticity is only possible if strategies are developed, so this parameter should only be different from 0 in case there is a change of trends between present and forecast scenarios.

Recommended values range from –3% up to 3%

3.3.3 POPULATION elasticity 

Elasticity of POPULATION is a parameter that allows simulating the direct relation between demography and freight. It controls the decoupling of freight attraction and population growth.

Present trends show that a growth of population in a region, implies a growth of consumed freight goods. However, this trend can change in the future reinforcing or decreasing the relation.

The quotient 
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 is what we call elasticity ε and measures how much does the freight tonnage change for a given POP variation. Both variations are relative %

The model allows controlling the POP elasticity with the parameter POP ε. A change of 1% in the elasticity is translated into a 1% variation of the predicted flow. Any number can be chosen, either negative or fractionary; a value of 0 means the model assumes present trend will not change in time.

Variation of elasticity is only possible if strategies are developed, so this parameter should only be different from 0 in case there is a change of trends between present and forecast scenarios.

Recommended values range from –3% up to 3%

3.3.4 Market integration

The present level of commercial relations between the different countries can suffer variations in the future. The enlargement of the EU will translate in a growth of freight interchange between accession countries and older members.

There can be changes too with the EFTA countries, Iceland, Norway and Switzerland, and with other possible accession candidates like Turkey or the Balkans, as well as with the rest of the world.

This degree of relation is simulated by the dummy parameter Kij in the model equations. There are 17 different values to represent these relations, which have been calibrated against ETIS original data. To allow changes in this parameter the flows have been grouped in 6 mutually excluding categories:

EU-15: Includes all flows with origin an destination inside the EU-15

EU-25: Includes flows with origin and destination inside the 10 new members and between these and EU-15

EU-27: Includes flows with origin and destination inside Bulgaria and Romania and between these and EU-25

EFTA: Includes flows with origin and destination between Iceland, Norway and Switzerland and EU-27

Future Candidates: Includes flows with origin and destination between Turkey and the Balkans and the EU-27

Rest of the World: Flows not included in the previous categories, divided in different zones (rest Europe, Maghreb, Asia, America-Australia, Africa-Mid Asia)

The model lets the user select one out of four different qualitative changes to each one of the six categories, none / low / middle / high improvement, which translate directly in a multiplying factor for the Kij values yielding the following growths for the considered relation: 0%, 50%, 100%, 200%

Depending on the combination of values selected the final predicted tonnage can vary in a range between 0 and 200%. Provided that the most important flows are those concerning the EU-15 category, changes here will greatly vary the total tonnage generating a global impact on the network. On the other hand the lesser flows from the other categories will only have a minor impact when changed.

3.3.5 Carriers’ cost perception

This parameter controls the global variation of modal distribution and can be interpreted as the impact of pricing changes in the carriers’ modal choice. Mathematically it is the power affecting the cost variation.

A value of 0 means the cost variation does not affect modal distribution. Each increment of 1 unit translates in a 1% variation of flow for a mode with a 1% cost variation. For example, if road cost decreases 5% for a given relation and change factor is 1, road quote will increase 5% taken from the rail.

A good value is 1. If policies of rail encouragement are adopted, the number can be increased meaning that users are more sensitive to rail improvements.

3.3.6 Cost allocation

This parameter has two values that can be changed, one for road and another for rail, which represent the average variation of costs. The purpose of this parameter is to simulate policies that encourage or discourage a certain transport mode like toll or oil taxes.

The effect of changing the global cost is directly linked to the selected Carriers’ cost perception, so if change factor is 0 the global cost will not change the modal distribution.

User can choose whether the parameter refers to a year variation or a variation of the whole simulated period.

It must be noticed that a high increase in costs will reduce the volume of freight transported, provided that cost between nodes is a factor that affects it directly. Given the low share of rail transport comparing to road, a little variation of road costs can generate an important change in total volume, so to simulate an encouraging of rail mode the rail cost should be decreased, whereas an increase in road cost should lead to a similar modal split but the total volume would be noticeably affected. 

Once a freight flow matrix is created, the module disaggregates it from NUTS2 to NUTS3 according to the year 2000 NUTS3 population distribution in each NUTS2.

3.4 Assignation module

Once the matrices are calculated the next step is assigning them onto the infrastructure networks. The process of assignation is described in depth in its specific chapter.

