reviewed paper

A Toolbox to Analyse Sustainable Mobility in Land-Use Planning Processes: Methodological
Challenges and Approaches for Residential Developments in Rural Areas

Nazanin Zahabkar Aghdam, Jochen Eckart, Christian Rickert, Catharina Lutz

(M. Sc. Nazanin Zahabkar Aghdam, Hochschule Karlsruhe University of Applied Sciences, 76133 Karlsruhe,
nazanin.zahabkaraghdam@h-ka.de)
(Prof. Dr. Jochen Eckart, Hochschule Karlsruhe University of Applied Sciences, 76133 Karlsruhe, jochen.eckart@h-ka.de)
(M. Sc. Christian Rickert, Hochschule Karlsruhe University of Applied Sciences, 76133 Karlsruhe, christian.rickert@h-ka.de)
(M. Sc. Catharina Lutz, Hochschule Karlsruhe University of Applied Sciences, 76133 Karlsruhe, catharina.lutz@h-ka.de)

1 ABSTRACT

A major challenge in promoting sustainable mobility behavior in rural areas is the spatial structure. Mapping
and modelling the causal interactions between land-use, mobility behavior, and local accessibility is
associated with considerable methodolgical complexity. Accessibility analyses have to be linked with
tangible applications in order to generate real added value for land-use planning. In the project move.mORe,
an approach was developed, building on current research and practical findings, to use accessibility analyses
effectively in advising rural municipalities on land-use planning..

Empirical evidence shows that structural parameters such as residential density, mixed land use, accessibility
to public transport, and proximity to essential services strongly influence travel behavior. Areas with higher
density, diverse land use, and efficient public transport connections exhibit lower car ownership rates and
higher shares of walking, cycling, and public transport use. Longitudinal and quasi-experimental studies
indicate that changes in the built environment can causally affect mobility behavior, although the extent of
these effects is moderated by self-selection processes, whereby individuals choose residential locations
aligned with their pre-existing mobility preferences. This poses challenges for researchers and planners
seeking to disentangle causality from selection effects.

To address these challenges, the project move.mORe developed a multimethodological toolbox designed to
support rural municipalities in evaluating and promoting sustainable mobility within the land-use planning
process. The aim of the toolbox is to provide a scientifically grounded impact assessment. This enables
municipalities to identify potential traffic-related effects of residential developments already in the early
stages of the planning process and to develop evidence-based strategies to support the sustainable mobility of
residents. On this basis, site-specific solutions can be developed to promote sustainable mobility. Policy
interventions can support sustainable mobility through “pull measures” that enhance the attractiveness of
environmentally friendly transport modes, as well as “push measures” that limit car dependency, such as
parking management or restricted vehicle access.

The toolbox employs two primary indicators to evaluate the sustainability of the mobility in planned
residential developments: traffic-related greenhouse gas emissions and the provided accessibility for
residents. Greenhouse gas emissions quantify the ecological impact of transport demand generated by the
development area, representing the environmental boundary of sustainability. Accessibility measures the
ability of residents to reach essential destinations such as supermarkets, schools, healthcare providers, and
public transport nodes within a defined travel time, reflecting the social needs dimension of sustainable
mobility. Accessibility analyses within the regions and municipalities of the project area are conducted using
weighted destination categories and isochrones based on the concept of “15-minute city” and transferring its
ideas and applications to a “15-minute rural region”. The project’s core structure allows the analysis of these
cities these “smaller” cities and municipalities in rural regions and explore different use-cases for
accessibility analyses.

Keywords: toolbox, accessibility, sustainable mobility, rural areas, land-use planning

2 BUILT ENVIRONMENT AND MOBILITY BEHAVIOUR - THE INTERACTION BETWEEN
CAUSALITY AND SELF-SELECTION

The development of mobility and built environment in rural areas can be described as a “vicious circle”.
Since the mid-20th century, the increasing prevalence of the automobile and the expansion of car-oriented
infrastructure have promoted an increasingly sprawling settlement structure. This leads to longer daily
journeys and increased traffic volumes. In order to cover longer trip distances, many people rely on fast
modes of transport, especially private cars, which reinforces car dependency. Increased travel speeds reduce
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sensitivity to distances, leading to the acceptance of longer journeys and inducing additional car-oriented
traffic flows. This in turn encourages people to choose more distant residential locations and exacerbates
urban sprawl. In such structures, residents are heavily dependent on motorised individual transport and
generate comparatively high greenhouse gas emissions (Holz-Rau and Scheiner 2019; Jarass 2018). This
process has not only ecological but also social implications: public services are often only accessible by car,
which places a financial burden particulary on low-income households and limits the social participation of
people without access to a private car.

