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Executive Summary  

The main goal of this deliverable ( Feasible paths of interventions ) is to provide 

preliminary answers to one of the  central questions of the LEVITATE project: Given a 

certain vision , a set of quantified policy goals for a city or a region , how can this be 

connected to recommended policy interventions, supporting to achieve  that vision?  

 

The policy support tool (PST ) developed in LEVITATE will be the main project output, 

linking policy interventions to the final impacts of Connected and  Automated Transport 

Systems (CATS)  and corresponding indicators . This link should wor k in both directions:  

 

1.  Forecasting: Predicting the impacts and the development of indicators for certain 

scenarios and bundles of polic y interventions . 

2.  Backcasting: Start ing  from a given vision  of the future , defined by vision 

characteristics and come up with recommended sequence of policy intervention s 

that facilitates a path (development) towards that vision.  

 

This deliverable is setting the basis for the second directio n, the backcasting approach es 

(dynamic and static) in LEVITATE :  The resul ts are relevant to integrate the backcasting 

process into th e final versio n of the PST (dynami c back casting), but also ï in the form of 

case studies ï for further city specific evalua tion in WP 5 -7 (static backcasting) . 

 

Recently, b ackcasting approaches have been applied in several domains , as discussed in 

a focuss ed survey of relevant literature , using various qualitative and quantitative 

methods . Of particular relevance for LEVITATE is the application of backcasting in the 

domain of automated driving . A recently completed research project titled ñSystem 

Scenarios Automated Driving in Personal Mobilityò (SAFIP) , gives insight how policy 

interventions can be  selected and fine - tuned in o rder to reach given targets.   

 

Defining a desirable vision in a quantit ative way is the essential starting point for the 

backcasting process . From that vision the idea is to  work backward s, via influencing 

factors (that are impact ing  the goals  and indicato rs of the vision ), to policy interventions 

which address  these factors and thereby contribute to wards  the vision . Generating  this 

ser ies of logical links represents the central aim of this deliverable , as it highlights 

feasible paths of intervention , steer ing into the desired direction.  

 

Previous work in LEVITA TE in several work packages has already provided the basic 

ingredients  for th is approach . I n particular , methods  for defining quantitative visions 

related  to CATS have  been proposed in WP4,  considerin g a wider range of indicators 

across four dimensions (safety, society, environment and economy), impact relationships 

have been analy sed in WP3, and  relevant use cases, parameters and policy interventions 

have been collected in WP 5 -7, where foll owing main  use cases are considered:  

 

¶ Use case 1 ï Automated urban transport  (WP5)  

¶ Use case 2 ï Passenger cars  (WP6)  

¶ Use case 3 ï Freight trans port and logistics  (WP7)  

 

After summarising  the  background and related work that sets the context for backcasting 

in LEVITA TE, the actual backcasting process is explained in more detail. Its main inputs 
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are the existing documentation of city strategies whi ch are relevant to mobility and the 

LEVITATE indicator framework.  Based on that , the following main steps are perfo rmed by 

means of a dialogue with city repres entatives:  

1.  Define Vision  

2.  Propose and p rioriti se Influencing Factors  

3.  Propose and prioriti se Policy  Interventions  

 

For defining the vision of a city and possible tr ansformation corridors  in a quantitative  

way, data -driven methods previously applied in WP4 can be used to support the city 

dialogues. This results in a relatively small set of target indicat ors, along with target 

values and a target timescale.  

 

The most  challenging part in the backcasting process might be the se cond step  ï to 

determine the most promising influencing factors  ï as the impact relationships between 

these and the target indicators  can only be estimated qualitatively ,  at this stage in the 

project . Therefore, it will be important to verify the assumed  relationships afterwards by 

means of quantitative methods  in WP  5 -  7.  

 

Finally, promising policy interventions are discussed and pri oriti sed with the cities , 

derived from the selected influen cing factors.  These policy interventions in principle are 

taken from the candidates that have already been analysed in the early phase of 

LEVITATE, but  are adapted to specific city requirements and  strategies .  

 

The core part of this deliverable presents th e det ailed results of the backcasting city 

dialogues for three cities (or regions, respectively)  

 

1.  City of Vienna  

2.  Greater Manchester  

3.  City of Amsterdam  

 

This will be the base for developing case stu dies further in LEVITATE.  The results of these 

dialogues sh ow a high degree of congruence  (for example , regarding environme ntal 

goals), but also exhibit different prioriti sation  of key targets and influencing factors.  One 

striking difference that was obser ved is that for the Greater Manchester (GM) area, the 

economic goals (e.g. increase in employment) and related factors (e.g . housing and road 

capacities between cities) are seen as a high -priority agenda and is driving force for the 

activities in GM but no t for Vienna and Amsterdam.  

 

The qualitative results presented and discussed in this deliverable can be considered as 

the f irst step in describi ng feasible paths of interv entions for cities related to CATS . They 

will be used for further investigations  in t ask T4.4 , where use cases and  policy 

interventions will be combined  and , their timewise implementation  will be analysed 

fur ther . Task T4.4 will also  provide a brie f description of modelling and simulation 

techniques  that will  be applied for detailed verifi cation within WP5 -7. 
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1  Introduction  

1.1  LEVITATE  

Societal Lev el I mpacts of Connec ted and Automa ted Vehicl es (LEVITATE) is a Euro pean 

Commission supported Horizon 2020 project with the objective to prepare a new impact 

assessment framework to enable policymakers  to manage the introdu ction of connected 

and automated transport systems, maximise the benefits and utilise the technologie s to 

achieve societal objectives.  

 

Specifically, LEVITATE has four key objectives:  

1.  To incorporate the methods within a new web -based  policy support tool to enable city 

and other authorities to forecast impacts of connected and automated transport 

systems (CATS) on urban areas. The methods developed within LEVITATE will be 

available within a toolbox allowing the impact of measures to be  assessed 

individually . A Decision Support System will enable users to apply backcasting 

methods to identify the sequences of CATS measures that will result in their desired 

policy objectives.  

2.  To develop a range of forecasting and backcasting scenarios an d baseline conditions 

relating to the deployment of one or more mobility technologies that will be used as 

the basis of imp act assessments and forecasts. These will cover three primary use 

cases ï automated urban shuttle, passenger cars and fre ight service s.  

3.  To establish a multi -disciplinary methodology to assess the short, medium and long -

term impacts of CATS on mobility, sa fety, environment, society and other impact 

areas. Several quantitative indicators will be identified for each impact typ e.  

4.  To apply  the methods and forecast the impact of CATS over the short, medium and 

long - term for a range of use cases, operational des ign domains and environments 

and an extensive range of mobility, environmental, safety, economic and societal 

indicators . A series of  case studies will be conducted to validate the methodologies 

and to demonstrate the system.  

 

1.2  Work package 4 and Deliverabl e 4.3 within LEVITATE  

The objective of work package 4 is to develop target scenarios (visions) and feasible 

paths to rea ch them with  interventions concerning automated vehicles, contributing 

mainly to the second LEVITATE objective. The main steps are:  

Å  Research of national/European policy goals in the impact dimensions  

Å  Definition and description of goals and visions 1 of cities and  other stakeholders for 

short, medium and long - term.  

Å  Applying the resulting impacts from WP3 and data available from the  cities to 

define targets.  

Å  Using backcasting  methodologies to define feasible paths to reach the stakeholdersô 

goals with special consideration to automated vehicles . 

 

 

 
1  The  term ñvisions ñ is used here instead of the term ñscenariosñ that has been used in the project proposal. 
Refer also to relevant part of terminology agreed in the project, given in the Appendix (Used Terminology).  
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Å  Definition of forecasting scenarios and desired outputs for the consolidation of th e 

different use -cases . 

 

The main goal of Delive rable 4.3 is the  close analys is of  specific city goals and visions 

(based on previous work in the project) and the preliminary  proposal of feasible paths 

towards these visions, based on an interactive backcast ing dialogue with the 

stakeholders. This proces s is performed for three City case studies: Vienna, Greater 

Manchester and Amsterdam. Further analysis to verify the proposed paths of 

interventions will be conducted in WP5, 6 and 7, also with respect to sequ ence and 

timing of the policy interventions.  

