E
rx

*
L

NEYFITS?

NEXT-ITS 3 Evaluation Report

NEXT-ITS 3

Version: 1.0

January 2022

2018-2021

2IEIP.

European ITS Platform

B Co-financed by the European Union
2 Connecting Europe Facility

www.its-platform.eu



http://www.its-platform.eu/

Document Information

Authors
NAME ORGANISATION
Lone Ddrge Genua Consult, Denmark

Merja Penttinen

VTT, Finland

Risto Kulmala

Traficon, Finland

Petri Antola Finnish Transport Infrastructure Agency, Finland
Dieter Sage Logos HH, Germany
Hakon Wold ViaNova, Norway

Per Einar Pedersli

Norwegian Public Roads Administration, Norway

Martin Strom

Swedish Transport Administration, Sweden

Carlos Viktorsson

Sweco, Sweden

Distribution
DATE VERSION DISSEMINATION
30/04/2019 0.1 Working group
24/09/2021 0.2 Working group
20/10/2021 0.3 Working group
18/11/2021 0.4 Working group
01/12/2021 0.5 Working group
02/12/2021 0.6 Working group
03/12/2021 0.7 Working group
16/12/2021 0.9 Working group
21/12/2021 0.95 Working group
14/01/2022 1.0 Project Management Board

NEXT-ITS 3 Evaluation Report

2/90



Table of Contents

DocumMent INFOrMAtION .....oooiiieee 2
T AL OF oM NS ... 3
List of ADDbreviatioNS/ACIONYIMS ...ouuuii e e e e e e e e e e e e e 5
1 EXECULIVE SUMIMAIY ..ttt e e e e e e e ettt s e e e e e e e e eeat e e e e e e e e e eeasatnaeeeeeeeeeansnnaaaaaeees 6
2 Description of the Problem ... 9
2.1 ISSUES AGUIESSE ... e e e et e e e e e e e e e aeat e e e e e e e e eeneenn s 9
A | (= N0 [ 1Tl 1] ) o ISP 9
2.3 RESEAICH QUESHIONS . .ceviiiiiiiiie ettt ettt et e e e e e e et e e e et e e e eeaaaaeeees 10
2.4 Objectives for the EVAlUALION ..........ccoviiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeee et 10
3 DesCription Of the ITS PrOJECT ... ..uuiiiiiiiiiiiiiiiiii it neneenennnene 11
3.1 ITS Selection Rationale and ODJECLIVES ...........cuviiiii i 11
3.2 Status Of the PrOJECT. .....ceviiiiiiiiiiiiiieeeeeeeeeeeeee e 11
3.3 Systems and Technologies deployed...........ooouuiiiiiii e 11
3.4 ITS Deployment Status, Deployment KPIS............oouiiiiiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeee 13
A EVAIUALION i 15
4.1 Research QUESHONS ANSWEIE.........oiiiiiii ittt e e e e e et e e eaens 15
4.2 17T 1 T T £ USRS 15
4.3  Timing and Type of EValuation...........ccooooiiiiiiiiiiicii e 17
N Yo oL a1 To= T T 0 g 0 = Vg o= 17
45  Selected BENEfit KPIS ....uuuii i 17
.8 RESUIES. ..ttt nnnnnnen 18
5 Cost Benefit ANAlYSIS RESUILS .....uuuiiiiiiiiiiiiiiiiiiiiiiiiii b nseeeeeneeene 19
ST A AN o] o] o T= X o PP PP PPPPPPPPPPP 19
52 (01011 £ T PP SPPPTT 19
5.3 2 Lo T 1SRRI 21
5.4  Benefit COStRALO........coeiiiii e 23
6 Overall Assessment & Transferability of the Results (European Dimension)................. 24
6.1  OVErAll ASSESSIMENT .. ..eeiiiiiiei e ee et e e e e e e e e e e e e e e e e et a e e e e e e e aaraa s 24
6.1.1 [T 0] 0]V 00 1= o | PRSP 24
6.1.2 S e 24
6.1.3 N o= o PSSR 24
6.1.4 ENVIFONMENT ...t e e e e e e e e e e e ataaan e e e e aeaeennnes 24
6.2  Transferability of results (European DIMeNnSIoN).........cccoeeuuuuiinieeeeiieiiiaae e 24
6.2.1 Transferability Of FeSUILS....... oo 24
6.2.2 Relevance to ITS Priority Areas and ACLIONS............uuuuuvuriiiriiiiiiiiiiiiiiiieiinieennennes 25
A o= (=T =] o = SR 26

NEXT-ITS 3 Evaluation Report
3/90



Annex 1 Operating Environments for ITS applicationS...........oovviiiiiiiiiiiiiice e, 27

Annex 2 Activity desSCription (1-9) ... oo 28
Activity 1 - Deployments in the Traffic Management Centres, Fl..........ccoooiii, 28
Activity 2 - Enhanced traffic management on core network Kempele-Kello, Finland ............ 36
Activity 3 - Motorway Control System at E4/E20 Stockholm, Sweden ..........ccccooeveeeiiiiiiiinnnnnn. 38
Activity 4 - Motorway Control system (MCS) Gothenburg, Sweden............cccoooeiiiii, 43
Activity 5 — Replacement of NTS with New Generation System, Sweden..............cceevvvvvvvnnnnn. 46
Activity 6 - Deployments in the national Traffic Management Centre, Denmark .................... 47
Activity 7 - Traffic Information and Traffic Management Services, Germany .............ccoeeeen.. 54
Activity 8 - Traffic Centre development, Germany (DE) ........ccooiviiiiiiiiieiecieieeee e, 62
Activity 9 - National Access Point (NAP), NOTWaAY .........uuiiiiiieeiiiiiiiee e 67
Annex 3 Deployment KPIs description summary table...........ccco 72
Annex 4 Benefit KPIs description summary table .........ccoooooiiiiiiiiii e, 74
Annex 5 Benefit KPIs Input data SUMMATY.....ccccoooeiiiiiiiiiiie e 76
Annex 6 Summary of Inputs and Assumptions for CBA ... 76
Annex 7 Cost Benefit Analysis (Summary of detailed calculations) ..........cccceeeeeeeiiiiiiininnnnn. 76
Annex 8 Impact table — description and referenCes .........coccoviiiiiiii e, 77

NEXT-ITS 3 Evaluation Report
4/90



List of Abbreviations/Acronyms

m CBA (Cost Benefit Analysis)

m  C-ITS (Cooperative Intelligent Transport Systems)
m  EU (European Union)

m HGV (Heavy Goods Vehicle)

m |IBEC (International Benefits Evaluation Community)
m ITS (Intelligent Transport System)

m  KPI (Key Performance Indicator)

m  MCS (Motorway Control System)

m  NAP (National Access Point)

m  NPVB (Net Present Value of Benefits)

m  NPVC (Net Present Value of Costs)

m  TCC (Traffic Control Centre)

m  TEN-T (The Trans-European Transport Networks in Europe)
m  TMC (Traffic Management Centre)

m  TMP (Traffic Management Plan)

m VAT (Value Added Tax)

m VMS (Variable Message Sign)

m VSL (Variable Speed Limits)

NEXT-ITS 3 Evaluation Report

5/90



1 Executive Summary

The NEXT-ITS 3 project covered deployments in Sweden, Finland, Denmark, Norway and Northern and
Eastern Germany.

During the last decade the traffic load has increased considerably on the NEXT-ITS corridor (northern part of
the Scandinavian-Mediterranean corridor) and the TEN-T core network, especially the presence of heavy
goods vehicles which make the corridor and core network vulnerable to disturbances. Further, the road network
of the sparsely populated areas of Northern Europe offers limited possibilities for alternative routes and large
parts of the network are subject to recurring hard weather conditions, particularly in wintertime.

Based on this background, NEXT-ITS 3 aimed to enhance the core network performance in terms of efficiency,
reliability, safety and environmental impact. Enhanced corridor and core network performance will be achieved
through deployment of ITS services such as vital upgrades of traffic management centres and new services
with improved data quality and extended coverage. The objective of NEXT-ITS3 deployments was to improve
the quality of data and services provided by the road operators and to increase the coverage of services cost-
efficiently.

The NEXT-ITS 3 project contained a variety of measures deployed on the NEXT-ITS 3 corridor, i.e. the relevant
parts of the core and/or comprehensive TEN-T network including its urban links, and in relevant traffic
management centres.

The evaluation performed has covered the systems and services deployed or enhanced by the road authorities
involved during the period 2018-2021, also including some deployments to be completed fully in early 2022.
The evaluation objective has primarily been to evaluate the impacts, costs and benefits of the systems and
services deployed i.e., how much the deployments contribute to reduction in travel time and delays, accidents
and CO2 emissions from road transport.

This evaluation included estimated impacts for Key Performance Indicators on vehicle hours driven, vehicle
hours lost due to congestion, accidents in terms or fatalities and injury accidents, and CO2 emissions. In
addition, the evaluation included costs and benefits of the systems and services deployed as well as Key
Performance Indicators for deployment (/coverage).

The total length of the NEXT-ITS corridor itself is about 3 000 km, but the impacts of the NEXT-ITS 3
deployments cover a much larger road network due to the fact that many implementations focus on improving
the effectiveness and quality of traffic centre operations. In the participating countries, the traffic management
centres of the road authorities provide their services on the whole comprehensive TEN-T network, and even
wider for some services, |.e. on the whole main road network including e.qg. arterials to the bigger cities. Hence,
in order to cover all benefits of the measures in a fair way, also the contribution of the NEXT-ITS 3 deployments
to solving transport problems outside the actual corridor have been taken into account.

As the contribution of the deployments to the effectiveness of existing ITS systems and services varies by type
of the measure and type of the service, the road network affected had to be separated in several different sub-
networks in some countries to be able to estimate the impacts of NEXT-ITS 3 as correctly as possible. In these
cases, the impacts were first calculated separately for each sub-network and then summed up for all networks
influenced by the measures in the country.

Due to the nature of the deployments, especially the central traffic management centre upgrades, and the fact
that many of them were finalised close to the end of the project period (2018 to 2021), it has not been possible
to carry out an ex-post evaluation for all the deployed measures. One Danish project ex-post evaluation has
been conducted, and for all other deployments an ex-ante evaluation has been performed.

The evaluation approach is taking the estimated impacts of the deployments into account. The estimated
impacts of the deployed services on the corridor and networks are based on experience from ex-post impact
evaluation studies available for the traffic management and information services deployed and enhanced.
While taking into account the results from existing studies, especially from regions outside NEXT-ITS, the
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results were adapted somewhat in order to consider the differences in traffic and environmental conditions
between the ones in the impact studies and the ones prevailing on the NEXT-ITS 3 networks.

Main conclusions

The total estimated impacts of the NEXT-ITS3 services are considerable. Overall, the estimated main impacts
are seen in improved traffic flow, indicated with the two KPIs vehicle hours driven, reduced by approximately
925 000 vehicle hours per year, and vehicle hours spent in congestion reduced by 166 500 vehicle hours per
year. This is a result of the nature of the deployments of which the majority aims mostly at improving traffic
management and incident management and supporting it with the improved traffic information.

Fatalities and injury accidents are reduced by 0.37 and 6.36 per year respectively and in total 16 200 tonnes
CO:2 emissions are saved annually due to the deployments.

The relatively low reductions in fatalities and injury accidents are due to the modest effect estimates for these,
which result from the majority of the NEXT-ITS networks having very good traffic safety situation before the
implementations and especially in some of the Nordic countries also rather low traffic volumes and already low
accident numbers. Further, the review of ex-post evaluation reports has shown a tendency to provide very
cautious conclusions for accidents and fatalities, among others due to the fact that often the evaluations are
performed e.g. half a year after the implementations, hence too short a time period to draw firm conclusions
on safety effects.

Note, that the impacts from the single Danish ex-post project evaluation should in fact be added to these
impacts. However, the Danish ex-post results are not included in the figures stated in this section, so as not to
mix the numbers from the ex-post and the ex-ante methodology evaluations.

A

Accidents Congestion CO2
Fatalities Veh. hours saved emissions
- 6.4 injury accidents - 925 000 hours - 16 200 tons of CO2
- 0.4 fatalities - 166 500 hours in
congestion

Figure 1. Annual impacts due to NEXT-ITS 3 services

The total monetary benefits are estimated to 26.55 million Euros per year. The total costs (incl. maintenance
and operational costs) are estimated to 6.90 million Euros per year, if using a 10-year lifetime.

If looking at the deployment (investment) costs only, these are in total 36 million Euros excl. VAT.

When comparing the benefits with the costs, the VAT should be included in the costs which gives an investment
cost estimate of approximately 43.3 million Euros incl. VAT (when applying the different VAT in each country).
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The operation and maintenance costs are estimated to be approximately 3.30 million Euros per year excl. VAT
and to 3.97 million Euros per year incl. VAT.

A simple comparison between the estimated benefits and costs indicates that the costs will be offset by the
benefits in already about two years. However, these costs are without interest rates, Net Tax Factor etc. which
would have to be included in a full socio-economic analysis of the benefit cost ratio. A rough estimate is
therefore that the NEXT-ITS 3 deployments altogether will be beneficial within maximum 3 years.

It should be noted that this rough estimate is based on generally cautious and conservative estimates of the
input parameters for the benefit analysis and that the variation across deployments is not reflected in this
overall conclusion for the entire NEXT-ITS 3.

The benefit results of the ex-ante model used naturally depend on the assumptions made and therefore some
sensitivity analyses have been performed.

The sensitivity analysis shows that even with the estimates of enhanced effect being only half of what is
considered as the most realistic estimates, the total annual benefits are 13.28 million Euros. Hence, even with
very conservative and cautious estimates of effect enhanced, NEXT-ITS 3 will be socio-economically feasible.
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2 Description of the Problem

2.1 Issues Addressed

The NEXT-ITS 3 project was deployed in Sweden, Finland, Denmark, Norway and Northern and Eastern
Germany.

During the last decade the traffic load has increased considerably on the corridor and core network, especially
due to the presence of heavy goods vehicles, which make the corridor and core network vulnerable to
disturbances. Further, the road network of the sparsely populated areas of Northern Europe offers limited
possibilities for alternative routes and large parts of the network is subject to recurring harsh weather
conditions, particularly in wintertime causing accessibility and safety problems.

Based on this background, NEXT-ITS 3 aimed to enhance the core network performance in terms of
efficiency, reliability, safety and environmental impact. Enhanced corridor and core network performance can
be achieved through deployment of ITS services such as vital upgrades of traffic management centres and
new services with improved data quality and extended coverage, as well as improvement of urban-interurban
interface performance.

The objective was to improve the quality of data and services provided by the road operators and to increase
the cost-efficiency of services. Furthermore, the goal was to improve interoperability and continuity of services,
with a particular attention to cross-border sections, urban nodes and urban-interurban interfaces.

In addition, NEXT-ITS 3 has contributed to know-how development and has been actively engaged in the work
aiming at European harmonization and knowledge building in ITS impact evaluation methodologies.

2.2 Site description

The NEXT-ITS 3 corridor forms the Northern part of the Scandinavian—Mediterranean Corridor (Figure 2).

The corridor connects Northern Europe with Western and Southern European transport networks. It offers the
primary road transport connections between Western/Central Europe and Norway and the St. Petersburg
region of Russia. It links the major urban centres and ports of Scandinavia and Northern Germany with the
industrialised high production regions of Southern Germany, Austria and Northern Italy etc.

The activities of NEXT-ITS 3 address mainly the Northern part of the Scandinavian-Mediterranean Corridor
but influence also the adjacent road network to the corridor and — in particular where general improvements
and enhancements of traffic centres are carried out — larger parts of the main road network.
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Figure 2. NEXT-ITS 3 Corridor with links to major cities and ports. The motorway section between Hamburg
and Bremen is part of the Ten-T Core network and is also included.

2.3 Research Questions

The research questions in NEXT-ITS 3 evaluation were the following:

e What are the impacts, costs and benefits of the services implemented under the Next-ITS 3 action?
e How much do the NEXT-ITS 3 deployments contribute to reduction in delays (and hence travel time),
accidents and CO2 emissions from road transport and costs related to these?

2.4 Objectives for the Evaluation

The objective of the evaluation was to evaluate the impacts, costs and benefits of the systems and services
deployed in NEXT-ITS 3.
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3 Description of the ITS Project

3.1 ITS Selection Rationale and Objectives

The measures included in NEXT-ITS 3 have been chosen in order to improve the corridor performance and to
fill the gaps concerning efficiency, reliability, environmental impact, safety and security as well as to improve
the cost-efficiency in the operation of traffic management (see also 2.1. Issues addressed). These were mainly
ITS Services such as Traffic Management services, upgrades of Traffic Management Centres, motorway
control systems and improvement of urban-interurban interface performance.

3.2 Status of the Project

The NEXT-ITS 3 project was finalised at the end of 2021. The project period was originally planned for 2018-
2020 and prolonged for one year until end of 2021. A few deployments which were part of the original plan will
be completed later in the beginning of 2022, please refer to the details in the annexes for activity specific
postponements.

3.3 Systems and Technologies deployed

The NEXT-ITS 3 deployment activities are listed below.

Activity 1: Deployments in the Traffic Management Centres, Finland

To ensure the performance of the TEN-T road network in Finland, all existing traffic management and control
systems are adapted to the Traffic Management Centre (TMC) operator support and control systems and
integrated with the control room facilities at the TMC. In practice, this means the renewal of control room
software, control logic software, and control equipment.

Activity 2: Enhanced traffic management / Motorway Control System (MCS) on core network Kempele-
Kello, Finland

This measure deployed an integrated traffic management system on the motorway section Kempele-Kello on
road E75. The measure was especially targeting the high crash risks on the section, by implementation of
variable speed limits and a VMS warning system.

Activity 3: Motorway Control System (MCS) at E4/E20 Stockholm, Sweden

Essingeleden is one of Stockholm’s most heavily trafficked roads with recurring queues and incidents. The
MCS system is the most important tool to manage traffic. The MCS system at Essingeleden in Stockholm was
old (built in 2001) and missing some of the functionality that is available on other roads in Sweden and therefore
needed to be replaced. A third of the MCS equipment on the stretch between Bredéng and Véastertorp was
replaced with new equipment between the years 2018-2021.
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Activity 4: Motorway Control System (MCS) Gothenburg, Sweden

The road network in the Gothenburg area will be heavily developed in the coming years with new tunnels and
roads. These new tunnels and roads are all going to be equipped with ITS systems such as Variable Message
Signs (VMS), cameras, incident detection systems, etc.

There are some road stretches in between MCS stretches that do not have an MCS. This measure aimed at
bridging the gaps between the MCS that exist today and the ones that are being built to create complete
coverage at important road stretches. Within this measure, the road stretch between Marieholm and Tingstad
was equipped with a MCS.

Activity 5: MTLIV, replacement of NTS with NGS, Sweden

In Sweden there are four traffic management centres. These centres are using the National Traffic
Management System (NTS) for their daily operations. MTLIV is a project with the aim to replace NTS with a
New Generation System that is better prepared for the future needs of the traffic management centres. The
activity 5 MTLIV to replace NTS with NGS, has been withdrawn from NEXT-ITS 3 due to a necessary
prioritization of a new tunnel project "Forbifart Stockholm" (E4, the Stockholm bypass).

Activity 6: Deployments in the national Traffic Management Centre, Denmark

The measure was based on identified needs and comprised a cluster of activities complementing each other
and contributing to the overall goal of improved corridor and network performance. It included continued
development of the national Traffic Management Centre, remote monitoring and control of a critical bridge, a
new system for common traffic information across road authorities, a pilot trial on improved incident and
emergency handling, development of backend system for distribution of traffic information, traffic management
from a network perspective incl. dynamic control of traffic signals in case of rerouting and finally the acquisition
of real-time traffic data from external providers.

Activity 7: Traffic Information and Traffic Management Services, Germany

This measure addresses improvements of network performance in northern and eastern Germany. It includes
a motorway control system and a congestion warning system both on motorway A10 in Brandenburg, a traffic
speed warning system on an important bridge on motorway A7 in Schleswig-Holstein and parts of a large
network control system in Bremen. The latter consists of four VMS and is used for local warnings and
information on the motorways ahead as well as for re-routing advice for the connection Hamburg-Dortmund.
The motorway control system A10 in Brandenburg will be finalised in the beginning of 2022.

Activity 8: Traffic Centre development, Germany

This measure addresses the traffic centres Schleswig-Holstein which was enhanced and updated during
NEXT-ITS 3. This was carried out mainly by integrating further systems to the central computer of the traffic
centre:

e Wind warning system B207 Fehmarnsund bridge
e Variable message signs/variable direction signs Rendsburg motorway A7 and national road B77
¢ Wind warning system bridge Schafstedt.

Furthermore, some work for improving the traffic information which the traffic centre provides was carried out.
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Activity 9: National Access Point (NAP), Norway

The NPRA has been the responsible authority for establishing the NAP (www.transportportal.no) during NEXT-
ITS3. The NAP was established in December 2019 and offers traffic and travel related data in a single point
of access, in accordance with the ITS Directive. In total 22 different data sets are available on the NAP.

3.4 ITS Deployment Status, Deployment KPIs

The Deployment KPls, defined by the European Commission, are indicators used to monitor the progress of
ITS implementation. The Deployment KPIs are calculated based on the geographical coverage (number of
kilometres) of each of the systems/services deployed on the road network.

The activities in NEXT-ITS 3 covers different road networks in the different countries. Most deployments are
related to the TEN-T Comprehensive Road network in each country, which is regarded to be the common
minimum denominator to be able to compare the Deployment KPlIs.

The deployments aim at implementation of new systems and services and quality improvements of already
existing systems and services. New deployments contribute to extended coverage and improves the
Deployment KPIs for the relevant service areas. Improvements of systems do not contribute directly to the
Deployment KPls, as the geographical coverage of the services are not increased.

The quality of the services is improved by the Danish, German, Finnish, Norwegian and Swedish activities,
although the coverage of the systems is not extended. The Deployment KPIs for road weather monitoring,
fixed real-time traffic monitoring, mobile/probe real-time traffic monitoring, traffic condition and travel
information and weather information and safety related traffic information [km road network] are therefore the
same in 2021 as it was by the end of 2017.

The activities in NEXT-ITS 3 also contribute to an increase in coverage for some Deployment KPls, as well as
the quality of the services is improved. The Deployment KPIs for forecast and real-time event Information,
dynamic lane management, variable speed limits, incident warning and management, traffic management
plans (TMPs) for corridors and networks and traffic management (TM) for corridors and networks have an
extended coverage in 2021 compared to the end of 2017. The tables for Deployment KPI coverage for each
country are shown in Annex 3.

An overview of the activities and their relation to services are indicated in the table below.
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Table 1. Measures and services included in NEXT-ITS3
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=°f8|s | & |2 [88ks
g o =] o ar o a =4
Project activities per Country
Activity 1 - TMC renewal and adaptation X X X X X X X X
to corridor management and control systems (FI)
Activity 2 - New VMS system X X X X
(Highway 4 Kempele-Kello) (FI)
Activity 3 — Motorway Control System (MCS) at X X X X X
E4/E20 Stockholm (SE)
Activity 4 — Motorway Control System (MCS) X x* X X X X
Gothenburg (SE)
Activity 6 - Deployments in the national Traffic X W X X X
Management Centre (DK)
Activity 7: Traffic Information and Traffic X X x x X x x
Management Services (DE)
Activity 8: Traffic Centre development (DE) X X
Activity 9: National Access Point (NAP) Norway X X X X

Please refer to annexes for further details on each activity and service.