It is widely accepted in the literature that the settlement structure plays a significant role in shaping mobility
behaviour of the residents and hence changes in the spatial structure can lead to changes in mobility
behaviour and promote sustainable mobility (Planersocietdt 2012; Holz-Rau and Scheiner 2019).Many
authors assume that the mobility behaviour of residents differs depending on various built environment
characteristics. Above all, constraints such as residential location, mixed land use, degree of integration into
the existing road network, accessibility of daily trip destinations and developments in locations with good
public transport connections can influence the mobility behaviour of residents. This is reflected in lower
motorisation rates and a high proportion of enviromentally-friendly transport modes in settlement locations
with good public transport infrastructure, sharing services and accessibility to daily destinations (see also
Beckmann 2020). However, it should not be overlooked that individual parameters such as socio-
demographic factors, lifestyles and mobility styles, as well as other structural parameters such as the
transport system, also play an important role in shaping mobility behaviour and must therefore not be
ignored (Beckmann 2020; Holz-Rau and Scheiner 2019; Jarass 2018).

A study by Christiansen et al. (2017) from Norway, which focuses on commuting, shows that parking
availability at work and at home has a significant influence on the choice of transport. The longer the
walking distance to parking at home, or if there is no fixed parking space at the workplace the less likely
commuters choose the car as their mode of transport. This effect is even more pronounced when there are no
parking facilities at the workplace. A combination of limited supply and additional parking fees proves to be
particularly effective.

Ness (2011) examined the modal split of commutes in inner-city development projects (“new urbanism
development”) compared to conventional suburbs in Denver, USA. The results show that, in addition to non-
spatial parameters such as transit pass ownership and socio-demographic factors, the availability of free
parking at the destination is also correlated with the choice of transport mode.

Schwarze et al. (2025) demonstrate in their empirical study in Germany that walking distance to everyday
trip destinations significantly increases the proportion of walking, cycling and public transport use, while
reducing car use and the household motorisation levels. Multiple motorisation of households is also less
common in residential areas which offer good local accessibility. Interestingly, households in such locations
travel more frequently, but their journeys are shorter on average.

The longitudinal study by Bauer et al. (2005) examines the mobility behaviour of households before and
after moving within the region of Dresden and shows that moving from the city centre to the surrounding
area is often associated with an increase in motorisation level. This study also emphasises the role of car
orientation in residential location preferences, so that moving from the city centre to a more peripheral
location both requires and promotes car orientation.

Another study by Bauer et al. (2022) examines the influence of mobility concepts in car-reduced new
neighbourhoods of Germany on the mobility behaviour of residents. The results show a decline in the degree
of motorisation after moving, with less use of private cars in favour of public transport. In addition, the use
of car sharing has increased after moving to new neighbourhoods.

A central question in the discussion on the interaction between settlement structure and mobility behaviour
concerns, whether observed correlations are causal or whether they result primarily from processes of self-
selection. This means that people consciously choose places to live that correspond to their existing mobility
behaviour or mobility preferences (Scheiner and Holz-Rau 2007; Bruns 2014; Van de Coevering et al. 2018).
Several studies therefore question the thesis that built environment characteristics alone shape mobility
behaviour. Bagley and Mokhtarian (2002), for example, emphasise that the influence of built environment
characteristics is often overestimated in comparison to socio-demographic variables and lifestyles.
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Various methodological approaches have been developed to address the question of causality. Vance and
Hedel (2007), for example, analyse variables that correlate with the urban form but are not directly correlated
with mobility decisions.

Studies that use longitudinal approach to examine households before and after a move have been able to
demonstrate a causal influence of settlement structure changes on mobility behaviour in some cases. A
particularly illustrative example is provided by the study by Cao et al. (2019) from Norway, which uses a
hybrid method combining a quasi-longitudinal approach and qualitative analysis in the form of interviews.
One interviewee reported that after moving from a location close to the city centre to a peripheral location,
she purchased a car, even though she had had no intention of buying a car before the move. The reason for
this decision was that everyday trips were no longer feasible by public transport. This qualitative observation
supports the assumption that the change in mobility behaviour was a consequence of the residential location
and the built environment characteristics at the new place of residence and not an expression of pre-existing
mobility preferences in the sense of self-selection when choosing a place to live.

Robert Cervero (2017) argues that sustainable mobility depends less on increasing the speed of travel and
more on improving accessibility and the ability for people to reach jobs, services, and daily needs efficiently.
This shift places land-use planning at the core of transportation policy. Rather than expanding road networks
to ease congestion, Cervero advocates for compact, mixed-use, and transit-oriented development patterns
that reduce travel distances and automobile dependence. By aligning urban form with high-quality public
transit, walkability, and cycling infrastructure, cities can lower greenhouse gas emissions, improve public
health, and advance social equity. Sustainable mobility is achieved not simply through cleaner vehicles, but
through reshaping urban development to prioritize proximity, accessibility, and people-centered design.

3 LAND-USE PLANNING AS A LEVER FOR SUSTAINABLE MOBILITY IN RURAL AREAS

Despite the ongoing discussion on causality and self-selection there is a broad consensus that both transport
mode choice and travel distances vary depending on the built environment characteristics and the spatial
context (Jarass 2018; Scheiner 2009). Integrated land-use and transport planning is therefore an important
planning approach, particularly with regard to ensuring that everyday destinations can be reached without a
private car and creating a healthy and liveable environment (Holz-Rau and Scheiner 2019). Transport
planning based on the principles of integrated land-use development forms the basis for promoting
sustainable mobility behaviour. Only where suitable built environment structures and appropriate
infrastructure conditions are in place do residents actually have the opportunity to adapt their mobility
behaviour in favour of environmentally friendly modes of transport.

