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Abstract

In this paper the strategic transport policy assessment instrument HIGH-TOOL is
presented. The model has been developed for the European Commission, allowing
policy-makers to identify the most advantageous transport policies and to
strategically evaluate the impacts of transport policies on transport, environment and
economy.
The main innovation of this policy assessment tool lies in the integration of originally
independently functioning models – i.e. passenger and freight demand,
demography, and vehicle stock models, as well as economic, environmental and
safety assessment models. With its traffic zones at the regional level of NUTS-2 and
its aggregated view on the transport system, the instrument has a relatively lean
structure avoiding runtime problems, without losing the spatial dimension.
What distinguishes HIGH-TOOL from all other European transport policy assessment
instruments: the model is an open source tool, it is freely available and does not
require any commercial software to be run. In combination with its modular
structure the HIGH-TOOL model can relatively easily be adjusted to other modelling
methodologies or data. It can also comparatively easily be made responsive to “new”
policies which are not in the scope of the current model version. Thus the HIGH-
TOOL model lays the foundation for further innovations in the assessment of
transport policies and mobility concepts.

Keywords: Assessment tool, Transport policy, Transport demand modelling,
Transport model, Impact assessment, European Union

Introduction and policy context
Decisions on transport policy measures proposed by the European Union (EU) as ad-

dressed by the White Paper on Transport (European Commission 2011a) have

long-term and important impacts on economy, environment and society. Transport

policy measures can lock up capital for decades and cause manifold external effects

and indirect effects in many sectors – thus, policy measures may have a tremendous

scope, especially if proposed at the European level.

Various authors, such as Sieber et al. (2013), Nilsson et al. (2008) or McIntosh et al.

(2011), emphasize the increasing importance of impact assessment tools as decision

support instruments for policy making, allowing policy-makers to analyze relationships

within a complex system and to reach decisions based on quantitative information.

Journal of Shipping
               and Trade

© The Author(s). 2018 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International
License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and
indicate if changes were made.

Szimba et al. Journal of Shipping and Trade            (2018) 3:11 
https://doi.org/10.1186/s41072-018-0037-y

http://crossmark.crossref.org/dialog/?doi=10.1186/s41072-018-0037-y&domain=pdf
http://orcid.org/0000-0001-7144-4141
mailto:szimba@kit.edu
http://creativecommons.org/licenses/by/4.0/


In this context, the strategic assessment model “HIGH-TOOL” has been devel-

oped to compute economic, environmental and social impacts of transport pol-

icies, allowing European policy-makers to identify the most advantageous

transport policies and to carry out strategic assessments of transport policies.

HIGH-TOOL, which stands for “high-level strategic transport model”, addresses

EU transport policies in the scope of the European Commission’s White Paper on

Transport. The tool’s output indicators are largely aligned with assessment indica-

tors of EU policy documents such as the EU’s Impact Assessment Guidelines

(European Commission, 2009).

The main objective of the HIGH-TOOL project has been the development of an open

strategic transport policy assessment instrument for the European Commission, which

is largely based on already existing tools, which has a low runtime and which provides

a high level of user-friendliness. Within this setting, the HIGH-TOOL model integrates

originally independently functioning models.

This paper provides an overview of structure, modelling approach and application as-

pects of the HIGH-TOOL model. Thus, the paper has a “synopsis” character, providing

an overview perspective rather than a description of the modelling or validation ap-

proach at a highly detailed level.

The paper is structured as follows: Chapter 2 provides an overview of general tool

features, structure of the model, and of the methodology behind the individual model-

ling entities (modules). Chapter 4 summarizes the testing and validation approach.

Chapter 5 addresses the scope of transport policy measures considered, the approach

chosen to operationalize these policies, and presents the “hypernet” conception. Chap-

ter 6 presents a case study. The paper closes with chapter 7, the conclusions.

Model methodology
Modelling philosophy

Reflecting one of the key goals of the HIGH-TOOL project – i.e. the development of

an assessment instrument that is largely based on already existing tools –, the

HIGH-TOOL model integrates originally independently functioning models – i.e. pas-

senger and freight demand, demography, and vehicle stock models, as well as eco-

nomic, environmental and safety assessment models. This requires that already existing

European state-of-the-art transport demand and assessment models are integrated by a

common platform and are connected to a common database, relying on a common

foundation, such as a common business-as-usual scenario, geographical scope, spatial

entities, and demand segmentation.

The contents of this chapter are partly based on Szimba et al. (2017), as well as on

project reports by Szimba (2016), Mandel et al. (2016), and Van Grol et al. (2016).

General scope

The HIGH-TOOL model has a global scope. However, the main focus is attached to

Europe, and particularly to the Member States of the European Union. The spatial

scope is the level of NUTS-21 for all EU Member States (EU28), Norway and

Switzerland, NUTS-0 for EU neighboring countries, and country bundles for intercon-

tinental transport. In total 314 modelling zones are considered.
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The tool’s timeline are 5-years steps from 2010 to 2050. The year 2010 is the base

year of the HIGH-TOOL model. The HIGH-TOOL baseline or business-as-usual sce-

nario is aligned with the EU Reference Scenario 2013 (European Commission 2013).

Thus the forecasts of the HIGH-TOOL baseline are largely consistent with those of the

EU Reference Scenario 2013.

Passenger demand is differentiated by following modes: air, rail, road (passenger car

and powered 2-wheelers), and long-distance coach. The urban demand sub-module

additionally considers urban bus, urban tram/metro, cycling and walking. The demand

differentiation by trip purpose covers business, private, vacation, and commuting trips.

The freight transport is modelled by multi-modal transport chains, considering the

transport modes air, rail, road, inland waterways, and maritime transport. The demand

is considered for NST-2 commodities (52 commodity groups). The vehicle fleet is dis-

tinguished by 60 vehicle types and 17 fuel types.

The HIGH-TOOL model was largely developed in Java, thus ensuring platform inde-

pendence. The User Interface was programmed as a stand-alone online application

based on AngularJS and SailsJS, both free and open source software components pro-

grammed in JavaScript. The HIGH-TOOL Database that stores input, output data as

well as modelling parameters of all modules, is realized as a PostgreSQL database with

PostGIS extension (Kiel et al. 2016b).

Model structure

The HIGH-TOOL model consists of three main elements: Core modules that represent

the modelling framework; the Database that facilitates the exchange of data; and the

User Interface for application of the model and providing access to the assessment re-

sults. The basic structure follows the natural architecture common for most Decision

Support Systems (DSS). The core modules are assembled such that a wide spectrum of

specific transport topics can be addressed by the model while minimizing interdepend-

encies in favor of short model runtime. In consequence, the number of core modules

was finally condensed to seven and their internal structure was designed to allow for

fast processing avoiding loops, while reflecting essential relations consistently. The core

modules of the HIGH-TOOL model are constrained to these design features over de-

tailed implementation of complex interdependencies, as the tool is outlined to provide

decision support by testing policy scenarios for the European Union on a strategic level

before the most promising ones are implemented in more detailed (network-based)

models such as TRANSTOOLS or Vaclav.