X —the activity is resulting in the new service or improvements/enhancements of an existing service.

* — only Traffic Condition, not Travel Time info.
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4 Evaluation

4.1 Research Questions Answered

This evaluation includes the estimated impacts of NEXT-ITS 3 deployments on vehicle hours driven, vehicle
hours lost due to congestion, accidents in terms or fatalities and injuries, and CO2 emissions. In addition, a
rough cost and benefit analysis (CBA) of the systems and services deployed as well as Key Performance
Indicators for deployment.

4.2 Methods

The majority of the systems and services have been launched by the end of 2021. A few systems and services
will be operational in the first months of 2022. Due to the nature of the deployments, especially the traffic
management centre upgrades, and the fact that many of them were finalised close to the end of the project
period (2018 to 2021), it has not been possible to carry out an ex-post evaluation for all the deployed measures.
One Danish project included ex-post evaluation, and for all other deployments an ex-ante evaluation has been
performed with an assessment of all the defined KPIs. Based on this assessment, a consolidated corridor
evaluation is presented in this report.

The evaluation presented in this report is to a large extent a theoretical exercise and the estimates can be
regarded as “the best possible expert estimates” which are based on a large number of references to studies
including ex-post evaluations for each of the deployed systems. Based on the European Evaluation Reporting
Guidelines (developed within EU EIP) and as well the former EasyWay VIKING Guidelines, a step-wise
methodology has been applied. Figure 4 illustrates the approach taken and the logic behind:

- Change in service quality due to the improved services obtained through the measures will lead to a
change in use that will lead to a change in behaviour.

- The behavioural changes result in a change in impacts, i.e. the KPIs for impacts.

- Further, the extended coverage - indicated as a change in deployment KPIs — will result in a change
in impact KPIs. Naturally penetration rate is also important, but the figure is to illustrate the principle.

It was also necessary to take into account the change in the reference situation on the corridor. The reference
situation is determined as the value of KPIs by the end of 2017 (the start of the project). At the end of 2021,
the KPIs are assessed again to determine the change. Note, when determining the reference situation, the
values in the end of 2017 were utilised to forecast (or extrapolate) the situation in the end of 2021, i.e. situation
in end of 2021 if measures had not been deployed = “do nothing situation”.

Note also, that when assessing the KPIs at the end of 2021, it is a precondition that measures have been
implemented in time to influence the KPIs. As described, it is not possible to carry out an ex-post evaluation
within the project period, but all the defined KPIs are assessed in order to present a corridor evaluation. The
methodology is illustrated in the figure 4.
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Figure 4. Evaluation methodology in NEXT-ITS3 (also in NEXT-ITS2).

In order to estimate the average effect of services on users on equipped/covered sections of the NEXT-ITS 3
networks, the evaluation group has studied a large number of relevant references (see the document list in
Annex 8). The result is “the impact table” below on which the ex-ante evaluation is based.

Table 2. Impact table in NEXT-ITSS.

-04% -02% -05% 00% -0.02% -003% +05% -20% -20% -03%
-10% -15% -15% -005% -0.02% -03% +05% -40% -100% -3.0%
-05% 00% -3.0% -3.0% -003% -7.0% -80% -2.+2% -1.0% 0.0%

-0.5% 0.0% -30% -30% -003% -70% -80% -2.+2% -1.0% 0.0%

-04% -02% -05% -003% -0.02% -003% -03% -10% -20% -03%
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It is underlined that all numbers in Table 2 are average estimates and dependent on technical performance
and service context e.g., the operating environment and user acceptance. Due to the nature of the measures
where many traffic management centre upgrades and backbone IT-system improvements are included, the
mapping of measures in relation to services (refer to table 1) is the basis for finding the “service bundle” in
each network.

4.3 Timing and Type of Evaluation

The evaluation completed was for most of the activities an ex-ante evaluation as most of the systems and
services have recently been put into operation in the end of 2021 or will be shortly during the first months of
2022. The evaluation has not involved any simulation.

4.4 Technical Performance

Most systems and services are put into operation by the end of the project period. The judgement of the
technical performance is therefore based on experience for a rather short period of time. So far, the technical
performance for the systems put into operation are generally at a good level. Contracts and service level
agreements are in place, to ensure high technical performance and system uptime.

The available preliminary analysis of technical performance of each of the nine activities are presented in the
annex 2. Statistics (e.g. system logs) in relation to down time / up time and the response times of the system
(systems/services) will have to be followed up when all measures are in full operation.

45 Selected Benefit KPIs

The benefit KPIs were selected in the beginning of the project and are stated below. These are described as
the % change of vehicle hours driven, vehicle hours spent in congestion, fatal and injury accidents
(respectively fatalities or injured persons) and CO2 emissions.

KPIs for impacts:
¢ (Vehicle kilometres driven)
e Vehicle hours driven
e Vehicle hours spent in congestion
o Fatal accidents/Fatalities
¢ Non-fatal injury accidents/injured persons
e CO2 emissions

“Vehicle kilometres driven” is used only in the benefit estimation calculations. A percentage change is not
estimated, because the average effect of services on the vehicle kilometres driven is ambiguous as the
services could result in both more and less kilometres driven e.g. due to rerouting. It is anticipated, however,
that the most likely effect is that more kilometres are driven, mainly as a result of the Traffic management
services, in particular the traffic management plans including rerouting options.

“The change in non-fatal injury accidents”; all countries but Germany used number of non-fatal injury accidents.
Since for Germany only data for the costs for injured persons exist, the costs for one injured person had to be
used; and furthermore, this was restricted to severely injured persons. The national unit values correspond to
this KPI selection.
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4.6 Results

As described in the previous chapter 4.5 Selected Benefit KPls, the evaluation has been concentrated on three
main aspects:

e Congestion
e Safety
e CO2 emissions

When calculating the impacts and benefits, the first step is to identify the networks which are affected
(/influenced) by the services. Secondly, each network has been analysed separately in terms of finding the
network characteristics.

For all networks, the network statistical data have been determined by forecasting or extrapolating the network
data from 2018 to 2021 (except for fatalities and personal injury accidents where accident data for three years
2017-2019 have been used as a basis to avoid random variation especially for shorter road sections). Detailed
information on the network statistics and assumptions used are further described in the annexes. The selection
of these years also excluded the potential impacts of COVID-19 on traffic volumes and hence other statistics.

The total impacts from NEXT-ITS 3 have been calculated based on the network statistics and related service
bundles for all the activities/deployments.

Overall estimated impacts of NEXT-ITS 3 deployments

Based on the ex-ante evaluation, the total annual estimated impacts of the NEXT-ITS 3 services per country
are shown in the table below (where reductions are indicated by negative values).

Table 3. The total estimated annual impacts of NEXT-ITS 3 services

Total annual :
, Impacts in absolute numbers
impacts

DE DK Fl NO SE Total
Vehicle hours driven
(1000/year) -229.0 -84.8 -366.6 -1.0 -243.4 -924.8
Vehicle hours spent in
congestion (1000/year) -70.0 -28.1 -6.0 -0.1 -62.3 -166.5
Fatalities/Fatal
accidents -0.039 -0.098 -0.234 -0.001 0.000 -0.37
(number/year)
Injury accidents
(number/year) -0.770 -0.847 -2.715 -0.011 -2.016 -6.36
€02 emissions (kilo 5.0 2.9 6.5 0.0 1.8 -16.2
tonnes/year)

The total estimated impacts of the services are considerable. Overall, the estimated main impacts are seen in
improved traffic flow, indicated with the KPIs vehicle hours driven (reduced by approximately 925 000 vehicle
hours per year), and vehicle hours spent in congestion (reduced by 166 500 vehicle hours per year). This is a
result of the deployments of which the majority aims mostly at improving traffic and incident management and
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supporting it with the improved traffic information. (The impacts from the Danish ex-post project evaluation
should be added to these impacts. However, this is not done in the table above as the Danish impact results
were reported as totals for the evaluation period and not as annual impacts).

Fatalities (or fatal accidents for Finland) and injury accidents (or injured persons for Germany) are also reduced
by 0.37 and 6.36 respectively and in total 16 200 tonnes COz emissions are saved annually due to the
deployments.

The relatively low reductions in fatalities and injury accidents are due to the modest effect estimates for
fatalities and accidents, which result from the majority of the NEXT-ITS networks having very good traffic safety
situation already before the implementations, and especially in some of the Nordic countries also rather low
traffic volumes and already low accident numbers. Further, the review of ex-post evaluation reports has shown
a tendency to provide very cautious conclusions for accidents and fatalities, among others due to the fact that
often the evaluations are performed e.g. half a year after the implementations, hence too short a time period
to draw firm conclusions on safety effects.

Further, the selected “Effect enhanced” estimates for each individual service and network are also cautious.
Effect enhanced is the “additional” improvement of the service on respective KPI e.g., based on the additional
users benefitting from the service. (Details on effect enhanced in the various annexes on activities).

The monetary benefits and further information on the “Effect enhanced” are described in chapter 5.3.

5 Cost Benefit Analysis Results
5.1 Approach

The approach decided by the evaluation team is not to perform a full cost benefit analysis, but instead to
compare a selected set of benefits (those related to the primary transport policy goals) to the costs. Due to the
nature of the deployments (to a large extent about upgrading traffic management centres) and the timing of
the evaluation (evaluation is a part of the project and conducted before systems and services are in full
operation), the impacts needed to be estimated in most of the cases— and could not be measured for all
deployed systems.

Assumptions on user behaviour and driver acceptance of and reaction to services are basis for the average
impact estimates. The impact table (see Annex 8) is constructed with a large selection of relevant impact
evaluation studies with ex-post evaluation results. Still, it is very important to underline that the methodology
still contains many uncertainties and should be regarded as “the best available and feasible” approach with
the available information at hand.

It could be a good idea to define different scenarios for the future e.g., based on penetration rate of services;
but due to time limitations the approach has been to work with one average scenario for all measures.

5.2 Costs

The total estimated costs of all NEXT-ITS 3 deployment measures taken into account for evaluation are 36
million excl. VAT. These costs include the implementation costs (investment, i.e. works costs) for the
measures.

For assessing the annual costs of the measures, the investment costs have to be related to the lifetime of the
implemented measures and the annual operation and maintenance costs for the measures have to be added.
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Annual investment costs: For the measures an average depreciation period of 10 years has been assessed.
Thus, the investment costs have been distributed over these 10 years, i.e. for every year 10% of the investment
costs have been assessed.

Annual operation and maintenance costs: The annual operation and maintenance costs have been assessed
for the measures as following (for details see the table below):

o Denmark: 10% for activity 6

¢ Finland: 5% of the investment costs for activity 1 and 9% for activity 2.

e Germany: 10% of the investment costs for activity 7 and no costs for activity 8
e Norway: no costs for activity 9

e Sweden: 10% of the investment costs for activities 3 and 4.

For Finnish activities, the annual operation and maintenance costs have been estimated with the following
guidelines: For activity 2 the commonly used 9 % for the systems related to the motorway traffic management
is used. For the central systems, such as T-LOIK (FI activity 1) operation and maintenance - excluding
improvements - 5 % is used in Finnish road transport CBA calculations.

For activities 8 Germany and 9 Norway, annual operation and maintenance costs have not been stated.

For activity 8, only qualitative improvements have been made with no considerable additional operation or
maintenance costs. It possibly is rather the opposite, a slight decrease of operating costs due to increased
efficiency as consequence of the integration of the systems in the central computer.

The Norwegian NAP is hosted by the Norwegian Digitalisation Agency, Digdir. The annual operation and
maintenance costs are covered by Digdir and are included in the basic operation and maintenance together
with similar services. The marginal cost for operation and maintenance of NAP is therefore not available but is
assumed to be relatively low.

The table below provides a summary of the planned project costs which are related to the benefits stated in
this report.

Table 4. NEXT-ITS 3 costs (kEuro)

Costs, k€ Investment Investment Oper./maint. Total
(2021 prices) costs Annual basis Annual costs Annual costs
Denmark 4700 470 470 940
Finland 7 040 704 520 1225
Germany 8 986 899 860 1759
Norway 800 80 - 80
Sweden 14 500 1450 1450 2 900
Total 36 026 3603 3300 6 904

As a result, total annual costs of 6 904 k€ have been estimated. These costs would fully be realised from 2023
when all systems are fully in operation. For the year 2022 the annual costs would be slightly lower because
some of the systems will not start on January 1st with full operation (e.g. test phase or fully operation starting
end of January, February etc.).

NEXT-ITS 3 Evaluation Report
20/90



5.3 Benefits

The impacts presented in chapter 4.6 were transferred to monetary benefits. When transferring the benefits
into monetary values, the national unit values of each country were used. As one can see (table 5), the values
vary a lot depending on the country, and hence it is important to use these national ones to allow the national
authorities to see the benefits of their own deployments.

Table 5. National unit values, year 2021.

Values in EURO DK NO SE Fl DE
Time values, EUR per vehicle

hours

Travel time (passenger 223 253 19.2 105 12.08
transport)

Delay time (passenger 33.4 30.4 28.8 105 12.08
transport)

Travel time (freight transport) 72.9 65.9 33.1 43.4 31.9
Delay time (freight transport) 101.7 79.1 49.7 43.4 31.9
Accident values, EUR per

accident

Fatal accidents/Fatalities 4796355 | 3459037 | 5259862 | 3019100 | 1056007
(number/year)

Non-fatal injury

accidents/Injured persons 1051811 343910 620376 206 728 102 715
(number/year)

Emission values, EUR per ton 442 1517 690.0 770 198.75
COo2

Vehicle operating costs, EUR

per km

Light vehicles 0.41 0.21 0.17 0.14 0.4
Heavy vehicles 0.63 0.60 0.69 0.65 0.7

In table 5, it should be noted that Denmark, Norway and Sweden do have values for delay time. In Finland and
in Germany the same value for delays applied as for travel time. In relation to fatalities, the value is per fatality
instead of per fatal accident, except in Finland, where the value is for one fatal accident. Further, for Germany
the value of a non-fatal injury accident is per person injured and not per accident.

The monetary benefits for each measure and country are calculated by multiplying the impact (e.g. Travel time
savings) with the national unit value (in Euros).

It is important to be as realistic as possible in the assessment of how much the deployments have enhanced
the effects. If the service did not exist at all before the project - and is now in full effect, then the improvement
(effect enhanced used in calculation formula) is 100%. In all other cases, it is much smaller. In NEXT-ITS 3
analyses mostly in the range 1% - 10% (Refer to annexes with explanations per activity and service).

Finally, the total NEXT-ITS 3 annual benefits were calculated as a sum of the national benefits (corresponding
to the sum of the benefits of each measure). The overall monetary benefits of NEXT-ITS are 26.55 M€ annual
savings, i.e. the sum of savings in vehicle hours driven, vehicle hours spent in congestion, fatalities, accidents
and CO2z emissions. The minus in the table below indicates savings.
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Table 6. The total estimated benefits of NEXT-ITS 3 services (reductions indicated by minus)

Total annual Benefits in M€
monetary (using national unit values)
benefits for DE DK FI NO SE Total
Vehicle hours driven

-3.22 -2.32 -4.99 -0.03 -5.01 -15.57
Vehicle hours spent
in congestion

-0.98 -1.13 -0.08 0.00 -1.92 -4.12
Fatalities/Fatal
accidents

-0.04 -0.47 -0.71 0.00 0.00 -1.22
Injury accidents

-0.08 -0.89 -0.56 0.00 -1.25 -2.79
CO2 emissions

-0.99 -0.13 -0.50 0.00 -1.24 -2.86

Note, that the estimated benefits of 26.55 million Euros per year are without the Danish ex-post evaluation
results, where the total (not yearly) benefits were 3.6 million Euros. The Danish ex-post results are not included
in the table above so as not to mix the numbers from the ex-post and the ex-ante methodology evaluations.

Sensitivity analysis

The benefit results of the ex-ante model calculations naturally depend on the assumptions made and therefore
some sensitivity analyses have been performed.

The sensitivity analyses have been made by varying one of the most significant input parameters, “Effect
enhanced” which is the additional improvement of the service e.g., based on the additional users benefitting
from the service.

e Multiplier for the Effect enhanced: 0.5, 0.75, 1.25, 1.5

The estimated effect due to the enhancement or improvement of the services that to a large extent were
already existing before NEXT-ITS 3 was difficult to determine e.g., because limited statistics are available on
the number of end-users and thereby also the additional number of users benefitting from the service
improvement. Further, there is uncertainty about if and how users are changing their behaviour due to the
specific improvement and the information received. Therefore, the effect enhanced is very difficult to estimate
and it is very important to perform sensitivity analyses with this parameter.

The table below shows the resulting total annual benefits with various multipliers of effect enhanced estimates.
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Table 7. Total annual benefits” variation due to multiplier for effect enhanced.

Total monetary value in M€
Multiplier for Effect enhanced | (using the national unit values)
0.5 13.28
0.75 19.91
1 26.55
1.25 33.19
1.50 39.83

Often, it would be relevant to perform sensitivity analyses by varying the cost input parameter also, but for
NEXT-ITS 3, the cost estimates are relatively accurate due to the fact that deployments have been done (or
are very close to finalisation) and therefore the costs are well-known.

The sensitivity analysis shows that even with the effect enhanced being only half of what is considered as the
most realistic estimate, the total annual benefits are 13.28 M€. Hence, even with very conservative and
cautious estimates of effect enhanced, NEXT-ITS 3 will have a positive net impact.

A multi-criteria sensitivity analysis — where several parameters are changed at the same time — has not been
performed.

5.4 Benefit Cost Ratio

As explained in section 5.1 the evaluation is not a full cost benefit analysis and therefore it is not feasible to
calculate a “benefit cost ratio”. However, the approach is to compare the estimated benefits to the costs of the
NEXT-ITS 3 measures/activities.

The benefits are estimated to 26.55 million Euros per year. The total costs are estimated to 6.90 million Euros
per year, if using a 10-year lifetime. (Refer to 5.2 Costs). The estimated yearly benefits of 26.55 million Euros
per year are without the Danish ex-post evaluation, where the total (not yearly) benefits were 3.6 million Euros.

If looking at the deployment (investment) costs only, these are in total 36 million Euros excl. VAT.

When comparing the benefits with the costs, the VAT should be included in the costs which gives an investment
cost estimate of approximately 43.3 million Euros incl. VAT (when applying the different VAT in each country).

The operation and maintenance costs are estimated to approximately 3.30 million Euros per year excl. VAT
and to 3.97 million Euros per year incl. VAT. (Refer to 5.2 Costs).

A simple comparison between the estimated benefits and costs indicates that the costs will be offset by the
benefits in already about two years. However, these costs are without interest rates, Net Tax Factor etc. which
would have to be included in a full socio-economic analysis of the benefit cost ratio. A rough estimate is
therefore that the NEXT-ITS 3 deployments altogether will be beneficial within maximum 3 years.

It should be noted that this rough estimate is based on generally cautious and conservative estimates of the
input parameters for the benefit analysis, namely effect enhanced by the services and impact estimates as
well, and that the variation across deployments is not reflected in this overall conclusion for the entire NEXT-
ITS 3.

NEXT-ITS 3 Evaluation Report
23/90



6 Overall Assessment & Transferability of the Results
(European Dimension)

6.1 Overall Assessment

6.1.1 Deployment

The activities in NEXT-ITS 3 have mainly been carried out according to plan, but with some exceptions. Most
of the systems and services are implemented or updated by the end of 2021.

Some of the German sub-activities have been partially postponed or are partially in operation. The Network
Control System Bremen (Re-Routing Hamburg-Bremen-Hannover-Dortmund) is not in operation and will be
finalised during the coming years. However, the part of the system in Bremen which was included in NEXT-
ITS3 is in operation and can be used for local warnings and information on incidents and congestion and for
re-routing advice between Hamburg and Dortmund in case of incidents, accidents or congestions.

6.1.2 Safety

The measures and services deployed in NEXT-ITS 3 were mainly focusing on network management and
incident management, and hence improving traffic flow. The benefits on safety, annual savings of 0.4 fatalities
and 6.4 injury accidents were hence smaller than benefits on vehicle hours driven and vehicle hours spent in
congestion. While small the safety benefits are still not negligible.

6.1.3 Efficiency

A major part of the benefits in NEXT-ITS 3 results from gains in travel times, both in congestion (reduced by
166 500 vehicle hours spent in congestion per year) and in uncongested traffic flow (reduced by 925 000
vehicle hours per year). This is mainly due to the NEXT-ITS 3 focus in enhancing corridor management, and
in many cases enhancing especially incident management, including incident warnings and traffic
management plans. Also, local traffic management deployments contributed to increased efficiency.

It is also the case that with the existing unit values used for socio-economic calculations in transport,
accompanied with the considerable improvement of road safety in northern Europe during the past decades,
travel time delays form today the clearly largest part of the external costs caused by transport on the NEXT -
ITS 3 network.

6.1.4 Environment

The calculation of impacts shows that in total 16 200 tonnes CO2 emissions are saved annually due to the
deployments. These emissions represent a value of 2.86 million Euros.

The reductions in noise and air pollution have not been quantified but it is clear that reductions in congestion
also lead to reductions in air pollution.

6.2 Transferability of results (European Dimension)

6.2.1 Transferability of results

The deployment context, impacts, benefits and costs of a specific ITS service depend strongly in the local,
regional and national conditions. The main factor for the transferability of traffic management and information
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service evaluation results is the corridor traffic status, including the major transport problems experienced on
the corridor.

The NEXT-ITS 3 corridor and the road networks affected by NEXT-ITS 3 activities differ at least in the northern
part from the core and comprehensive networks in central Europe in the following ways:

e Much less congestion, and shorter durations of congestion

e Weather, and especially winter weather is a much more important source of transport problems in the
Northern parts of Europe than elsewhere in Europe

¢ Road safety is at a somewhat higher level

e The share of incidents as a cause for congestion is higher and the share of over-demand respectively
lower

For the afore-mentioned reasons, the impacts of traffic management and information in NEXT-ITS 3 tend to
be lower than they would be in central Europe on travel times, especially outside congestions whereas the
impacts of weather information tend to be higher. However, the impacts of the German deployments in NEXT-
ITS 3 could likely be similar with other central European deployments.

Hence, the results are not directly applicable as such to the rest of Europe. Nevertheless, the directions of the
impacts of the activities are certainly transferable even though the exact magnitudes would not be. The effects
on other European networks could likely be estimated in the same fashion as NEXT-ITS projects have
transferred the results from effect studies carried out outside the NEXT-ITS networks.

Furthermore, it is also very likely that traffic centre level measures to integrate operations towards coordinated
corridor management will enhance the performance of individual or local traffic management and information
services also elsewhere than in the NEXT-ITS region.

The evaluation methodology with the transparent impact table and calculation mechanisms is easily
transferable and should also be applied in other regions in Europe to ensure more harmonised and comparable
evaluation results across Europe than today. Currently the approaches differ quite considerably (European
ITS Platform 2021).