1.3  Organi sation of the deliverable  

This deliverable is organi sed as follows:  

 

Chapter 2 br iefly describes related work and approaches that can be considered as basis 

for further investigations  documented in this d eliverable , both within LEVITATE ï work 

performed so far ï and from a focused literature survey.  This starts with analysing 

possible applications of backcasting approaches , specifically in the domains relevant for 

LEVITATE. The building blocks of the backc asting pro cess that will be used in this 

deliverable are  discussed in the following subsections:  

¶ Defining feasible visions  (and corre sponding indicators)  

¶ Influencing facto rs (specific for CATS) and impact relationships connecting them 

to the vision  

¶ Policy Interventi ons that might be promising in terms of supporting the paths to 

the vision  

 

Based on that, Chapter 3 defines and documents the actual process that has been 

selected to el aborate on the backcasting  in LEVITATE: The proposed  steps are explained , 

convey ing th e big picture . In the following, each of these steps is discussed  in more 

detail , and the used methods are presented :  

¶ Descr ibe  a simplified vision based on several indicators  

¶ Describe a feasible transformation corridor  

¶ Identify & prioriti se CATS influencing factors  

¶ Consolidation of ñscenarios ò 

¶ Identify feasible policy interventions / packages  

The chapter closes with documentin g the general structure of the City dialogues that 

represent the main activity documented in this deliverable . 

 

In chapters  4 ï 6, each of the three backcasting case studies is described  ï for the three 

Cities (regions) Vienna, Greater Manchester and Amste rdam . The multi - step backcasting  

was followed  in this sequence: 1) the indicators and targets most relevant for LEVITATE 

were extracted from  city strategies  (main inputs ) , 2) identifying  the most relevant 

influencing factors and 3) propos ing  relevant  polic y interventions.  

 

In chapter 7 , a conclusion on the three case studies , with common findings and identified 

discrepancies , is given  and the further processing of these preliminary results in 

LEVITATE is outlined.  
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2  Background  and related work  

The purpose of this chapter is to collect relevant input from the literature search and 

summari se previous work in LEVITATE , as basic inpu t for the backcasting process  and for 

the specification of policy interventions that can be used in LEVITATE.  

 

2.1  Backcasting approache s 

The term ñBackcasting ò was coined by (Robinson, 1990)  and is a method to define future 

scena rios and to investigate their effects . Backcasting means defining future goals 

without current restrictions in order to be able to an swer the following questions: ñWhat  

shall we do today to get there, and what measures may lead into blind  alleys and should  

be avoided ?ò (Bibri, 2018) . The key assumptions of Robinsonôs backcasting approach are 

oriented to the  goal, policy, design and system.  

 

A paper by  Höjer  (2000)  demonstrate s four backcasting  steps  as follow s:  

1.  Setting of a few long - term targets  

2.  Evaluation  of each target against the current situation, prevailing trends, and  

expected developments  

3.  Generation of images of the future that fulfill the targets  

4.  Analysis of images of the future in ter ms of feasibility, potential, and path toward 

images of the futu re  (Akerman, 2006)  

 

The applications of bacasting  in the areas  of CATs is particularly relevant to LEVITATE . 

The research project tilted Systems Scenarios Automate d Driving in Passenger Mobility  

(SAFIP)  presented  three different scenarios and  used  a backcasting method. The future 

goals and indic ators relevant to the project relate on the mission 2030 strategy ( Austrian 

ñBMVITò). Using  the developed scenarios w ith th e help of the MARS (Metropolitan Activity 

Relocation Sim ulator) model ,  the traffic - relevant impact spectra  (for example traffic, 

envi ronmental effects, travel time, number of roads, modal split)  could be estimated. 

This model is suitable for the considerat ion of long - time  horizons and complex 

correlations  (TU, 2019) .  

 

The three scenarios developed in the SAFIP project  for the diverse future of automated 

driving in Austria are:  

1)  Market -driven AV euphoria -  focus on competitiveness a nd the economy  

2)  Policy -driven AV control -  focus on environmental sustainability and social 

inclusion  

3)  Individuali sed mobility and slow  AV deve lopment -  focus on competitiveness 

and the economy  

 

Staricco (2019)  demonstrate s three visions for the Itali an city of Turin.  These visions are 

referred to as fully autonomous vehicles (SAE Level 5), i.e .  vehicle s that can travel on 

public roads regardless of the origin and destination of the journey or intervening road.  

Their resear ch is intended as a vision exercise and is cons idered the first step in the 

development of a backcasting process. It shows how the di fferent forms of AV traffic 

regulation and parking may  impact the quality of life within the city.  Automated driving 

could drastically reduce the amount of road space req uired for traffic and parking the 

vehicle as it could reduce the distance between vehi cles being picked up / dropped door -
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to -door to reach a parking space. Roadside parking could  be removed and transferred to 

parking garages. These facilities could be loca ted outside the city, where land is cheaper, 

freeing up space in the denser parts.  Thi s is based on the assumptions that AVs are like 

elevators, not privately owned. The assumption that AVôs are completely sha red may be 

exaggerated. Now most people own a c ar, with the electrification more and more people 

start to lease a car, but it is stil l a big step towards sharing a car. Socio -economic 

research is still lacking convincing arguments that this will happen whe n vehicles are 

automated.  

 

An article  by  Gonzá leza  (2019)  is based on  the think - tank model  and a backcasting 

approach that is  path -oriented, with  focus on the development of policy interventions . 

ñPlanning for long term  development  (i.e. more than ten years) such as the 

implementation of AVs, requires strategic planning or visioning studies (i.e. for ecasting 

and backcasting) based on the consideration of future scenarios.ò As mentioned here, a 

large uptake of urban AV is  a long - term action that is difficult to quantify in a backcasting 

technique, the uncertainties simply are too big to be significantl y correct. Qualitative 

pathways may be more promising and useful at this stage.  Therefore , their  approach  is 

divided into t hree steps -  these are as follows :  

1.  Step 1: based on literature research,  defining  core values 2  and visions of the 

cityôs future without traffic.   

2.  Step 2: analy sing  potential effects of AV introduction on opportunities and threats 

for each core value.  

3.  Step 3: identification of the key city planning and political goals to achieve the 

desired dri verless  city.  

 

The most important part for the backcasting approach in LEVITATE is the linking of these 

steps to the (already specified) visions of cities and regions  ï as these visions represent 

the starting points for backcasting.  

 

Investigating related work in which quantitative backcasting appr oaches have been 

applied, several methodologies can be found to envision a desirable future. For example, 

in one approach, a discrete choice experiment was conducted to elicit future ecosyste m 

services demand (Brunner, 2016) .  

 

Backcasting related methodologies have be en developed quite some time ago . The 

following paragraphs give  a descri ption  and examples  of some backcasting m odel s like 

normative models, system dynamic and scenario technology .  

 

Normative models were used in th e Sustainable Economic Development Study  

(Verbruggen, 1996) , in which a special retroactive mo del was developed in order to 

optimi se th e added value of the Dutch economic sectors so that the environmental goals 

are achieved. No rmative models describe how a system of certain (target) sentences can 

be achieved in order to find the ñoptimalò situation.  

 

The most well - known example of system dynamic modeling is the modeling work as 

described in (Donella H -Meadows, 1972) . System dynamic models are based on a theory 

 

 

 
2  examples of the core  values for a city of  tomorrow are environmentally sustainable (land use, green public 
spaces, e tc.), safe (Citizen's safety) and accessible & with a sustainable mobility (accessibility, connectivity, 
public transportation and active mobility).  
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of the causal structure and its relationship to dynamic behav ior. These models enable 

feedback between  the system components. In particular, the ñopenò structure and the 

dynamic character of the  models have several advantages in studies on retroactive 

effects.  

 

A study by the ñBaden -Württemberg Stiftungò (Ruth Blanck, 2017)  has the aim of 

showing the sustainable development paths of mobility, traffic and the Baden -

Wür ttemberg mobility economy by 2050 . The study used the scenario technology as a 

methodical approach. Discussions with stakeh olders on the one hand selected the 

re levant key factors for passenger transport, and on the other hand the framework 

conditions, mea sures and political instruments were defined. The expert assessments are 

essential for the development of a successful mobi lity strategy and can take complex 

rel ationships into account. ñWith  the support of scenario technology, hypothetical 

qualitative and  quantitative developments in the form of individual sub -developments 

can be analy sed and described and then put together t o form a future state ò (Ruth 

Blanck, 2017) .  

 

In an article for presenting the backcasting study the Envi ronmentally Friendly Transport 

(EST) in the Netherlands, the authors describe the  backcasting  approach to policy 

making and  its application to this case study  (Wee, 2004) . ñ[é]  the EST project is based 

on  a óbackcastingô approach, in contrast to traditional sustainable transport studies , that 

foc uses on doing what is necessar y to achieve a desired future rather than avoiding an 

unwanted future ."  

 

ñThe backcasting analysis is based on the business -as-usual scenario to describe the 

expected developments between 1990 -2030, and selected measures to ca lculate the 

necessary effects of measures which meet the targets in a ótrial-and -errorô scenario-

building process, using expert judgement, and existing literature and model simulations. 

Brainstorm sessions were held with Dutch experts, and expert judgement s from the 

experts involved in  the other EST country studies and OECD were also included. ò As part 

of the EST project, a system dynamics model was developed to ana ly se the specific 

effects of EST on Germany.  