The core modules are as follows: Demography (DEM), Economy & Resources (ECR),

Passenger Demand (PAD), Freight Demand (FRD), Vehicle Stock (VES), Environment

(ENV), and Safety (SAF). In the center of the model are the passenger and freight de-

mand modules (PAD and FRD). Since transport demand is driven (among others) by

demographic and economic developments, DEM and ECR provide inputs for the de-

mand modules. Based on transport demand, environmental and safety impacts are

computed by ENV and SAF. To estimate economic impacts of transport policies, PAD

and FRD provide demand data to ECR. As the composition of the vehicle fleets effects

both transport costs and emission factors, VES provides inputs to the demand modules

PAD and FRD, as well as to ENV. Figure 1 displays the detailed structure of the model,
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also depicting the structure within the core modules. The model structure is explained in

detail, including the variables which are exchanged between the modules, by Mandel et al.

(2016). The core modules interact sequentially with each other (see section “Module

Interaction”).

Demography module

The Demography module (DEM) calculates the regional population and labor force in

the 28 EU Member States as well as in Norway and Switzerland. UN projections

(United Nations 2014) are used for other countries worldwide and are adapted to the

geographic zoning system used in HIGH-TOOL.

The population and labor force are derived from the Europop assumptions on demo-

graphic trends (European Commission 2011b) at country level for the EU 28, Norway

and Switzerland. These trends are aligned with the EU Reference Scenario 2013’s as-

sumptions concerning fertility rates, life expectancies at birth and net migration

Fig. 1 Detailed structure of the HIGH-TOOL model
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(European Commission 2013). Net migration is not modelled explicitly; it is taken

exogenously from the EU Reference Scenario. The projected population values

from the EU Reference Scenario by country are disaggregated to geographic zones

based on historical demographic trends concerning population development. This

is done by using a demographic model which calculates future population by zone,

based upon fertility rates and life expectancies. The population and labor force

values from Europop are then disaggregated based upon the results from the

demographic model. This allows consistent results with the Europop population

trends. Kiel et al. (2016b) and Van Grol et al. (2016) contain a more detailed speci-

fication of the demographic model and the calibrated values of the parameters and

coefficients.

Regional disaggregation of the population excluding migration is based on the 2010

historical regional distribution. Net migration is regionally distributed using a distribu-

tion proxy based on income and employment rate. Labor force is estimated from the

labor force percentage defined in the EU Reference Scenario and underlying

assumptions.

Being calibrated to the EU Reference Scenario 2013 and the projections by the

United Nations (UN), the results of the Demography module are aligned with the

expected economic development in Europe. However, the demographic develop-

ment is an exogenous variable in HIGH-TOOL, i.e. the module is not sensitive to

any policy.

Figure 2 provides an overview of the structure of the Demography module.

The Demography module’s most relevant data interchanges with other modules are

population data at regional scale (NUTS-2), differentiated by age and gender cohort,

which are input to ECR, VES and PAD. Furthermore, regional labor force data are pro-

vided to ECR and VES.

Fig. 2 Structure of the Demography module
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Economy & Resources Module

The Economy & Resources module (ECR) comprises two components: Economy and

Resources, as well as of the outputs GDP, Trade, Energy, Resources, and Production/

Distribution (see Fig. 3).

The Economy sub-module estimates total output, capital stock and labor use in the

economy, for which the general drivers (Gross Domestic Product (GDP), household in-

come per capita and population) are – for an initial run without any policies – exogen-

ously defined by the EU Reference Scenario 2013 (European Commission 2013). These

drivers are disaggregated from country to zone based on ETISplus data (regional GDP, re-

gional population, and labor force). The combined component (GDP, Trade, Energy, Re-

sources, Production/ Distribution) estimates employment, trade, resource consumption,

and purchasing power. The resources component calculates environmental indicators

(without combustion) using the EXIOBASE database (Wood et al. 2015) for CO2, NOx,

SOx, PM, biomass, fossil fuel use, metal use, mineral use, wood use, and water use.

The methodology chosen for the Economy & Resources module is driven by a set of

sequential algebraic equations, based on the first-order conditions for utility and profit

maximization. The Economic module follows the algebraic framework of a (comput-

able) general equilibrium model. The total output per region is generated using a

Cobb-Douglas equation using total wages and total value of capital stock by region as

inputs. Future trends in terms of growth in Gross Domestic Product and development

of sectoral shares in Gross Value Added are obtained from the EU Reference Scenario

2013. The growth paths of economic and environmental indicators (e.g., intermediate

inputs, CO2 emissions, water use or wood use) are driven by the total sectoral output

trajectory. Moreover, projected demand is calculated as the sum of final demand of

Fig. 3 Structure of the Economy & Resources module
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households and the intermediate demand of sectors (under the assumption of fixed

Leontief technology).

For modelling trade flows the following method is applied: For the base year, trade

flows by country pairs in the base year are derived from the ETISplus database. ETIS-

plus estimates NUTS-2 inter-regional trade using national data from Eurostat statistics

with its known limitation such as less detailed or missing data at regional level. Subse-

quently, sectoral Gross Value Added data at NUTS-2 level (source: Eurostat) are ap-

plied to scale down the country-level trade to the regional level. This creates different

trade shares per commodity for each region. In this way the heterogeneity of each re-

gion in a country is incorporated, i.e. not all regions export the same product mix. On

the import side, the regional GDP share is applied to disaggregate the trade flows. In

order to compute the share of intra-regional trade with respect to outgoing

inter-regional trade, we combine RHOMOLO data (see Ivanova et al. 2011) on

intra-regional trade (i.e. trade between NUTS-2 regions within in a country) with ETIS-

plus inter-regional trade (i.e. trade between NUTS-2 regions of different countries) for

regions where both data is available.

The average commodity share of inter-regional trade is used to estimate the

intra-regional trade for the remaining regions. By doing so, we implicitly assume that the

freight handling factor (i.e. the frequency of lifts of the tons in the supply chain from the

place of production to the place of consumption) for intra-regional trade is at least equal

to the inter-regional trade. For intra-regional trade we assume that the share of a com-

modity is equal to the average exporting share of a commodity to the different regions.

For the assessment of economic impacts of a policy scenario the following effects are

captured by the ECR module.

The changes in monetary costs of freight transport (i.e. the cost differences between

the policy scenario and the baseline), differentiated by mode and commodity, are trans-

lated into changes in consumer prices. The consumer prices include both transport and

trade margins as well as consumption taxes and subsidies.

A decrease in transportation cost improves regional accessibility, which has a positive

impact on the sector output at the regional level through provision of better access to

labor markets and more varieties of intermediate goods.

Next, the projected demand for goods and services in a region are calculated as

the sum of the final demand of households and the intermediate demand of sec-

tors. We calculate regional intermediate demand as the sum of intermediate de-

mand over all the sectors located in the region (under the assumption that

intermediate goods and services are used in the production according to fixed

Leontief technology). The regional intermediate demand is recalculated using the

spending on the purchase of new vehicles in each sector and time period, new

transport investment in Research and Development (RTD) and new infrastructure

investments (these variables drive direct change in intermediate demand due to

transport related investments).