6.2.2 Relevance to ITS Priority Areas and Actions

The NEXT-ITS 3 Action is mostly related to the EU ITS Action Plan (European Commission 2008) action area
2. Continuity of traffic and freight management ITS services on European transport corridors and in
conurbations, with links to areas 1: Optimal use of road, traffic and travel data, and 4: Integration of the vehicle
into the transport infrastructure. The main relevance for area 2 is illustrating the benefits from continuity of
services in the form of coordinated corridor management by filling local gaps in traffic management and
especially integrating traffic management centre operations to enable corridor management in daily operations.

For area 1, the main relevance is showing the benefits of corridor management to the enhancement of traffic
information services, and especially multimodal, real-time and safety-related information services i.e. those
specified in the European Commission’s ITS Directive’s delegated acts for priority actions a), b) and c),
respectively (European Commission 2010, 2017a, 2015, 2013). For area 4, the results will be more in the
future when coordinated corridor management resulting in a shared transport system situational picture, traffic
management and incident management plans are essential to the fleets of connected and automated vehicles.
In this respect, NEXT-ITS 3 results support the conclusions of the CCAM platform (European Commission
2021).
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Annex 1 Operating Environments for ITS applications

Definition of Operating Environment Evaluation
according to EU EIP reference handbook for harmonized Rel_evant
Indicator
ITS core service deployment in Europe 2021 [tick as
appropriate]

C1 | critical spots, local flow related traffic impact and/or potential safety X
concerns

T1 | motorway (link), no flow related traffic impact and no major safety concerns X

T2 | motorway (link), no flow related traffic impact, potential safety concerns X

T3 | motorway (link), seasonal or daily flow related traffic impact, no major safety X
concerns

T4 | motorway (link), seasonal or daily flow related traffic impact, potential safety X
concerns

R1 | two lane road (link), no flow related traffic impact, no major safety concerns

R2 | two lane road (link), no flow related traffic impact, potential safety concerns X

R3 | two lane road (link), seasonal or daily flow related traffic impact, no major X
safety concerns

R4 | two lane road (link), seasonal or daily flow related traffic impact, potential X
safety concerns

S1 | motorway corridor or network, at most seasonal flow related impact,
possibly safety concerns

S2 | motorway corridor or network, daily flow related traffic impact, possibly X
safety concerns

N1 | road corridor or network, at most seasonal flow related traffic impact,
possibly safety concerns

N2 | road corridor or network, daily flow related traffic impact, possibly safety X
concerns

P1 | peri urban motorway or road interfacing urban environment, possibly safety X
concerns
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Annex 2 Activity description (1-9)

Activity 1 - Deployments in the Traffic Management Centres, Fl

1. Activity description and services improved

To ensure the performance of the core network in Finland, all existing traffic management and control systems
are adapted to the Traffic Management Centre (TMC) operator support and control systems and integrated
with the control room facilities at the TMC. In practice, this means the renewal of control room software, control
logic software, and control equipment. In addition, TMC equipment is purchased to facilitate use of the T-LOIK
operator support system, and the CCTV control system is renewed. The adaptation covers traffic management
and control systems in the tunnels along the corridor as well as the dynamic traffic management systems
(dynamic speed limits accompanied with incident, congestion and/or weather warnings) on the core network.
The action will conclude the work initiated in NEXT-ITS, continued in NEXT-ITS 2 and finally NEXT-ITS3.

The main objectives of the project were:

o the harmonization of road traffic management systems and the deployment of new systems

¢ the development of monitoring and decision-making applications comprehensively covering the
traffic network

o development of automatic traffic management applications

o development of business services that support fluent and safe transportation

Road traffic management is carried out by Fintraffic’s traffic management centres in Helsinki, Tampere, Turku
and Oulu, and the FI Activity 1 concerns all of them. Operational traffic management in the centres is carried
out in co-operation with safety agencies and offices, as well as urban authorities. There are more than 40
individual active traffic management systems, and a number of new under construction, more than 400 traffic
monitoring stations (LAM) and about 600 Road weather stations. There are camera systems in almost all traffic
management systems, and in total, there are more than 550 cameras in conjunction with traffic, weather and
road weather data collection stations.

Activity 1 deployed an integrated road traffic management system and user interface, which significantly
renewed road traffic management operations. The integrated user interface is called T-LOIK, and it will be the
main operational tool for road traffic management centres used to improve situational awareness and proactive
traffic management. In NEXT-ITS 3, the whole Finnish core TEN-T network was covered, and links to the
Scandinavian-Mediterranean corridor were dealt with, with focus on enhancing corridor performance for the
mobility of people and goods. The deployed measure ensured core TEN-T corridor and related network
performance by utilising and integrating the already existing traffic management systems on the core network
and updating the intelligent layer of selected systems. The centralised dynamic traffic control system with
nationally harmonised recommended action sets is the core achievement of the activity. Enhanced traffic
management through integrated operation of all available traffic management and information tools, utilising
data from various sources including new data sources via C-ITS improving the overall accuracy of knowledge
about the real-time status of the core network, and quicker and more effective incident and event management.

Since most of the Activity 1 improvements covered integration on - and only a few also updates related to the
intelligence layer of already existing systems, the benefits of the improvements were estimated to be
remarkable lower than if the system would be totally new. For a totally new system, which would not replace
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any old ITS system e.g. on the roadside, the “effect enhanced” would be 100%. The “effects enhanced” used
for FI Activity 1 are the following:

Basic rules for the effect enhanced:

There are two different means to improve the service - and its benefits

one is the integration benefit - when all (or most) of the systems are integrated into the T-LOIK central
system: Traffic management centre operations get more efficient, and the delays with various
operations get shorter. The overall benefit for a service, which is just integrated - but not improved
itself gives a benefit maximum 5 % (estimation based on expert assessment, and extensive literature
search) - if integrated only during NEXT-ITS3 (not yet during NEXT-ITS2). If the integration is done
partly before (i.e. the integration is a continuing from NEXT-ITS2 - and part of the benefits are already
included in the NEXT-ITS2 benefit calculations), then the benefit during NEXT-ITS3 is smaller -
between 1 - 2.5 %, depending on the service

the other “side” of the benefit comes from the improvement of the service itself - so called intelligence
layer improvement. This may include improved roadside technology, improved algorithms, more
appropriate response selection by the operator, improved data collection/coverage etc. The
intelligence layer improvements were assessed to bring maximum 5 % benefits, depending on the
service.

If a service has both benefits, then the overall benefit can be > 5 % - again, depending on the service.
Of course, only the improvements done with NEXT-ITS3 budget are included into the calculations.

For NEXT-ITS3 we included both traffic and weather controlled Variable Speed limits (VSL). In Finland, we
are using mostly weather-controlled ones - and if deployment included intelligent layer improvements and
integration of those into T-LOIK - the “effect enhanced” is 10 %. In some cases, we have VSL having both
weather and traffic control implemented. Both influence on “effect enhanced” but we wanted to be on safe side
- and took 8 % for both, i.e. 8 % for weather controlled VSL and 8 % for traffic controlled VSL.

For all services, the selected effect enhanced percentages are as follows:

Forecast and real-time event info -> 2 % (just integration benefit during NEXT-ITS3)

Traffic condition and travel time -> 2 % (just integration benefit during NEXT-ITS3, and only traffic
condition information integrated)

Weather information -> 1% (integrated earlier, benefit just through more efficient TMC operations and
shortened delays)

Safety related traffic info -> 1 % (integrated earlier, benefit just through more efficient TMC operations
and shortened delays)

Dynamic lane management -> 1 % (integrated earlier, benefit just through more efficient TMC
operations and shortened delays)

VSL (weather) -> 8 % / 10 % see discussion above (integration + intelligence layer benefits)

VSL (traffic) -> 8% see discussion above (integration + intelligence layer benefits)

Incident warning and management -> 10 % (integration + intelligence layer benefits)

Traffic management plans -> 2.5 % (just integration benefits during NEXT-ITS3 - having in any way
somewhat bigger overall impact that forecast and real time info & traffic condition and travel time info)

2. Network(s) affected, statistics and data sources

Assumptions used when estimating the 2021 values:

Length: the same network as 2018

Vehicle kilometres driven: increased only on certain parts of the network (close to largest cities);
annual increase 2 - 4 %; based on earlier measures

Vehicle hours driven: calculated with the average speed of 80 km/h
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- Vehicle hours spend in congestion: only certain networks have regular congestion in Finland -
arterials and other highways close to the largest cities, assumption: 2% of the vehicle hours driven on
those roads only

- Fatal accidents: fatal accidents assumption; there is annual decrease by -1.75% (note also that "2018
data" was counted as average of 2016 - 2018 to reduce the potential impact of single accidents on the
short networks. For all main roads, the actual 2018 data was used.)

- Non-fatal injury accidents: injury accidents assumption; there is annual decrease by -1.75% (note
also that "2018 data" was counted as average of 2016 - 2018 to reduce the potential impact of single
accidents on the short networks. For all main roads, the actual 2018 data was used.)

- CO2 emissions: From VTT’s Lipasto (Finnish national transport emissions calculation tool): 2019 -
202.7g/km; 2018 210.7g/km -> extrapolated for 2021 -> 186.7 g/km

Length (km) has been collected and calculated for each network road section by road section from Tierekisteri
(Finnish road register, with the 2018 data. The Network at 2021 has been set to be the same as in 2018.
Vehicle kilometres driven (million km/year) have also been calculated as a summary of vehicle kilometres
driven in each road section included in the networks of NEXT-ITS 3.

In addition to the length of each road section, Tierekisteri also includes the average daily traffic (ATD) (collected
by LAMSs), and hence the vehicle kilometres driven can be calculated as with the formula ADT*length*365.
2021 was extrapolated with the linear increase in traffic 2 - 4 % in the busiest networks and remaining the
same for the rest of the networks (more rural areas).

Vehicle hours driven (million/year), were calculated from vehicle kilometres driven, with the average speed of
80 km/h (most common speed limit on Finnish main public roads). When estimating the vehicle hours spent in
congestion, the earlier studies of the delays were used — and assuming 2 % vehicle hours driven to be in
congestion for networks 1 and 3, and 1 % for network 2 (since only part of that network is located in the area
with congestion). No congestion was assumed for the rest of the FI networks.

Fatal accidents (number/year), and non-fatal injury accidents (number/year) were collected from national
accident database (TIIRA). For fatal accident calculations the real accident numbers for 2016, 2017 and 2018
were used as a basis, and the 2021 numbers were calculated from that data by assuming annual decrease of
1.75 %. Note that for the shorter networks the average of three years was used to reduce the impact of random
variability. For the longest network, a single year data, i.e. 2018 data was used.

CO2 emissions (million tonnes/year), have been calculated with the help of annual kilometres driven and
average CO:2 emission per vehicle km. In Finland, the latest available, i.e. 2019 value was 202.7 g/km, and
2018 210.7 g/km. Linear decrease was assumed and the 2021 was extrapolated to be 186.7 g/km. The
increase of hybrid and electrical vehicles was seen as the basis for the faster reduction than during NEXT-ITS
and NEXT-ITS2 periods.

Databases used for the road and accident statistics are TIIRA (accidents) and Tierekisteri (Road register; for
road network statistics), both owned and maintained by Finnish Transport Infrastructure Agency. All statistics
(injuries, fatalities, length of the corridor and vehicle kilometres driven are calculated by combining the TIIRA
and respectively Road register -data road section by road section. The data does not include any
alternative/near-by roads, but only the sections in the selected corridors. Road register includes the information
on the numbers of vehicles in each section, length of each section, and TIIRA the number of fatalities and
injuries in each section.
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In addition, for the largest network, i.e. all main roads — the data was collected from the official Finnish road
statistics and road traffic accidents statistics publications (Liikennevirasto, 2018a and 2018b), which include
the length of the road network, the vehicle kilometres driven in each part of the network, as well as accident
statistics for fatal and non-fatal injury accidents. For the largest network, the one-year accident data (2018)
was used due to length of the network and hence much smaller random variation than for the shorter networks

(where the 3-year data was used as explained above).

Network 1: Forecast and real-time information, Traffic condition and travel time information, weather

information, dynamic lane management, variable speed limits, Incident warning and management, Traffic
management plans for corridors and networks: (Keilaniemi and Mestarintunneli)

EI-NETWORK 1

Lenght (km)

Vehicle kilometres driven (million/year)
Vehicle hours driven (million/year)

Vehicle hours spend in congestion (M/year)
Fatal accidents (number/year)

Non-fatal injury accidents (number/year)

CO2 emissions (million tonnes/year)

Network 2: Forecast and real-time information. Traffic condition and travel time information, weather

2021
2018 (estimated)
4.158 4.200
89.458 100.628
1.118 1.258
0.022 0.025
0.000 0.000
1.000 0.948
0.01885 0.01879

information, variable speed limits, Incident warning and management, Traffic management plans for corridors
and networks: road sections: E18 (several stretches); stretches of Highways 3, 6, 7

FI-NETWORK 2

Lenght (km)

Vehicle kilometres driven (million/year)
Vehicle hours driven (million/year)

Vehicle hours spend in congestion (M/year)
Fatal accidents (number/year)

Non-fatal injury accidents (number/year)

CO2 emissions (million tonnes/year)

2021
2018 (estimated)
383.9 383.9
2882.7 3059.2
36.0 38.2
0.4 0.4
1.7 1.6
62.3 59.1
0.60739 0.57115
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Network 3: Forecast and real-time information, Traffic condition and travel time information, weather
information, Incident warning and management, Traffic management plans for corridors and networks:

Kuparivuori tunnel. KT51.

FI-NETWORK 3
Lenght (km)

Vehicle kilometres driven (million/year)
Vehicle hours driven (million/year)

Vehicle hours spend in congestion (M/year)
Fatal accidents (number/year)

Non-fatal injury accidents (number/year)

CO2 emissions (million tonnes/year)

2021
2018 (estimated)
11.652 11.652
186.810 210.136
2.335 2.627
0.047 0.053
0.000 0.000
2.667 2.529
0.03936 0.03923

Network 4: Forecast and real-time event info, weather information, Variable speed limits, Incident warning

and management: one Bridge "Raippaluoto”

EI-NETWORK 4 (Raippaluoto)

Lenght (km)

Vehicle kilometres driven (million/year)
Vehicle hours driven (million/year)

Vehicle hours spend in congestion (M/year)
Fatal accidents (number/year)

Non-fatal injury accidents (number/year)

CO2 emissions (million tonnes/year)

2021
2018 (estimated)
1.7 1.7
1.7 1.7
0.0 0.0
0.0 0.00
0.0 0.0
0.7 0.6

0.00036 0.00032
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Network 5: Traffic condition and travel time info, variable speed limits, Incident warning and management,

Traffic management plans for corridors and networks: Stretches of Highways 21 and 12.

FI-NETWORK 5
Lenght (km)

Vehicle kilometres driven (million/year)
Vehicle hours driven (million/year)

Vehicle hours spend in congestion (M/year)
Fatal accidents (number/year)

Non-fatal injury accidents (number/year)

CO2 emissions (million tonnes/year)

Network 6: weather info and traffic management plans: all main roads

FI-NETWORK 6 - all main roads

Lenght (km)

Vehicle kilometres driven (million/year)
Vehicle hours driven (million/year)

Vehicle hours spend in congestion (M/year)
Fatal accidents (number/year)

Non-fatal injury accidents (number/year)

CO2 emissions (million tonnes/year)

2021
2018 (estimated)
217.2 217.2
136.1 140.2
1.7 1.8
0.0 0.00
0.3 0.3
4.3 4.1
0.02867 0.02618
2021
2018 (estimated)
13456.0 13456.0
25443.0 25443.0
273.8 273.8
0.0 0.00
96.0 91.0
994.0 942.7
5.36084 4.75021

NEXT-ITS 3 Evaluation Report

33/90



Deployment KPIs and status of deployments

Finnish Comprehensive Ten-T Road network | End of 2017 |End of 2021
5195 km Length km [ Length km
Road weather monitoring 5195.0 5195.0
Fixed real-time traffic monitoring 5195.0 5195.0
Mobile/probe real-time traffic monitoring -
Forecast and real-time event Information 238.1 n. 250.0
Traffic Condition and Travel Time Information -
Weather Information 5195.0 5195.0
Safety Related Traffic Information -
Dynamic Lane Management 4.1 7.0
Variable Speed Limits ca 360.0, ca 390.0
Incident Warning and Management 238.1 ca 250.0
Ramp Metering - -
TMPs for Corridors and Networks 524 536

4. Technical performance of systems in operation

The Finnish measure (Measure 1 in work program) aimed at eliminating the current problems in traffic
information services as well as traffic management services. It focused on improving the quality of traffic control
and information services by developing a common user interface, and an integration layer in the integrated
user interface system named T-LOIK.

The common integrated interface supports Traffic Centre operators in their daily tasks at informing road users
on relevant developments in traffic and managing traffic. The emphasis laid on developing a usable, all-
inclusive interface highlighting ease of use and good tools for fast delivery of traffic management actions and
information to road users via VMS and other channels of information such as the internet, social media and
radio stations. Cooperation with other relevant stakeholders like rescue service operators has also become
more effective with the help of new integrated system.

The above listed systems are in full operation in the road sections included into the benefit calculations with
all of the components working as intended. Subjective measures related to technical performance in the form
of uptime etc. has not been analysed in detail.
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5. Costs of Activity 1

The implementation cost of Fl activity 1 (T-LOIK) are 2 817 601 € (excluding VAT) and the annual operation
and maintenance cost 5 % of implementation costs, i.e. 140 880 € (excluding VAT).

6. National Unit Values (FI) for NEXT-ITS3 (2021 prices)

Values in € Fl Notes

Time values, €/vehicle hours

Travel time (passenger transport) 10.5
Delay time (passenger transport) 10.5 FI does not have separate value for delay time
Travel time (freight transport) 43.4
Delay time (freight transport) 43.4 FI does not have separate value for delay time

Accident values, €/accident

One fatal accident 3019 100

not available as a single figure. calculated with the
following shares -> 8% severely injured (1 401 900 €),

One (non-fatal) injury accident 206728 959, slightly injured (102 800 €) -> one injury accident
on average 206 728 €
Emission values, €/ton CO; 77.0 higher than before

Vehicle operating costs, €/km

light vehicles 0.14

Not available as single figure. Was calculated with the
heavy vehicles 0.65 values for various vehicle classes.
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Activity 2 - Enhanced traffic management / MCS on core network
Kempele-Kello, Finland

1. Activity description and services improved

This measure deployed an integrated traffic management system (MCS) on the motorway section Kempele-
Kello on road E75. The measure is especially targeting the high crash risks on the section, by implementation
of variable speed limits and a VMS warning system. The measure made the following deployments of new
system components:

- 71 variable speed limit VMS

- 4 roadside combinations of variable speed limit and warning VMS
- 4 gantry combinations of variable speed limit and warning VMS
- 11 roadside combinations of warning and information VMS

- 7 detour VMS

- 8 central reserve booms (one of these two-sided)

- 10 low standard traffic monitoring stations

- 3 updated and 1 new high standard traffic monitoring station

- 2 updated and 2 new CCTV cameras

- 1 updated road weather station

- 14 Oulu city event information VMS

- 3 access control VMS on connected street sections

Measure contribution to the overall objectives: Improved Corridor performance and improved core network
performance. The measure improves the core network performance by reducing crashes and thereby also
crash related incidents and congestion, by harmonising traffic flow via variable speed limits, and by enhancing
traffic management via integrated and more effective incident management tools.

Achieved results: Safer, less congested, and cleaner mobility as well as higher throughput on the E75 road
connecting northern Finland to Sweden.

2. Network affected, statistics and data sources

All the calculation rules and data sources are the same than for the FI Activity 1. The main difference is that
since the system is a new deployment, the “effect enhanced” for this network is 100 %. All the other logics
remain the same as for the above described.
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FI Network 6 - Kempele-Kello (new deployment); services: Forecast and real-time event info, Traffic condition

and travel time info, Weather info, VSL, Incident warning and management, Traffic management plans

FI-NETWORK 6 Kempele-Kello

Lenght (km)

Vehicle kilometres driven (million/year)
Vehicle hours driven (million/year)

Vehicle hours spend in congestion (M/year)
Fatal accidents (number/year)

Non-fatal injury accidents (number/year)

CO2 emissions (million tonnes/year)

2021
2018 (estimated)
100.6 100.6
642.6 682.0
8.0 8.5
0.0 0.00
1.7 1.6
16.7 15.8
0.13540 0.12732

3. Deployment KPIs and status of deployments

See above

4. Technical performance of systems in operation

This measure deployed an integrated traffic management system on the motorway section Kempele-Kello on
road E75. The measure was especially targeting the high crash risks on the section, by implementation of
variable speed limits and a VMS warning and information system. The deployed systems improved the network
performance by reducing crashes and thereby also crash related incidents and congestion, by harmonising
traffic flow via variable speed limits, and by enhancing traffic management via integrated and more effective

incident management tools.

The system is in full operation with all its components working as intended. Subjective measures related to
technical performance in the form of uptime etc. has not been analysed in detail.

5. Costs of Activity 2

The implementation cost of FI activity 2 (Kempele-Kello) are 4 222 528 € (excluding VAT) and the annual

operation and maintenance cost 9 % of implementation costs, i.e. 380 028 € (excluding VAT).
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Activity 3 - Motorway Control System at E4/E20 Stockholm,
Sweden

1. Activity description and services improved

Essingeleden is one of Stockholm’s most heavily trafficked roads with recurring ques and incidents. The
Motorway Control System (MCS) is the most important tool to manage traffic. The MCS system at
Essingeleden in Stockholm was old (built in 2001) and missing some of the functionality that was available on
other roads in Sweden. Parts of the system (both hardware and software) have been replaced with new
equipment between the years 2018-2021.

The new equipment will offer better possibilities to manage traffic for the traffic management centers. For
example, the signs and back-office system have been adapted to show more messages than is possible with
the current system. This will lead to greater possibilities in managing the traffic flows on the corridor in different
situations.

During the years 2018-2021 much preparatory work has been performed and about a third of the new
equipment has been installed on E4/E20 between Bredang and Vastertorp. When the whole project is
completely finished in 2023, the whole MCS system between Breddng and Pampas will have been replaced
with a new one based on the Swedish Transport Administrations new system LASSY. LASSY makes it possible
to perform more advanced traffic management tasks such as prioritizing e.g., public transport by reserving a
lane for this or showing more detailed information about incidents etc.

The activity has had the following main task:

Preparatory work Vastertorp — Lilla Essingen

Upgrading of MCS on the road stretches of the motorway E4/E20 in Stockholm between Bredang and
Vastertorp. A third of the MCS equipment on the stretch between Bredang and Vastertorp was installed, during
the years 2018-2021.

The equipment installed includes:
e 67 Lane signals,
e Sradars

e 12 cameras.
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The services that are improved or enhanced due to the activity are listed in the following table:

Foreca | Traffic | Weathe | Safety | HGV | Dynami | Variabl | Incident | Traffic
stand | Conditi r Related | (parkin | ¢ Lane e Warnin | Manag
real- | onand | Informa | Traffic g) Manag | Speed | gand | ement
time Travel tion Infor- [ Informa | ement | Limits | Manag | Plans
event Time mation tion (Traffic) | e-ment for
Infor- Infor- Corrido
mation | mation rs and
Networ
Activity 3 ks
MCS
Stockholm, 3% - - 10 % - - 50 % 20 % -
Sweden

The deployments in the MCS Stockholm have enhanced the services according to the below explanations:

The benefits will come from the replacement of old parts of the system with new equipment. The new
equipment together with improvements of the back-office system will offer better possibilities to manage traffic

for the traffic management centers.

e 67 new lane signals will show more messages than is possible with the current system.