Here there are no parameters to change, provided that the infrastructure network itself has a set of velocity values depending on the type of link.

The results of this module are the flows of freight and passengers in each of the network links.

3.5 Spatial and environmental indicators module

The previously obtained flows are used to calculate different indicators to assess the territorial impact by means of accessibility, infrastructure endowment or traffic congestion, and the environmental impact by means of CO2 generation.

Some parameters need to be defined in order to calculate the indicators. The first ones are the mean occupation rates of the vehicles, i.e. how many people travel in one single car or train wagon, or how many tones does a truck carry.

The following table shows these occupation rates:

	 
	Road (car or truck)
	Rail (passenger or freight wagon)
	Short sea shipping or Ferry
	Inland waterways

	Mean ocupation (Pax/veh)
	2
	100
	500
	-

	Mean tonnage (T/veh)
	14
	40
	17.000
	2.000


Table 5: Occupation rates
Other parameters that need to be defined are the energy consumption factors or the CO2 emission rates for each transport mode.

Indicators will be based on these parameters and the traffic results of matrices assignations.

Passenger forecast module

3.6 Trip generation

Trip generation is calculated considering zone-based ratios (by NUTS 2 or equivalent) and the trip purposes are business (trips from home to workplace and study place or vice versa, i.e. the obligated mobility), leisure (trips which are not obligated, like holidays) and visit (personal trips which do not respond to a leisure purpose and are not obligated). Business trips depend on the work and study trips rates by group of age, internal trip rates to define the self containing trips, and the external trip rates. (see Fig. 2) 
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Figure 3: Main interface of KTEN passenger Trip generation module
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Figure 4: Trip rates interface of KTEN passenger Trip generation module
Leisure and personal trips, as well as annual commuting trips, need a maximum and minimum annual trip asymptotes per inhabitant. Leisure and personal annual trips depending on the GDP are calculated following a logistic function:
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where As and Ai are the superior and inferior asynptotes of leisure and personal anual trips, a and b are parameters and x is the GDP per capita. The percentage of leisure trips regarding total leisure and personal trips is calculated with the same function. In this case x is the percentage of non-national inhabitants (the more non-national inhabitants live in a given region, the more trips by visit purpose will be generated instead of leisure purpose, as it is supposed that being non-national will make you spend your spare time in visiting the familiars in your origin country) and As and Ai are the superior and inferior asynptotes of the percentage of leisure and personal to total anual trips. The percentage of personal trips is the complementary of the leisure trips. (see Fig. 3 and 4)
[image: image9.png]|7 archive dicén er mnsertar Eormato Herramientas Datos Yentana 2

=181

o0
[US— 100 |
0
Mesinum s e per o, [T
[l oo ] a0
0,09985 R
£ a0
Ereme
oor [N 20
Commting T (D
10
Leiurespersonsitos [T
Tota Tops[ 5] o

Trip rates: Leisure + Personal trips by GDP

Leisure+Personal anual trips per inhabitant

RIRINCVEET

10000

TripsRatesworlStudy ), TripsRatesLeisure&Personal

20000

30000

GDP pe (Euras)

Nete: iotheses mace in IR cels il b used as parameters i the model

40000

0000

“oParsonal Leire

TripsPerDistance

Se Cartaning

Listo

I

-ﬂJj





Figure 5: Leisure and Personal trips by GDP of the KTEN passenger Trip generation module
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Figure 6: Relation between Leisure and Personal trips of the KTEN passenger Trip generation module

3.7 Trip Distribution

To calculate business trip distribution, KTEN uses the following expression:
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where,

Vi,j   trips between zone (i) and zone (j)

Oi  the origins from zone (i)

Ai  calibration parameter to reach the Origins condition

Ki,j(   relationship between the countries containing the zones (i) and (j)

Capj(  capitatility index (4 for European Capitality ,2 for capital of country and 1 for others)

Popj(  population of zone (j)

Gdpj(  gross domestic product of zone (j)

Ci,j( cost to travel from zone (i) to zone (j)
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Figure 7: Interface of KTEN passenger Trip distribution module

Leisure and personal trip distribution is calculated using the following expression :
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where,

Vi,j   the trips between zone (i) and zone (j)

Oi  the origins from zone (i)