 

2.2  Defining feasible visions  

As discussed in the previous  section, defining a d esirable vision in a quantitative way ï 

based on a certain set of targets for a specific point in time and underlying indicators ï is 

the essential starting point for the backcasting process.  

 

The set of ob jectives for a specific year in the future is refe rred to as ñVisionò in this 

Deliverable. The precise definition as agreed in the LEVITATE Terminology Guide (refer 

also to Appendix ) is: ñDescription of a future situation defined by a bundle of vision 

characteristics and dedicated  at a specific point in time.ò It should be noted that the term 

ñVisionò is used (as already in previous deliverables of WP4)  instead  of the term ñdesired 

future scenarioò that was used in the project proposal, in order to avoid any confusions 

with simulat ion scenarios in LEVITATE context.  

 

In the context of the LEVITATE project, the definition of feasible visions has been 

extended beyo nd the simple approach of specifying only certain targets, by also 

considering a wider range of indicators across four dime nsions (safety, society, 

environment and economy) . An over view of proposed goals and indicators  is given in  
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Table 1. The  list is organised  along the four chosen dimensions , which provide a high -

level structure (even if certain goal s might be assigned to more than one dimension) .  

 

Table 1: Consolidated proposed goals and indicators for LEVIT ATE 

Dimension  Policy Goal   Indicator   

Safety  Protection of Huma n 

Life  

Number of injured per million inhabitants  

(per year)  

Number of fatalities  per million 

inhabitants  (per year)  

Perceived Safety  Standardised survey: subjective rating of 

(overall) sa fety  

Cyber S ecurity  Number of successful attacks per million 

trips completed  

Number of vulnerabilities found (fixed) 

(per year)  

Society  Reachability  Average travel time per day  (dispersion;  

goal: equal distribution )  

Number of opportunities per 30 minutes 

per mode of transport  

Use of Public Space  Lane space per person  

Pedestrian/cycling space per person  

Inclusi on  Distance to nearest publicly accessible 

transport stop (including MaaS)  

Affordability/discounts  

Barrier free accessibility  

Quality of access restrictions/scoring  

Satisfaction  Satisfaction with active transport 

infrastructure in neighbourhood (walking 

and/or cycling)  

Satisfaction public transport in 

neighbourhood  

Environment  Low Noise Levels  Standardised survey: subject ive rating of 

main sources of disturbing noise  

Clean Air  Emissions  directly measurable:  

SO2, PM2,5, PM10, NO2, NO, NOx, C O, 

O3 
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Efficient Settlement 

Structures  

Building volume per square kilometre 

(total and per built -up area)  

Population density (Eur ostat)  

Sustainable Behaviour  Rate of e nergy consumption per person 

(total )   

Rate of e nergy consumption per person 

(tra nsport related)  

Economy  Prosperity  Taxable income in relation to purchasing 

power  

Fair Distribution  GINI index  

  

This was followe d by  analy sing correlations and possible conflicts between goals (Zach, 

Rudloff, & Sawas, 2019) . The statistical analysis was based on open data (WDI, Eurostat) 

from years 1960 ï 2018, mainly for Europe but also including  other regions. Further, a 

Stakeholder Reference Group workshop has been performed in order to collect input on 

important indicato rs, goals and possible conflicts between them.  

 

By exploiting these correlations and dependencies between indicators, a vision  could be 

defined in a more comprehensive way, including forecasts of all other indicators 

considered in LEVITATE context , even if  they have not been used to define a quantitative 

target. The selected approach also allowed to analy se and compare indicators and ge o-

entities (countries, regions or cities), by mapping them to the same abstract space 

(using principal component analysis ( PCA) and collaborative filtering techniques):  

¶ Similarities between indicators (i.e. strong correlation,  but also anti - correlation) 

could be clearly identified.  

¶ Clustering of geo -entities was found to be  quite strong  ï geo -entities of same 

region (and for s imilar times) are ñclose to each other ò in the abstract  embedding 

space.  

 

Two slightly different method ologies have been applied to e laborate and visuali se a vision 

(on the examples of Vienna ï with specific targets for 2030 and 2050 ï and Greater 

Manchest er). In both approaches a region for such a desirable region can be formally 

defined in the abstract sp ace, and a path towards this v ision, i.e. a ñdirectionò. This 

direction (in abstract space) can be mapped back to a change  in LEVITATE indicator 

values ï i.e. indicating how all these indicators should change over time in order to reach 

the desired vision.  In principle this information  can then  be connected to influencing 

factors, and finally to a sequence of policy interventions. These relationships and r elated 

preliminary LEVITATE project results will be discussed in the following sections , they also 

prov ide the  base for the backcasti ng approach described in chapter 3. 

 

Table 2 summarises the mapping of LEVITATE goals and indicato rs to key quantitative 

targets that can be used to identify a vision in LEVITATE context, for the two examples of 

Vienna and Greater Manche ster , after analysing correspo nding material on the city 

strategies. Note that for this mapping , only the most obviou s indicators (out of those 

listed in Table 1) have been considered ï which does not mean that other indicato rs are 

ir relevant . 
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Defining a quantified vision by a (prioriti sed) set of goals and targets in a formal way as 

discussed h ere seems to be straightforward. It is clear, however, that in reality this 

might be a quite lengthy and complex process. With the ap proaches followed in  Zach, 

Rudloff & Sawas  (2019) , it has been demonstrated that it is possible to identify ñregionsò 

in indicator space that are close to such an ideali sed vision and consistent in terms of 

correlations between various target indicators ï despite the limitations which are due to 

the high sparsity in the available data set.  

Table 2: Mapping of LEVITATE goals and indicators to quantitative targets defining a vision  

Dimen sion  Policy G oal  Indicator   Target Vienna  
Target Greater 

Manchester  

Safety  
Protection of Human 

Life  

Number of injured 
per million 

inhab itants (per year)  
(decline)  

as close as possible 
to zero (2040)  

Number of fatalities 
per million 

inhabitants (per year)  
(decline)  

as close as possible 
to zero (2040)  

Society  Use of public space  

Lane space per 
person  

  

Pedestrian/cycling 
space per pe rson  

(increase)   

Environment  

Clean air  

Emissions directly 
measurable:  

SO2, PM2,5, PM10, 
NO2, NO, NOx, CO, 

O3 

Greenhouse gas 
emission s 

-50% (2030),  
-85% (2050)  

Robust low carbon 
pathway to 2050 at 

which Greater 
Manchester can 
become carbon 

neutral.  

Susta in -able 
behaviour  

Rate of energy 
consumption per 

person (total)  

-30% (2030),  
-50% (2050)  

 

Rate of energy 
consumption per 
person (t ransport 

related)  

-40% (2030),  
-70% (2050)  

Sustainable modes 
(walking, cycling or 

public transport) will 
increase from 39% in 
2019 to 50% in 2040  

Economy  

Prosperity  
Taxable income in 

relation to purchasing 
power  

(increase)  

(economic goals 
identified, but no 

clear mapping 
possible)  

Fair distribution  GINI index  (decline)   

 

2.3  Influencing factors and impact relationships  

WP3 of LEVITATE (and in particular deliverable D3.1  (Elvik, 2019) )  analyses how 

potential effects of connected a nd automated vehicles can be categorise d and  quantified. 

Im pacts can be considered to reside on different levels, from dire ct to systemic and 

finally wider impacts  (where systemic impacts are caused by direct impacts )  and wider 

impacts are caused by system ic impacts.  In addition, there are further (expected) causa l 
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relationships also between impacts belonging to the same level . Such a causal diagram 

for primary impacts considered in LEVITATE is shown in  Figure 1. Comparing this 

classification of expected impacts to the polic y goals listed in Table 1 and Table 2, it can 

be observed that  the policy goals correspond primarily to the wider impacts shown at  the 

bottom part of the figure.  

 

 

Figure 1 Causal diagram for primary impacts of vehicle automation  

In a simplified first consider ation, i mpacts are quantified as dose - response curves using 

the market p ene tration  of automation technology as the dose and the size of an impact 

as the response. Such dose- response curves have been estimated on the basis of studies 

identified in a literat ure revi ew. Further more , it is discussed how the dose - response 

curves ca n b e used to predict impacts of connected and automated vehicles.  

 

The market penetration of automation technology can be considered as one of the most 

relevant parameters that are  used to des cribe a concrete implementation of CATS. These 

parameters are al so referred to as influencing factors  within this deliverable. One might 

think of many additional influencing factors, most of them specific to certain CATS 

technologies, applications or use c ases. Examples are the shuttle fleet size  or passenger 

number fo r l ast -mile shuttles in a city, the level of shared mobility  (e.g. rate of shared 

drives) , or the share of pedestrians / cyclists  (for travels with specified characteristics).  