¢ 5new radars and 12 new cameras will lead to greater possibilities in managing the traffic flows on the

corridor in different situations.

The activity will benefit the following services, with an effect enhanced percentage as follows:

e Forecast and real-time event Information

Providing forecasted and real-time event information and warnings to the road user increases the

safety and the efficiency of the network. Being informed about traffic problems the drivers are

prepared for an incident or congestion and can react accordingly thus improving the safety. Re-

routing information contributes also to a better use of the network in which congestion will be

reduced. More technical equipment increases the possibility to provide more and better traffic
information along the whole stretch of road. An expected percentage of enhancement of the service

is estimated at 3 % due to the upgrading to new equipment.

o Safety Related Traffic Information

Real-time traffic information contributes to meeting the objective of improving safety as well as the
efficiency of the network by preparing the end user, before and during the journey, for expected as
well as unexpected events. This will allow them to adapt their travelling behavior (e.g. rerouting,
choosing alternative modes of transportation, change of time for travel and adaptation of driving

behavior — speed, distance to vehicle ahead etc.). On- and pre-trip information about traffic

conditions, expected travel times and the weather are provided through a range of media, including
internet portals, television and mobile devices(pre-trip) as well as variable message signs, navigation
systems or the radio (on-trip). More technical equipment will, as mentioned above, increase the ability
to provide more and better traffic information along the whole stretch of road. More signs will inform
drivers of downstream queues/incidents. An expected percentage of enhancement of the service is
estimated at 10 % due to the upgrading to new equipment.
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Costs

Variable Speed Limits

Variable speed limits seem to be an effective means for handling congestion and growing queues
especially where the speeds tend to suddenly fall dramatically. Due to an upgrade to a mandatory VSL
service more control over the traffic situation is achieved since drivers obey mandatory instructions
more than recommended information. An expected percentage of enhancement of the service is
estimated at 50 % due to the possibilities to maximize bottleneck throughput.

Incident Warning and Management

Incident management involves the implementation of a systematic, planned and coordinated set of
responsive actions and resources to prevent accidents in potentially dangerous situations and to
handle incidents safely and quickly. It proceeds through a cycle of several phases: from incident
detection to restoration of normal traffic conditions, including the use of immediate and advance
notice of possible dangers or problems, i.e., warnings, in order to prevent accidents. It is expected
that the Swedish measure will enhance the capability for timely notification via new MCS
components. The new system gives better possibilities to discover incidents, faster than before, and
also to respond to them quicker. An expected percentage of enhancement of the services is estimated
at 20% due to the upgrading to new equipment.

The total costs for activity 3 are approximately 10.7 million EUR excluding VAT.
Including VAT, the total costs are 13.4 million EUR as the VAT in Sweden is 25 %.

The above costs do not include project management or evaluation.

2. Network affected, statistics and data sources

NETWORK - Stockholm MCS
Essingeleden 2021
2018 estimated
Length (km) 16 16
Vehicle kilometres driven (million/year) 613.14 647.43
Vehicle hours driven (million/year) 8.57 9.14
Vehicle hour ntin con ion
(I\(Ae/y;:aer) ours spent in congestio 0.44 0.46
Fatalities (number/year) 0 0
Non-fatal injury accidents (number/year) 63.43 53
CO2 emissions (million tonnes/year) 0.09 0.10
Explanation with assumptions
Length: 2021 same as 2018. Stretch of MCS (installations along 8km) benefitting a

network of approximately 16km.
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Vehicle kilometres driven:  Roughly estimated from traffic flow data.

Vehicle hours driven:

Vehicle hours spent in congestion: 5% is assumed spent in congestion for urban areas.

Calculated with road speed limits, since more detailed data was not available.

Fatalities: Assumption based on Sweden’s current country trend. Source: https://www.itf-

oecd.org/sites/default/files/sweden-road-safety.pdf

Non-fatal injury accidents:  Has been estimated based on 2017 and 2019 numbers for a particular stretch.

CO2 emissions:

2018: 149 g/km for person cars and 601 g/km for trucks. 2021: 151g/km for
person cars and 294 g/km for trucks.

In general: Note that the year 2020 (“the Covid-19 lockdown year”) has been avoided.

Note: Data related to CO2 emissions is based on the following sources:

2020-12-15

The national unit values in Sweden

The national unit values are for the target year 2021 and in 2021 prices.

PM vagtrafikens utslapp, Swedish Transport Administration, 2020-02-24
PM végtrafikens utslépp, Swedish Transport Administration, 2021-02-24

Handbok for vagtrafikens luftfororeningar, Bilaga 6 Emissionsfaktorer, bransleférbrukning och
trafikarbete, Swedish Transport Administration, 2019-03-27

Utslapp av vaxthusgaser fran inrikes transporter, The Swedish Environmental Protection Agency,

Values in EURO SE
Time values, EUR per vehicle hours:
Travel time (passenger transport) 19.2
Delay time (passenger transport) 28.8
Travel time (freight transport) 33.1
Delay time (freight transport) 49.7
Accident values, EUR per accident:
Fatality (one fatality) 5 259 862
Non-fatal injury accident 620 376
Emission values, EUR per ton CO2 690.0
Vehicle operating costs, EUR per
km:
Light vehicles 0.17
Heavy vehicles 0.69
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3. Deployment KPIs and status of deployments

The changes of the Deployment KPIs due to the NEXT-ITS 3 implementations, from the end of 2017 (i.e.
start of NEXT-ITS 3 on 1.1.2018) to the end of 2021, are stated in the table below in the separate section
further down.

4. Technical performance of systems in operation

The activity facilitates continuation of MCS related services hence ensuring improved traffic
flow and safety on the road sections. The upgraded and new system in operation and new road
stretches equipped with modern technology enables strategic traffic management.
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Activity 4 - Motorway Control system (MCS) Gothenburg, Sweden

1. Activity description and services improved

The road network in the central Gothenburg area is being developed due to there has been a new tunnel;
Gullbergstunneln and new connecting roads for the tunnel under the river Géta Alv; Marieholmsférbindelsen.
The new tunnel and roads, which have been built, are equipped with new ITS systems such as MCS-system,
cameras, incident detection systems, etc. This activity has bridged the gaps between the MCS that existed
before new roads construction and the ones which have been built in order to establish a complete MCS
system coverage in the area.

This activity has made sure that there is consistent level of service on the road network through Gothenburg
by equipping a stretch of road that did not previously have an MCS. The activity will enable traffic
management operations on the complete motorway.

The main task of this activity has been to equip the motorway (E45 and E6) between Marieholm and
Tingstad in Gothenburg with an MCS. The MCS between Marieholm and Tingstad was installed during 2020
and all the milestones were achieved by the end date of the activity in December 2020.

The services that are improved or enhanced due to the activity are listed in the following table:

Foreca | Traffic | Weathe | Safety [ HGV | Dynami | Variabl | Incident | Traffic
stand | Conditi r Related | (parkin | ¢ Lane e Warnin | Manag
real- | onand | Informa | Traffic 0) Manag | Speed | gand | ement
time Travel tion Infor- | Informa | ement | Limits | Manag | Plans
event Time mation tion ement for
Infor- Infor- Corrido
mation | mation rs and
Networ
Activity 4 ks
MCS
Gothenburg, 100% | 100 % - 100 % - 100% | 100% | 50 % -
Sweden

The benefits will come from the bridging of some road stretches in between stretches already equipped with
MCS. These bridged stretches have been equipped with totally new equipment to create complete coverage
at important road stretches.

The activity will benefit the following services, with an effect enhanced percentage as follows:

e Forecast and real-time event Information
Providing forecasted and real-time event information and warnings to the road user increases the
safety and the efficiency of the network. Being informed about traffic problems the drivers are
prepared for an incident or congestion and can react accordingly thus improving the safety. Re-
routing information contributes also to a better use of the network in which congestion will be
reduced. More technical equipment increases the possibility to provide more and better traffic
information along the whole stretch of road. An expected percentage of enhancement of the service
is estimated at 100 % due to the installation of new equipment which was not present before.
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Costs

Traffic Condition and Travel Time Information

Real-time and on-trip travel condition information will allow the road users to adapt their driving
behavior according to the traffic conditions. Information related to traffic conditions, incidents and
accidents and stated possible re-routing advice allows changing the route leading to the network
being used in a more efficient way. An expected percentage of enhancement of the service is
estimated at 100 % due to the installation of new equipment which was not present before.

Safety Related Traffic Information

Real-time traffic information contributes to meeting the objective of improving safety as well as the
efficiency of the network by preparing the end user, before and during the journey, for expected as
well as unexpected events. This will allow them to adapt their travelling behavior (e.g. rerouting,
choosing alternative modes of transportation, change of time for travel and adaptation of driving
behavior — speed, distance to vehicle ahead etc.). On- and pre-trip information about traffic
conditions, expected travel times and the weather are provided through a range of media, including
internet portals, television and mobile devices/PDAs (pre-trip) as well as variable message signs,
navigation systems or the radio (on-trip). More technical equipment will, as mentioned above,
increase the ability to provide more and better traffic information along the whole stretch of road.
More signs will inform drivers of downstream queues/incidents. An expected percentage of
enhancement of the service is estimated at 100 % due to the installation of new equipment which
was not present before.

Dynamic lane management

The dynamic lane management service enables a temporally modifiable allocation of lanes by
means of traffic guidance panels, permanent light signals, multiple-faced signs, LED road markers
closing and directing installations, etc. The service has a potential to enhance traffic fluidity of the
network. An expected percentage of enhancement of the service is estimated at 100 % due to the
installation of new equipment which was not present before.

Variable Speed Limits

Variable speed limits seem to be an effective means for handling congestion and growing queues
especially where the speeds tend to suddenly fall dramatically. Due to an upgrade to a mandatory
VSL service more control over the traffic situation is achieved since drivers obey mandatory
instructions more than recommended information. An expected percentage of enhancement of the
service is estimated at 100 % due to the installation of new equipment which was not present before.

Incident Warning and Management

Incident management involves the implementation of a systematic, planned and coordinated set of
responsive actions and resources to prevent accidents in potentially dangerous situations and to
handle incidents safely and quickly. It proceeds through a cycle of several phases: from incident
detection to restoration of normal traffic conditions, including the use of immediate and advance
notice of possible dangers or problems, i.e., warnings, in order to prevent accidents. It is expected
that the Swedish measure will enhance the capability for timely notification via new MCS
components. The new system gives better possibilities to discover incidents, faster than before, and
also to respond to them quicker. An expected percentage of enhancement of the services is
estimated at 50% due to the partial installation of new equipment.

The total costs for activity 4 are approximately 3.8 million EUR excluding VAT.
Including VAT, the total costs are 4.8 million EUR as the VAT in Sweden is 25 %.

The above costs do not include project management or evaluation.

2. Network affected, statistics and data sources

The network statistics and estimations for the network covered are shown in the table below:
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NETWORK - MCS (E45 and E6)
Marieholm and Tingstad, Gothenburg 2021
2018 estimated
Length (km) 7 7
Vehicle kilometres driven (million/year) 178.73 188.07
Vehicle hours driven (million/year) 2.6 2.7
E/J/r;;:;)hours spent in congestion 0.33 03
Fatalities (number/year) 0.0 0.0
Non-fatal injury accidents (number/year) 275 16.3
CO2 emissions (million tonnes/year) 0.03 0.03
Explanation with assumptions
Length: Gap filled in by MCS. Benefiting a network of approximately 7km.
Vehicle kilometres driven: Roughly estimated from traffic flow data.
Vehicle hours driven: Calculated with road speed limit: 70 km/h, since more detailed data was not

available.
Vehicle hours spent in congestion: 5% is assumed spent in congestion for urban areas.

Fatalities: Assumption based on current Swedish trend. Source: https://www.itf-
oecd.org/sites/default/files/sweden-road-safety.pdf.

Non-fatal injury accidents:  Has been estimated based on 2017 and 2019 numbers for a particular stretch.

CO2 emissions: 2018: 149 g/km for person cars and 601 g/km for trucks. 2021: 151 g/km for
person cars and 294 g/km for trucks.

In general: Note that the year 2020 (“the Covid-19 lockdown year”) has been avoided.

The national unit values in Sweden

The national unit values are for the target year 2021 and in 2021 prices. Same as for Activity 3.

3. Technical performance of systems in operation
The activity facilitates continuation of MCS related services hence ensuring improved traffic
flow and safety on the road sections. The upgraded and new system in operation and new road

stretches equipped with modern technology enables strategic traffic management.
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Activity 5 — MTLIV, replacement of NTS with NGS, Sweden

1. Activity description and services improved

In Sweden there are four traffic management centers. These centers are using the National Traffic
Management System (NTS) for their daily operations. MTLIV is a project with the aim to replace NTS with a
New Generation System (NGS) called LAIV that is better prepared for the future needs of the traffic
management centers.

LAIV will be better prepared for the future needs of a traffic management center with all the new technologies
that are up and coming. Examples of these are autonomous vehicles, platooning and High Capacity
Transports (HCT). The system will be built up with different modules and can be easily expanded with new
modules. It will also be easier to add new parts of the road network to the system, e.g. Bypass Stockholm
that is being built at the moment.

LAIV will furthermore increase the possibilities for automation within the system. This will lead to quicker
handling of different events which in turn will increase the network performance in connection to incidents on
the road network.

Due to a necessary prioritization of the new tunnel project "Forbifart Stockholm" (E4 The Stockholm bypass)
the activity has been withdrawn from NEXT-ITS 3. A decision was made during late 2020 to continue using
the old traffic management system NTS instead of the new one in order to ensure the time schedule of this
large multi-year infrastructure project.

Activity 5 has therefore not been included in this evaluation.
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Activity 6 - Deployments in the national Traffic Management Centre,
Denmark

1. Activity description and services improved
The activity is about the continued development and upgrading of the national Traffic Management Centre.

The activity has had six main tasks:

1) Remote monitoring and control of critical links, e.g. tunnels and bridges
The Traffic Management Centre was operating remote monitoring and control of one tunnel as before
NEXT-ITS 3, the Police was responsible for the task across the country. A further transfer of the task on
remote surveillance and control was implemented during NEXT-ITS 3 and it required deployment,
adaptation and enhancements of the ITS systems in the Danish Road Directorate as well as new
procedures, cooperation and training. The pilot trial “Crown Prince Frederiks Bridge” encompassed the
remote monitoring and control of the bascule bridge going through the city of Frederikssund. As a result,

the bridge is now remotely operated from the national traffic management centre (located in Copenhagen).
2) New system, OTMAN: Common overview, common traffic information

The system is used by road and traffic authorities in Denmark in relation to road works and planned events.
The harmonised reporting system has the capability that consequences for traffic automatically are shown
to road users via the platforms of the Danish Road Directorate as well as via the data feeds to external
service providers (e.g. TomTom, Google and others).

In NEXT-ITS 3, the deployments comprised implementation and distribution of the system to relevant
stakeholders (pt. 47 municipalities are using the system which is very beneficial). Further, gathering of

experiences with the new system and necessary adaptations have been made.
3) Pilot trial on improved incident and emergency handling

Based on earlier work on better understanding of incidents on motorways and their socio-economic
consequences, an identification of needs for changes and possible adjustments in the incident and
emergency handling has been done (e.g. increased dialogue, alternative use of traffic control equipment
and barrier devices, adjustment of processes etc.) The purpose was to optimise the incident handling and
the cooperation on it for a quicker clearance of incidents, i.e. in order to improve restoration of traffic flow

after incidents. The pilot trial was followed by an evaluation within NEXT-ITS 3 (ex-post evaluation).
4) Adaption and distribution of traffic information, development of backend system

Development and deployment of a backend system and a new platform for distribution and sharing of
traffic data (https://nap.vd.dk). This platform is also used by third parties to share traffic related data.

Improvements in information flow and introduction of new co-operations with more Service Providers have
been made in order to lift the quality of the information flow, hence securing that as much information
reaches the end users as fast as possible, to improve their possibility to plan and conduct trips more safely

and reliable.
5) Traffic Management from a network perspective

The goal has been implementation of a setup in the Traffic Management Centre enabling traffic
management in a network perspective for at least one road corridor. The task included traffic management

plans, traffic information and dynamic control of traffic signals across road authorities.
6) Acquisition and use of real-time traffic data

Real-time traffic data is the foundation for traffic management, dynamic corridor control, information
services, incident detection and emergency handling. To ensure the future data foundation, a tender for
the acquisition of real-time traffic data was conducted with the focus on achieving best possible value and
increased use of the data. The implementation with a new supplier of real-time traffic data was completed
in March 2020. This was followed by optimizing the monitoring of the data flow and quality, resulting in a
very stable system and a high quality of data.
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The services that are improved or enhanced due to the activity are listed in the following table:

Foreca | Traffic | Weathe | Safety | HGV | Dynami | Variabl | Incident | Traffic
stand | Conditi r Related | (parkin | ¢ Lane e Warnin | Manag
real- | onand | Informa | Traffic g) Manag | Speed | gand | ement
time Travel tion Infor- [Informa | ement | Limits | Manag | Plans
event Time mation tion ement for
Infor- Infor- Corrido
mation | mation rs and
Networ
Activity 6 ks
Deployments
in the national | 5% - - 5% - - - Ex-post| 2%
TMC,
Denmark

The deployments in the national TMC have enhanced the services according to the below explanations:

Since 2018 (the start of NEXT-ITS 3) the Danish Road Directorate (DRD) has made some strategic changes
in the way we share information with end users. Before 2018 we had several services (web and apps) with
information directly to end users. This changed in 2019 to a higher focus on distributions of data via NAP
leaving the direct contact to end users to the service providers. After closing all DRD services except of one
(trafikinfo.dk), it was however concluded that the readiness of the service providers did not fulfil the
expectations. The closing of services from DRD left a lack of information to the end users for a period. Status
in 2021 is:

e We see an increase in number of service providers using our NAP compared to 2018.

o We see a high focus from both service providers and us in understanding each other’s needs and
challenges. This combined with the general digitalisation of traffic and services increases the number of
end users. However, it is not possible to precisely estimate the number of end users as we only have
contact with the service providers.

e We see an increased focus of traffic information data from media (radio stations and web based). These
are a new category of service providers with a very high number of end users. Today DRDs data directly
feed into one of the most popular free, web-based newspapers in Denmark (Ekstrabladet.dk). And we
have developed a service for media based on data from NAP which e.g. is used by the national
broadcasting station with 85% of all radio listeners in Denmark (DR P4).

Based on above, our presumptions:

e In 2019 we saw a decline in the number of end users due to changed strategy in DRD and non-readiness
of service providers. Despite increased focus on adaption and distribution of traffic information data.

e Due to the other initiatives listed above, the number of end users has steadily increased since then.

e In 2021 we estimate a higher number of end users compared to 2018 due to the initiatives above. It is not
possible to estimate the exact number but up till 5% is considered as not unrealistic.

Forecast and real-time event information: The acquisition of real-time traffic data, the further OTMAN
implementation, the deployment of an improved backend system and a new platform for sharing traffic data
(nap.vd.dk) altogether contribute to enhance the "forecast and real-time event information” services.
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The services were already at a rather high level of quality before NEXT-ITS 3 and information provided to end-
users from external service providers are difficult to compare with the earlier services provided by the Road
Directorate (e.g. the app Trafikinfo), but all in all, the estimate is that the effect is enhanced by 5 % (see above).

Traffic condition and travel time information: Only traffic condition information is provided, not travel time. The
acquisition of real-time traffic data is crucial to this service of course. The enhanced effect of the traffic condition
service could be high if compared to "no acquisition of real-time data", but the effect of the service (providing
traffic condition information) is seen as very low due to other competing, similar services. l.e. it is uncertain
how much the Road Directorate service (incl. the NAP for sharing the data) contribute to the KPIs. The
assessment is a circa 0-1% enhancement due to the provision of data and the service (Trafikinfo.dk) but to
use a precautionary principle, the estimate is set to 0 %.

Safety related traffic information: The development and deployment of an improved backend system and a
new platform for distribution and sharing of traffic data (nap.vd.dk) incl. new co-operations with (many) more
service providers altogether improve the quality of data and contribute to the goal that "reliable information
reaches the end-users as fast as possible". The estimate is a circa 5% enhanced effect of the safety related
information types due to these measures (see above). However, for the vehicle hours driven, the enhanced
effect is set to 0 since related incident management could cause detours and rerouting, hence the vehicle km
driven could increase and thereby also the vehicle hours driven.

Traffic management plans: The task on “Traffic Management from a network perspective” has included pilot
trials in Skanderborg, at West Funen and Vallensbaek incl. a setup in the traffic centre enabling the
management of networks incl. traffic signal control across road authorities. In case of incidents there is
sometimes a need to distribute traffic on the corridor to alternative routes. To improve corridor performance, it
has required development of traffic management and rerouting plans and e.g. special algorithms for dynamic
control of the traffic signals. As the deployment has influenced/covered only about 2% of the network, the
effect enhanced is estimated to 2 %.

Project evaluation to be included

Incident warning and management: Pilot trial on improved incident and emergency handling

The (ex-post) evaluation calculated the reduction of the socio-economic time loss caused by accidents on
motorways in 2020. The KPIs on fatalities, accident numbers and CO2 emissions were not included in the
evaluation - only reduction of time loss. The result of the evaluation was that the socio-economic time loss was
reduced by 27 mill. DKK (3.6 mill. EUR). To obtain this reduction, an additional cost of 3.4 mill. DKK (0.45 mill.
EUR) was spent i.e. the cost of the activity in NEXT-ITS 3. (Mainly material/lequipment and improved
cooperation procedures). Hence, the reduction of the socio-economic time loss, 3.6 mill. EUR, should in
fact be added to the total benefits.

Note, that in the years from 2021 and onwards, the improved incident and emergency handling will very likely
also result in reductions of the socio-economic time loss, but these reductions are not included. This means
that the effect calculation should be seen as the "minimum benefit" achieved. Further, the improvements very
likely gave reductions in (secondary) accidents and emissions, but as stated these reductions were not
calculated in the study. (Source: “Hurtigere handtering af uheld. Evaluering af pilotforsag pa Fynske Motorvej,
2018-2019", Vejdirektoratet, Januar 2020).
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Activities not included

Remote monitoring and control of critical links: The measure has the sole purpose of reducing the operational
costs (by remote control) and transfer responsibility of operation to DRD, so it is not targeted to impact the
benefit KPIs. Therefore, costs and benefits are not included in the assessment.

Costs

The total costs plus project management and evaluation are appr. 4.7 mill. EUR excl. VAT.

l.e. 5.9 mill. EUR incl. VAT as the VAT in Denmark is 25 %. (The costs are including the pilot trial on improved
incident and emergency handling).

The annual operation and maintenance costs are estimated to be in an order of magnitude around 0.47 million
EUR excl. VAT per year i.e., 10 % of the investment costs.