At the same time, implementing appropriate measures, such as increasing density and mixed land use,
improving access to public transport stops or redesigning public spaces, often involves considerable time and
financial expenditure once a settlement is developed. This makes it all the more important to consider these
aspects at an early stage when planning new settlements. Nevertheless, existing areas also offer certain scope
for action. The expansion of infrastructure for eco-friendly transport (e.g. through bicycle and pedestrian
infrastructure, better public transport connections) and supplementary measures such as mobility hubs or
parking management can provide behavioural incentives.

The spatial planning system in Germany shapes the built environment through a two-stage system of local
spatial development planning comprising preparatory land-use plan (Flachennutzungsplan) and binding land-
use plan (Bebauungsplan). Preparatory land-use plans define the intended types of land use for the entire
municipal territory in accordance with proposed urban development strategies, aiming to address the
anticipated needs of the municipality over often a ten- to fifteen-year period. These plans provide the
overarching framework and serve as the foundation for binding land-use plans. Binding land-use plans
constitute the principal instrument for implementing local government planning. They are developed based
on the preparatory plans and contain legally binding provisions that guide and regulate urban development
patterns, including the use of land for development and other purposes.

Both types of plans regulate a wide range of measeres that influence the mobility behaviour trough the built
environment. For example, the preparatory land use plans affect future traffic volumes, in particular by
specifying development sites and their integration into existing infrastructure. A compact, short-distance-
oriented settlement structure and the concentration of new developments along high-capacity public transport
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corridors can significantly enhance the attractiveness of sustainable modes of transport (SRL-FMV Working
Group 2020).

Binding land-use plans adapt these objectives to local conditions and have a direct impact on accessibility
and mobility behaviour through regulations on density, mixed land use and the design of public spaces.
Requirements for transport facilities such as cycling and pedestrian infrastructures, bicycle parking facilities
or car-parking regulations create the structural conditions for sustainable everyday mobility (SRL-FMV
Working Group 2020). Once settlement structures have been established, they play a formative role in the
mobility behaviour of residents for many years. Land-use planning therefore offers a fundamental
opportunity to shape mobility behaviour in the long term and create the basis for sustainable mobility.

Mobility impact assessments for spatial development plans have become increasingly common in recent
years, they are often limited to estimating car traffic volumes for the purpose of designing transport
infrastructure. Assessing whether an urban development plan promotes or enables sustainable mobility
behaviour in the long term is rarely the focus of consideration. The move.mORe project is an IHS-funded
transfer project of the Karlsruhe university of applied science and Offenburg university of applied science.
(IHS - Innovative Hochschule is a federal-state initiative designed to promote research-based ideas,
knowledge and technology transfer).The work package “Region of Short Distances” focuses on the
development of a practical toolbox that can be used to assess the extent to which specific measures at the
urban land-use planning level will contribute to the development of sustainable mobility in the future. The
toolbox builds on existing methodological approaches, which have been systematically combined as a multi-
method approach in the project context, further developed and adapted to the specific conditions of rural
areas. The adaptation to rural conditions includes the use of data from rural sites as well as the design of the
toolbox for application in small not specialized adiminstrations. The aim of the toolbox is to provide a
scientifically based impact assessment to support municipalities in rural areas in promoting sustainable
mobility. This enables local authorities to identify the potential transport impacts of planned residential
developments at an early stage of urban land-use planning and, if necessary, to take countermeasures at an
early stage. On this basis, area-specific measures can be derived that promote sustainable development.

4 EXISTING APPROACHES FOR ASSESSING THE IMPACTS OF RESIDENTIAL
DEVELOPMENTS ON SUSTAINABLE MOBILITY

A review of existing approaches to assessing the traffic impacts of residential developments is provided,
which served as the basis for the development of the toolbox's multi-method approach. These approaches
either enable an overall assessment of the plans in terms of their sustainability or focus on individual
planning measures and estimate their specific traffic impacts.

4.1 Qualitative checklist: Options for establishing measures for greater climate protection in transport
within the framework of binding land-use plan procedures

The Climate Mobility Competence Network (KKM) supports local authorities in promoting climate-friendly
transport planning in state of Baden-Wiirttemberg, Germany. It offers local authorities “guidance and advice
on possible courses of action, contact persons and funding opportunities” (https:/www.klimaschutz-
bewegt.de/anlaufstelle/).

One of the KKM's tools is a checklist for the qualitative assessment of climate protection in transport within
the framework of binding land-use plan procedures. The aim of this checklist is to support local authorities in
avoiding traffic, expanding sustainable transport and strengthening climate-neutral modes of transport.

The checklist takes into account transport-related aspects that can be specified in a binding land-use plan.
These include, for example, the location and density of development, the network of bicycle and pedestrian
paths, public transport services, mobility hubs and parking management. In addition, supplementary
measures that can positively influence mobility behaviour in terms of climate protection are also considered.
These can be agreed upon in urban development contracts, e.g. car-sharing services, parking management or
mobility consulting services.