 

Concept ually, i f influencing factors are compared to the indicators and targets  used to 

identify a vision, the main difference is the direction of causality: In order to improve the 

value of a certain indicator, several influencing factors (or more precisely  ï changes in  

these  factors) might contribute to achieve that. As an example,  an  increased SAE Level 5 

market penetration  (under certain preconditions) is expected to contribute to a reduction 

in number of fatalities .  

 

In general, i nfluencing factors considered  in this  deliverable are not regarded as goals 

themselves, they are just  instruments contributing towards a (higher) goal. For example, 

a level 5 market penetration rate is not considered as a goal by itself. However, i t is clear 
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that in reality , such a di stinctio n between influencing factors and goals  (or indicators )  

that def ine a vision , is not always possible in a strict way as certain overlaps exist  

between them . For  example, a higher share of active transport modes is seen as 

important goal in many cit y strate gies, but also contributes towards to the higher goals 

of lower emi ssions  and increased health of citizens.  

 

2.4  Policy interventions  

Policy interventions are measures employed by the city to shape the framework condition 

and to actively steer the dev elopment of connected and automated transport systems.  

This section show s w hat is already known about expected impacts of AVs in urban 

environments  and give a few examples  of policy interventions in  the literature . 

 

The MARS simulations which were carried out in the SAFIP project  (see Chapter 2.1 ),  

show that automated mobility with suitable transport measures -  "including, for example, 

mobility pricing, parking management etc." has the potential  to lead to a signi ficant 

decrease in the  volume of individual traffic . This results in pos iti ve traffic shift  effects 

towards on public transport, pedestrian traffic and bicycle traffic.  "Without linking the AV 

with post - fossil propulsion systems, increases in pollutant emi ssions are also expected. 

In contrast, the simulation results of increas ed public transport -based AV show positive 

effects for supporting more sustainable mobility ò (TU, 2019) .  

 

In order to achieve the targets of the mission 2030  strategy in the  SAFIP project, 

measures or combinations of  intervention s for scenarios 1 (market driven AV euphoria), 

2 (policy driven AV control) and 3 (individuali sed mobility & slow AV development), are 

necessary.  These interventions are necessary to a void AVôs taking a too large share. It is 

e.g. assumed that public  trans port will be reduced when AVôs are penetrating urban 

environments in a too successful way. I t  depend s on the question w hy walking to a bus 

stop  when you can call for a vehicle?  

 

These policy interventions  are:  

1.  Introduction of distance -based road pricing  

2.  I ncre ase the frequency of public transport and  

3.  Redistribution of  street space in favor of active mobility.  

 

The artic le ñAutomated vehicles and the city of tomorrow: A backcasting approa chò by 

Gonzáleza  claimed, that the large -scale implementation of private  AVs could lead to an 

increase in circulating vehicles, aggravating congestion in large cities. Therefore, two 

main goa ls in th eir  article were proposed :  

 

¶ Promotion of a high quality m ultimodal public transport system . 

¶ Promotion of shared mobility of priva tel y-owned vehicles . 

 

Through the implementation  of AVs, public transport could be negatively impacted. 

Arguments are  that the investment needed to develop new infrastructures could le ad to a 

reduction in public transport finance. The attractiveness of pub lic  transport can be 

affected by well -being and speed.  

 

Other authors argue that the use of public transport in certain political contexts could be 

exacerbated as it largely depends on  decisions affecting the market share of shared  AVs 

(SAVs).  
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Policies to  achieve th e city targets should focus on preven ting the use of private AVs and  

prioriti sing the development of SAVs through market incentives to ensure that the SAVs 

complement each o ther with public transport services. In terms of active forms of 

mobilit y, greater use of AVs could potentially reduce walking and cycling for some or all 

journeys . To promote active mobility, the policy measures  propo sed  in the article  are  

limiting motori sed access to specific areas and inactive mobility .  

 

Another  paper  by (ASTRA, 2016)  analyses  the future of AVs in Switzerland and which 

new mobility offers will be developed. This concerns in particular three interventions :  

 

¶ Flexibility / individuali sation of public transport :  in the near future a n A pp will 

make it possible to drive in certain ar eas without a specific timetable and without a 

predefined network of routes. Therefore, users can determine the time and route 

of the ordered trip. These new technologies should enable the "first and last m ile ".  

¶ Car sharing and car -pooling :  with regard to sharing offers using driverless 

vehicles, users will not drive the car themselves and will be exempt from picking 

up and returning of the vehicle to its starting point. They have the option to use or 

share the  vehicle alone. Sharing mobility offer an alter native to poorly utili sed 

regional trains and are complementary to public transport.  

¶ Mobility as a service  (MaaS) : each user has a per sonal mobility assistant. The 

users indicate the desired destination, th e d esired time of arrival and then select 

an offer, that suit them best . Whereby the mobility provider suggests the optimal 

door - to -door route chain.  

 

The Smart City Framework  Strategy  (Wien S. , 2015)  represent  policy measures , wh ich 

were taken to counter energy consumption in the transport sector, anchoring it at 

regional level through urban - rural mobility partnerships and transnational mobility 

management.  These measures are necessary in order t o use the idea of multimodality 

and  the  establishment of hubs (mobility hubs) in the future. An example of this is e -

mobility on demand . I n the future, public transport will be sensibly supplemented by 

electromobilit y, e-car sharing and  will be  used as a measure. Until now, electric cars  

have b een used to replace fossil - fueled  journeys in commercial traffic and to guarantee 

mobility when walking, cycling and public transport are not possible.  

 

Table 3 demonstrate s some of  the AV -specific interventions  linked  to diver se target  fields 

like economic, traffic system, settlement structure, traffic safety , etc . Never theless, s ome 

of these interventions serve multiple targets fields. The AV specific m easures t hat can 

contribute to the achievement of objectives and can be tak en up in the context of the 

implementation of AV political -planning.  These interventions are rel ated on various  

sources found in the liter ature.  

Table 3: ge neral interventions and AV -specific interventions (TU, 2019)  

Target field  AV - specific interventions  

Economic  
 

¶ weight -based / weight -based vehicle taxes for AV with conventional drive or a 
tax on design  
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Traffic System  
 

¶ introduc e differentiated road charges depending on time, location, occupancy 
rat e, etc.  

¶ introduce Mobility as a service (MaaS ) 
¶ introduce assessments  on empty trips of AV vehicles  
¶ expand digital infrastructure  
¶ implement integrated mobility platform with AV  
¶ introdu ction of distance -based road pricing  

Settlement 
structure  
 

¶ optimi se tra nsf er points with AV  
¶ promote last -mile solutions with AV  
¶ car - free zones to equalize entry and exit distances to the entry and exit point 

between the means of transport  

Natural resourc es  
 

¶ redistribute the parking areas in favor of active mobility.  
¶ define A V b reakpoints at the beginning  

Emission  reduction  
 

¶ introduce differentiated road charges depending on time, location, occupancy 
rate, etc.  

¶ introduce shared mobility  
¶ introduce prohib itions or charges for empty trips  

Diverse mobility 
needs  
 

¶ prioriti satio n o f target groups  
¶ promote certain social groups in AV  
¶ promote AV offerings in specific rooms  

Traffic safety  
 

¶ adapt speed reduction for all vehicles depending on the complexity of the  road 
situation and environmental conditions (ODD)  

¶ Linking with digital inf rastructure and networking V2X as well as structural 
adaptation  

 

For a further, more detailed discus sion  of CATS specific policy interventions for Vienna , 

Greater Manchester and Am sterdam  refer to Chapter 4 to 6.    

 

2.5  Summary of LEVITATE use cases, appl ica tions and 
interventions  

Finally, the results of initial analysis and discussion in LEVITATE WP 5, 6 and 7 regarding 

the (sub) use cases , applications , technologies and interventions  are summarised in this 

section. These WPs correspond to the three main use  cases tha t are considered in 

LEVITATE. 

¶ Use case 1 ï Automated urban transport  (WP5)  

¶ Use case 2 ï Passenger cars  (WP6)  

¶ Use case 3 ï Freight transport and logistics  (WP7)  

 

Furthermor e, the  three categories that have been used for the classification  are :  

¶ Int erventions: they can be seen  as city / government driven policy interventions 

with the goal of actively regulating the use of CATS.  

¶ Applications: they cover the actual usage of CATS . Compared to interventions, 

applications are market / business driven.  

¶ Technology: these are (sub) systems for certain CATS functionalities and 

therefore enable  other technologies or applications  

 

The backcasting approach to be developed within  LEVITATE will support policy makers by 

allowing consideration of the potential imp act s of policy interventions relevant to each of 

the key use cases (freight transport, passenger cars and urban transport). Within the use 
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cases  on urban transport, passenger cars and freight transport, a set of sub -use cases 

and interventions will be deve lop ed to inform the predicted impacts of CATS.  