Ai  calibration parameter to reach the Origins condition

Capj(  capitatility index (4 for European Capitality,2 for capital of country and 1 for others)

Popj(  population of zone (j)

Tpj(  Tourist pressure on site of zone (j)

Ci,j( cost to travel from zone (i) to zone (j)

3.8 Modal Split and Assignment

Modal split is calculated considering the following percentages for every mode (see Figure 8) depending on the distance in km from zone (i) to zone (j) using road network and ferry lines. 
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Figure 9: Modal split for interregional trips. Source: ESPON Project 1.2.1, Mcrit.
The average length of business trips by car from zone (i) is calculated with the expression: 
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Where 

Kijk  km per person per mode j by purpose k in NUTS3 i
Lijn cost (in km) from NUTS2i to NUTS2n using the mode j

Nijkn number of trips from NUTS2i to NUTS2n  using the mode j by purpose k.

Assignment: Matrices of trips can be taken from passenger module and assigned on the transport network of the GIS system. 

Freight  forecast module

3.9 ETIS matrix

The underlying basic data of the freight module are the ETIS-BASE freight matrices. First of all ETIS matrices have been tested against EUROSTAT’s COMEXT database to check their accuracy. ETIS matrices have been aggregated by transport mode, freight type and region, obtaining flows between countries. These values are compared with real COMEXT data (which is aggregated at NUTS0 level):

	
	ETIS
	COMEXT
	Relative diff
	ETIS distribution
	COMEXT distribution
	Relative diff

	
	Export
	Export
	Export
	Export
	Export
	Export

	AT
	30.348.805
	31.934.850
	-5%
	2,20%
	2,54%
	-1,32%

	BE
	158.568.092
	155.737.933
	2%
	11,51%
	12,39%
	2,35%

	CZ
	27.452.112
	28.237.130
	-3%
	1,99%
	2,25%
	-0,65%

	DE
	223.737.186
	217.984.312
	3%
	16,24%
	17,34%
	4,78%

	DK
	31.612.422
	35.553.067
	-11%
	2,29%
	2,83%
	-3,27%

	EE
	9.063.575
	7.547.784
	20%
	0,66%
	0,60%
	1,26%

	ES
	56.851.628
	57.459.546
	-1%
	4,13%
	4,57%
	-0,50%

	FI
	27.895.338
	26.547.050
	5%
	2,03%
	2,11%
	1,12%

	FR
	152.721.675
	151.713.462
	1%
	11,09%
	12,07%
	0,84%

	GR
	9.014.981
	9.555.236
	-6%
	0,65%
	0,76%
	-0,45%

	HU
	12.427.058
	12.445.236
	0%
	0,90%
	0,99%
	-0,02%

	IE
	9.007.666
	7.386.507
	22%
	0,65%
	0,59%
	1,35%

	IT
	70.281.371
	72.665.063
	-3%
	5,10%
	5,78%
	-1,98%

	LT
	9.575.129
	6.825.395
	40%
	0,70%
	0,54%
	2,28%

	LU
	11.545.012
	14.321.617
	-19%
	0,84%
	1,14%
	-2,31%

	LV
	10.642.898
	8.171.735
	30%
	0,77%
	0,65%
	2,05%

	MT
	497.426
	40.532
	1127%
	0,04%
	0,00%
	0,38%

	NL
	324.873.149
	206.543.341
	57%
	23,58%
	16,43%
	98,23%

	PT
	12.903.071
	12.357.560
	4%
	0,94%
	0,98%
	0,45%

	SE
	49.888.028
	50.406.293
	-1%
	3,62%
	4,01%
	-0,43%

	SI
	3.397.230
	5.293.453
	-36%
	0,25%
	0,42%
	-1,57%

	UK
	135.170.173
	138.290.698
	-2%
	9,81%
	11,00%
	-2,59%

	Total
	1.377.474.025
	1.257.017.801
	10%
	100,00%
	100,00%
	100,00%


Table 6: Comparison between ETIS and COMEXT exportation databases

There is a good prediction in the total export freight volume and the distribution of most of the countries. However, analyzing each country in detail, islands and little countries are less well adjusted, especially the Netherlands. On the other hand, where the volume of exportations is high, relative differences are lesser.