Finally, we assume that the household sector is driven by a Cobb-Douglas utility

function (see, e.g. Ivanova 2014). Changes in the total costs of passenger transport have

an impact on the level of disposable income of the households. Increases in passenger

transportation costs reduce the amount of money available for purchasing of other

goods and services, affecting also the household sector’s consumption of cars.
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Changes in trade are modelled by the change in regional sectoral output between the

baseline trajectory and the policy scenario (i.e. growth of sectoral output is applied to

exports).

Finally, the (new) Gross Domestic Product is derived at regional level on the basis of

the variables calculated above as the sum of the value added of individual sectors plus

taxes on final demand.

The ECR module’s most relevant input data are regional population and labor force

data provided by DEM, transport costs and transport demand by PAD and FRD, as well

as vehicle tax revenue and vehicle stock data (purchase costs of new vehicles, vehicle

stock by mode and fuel type) by VES. ECR’s main output to other modules are regional

GDP per capital values for VES, trade flows in monetary values to FRD, and regional

GDP, GVA and employment data for PAD.

Vehicle stock module

The Vehicle Stock module (VES) converts passenger and freight demand to vehicle

fleet size, which is disaggregated to vehicle type and vehicle age cohort for calculation

of emissions and energy use. Vehicle types include propulsion and fuel technologies,

and the module embraces 61 road and 12 non-road vehicle types. The vehicle age co-

horts range from 0 to 29 years.

Fleet stock forecasts are provided at country and region for each of the 28 EU Mem-

ber States and for each period (5-year intervals) up to 2050. The module also delivers

forecasts of average fixed (e. g., purchase costs, vehicle technology related costs) and

variable costs (e.g., fuel costs, taxes, maintenance/repair costs, insurances, crew costs,

cargo handling costs) for each vehicle type, and total tax revenue per country.

Taking into account the transport demand and the vehicle stock in the previous

period, as well as the vehicles that survived in current period, the demand for new vehi-

cles and the average mileage per vehicle are calculated.

The logit and the stock dynamic model inside the Vehicle Stock module use the cal-

culated average generalized costs and behavioral aspects to define the shares of the dif-

ferent types of new vehicles entering the market as well as their numbers. This

calculation produces the detailed existing vehicle stock in the current period.

The methodology underlying the Vehicle Stock module is aligned with TRACCS

(Papadimitrio et al. 2013) and TREMOVE (De Ceuster et al. 2007). The structure of

the module is shown by Fig. 4.

There is no explicit distinction between company cars and private cars, but the effect

is implicitly included in the decreasing annual mileage with increasing age, as well as

by the different annual mileage for different vehicle types (e.g. higher annual mileage

for diesel as these are more likely to be company cars).

The module’s most important input data are population data by DEM, GDP per

capita data by ECR, as well as demand data (vehicle-km, load factors/ car occupancy

rates) by PAD and FRD. The VES module’s main outputs to other modules are vehicle

tax revenue and vehicle stock data (purchase costs of new vehicles, vehicle stock by

mode and fuel type) to ECR, vehicle stock by mode, fuel type and vehicle technology to

ENV, as well as generalized fixed and variable costs per vehicle-km (differentiated by

mode and fuel type) to PAD and FRD.
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Passenger demand module

The core Passenger Demand (PAD) module computes the number of passenger trips

per year by transport mode for each origin/destination (O/D) relation at NUTS-2 level.

It distinguishes the four main transport modes, rail, road, air, coach. PAD largely fol-

lows the classical four-step approach in transport demand modelling of generation, dis-

tribution, modal split and assignment (Ortúzar and Willumsen 2011). However, instead

of the assignment step, the module translates the number of trips into transport per-

formance indicators by the conversion step.

The methodology of PAD is outlined by Fig. 5. It relies on a rather complex mathem-

atical framework encompassing 44 equations that are described in detail by Van Grol et

al. (2016). Considerably simplified, the computation of the O/D trip matrices (Tijm) car-

ried out by the generation, distribution and the modal split models can be outlined as

follows:

Tijm ¼ Ti � AijX

j

Aij

� Sijm

where:

Tijm Number of trips per year from origin i to destination j by transport mode m

Ti Generated passenger trips in zone i

Aij Accessibility of opportunities in destination j from origin i

Sijm Market share of transport mode m of those trips from zone i to zone j.

In the first step, the trip demand Ti is generated for each origin based on the popula-

tion and specific trip rate factors. These trip rate factors are distinguished by year and

Fig. 4 Structure of the Vehicle Stock module
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by country under consideration of four trip purposes and eight age groups. They are

computed by a regression approach that takes economic and demographic changes in

European countries into account with the regression approach being calibrated for the

first year 2010 based on ETISplus data (Szimba et al. 2013). For the forecast years and

for the policy scenarios trip rate factors are dependent on changes of the explanatory

variables GDP, employment, and income level. PAD is therefore sensitive to economic

and demographic changes.

In an intermediate step, four indicators are subsequently computed in order to inte-

grate the trip distribution and the modal split model. First, Generalized Travel Times

(GTTijm) are computed by the cost functions based on travel impedance indicators,

such as travel time, travel distance and level of service. All inter-zonal public transport

modes (rail, air, coach) are considered by the GTT calculation as trip chains consisting

of access mode, main mode and egress mode. GTTs follow the concept of travel time

in which the cost unit refers to minutes rather than to monetary terms. Second, based

on GTTs, Expected Minimum Costs (EMCij) and market shares of transport modes

(Sijm) are computed by a Nested Logit model following the concept of logsums (De

Jong et al. 2007). Third, Deterrence Values (DVij) are calculated by the deterrence

model and in the last step, Accessibilities (Aij) are computed based on EMCs and DVs.

Finally, Aij are used by the trip distribution model for the computation of the O/D trip

matrix, and Sijm by the modal split model in order to divide the matrix by transport

mode.

The last modelling step is the conversion stage. In this step, transport performance

indicators (passenger-kilometers and vehicle-kilometers) are derived, based on the O/D

trip matrices, as well as travel distances and occupancy rates from ETISplus. In

addition, road trips are split by car and powered two-wheelers, under the assumption

of country-specific shares and motorization levels.

Fig. 5 Structure of the Passenger Demand module
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The core PAD module is complemented by two additional modules, the urban pas-

senger demand, and the intercontinental air passenger sub-module.

The urban passenger demand sub-module computes the number of urban trips per

year at country level. It distinguishes six transport modes: Car, motorcycle, tram/

metro, bus, cycling, walking. Given that urban trips by car and motorcycle are a subset

of the intra-zonal NUTS-2 trip demand modelled by the core PAD module, the urban

sub-module is linked to the generation step of the core PAD module in order to ensure

the overall consistency.

The urban sub-module follows a generic, elasticity-based approach and consists of a

generation, a modal split, and a conversion model. In the first step, the number of

urban trips is generated for each NUTS-2 region based on “urban share factors” and

trip rate factors. The “urban share factors” contain the share of the urban population

which are pre-calculated for each NUTS-2 region on the basis of GIS data. Also the

trip rate factors are pre-calculated for each NUTS-2 region. They rely on trip

purpose-specific trip rates derived from household surveys. In the second step, the

market shares for each urban transport mode is estimated under application of a logit

model for the three transport mode categories: private road, public transport and slow

modes. Finally, the conversion model disaggregates the three mode categories into the

six transport modes and computes aggregated demand indicators at country level.