 

In the following, a list of sub -use cases is presented that has been agreed in LEVITATE 

during the first phase of the project . These hav e also been influenced by the existing 

literature and recent research pr oje cts which were  discussed in the last sections. Not e 

that this set of sub -use cases will then be further refined and prioriti sed in a d ecision -

making process ;  considering the relevan ce for CATS , as well as the feasibility of the 

metho ds that will be appl ied  to predict the impacts. This will be described in deliverable 

D4.4.  

 

 Table 4 to  Table 7 (Roussou, 201 9)  show the sub -use cases which are seen as general,  

i.e., relevant fo r a ll three use cases  and those which are specific for urban transport, 

passenger cars  and freight transport.  

 

Table 4: General sub -use cases that are applicab le for all Use Cases.  

Use Case  Description  Category  

Geo- fencing based  
powertrain use   

Different powertrains on hybrid  vehicles are used according to 
defined zones (e.g. low -emission zone in the city center)  

Application  

C- ITS day 1 services  Hazardous lo cation notifications (slow or stationary vehicle, road 
works warning, em ergency brake light, é) 
Signage applications (in -vehicle signage, in -vehicle speed limits, 
signal violation / intersection safety, é) 

Application  

C- ITS day 1.5 services  Charging stat ions in fo, vulnerable road user protection, on street 
parking management , o ff street parking info, park & ride info, 
connected & cooperative navigation, traffic info & smart routing  

Application  

Road use pricing  Prices are applied on certain road (segment s) with  the goal to 
incentive  load -balancing. Can be dynamic depending o n a rea, traffic 
load, and time.  

Intervention  

Centrali sed traffic 
management  

Routing / navigation of vehicles is managed by a centrali sed system 
with access to traffic loads. The goal  is to balance the traffic load 
across the road network.  

Intervention  

Segregated pathway 
operations  

A policy measure where automated vehicles operate on separate 
roads/ lanes, for example a dedicated CATS lan e or an automated 
urban transport lane  

Interve ntion  

 

Table 5: Urban transport use cases  -  Descri ptions and categori sations  

Use Case  Description  Category  

Point to point shuttle  Automated urban shuttles travelling between fixed stations. 
Passengers will be able to  take any pas sing shuttle from the fixed 
stations and choose any other station as a d est ination.  

Application  

Anywhere to anywhere 
shuttle  

Automated urban shuttles travelling between different, not fixed 
locations  

Application  
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Last -mile shuttle  Automated urban shutt les provide convenient first/last mile 
solutions supporting public trans por t. They are not competing with 
main lines of public transport.  

Application  

Street design implications  Road infrastructure should assist the operation of automated urban 
transport  and be influenced by automated urban transport, e. g. 
lane size, interse cti ons design  

Intervention  

Multi -modal integrated 
payments  

Apply an integrated price depending on the use of multiple modes 
of urban transport (shuttle - to -shuttle, shuttle to undergr ound, etc) 
Can be dynamic depending on area, traffic load, and time.  

App lication  

e-hailing  Passengers will book  rides from anywhere to anywhere with 
automated vehicles through a smartphone app with a 
transportation network company  

Application  

Automated ride sharing  Automated  passenger cars will be booked by multiple passeng ers  
(using a smartphone app) to travel between convenient points. 
Passengersô final destinations could be near to each other, but not 
necessarily the same.  

Application  

 

Table 6: Pa ssenger cars use cases  -  Descriptions and categori sat ions  

Passenger Cars Use 
Cases   

Description  Category  

SAE L2/3/4 automation  Different levels of vehicle automation according to SAE 
International. The main difference across levels is the degree of 
human involvement in the driving task.  

Technology  

SAE L5 automation  Level 5 vehicle automation (and also  level 5 penetration rate) 
poses a significant difference to levels 2,3,4 since level 5 means full 
automation (all functions under al l conditions).  

Technology  

Highway pilot  A highly intelligent system c ons isting of assistance and connectivity 
sub -system s which enable the autonomous driving on the highway  

Technology  

Autopark  An autonomous car -manoeuvring  system that moves the vehicl e 
from a traffic lane into a parking spot to perform parallel, 
perpendic ula r or angle parking  

Application  

(Cooperative) Ad aptive 
Cruise Control  

A cruise control system for road vehicles that automatically adjusts 
the vehicle speed to maintain a safe dista nce from vehicles ahead.  

Technology   

Traffic jam pilot  A currently exi sti ng cruise control system that takes over the 
driving task in traffic j ams and slow -moving traffic up to 60 km/h  

Application  

 

Table 7: Freight transport use  cases  -  Descriptions and categori sations  

Freight Transport  Use Cases  De scr iption  Category  

Highway platooning  Trucks dynamically join and leave platoons on highways 
where vehicles move with shorter headways.  

Application  



   
 

   
LEVITATE | Del iverable 4.3  | WP 4 |  Final  17  

Urban platooning  Vehicles dynamica lly join and leave platoons in the city. 
In contrast to highway platooni ng,  the goal is less on 
saving energy but more on increasing the throughput . 

Application  

Intelligent access control for 
infrastructure/bridge  

Bridges and other critic al infrastructure  need to 
coordinate vehicle platoons accessing them to prevent 
overloadi ng.  

Intervention  

Automated urban delivery  Delivery of parcels and goods in urban area is 
automated. Appropriate infrastructure for handover is 
required.  

Application  

Hub - to -hub automa ted transport  Transfer of goods between two hubs (e.g. production, 
wareh ous e, consolidation center) which are mainly 
connected via highways / motorways.  

Application  

Automated intermodal transport  Automated freight transport across multiple modes (e.g., 
tr uck and train) and handling at transfer sites.  

Application  

Local freigh t c onsolidation  Automated freight consolidation using hubs and terminals 
with the goal to increase transport efficiency, especially 
in dense urban areas.  

Application  

Multi -purpose veh icles  The use of automated MPVs for passenger and freight 
transportation . A n application could be the to use MPVs 
for passengers during peak hours and freight and 
delivery during off -peak hours.  

Application  

 

Based on the above lists t he preliminary policy  interventions which have been proposed 

and prioriti sed in  LEVITATE so f ar are listed below  (note that the full  process of this 

selection will be documented in D4.4) :   

Urban transport and shuttles  

¶ Introduce automated shuttles  

1.  Point to point shuttles  

2.  Anywh ere to anywhere shuttles  

3.  Last mile shuttles  

¶ Introduce shared or non -shar ed Mobility as service ( MaaS)offers (several models)  

¶ Automated ride sharing  

Economic incentives  

¶ Road use pricing  

1.  Empty km pricing  

2.  Static toll on non -automated vehicles  

3.  Static toll on a ll vehicles  

4.  Dynamic toll on non -automated vehicles  

5.  Dynamic toll on all v ehi cles  

Access and space allo cation  

¶ Reduce long - term parking (>15min)  

1.  Replace with public space  

2.  Replace with driving lanes  

3.  Replace with short - term parking  

Å Provision of dedicated lane s for AVs on urban highways  

Å Street design optimised  for urban AV shutt les  

Freight consolidation (city hubs)    
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3  Description of LEVITATE  

b ackcasting steps   

Whereas the previous chapter tried to summarise the background and main inputs for 

task T4.4 , this c hapter describes the actual backcasting process in detail.   

3.1  Overview on pro posed s teps  

The flow chart in Figure 2 gives an overview on the proposed steps in the process , the 

used inputs and the expected outputs . 

 
 

Figure 2: Flow chart for the steps of backcasti ng process in LEVITATE  

LEVITATE 

Indicator 

Framework  
Stakeholder 

Reference 

Group  

City 

Dialogue  

City 

Strategies  

1. Define 

VisionVision s 

List of key 

impacts /  

Indicators  

List of key 

influencing 

factors  

City  

Dialogue  

3. Prioriti se 

Influencing 

Factors  

List of key 

policy 

interventions  

City 

Dialogue  

5. Propose 

Policy 

Interventions  

2. Analyse 

Transformation 

Corridors  

4. Consolidation  

Verify 

feasibility  



   
 

   
LEVITATE | Del iverable 4.3  | WP 4 |  Final  19  

 

In step 1, t he city strategies for  future mobility  are studied and relevant visions are 

extracted according to the impact indicators  identified in LEVITATE . Thi s is  carried out  

through a dialogue with  representative s from city autho rit ies . Tra nsformation  corridors 

are analysed using the historical data available and projecting them to the future.  

(forecasting approaches?)  In the next step, influencing factors tha t have positive or 

negative impact on impact indicators ( i.e. visions)  are identified . Again, this is done 

through dialogues with city authority representatives. Once consolidated, with the help of 

city authority representative , possible interventions are identified and listed. In the last  

step  covered in this deliverable , the  feasibility of  interventions to achieve city vision s is 

verified  through various modelling techniques for impact assessments . The final step of 

verification is not performed in this d eliverable as it is ongoing work within the project 

and will be carried out  through work  in WP 5, 6 and 7.  The overall backcasting process 

mentioned above will produce output shown in the following . 