	
	ETIS
	COMEXT
	Relative diff
	ETIS distribution
	COMEXT distribution
	Relative diff

	
	Import
	Import
	Import
	Import
	Import
	Import

	AT
	39.464.147
	38.495.073
	3%
	2,86%
	3,18%
	0,58%

	BE
	202.006.840
	175.897.279
	15%
	14,67%
	14,54%
	15,56%

	CZ
	12.299.262
	11.785.849
	4%
	0,89%
	0,97%
	0,31%

	DE
	315.258.678
	276.228.633
	14%
	22,89%
	22,83%
	23,27%

	DK
	22.755.434
	21.835.027
	4%
	1,65%
	1,80%
	0,55%

	EE
	2.062.542
	1.997.264
	3%
	0,15%
	0,17%
	0,04%

	ES
	68.328.560
	65.852.505
	4%
	4,96%
	5,44%
	1,48%

	FI
	21.341.393
	21.333.461
	0%
	1,55%
	1,76%
	0,00%

	FR
	171.048.606
	155.505.491
	10%
	12,42%
	12,85%
	9,26%

	GR
	16.843.180
	12.078.571
	39%
	1,22%
	1,00%
	2,84%

	HU
	9.192.556
	9.089.334
	1%
	0,67%
	0,75%
	0,06%

	IE
	19.766.969
	15.683.739
	26%
	1,44%
	1,30%
	2,43%

	IT
	91.829.415
	94.567.178
	-3%
	6,67%
	7,82%
	-1,63%

	LT
	2.011.987
	2.005.366
	0%
	0,15%
	0,17%
	0,00%

	LU
	17.325.695
	18.368.157
	-6%
	1,26%
	1,52%
	-0,62%

	LV
	6.115.373
	2.108.614
	190%
	0,44%
	0,17%
	2,39%

	MT
	3.811.619
	1.496.856
	155%
	0,28%
	0,12%
	1,38%

	NL
	194.769.493
	132.832.821
	47%
	14,14%
	10,98%
	36,92%

	PT
	25.840.810
	25.121.342
	3%
	1,88%
	2,08%
	0,43%

	SE
	39.777.223
	37.307.487
	7%
	2,89%
	3,08%
	1,47%

	SI
	7.247.378
	6.951.181
	4%
	0,53%
	0,57%
	0,18%

	UK
	88.376.865
	83.170.858
	6%
	6,42%
	6,88%
	3,10%

	Total
	1.377.474.025
	1.209.712.085
	14%
	100,00%
	100,00%
	100,00%


Table 7: Comparison between ETIS and COMEXT importation databases
Concerning importations, the global error is higher but is quite well distributed. Now the most significant differences are for Netherlands, Belgium and Germany.

The following maps illustrate the ETIS-BASE data both in terms of both total freight generated per NUTS3 region (figure 10) and in terms of freight flows by corridors (figure 11). In order to create the later an All-or-Nothing assignation model was used for the assignation of regional traffics onto corridors:
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Figure 12: Road freight generation at NUTS3 level
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Figure 13: Road freight traffics
3.10 Generation - Distribution model

Since there is little available data at regional level, the model will estimate directly generation-distribution, based on two parameters: GDP at origin and Population at destination. In addition a dummy parameter will be calculated to simulate the growth of commercial operations between old, new and future EU members.

The gravitational equation used in the model is as follows:
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Where

Vij = Tones transported from zone i to zone j

Kij = Dummy between country of zone i and country of zone j

GDPo = GDP for the origin zone

POPd = Population at destination zone

Cij = Cost of travel between zones i and j

α, β, γ, δ = regression fitting parameters

3.11 Modal split

A modal split model has to be applied afterwards in order to obtain the flows for road and rail, given that the generation-distribution model only predicts total flows between origin and destination but not the transport mode of the flow.

The modal split model has to provide the modal split for both the base and the predicted year. As ETIS-BASE matrices provide an initial modal split for year 2000, the two most typical formulations will be tested to reproduce it.

First of all costs are calculated using the existing infrastructure network graph. The model chooses the cheapest route between each pair O-D in terms of time, and calculates the distance and time of travel. This has to be done thrice, one for road, one for rail and one for short sea shipping and inland waterways.