The checklist can be applied to development area and analysed using a qualitative evaluation system. This
makes it possible to assess the extent to which the planned measures of a development area contribute to
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climate protection. The great advantage of this tool is its user-friendliness, which allows local authorities to
easily obtain a comprehensive overview of possible specifications for promoting climate-friendly mobility.

4.2 Method for estimating the car ownership in neighbourhoods

The study “Parking space allocation and mobility concepts in residential development” by the Technical
University of Hamburg, funded by the “Lebendige Stadt” foundation, uses a statistical method to estimate
car ownership in residential areas and determine the necessary parking space requirements (Tahedl 2021).
The investigations are based on approximately 900 neighbourhoods in the two major cities of Hamburg and
Osnabriick in Germany and focus on the question of which spatial and socio-structural parameters influence
car ownership. A small-scale neighbourhood-level analysis is applied.

The identified factors influencing car ownership at the neighbourhood level include: Population density and
proportion of residential use in the area, walking distance to local amenities, level of mixed land use,
walking distance to bus stops and their service frequency, walking distance to S-Bahn stations and their
service frequency, public transport travel time to the city centre, household size or apartment size and
houshold income.

Based on the assumption that the availability of parking spaces can influence mobility behaviour and, in
particular, car use by residents, the underlying approach emphasises the importance of carefully determining
the number of parking spaces required in the context of urban land-use planning. The aim is to contribute to
the promotion of sustainable mobility behaviour through conscious control of parking space availability. In
this context, it is emphasised that the decision on the number of parking spaces to be actually realised must
always be made in the context of the conflicting interests of space availability, costs, requirements for public
space and the goals of the mobility transition. The estimation of car ownership serves as a methodological
basis. According to Tahedl (2021) it must be determined on a case-by-case basis how many of the forecasted
vehicles should be allocated parking spaces and to what extent alternative mobility options can be considered
as compensation.

Since the underlying factors are based on empirical data from large cities, the method is suitable for use in
metropolitan areas as well as medium-sized and small cities (Tahedl 2021). For application in rural, small-
sized municipalities, however, context-specific adjustments of the parameters are necessary.

4.3 Elasticity models for mode choice

Transport mode choice models based on elasticities analyse how much the demand for a particular mode of
transport changes when travel time or travel costs change as a result of supply adjustments. They therefore
enable an assessment of the extent to which measures that influence travel time or travel costs can change the
probability of choosing a particular mode of transport. Examples of such models are the elasticity model for
transport mode choice for regional routes in Switzerland developed by ETH Zurich (Vrtic and Axhausen
2000) and the standardised evaluation framework for transport infrastructure investments in local public
transport, which is developed based on the empircial data in Germany (Intraplan 2016).

A disadvantage of these statistical models is that they can only take into account measures that can be
quantified in terms of changes in time or cost. In addition, spatial conditions and socio-demographic
characteristics have a considerable influence on elasticity. As a result, the elasticity values determined vary
considerably between different studies. As Vrtic and Axhausen (2000) emphasise, the transfer of such model
parameters only makes sense under clearly defined conditions and for comparable supply and demand
conditions.

4.4 Estimating traffic volumes for modes of transport in development areas with Ver_Bau

The German tool for estimating traffic volume through urban land-use planning projects (Ver_Bau) serves to
estimate the traffic impact of planned development projects within the framework of urban land-use
planning. The tool enables a forecast of future traffic volume based on empirical values and data. It takes
into account different types of areas such as residential, mixed land use, commercial and special areas, as
well as large-scale retail facilities.(Bosserhoff and Vogt 2007).

The tool consists of two parts. In the first part, the structural variables and demand groups of the planned
project are estimated on the basis of typical land use parameters (e.g. population density). Based on this, the
expected traffic volume in the area is determined in a second step. Based on these values, other traffic-related
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indicators such as modal split, travel frequency, domestic traffic shares, car occupancy rates and hourly
shares in car traffic can be estimated (Bosserhoff and Vogt 2007).

While the tool can reliably predict the number of trips within an area, it has shortcomings in its assessment of
the mode share and can only provide rough estimates. In order to account for the existing uncertainty in
traffic generation forecasts, the results are given as ranges. A major advantage of the tool is the
comparatively low time required, as the calculations are based on established parameters. Another limitation
of the tool is the relatively rough estimate of traffic volume, as location-specific influencing factors are only
taken into account to a limited extent. In particular, traffic-influencing factors such as the the mobility
concept of the development area, measures to promote environmentally-friendly transport or connections to
public transport are not taken into account.

4.5 Transfer of experience from case studies

As the above approaches are often based on studies in urban areas, their transferability to rural contexts is
limited. In addition, many statistical approaches have difficulties in reflecting the complexity of real
conditions in rural areas. Comparing the study area with relevant case studies can provide additional insights
into the actual effects of planned measures.