 

From the perspective of relationship between vision, inf luencing factors and policy 

interventions, the following diagram in Figure 3 further illustrates  the  steps . 

 

 
 

Figure 3: LEVITATE backcasting steps  ï three pillars view  
 
 

The main outpu ts  of this process  are shown as the three pillars, where the  direction o f 

arrows indicates the backwards prop agation :  

1.  A set of ( simplified and focused )  vision s are specified by selecting and pr ioriti sing 

a subset of LEVITATE indicators.  For these indicator s, specific target va lues and 

target dates should be assigned, and histo ric  data up to present time should be 

available.  
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2.  These visions can be consolida ted and cross -checked for consistency , based on 

previous data modelling  work in WP4 Constra ints for feasi ble t ransformation 

corridors  can be indicated , based on the time -based d eve lopment  in the past and 

the ñdirectionò (in indicator space) towards the desired vision.  

3.  Influencing factors are selected and prioriti sed . They are related to indicators via 

expecte d impact relationships : For each indicator , one or several factors are 

deri ved  as indicated by the arrows.  Also,  the values of these influencing fac tors 

might be quantified where possible.  

4.  Internal consolidation within LEVITATE ensures that the identified influencing 

factors are consistent with respect to the plans and possibi lit ies in WP5 ï WP7, 

but also with further work in WP3 and WP8.  

5.  Finally,  the most promising policy interventions are selected and prioriti sed, again 

working backwards from the desired changes in the influencing factors .  

 

Note that the use cases, applicati ons  and interventions  as described in section 2.5 , which 

have been selected and discussed in the project so far, cover both the medium and the 

left pillar ( influencing factors and policy interventions) . It has turned out during the  city 

dialogues that a strict distinction between these two is not always possible or useful.  

 

3.2  Visions  and transformation corridors  

The challenge of this first step in the backcasti ng process is the selection of a few key 

targ ets and indicators that hav e t op priority in the City strategy and at the same time 

have the potential to be addressed  by CATS.  The re sulting simplified and focused ñvisionò 

is specified by a very small number o f LEVITATE indicators and corresponding 

quantitative targets ( ñvalue X in year Yò). 

 

It should be stressed here that such a simplified vision is unsuitable for direct (ñbrute-

forceò) optimi sation  approaches . This is because  optimi sations  in on over -simpli fied 

model might easily lea d to extreme (and unwanted) results, e.g. to ban  all traffic 

completely  for reaching the vision goals . To avoid such situations, a more comprehensive 

set of indicators, covering four dimensions ( safety, society, environment and ec onomy)  

has been  considered in LEVITATE from the beginning. When trying t o i mprove a few key 

indicators now (by means of CATS) this does not ignore the behavior  of other indicators , 

but also considers their further development implicitly, based on previous developments.  

When performing the city dialogues,  it has been emphasi sed to  consider all four 

dimensions , not only when defining the vision , but also during selection and priori sation  

of influencing factors and policy interventions.  As an example, simply s peaking, a policy 

intervention that would ensure to reach a  specific env iro nmental goal, but negatively 

impact eco nomic and societal target indicators , should be handled with great ca re.    

 

In the context of the proposed backcasting process , the data drive n methodologies 

applied in deliverable D3.2 (Zach, Rudloff, & Sawas, 2019)  and corresponding results are 

briefly revisited here .  

 

As already explained in section 2.2, each geographic entit y at a specific point in time 

could be mapped to a point within an abstract  indicator space with reduced number  of  

dimensions  (i.e. the number of dimensions is less than the number of indicators 

con sidered).  This abstract space incorporates the independent real ñdegrees of freedomò 

within the s pace of LEVITATE dimensions and indicators, implicitly considering any 

corr elations  that can be found from historic data. In this way , a first ro ugh estimate can 
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be given , how an indicator Y is expected to change if indicator X is changed by certain 

CATS i mpacts.  

 

In this space, movements of geographic entities over time can b e i llustrat ed. An example 

for Vienna has been given in  Zach, Rudloff, & Sawas  (2019) , where the average values 

for each decade, from the 1960s to 20 10s , have been used as data points . The 2D space 

selected for illustrati on was defined by the first two components after a principal 

component analysis (PCA)  in the abstract embedding space . The obtained results showed 

sufficient statistical significance t o identify  a straightforward  movement over the 

decades, which also allow s a  linear projection over the next 10 ï 20 years  (assuming 

that the direction of movement in the abstract space stays the same).  

 

On the other hand, as has also been explained, vision  points based on specific targets for 

some indicators (e.g. Vienna 2030,  Vienna 2050) can also be mapped to this space ;  

illustrating not only the gap between current  state and these visions, but also the gap 

between linear projection  (e.g. for 2030) and th e corresponding vision  for that point in 

time. The (multi -dimensional)  diff erence vector of these two points can be considered as 

an indicator of ñwhat has to be changedò in order to reach the defined targets of the 

vision. (In the physical analog ue of  a m oving body  which should be diverted in order to 

reach a target point, th is vector would correspond to the external force that has  to be 

applied.) A sche m atic  illustr ation of this gap between projected future and vision is 

shown in Figure 4, where the evaluation of historical data and ke y t argets for the 

example of Vienna in  Zach, Rudloff, & Sawas  (2019)  has revealed a very similar 

behavio ur.  

 
Figure 4: Gap between projected future and vision  for a city , and  resulting change ve cto r (schematic , based on 
evaluated data for Vienna , the axes are the first and second principle components in embedding space )  



   
 

   
LEVITATE | Del iverable 4.3  | WP 4 |  Final  22  

As also indicated already in section 2.2, this change ve ctor can be mapped back to a 

change  in LEVITATE indicator values . This a ddr esses the question which indicators should 

be subject to the greatest changes in order to ñcorrect the courseò and reach the 

targeted vision.  Geometrically this can be interpreted a s projection 3  of the LEVITATE 

indicators (represented in the same abstra ct space  as the geographic entities) on  the 

change vector in the multi -dimensional space. If this projection is positive  then the 

corresponding indicator should be improved (i.e. enhan ced) in order to reach the vision . 

 

For the example of Vienna 2030 , base d o n the statistical analysis of data f or LEVITATE 

indicators , such a projection for selected indicators is shown in Figure 5. The highest 

posi tive contribution obviously comes from indicators like BuildingVolume_3 (Buildings 

with more than 3 floors ), Perceived Safety _x ( You feel safe in the neighborhood  you live 

in ) and Fatalities_1  (People killed in road accidents per 10 ,000 p ersons  ï measured at  

city level) , where other (obviously  vision relevant) indicators like CO2 or other par ticle 

emissions  and energy consumption do not show any significant dependency (or even 

contribute negatively).  

 

In summary, the statistical analysis definitely  can supp ort the identification of visions and 

provide meaningful inputs for find ing  feasible transformation corridors from the present 

state towards the desired vision. The results of these approaches, however, should also 

be cons idered with caution, since the amo unt of available data cannot guarantee reliable 

conclusions for all indi cat ors or geographic regions . Furthermore,  the approach discussed 

in this section relies on time - independent correlation patterns between indicators , which 

might not be a valid assumpt ion for the medium - term future ; particuarly  where 

disruptive technologic al developments , like CATS , enter the scene.  Further efforts within 

LEVITATE (WP5 -7 and WP8) will be required to guide the backca sting approach and fine -

tune possible transformation c orridors  based on data evaluation . For the scope of this 

deliverable and  th e results described in the remaining chapters for the three city cas e 

studies, the main basis will be the LEVITATE indicator fr amework , prelimi nary analysis of 

CATS use cases , influ encing factors  and policy interventions , and finally the dialogue with 

the cities.  

 

 

 

 
3  Calculate d as cosine similarit y between the two vectors (or  1 ï cosine  distance) ; values are therefore between 
-1 and 1 . 
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Figure 5: Example for Vienna 2030: Projection of selected LEVITATE indicators on the change vector for Vienna 
for 2030  

 

3.3  Influencing factors  

For t he backcasting approach followed in this deliverable, the influencing fa cto rs are 

considered as the link between the vision (defined by means of indicators and final CATS 

imp acts) and the polic y interventions ï which can be seen as ultimate output of the 

backcasting process.  

 

As explained in section 2.3, influencing factors are generally  not considered as goals 

themselves, as they are just instruments contributing towards one or several higher - level 

goal s. They are related to the indicators via expected  imp act relationships  ï and this can 

be considered as the biggest challenge in this step  of the backcasting process : From the 

initial analysis of impact relationships  in LEVITATE, statements on (quantified)  

dependencies are in most cases not yet possible. Quan titative impacts are also difficult  to 

predict because optimal use of AV ôs will requ ire a different way of planning for which 

existing tools and data are inappropriate . Therefore,  it will be important to verify the 

postulated relationships afterwards by me ans of quantitative methods (like micro -  or 

mesoscopic simulations  and s yst em dynamics) .  