The intercontinental air passenger sub-module uses a regression-based approach to

estimate the number of flights respectively demand between European regions and

intercontinental destinations based on socio-economic data, regional attractors and

network impedances. In general air transportation impedances consider cost structures

such as CO2 taxation, national air transport charges or expenditures calculated by air-

lines in respect of passenger rights. The split between European and intercontinental

air transport mirrors the necessity to deal with the different regional granulation under-

lying the assessment model’s purpose: while Europe is in the focus and modeled at re-

gional level (NUTS-2), the other regions of the world are considered through a less

detailed approach, i.e. 19 aggregated zones such as Far East, USA, Russia, or

South-America. In order to avoid biased model results because of a highly different size

of assumed traffic cells, air demand modeling has been split.

The PAD module’s most important input data are population and labor force data at

regional level by DEM, regional GDP, GVA and employment by ECR, as well as the ve-

hicle stock and generalized fixed and variable costs per vehicle-km (differentiated by

country, mode and fuel type) by VES.

The module’s main outputs to other modules are transport demand (vehicle mileage,

passenger-kilometers, number of passengers) by mode and region, as well as costs by

region and origin/destination relation to ECR, transport demand and vehicle occupancy

rates to VES, transport demand (vehicle mileage by O/D, origin and mode, and differ-

entiated by urban and non-urban) to ENV and SAF.

Figure 5 displays the structural overview of the Passenger Demand module.

Freight demand module

The Freight Demand (FRD) module uses national and international freight transport

chains as a base. FRD consists of four components: trade conversion, distribution,
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mode split and conversion (see Fig. 6). Together with the Economy & Resources mod-

ule, it follows an approach analogue to the classical four-step methodology of gener-

ation, distribution, modal split and assignment. The latter is replaced by calculation of

performance indicators in the conversion component.

The module delivers trade in value by production-consumption location (P/C), which

is converted to volumes, applying volume density assumptions per O/D (related to legs

in a chain between production and consumption location) and commodity (assumed

constant over time) extracted from ETISplus (Szimba et al. 2013).

The trade projections are produced by the Economy & Resources module (in Euro,

2010 constant values). The input from the Economy & Resources module is defined by

sectors that (apart from transport sectors) match commodity types c. The trade projec-

tions are used to calculate growth factors. As such the freight model can be regarded as

a marginal model. The FRD applies the value/volume conversion method from

NEAC-10 to ETISplus data to estimate the volumes in tons per year (Tt,i,j,c) by com-

modity type c and production-consumption relation ij as follows:

Tt;i: j:c ¼ aci∋i;cj∋ j;c � bci∋i;cj∋ j;c � cci∋i;cj∋ j;c � Vt;i; j;c

where:

Tit,i,j,c Freight trade flow of commodity c between production and consumption loca-

tion i and j in time period t [tonnes]

aci,cj,c Value-volume ratio for trade from production country ci to consumption coun-

try cj per commodity type c [Euro]

bci,cj,c Logistics factor for domestic trade when country ci is country cj

cci,cj,c Logistics factor for intra-zonal trade when zone i is zone j.

Fig. 6 Structure of the Freight Demand module
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Kiel et al. (2016a, 2016b) and Van Grol et al. (2016a) contain a more detailed meth-

odology description of the freight demand model and the calibrated values of the model

parameters.

The distribution of mode chains follows a multinomial logit model and distributes

the freight flow across multi-modal transport chains (routed through transshipment

points) collected from the ETISplus database. In HIGH-TOOL a mode chain consti-

tutes a multimodal routing from production location to consumption location through

up to two transshipment points. The ETISplus database provides multimodal freight

flows (in tons) per production-consumption location pair ij in the form of mode chains

r using at most two transshipment points. The probability (Pt,I,j,c,r) of using a specific

route r is calculated as follows:

Pt;i; j;c;r ¼ eTCt;i; j;c;r

X

m∈M

eTCt;i; j;c;r

in which

TCt;i; j;c;r ¼ β0 min costt;i; j;c;r

where:

Pt,i,j,c,r|m Probability of choosing route r between consumption location i and produc-

tion location j for commodity c in time period t give mode m [%]

TCt,I,j,c,r Minimal total costs for route r between production location i and consump-

tion location j for commodity c at time period t

min_costt,i,j,r,c Minimum total cost of route r between consumption location i and pro-

duction location j for commodity c in time period t

β0 Constant

r The route for a production-consumption location pair given the set of mode(s) m

used to traverse it.

The specific set of modes used in a route allows it to be differentiated from another

route going through the same transshipment points. The modal combination with low-

est costs for a certain route is used as a proxy for the attractiveness of all routes con-

necting the production-consumption location pair ij.

Here, the probability that a specific route is selected for a P/C pair ij is calculated by

comparing the estimated costs for all available routes. The number of total tons as pro-

vided in the previous step is applied on these routes to obtain route flows (Tt,i,j,c,r):

Tt;i; j;c;r ¼ Tt;i; j;c; � Pt;i; j;c;r

where:

Tt,i,j,c,r Freight flow for commodity c from production location i to consumption loca-

tion j in time period t using route r [tons]

Pt,i,j,c,r Probability choosing route r between production location i to consumption lo-

cation j for commodity c in time period t [%]

Tt,i,j,c Freight flow for commodity c from production location i to consumption loca-

tion j in time period t [tons].

The end product of this step is for each P/C pair ij a list of chains with allocated tons.

Van Grol et al. (2016) provides a detailed description of the distribution of chains. The
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mode split calculation is based on the approach applied in ETISplus and the NEAC-10

model (Newton et al. 2015). The cost functions and utilities in the modal split compo-

nent rely on TRANSTOOLS v2. The modal split calculation estimates a modal share

for each leg of the chains produced by the distribution step. For each of these legs the

total leg costs are the summation of the costs encountered in each country traversed

along the leg.

Each origin and destination is connected by the transport routes extracted from the

ETISplus database. These transport routes are part of transport chains that form a set

of up to three legs that connect an origin and destination through up to two transship-

ment regions. For each of the legs the modal split calculation is applied. The modal

split component considers various cost elements such as fixed costs, variable costs, en-

ergy costs, waiting costs, and loading/unloading costs. These are influenced by the VES

module that can be affected by policy measures to compute generalized cost per avail-

able mode connecting an origin and destination of a leg through a multinomial logit

function according to TRANSTOOLS (Burgess et al. 2008; NEA 2007). Van Grol

et al. (2016) provides a detailed description of the mode split model.

The mode split model uses the following logit approach:

Pmjcdij ¼ eVmjcij
X

m∈M

eVmjcij

with

Vmjcij ¼ αcmcmcij þ βcm

where:

Pm|cij Probability of choosing mode m given commodity group c, origin i and destin-

ation j

Vm|cij Utility of mode m for commodity group c and O/D relation ij

Cmcij Costs for mode m given commodity group c and O/D relation ij

αcm Logit parameter for commodity group c and mode m

βcm Constant for commodity c and mode m

m Set of available modes (road, rail, inland shipping, sea, other).