The estimate is the incremental operation and maintenance costs, meaning the additional costs to be added
to the cost level before NEXT-ITS 3. The 10 % estimate is likely too high but due to the diversity of the
deployments 1 to 6, and hence the difficulty in estimating especially the operational costs, this estimate is kept
for the cost benefit analysis. As an example, the operational costs in relation to “Incident and emergency
handling” and “Adaption and distribution of traffic information, development of backend system” are relatively
high compared to the investment costs.

2. Benefit KPIs, network affected, statistics and data sources
The services are primarily benefitting the State Road Network in Denmark which is 3835 km.

The state road network includes the TEN-T Comprehensive network and the main roads.

The network statistics and estimations for the network covered are shown in the table below:

NETWORK - The state road network 2021
2018 estimated
Length (km) 3815 3835
Vehicle kilometres driven (million/year) 25982.1 27 653.6
Vehicle hours driven (million/year) 297.6 326.2
Vehicle hours spent in congestion (M/year) 134 15.2
Fatalities (number/year) 55.7 55.7
Non-fatal injury accidents (number/year) 484 484
CO2 emissions (million tonnes/year) 5.6
Explanation with assumptions
Length: Network in 2021 is almost the same as in 2018, except for 20 km of new road.
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Vehicle kilometres driven:  Linear increase, extrapolated from 2018 with 2.1 % yearly in accordance with
the prognosis on traffic development until 2021. Motorways are 2.7 % yearly
(1/3 of the state road network) and other roads 1.8%, i.e. 2.1 % for the entire

state road network (Source: Danish Road Directorate, “Statistikkatalog”)

Vehicle hours driven:

Vehicle hours spent in congestion: GPS-data from 2016, extrapolated with 4.1 % i.e. extra 2 % due to

GPS-data from 2016, extrapolated with 3.1 % i.e. extra 1 % due to assumed
decrease in average speed due to increase in traffic and congestion.

assumption that delays are increasing relatively more than the increase in

traffic.

Fatalities: The assumption is same number of fatalities; number of fatalities is average of

the 3-year period 2017-2019 (Source: “Interaktiv arsstatistik”,

www.Vejdirektoratet.dk)

Non-fatal injury accidents:  The assumption is same number of accidents due to improvements in traffic
safety compensate for the increase in traffic; number is average of 2017-2019

(Source: “Interaktiv arsstatistik”, www.Vejdirektoratet.dk)

CO2 emissions:

The assumption is 202 gr/km in 2021 due to more energy efficient vehicles and

a share of electric vehicles (refer to sheet with emission prognoses from DRD),

based on vehicle km driven and average emission per km.

In general: Note that the year 2020 (“the Covid-19 lockdown year”) has been avoided.

The national unit values in Denmark

The national unit values are for the target year 2021 and in 2021 prices.

Values in EURO DK
Time values, EUR per vehicle hours:
Travel time (passenger transport) 22.3
Delay time (passenger transport) 33.4
Travel time (freight transport) 72.9
Delay time (freight transport) 101.7
Accident values, EUR per accident:
Fatality (one fatality) 4 796 355
Non-fatal injury accident 1051 811
Emission values, EUR per ton CO2 44.2
Vehicle operating costs, EUR per
km:
Light vehicles 0.41
Heavy vehicles 0.63

Note: Source “Transportgkonomiske enhedspriser version 1.96, January 2021”, Danish Ministry of Transport.

Note: The national unit values are developing during the years from 2021 and onwards but this is not taken

into account. l.e. the fixed unit prices above (2021) are used in the benefit calculation.
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Note: The CO2 emission value is very low in Denmark compared to the other countries. The value is politically
decided and hence this value has to be used. It should be noted however, that the valuation developments
after 2021 have not been taken into account and in this case the value is rising in the years after 2021.

3. Deployment KPIs and status of deployments

The purpose of Deployment KPls is to assess the share of road network covered by various systems and
services, e.g. data monitoring, traffic management and control, information services etc. The relevant KPIs are
assessed in order to describe the change from the start to the end of the project due to the NEXT-ITS 3
implementations. However, the Activity 6 deployments in Denmark have had focus on data quality and service
quality improvements as well as important central systems and backend upgrading to ensure efficient
distribution and sharing of traffic data. Therefore, the KPIs are the same in the start and in the end of the
project as the KPIs only have the ability to show coverage extensions on the road network i.e. more kilometres
covered. Except one being “Traffic Management for Corridors and Networks incl. traffic signal control for
alternative routes” which is used in the Danish table as this KPI is relevant to show the further deployment of
traffic management from a network perspective which is benefitting the overall traffic flow in the corridor.

The table is still shown despite the fact it does not really contribute to the picture of the quality improvements
done. The changes of the Deployment KPIs due to the NEXT-ITS 3 implementations, from the end of 2017
(i.e. start of NEXT-ITS 3 on 1.1.2018) to the end of 2021, are stated in the table below:

End of End of
Danish Core and Comprehensive Ten-T Road network 2017 2021
1620 km Length km | Length km

Road weather monitoring - -
Fixed real-time traffic monitoring - -
Mobile/probe real-time traffic monitoring 1620 1620
Forecast and real-time event Information 1620 1620
Traffic Condition and Travel Time Information - -
Weather Information - -
Safety Related Traffic Information 1620 1620
Dynamic Lane Management - -
Variable Speed Limits - -
Incident Warning and Management 1620 1620
Ramp Metering - -
Traffic Management Plans for Corridors and Networks - -
Traffic Management for Corridors and Networks incl.

traffic signal control for alternative routes 0 70

Note: The KPIs do not show the quality improvements.

Note: “Traffic Management for Corridors and Networks including traffic signal control for alternative routes” is

added to show specifically the deployment of this.
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3. Technical performance of systems in operation

The overall technical performance of the systems in operation is very good. Statistics (system logs) in relation
to up time (availability) and the response times of the systems and services are very satisfactory. System
statistics are being followed as part of the normal operation.

4. Ex-post evaluation results

Incident warning and management: Pilot trial on improved incident and emergency handling

The ex-post evaluation calculated the reduction (due to the measure deployed) of the socio-economic time
loss caused by accidents on motorways in 2020. Please refer to the description in 1. Activity description and
services improved, in this annex.

The reduction of the socio-economic time loss, 3.6 mill. EUR, should be added to the total benefits that
were calculated in the Excel-model.
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Activity 7 - Traffic Information and Traffic Management Services,
Germany

1. Activity description and services improved

The obijective of this activity is to improve the network performance in northern and eastern Germany. This
was planned to be achieved by systems for HGV parking, mobile devices for height control and speed warning,
a congestion warning system, network control and motor way control systems. It further improves the network
performance by advanced traffic management and in particular the connection between the urban road
network of Berlin and the Core Network. It.

1) Traffic Speed warning system Schleswig-Holstein

The Rader Hochbriicke crossing the Kiel Canal is a part of the motorway A7 connecting Denmark (Jutland)
with Northern Germany and thus part of a very important connection on the Scandinavian-Mediterranean
Corridor. However, due to the fact that the traffic load (in particular HGV) was and is much higher than expected
when the bridge was built at the end of the 1960ies, the bridge meanwhile is damaged and has to be replaced
with a new one in a few years. Thus, it has to be assured that the bridge can be used until the new one is
finalised. Otherwise, large detours and congestion would be the result. Thus, measures are necessary to
reduce the load on the bridge

To reduce the load there is a speed limit of 60 km/h for HGV and they have to have a distance of at least 25
m to the next one. This speed reduction was checked and enforced before. New is the integration with the
wind warning system for passenger cars; if wind is high then speed has to be reduced; Normal is 100 km/h,
reduction due to wind to 80 km/h or 60 km/h in case of very strong wind. This also is being enforced.

2) Optimisation of Congestion Warning System Brandenburg

This sub-activity improves re-routing on the urban/interurban links between Berlin and the surrounding
motorway A10 in the case of congestion. The route choice shall be influenced without generating traffic
problems or congestion in the secondary road network.

This sub-activity

. improves the function of the control computer
. optimises the functions of the VMS on the motorway A10 by analysing detection and analysis of
routing recommendations, Exchange of hardware and adaptation of software in the sub-centre.

3) Motorway Control System - Brandenburg

A motorway control system between the motorway triangles Potsdam and Nuthetal southwest of Berlin on
motorway A10 has been implemented. This includes 16 monitoring profiles and 12 gantries for VMS.

The MCS includes the services

Forecast and real-time event info
Traffic condition and travel time info
Safety related traffic info

Variable speed limits (traffic)
Incident warning and management

4) Network Control System Bremen (Re-Routing Hamburg-Bremen-Hannover-Dortmund)

Implementation of four dWiSta (Dynamic Directories with integrated Traffic Jam Information) VMS including
gantries, monitoring stations and sub-centres on the Bremer Junction as part of the “Long Distance Corridor
traffic management plan”.

When finalized for the distance Hamburg Dortmund information is given about two similar alternatives (either
via Hannover (A7/A2) or via Bremen (A1)) with one possibility (Bremen-Walsrode, A27) to change between
the two alternatives.

NEXT-ITS 3 Evaluation Report
54/90



However, parts of the system are not included in NEXT-ITS3 and are not finalized yet. Up to now only the VMS
in Bremen are installed (and only these have been part of NEXT-ITS3), so only information for this alternative
and the change to the other (via Walsrode) is possible. These VMS are being used for re-routing and traffic
information, but can also be used for warnings, information on road works, congestion etc.

The parts of the system which are in e W haver Hagnburg

operation in Bremen can be used in ‘@ o

two ways: : Buxtehudeyy B

&
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The services that are improved or enhanced due to the activity are listed in the following table:
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Table Annex 7-1
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The deployments described above have enhanced the services as explained below:
1) Traffic Speed warning system Schleswig-Holstein
The objectives of the system are

* to enforces speed limits generally and

e to reduce speed limits depending on the weather situation. Weather in this case means strong winds;
for this, the speed warning system is connected to the wind warning system, so that in case of strong
winds the speed limits could be reduced accordingly.

Thus, the services addressed are

Safety related traffic information: compared to the situation before, where only weather-related speed limits
for HGV were enforced, now also speed limits for passenger cars is being enforced. Thus, an effect of 25%
was assumed because the change addresses only passenger cars and not HGV, which was already in function
before.

Variable Speed Limits (weather): An effect of 20% has been assumed, because these only addresses
passenger cars. For HGV the speed limits existed before and have been enforces. If the variable speed limits
would have been new for passenger cars and HGV the effect would have been higher.

2) Optimisation of Congestion Warning System Brandenburg

The improved routing from the motorway to the Berlin City Centre should contribute to less vehicle hours, less
congestion, less CO2 emission and possible fewer accidents.

¢ Reduced vehicle hours/spent in congestion
¢ Reduced CO2 emission
e Possibly reduced accidents and thus improved safety

In particular, “Traffic condition and travel time info” is addressed; the effect of NEXT-ITS3 has been assessed
as 5% because the system is already existing, and the effect thus is related to the improvement of the system
only.

3) Motorway Control System - Brandenburg

This motorway control system between the motorway triangles Potsdam and Nuthetal southwest of Berlin on
motorway A10 is a motorway control system with several services.

However, besides variable speed limits, the services stated below are already now existing, because the
information is given by several different means, i.e. broadcast or navigation systems, google maps etc.
Possibly not in the same quality and possibly not as accurate, but generally existing. Thus, the effect enhanced
by NEXT-ITS3 for the services is being assumed as following

Forecast and real-time event info
Traffic condition and travel time info
Safety related traffic info

Variable speed limits (traffic)
Incident warning and management

4) Network Control System Bremen (Re-Routing Hamburg-Bremen-Hannover-Dortmund)

(a) Network Control System Bremen: Local warnings and information

The dWiSta (Dynamic Directories with integrated Traffic Jam Information) on the Bremen Junction A1/A27 as
part of the “Long Distance Corridor traffic management plan” of course is mainly meant as part of this network
control system giving re-routing information for the long-distance transport between Hamburg and Dortmund.
However, in the case there is no advice, also more general information is stated at the VMS, in particular
information about incidents, accidents and similar information on the motorways ahead but not variable speed
limits
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However, most of these issues are already part of several services, i.e. broadcast or navigation systems,
google maps etc. And on some parts of the network a motorway control system already is existing which states
these messages. Thus, effect by NEXT-ITS3 assumed from 10% to 25%.

» Forecast and real-time event info (25%)
« Traffic condition and travel time info (10%)
» Safety related traffic info (25%)
* Incident warning and management (10%)
b) Network Control System Bremen (Re-Routing)

The network control system/traffic management plan for the motorways Al, A2, A7 and A27, which will be
used for re-routing advice and information on this motorway network, is not fully in operation. Up to now, only
the VMS at the Bremen junction allow a re-rerouting in case of major problems on the motorway Al (in this
case re-routing via A27 to A7). The service addressed is “Traffic Management Plans for Corridors and
Networks”

However, since this is only one smaller part of the whole system the effect enhanced by NEXT-ITS3 was
assessed to only 3%.

Costs

The total investment costs for activity 7 are appr. 8.6 mill. EUR excl. VAT.

The annual operation and maintenance costs are estimated to be in an order of magnitude around 10% of the
investment costs, i.e. 0,86 Mio Euro excl. VAT per year.

2. Benefit KPIs, network affected, statistics and data sources

The services are primarily benefitting specific parts of the German road network, for some services also quite
small parts of the network. km.

The network statistics and estimations for the networks covered are shown in the tables below:

Network 1: The network consists of the motorway A7 affected by speed warning system (some 3,5 km).

2021

NETWORK 1 Speed warning system 2018 estir?1ated

Length (km) 3.50 3.50
Vehicle kilometres driven (million/year) 69.24 69.24
Vehicle hours driven (million/year) 0.87 0.87
Vehicle hours spent in congestion (M/year) 0.05 0.05
Fatalities (number/year) 0.00 0.00
Non-fatal injury accidents (number/year) 0.00 0.33
CO2 emissions (million tonnes/year) 0.01 0.01

Length (km): 2021 the same as 2018, the length of the bridge “Rader Hochbriicke” plus some 100 m each
direction.

Vehicle kilometres driven (million/year): calculated from traffic count 2015 for this motorway and
extrapolated for 2021

Vehicle hours driven (million/year): assumption: average speed of 80 km/h

Vehicle hours spend in congestion (million /year): 6% of vehicle Hours driven are spent in congestion
(BASY)
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Fatal accidents (number/year): no killed persons 2017, 2018, 2019 on this stretch (source: Unfallatlas,
https://unfallatlas.statistikportal.de/)

Non-fatal injury accidents (number/year): only one severely injured person 2017, 2018, and 2019 on this
stretch (source: Unfallatlas, https://unfallatlas.statistikportal.de/)

Co2 emissions (million tons/year): extrapolated to 195,93 for 2021 (2017: 215,39; 2018:; 207,60; 2019:
208,90) and calculated for 1 Mio vehicle km multiplicated with the vehicle km driven for this network.

Network 2: The network consists of parts of the motorway A10 affected by the congestion warning system
and major national roads which can be uses as alternatives for approaching the city centre of Berlin (some

73,1 km).

NETWORK 2 Congestion Warning System 2018 2021 estimated
Length (km) 73.1 73.1
Vehicle kilometres driven (million/year) 876.5 876.5
Vehicle hours driven (million/year) 11.0 11.0
Vehicle hours spent in congestion (M/year) 0.7 0.7
Fatalities (number/year) 2.0 3.5
Non-fatal injury accidents (number/year) 90.0 111.5
CO2 emissions (million tonnes/year) 0.2 0.2

Length (km): 2021 the same as 2018, the length of the motorway including the links to the city centre.

Vehicle kilometres driven (million/year): calculated from traffic count 2015 for these roads and

extrapolated for 2021

Vehicle hours driven (million/year): assumption: average speed of 80 km/h

Vehicle hours spend in congestion (million /year): 6% of vehicle Hours driven are spent in congestion

(BASH)

Fatal accidents (number/year): average of 2018/2019, no data for 2017 (source: Unfallatlas,

https://unfallatlas.statistikportal.de/)

Non-fatal injury accidents (number/year): average of 2018/2019, no data for 2017 (source: Unfallatlas,

https://unfallatlas.statistikportal.de/)

CO2 emissions (million tons/year): extrapolated to 195,93 for 2021 (2017: 215,39; 2018: 207,60; 2019:
208,90) and calculated for 1 Mio vehicle km multiplicated with the vehicle km driven for this network.

Network 3: The network consists of parts of the motorway A10 affected by the motorway control system (10

km).

NETWORK 3 Motorway Control System

Brandenburg 2018 2021 estimated
Length (km) 10.0 10.0
Vehicle kilometres driven (million/year) 381.5 381.5
Vehicle hours driven (million/year) 4.8 4.8
Vehicle hours spent in congestion (M/year) 0.3 0.3
Fatalities (number/year) 0.0 0.3
Non-fatal injury accidents (number/year) 2.0 6.0
CO2 emissions (million tonnes/year) 0.08 0.07
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Length (km): 2021 the same as 2018. Stretch of the motorway A10 is 8,2 km, including some hundred

meters before and after the motorway control system: 10,0 km.

Vehicle kilometres driven (million/year): calculated from traffic count 2015 for this motorway and
extrapolated with the help of counts for 2005 and 2010 (daily average traffic > 100.000)

Vehicle hours driven (million/year): assumption: average speed of 80 km/h

Vehicle hours spend in congestion (M/year): 6% of vehicle Hours driven are spent in congestion (BASt)

Fatal accidents (number/year): 2021 average of 2017-2019 (source: Unfallatlas,

https://unfallatlas.statistikportal.de/)

Non-fatal injury accidents (number/year): 2021 average of 2017-2019 2017 (source: Unfallatlas,

https://unfallatlas.statistikportal.de/)

Co2 emissions (million tons/year): extrapolated to 195,93 for 2021 (2017: 215,39; 2018: 207,60; 2019:
208,90) and calculated for 1 Mio vehicle km multiplicated with the vehicle km driven for this network.

Network 4a: The network consists of parts of the motorway Al and A27 affected by the Network control

system (84 km).

NETWORK 4a: Network Control System Bremen

Local warnings and information 2018 2021 estimated
Length (km) 84.8 84.8
Vehicle kilometres driven (million/year) 24775 2.4717.5
Vehicle hours driven (million/year) 31.0 31.0
Vehicle hours spent in congestion (M/year) 1.9 1.9
Fatalities (number/year) 2.0 2.3
Non-fatal injury accidents (number/year) 45.0 43.3
CO2 emissions (million tonnes/year) 0.5 0.49

Length (km): 2021 the same as 2018. Motorways Al, A27

Vehicle kilometres driven (million/year): daily average traffic *365*length extrapolated for 2021

Vehicle hours driven (million/year): assumption: average speed of 80 km/h

Vehicle hours spend in congestion (M/year): 6% of vehicle Hours driven are spent in congestion (BASt)

Fatal accidents (number/year): for 2021 average of 2017-2019 (source: Unfallatlas,

https://unfallatlas.statistikportal.de/)

Non-fatal injury accidents (number/year): for 2021 average of 2017-2019 (source: Unfallatlas,

https://unfallatlas.statistikportal.de/)

Co2 emissions (million tons/year): extrapolated to 195,93 for 2021 (2017: 215,39; 2018: 207,60; 2019:
208,90) and calculated for 1 Mio vehicle km multiplicated with the vehicle km driven for this network.

Network 4b: The network consists of parts of the motorway Al, A2, A7 and A27 affected by the Network

control system (84 km).

NETWORK 4 b) Network Control System Bremen

(Re-Routing) 2018 2021 estimated
Length (km) 676.0 676.0
Vehicle kilometres driven (million/year) 18 945.9 18 945.9
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Vehicle hours driven (million/year) 236.8 236.8
Vehicle hours spent in congestion (M/year) 14.2 14.2
Fatalities (number/year) 20.5 20.5
Non-fatal injury accidents (number/year) 305.3 305.3
CO2 emissions (million tonnes/year) 3.9 3.71

Length (km): the same as 2018; motorway network Al, A2, A7, A27

Vehicle kilometres driven (million/year): daily average traffic of each motorway *365 *length of the
motorway

Vehicle hours driven (million/year): assumption: average speed of 80 km/h

Vehicle hours spend in congestion (M/year): 6% of vehicle Hours driven are spent in congestion (BASt)

Fatal accidents (number/year): for 2021 average of 2017-2019 (source: Unfallatlas,
https://unfallatlas.statistikportal.de/)

Non-fatal injury accidents (number/year): for 2021 average of 2017-2019 (source: Unfallatlas,
https://unfallatlas.statistikportal.de/)

Co2 emissions (million tons/year): extrapolated to 195,93 for 2021 (2017: 215,39; 2018: 207,60; 2019:
208,90) and calculated for 1 Mio vehicle km multiplicated with the vehicle km driven for this network.

References, Data sources
Unfallatlas, Statistische Amter des Bundes und der Lander (https://unfallatlas.statistikportal.de/)

Volkswirtschaftliche Kosten von Stralenverkehrsunféallen in Deutschland, Bundesanstalt flir StraRenwesen,
May 2021

Verkehrsunfalle 2020, Zeitreihen, 6.7.2021, Statistisches Bundesamt Destatis 2021

2. Deployment KPIs and status of deployments

The deployment KPIs reflect the share of the network, which is covered by specific systems or services. For
this activity, the main work was related to improvements of the existing services and to provide them possibly
by different means. The improvement of quality is important but of course does not contribute to additional
numbers of Deployment KPlIs.

(1) Traffic Speed warning system Schleswig-Holstein: Qualitative improvement of the services “Safety Related
Traffic Information” and “Variable Speed Limits”.

(2) Optimisation of Congestion Warning System Brandenburg: Qualitative improvement of “Traffic Condition
and Travel Time Information”.

(3) Motorway Control System — Brandenburg: Qualitative improvement of several services (see table Annex
7-1) and additional VMS on 8,2 km).

(4) Network Control System Bremen (Re-Routing Hamburg-Bremen-Hannover-Dortmund).

(a) Network Control System Bremen: Local warnings and information: Qualitative improvement of several
services, see table Annex 7-1.

b) Network Control System Bremen (Re-Routing): Only NEXT-ITS parts of the System have been finalised,
thus only a qualitative improvement of “Traffic management plans for Corridors and Networks”.

The comprehensive TEN-T Road Network for the Federal States Bremen, Brandenburg, Berlin, Sachsen,
Schleswig-Holstein and the City of Rostock is stated below:
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German Comprehensive Ten-T Road network for End of 2017 End of 2021
Bremen, Brandenburg, Berlin, Sachsen, Schleswig-

Holstein and Rostock: 1858,2 km Length km Length km
Road weather monitoring - -
Fixed real-time traffic monitoring - -
Mobile/probe real-time traffic monitoring - -
Forecast and real-time event Information 1858.2 1858.2
Traffic Condition and Travel Time Information 1858.2 1858.2
Weather Information - -
Safety Related Traffic Information 1 858.2 13858.2
Dynamic Lane Management - -
Variable Speed Limits 105.3 1135
Incident Warning and Management 1858.2 1858.2
Ramp Metering - -
Traffic Management Plans for Corridors and Networks 1858.2 1858.2
Traffic Management for Corridors and Networks incl.

traffic signal control for alternative routes 0 0

3. Technical performance of systems in operation
(1) Traffic Speed warning system Schleswig-Holstein

As stated above, besides safety issues the objective of the system is to contribute to the reduction of the
load on the bridge so that it can be operated until a new bridge is built.