Now we can calculate the generalized cost introducing two new values, the value of time and operational cost. Thus there are three costs, road, rail and water modes, for each O-D pair:
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Where

Tij = time of travel between i and j

VT = value of time

Dij = distance between i and j

OC = operational cost

The most typical discrete choice model is the logit:
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Where

%Vija = percent of tones transported by mode a between i and j

k = logit parameter

Cijn = cost of travel between i and j by mode n

a, b = transport modes

We try to reproduce ETIS-BASE modal split by calibrating the logit formula through three parameters, k, VT and OC. Results show a low fitting, as best logit prediction and original data have a correlation of ρ = 0,02426

As results are not satisfactory another option is essayed, the binary probit model:
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Which states that the probability of choosing mode a, equals to the accumulated standard normal distribution. Here σε allows standardization and is obtained from the statistical parameters of the cost functions for each mode:
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The only parameters in this model are those that vary the cost functions; that is Value of Time and Operational Cost. Again, results are poor with a value of ρ = 0,02424.

Due to the bad results, the modal split from ETIS-BASE freight is applied directly to calculate the generalized costs of the network for each O-D pair in the base year.

3.12 Calibration

Now the generation-distribution model has to be calibrated against ETIS flow data to ensure it provides correct results. Free variables for calibration are the following:

· α, β, γ: powers for dummy Kij, Population and GDP

· δ: power of the negative exponential formula for Generalized Cost

· Kij: values of the dummy variable for each type of O-D relation

· VT, OC: although not truly Value of Time and Operative Costs, these variables are used for calibration, and provided that they are free to change, their real meaning is no more than mere adjusting factors. However, these values are applied afterwards when assigning the matrices, so they must be within some limits or the assignation will not behave correctly.

The dummy variable Kij controls the level of relation between countries and allows to simulate the changes in the common market due to the admission of new countries. This way we are able to reproduce the enhancement of commercial relations between EU-15, the new EU-25 countries and the future candidates like Bulgaria and Romania.

Relations have been classified depending on the following factors:

· Belonging group (BENELUX, EU-15, EU-25, EU-27, EFTA, Future accessing countries, rest of non-EU Europe, Rest of the world)

· Islands
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Figure 14: Dummy variable combination map
The possible categories and their adjusted Kij values are shown in table 8. The values can be interpreted as a friction factor, i.e. a resistance to commercial exchanges, so the higher the Kij the lesser the exchanges.

The next step is to compare the data and the model by means of cost distribution. The calibration allows obtaining a first approach to the data, but to ensure the network will behave similarly to one with the real flows, the model is tested comparing the distribution of costs of transport.

The O-D pairs are grouped according to their generalized cost in incremental groups of  100 cost units. 

The following graphic shows the distribution of costs according to the number of tones transported versus cost of transport:
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Figure 15: Calibration of developed model against ETIS matrix
The parameter values after calibration are the following:

	α
	-1,9357

	β
	0,4477

	γ
	0,8940

	δ
	0,0118

	VT
	10

	OC
	0,2


	Number
	Group 1
	Group 2
	Starting value
	Calibrated value

	0
	All
	Intracountry with cost<1000
	1,1
	0,05

	1
	All
	Intracountry with cost>1000
	1,1
	0,09

	2
	EU-15 no island
	EU-15 no island
	1,2
	0,3

	3
	EU-15 island
	EU-15 island/no island
	1,3
	0,31

	4
	EU-25 no island
	EU-25 no island
	1,4
	0,4

	5
	EU-25 island
	EU-25 island/no island
	1,5
	0,5

	6
	EU-27 no island
	EU-27 no island
	1,6
	0,6

	7
	EU-27 island
	EU-27 island/no island
	1,7
	0,7

	8
	EFTA
	EU-15 no island
	1,15
	0,2

	9
	EFTA
	EU-15 island
	1,25
	0,33

	10
	EFTA
	EU-25 no island
	1,35
	0,63

	11
	EFTA
	EU-25 island
	1,45
	0,73

	12
	EFTA
	EU-27 no island
	1,55
	0,83

	13
	EFTA
	EU-27 island
	1,65
	0,93

	14
	Possible members
	EU-27 / EFTA
	2
	2

	15
	rest Europe
	EU-27 / EFTA
	2,5
	3

	16
	Maghreb-Mediterranean
	EU-27 / EFTA
	3
	3

	17
	Asia
	EU-27 / EFTA
	4
	4

	18
	America-Australia
	EU-27 / EFTA
	4
	4

	19
	Africa-Mid Asia
	EU-27 / EFTA
	4
	5


Table 9: Model parameters after calibration
The correlation between data and model is ρ= 0,476

A careful inspection of the obtained values in comparison with the ETIS freight matrix  shows a clear imbalance between long range traffic and short or middle range traffic. But nothing can be done to solve this given the structure of the proposed model, for when a segment of traffic is adjusted better the rest gets worse. 