 

For each indicator  that has been identified as key for the vision , one or several factors 

shall be  derived , based on  analysis of the inputs described below and common  discussion 

with city repres entatives . Also, the values of these i nfluen cin g factors might be quantified 

where possible.  The f ollowing main sources are used as input for this selection process:  
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1.  Available documents that describ e city visions and strategies : In some cases , the 

city strategies include d ideas on  how CATS ca n supp ort  to reach certain  goals of 

the vision.  

2.  Preliminary work in WP 5 , 6 and  7 in  LEVITATE for  Automated urban transport , 

Passenger cars  and F reight transport and logistics , respectively  ï as summari sed 

in section 2.5 . The parameters considered for the priori ti sed use cases (Last mile 

shuttles, Road pricing, Automated urban delivery )  are essential for the 

backcasting process allowing  subsequent  verification.  

3.  Preliminary work in WP 3: Depend ency chain  of impacts (direct, systemic, wider)  

and parameters considere d f or the dose - response curves ; results that have been 

identifie d after a literature survey.  

 

However, i t should be stated , that the influencing factors identified in this step should not 

be limited to those already documented and considered in LEVITATE . I n t he dialogues 

with the cities any relevant factors  derived from the goals  can be identified . In particular 

it has been stressed by city representatives in the initial meetings that t hese influencing 

factors (and also related poli cy interventions) should be as specific (for the ci ty) as 

possible . 

 

As indicated in Figure 3, the direction from the goals ñbackwardsò to related influencing 

factors will be  illustrated by using arrows going from right to left , when docume nti ng the 

results of the backcasting dialogue . 

 

As a final not e to the relevance of influencing factors , the direct relationship to CATS / 

AVs is not always so clear , in the end we mig ht face correlations between several 

influencing factors which impact  th e t argets. Consider for example that electrifi cation of 

fleets will have a bigger direct impact on environment al goals  than just the automation. 

But in general,  it is assumed that most  automated AVs will also be electric. If automated 

vehicles will be shar ed (as some of the  sources cited in chapter 2 assume), then a lower 

number of vehicles may be expected, but this is conflicting with some opinions that say 

that mobility will explode w hen automated ( taking  them for all trips for which otherwise 

one would h ave  taken a bus or a bike).  Consequently, infl uencing factors such as the 

share of EVs, shared mobility or the attractiveness of public transport and active 

transport modes absol utely should be taken into account.  
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3.4  Policy interventions  

 

As the final step  in  the backcasting  process, promising policy interventions are selected 

and prioriti sed, again working backwards from the desired changes in the influencing 

factors.  

 

Again , as for th e influencing factors, candidates of relevant policy interventions might  be 

derived from ex isting documents describing city visions and strategies , and they might 

be related to the use cases analysed in WP 5 ï 7 (as already described in section  2.5) .  

 

The main goal of the backcasting  process as described in this deliverable is to  identify the 

most promising interventions based on the key goals and influencing factors . For these 

three cities  case studies, the policy interventions shall be as specific as poss ible . As an 

example, a possi ble policy intervention would not just be ñroad  use pricingò, but 

discussing which parameters to use for that kind of intervention ï in which areas (zones) 

of the city , during which day time, for which types of vehicles etc.  

 

A typical challenge in this st ep (but also overall in the backcasting proc ess) is the 

question  how far  the considered interventions are specific to CATS  (and therefore within 

scope of LEVI TATE). Since the expected impact of CATS has been considered already in 

definition of LEVITATE indicator framework and feasible visions , relev anc e to CATS 

should be ensured to a certain degree ñfrom the startò. It can still happen, however, that 

for a certain goal , influencing factors and, even more, policy interventions can be derived 

that have no strong (at least no direct) relationship to CAT S. Nevertheless, such 

influencing factors and policy interventions might be considered as relevant because of 

following aspects:  

 

1.  Implementation of CATS  leads (or better: is expected  to lead) to changes in 

several other system parameters ï within or outsid e t he transport domain ; such 

changes might then require or facilitate adaption of policies. As an example, less 

need for parking space in certain areas (as con sequence of CATS) might a llow for 

re -assignment of public space  (as policy intervention) . 

2.  Importa nt and general policy goals like reduction of air pollution and CO2 

production can be considered as ñweaklyò depending on CATS itself (compared to 

all other in fluencing factors) ï but taking into consideration the possible impacts 

of CATS on several factor s l ike modal split , additional amount of travel , travel 

time  or propulsion type, significant contributions of CATS towards these goals 

could be demonstrated.  These factors in turn can be controlled by suitable policy 

interventions.  

 

Feasible policy interve nti ons will of course also be defined by the cityôs sphere of 

influe nce : Sever al developments (e.g. driven by technol ogy and market) are out of direct 

control by  any federal government , regional  government  or municipal authorities ; other 

interventions migh t b e controlled only at a higher level ( federal government , EU level) 

but can hardly be influenced  on city level.  In such case it will still be essential for cities 

how to respond to corresponding changes (for example in the market penetration of 

level -5 A Vs) .  
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The prioriti sation  of policy interventions might result from a trade -off between the effect 

on identified influ encing factors and contribution to policy goals  on one hand, and th e 

feasibility (in terms of costs , political resistance  etc.) on the othe r.  

 

As a final note, the proposed tim eline  of policy interventions and possible combinations / 

sequences will not be handled within this deliverable. This will be addressed on a 

qualit ative level in deliverable D4.4 and investigated in more detail in WP 5 ï 7.  So,  the 

ñfeasible pathsò of intervention as understood within the scope of this deliver able are 

defined by the  connections between the targets of the vision, the influencing factor s and 

areas of promising policy interventions . Only after quantitative inve stigations of these 

relationships , mor e concrete pathways  ï determined by development of influencing 

factors as well as indicators as a function of time ï may be described.   

 

3.5  City d ialogue s 

The general procedure as outlined in Figure 2 envisage s a city dialogue that is based on 

existing documentation of city strategies  and the LEVITATE indicator framework, and is 

performed in f ollowing three s teps:  

 

1.  Define a Vision  

2.  Prioriti se Influencing Factors  

3.  Propose Policy Int erv entions  

 

For Vienna and Greater Manchester , where the main contacts for the dialogue are also 

partners in the LEVITATE project , discussions on above mentioned building blocks have 

already been started before the actual backcasting process that is descri bed  here. The 

City of Vienna has also supported to define the LEVITATE indicator framework, according 

to the four impact dimensions safety, soc iety, environment and economy . 

 

In additi on , as part of the first LEVITATE Stakeholder Reference Group Workshop, whi ch 

was held in Gothenburg, Sweden, on May 28, 2019 4 , experts from different sectors , 

including stakeholders from municipal authorities , were involved to discuss and adopt the 

list of go als and indicators and to disclose potential synergies and conflict s r egarding 

efforts to achieve specific goals in the four selected dimensions . 

 

The actual backcasting dialogue with the cities (as rep orted in this deliverable) has been 

carried out within  a timeframe of close to two months (November -  December 2019)  and 

was  perfo rmed as a combination of workshops / face - to - face meetings, offline reviews 

and phone conferences . 

 

For the Vienna case study, a first workshop  was h eld in November , addressin g step 1 and 

2 together (since the definition of the vision by means of ind icators was already quite 

advanced at that time) , followed by an off - line review of indicators and influencing 

factors.  After this, a draft des cription of proposed derived policy in terventions was sent 

to the city contact as base for a discussion and fi nal isation during a phone conference.  

 

 

 

 
4  For details refer to htt ps://levitate -project.eu/2019/06/11/what -do-policy -makers -want - to -know -about - the -
impact -of -connected -automated -vehicles/  

https://levitate-project.eu/2019/06/11/what-do-policy-makers-want-to-know-about-the-impact-of-connected-automated-vehicles/
https://levitate-project.eu/2019/06/11/what-do-policy-makers-want-to-know-about-the-impact-of-connected-automated-vehicles/
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For the Greater Manchester case study, a meeting was held in September to understand 

their strategies and policy goals. One day, in -person meetin g provided an overview of 

Transport for Greater Manchester (TfGM) operat ion s as well as research and policy -

making activities. Further materials regar ding  their 2040 transport strategy and their 

delivery plans and various other activities was pro vided. Thi s was studied and overall 

relevant  backcasting was extracted using these  documents. This was further refined 

through a teleconference meeting  with  TfGM employees concerning policy and 

operations . 
 