However, analysing case studies presents several challenges. For example it is often difficult to identify
comparable areas with similar conditions. This is particularly true in the case of new or innovative measures
that have so far only been implemented in a few cases, especially in rural communities. In addition, the
quantitative transferability of the observed effects is problematic, as they are highly context-dependent.
Another methodological disadvantage is that, in real-world planning processes, individual measures are
rarely implemented in isolation. Instead, bundles of measures are usually implemented, the effects of which
influence and overlap with each other. It is therefore difficult to attribute the effects of individual measures
within such a package to a specific cause. For these reasons, the uncertainty of assessments based on case
studies is high.

S TOOLBOX FOR LAND-USE PLANNING AND SUSTAINABLE MOBILITY

Despite the diverse approaches presented above, there are limitations to the evaluation of transport measures
in spatial development processes. These weaknesses are particularly evident in the analysis of mobility in
rural areas. Most existing approaches are primarily geared towards urban contexts and can only be applied to
rural structures to a limited extent. In addition, they often focus on regional and community scales, while
small-scale effects, for example at the neighbourhood level, have hardly been investigated to date. The
developed toolbox addresses the limitations of previous assessment approaches. It aims to minimise the
uncertainties existing in previous approaches while at the same time making targeted use of their potential.
The toolbox integrates tried and tested elements from the existing approaches. So the multi-method structure
of the Klima Mobil competence network checklist is used to structure the scope of the study, while the
Ver_Bau tool is used as the data basis. Other approaches are used to assess the transport impacts of specific
measures. The toolbox uses data from a comprehensive literature review on the transport impacts of urban
land-use planning. In addition, data on mobility in rural areas from Mobility in Germany (nationwide survey
of mobility behaviour: https://www.mobilitaet-in-deutschland.de ) is used as a reference value.

5.1 Understanding and indicators Sustainable mobility

In order to assess the contribution of land-use planning to sustainable mobility, two indicators are used:
accessibility and traffic-related greenhouse gas emissions. These indicators are based on the understanding of
sustainability (Ott and Doring 2011) and the definition of sustainable mobility: enabling society to satisfy
basic mobility needs while ensuring safety, health, the functioning of ecosystems and justice within and
between generations (Gerlach et al. 2015; Eckart et al. 2020). In this context, “transport-related greenhouse
gas emissions” (GHG emissions) represent the ecological upper limit of sustainable mobility (other possible
ecological issues include air pollutants, noise, ecosystem protection, water and resource consumption), while
the indicator “accessibility” marks the minimum social limit (other social issues include road safety, asset
maintenance and fairness), thus reflecting the basic need for mobility. The scope for planning sustainable
mobility is within these two limits. The following section describes the structure of the toolbox with its two
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strands: determining transport-related GHG emissions and the accessibility of the development area (see
Figure 1).

5.2 Input values for the assessment

The toolbox is based on a list of measures that influence traffic and can be influenced within the framework
of German land-use planning. The toolbox is primarily based on the provisions of the German Building Code
and the checklist of the Klima Mobil competence network. The measures considered were verified by an
internal expert panel. The measures taken into account include: walking time to the car-parking space at
home, walking travel time to the bus station from home, mixed land use, density, distance to the city center
and to local amenities e.g.

The toolbox takes into account area-specific inputs, such as the planned number of residential units, the
population of the municipality or the spatial typology according to the seven categories of RegioStaR
(regional statistical spatial typology of the German federal ministery of transport for mobility and transport
research). The input values required for the calculations are based either on data from the national survey
Mobility in Germany (https://www.mobilitaet-in-deutschland.de), on the Ver_Bau tool or on user-defined
specifications.

Travel Time Classes

Approach Time Elasticity
Mode Choice by Travel

Time Classes

Approach Car Ownership Number of Journeys by
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Time Classes
. Traffic Performance by
Rzt rea SIviis Population of the Transport Mode & Travel
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Legend
Input
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Figure 1: Flow chart of the toolbox

5.3 Determining the choice of transport mode

The modal split is a key factor in assessing the impact of planning on sustainability, as it has a significant
influence on transport-related greenhouse gas emissions. Due to the inherent uncertainties of such
assessments, the results are presented as ranges. The lower end of the range reflects the more conservative
estimates, while the upper end represents the more optimistic effects. The impact of measures in the spatial
development plan on the modal split is estimated on the basis of up to three different methodological
approaches: car ownership models, time elasticity models or empirically based case studies. The approaches
selected are those that are technically suitable for assessing the measure under consideration.

Within the framework of land-use planning, decisions about walking time to the car-parking space at home
and walking travel time to the bus station from home are made. Measures such as the location of public
transport stops, the location of parking spaces, the mixed land use and accessibility of everyday amenities
have a significant influence on mobility behaviour, including the choice of transport mode. The time
elasticity model is used to assess these consequences on the modal split. Region-specific boundary
conditions that influence elasticity are taken into account when selecting elasticity values.
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For measures that influence car ownership, the approach used to estimate the number of cars in
neighbourhoods is applied. To ensure a more accurate representation of rural communities, the model was
adjusted based on available published data. Due to limited data availability, additional surveys are planned.