The system is in operation. A huge amount of speeding violations in the beginning (15t half of 2020: 33 k)
showed, that obviously the drivers did not adhere to the speed limits before. After some time, i.e. during
2021 the violations decreased significantly (2" half 2020: 26 k and 15t half 2021: 20 k). Of course, also the
corona situation may have had an influence on the traffic on the bridge.

(2) Optimisation of Congestion Warning System Brandenburg

The system is in operation for two alternative connections from the motorway A10 to the City centre of Berlin.
For a third alternative the work will be finalised until the end of 2021.

(3) Motorway Control System - Brandenburg
The work for this system is still going on, the implementation shall be finalised until the end of 2021.
(4) Network Control System Bremen (Re-Routing Hamburg-Bremen-Hannover-Dortmund)

The network control system between Hamburg and Bremen via motorways Al or A7 is not in operation. In
will be finalised during the coming years. However, the part of the system in Bremen which was included in
NEXT-ITS3 is in operation. It thus can be used for the following issues:

(a) Network Control System Bremen: Local warnings and information

The system can not only inform about incidents, congestion etc. for the issue of network control and re-
routing, it also can state this information as local information for the motorways ahead. And for these issues
it is already used now.

Until the whole system is not fully operational for network control and re-routing. the VMS are additionally
used for local warnings and traffic information.

b) Network Control System Bremen (Re-Routing)

The purpose of the system is to give re-routing advise for the route Hamburg — Dortmund (and vice versa) in
case of incidents, accidents or congestion on one of the routes. This includes also the possibility to change
from one motorway at Bremen in case of severe problems. This advice and the related information can
already be given now if severe problems exist although the full system is not in operation yet.
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Activity 8 - Traffic Centre development, Germany (DE)

1. Activity description and services improved

The activity is about the continued development and upgrading of four Traffic Management Centres/Traffic
Management Systems in Schleswig-Holstein, Bremen, Saxony and Rostock to improve the performance of
the traffic management centres in eastern and northern Germany to make them better suited for the
requirements of future traffic management. The activity focuses on the Scandinavian-Mediterranean Corridor
and its connections to Orient/Est Med and the North Sea- Baltic Corridor as well as the corridor's
connections to the European core network. The main work however was carried out for the Traffic Centre
Schleswig-Holstein (sub-activity 8.1).

Sub-Activity 8.1: Improvement of traffic centre in Schleswig-Holstein

The traffic centre Schleswig-Holstein controls and manages all traffic management issues on the Schleswig-
Holstein main road network, in particular the motorways Al and A7, which form an important part of the
Scandinavian-Mediterranean Corridor. The traffic management centre is connected to the main ITS systems
in Schleswig-Holstein (e.g. motorway control systems, network control systems, wind warning systems etc.).

Within NEXT-ITS 3 the traffic centre was enhanced and upgraded to fulfil the requirements on modern traffic
management. Particular focus is on improvements of the basic data, data processing, data exchange and
the integration of further systems into the centre.

(1) Enhancement of the central computer by adaptations and preparations for the integration of further
ITS-Systems in the Traffic Centre. The related soft- and hardware were also adapted and improved.

The following systems have been integrated in the traffic centre:

¢ Wind warning system B207 Fehmarnsund Bridge
e Variable message signs/variable direction signs Rendsburg motorway A7 and national road B77
¢ Wind warning system bridge Schafstedt.

(2) Improvements of traffic information: some minor steps for improving traffic information via an app and
the website Strassen-SH as well as the necessary data processing etc. have been carried out.

Not included in this evaluation are the following tasks:

(3) Improved data exchange by the installation of further cable networks: This work comprised mainly
data connection via additional cable networks to gain necessary redundancy. A relation to specific services
was not directly possible.

(4) Installation of an advances system using Multiprotocol Label Switching (MPLS) for improved and
accelerated data transmission in the traffic centre as well as between the centre and the installations on the
network. A relation to specific services was not directly possible.

Sub-Activity 8.2: Improvement of traffic management system Rostock, Traffic Centres in Bremen and
Saxony

These tasks have not been included in the evaluation:

» Traffic centre Saxony: only minor work for finalisation of the traffic centre was carried out.
» Traffic management system Rostock: only some updating and improvements have been carried out
» Traffic Centre Bremen: the task was not carried out and replaced by a similar task in Berlin

The services that are improved or enhanced due to the activity are listed in the following table:
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Forecast | Traffic | Weathe | Safety | HGV | Dynami | Variabl | Incident| Traffic
and real- | Conditi r Related | (parkin | ¢ Lane e Warnin | Managem
time on and | Informa | Traffic 0) Manag | Speed | gand | ent Plans
event Travel tion Infor- | Informa | ement | Limits | Manag for
Infor- Time mation tion e-ment | Corridors
mation Infor- and
Activity 8 mation Networks
Traffic
Centre - 2% - 2% - - - - -
Schleswig-
Holstein

Activity 8 has enhanced or affected services in the following way:
(1) Enhancement of the central computer

Before the integration of the systems in the central computer, the ITS-Systems have been managed and
controlled separately and had separate data and cable connections which resulted in higher susceptibility to
errors.

The main benefits of the integration of ITS systems in the central computer are the following:

. Lower susceptibility to errors due to less different connections and cables between the systems
. Traffic management operations are more efficient and quicker to be performed
. Necessary data for traffic management are in one central data base without need to be transmitted

between the different systems, thus quicker performance
(2) Improvements of traffic information:

Improved traffic information by an app and some upgrades of the related software. Here only minor effects
are to be expected.

Since the main effects of this activity address the integration of the ITS systems and thus improve quality
and only minor improvements of the services as such, the benefits could be assumed to be 2% for the
services as a result of NEXT-ITS3. Higher percentage could be assumed for the whole implementation and
upgrade the central computer, but since some work and integration already started during NEXT-ITS2 2%
have been assessed as suitable for the services

. Traffic Condition and Travel Time Information
. Safety Related Traffic Information

Which are mainly affected by the improvements due to the integration of the systems.
Costs

The costs for this measure amount to approximately 286 000 Euro excluding VAT investment costs (without
staff costs).

Annual operation and maintenance costs are not stated. Of interest for the evaluation are only the costs
related to the measure (investment, operation and maintenance), i.e. the costs which would have not
occurred if the measure was not carried out.

Quality improvements of a system indicates that there was a system before the improvements. For this
system of course annual operating and maintenance costs exist. However, the quality improvements did not
lead to additional annual operating and maintenance. It possibly is rather the opposite, a slight decrease of
operating costs due to increased efficiency as consequence of the integration of the systems in the central
computer.
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4. Benefit KPIs, network affected, statistics and data sources

The services are benefitting the road network of Schleswig-Holstein and primarily the motorway network

which is 545.0 km.

The motorway network in Schleswig-Holstein includes the TEN-T Comprehensive network and other
motorways. The network statistics and estimations for the network covered are shown in the table below:

NETWORK — Schleswig-Holstein Road Network 2018 2021 estimated
545.0

Length (km) 545.0
8542.2

Vehicle kilometres driven (million/year) 8 246.7
106.8

Vehicle hours driven (million/year) 103.,1
6.4

Vehicle hours spent in congestion (M/year) 6.2
11.0

Fatalities (number/year) 13.0
196.3

Non-fatal injury accidents (number/year) 191.0
1.67

CO2 emissions (million tonnes/year) 1.71

Explanation with assumptions

Length:

Vehicle kilometres driven:

Vehicle hours driven:

Network in 2021 is almost the same as in 2018.

Linear increase, extrapolated from 2017 with 1,78% yearly for the motorway
network; Source for 2021 figures: Verkehr in Zahlen 2018/2019, p. 107,
Kraftfahrt-Bundesamt, original source Bundesanstalt flir StraRenwesen,
Bergisch Gladbach.

Assumption: average speed of 80 km/h and calculated for the 2018 and 2021
figures.

Vehicle hours spent in congestion: Assumption: 6% of veh. Hours driven are spent in congestion (BASt)

Fatalities:

Non-fatal injury accidents:

CO2 emissions:

In general:

The number of fatalities is the average of the 3-year period 2017-2019, Source:
Verkehrssicherheitsbericht Schleswig-Holstein 2020, Ministerium fir Inneres,
landliche Raume, Integration und Gleichstellung des Landes Schleswig-
Holstein, Landespolizeiamt, March 2021, p. 23

The number of non-fatal injuries is the average of the 3-year period 2017-2019,
Source: Verkehrssicherheitsbericht Schleswig-Holstein 2020, Ministerium fur
Inneres, landliche Raume, Integration und Gleichstellung des Landes
Schleswig-Holstein, Landespolizeiamt, March 2021, p. 23; Note: only severly
injury accidents have been taken into account.

extrapolated to 195,93 for 2021 based on figure for 2017: 215,39; 2018: 207,60
and 2019: 208,90

Note that the year 2020 (“the Covid-19 lockdown year”) has been avoided.

The national unit values in Germany

The national unit values are for the target year 2021 and in 2021 prices.
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Values in EURO DE
Time values, EUR per vehicle hours:

Travel time (passenger transport) 12.08
Delay time (passenger transport) 12.08
Travel time (freight transport) 31.9

31.9

Delay time (freight transport)
Accident values, EUR per accident:

Fatality (one fatality) 1056 007
Non-fatal injury accident 102 715
Emission values, EUR per ton CO2 198.75
Vehicle operating costs, EUR per

km:

Light vehicles 0.4
Heavy vehicles 0.7

Source: Volkswirtschaftliche Kosten von StraRenverkehrsunfallen in Deutschland, Bundesanstalt fiir
Stral3enwesen, May 2021

Verkehrsunfalle 2016, Zeitreihen, 6.7.2017, Statistisches Bundesamt Destatis 2017

References

Verkehrssicherheitsbericht Schleswig-Holstein 2020, Ministerium fur Inneres, landliche Raume, Integration
und Gleichstellung des Landes Schleswig-Holstein, Landespolizeiamt, March 2021

Verkehr in Zahlen 2018/2019, p. 107, Kraftfahrt-Bundesamt, original source Bundesanstalt fir
Stral3enwesen, Bergisch Gladbach.

Verkehrsunfalle 2020, Zeitreihen, 6.7.2021, Statistisches Bundesamt Destatis 2021

Volkswirtschaftliche Kosten von Stral3enverkehrsunfallen in Deutschland, Bundesanstalt fiir Strallenwesen,
May 2021

5. Deployment KPIs and status of deployments

The enhancement of the central computer by integrating further ITS systems in the centre and enhancement
and modernization of the traffic management show quality improvements as stated above. The improvement
of quality is important but of course does not contribute to additional numbers of Deployment KPlIs.

The comprehensive TEN-T Road Network for the Federal State of Schleswig-Holstein is stated below:
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German Comprehensive Ten-T Road network for Bremen, Brandenburg,
Berlin, Sachsen, Schleswig-Holstein and Rostock: 409,6km

End of 2017
Length km

End of 2021
Length km

Road weather monitoring
Fixed real-time traffic monitoring
Mobile/probe real-time traffic monitoring

Forecast and real-time event Information
Traffic Condition and Travel Time Information
Weather Information

Safety Related Traffic Information

409.6

409.6

409.6

409.6

Dynamic Lane Management
Variable Speed Limits

Incident Warning and Management
Ramp Metering

Traffic Management Plans for Corridors and Networks
Traffic Management for Corridors and Networks incl. traffic signal control
for alternative routes

6. Technical performance of systems in operation

The implementation of the central computer started already 2013 with some planning, first implementations
were already carried out during NEXT-ITS2. During NEXT-ITS3 in particular the integration of several ITS
systems has been carried out. The performance of the system including the following benefits is as being

expected.

e Lower susceptibility to failure due to less different connections and cables between the systems
« Traffic management operations are more efficient and quicker to be performed
» Necessary data for traffic management are in one central data base without need to be transmitted between

the different systems

The minor improvements of soft- and hardware for traffic information have been carried out and are in

operation as planned.
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Activity 9 - National Access Point (NAP), Norway

1. Activity description and services improved

For an interim period, the Norwegian National Access Point (NAP) for transport related data was a web
portal ran by the Norwegian Agency for Public Management and eGovernment (DIFI) with the URL
data.norge.no. Traffic information and other road related data was available at the NPRA website
(www.vegvesen.no) and at websites operated by information service providers.

This preliminary arrangement was not in compliance with the requirements in the EU regulations under the
ITS Directive and did not offer the level of quality and functionality expected by professional users. The
Norwegian Public Roads Administration (NPRA) therefore organised a project to develop a new NAP that
met all these requirements; the “Project NAP”. The outcome of the project was a NAP that meets both
legislative requirements and user expectations.

The NPRA has been the responsible authority for establishing the NAP (www.transportportal.no) and is also
responsible for management and use of the solution. The NAP was established in December 2019, and the
NPRA has during NEXT-ITS3 completed Phase 1 of Project NAP and accomplished the following

milestones:

e implementation of the metadata catalogue based on the D-CAT standard, in both English and
Norwegian languages in full compliance with the EU regulations referred to as “Action A, B, C and
E”.

e established the overall architecture, operational environment and implementation stages for the new
NAP (see figure below)

e procurement of a cloud-based host portal for NAP based on CKAN software supporting a user-
friendly discovery service

e established interaction with both public and commercial data owners to support the input of metadata
and the user access to their respective data sources

e secured compliance with EU regulations, recommendations and guidelines from DG MOVE and from
the EU EIP project

e reached an agreement for hosting and operation of the NAP as a subset of the National Data
Catalogue for Norway, which is operated by Norwegian Digitalisation Agency (www.digdir.no).

NAP mainly contains data and services required by the delegated regulations under the ITS Directive, e.g.:

Traffic information about incidents, travels time, road weather and driving conditions
Static data about the road network

Public transport services and real time information

Public transport stops and terminals

Data on traffic on the road network

Information about parking facilities

Data about new micromobility services like city bikes, electric scooters etc.
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Figure 1 - The overall architecture for the new Norwegian NAP

Metadata for, and links to, a total of 22 unique data sets have been made available. The NPRA is the data
owner for 20 of these data sets, while Entur AS is the provider of timetable data sets and real time
information for public transport in Norway. Enova SF is owner and distributor of data sets on charging
stations for electric vehicles. All data sets are managed, updated and distributed by the respective data set
owner.

The services that are improved or enhanced due to the activity are listed in the following table:

Forecast | Traffic | Weather | Safety HGV Dynamic | Variable | Incident | Traffic
and real- | Condition | Informati | Related | (parking) Lane Speed | Warning | Manage
time and Traffic | Informati | Manage Limits and ment
event Travel Infor- on ment Manage- | Plans for
Infor- Time mation ment | Corridors
mation Infor- and
Activity 9 mation Networks
National
Access Point, | 0.02 % 0.02% | 0.02% | 0.01% - - - 0.01 % -
Norway

Basically, the National Access Point, Transportportal.no, offers traffic and travel related data, in a single point
of access. NAP was established by the end of 2019, as a measure implemented under the ITS Directive. In
total 22 different data sets are available on the NAP. Most data sources were available also before NAP, and
a lot of public and private users already subscribed and utilized the data for several purposes and services.

There is an increase in the number of users i.e. on the DATEX-node. The number of DATEX subscribers has
increased from around 400 to around 500 during the last few years. This is an indication that there is an
increasing demand for traffic data and new users are entering the arena. Although the direct benefit of
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implementing NAP is assumed to be relatively limited. This is mainly because NAP itself do not increase
neither the number of data sources, nor the numbers of available data sets. All existing subscribers are
already using the data, and do not need NAP as a common platform for data. On the other hand; by offering
NAP as a secure access to all open data on road infrastructure, road traffic, public transport and mobility
services through one single access point, will lead to even more users, more services and higher benefit in
the long run.

Road and transport related data are collected and provided by the NPRA. The company Entur AS provides
all relevant data for public transport. With only a few and public data providers, there are easy access to
these data sets in Norway. An increase of service providers using the data will also have a positive effect on
data quality. This can lead to a higher focus on maintenance and distribution of data from existing and new
data providers.

The direct benefit of NAP on the specific service areas in NEXT-ITS benefit calculation is expected to be
limited. When estimating the effects enhanced by the NAP, the service areas included in the methodology
has been divided into three separate categories:

1) Services directly relevant for traffic and travel information services, provided by the Traffic
Management Centre (TMC). The relevant data sets on the NAP are assumed to be of high benefit
for service providers, and the travellers can use the services for pre-trip and on-trip travel planning.
The effect enhanced by the service has been estimated to be 0,02 %.

2) Data sets that are of a more temporarily character and with an even higher demand on real time
information. These data are expected to be of less value, as long as it is more difficult to offer as
services to the users through NAP. The effect enhanced by the service has been estimated to be
0,01 %.

3) For service areas in the methodology where data sets are not available on the NAP, the effect
enhanced by the service are setto 0.

Costs

The total cost for implementation of the NAP in Norway has been approximately 0.8 million EUR excl VAT
(approx. 1 million EURO incl VAT).

The total cost includes the following activities:

e Improved technical systems and functionality at the NAP provider (www.digdir.no)

o Adaption of the NPRA DATEX node

o Upgrade of the NPRA data portal to support the demands required by NAP

e Costs for consultants, including participation and coordination in the “NAP and national body
harmonisation group” and initial contributions to the NAPCORE project.

The Norwegian NAP are hosted by Digdir. The annual operation and maintenance costs are covered by
Digdir and are included in the basic operation and maintenance together with similar services. The marginal
cost for operation and maintenance of NAP are therefore not available but are assumed to be relatively low.

2. Benefit KPIs, network affected, statistics and data sources

The services are primarily benefitting the State Road Network in Norway which is 10072 km. The state road
network includes the TEN-T Comprehensive network and other main roads managed by the NPRA.

The network statistics and estimations for the network covered are shown in the table below:
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NETWORK - The state road network 2018 2021 (estimated)
Length (km) 10072 10072
Vehicle kilometres driven (million/year) 20003 20897
Vehicle hours driven (million/year) 260 271
Vehicle hours spent in congestion (M/year) 5.6 5.8
Fatalities (humber/year) 46 46
Non-fatal injury accidents (number/year) 1008 1008

CO2 emissions (million tonnes/year) 6.46 6.66

Explanations and assumptions

Length:

The road network in 2021 are expected to be the same as in 2018.

Vehicle kilometres
driven:

Vehicle kilometres driven for 2018 is based on data from the National Road Data
Base (NVDB).

Estimations for 2021 is based on the NPRA prognosis for traffic growth, calculated
per county.

Vehicle hours
driven:

Vehicle hours driven for 2018 is based on data from the National Road Data Base
(NVDB).

Estimations for 2021 is based on the NPRA prognosis for traffic growth, calculated
per county.

Vehicle hours spent
in congestion:

For 2018 based on travel time measurements in Oslo, Bergen, Trondheim and
Stavanger (approx. 5 % of the state road network). The time spent in congestion
for road network without travel time measurements are set to 0.

Estimations for 2021 are assumed to grow relatively to vehicle hours driven from
2018 to 2021.

Fatalities:

Data for 2018 is from the national traffic accident database, calculated as an
average for 2016-2018.
Assume no change in fatalities from 2018 to 2021, due to improvements in road
infrastructure and vehicle fleet compensates for the increased traffic.

Non-fatal injury
accidents:

Data for 2018 is from the national traffic accident database, calculated as an
average for 2016-2018.
Assume no change in fatalities from 2018 to 2021, due to improvements in road
infrastructure and vehicle fleet compensates for the increased traffic.

CO2 emissions:

Calculations for 2018 are based on data from the NVDB, with road gradient,
posted speed limit, composition of vehicle fleet and emission per vehicle type
taken into account.

Estimations for 2021 are based on the NPRA prognosis for traffic growth per
county and composition of vehicle fleet per 2020 (data for 2021 not available).

Note that the year 2020 (“the Covid-19 lockdown year”) has in general been avoided.
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The national unit values in Norway

The national unit values are for the target year 2021 and in 2021 prices.

Values in EURO NO

Time values, EUR per vehicle hours:

Travel time (passenger transport) 25.3
Delay time (passenger transport) 30.4
Travel time (freight transport) 65.9
Delay time (freight transport) 79.1

Accident values, EUR per accident:

Fatality (one fatality) 3459 037
Non-fatal injury accident 343910
Emission values, EUR per ton CO2 151.7
Vehicle operating costs, EUR per

km:

Light vehicles 0.21
Heavy vehicles 0.60

Note 1: The national time values are based on results from the Norwegian valuation study 2018-2020 (T@I
Report 1762/2020). This study is a basis for national unit values for travel time and related factors, both for
passenger and freight transport. Due to the results from this study the Norwegian time values are reduced
compared to NEXT-ITS2.

Note 2: The national unit values for fatalities and non-fatal injury accidents have decreased since NEXT-
ITS2. This is due to revised methods for calculation and index regulation. The accident values in the table
above are used in all socioeconomic calculations.

3. Deployment KPIs and status of deployments

The implementation of NAP is about availability of datasets. This activity itself do not contribute to the
deployment KPIs.

4. Technical performance of systems in operation

The NAP is hosted by Digdir within the portfolio for The National Data Catalogue for Norway. The overall
technical performance of the system in operation is very good.
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Annex 3 Deployment KPIs description summary table

The changes of the Deployment KPIs due to NEXT-ITS3 activities measures from the start of the project in
2017 to the end of the project period in 2021. The Deployment KPIs per country are stated in the tables
below for Finland, Denmark and Germany. Deployment KPIs in bold reflects that the KPI are influenced by
the activities, either by contributing to quality improvements of already existing services (no change in
coverage) or an increase in coverage.

It has not been possible to establish Deployment KPIs for the start situation (2017) for Sweden, so a table
showing how the Swedish activities influence the Deployment KPIs is therefore not presented. The Swedish
activities contributes to an increase of 7 km new deployments for the Safety Related Traffic Information,
Dynamic Lane Management, Variable Speed Limits and Incident Warning and Management Deployment
KPI.

The Norwegian activity, to establish a National Access Point (NAP), do not contribute to improvement in
Deployment KPIs, neither quality improvements of existing systems and service nor an increase of coverage.