Subsequently based on total generalized costs for routes connecting the trade rela-

tion’s origin and destination, demand is distributed across the route’s chains connecting

origin and destination through transshipment regions in the route choice component.

As the model uses a hyper network connecting the different zones, the route choice is

performed at an aggregated level. The changes in route choice are expressed as changes

in time and/or distance which are translated into fixed, variable and energy costs.

The translation of the chain matrices into unimodal demand matrices is fairly straight

forward. Each chain comprises up to a maximum of three legs. Each leg contains an

origin and destination. The origin or destination can be the production or consumption

location, but they can also be the transshipment points. The chain matrix is split into

different leg-matrices by commodity group and mode. This results in mode specific

matrices by commodity group that can be used to calculate the ton-kilometers by mode

and commodity.
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The translation of the unimodal demand matrices in tons into trip matrices is done

by using assumptions on the development of the average load per mode or vehicle and

the share of empty trips. This has been calibrated for the base year, in order to achieve

consistency with the amount of trips reported by statistics.

The conversion step, i.e. the calculation of transport demand performance indicators

(ton-kilometer and vehicle-kilometer), is conducted both for the origin region and re-

lated to the “on the territory” perspective. The latter is calculated by applying the shares

of distances of a leg per country, using data from ETISplus.

Finally, assumptions on share of only-cargo flights and capacity of air freight trans-

port are applied to extract air freight transport by only-cargo aircraft from the total de-

mand for air transport.

The module’s most important input data are regional trade data (differentiated by

commodities) from ECR, and generalized fixed and variable costs per vehicle-km (dif-

ferentiated by country, mode and fuel type) from VES.

The module’s main outputs to other modules are transport demand by mode and

commodity (vehicle mileage, ton-kilometers, tons carried) as well as transport costs by

region and origin/destination relation to ECR, transport demand and vehicle occupancy

rates to VES, transport demand (vehicle mileage by O/D, mode and commodity) to

ENV and vehicle mileage by country and mode on the basis of the “on the territory”

principle to SAF.

Environment module

The Environment (ENV) module calculates wheel-to-tank fuel consumption and emis-

sions for each vehicle type. The key variables in this calculation are fuel consumption

or fuel intensity, and emission factors or emission index. These factors are divided into

technologies that are represented in the module by age cohort or vintage.

The module produces estimates of CO2 emissions and five other pollutants: CO,

VOC, NOx, SO2 and PM2.5. Fuel consumption and emissions are calculated per

origin country and disaggregated to zones based on the share of transport demand

in each zone.

The module comprises of two parts (see Fig. 7). Firstly, the predicted transport de-

mand segmented by country, mode and fuel type is disaggregated by vehicle type and

vehicle technology (represented by the vehicle age cohort). Secondly, fuel consumption

and emissions are derived and calculated for each mode, vehicle type, fuel, and age co-

hort (technology) using the previously disaggregated transport demand, fuel consump-

tion and emission factors.

Data on fuel consumption and emission factors for all vehicle age cohorts (technol-

ogy) are available for the year 2010. For each period in the remaining simulation period

(2015–2050), only factors of the new vehicles (vehicles between 0 and 4 years old) are

available in the dataset. These factors are modifiable to enable policy simulation, such

as introduction of new emission standards in a specific time or simulation period.

Fuel consumption and emission factors of older vehicles (vehicles more than 4 years

old) are derived from the dataset for the previous period.

The ENV module uses vehicle mileage data (differentiated by O/D and mode) from

PAD and FRD. The vehicle mileage used by PAD differentiates between urban and
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non-urban transport, while the FRD data differentiate by commodity. Furthermore,

VES provides the vehicle fleet by country, mode, fuel type, vehicle type and vehicle

technology. There are no data flows from ENV to any other core module.

Safety module

The Safety module (SAF) assesses the impact of transport policy measures on safety,

and yields predictions of the number of fatalities and injuries, and associated social

costs (see Fig. 8).

The required input includes historical mobility data from the Data Stock, predicted

mobility (from the Passenger and Freight Demand modules), and user input changes to

safety risk and safety risk causal factors. Risk is defined as the number of occurrences

(fatalities, injuries) per unit of mobility (in vehicle-kilometer or number of trips).

The module distinguishes between road and non-road modes, that are subsequently

dealt with at different levels of detail. Road safety is treated in the most detail and pre-

dicts fatalities as well as serious and minor injuries. Road is further split into car, truck,

powered two-wheelers, public transport, bike, and pedestrians. Non-road modes in-

clude rail, air, short sea shipping, and inland waterways.

The results are computed per country and time period.

For each transport mode, there are two components. The first is the

Business-as-Usual (BAU), which calculates safety risks and makes predictions based on

risk trend lines (from historical mobility and safety data) and mobility predictions (from

the Passenger and Freight Demand modules). The second is the scenario component

that adapts the BAU risks according to the anticipated effect of safety measures mod-

elled. The effect is derived from changes in accident causal factors (which are the policy

inputs) and the elasticities and equations relating these to changes in risk. Safety pre-

dictions for the scenario follow from these scenario risks and mobility predictions.

Road fatalities, serious and minor injuries are predicted. For the other transport modes,

Fig. 7 Structure of the Environment module
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the focus is on fatalities. For all modes the social costs are calculated. The general ap-

proach of adjusting risk trends based on changes in accident causal factors is based on

the European Road Safety Action Program (ERSAP) (Delhaye et al. 2010).

The SAF module uses vehicle mileage by country and mode on the basis of the “on

the territory” principle from PAD and FRD. Furthermore, passenger demand data (pas-

senger-kilometers, number of trips) per country, age group and gender, differentiated

by urban and non-urban transport, are used from PAD. The module does not provide

any data to other core modules.

Module interaction

The core modules interact sequentially with each other. The sequential solution reduces the

computation loops, as results for a period t are passed to computations in t + 1. An iterative

process would be much more time consuming as the modules would interact, re-compute,

store and read data several times until the results for a certain time period become available

and the model can move forward to the next time period. The sequence starts with DEM to

produce demographic outputs for all forecast years 2015–2050. Subsequently ECR is run,

fed by DEM results of time step t and by VES, PAD and FRD outputs of time step t-1.

Afterwards VES is activated, on the basis of DEM/ECR (step t), and PAD/FRD (step t-1)

outputs. Subsequently, PAD and FRD are run, using results from DEM/ECR/VES, and

ECR/VES, respectively. Finally, results by PAD, FRD and VES are delivered for all years to

ENV for the computation of the environmental impacts and by PAD and FRD to SAF for

the computation of the safety impacts. The tool’s base year is 2010. Thus, the first time step

2015 is partly driven by 2010 results, and 2020 by 2015 results etc.

The interaction scheme is shown by Fig. 9.