The case study approach draws on a pool of empirical examples from the literature research and previous
surveys. Suitable case studies are selected based on the measures and context. A forecast for the respective
study area is created based on the relative change in the modal split in the selected case study. To calibrate
the estimated modal split values, these are compared with empirical data from the project and from previous
research in order to refine them and make the forecasts more realistic.

5.4 Greenhouse gas emissions

Based on the estimated range of the modal split, the number and length of trips for each mode of transport
and mode-specific emission factors, the greenhouse gas emissions caused by traffic in the development area
are calculated on an annual basis. A distinction is made between the emission factors for conventional and
electric cars. The result is presented as an indicator of sustainable mobility in terms of the GHG emissions
generated by the development area. In order to reflect the uncertainties of such a forecast, the results are
presented as a range, with the lower end of the range representing the more conservative values (which will
be achieved with a higher certainty), while the upper end represents the possible effects. In addition,
qualitative information are provided on the conditions under which the upper or lower end of the range can
be expected. It should be noted that the influence of residential self-selection is not taken into account in the
toolbox assessments. This methodological limitation can lead to an overestimation of causal relationships
between built environemnt and mobility behaviour. Accordingly, a reflective interpretation of the results in
the planning context is required.

Annual per Capita Mobility-Related Emissions in Development Area
2,50
2,00
1,50

1,00

tCO, per capita per year

0,50

0,00
GHG Emissions in the Baseline Scenario  Minimum GHG Emissions Resulting Maximum GHG Emissions Resulting
from the Measure from the Measure

Private Motorized Transport (ICE Vehicles) M Private Motorized Transport (Electric Vehicles) M Public Transport

Figure 2: Calculated GHG emissions for a case study

5.5 Accessibility analysis

In parallel the accessibility in the vicinity of the development area is analysed. This is based on the concept
of travel time budget indicators for accessibility, which describes how many activities can be reached by a
means of transport within a certain travel time (Schwarze 2005). A comprehensive list, containing 24
different everyday activities, is used as a guideline for measuring accessibility (Schwarze 2025). These
activities are categorized into four major dimensions: supply, healthcare, education and leisure. These
dimensions split into detailed categories like level of schools, different services and types of markets. The
toolbox focuses on six categories of everyday activities: supermarket/discount store, daycare centre, primary
school, family doctor, pharmacy and local public transport stop. Accessibility of workplaces is not yet part of
our categories. The analysis is carried out using a tool developed by the project team based on data from
OpenStreetMap and isochrone and travel-time APIs. It determines the number of accessible facilities in each
category within a 15-minute walk or bicycle-drive. So the focus are walking, driving by bicycle and in the
future also public transport. As results two different indeces are calculated. The first index aims to provide a
interpretation of the availability of local everyday destinations. We call it the 15-minute-index. The 15-
minute-index describes how many of the twentyfour categories are accessible in 15 minutes by a
predetermined mode which makes the most sense for the given category. Respecting the different weights (as
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in: schools and supermarkets are heavier weighted than ATMs or repair shops) a percentage between 0 and
100 is the result of the calculation, with 100 meaning every category is reachable within 15 minutes. This
index can then be compared with similar regions or residential developments. A second, much more
descriptive index, called X-minute-index, describes the accessibility of an area based on the average travel
time to destinations of the categories. To calculate this index, the travel time to the next destination and the
the weight associated with that category are used. The result is an index that illustrates the average travel
time in the context of the categories, meaning for example in a 7-minute-city, the average travel time to the
important (highly weighted) categories is relatively short. It does not mean the average travel time to every
category is 7 minutes, however the lower the value, the closer the important categories are. This index differs
vastly dependent on area, population and destinations. Also different weights can alter the indeces. We plan
to iterate on weights and categories depending on use cases.

Finally, the local accessibility values are compared with those of municipalities with comparable spatial
typologies in Baden-Wiirttemberg and throughout Germany. This is based on data from INKAR (indicators
and maps for spatial and urban development) from the Federal Institute for Research on Building, Urban
Affairs and Spatial Development (BBSR). Due to a lack of data in INKAR, daycare centres and family
doctors are not included in these comparisons. An expansion of the accessibility analysis is planned. Based
on first results with participating cities and urban planners, the details and weightings of certain categories
and destinations will be made variable, to offer a more individual approach depending on the planned
development.

Travel Times
\ x-Minute-Index
(

average travel time to

weighted categories)
Accessibility of the

Weighted Categories development area

15-Minute-Index
Location (% of destinations within
/ 15-minute isochrone)
Planning Area

Isochrone

Legend
Input
Calculation
Qutput

Figure 3: Flow chart of accessibility analysis

5.6 Integrated assessment of sustainable mobility

For the purpose of advising local authorities and decision-makers, transport-related GHG emissions are
presented as an indicator of the ecological limits of sustainability and accessibility as an indicator of the
social limits of sustainability. The tool is delibarately limited on two indicators in order to facilitate the
communication to decision makers and public. By comparing the two indicators for the development area,
the contribution of various transport measures to sustainable mobility in rural areas is illustrated. In addition,
the contribution of the measures taken in the development area to achieving German Climate Action
Programme 2030 (reduction of 55% of greenhouse gases by 2030) is shown.