For the Amsterdam case study , a first meeting was held in D ecember. During this 

meeting the vision, factors and potential intervent ion s were discussed. Before the 

meeting an off - line review of standing vision documents and influencing factors  took 

place. After the December meeting, a d raft description of the visio n, influencing factors 

and policy interventions was sent to the city con tac t  for review and discussion. A phone 

conference was held to discuss final adjustments and ensure a correct representation of 

the cityôs view. 
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4  Vienna  

The aim  of this chapter is to apply  the backcasting steps  described  in the previous 

chapter to a city dia logue with the city of Vienna . Dialogue with stakeholders in order to 

define feasible paths of intervention towards the vision . Through the discussions  with the 

city, the vision  rel evant for LEVITATE  were identified , which represen t the city goals and 

infl uencing factors for  a specified point in future . Subsequently, specific policy 

interventions are proposed  to achieve the city go als.  

 

 

Figure 6: Backcasti ng  for Vienna  ï Overview  

 

 Table 7 illust rate s th e Backcasting approach in several steps. It shows a network of 

dependencies that will be further explored in this project.  These steps are split into three 

pillars, starting from  th e right pillar with the vision moving to the left pillar with the 

policy in terventions.  The illustration show s a link between the city goals, influencing 

factors and the relevant policy intervention.  

 

At the first dialogue with  the city of Vienna  there ar e seven goals  identified, especially 

those which are relevant for L EVITATE. These targets are mapped to the indicators and 

impacts , which were mentioned in various working papers of LEVITATE Project .  The blue 

arrows in the first pillar symboli se the influe nce of the goals to each other. The approach 

of selected indicators  shows  positive correlations.  
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I n a further and last city dialogue  ï the appropriate policy interventions for each goal is 

defined. This is a required  step to be able to achieve the city tar gets.  

 

4.1  Vision  

Vienna is growing, and so is the total number of rout es that are covered by residents. 

Responsible for the steadily increasing traffic emissions are the increasing speeds and 

longer distances made possible by the motori sation. Short distances  can easily be  

covered by bike or on foot. Conversely, a shift in t raffic t owards walking and cycling can 

strengthen a settlement structure with diverse offers in the surrounding area in the long 

term.  

 

The goals  determined t hrough the  City  dialogue  by a c ombination of the selected 

indicators and specifies the target dire ction fo r further development. The targets are 

aligned with the Vienna Smart City Strategy document of 2019  (Wien M. d., 2019)  which 

presents some quantit ative t argets for 2030 as well as for 2050.  

 

Vienna 's Smart City 2050 goa l is the refore: ñthe best quality of life for all Viennese with 

the greatest possible conservation of resources. This is achieved with extensive 

innovations. ò Therefore, the followin g three  dimensions of the smart city Vienna arise:  

1.  Resources (Mobility, In frastruc ture)  

2.  quality of life (environment, social inclusion) and  

3.  innovation (research and technology)  

 

The overall city goal of  Vienna is to reduce greenhouse gas emissions per capita by 3 5% 

by 2030 and 80% by 2050 (compared to 1990). The main sub -goals i n the fi eld of 

mobility that belong to the resources and the  main targets of the city  related on 

LEVITATE are :  

1.  Per capita CO2 e missions in the transport sector fall by 50% by 2030, and by 

100% by 2050  

2.  Per capita final energy consumption in the transport s ector fa lls by 40% by 2030, 

and by 70% by 2050  

3.  By 2030, private motor vehicle ownership falls to 250 vehicles per 1,000 

inhabita nts.  

4.  The share of journeys in Vienna made by eco - friendly mod es of transport, 

including shared mobility options, rises to 85% by  2030, a nd to well over 85% by 

2050  

5.  The number of traffic casualties and persons injured in traffic accidents declines 

further  (even if no  further specified target is given)  

6.  The share of gr een space in Vienna is maintained at over 50% until 2050  

7.  The volume  of traf fic crossing the municipal boundaries falls by 10% by 2030  

 

The absolute final energy consumption in Viennese traffic (according to the EMIKAT 

definition) is expected to decrease by  approx. 20% to around 7.3 TWh by 2025, 

compared to around 9.1 TWh in 2010.  

 

A prerequisite for achieving this is a significant increas e in the bicycle traffic share.  

Bicycle availability is increasing: by 2025, 80% of households should have a bicycle 

avai lable, and 40% of the population should be able to reach a rental b ike stat ion within 

300 meters. By 2025, 50% of the population should  be able to reach a car sharing 

location within 500 meters.  
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The Viennese Urban Mobility Plan, under the ñSTEP 2025 Urban Development Planò 

(Vienna, 2015)  sets o ut the g oals of the City of Vienna for a viable transport system of 

the future. Figure 7 shows the fields of action for mobility in Vienna and  the goals of 

activiti es in this fields.  

 

 

Figure 7: Fields of  action for mobility in Vienna  

In  Table 8, a mapping for the goals is presented, for most relevant indicators along with 

their spe cified target values (note that f or some indicators quantitative target values are 

available, for ot hers onl y qualitative statements development sought are available: rise, 

decline or maintain level ï in this case a rise / decline might be assume d by 20% until 

2025, compared to 2010 value s).  The LEVITATE indicators are  divided into  four 

dimensions  safety , societ y, environment and economy.  The table indicates a  foc us on 

only three dimensions , namely on environment, safety and society .  

 

Table 8: I ndicators with their s pecified target values  

Indicator  Definition  Most recent 
value avail able  

Tar get value 
(2025)  

LEVITATE Indicator(s)  

Mobility Behaviour  

Average 
distances 
covered [km]  

Average distances the Viennese 
cover in Vienna [km]  

2013: 4.1 km  decline  TravelTime  
 

Sha re of errands which Viennese 
population does on foot within 
walking  distanc es (1 km)  

2013: 25.0%  rise  EnergyConsumption  
Transport  
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Modal split in 
passenger 
transport  

Modal split for the Viennese 
population, referring to the 
number of trips (eco -mobility:  
MIT)  

2013: 73:27  80:20  EnergyConsumption  
Transport  

Multimodality  Percentage  of population using at 
least two modes of transport 
within a week  

2013: 52%  rise  (relationship to L EVITATE 
indicators, but not 
covered explicitly)  

Mobility Services  

Satisfaction 
with transport  

Satisfaction with public transport 
(school marks 1 -5) 

2013: 1.70  rise  SatisFactPubTran  

Degree of 
motorisation  

Passenger cars per 1,000 
inhabitants  

2014: 386  decline  (relationship to L EVITATE 
indicators, but not 
covered explicitly)  

traffic safety  

Accidents  Number of traffic casualties per 
year  

2013: 17  decline  Fatalities  

Number of persons injured in 
traffic accidents per year  

2013: 6,979  decline  Injured  

Energy and environment  

Energy 
consumption  

Final energy consumption of the 
transport sector in Vienna 1999: 
7,474 7.300 per year, adjusted 
for EMIKAT ca lculatio n [GWh]  

2012: 8,647 GWh  7,300 GWh 
(minus 20% 
comp. to 
2010)  

EnergyConsumption  
Transport  
 

CO2 emissions  Traffic - related CO2 emissions in 
Vienna, according to EMIKAT  

2012: 2,062 kt . 1,700 kt . 
(minus 20% 
comp. to 
2010)  

CO2 

 

Figure 8 shows how the city goals can interact with each other . The three city goals  in 

the boxes  on the right side are the main goals , that  should be  linked to the three goals 

on the left side to reach these  goals.  
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Figure 8: Im pacts/in dicators -Vienna   

 

The most upper goal of the city  of Vienna is to reduce CO2 emissions per capita by 50% 

in 2030 and 100% in 2050. The increasing emissions in the transport sector a re a global 

problem  and  especially in Vienna is a central issue . As  shown in the figure , this target 

link s with another three goals, that means they are related to each other. The reduction 

of CO2 contributes to reduce the energy consumption and the volume  of traffic , as well 

as to increase the share of Eco - friendly journ eys.  

 

A further city target is to redu ce the final energy consumption in the transport sector by 

40% in 2030, and by 70% in 2050. If more trips are made by bicycle, on foot or by 

public tr ansport, and the number of car owners decreases, then the final ene rgy 

cons umption will be decline.  

 

A fa ir division of the public space is one of the required goals  to achieve other goals .  

Up to 120.00 additional apartments are to be provided in Vienna in the year 2025, in 

addition there must be areas for social infras tructure  (Wien M. d., 2019) . For planning  

this  process,  the pedestrian accessibility of public transport stops within 300 m is to be 

strived for.  

 

As a next step , the city of Vienna wants everyone to be able to reach the next fr ee space  

within about 250m. The preservation and expansion of large recreational areas helps to 

offer more attractiveness in the city. This can prevent suburbani sation  and associated 

commut er traffic flows  (Wien M. d., 2019) .  

  












































