Fig. 8 Structure of the Safety module
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Fig. 9 Model execution order
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Model validation
The HIGH-TOOL model was subjected to an extensive validation and testing ap-

proach, consisting of: robustness tests to ensure that the model is capable of discover-

ing invalid inputs; check of coherence of model outputs with the EU Reference

Scenario 2013 (European Commission 2013); comparison of model outputs with the

ASTRA-EC model; sensitivity tests to test the plausibility of the modules’ reactions on

changes in input variables; and the conduction of case studies (see van Meijeren et al.,

2016; Kiel et al. (2016a)).

Since the results of the HIGH-TOOL baseline required consistency with the forecasts

of the EU Reference Scenario 2013 (EU Ref), significant effort was spent to validate the

HIGH-TOOL modules against this reference. The validation approach embraced both

the validation of each module as stand-alone module and the validation of the inte-

grated tool, in which all modules are interconnected with each other.

As an example of validation outcomes, Table 1 compares the modelled rail passenger

transport demand for the years 2010, 2020, 2030 and 2050 with the forecasts by the EU

Reference Scenario 2013, while Table 2 shows the development of the total freight

transport demand.

Overall the validation analyses have revealed a high level of consistency between

HIGH-TOOL results and the EU Reference Scenario 2013. Any major differences,

which occur for a limited number of results, can be well explained, largely by differ-

ences in data definition. Moreover, the differences between forecasts by HIGH-TOOL

and the EU Reference Scenario are explained by the pattern that no information was

accessible concerning how the policy measures underlying the EU Reference Scenario

2013 have been operationalized into the PRIMES model for the generation of the fore-

casts. Thus also differences how the policies underlying the EU Reference Scenario

2013 have been operationalized by HIGH-TOOL and PRIMES, explain differences

among the results. More details on validation approach and results are provided by van

Meijeren et al. (2016).

Transport policy measures
Operationalization

Transport Policy Measures (TPMs) are implemented in HIGH-TOOL by a specific set

of policy levers (or input parameters of the HIGH-TOOL model) and associated values.

To arrive at the set and the values for the policy levers several sources have been

reviewed. These sources differ in the strength of their underpinning and the scalability

of parameter values to the spatial level that is considered in HIGH-TOOL. The follow-

ing sources have been reviewed (see Van Grol et al., 2016):

Table 1 HIGH-TOOL results vs. EU Ref, rail passenger transport demand (million pkm)

2010
HIGH-TOOL

2010
EU Ref

2030
HIGH-TOOL

2030
EU Ref

2050
HIGH-TOOL

2050
EU Ref

EU28 417,213 405,505 581,036 606,485 708,525 770,552

EU15 371,151 359,537 499,760 520,224 602,662 656,002

EU13 46,063 45,967 81,276 86,260 105,863 114,551
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(1) Large-scale (European) model applications – TPMs that have been modelled in

models such as SUMMA, EXPEDITE, and TRANSTOOLS.

(2) Examples from practice – TPMs that have already been implemented in practice

and are described in the literature.

(3) Research publications – TPMs for which useful information was found in research

publications. Most of these studies describe model simulations, field tests, surveys,

or expert judgement.

(4) Qualitative guidelines – TPMs for which a qualitative description of policy impacts

is adapted from the ASSIST project.

Under consideration of this review, one or more variables of the HIGH-TOOL model

have been selected for each TPM, which translate a TPM’s effect on the transport sec-

tor. For a majority of the TPMs, mode-specific user cost variables, i.e. elements of the

generalized cost functions, have been selected to operationalize a TPM.

Detailed information on how the different policy measures are operationalized is pro-

vided by Mandel et al. (2016). In this project report each transport policy measure is

categorized, and its general impact mechanism is drafted. Furthermore, the report pro-

vides a documentation on which specific model variable(s) is (are) altered in order to

operationalize a transport policy measure.

Policy selection

Instead of embracing a dedicated transport supply module, the HIGH-TOOL instrument’s

supply parameters can be adjusted by the user either indirectly by the selection of transport

policy measures or bundles, or directly by changing specific policy levers. Furthermore, the

experienced user may conduct any change in the tool’s database to simulate specific policies.

The HIGH-TOOL instrument offers 30 pre-defined Transport Policy Measures

(TPM), which can be selected either individually or in combinations. The scope of the

pre-defined Transport Policy Measures is shown by Table 3.

Policies can be specified by the user in terms of intensity, temporal effectiveness

(2015 to 2050) and geographical distribution (countries and regions in Europe).

Also combinations of pre-defined TPMs can be applied. All combinations of TPMs

have been analyzed in terms of interdependencies (see section “Consideration of policy

bundles”). While the majority of the policies have been revealed to be additive, the user

is informed by the system on the existence of interdependencies, if interdependent pol-

icy combinations are chosen.

Furthermore, customized policy packages can be defined using any combination of

policy levers. The policy levers are organized per module. The number of levers per

module are shown in Table 4.

Table 2 HIGH-TOOL results vs. EU Ref, EU28 + 2 total freight transport demand (million tkm)

2010
HIGH-TOOL

2010
EU Ref

2030
HIGH-TOOL

2030
EU Ref

2050
HIGH-TOOL

2050
EU Ref

EU28 2,239,665 2,312,415 3,175,986 3,199,693 4,102,472 3,652,618

EU15 1,663,948 1,718,291 2,279,797 2,305,708 2,871,405 2,616,397

EU13 575,717 594,124 896,189 898,386 1,231,067 1,042,883
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Finally, using the Expert Mode the user can edit input tables and/or the hypernet to

control the impedances used in the model. The Expert Mode is an optional feature for

advanced editing of the database values before running the model.

Consideration of policy bundles

When TPMs are combined their dependency is analyzed by reviewing a possible

overlap in policy levers. If the sets of policy levers do not overlap, the TPMs are

independent and their result additive. If the sets of policy levers do overlap, special

care is needed in the implementation of policy lever values because these TPMs

may not be completely independent. Depending on the nature of the involved

TPMs, the combined effect of their policy levers might be as follows:

Table 3 Transport Policy Measures covered by HIGH-TOOL

Category Single Pre-Defined Transport Policy Measures

Efficiency standards and flanking measures Improving local public transport

Deployment of efficient vehicles

Replacement of inefficient LDVs and buses

HDV limitation for urban areas

LDV speed limit

Diffusion of H2 fuel cell cars

Diffusion of electro cars

Replacement of inefficient cars

Pricing CO2 feebates for road transport

CO2 certificate system for road transport

Circulation tax for cars

Internalization of external costs

HDV infrastructure change

Urban road charging

Research and innovation Intelligent road vehicles

Dynamic traffic management for road

Intelligent traffic information system for road

Road vehicle safety technology protecting other transport users

Safety systems for road vehicle users

Internal market Acceleration of TEN-T implementation

River information system

European Rail Traffic Management System

Harmonized handling of dangerous goods

Harmonization of rail safety

Harmonized social rules for truck drivers

Opening the internal IWW market

Enhance service quality at ports

Maritime traffic management system

Freight corridor management

Single rail vehicle authorization and certification
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(1) Reduced – when TPMs are conflicting and cancel each other out;

(2) Maximized – the effect of the combined TPMs equals the effect of the strongest

TPM;

(3) Limited – combining the TPM has some added effect, but this added effect is

limited, and

(4) Maximum – although the TPMs share the same policy levers they are independent

and thus additive.