5.7 Application and need for further development

The current version of the toolbox is being tested as a tool for policy counceling in two pilot municipalities
in order to check its functionality in real-life situations and to further develop the methodology on the basis
of practical experience. As the testing is still in process, the results are pending. The current version only
allows single measures to be evaluated. An extension for evaluating packages of measures in the form of a
combination of qualitative and quantitative assessments is currently under development.

The methodology developed in the project has a high potential to be transferred to other countries,
particularly where comparable planning frameworks and objectives exist in the field of sustainable
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residential and transport development. Since the core principles of integrated planning such as promoting
short distances, mixed land use, and multimodal accessibility are universally relevant for sustainable
transport, the toolbox can serve as a conceptual approach in international contexts as well. However, the
transfer requires adaptation to country-specific institutional structures (especially regarding approaches for
estimating car ownership and the Ver_Bau tool), legal planning instruments, and available data sources (such
as the Mobility in Germany dataset). Differences in spatial structure or public transport organization
significantly influence the mechanisms through which planned measures have an effect. Therefore,
contextualizing the indicators and evaluation criteria is necessary to provide valid assessments of transport-
related impacts. Overall the methodology offers a transferable framework that, through appropriate
localization of parameters, can provide a basis for sustainable land use and transport planning beyond
Germany.

6 CONCLUSION

Due to the interactions between built environment and mobility behaviour, land-use planning influences
framework conditions for sustainable mobility. The toolbox developed in the move.mORe project offers a
practice-oriented, scientifically approach that supports local authorities in the early assessment of the
transport impacts of settlement developments.

The toolbox can help to prioritise measures in urban land-use planning in a targeted manner and make their
contribution to sustainable mobility transparent. This strengthens the capacity to act of small and medium-
sized municipalities in rural areas, which often have limited technical resources.

Applying ideas from the “15-minute city” concept to rural areas offers a significant improvement in
evaluating, comparing and quantifying accessibility, especially in terms of assisting municipalities in
decision-making during stages of land-use planning.

To further develop the toolbox it is planned that the data basis for rural areas is to be expanded further and
to facilitate the evaluation of packages of measures. Continuous validation in pilot municipalities can
additionally increase feasibility and strengthen acceptance in municipal planning practice.

7 REFERENCES

Allekotte, M., Biemann, K., Colson, M., Heidt, C., Krick, J. and Knorr, W., 2024. Aktualisierung TREMOD/TREMOD-MM und
Ermittlung der Emissionsdaten des Verkehrs nach KSG im Jahr 2023.

Baehler, D., & Rérat, P. (2020). Between ecological convictions and practical considerations—profiles and motivations of residents in
car-free housing developments in Germany and Switzerland. Geographica Helvetica, 75(2), 169-181.

Bagley, M. N., & Mokhtarian, P. L. (2002). The impact of residential neighborhood type on travel behavior: A structural equations
modeling approach. The Annals of regional science, 36, 279-297.

Bauer, U., Gies, J., Schneider, S., Bunzel, A., & Walter, J. (2022). Mobilitdtskonzepte in neuen Wohnquartieren. Hg. v. Bayerisches
Staatsministerium fiir Wohnen, Bau und Verkehr.

Bauer, U., Holz-Rau, C., & Scheiner, J. (2005). Locational preferences, intraregional migration, and travel behaviour: Results of a
household survey in the region of Dresden. Raumforschung und Raumordnung, 63, 266-278.

Beckmann, K. J. (2020). Beispiele einer gelungenen Integration von Raum- und Verkehrsentwicklung. In Wechselwirkungen von
Mobilitdt und Raumentwicklung im Kontext gesellschaftlichen Wandels (pp. 270-289). Hannover: Verlag der ARL-
Akademie fiir Raumentwicklung in der Leibniz-Gemeinschaft.

Bosserhoff, D., & Vogt, W. (2007). Schitzung des Verkehrsautkommens aus Kennwerten der Flichennutzung und des Verkehrs-Teil
2/Estimation of traffic volumes from characteristic parameters of land use and transport-Part 2. StraBenverkehrstechnik,
51(2).

Bruns, A. (2014). Effects of residential self-selection on travel mode choice and implications for land use and transport planning
strategies. mobil. TUM.

Cao, X.J., Nass, P. and Wolday, F., 2019. Examining the effects of the built environment on auto ownership in two Norwegian urban
regions. Transportation Research Part D: Transport and Environment, 67, pp.464-474.

Cao, X. (2014). Residential self-selection in the relationships between the built environment and travel behavior: Introduction to the
special issue. Journal of Transport and Land Use, 7(3), 1-3.

Cervero, R., Guerra, E., & Al, S. (2017). Beyond mobility: Planning cities for people and places. Island Press.

Christiansen, P., Engebretsen, @., Fearnley, N., & Hanssen, J. U. (2017). Parking facilities and the built environment: Impacts on
travel behaviour. Transportation Research Part A: Policy and Practice, 95, 198-206.