Finnish Comprehensive Ten-T Road network End of 2017 End of 2021
5195 km Length km Length km
Road weather monitoring 5195.0 5195.0
Fixed real-time traffic monitoring 5195.0 5195.0

Mobile/probe real-time traffic monitoring -

Forecast and real-time event Information 238.1 250.0

Traffic Condition and Travel Time Information -
Weather Information 5195.0 5195.0

Safety Related Traffic Information -

Dynamic Lane Management 4.1 7.0
Variable Speed Limits ca 360.0 ca 390.0
Incident Warning and Management 238.1 ca 250.0
TMPs for Corridors and Networks 524 536
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Danish Comprehensive Ten-T Road network End of 2017 End of 2021
1620 km Length km Length km
Road weather monitoring - -
Fixed real-time traffic monitoring - -
Mobile/probe real-time traffic monitoring 1620 1620
Forecast and real-time event Information 1620 1620
Traffic Condition and Travel Time Information - -
Weather Information - -
Safety Related Traffic Information 1620 1620
Dynamic Lane Management - -
Variable Speed Limits - -
Incident Warning and Management 1620 1620
TMPs for Corridors and Networks - -

TM for Corridors and Networks incl. traffic 0 20
signal control for alternative routes

German Comprehensive Ten-T Road network

1858,2 km End of 2017 End of 2021
(for Bremen, Brandenburg, Berlin, Sachsen, Length km Length km
Schleswig-Holstein and Rostock)

Road weather monitoring - -
Fixed real-time traffic monitoring - -
Mobile/probe real-time traffic monitoring - -
Forecast and real-time event Information 1858.2 1858.2
Traffic Condition and Travel Time Information 1858.2 1858.2
Weather Information - -
Safety Related Traffic Information 1858.2 1858.2
Dynamic Lane Management - -
Variable Speed Limits 105.3 1135
Incident Warning and Management 1858.2 1858.2
TMPs for Corridors and Networks 1858.2 1858.2
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Annex 4 Benefit KPIs description summary table

Benefit Key Performance Indicators

The benefit KPIs were selected in the beginning of the project and are stated below. These are described as
the % change of vehicle hours driven, vehicle hours spent in congestion, fatal and injury accidents (or
fatalities) and CO2 emissions.

The benefit KPIs are calculated for the network for which the evaluation is carried out, i.e. for the whole
network or for parts of it.

Vehicle kilometres
driven
(million/year)

Total vehicles km driven on the related network.

The total vehicle km driven on the related network have been taken from
national statistics. The most recent available year has been used and then
extrapolated for 2021. The extrapolation has been carried out based on
available traffic forecasts or the past increase. For smaller networks also
available traffic counts for the related network has been used and accordingly
extrapolated.

Vehicle hours
driven
(million/year)

Total vehicles hours driven on the related network.

Vehicle hours driven for the related network were either taken from national
statistics or have been calculated from vehicle km driven divided by the
average speed. The most recent year was used and then the figures have been
extrapolated for 2021.

Vehicle hours
spend in
congestion (million
lyear)

Vehicle hours spent in congestion for the related network were either taken
from national statistics or have been calculated as a percentage of the vehicle
hours driven. For some countries there are assumptions that e.g. 2%, 5% or
6% of the vehicle hours driven are spent in congestion. The most recent year
was used and then the figures have been extrapolated for 2021.

Fatal
accidents/Fatalities
(number/year)?

Killed in road accident: Any person who died within 30 days as a result of the
accident. Depending on the available statistics some countries have used
“Number of fatal accidents” and some the “number of fatalities.” This is also
related to whether costs per fatal accident or fatality is available.

Since the number of fatalities /fatal accidents on in particular shorter networks
sometimes is quite low with high random variability, the average of three past
years has been used (e.g. 2017, 2018, 2019) and then been extrapolated for
2021.

Non-fatal injury
accidents/injured
persons
(number/year) 3

Injured in road accident: Any person who was not killed, but sustained as a
result of the accident injuries requiring treatment or observation in hospital, at
home (sick leave) or operative treatment, such as stitches. Bruises, scratches
and the like not requiring aforementioned treatment are not regarded as
injuries.

Since the number of non-fatal injury accidents on in particular shorter networks
sometimes is quite low with high random variability, the average of three past
years has been used (e.g. 2017, 2018, 2019) and then been extrapolated for
2021.

CO2 emissions
(million
tonnes/year)

CO2 emissions have been calculated with the help of annual kilometres driven
and average C02 emission per vehicle km.
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1) “Vehicle kilometres driven” is used only in the benefit estimations. A percentage change is not estimated,
because the average effect of services on the vehicle kilometres driven is ambiguous as the services could
result in both more and less kilometres driven e.g. due to rerouting. It is anticipated however that the most
likely effect is that more kilometres are driven, mainly as a result of the Traffic management services, in
particular the traffic management plans including rerouting options.

2) “Fatal accidents/Fatalities”: Finland had to use number of fatal accidents in the benefit calculations due to
the available statistics; all other countries are using the number of fatalities. This corresponds with the unit
values where either per fatal accident or costs per fatality are stated.

3) Non-fatal injury accidents/injured persons: Germany has used “Number of injured persons” due to
available statistics; all other countries are using the number of non-fatal injury accidents. This corresponds
with the unit values where either cost per non-fatal injury accident or costs per injured person are stated.

General Remark: The year 2020 (“the Covid-19 lockdown year”) has been avoided for the calculation of the
Key Benefit Indicators.
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Annex 5 Benefit KPIs Input data summary

As benefit KPIs, we used the indicators for travel time, and delay time, measured as vehicle hours driven
and vehicle hours lost due to congestion, respectively. The estimation for the travel times per each network
was calculated based on the available data for each network, namely vehicle kilometres driven. For
Denmark, GPS data was available and used for the calculation of the vehicle hours driven. For Finland and
Germany, vehicle hours were estimated using the average speed of 80 km/h and the posted speed limit for a
road section was used in Swedish calculations.

Vehicle hours lost due to congestion were available from GPS data in Denmark and estimated in other
countries based on earlier measurements or expert evaluations. It is good to keep in mind that the regular
congestion due to capacity limitations only concerns parts of the NEXT-ITS3 network. The other reasons,
such as congestion due to incidents or accidents is typical for the whole network, though.

Safety related KPIs used in the benefit calculations were fatalities or fatal accidents - and injuries or injury
accidents, depending on which data was available in each country. Respectively, the correct national unit
values were utilised when transferring the benefits into the monetary values.

For CO2 emissions, vehicle kilometres driven were utilised in the calculation. In addition, the average CO2
emission/vehicle kilometre driven were available for each country, and the KPI was hence just a simple
multiplication calculation.

For all KPIs, we first collected and calculated the data for 2018 - and then extrapolated from that to 2021. For
accidents, an average of three years was used, to minimise the effect of random variation to the results. The
benefits were calculated by using the 2021 situation without the NEXT-ITS3 deployments as baseline and
calculating the changes on that due to deployments.

Annex 6 Summary of Inputs and Assumptions for CBA

In the CBA calculations, the national unit values for each country were collected. We used the most recent
values available in each country. It was notable, that some of the unit values were quite much different from
NEXT-ITS 2. The largest difference was seen in the valuation of CO2 emissions on Sweden.

Our decision to use the national unit values, not common European ones, was based on the fact that also
the costs are national - and to use the national unit values, the benefits and the costs are better comparable.
In addition, we should be able to provide also national CBAs in our countries when requested. That is
possible only when using the national unit values.

Annex 7 Cost Benefit Analysis (Summary of detailed
calculations)

The detailed methodology used in the cost benefit analysis was presented in chapters 5.2 (costs), 5.3
(benefit) and 5.4 cost-benefit analysis.
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Annex 8 Impact table — description and references

The impact table used in NEXT-ITS3 contained the estimates of the impact of the selected ITS services on
the KPIs of the users of these services as shown in the table below.

Incident

Forecastand| Traffic .
real-time condition sTfEt‘L Weather ki D\;namlc Welatlzr- T'Tfﬁ:; Warning Traffic
and travel e information R L3 L L ELL By manage-
event traffic information | manage- variable variable metering

manage- ment plans

information T information |  €™V'°® ment speed limits | speed limits CTTR

information

-04% -02% -05% 00% -002% -003% +05% -20% -20% -3.0% -03%

Veh hours

S -1.0% -15%  -1.5% -005% -0.02% -03% +05% -40% -100% -100% -3.0%

Fatalities/
Fatal

i -05%  00%  -3.0% -3.0% -003% -7.0% -80% -2.+2% -1.0% -3.0% 0.0%

Non-fatal

i
WO 05% 00% -3.0% -3.0% -0.03% -7.0% -8.0% -2.42% -1.0% -3.0% 0.0%

-04% -02% -05% -003% -002% -003% -03% -10% -20% -05% -03%

Elaboration on the impact values of each service

The impacts listed in the table above are based on results obtained from ITS evaluation literature. The results
concerning a specific service have been utilised considering at the same time their validity and transferability
to the NEXT-ITS conditions as well as their scientific reliability i.e. whether an appropriately controlled study
design was used. In many studies, the results are based on before-after comparisons with no control sites or
users indicating the possibility of very large bias in the impact estimates. In many cases, the impacts obtained
on heavily congested roads in densely populated countries have been scaled down to the northern European
conditions. Some of the impacts have been deduced from the other impacts of the same services e.g. the
vehicle hour impacts due to reduction of accident-related congestion deduced from the safety impacts.

The impact mechanisms of the ITS services included in the impact table are described below service by
service. The literature references are described in the section after the impact descriptions.

Forecast and real-time event information

Event information is provided in order to make road users aware of problems on the route ahead so that they
are better prepared to reduce the speed when approaching the end of the possible queue. This will reduce
especially the risk of rear-end accidents. The quantity of the travel time, accident and emission impacts
depends on the frequency of the events and situations warned about. The possible detour guidance
complementing the service enhances the travel time benefits but at the same times reduces the safety benefits
as the detours have typically higher accident rates than the original route. The impact of the detour depends
on its length and properties requiring a specific detail assessment in local situations. Usually 20-25% of road
users utilise the detour when the detour guidance is provided by VMS.

Traffic condition and travel time information

This service affects mainly traffic flow efficiency and travel times by making road users aware of the traffic
conditions and expected travel times ahead. If the indicated travel time is considerably longer than usually the
road user can change his/her plans at the journey destination or move to use a faster route. The changes in
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travel time and CO2 emissions materialise in situations, where the route is changed i.e. their magnitude depend
on the existence and properties of alternative routes.

Safety related traffic information

This service addresses the impacts of services providing to the road users information and warnings of
situations specified in the European Commissions delegated regulation on safety related traffic information
services as provided in the NEXT-ITS countries. The situations are temporary slippery road,
animal/people/obstacles/debris on the road, unprotected accident area, short term road works, reduced
visibility, unmanaged blockage of a road, and exceptional weather conditions. The service is alerting the driver
to situations ahead on their route making them better prepared for reacting to them when approaching the
situation. This will especially reduce their accident risk, but also their travel times due to reductions of accident-
related congestion and possible use of detours. CO2 emissions will also reduce due to reduced congestion.

Weather information service

The main objective of this service is to improve road safety by making the road users better aware of the
problematic road weather conditions and thereby better prepared for meeting the problems by e.g., lowering
their speeds and increasing their headways. In adverse road weather conditions, the risk of injury accidents
have been estimated to decrease by 10-15 % due to the service. On the annual level, the impact depends on
the frequency of such conditions. The speed reduction in adverse conditions has been estimated as 1-4 km/h,
but on the annual level also this impact will be much smaller. The service could increase driving speeds in
situations without any weather-related warnings and due to reduced accident-related congestion. In total, the
impact on vehicle hours spent in traffic is likely negligible. The more even traffic flow and reduced accident-
related congestion will decrease CO2 emissions to some extent.

HGV parking information

The impact of heavy goods vehicle parking is mainly on freight security but it also affects road safety due to
avoidance of off-site parking and queuing, avoiding excess of driving times, and the monitoring of the truck
parking area situation. It also reduces travel times due to quicker finding of parking space, and this will also
affect CO2 emissions. The information on the availability of high-quality truck parking facilities has a smaller
effect, only an incremental addition to the main effect due to the provision of HGV parking.

Dynamic lane management

Dynamic lane management aims to improve road safety on motorways and other multi-lane roads by guiding
traffic away for lanes closed due to incidents or road works. This is expected to reduce breakings and shock
waves in the traffic flow. In tunnels, dynamic lane management enables opening of lanes to traffic quicker than
otherwise after incidents or tunnel service periods. Without dynamic lane management, the whole driving
direction lanes or tube could be closed and traffic diverted to a detour. The system will also reduce tunnel
maintenance costs. The effects on the annual level will depend on the frequency of incidents and service
breaks as well as the control strategies of the dynamic lane management system.

Weather-related variable speed limits
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The impacts of weather-related variable speed limits depend on the frequency of adverse weather conditions
and the traffic control policies. The more lower speed limits are used the more will the speeds and accidents
be reduced. However, speeds in good conditions may increase as some drivers will be aware that the higher
speed limits indicate no weather-related problems on the road. In Nordic conditions, the speed limits will
typically be lower in around 10% of the time during the winter season but these are times with much higher
accident risk than on average. Thereby the positive safety impacts are considerable, while the travel time
increases will be quite modest. The CO2 emissions will be reduced due to lower speeds and more harmonised
traffic flow.

Traffic-related variable speed limits

Traffic-related speed limits aim to harmonise traffic flow and increase flow efficiency in congested situations.
The possibility to maintain higher speed limit on low flow situations reduces travel times at those times. On the
annual level, the impacts depend on the frequency of congestion and the traffic control policies. The
harmonisation of traffic flow reduces accident risks but higher speed levels increase accident risks. The effect
of the control policies is so important that we have included a range of safety impact values for the traffic-
related variable speed limits. This was done as there are several ways to apply these variable speed limits —
if the policy is to use the speed limits in harmonisation of traffic flows, the safety impact will likely be a reduction
of injury accidents. However, when used primarily to increase the speed limit during quiet hours of the day the
impact is likely an increase in the number of injury accidents. Further cases are also possible. Thereby, a
single value cannot be given to the safety impact. CO2 emissions typically decrease when traffic flow is
harmonised and the speed gets closer to its optimal emission level.

Incident warning and management

Incident management enhances the processes of incident detection, management, site control, and clearance.
It will reduce travel times, accident risks and CO2 emissions considerable during incidents but on the annual
level the impacts depend on the incident proneness of the road section, corridor or network. Note that the
incident warnings included here are only those provided via VMS. The incident warnings via other means to
the road users are included in event information or in safety related traffic information.

Ramp metering

Ramp control increases traffic flow efficiency and reduces journey times considerably along the main road
(usually motorway), the ramps of which are controlled. The harmonised traffic flow with less disturbances will
also reduce accidents and COz emissions. The overall effects on the annual level depend on the impacts on
the whole network affected including the effects of the queueing ramp traffic on the road network surrounding
and feeding the metered road. The increasing congestion and disturbances on the surrounding network “eat
up” a part of the benefits on the main road.

Traffic management plans

The traffic management plans specify the road network related actions to be implemented when specific
incidents are occurring. The impacts of incident management itself are not included in this point as they are
covered elsewhere in the impact table. However, the impacts due to quicker take up of the specific incident
management actions and their enhanced impacts on the road network level are included as benefits of traffic
management plans. These benefits are generally positive although traffic may at some locations be diverted
due to traffic management plans also to lower category roads with considerably higher accident rates resulting
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in increased number of accidents locally. On the annual level, the impacts on the road network will depend on
the frequency and type of incidents occurring there.

New references since NEXT-ITS 2

Most of the references related to the impact table have been summarised in the NEXT-ITS 2 Evaluation report
(Dorge et al. 2018). The literature references compiled after that are summarised below service by service.

Safety related traffic information

Ognissanto, F.; Hopkin, J. & Stevens, A. 2019. Investigation of the costs, benefits and funding models for two
bundles of cooperative intelligent transport system services. |ET Intelligent Transport Systems, 2019, Vol. 13
Issue 6, pp. 1048-1056. doi: 10.1049/iet-its.2018.5399

The paper describes a tool developed to assist National Road Authorities (NRA) considering deployment of C-
ITS. A series of investment and deployment scenarios for the English National Road Network are also
developed as case studies, where the analysis identifies key factors in achieving an acceptable balance
between expenditure and benefits. The study provided the impacts of C-ITS services on road safety, travel
time, fuel consumption and Co2 emission as show in the table below.

Impact area Bundle 1 Bundle 2
Local dynamic event warning, % In-vehicle signage, %
Motorway Other inter-urban roads Motorway Other inter-urban roads

road safety

number of fatalities -13 -5 -6 -17

number of non-fatal injuries -10 -5 -3 -8

number of accidents resulting in personal injuries -8 -4 -2 -7
travel time

journey duration 0 0 +8 0
fuel

petrol and diesel consumption 0 0 -2 -3
CO2

tailpipe emission 0 0 -2 -3

Weather information service

Zsolt, Sandor 2017. Effects of Weather Related Safety Messages on the Motorway Traffic Parameters.
Periodica Polytechnica Transportation Engineering 45(2), pp. 58-66. https://doi.org/10.3311/PPtr.9117

This paper examines the impact of weather-related warning messages on traffic in adverse weather
circumstances on the Hungarian motorways. Three independent databases were analysed in order to compare
the speed-reducing effect of specific signs during different weather events and precipitate intensities. The
warning messages were shown to reduce speeds by 5-10 km/h. In addition, the author states that vehicle
drivers increase their attention (look further, use the mirrors more often, etc.) due to the signs and messages.

HGV parking information

Rapp, Peter; Chauvin, Hugo; Bohne, Simon; Wilkinson, lan; Van de Ven, Tom; Freyer, Karl-Gerhard (2012).
ITS Action Plan — Priority Actions E and F - Information and Reservation Services for Safe and Secure Parking
Places for Trucks and Commercial Vehicles. D5 —Final Report. 136 p.

The study concludes that road safety is improved by intelligent safe truck parking areas due to avoidance of
off-site parking and queuing, avoiding excess of driving times, and the monitoring of the truck parking area
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situation. The study estimates that 5-10% of parking events provide a benefit of 15 minutes in travel time (or
20 km in distance) and elimination of 20 — 40 % of offsite parking situations on highways. No percentual effects
are given for the total road network effects.

European Commission (2019). CBA of a Safe and Secure Parking for trucks. CEF Case Study. Innovation and
Networks Executive Agency. 29 p.

The study is to ease the understanding and the practical application of CBA to the sector of Safe and Secure
Parking areas. The study explains in detail the calculations for the cost benefit analysis but does not give any
percentual effects for any of the impacts. The only indication of such is the reference of 10% reduction of
insurance premiums for the companies using safe and secure parking areas.

de Leeuw van Weenen, Rob; Newton, Sean; Menist, Menno; Maas, Frédéric; Penasse, Dirk; Nielsen, Michael;
Halatsis, Aristos; Mannistd, Toni; Stamos, Iraklis; Ruschin, Peter Paul (2019). Study on Safe and Secure
Parking Places for Trucks. Final Report. European Commission, Directorate-General for Mobility and
Transport, Directorate C — Land Transport, Unit C1 — Road Transport. February 2019. 31 p.

The study states that by establishing a denser network of safe and secure truck parking areas with a clear
definition of security levels, it is possible to tackle the safety and security problems of European heavy goods
vehicle transports. Drivers, transport companies, forwarders, shippers and insurers, and the society as a whole
will benefit from an adequate supply of these facilities via the protection of drivers, cargo and transport
equipment. Furthermore, road safety, through well rested and stress-free drivers, is also an area in which such
facilities can have a considerable positive impact. The study does not, however, indicate any quantitative safety
impacts.

Dynamic lane management

Zhang, Ke 2016. Traffic impact analysis of several dynamic lane management strategies for congestion
mitigation based on DTA model. ProQuest 10161075. 62 p.

Hard shoulder running and reversible HOV (High Occupancy Vehicle) lanes both directly increase lane
capacity and positively impact traffic, with the best improvement among all the strategies that are discussed in
this thesis. Compared to the preset operation hour, dynamically controlled strategy would help these two
strategies work more efficient. Once the traffic goes to get congested, the hard shoulder lane or HOV lane
prevents traffic from getting worse and smooth the traffic.

Dynamic tolls and variable speed limit are less useful than the other two strategies in terms of average speed,
average density and total travel time. However, they help to provide a more stable traffic flow. Although variable
speed limit's effect on speed is not as significant as hard shoulder running or reversible HOV lanes, it
contributes greatly to decrease variations in speed, thus reducing potential safety risks. However, it also limits
free-flow speed, resulting in several new bottlenecks, such as the one that occurred during the afternoon peak
period.

All strategies can work effectively to mitigate congestion, and each have some inherent disadvantages. Before
reaching a final decision, officials should consider regional traffic demands and specific geographic
characteristics.
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Tympakianakia, Athina; Koutsopoulosa, Haris N. & Jenelius, Erik 1019. Anatomy of tunnel congestion: Causes
and implications for tunnel traffic management. Tunnelling and Underground Space Technology, Volume 83,
January 2019, pp. 498-508. https://doi.org/10.1016/j.tust.2018.10.015

Tunnel congestion is an important safety problem and is often dealt with using disruptive traffic management
strategies, such as closures. The paper proposes an approach to identify the underlying causes of recurrent
congestion in tunnels and tests the hypothesis that the cause may vary from day to day. It also suggests that
the appropriate tunnel management strategy to deploy depends on the cause. Utilizing traffic sensor data the
approach consists of: (i) cluster analysis of historical traffic data to identify distinct congestion patterns; (ii) in-
depth analysis of the underlying demand patterns and associated bottlenecks; (iii) simulation to evaluate
alternative strategies for each demand pattern; (iv) on-line classification analysis which is able to identify, in
real time, the emerging congestion pattern, and inform the type of mitigation strategy to be implemented. The
methodology is demonstrated for a congested tunnel in Stockholm, Sweden revealing two different spatio-
temporal congestion patterns. The results show that, if the current strategy of closures is to be used, the timing
should depend on the congestion pattern. However, metering is the most promising strategy. The on-line
classification of the emerging congestion pattern is effective and can inform appropriate strategy proactively.
The analysis emphasizes that the effectiveness of tunnel traffic management can be increased by identifying
the causes of congestion on a given day.

Traffic related variable speed limits

Mohamed Abdel-Aty, Mohamed; Dilmore, Jeremy; Albinder Dhindsa, Albinder (2006). Evaluation of variable
speed limits for real-time freeway safety improvement. Accident Analysis and Prevention 38 (2006) 335—345.

This microsimulation-based research evaluated various variable speed limit (VSL) strategies to improve the
safety of a freeway once a relatively high potential of a crash is detected.

The study concluded that instead of just using VSL before or during periods of high congestion, VSL can be
thought of as applicable during off-peak periods as well. Instead of aiming to reduce congestion time only, the
VSL can be used to effectively reduce the hazard at certain locations. This study also concluded that by using
VSL in off-peak conditions, travel time is positively effected.

The study does not give a summary quantitative estimate of the effects on safety nor travel time.

Larsson, Johan; Jagemalm, Anna; Kristoffersson, lda (2012). EasyWay Evaluation - Time Controlled Variable
Speed Signs in Gothenburg, Sweden. Version 1.0, October 31th 2012. 13 p.

Before and after study on E6 north from Gothenburg without any control site; Speeds decreased from normal
110 km/h to 90 km/h during peak hours;

Very small impact on speeds (lowered slightly in one lane and direction) as the system is triggered when the
speeds are already lowered due to congestion.

Number of accidents reduced from 15 in the year before implementation of time-controlled speed signs to 8 in
the year after. The reduction could suffer from bias due to regression to the mean effect and also just be
random variation as the before and after periods were just one year.
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EasyWay Evaluation - ITS on the Helsinggr Motorway — Denmark. Final, Version 1.1, 11th October 2013. 15
B.

Before and after study without controls.