There are no pairs of TPMs that fall into the first group, while pairs in the last group

can be freely combined by adding up their policy lever values. However, six groups of

TPMs have been identified that share the same policy levers and are considered to be

partly or largely overlapping. For the shared policy levers of these groups it has been

defined how to model them simultaneously (see Van Grol et al., 2016).

The hypernet approach

With its requirement to provide assessment results quickly and at a strategic level, the

HIGH-TOOL model is not a network-based transport model such as TRANSTOOLS.

Nevertheless, the passenger and freight demand modules are based on transportation

impedances at the level of NUTS-2 O/D relations. The impedances for the

HIGH-TOOL base year 2010 are founded on ETISplus impedances, while the baseline’s

impedances for the forecast years have been computed by the network-based transport

model Vaclav for the infrastructure configuration underlying the EU Reference Sce-

nario, and aligned with the impedances for the year 2010.

This approach allows the modelling of infrastructure policies by modifying

mode-specific travel impedances generically for transport in the whole EU, selected

countries or selected NUTS-2 regions, which however does not allow the consideration

of network effects of infrastructure policies.

Therefore, in order to allow the consideration of network effects in the strategic as-

sessment of transport infrastructure policies, a “hypernet” approach was developed.

The hypernet approach allows the change of travel impedances on a virtual link be-

tween two NUTS-2 regions. After running a shortest-path algorithm new impedance

matrices are obtained, thus covering the network dimension of the infrastructure pol-

icy. The hypernet is an optional submodule covering road and rail and is linked to the

passenger demand module.

For the creation of the hypernet, regions have been connected in the hypernet if: ei-

ther the zones are bordering each other and have an ETISplus network link that

Table 4 Number of policy levers per module for the Customised Policy package interface

Module Number of individual levers

Economy and Resources 3

Vehicle Stock 430

Passenger Demand 100

Freight Demand 79

Environment 127

Safety 60
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connects both zones, or they are connected by a ferry link in the ETISplus network. A

representative NUTS-3 zone, i.e. the NUTS-3 zone containing the largest city/ capital

city within the NUTS-2 zone, was chosen for each NUTS-2 zone. Each hypernet node

is allocated an access/ egress impedance to model travel impedances to access the

inter-regional hypernet links. The intra-zonal impedances are based on inter-NUTS-3

impedance values from ETISplus and can be influenced by policies. Also the

inter-zonal impedances are based on the ETISplus impedance matrices. Future travel

impedances up to the model’s forecast horizon 2050 were calculated from enhanced

ETISplus networks, including all infrastructure projects planned on the TEN-T core

and comprehensive networks (see European Union, 2013).

Figure 10 displays the constructed hyper-network links for road (ETISplus road net-

work (red), Zone centroids (green) and constructed HIGH-TOOL road hypernet (blue)

for the base year 2010).

Case study
Case study description

This case study examines the application of the hypernet facility of the HIGH-TOOL

instrument. The assumption is made that rail passenger travel times will further de-

crease by 10% along the “Magistrale” corridor Paris–Strasbourg–Karlsruhe–Munich–

Vienna–Bratislava (see Fig. 11). The travel time decrease is assumed to be on top of the

time savings due to TEN-T/CEF policies already in the baseline scenario. Thus, the in-

vestment assumptions do not refer to concrete rail infrastructure projects, but are

hypothetical. The infrastructure improvements are assumed to become effective in the

year 2030. Further details on this case study are provided by Kiel et al. (2016b).

Fig. 10 Scope of the hypernet (road)
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Model results

The model predicts an increase in rail passenger demand while the demand of Ac-

knowledgements modes (road – i.e. private passenger cars –, coach and air) is expected

to decrease (see Table 5). The results do not only reveal a mode shift effect, but also re-

veal that the increase in rail passenger-kilometers exceeds the loss of

passenger-kilometers by competing mode. Thus, the assumed improvement of rail

level-of-service is expected to generate induced traffic that explains almost half of the

additional rail traffic demand. This pattern is largely in line with the observations made

for the French high-speed rail line Paris-Lyon (Vickerman 1996) and can be explained

by direct and indirect effects, such as changes in travelers’ mobility behavior and the

emerging of new activities due to the reduced travel time (Cascetta and Coppola 2013).

The percentage changes in relation to the total passenger transport demand are rela-

tively limited, which is explained by the limited geographical scope of the measures, as

well as by the pattern that the assumed infrastructure improvements relate to inter-zonal

passenger transport flows at the level of NUTS-2, which represent only a small share of

the overall market. In 2050, the rail passenger demand is expected to increase by 0.02%

for EU28 + 2, representing 4.4 million passenger-kilometers per day (1.6 Gpkm per year).

The results of our rather hypothetical case study are largely in line with the findings of

the “Magistrale corridor study” predicting an increase of about 14 million rail passenger

trips per year due to upgrading this railway corridor (IWW et al. 2001).

Regarding impacts on demand by mode of transport for 2050 at country level, the

strongest impacts in absolute terms are expected for Germany, followed by France,

Fig. 11 Map showing the hypernet rail links of the Magistrale corridor (blue), other hypernet rail links (red)
and NUTS-2 zone centroids (green)

Table 5 Case study – Total passenger-kilometres 2010–2050, by modes (in million), EU28 + 2,
difference Scenario-Baseline

2030 2035 2040 2045 2050

Air −45 −55 −53 − 55 −55

Rail 1306 1569 1534 1575 1608

Coach −35 −42 −43 −45 −47

Road − 605 − 743 − 713 − 734 − 742
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Austria and Slovakia (see Fig. 12). These countries are the key beneficiaries of the as-

sumed infrastructure investments. Due to the network effects, which are covered by

the hypernet approach, also the demand structures of other countries, which are not

directly concerned by the investments – such as the Czech Republic, Italy and Romania

– reveal slight impacts in favor of rail.

The modal shift from road and air to rail leads to a decrease in fuel consumption,

CO2 emissions and the emission of air pollutants (see Table 6). Furthermore, the modal

shift results in a slight reduction in the number of road accidents (see Table 7). Finally,

the HIGH-TOOL model predicts moderate economic impacts (see Table 8): the de-

crease in rail passenger travel times results in savings in generalized costs and, thus,

improves regional accessibility, which has a positive impact on Gross Value Added

through provision of better access to labor markets and lower costs of intermediate

goods (second order effects). The economic impacts do not embrace any first order ef-

fects (direct or multiplier effects of the infrastructure investments), as the underlying

investment amount has not been specified for the purposes of the case study.

Conclusions
The HIGH-TOOL model is an open source instrument, is both publicly and freely

available and does not require any commercial software products to be run. These fea-

tures clearly distinguish the HIGH-TOOL model from any other European transport

demand model or policy assessment instrument. The model’s openness ensures thor-

ough transparency of computations, and allows the experienced user to modify calcula-

tion methodologies, data or model parameters.