3.13 Incremental model

As the results of calibration are not satisfactory the calibrated model will then be used in an incremental form. This means that the model will not predict flows but variation of flows.

The model assumes ETIS base values for the year 2000 as initial flows. Using the calibrated gravitational model, future flows are predicted as increments of base flows:
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Parameters are substituted by their future values according to the desired horizon year. The final flows are calculated as a product of the original ETIS flows and a growth factor, obtained from the predicted variation of flows in the model.

GDP and Population growths for EU-27 are taken from MASST model results. The rest of regions and countries are extracted from the Commission’s paper “European energy and transport trends to 2030”, where we find predictions each five years until 2030.

Kij country relation values can be changed to reflect the improvement of commercial relations. They have been separated in 6 groups: EU-15, EU-25, EU-27, EFTA, Future Candidates and Rest of the world. Any of these groups can be assigned a qualitative change: none, low improvement, middle improvement or high improvement. This translates numerically into changes of per year global freight growth, which allows simulating different trends and policies of traffic/economic growth decoupling.

The future costs of travel are estimated for three different scenarios and two time horizons yielding a total of six different infrastructure networks. Using network graph, travel costs are calculated for each pair O-D and for each transport mode.

The generalized cost applied is calculated after making a modal redistribution with the following formula:
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The formula calculates the future share of the n modes for each pair O-D ponderating with the cost variation of the mode to a power. The higher the power is, more redistribution is made, and so this parameter models the perception of users of the costs change. 

The formula resembles the logit distribution model, but it uses the variation of costs as input and not the future costs, allowing to use original ETIS modal distribution as initial value.

Two more parameters can be changed in order to have more control to define the desired scenarios. GDP and POP values are affected by a coefficient (1+ε) that enhances or decreases their influence in the predicted flow.

The following image shows the provisional main model interface, where all parameters can be controlled:
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Figure 16: Main interface of KTEN freight module
Transport infrastructure graph

The basic cartographic pan-European multimodal transport networks used to support the KTEN model come from ASSEMBLING research (4th EU Framework Programme, DGTREN) (see Fig. 4).  Other complementary geographic layers (mountains, rivers, administrative levels...) were produced by Mcrit in previous works and all are free from third parties copy-rights. While the inclusion of other databases (e.g. Administrative limits at NUTS V level, Nature2000, etc.) can be of interest, the existing databases mostly cover the current needs of KTEN.

The graph covers EU and Eastern European countries including Russia, as well as North of Africa and Middle East. It contains trans-European links (roads, rail, ports, airports, inland waterways). The transport network contains all existing and planned high speed, upgraded, conventional and main rail lines, and existing and planned motorways, expressways, main and regional road, local roads, streets, and roads connecting ports and airports to the rest of the network (61.000 road links and 30.000 rail links). The rail and road network database contains information on speed and TEN and TINA programmes.

Apart from the road and rail transport links, the cartography contains 749 airports  separated in different levels of passengers per year, and 37 airlines. Concerning ports, it contains 842 seaports and 1.012 port lines, and 30 riverports, as well as 158 inland lines.

1.308 projects have been geo-referenced, 424 of which, mostly concerning transport projects, have been introduced with cartographic precision and graph structure (e.g. for road projects all sections are included and linked to the existing road network). 

Regarding geo-referenced projects, they are classified as follows:

· 684 transport projects

· 283 water projects

· 165 urban projects

· 176 others (industrial, environment, etc.)

Regarding transport projects, these are represented as graphs, so as to enable network analysis: 

· 240 road projects

· 34 railway projects 

· 67 airports 

· 47 ports 

· 10 combined transport projects

The geographic scale of core networks is approximately 1: 500.000, with more detail in cities and around transport terminals.
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