Traffic management on the Helsingoer Motorway (E47), in the Aalborg area (E45 incl. Limfjord Tunnel), on the
Amager motorway (E20). The ITS system is a Motorway Control System covering appr. 14 km. The system
consists of the following ITS services/functions:

e Data monitoring (+ all necessary communication infrastructure)

e Visual surveillance/cameras

e Speed harmonization (Variable Speed Limits, mandatory)

¢ Queue warning

e Incident information/warning

e Travel time information

e Dynamic lane management (on part of the section: Gammel Holte to Hgrsholm Syd, i.e. the section to
be widened)

In addition, a range of traveller information services, e.g. via the Internet and mobile platforms, are provided
based on data from the system.

“Analyses of traffic safety have been performed preliminary, but the results are very uncertain due to a short
after period (with ITS) of only one year. The analyses show that the number of personal injury accidents has
been almost halved (from before to after). This reduction is bigger than the general reduction in the number of
accidents that has taken place in the same time period (in the entire country). The number of accidents with
material damage has increased, which may be caused by the improved traffic flow with increased speeds
(/reduced travel time in peak hours) on the section.”

No percentage impacts are given, and it is impossible to differentiate the impacts of one service from the
others.

Vejdirektoratet (2013). Vurdering af investering i ITS pa statsvejnettet. 48 p.

The report gives a summary of the socio-economic benefits of several ITS systems. Four of the systems were
provided at sites of major road construction works during construction time and four were permanent
deployments.

The cases were all investigated as before-after studies without specific controls. The ITS systems assessed
were all quite comprehensive systems containing a number of services instead of a single one.

The conclusions indicate positive effects in the forms of congestion and accident reduction. Concerning the
safety impacts the report states that during the construction period the systems “show a tendency to result in
a not as great accident increase as otherwise expected due to complex road construction works”. The report
also states that it is “too early conclude anything about the accident effects of the permanent ITS systems”.

Cao, Jing; Hu, Dawei; Luo, Ying; Qiu, Tony Z. & Ma, Zhuanglin 2015. Exploring the impact of a coordinated
variable speed limit control on congestion distribution in freeway. Journal of traffic_and transportation
engineering (english edition) 2(3), pp. 167-178.

This study focused on the impact of the applied coordinated VSL control strategy on congestion distributions
over the whole freeway network. The employed coordinated VSL control strategy in this study was derived by
adding a new local constraint to an existing VSL control strategy and targeted optimized utilization of traffic
infrastructure over a whole network. This study presented two representative pairs of scenarios analysing the
impact of the implemented VSL control on the congestion distribution.
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In coordinated VSL control scenarios, the incentives of congestion can be divided into two types: one is due
to the dynamic speed limit by VSL control implementation; the other is due to the stochastic nature of
breakdown at an existing bottleneck location. The applied coordinated VSL control changes the congestion
distribution significantly in terms of the congestion occurrence time, location, duration, and/or extent (queue
length). The impact of this applied coordinated VSL control on congestion distribution over a whole freeway
network varies considerably with scenarios even on similar demand level.

Incident warning and management

Dia, Hussein; Gondwe, William & Panwai, Sakda 2009. Traffic Impact Assessment of Incident Management
Strategies. Proceedings of the 11th International IEEE Conference on Intelligent Transportation Systems.
Beijing, China, October 12-15, 2008. pp. 441-446.

The results indicate that ramp metering benefits are only realised with increased higher traffic demands. For
example, when the traffic demands increased by 25 percent, the delays on the mainline were reduced by 10.5
percent as a result of ramp metering. The study also evaluated the benefits of provision of VMS information
on the M1 and implementation of dynamic signal plans on diversion routes. The results revealed that traffic
adjustments due to the diversions and dynamic signal plans resulted in equilibrium conditions on both the
normal route and alternative route when the diversion rate did not exceed 30 percent. The results also showed
that the benefits were only realised when the two incident management responses (VMS route diversion and
implementation of incident cycle plan 160 seconds) are implemented at the same time. The best benefits were
realised for diversion rates of 30 percent and resulted in the reduction of delays by 8.8%; increase in speeds
by 4.5%; decrease in number of stops by 22%; and decrease in travel time by 3.3%.

Finally, the study conducted a preliminary investigation of variable speed limits. The results showed that VSL
has the potential to provide an 11% improvement in efficiency. VSL was also found to provide safety and
efficiency benefits by homogenising the flow in higher speed regimes. The number of stops per vehicle on the
motorway reduced by 64% following the speed limit being reduced from 110 km/h to 70 km/h as a result of the
incident. Although these results show that the impacts of incident management strategies are network-
dependent, they also suggest that these strategies, especially when combined, have the potential to provide
substantial economic benefits in terms of reduction in travel times and improvements in safety conditions.

Ramp metering

Overall summary

Ramp metering is a good example of an ITS service, the effects of which depend strongly on local conditions
as well as the way in which the control is implemented. With optimal control and sufficient ramp lengths to
avoid queues spilling onto the surrounding road network, the impacts can be highly beneficial. At locations
with poor control strategies and too short ramps, the impacts can be negative, even though the main road
benefits tend to usually outweigh the problems caused to minor road traffic.

It should also be noted that it was not clear in many studies whether the results were for the whole corridor
and network or just the main highway, on the ramps of which the meters have been installed. The former case
would be the correct way to deal with all relevant impacts.

Vehicle hours driven: Assuming that the location is chosen reasonably well, the effect on the vehicle hours
driven on the corridor in question are likely in the range of -3 to -20%. In Nordic conditions, where the traffic
volumes are lower and the expected hours of ramp meter use are shorter than in most of the studies, the
expected benefits on the annual level are likely lower, perhaps from -1 to -8%.
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Vehicle hours driven in congestion: The impacts are larger as the meters are used especially during the
congested hours of the day. In Nordic conditions, the expected change could be in the range from -4 to -20%,
dependent on the site.

Fatal and injury accidents: The safety improvements reported in literature are quite varied with crash reductions
ranging from 5 to 37%. As above, the crash reductions in Nordic conditions are likely to be smaller, in the
range of 1 to 12%, depending on the accident type distribution of the corridor.

CO2 emissions: The impacts of emissions have been reported at a few studies only, and with contradictory
results ranging from reduction of 9% to increase by 4%. The effects in Nordic conditions will be smaller,
perhaps -2 — +1%.

Abuamera, Ismail M. & Celikoglu, Hilmi Berk 2017. Local Ramp Metering Strategy ALINEA: Microscopic
Simulation Based Evaluation Study on Istanbul Freeways. Transportation Research Procedia 22 (2017) 598—
606.

The paper is about an evaluation case study for local ramp metering strategy ALINEA on a segment of D-100
freeway in Istanbul using the microscopic simulator VISSIM integrated with MATLAB. The average speed
changes were in the magnitude of -11...-18%, the average volume changes +1.6...+5.7%, and average
occupancy changes -6.5...-14%.

Cambridge Systematics 2001. Twin Cities Ramp Meter Evaluation. Executive summary prepared for
Minnesota Department of Transportation (Pursuant to Laws 2000: Chapter 479, HF2891) by Cambridge
Systematics, Inc. February 1, 2001. 20 p. http://www.dot.state.mn.us/rampmeter/pdf/executivesummary.pdf

In 2000, an experiment was mandated by the Minnesota State Legislature in response to citizen complaints
and the efforts of State Senator. The study involved shutting off all 433 ramp meters in the Minneapolis-St.
Paul area for eight weeks to test their effectiveness. The study concluded that when the ramp meters were
turned off freeway capacity decreased by 9%, travel times increased by 22%, freeway speeds dropped by 7%
and crashes increased by 26%.

However, ramp meters remain controversial, and the Minnesota State Department of Transportation has
developed new ramp control strategies. Fewer meters are activated during the course of a normal day than
prior to the 2000 study, some meters have been removed, timing has been altered so that no driver waits more
than four minutes in ramp queue, and vehicles are not allowed to back up onto city streets. [Wikipedia]

Haj-Salem, H.; Farhi, N.; Lebacque J.P. 2012. Field Evaluation Results of new Isolated and Coordinated Ramp
Metering Strategies in France. IFAC Proceedings Volumes, Volume 45, Issue 6, 23—-25 May 2012, Pp. 378-
383.

The field tests were carried out in the southern part of the lle de France motorway network A6W. This site is
the most critical part of the lle de France motorway network. Three different ramp metering control strategies
of ALINEA, VC_ALINEA, and CORDIN were alternated and compared to the No Control situation. ALINEA
was found to decrease the total time spent in the network by 10% and to increases the mean speed by 5%.
The VC_ALINEA control provided better results than ALINEA in term of total time spent (-12%). The total
distance travelled decreased by 5% whereas for ALINEA, the TTD decreases was 2%. The CORDIN strategy
provided changes of -12% for time spent, 0% for distance travelled, and +11% for mean speed. Accident risks
were estimated to decrease by 18 — 22% for the different controls. The fuel consumption changes compared
with the No Control case were estimated to be -8 %, -5%, -8 % for ALINEA, VC_ALINEA and CORDIN
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respectively. The emissions were found to decrease for all control strategies. In particular, the HC and CO
indices were reduced by 6%, 9% and 7% for ALINEA, VC_ALINEA and CORDIN respectively.

Haj-Salema, H.; Farhia, N. & Lebacquea, J.-P. 2014. Combining Ramp Metering and Hard Shoulder
Strategies: Field Evaluation Results on the lle the France Motorway Network. Transportation Research
Procedia 3 (2014) 1002 —1010.

The paper is focused on the field trial description and the evaluation results of the implementation of the ramp
metering and hard shoulder simultaneously on the lle de France motorway network. The overall site includes
24 controlled on-ramps where the ramp metering strategy is applied in operational way. With respect to hard
shoulder, the common part of the A4 and A86 motorway are equipped with variable message signs indicating
the state of lane: Open or Closed. The hard shoulder is used as an additional live traffic lane during congestion
periods. When traffic builds up road users will be instructed to use the hard shoulder as an extra traffic lane,
increasing the motorway’s capacity, reducing congestion and keeping traffic moving. The evaluation focused
on both axis of the motorway where ramp metering and lane shoulder are applied simultaneously. The results
indicate that the use of the HSL and the ramp metering simultaneously improves the traffic condition in a
significant way. In particular, when the hard shoulder “closed”, ramp metering (ALINEA), changed the total
time spent, the total vehicle kilometres driven and the mean speed -4.4%, +6.3% and +11% respectively.

Haugen, T.; Gieever, T. 2001. Trafikkavvikling E6 Hedemark — Utforming og evaluering av tilfartskontroll ved
Kolomoen [Design and evaluation of ramp metering at E6/rv. 3 at Kolomoen, Norway]. SINTEF rapport STF22
301304.

The evaluation dealt with a ramp meter at intersection in a rural environment, where rv. 3 (two lane road)
merge onto another main road E6 (two lane road). Design of ramp metering on the entry ramp from rv. 3, road
side equipment, algorithms, testing and evaluation. Long queues and a lot of delay, especially on Sunday
afternoons were frequent in the before situation. Most delays occurred on the E6. Travel times and delays was
measured on a total distance of 27 km. First measuring point was 9 km upstream the ramp metered intersection
and last measuring point was 18 km downstream. Maximum hourly traffic volume down stream of intersection
varied from 1100 to 1300 veh/hour.

The results showed that the total delay decreased from approx. 900-1400 veh. hours for the situations without
ramp meter and to approx. 90-100 veh. hours for the situations with an active ramp meter. The highest traffic
volume was registered on Sunday 13th of August, which probably contributed to the high total delay measured.
On one Sunday (10th Sept.) the defined managing criteria was not followed, and too much traffic was allowed
to enter E6 from rv. 3. This resulted in queues on E6 and an increased total delay (365 veh. hours). For the
current intersection, and the days with assumable similar pre-requisites and conditions, the total delay was
reduced from an average of 895 vehicle hours to an average of 95 vehicle hours. This gives a reduction in
total delay of 90 %.

Highways Agency 2008. Ramp Metering Operational Assessment. Traffic systems and signing, Issue A, April
2008. 58 p.
http://webarchive.nationalarchives.gov.uk/20101110234459/http://www.highways.gov.uk/knowledge/docume
nts/Ramp_Metering_Operational Assessment.pdf

The operation of ramp metering was studied at 30 sites as a before and after study utilizing mostly monitoring
systems existing at the sites. The evaluation could not be carried out at few of the sites due to roadworks and
other confounding factors. The results demonstrate that ramp metering has generally had a positive impact on
journey times and traffic flows on the mainline carriageway when installed at carefully selected locations on
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the motorway network. The delays ramp metering can have upon on slip road traffic is more than outweighed
by the benefit received by vehicles on the mainline carriageway, with a close link between the level of savings
on the mainline and the level of delay on the slip road. The overall change in peak period traffic flows observed
on the mainline after the installation of ramp metering varies by site with individual changes in traffic flow
ranging from -2% to +30%. Despite the increases in traffic flow, the implementation of ramp metering has
resulted in overall journey time savings on the mainline during peak periods ranging from -5% to +40% with
an average journey time saving for mainline traffic of 13% across all sites evaluated. The average on-slip delay
per vehicle with ramp metering operational ranged from 8 seconds to 78 seconds; however, the sites with the
highest delay on the slip road in general also delivered the highest benefit on the mainline.

Kesten, A. S. & Ergiin, M. Efficiency analysis of the dynamic traffic control for an urban highway. EURASIP
Journal on Wireless Communications and Networking (2015) 2015:52. 9 p.
DOI 10.1186/s13638-015-0287-4

The study investigated the effects of dynamic traffic control strategies, namely dynamic ramp metering and
dynamic speed limit control, with microscopic traffic simulation based on site measurements. The traffic flow
data at a particular highway intersection were analyzed to determine the pattern of the traffic. Then, the traffic
model has been built in a traffic micro-simulation software and calibrated with the field data. The dynamic traffic
control strategies were compared with the uncontrolled case considering various performance indicators such
as total travel time, average delay time per vehicle, and average number of stops per vehicle. For the dynamic
ramp metering strategies, the ALINEA (Asservissement Lineaire d’entrée Autoroutiere - French for Linear
Utilization for Highway Entrances) control algorithm was implemented with different fixed-time cycle lengths.
The various ramp metering implementations were found to decrease the average delay time per vehicle up to
30%.

Lee, Chris; Hellinga, Bruce; Ozbay, Kaan 2006. Quantifying effects of ramp metering on freeway safety.
Accident Analysis & Prevention, Volume 38, Issue 2, March 2006, Pp. 279-288.

This study presents a real-time crash prediction model and uses this model to investigate the effect of the local
traffic-responsive ramp metering strategy on freeway safety. Safety benefits of ramp metering are quantified
in terms of the reduced crash potential estimated by the real-time crash prediction model. Driver responses to
ramp metering and the consequent traffic flow changes were observed using a microscopic traffic simulation
model and crash potential was estimated for a 14.8 km section of 1-880 in Hayward, California and a
hypothetical isolated on-ramp network. The results showed that ramp metering reduced crash potential by 5—
37% compared to the no-control case. It was found that safety benefits of local ramp metering strategy were
only restricted to the freeway sections in the vicinity of the ramp, and were highly dependent on the existing
traffic conditions and the spatial extent over which the evaluation was conducted. The results provide some
insight into how a local ramp metering strategy can be modified to improve safety (by reducing total crash
potential) on longer stretch of freeways over a wide range of traffic conditions.

Liu, Chiu; Wang, Zhongren 2013. Ramp Metering Influence on Freeway Operational Safety near On-ramp
Exits. International Journal of Transportation Science and Technology, Vol 2, No 2, 2013, Pp. 87 — 94.

Ramp metering has been widely installed in urban areas where congestion on a freeway or an
expressway may occur recurrently during weekday peak periods to enhance mainline throughput and reduce
system-wide delay. These operational benefits may also help reduce vehicular emissions and improve
air quality in urban areas. However, the impact on traffic safety due to ramp metering hasn’t been
explored in details before. Supported by physical understanding and arguments, we characterize the ramp
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metering influence on freeway safety by examining vehicular collisions near on-ramp exits within the ramp
meter operating hours before and after

the activation of the ramp metering. Collisions for a sample of 19 operating ramp meters along several
freeways in northern California were collected and organized to show that ramp metering can help reduce
freeway collisions at the vicinity of on-ramp exits. It was found that the average reductions on freeway
collisions in the vicinity of an on-ramp exit are around 36%. Although most of the reduced collisions
belong to the property damage only category, a 36% reduction shows the significant safety benefit of
ramp metering. The traffic congestion induced by each collision, especially during peak hours when ramp
metering is in operation, could last for an hour or two. Consequently, ramp metering must be contributing
to the reduction of non-recurrent congestion in addition to mitigating recurrent congestion, which is better
documented. This study strongly supports the implementation of ramp metering in California.

Middelham, Frans; Taale, Henk 2006. Ramp Metering in the Netherlands: An Overview. IFAC Proceedings
Volumes, Volume 39, Issue 12, January 2006, Pp. 267-272.

For ten on-ramps with ramp metering a successful assessment study was done. For two on-ramps, even
two studies were conducted. The effect on capacity can vary between no effect and an increase of about
5%. The speed on the motorway increased in all cases, but the order varies substantially. Dependent on
the situation and the objective of ramp metering, the use of the on-ramp decreases strongly. Because the
speed on the motorway increases, travel time decreases, at least in those cases were this indicator was
analysed. The calculation of total delay in vehicle hours does not happen often (only in 3 studies). On
the other hand red light violation is studied in almost all assessments. If there is no clear bottleneck, this
percentage increases to about 15%. If a red light camera is installed, only about 2% to 3% risks a fine.

Osman, O; Codjoe, J.; Ishak, S.; Rodriguez, J. & Russell, M. 2015. Long-term evaluation of the operational
performance time ramp metering control strategy: a freeway corridor. Canadian Journal of Civil Engineering,
2015, 42(11): 910-918, https://doi.org/10.1139/cjce-2014-0489

In 2010, the Louisiana Department of Transportation and Development (LADOTD) deployed ramp metering
control along a 24 km (15 mile) section of the 1-12. The study aimed to determine how effective the ramp
metering control strategy was in alleviating congestion on a segment of 1-12. Overall, the assessments for the
westernmost segment showed some improvements in traffic conditions with the implementation of ramp
metering during the more congested eastbound PM peak period. On the other hand, no improvement was
observed on the easternmost segment. In fact, traffic conditions appeared to have worsened on the
easternmost segment after ramp metering implementation. This can be attributed to the concurrent
construction work that was taking place on that segment after the ramp meters installation, which led to
operating the easternmost segment with less number of lanes for the same demand.

Qin, X.; Lee, C. 2007. Evaluation of safety benefits from isolated ramp meters. Proceedings: 14th World
Congress on Intelligent Transport Systems. Beijing, China, 9-13 October 2007, Volume 5, 2007, Pages 4077-
4090.

Transportation agencies around the country have implemented a variety of measures to mitigate freeway traffic
congestion and improve safety, including ramp metering. Historically, most ramp meters were predominantly
placed on high volume corridors in large cities and usually at consecutive freeway entrance points to maximize
the benefits of ramp metering. As such, many evaluation efforts focused on the benefits of large systems. The
potential benefits from a small number of ramp meter installations for urban freeways in mid or small size cities
is seldom studied and examined. The study focuses on assessing ramp metering safety benefits by the limited
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number of ramps, a total of five metered on-ramps along the Highway 12/18 in the City of Madison, Wisconsin.
The evaluation results present noticeable safety impacts brought by the ramp metering. A naive before-and-
after analysis using crash data at the metered on-ramps demonstrates fewer crashes and lower crash rates
during the peak period with new meters in operation and the off-peak with ramp geometric improvements only.
The safety benefits obtained from a before-and-after analysis with comparison sites are even more
pronounced. Further analysis is conducted to evaluate crashes by manner of collision. Rear-end and sideswipe
same direction (SSS) crashes gained the largest reduction during the meters in operation. The analysis of the
field data confirms that in general, ramp metering has had a positive safety impact on the Madison urban
freeway although the system consists of limited numbers of ramp meters.

Shehada, Mohammad K. H. & Kondyli, Alexandra 2019. Evaluation of Ramp Metering Impacts on Travel Time
Reliability and Traffic Operations through Simulation. Journal of Advanced Transportation, Volume 2019,
Avrticle ID 8740158, 12 p. https://doi.org/10.1155/2019/8740158

Ramp metering has been found to improve traffic conditions on the freeway mainline by breaking the platoons
of ramp vehicles minimizing turbulence at the merge locations. The majority of the ramp metering evaluation
studies have examined traffic performance under specific demand conditions, whereas travel time reliability
and variability aspects have not been adequately addressed. This paper focuses on evaluating two well-known
ramp metering algorithms in terms of travel time reliability as well as other performance measures such as
gueue lengths, throughput, and congestion duration, looking at a wide range of traffic demands throughout a
calendar year. The evaluation was done through simulating an 8-mile corridor in Kansas City, KS. The results
showed localized improvements due to ramp metering at the northern section of the facility, in terms of travel
time reliability, throughput, and congestion duration. It was also shown that ramp metering may cause a hew
(possibly “hidden”) bottleneck to occur downstream, thus diluting its overall benefits when looking at an entire
freeway facility. It is further noted that although ALINEA performed better than HERO on the mainline, traffic
operations on the on-ramps significantly deteriorated using isolated control. The mean travel times were
reduced 3-4%. Throughput in congested traffic increased by 4.4-4.9%.

Taale, Henk; Schuurman, Henk 2015. Effecten van benutting in Nederland Een overzicht van 190
praktijkevaluaties [Effects of utilization in the Netherlands: An overview of 190 practical evaluations].
TrafficQuest, May 8, 2015.

The evaluation summary concludes on a maximum 5% increase in highway capacity with an average of 2%.
Ramp metering has increased speeds by 3 km/h on average on the highway close to the meters, resulting in
shorter travel times. The number and severity of shock waves were also reduced. Ramp metering was found
to result in 1 — 4% higher emissions.

Wang, X. & Niu, L. 2019. Integrated variable speed limit and ramp metering control study on flow interaction
between mainline and ramps. Advances in Mechanical Engineering 2019, Vol. 11(3) 1-12.

The article presents a proactive integrated control, with goals to save network-wide travel time and increase
traffic flow. Micro-simulation tests were performed to evaluate and compare the control approaches among
integrated and isolated control scenarios. By decoupling the traffic prediction and simulation models, the
control error sources were analyzed. The evaluation revealed that both isolated and integrated controls benefit
the traffic network to different extents under varying demand scenarios. Under proactive integrated control,
ramp metering is activated solely during slight congestion; or it is activated during high-congestion periods to
assist variable speed limit and thus integration maximizes the infrastructure utility. Ramp metering as isolated
control was found to reduce total travel time in the system by 6%.
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Oobrni, Risto 2004. Eraiden joukko- ja tieliikenteen telematiikkasovellusten kannattavuus Suomen oloissa.
[Economic feasibility of road and public transport ITS applications in Finnish conditions]. Ministry of Transport
and Communications Finland, FITS Publications 35/2004.

The literature study looked also in the effects and socio-economic feasibility of ramp metering in Finnish
conditions. Based on considerable efficiency benefits, the report estimated the benefit to cost ratio to be in the
range from 4 to 27 at locations, where ramp metering would be feasible to implement.
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