To develop the HIGH-TOOL model, originally independently functioning models

have been integrated on a common platform. A key enabler of the development work

in HIGH-TOOL was the European reference database ETISplus, covering a large share

of data sets relevant for the models which were integrated in HIGH-TOOL. In this re-

spect, HIGH-TOOL can be regarded as a logical consequence of the European Union’s

strategy to provide not only publicly available data for transport policy and modelling –

as accomplished by EU-funded projects such as ETIS-BASE and ETISplus –, but also

to establish a publicly available open source tool for strategic policy assessment.

Fig. 12 Impact on passenger transport demand by transport mode per country (year 2030, changes in
millions pkm)
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Also the existence of the EU Reference Scenario, which outlines long-term projec-

tions until 2050 and covers aspects such as transport demand, energy consumption and

vehicle fleet, was a substantial support for the calibration of the HIGH-TOOL model.

On the other hand, it is becoming a broadly accepted view that there will be large

structural changes in the (near) future in many economic sectors, also within transport

and mobility (see e.g., Chen et al. 2016; Brynjolfsson and McAfee 2014; Blasi et al.

2013). The National Research Council of the USA (2010) states: “All forecasting meth-

odologies depend to some degree on the inspection of historical data. However, exclu-

sive reliance on historical data inevitably leads to an overemphasis on evolutionary

innovation and leaves the user vulnerable to surprise from rapid or nonlinear develop-

ments. […] A methodology that can forecast disruptive technologies must overcome

the evolutionary bias and be capable of identifying unprecedented change”. Also

the currently instable political and geo-political situation in many world regions,

wars and migration cause a high level of uncertainty in terms of future develop-

ment of demographic, social, societal and socio-economic patterns which substan-

tially influence transport demand. However, the official national and EU forecasts

currently tend to suffer from a lack of adapted methodology to be able to antici-

pate for the future in which direct and indirect impacts of disruptive technologies

will play a major role. Thus, further research is needed to develop a generally ac-

cepted, trusted, transparent and repeatable approach that does not solely rely on

historical developments, but which allows to deal with breaks in trends and derived

developments.

The current version of the HIGH-TOOL model offers various possibilities for further

developments: for instance, enhancing the zoning system of transport demand model-

ling from the spatial level of NUTS-2 to NUTS-3 will significantly reduce the share of

intra-zonal transport demand and increase the accuracy of transport demand model-

ling. Also, a closer link to a network-based model, which goes beyond the currently im-

plemented hypernet approach for passenger transport, will enhance the tool’s scope of

Table 6 Case study – Impact on emissions and fuel consumption p.a. (in tons), EU28 + 2,
difference Scenario-Baseline

Year Fuel consumption CO2 NOx PM SO2

2030 − 9963 − 35,105 − 54 − 3 − 1

2035 − 9411 − 33,449 −60 − 3 0

2040 − 9956 −34,320 − 62 −3 0

2045 −10,253 −35,044 −65 −3 − 1

2050 − 8934 −31,284 −62 − 3 −1

Table 7 Case study – Impact on road accidents p.a. (number of injured persons), EU28 + 2,
difference Scenario-Baseline

Year Serious injuries Slight injuries

2030 − 9 −67

2035 −5 − 77

2040 −9 − 69

2045 −11 − 82

2050 −8 −73
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application and improve the spatial representation of infrastructure-related policies. In-

creasing the regional level of detail of traffic cells and connecting the HIGH-TOOL

model with a network-based model however, imply unfavourable impacts on model run

time, which needs to be avoided as far as possible by smart data handling and process-

ing methodology.

In combination with an enhanced approach to model network effects of transport

policies, a dedicated transport supply module could be implemented to consolidate the

representation of the supply side (including the operationalization of policies) in one

entity.

Moreover, the increasing relevance of Sharing Economy concepts in transport (e.g.,

car/bike sharing; ride sharing) calls for a more sophisticated and explicit consideration

of these schemes by transport demand and policy assessment tools.

Further mega trends in transport are electrification and autonomous driving. The

electrification of the road transport sector indicates the requirement to connect

transport demand and energy modelling more closely, in order to obtain a better

understanding of interdependencies between these sectors and to explore the po-

tential of electrification of transport for decentral energy supply concepts (e.g., by

using electric vehicles as mobile energy storage). Autonomous driving will result in

tremendous impacts on the transport sector by enhancing access to mobility, im-

prove safety, and add the potential to alleviate congestion, reduce travel time and

reduce environmental impacts (see e.g., Harper et al. 2016; Fagnant and Kockelman

2014; Hars 2014). Though it remains unclear how much of the potential benefits

will actually be exploited, since vehicle mileage is expected to increase (Szimba and

Orschiedt 2017). Supported by further research on travel behaviour, traffic engin-

eering and the scope of business models expected from autonomous driving, an

extended version of the HIGH-TOOL model could be used to estimate the impacts

of autonomous driving at European scale.

Finally, the consideration of future modes of transport such as drones or the Hyper-

loop concept may provide avenues for model enhancement.

With its high degree of openness and its modular structure, the HIGH-TOOL model

provides the basis for an efficient further development of the model in the indicated di-

rections and beyond, and thus lays the foundation for further innovations in the realm

of assessment of transport policies and mobility concepts.

Endnotes
1NUTS: Nomenclature of Units for Territorial Statistics

Table 8 Case study – Impact on Gross Value Added by sector p.a. (million €), EU28 + 2, difference
Scenario-Baseline

Year Primary Secondary Tertiary

2030 0 0 0

2035 0.1 6.5 3.7

2040 0.1 7.0 4.1

2045 0.2 7.3 4.4

2050 0.1 7.4 4.6
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Abbreviations
AngularJS: A client framework to build web applications in JavaScript; BAU: Business as usual; CEF: Connecting Europe
Facility; CO2: Carbon Dioxide; DEM: Demography module of the HIGH-TOOL model; DV: Deterrence Value;
ECR: Economy & Resources module of the HIGH-TOOL model; EMC: Expected Minimum Cost; ENV: Environment
module of the HIGH-TOOL model; ERSAP: European Road Safety Action Program; EU Ref: EU Reference Scenario 2013;
EU: European Union; EU28 + 2: 28 Member States of the European Union plus Norway and Switzerland; EU28: 28
Member States of the European Union; Eurostat: Statistical Office of the European Union; FRD: Freight Demand
module of the HIGH-TOOL model; GDP: Gross Domestic Product; Gpkm: Giga passenger-kilometer; GVA: Gross Value
Added; HDV: Heavy Duty Vehicle; LDV: Light Duty Vehicle; NOx: Nitric oxide and nitrogen dioxide; NST: Eurostat’s
Standard Goods Classification for Transport Statistics; NUTS: Nomenclature of Territorial Units for Statistics; A number
assigned to it defines the level of granularity, such as 0 for the country level; O/D: Origin/ Destination; P/C: Production/
Consumption; PAD: Passenger Demand module of the HIGH-TOOL model; PostGIS: An open source software program
that adds support for geographic objects to the PostgreSQL object-relational database; PostgreSQL: An object-
relational database; RTD: Research and Development; SAF: Safety module of the HIGH-TOOL model; Sails.js: A server
framework to build Node.js applications; SOx: Sulfur oxide; TEN-T: Trans-European Networks for Transport;
TPM: Transport Policy Measures
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