Eckart, J., Holldorb, C., Stockner, M., Cypra, S., Fesser, J., Becker, U., & Gerlach, J. (2020). Verkehrstrigeriibergreifende Analyse
der Nachhaltigkeitsbetrachtung im Bereich der Verkehrsinfrastruktur: Endbericht. Hochschule Karlsruhe und
Technische Universitét Dresden.

Gerlach, J., Hiibner, S., Becker, T. and Becker, U.J., 2015. Entwicklung von Indikatoren im Bereich Mobilitét fiir die nationale
Nachhaltigkeitsstrategie. UMWELTBUNDESAMT. TEXTE, (12).

Handy, S., Cao, X., & Mokhtarian, P. (2005). Correlation or causality between the built environment and travel behavior? Evidence
from Northern California. Transportation Research Part D: Transport and Environment, 10(6), 427-444.

J102

v REAL CORP 2026:
| VisonEucaton EVERYBODY PLANS ... SOMETIMES




Nazanin Zahabkar Aghdam, Jochen Eckart, Christian Rickert, Catharina Lutz

Holz-Rau, C., & Scheiner, J. (2019). Land-use and transport planning—A field of complex cause-impact relationships. Thoughts on
transport growth, greenhouse gas emissions and the built environment. Transport Policy, 74, 127-137.

Intraplan, V.W.I., Standardisierte Bewertung von Verkehrswegeinvestitionen im 6ffentlichen Personennahverkehr (Version 2016+)-
Verfahrensanleitung. Munich, Germany: Intraplan Consult.

Jarass, J., 2018. Wohnstandortpriferenzen und Mobilitdtsverhalten. In Neues Wohnen und Mobilitit: Priferenzen und
Verkehrsmittelnutzung in einem innerstadtischen Neubaugebiet (pp. 127-139). Wiesbaden: Springer Fachmedien
Wiesbaden.

Kompetenznetz Klima Mobil. (2023). Klimaschutz im Verkehr in der Bauleitplanung: Moglichkeiten zur Festsetzung von
MaBnahmen. Handreichung. Verfiigbar unter https://www.zukunftsnetz-
mobilitaet.nrw.de/media/2025/4/9/e0f150bc9a8dc8dff607468cb57c3f36/kkm-klimaschutz-verkehr-bauleitplanung.pdf
zuletzt gepriift am 17.07.2025.

Ness, P. (2011). 'New urbanism'or metropolitan-level centralization? A comparison of the influences of metropolitan-level and
neighborhood-level urban form characteristics on travel behavior. Journal of Transport and Land Use, 4(1), 25-44.

Ott, K. and Déring, R., 2011. Theorie und praxis starker nachhaltigkeit. Metropolis.

Pahl-Weber, E., & Henckel, D. (2008). The planning system and planning terms in Germany: A glossary (No. 7). Studies in Spatial
Development.

Planersocietit. (2012). Verkehrsfolgenabschétzung der Siedlungsentwicklung.

Scheiner, J. (2009). Sozialer Wandel, Raum und Mobilitédt. Wiesbaden: VS Verlag fiir Sozialwissenschaften.

Scheiner, J., & Holz-Rau, C. (2007). Travel mode choice: affected by objective or subjective determinants?. Transportation, 34(4),
487-511.

Schwarze, B.; Spiekermann, K.; Bauer, U.; Lohaus, J.; Scheiner, J., 2025: Die Stadt der Viertelstunde. Herausgeber: BBSR —
Bundesinstitut fiir Bau-, Stadt- und Raumforschung. BBSR-Online-Publikation 27/2025, Bonn. Verfiigbar unter
https://doi.org/10.58007/8m7z-qr40 zuletzt gepriift am 17.07.2025.

Schwarze, B., 2005. Erreichbarkeitsindikatoren in der Nahverkehrsplanung. Institut fiir Raumplanung, Universitit Dortmund—
Fakultit Raumplanung, Arbeitspapier, 184.

SRL-FMV-Arbeitskreis ,,Planungsinstrumente nachhaltiger Mobilitit™ (Hrsg.). (2020). Planungsinstrumente fiir eine nachhaltige
Mobilitit: Ein Handlungsleitfaden fiir die Planungspraxis. Verfiigbar unter https://www.zukunftsnetz-
mobilitaet.nrw.de/media/2023/2/8/18209693bca869bd31661b6b69804de5/SLR-FMV-Leitfaden-Planungsinstrumente-
fur-eine-nachhaltige-Mobilitat-2020.pdf zuletzt gepriift am 17.07.2025.

Tahedl, J. (2021). Pkw-Besitz im Wohnungsbau: eine Handreichung zur Ermittlung flexibler Stellplatzschliissel. Verfiigbar unter
https://lebendige-stadt.de/pdf/Stellplatz-Publikation-Lebendige-Stadt.pdf zuletzt gepriift am 17.07.2025

Van de Coevering, P., Maat, K., & van Wee, B. (2018). Residential self-selection, reverse causality and residential dissonance. A
latent class transition model of interactions between the built environment, travel attitudes and travel behavior.
Transportation Research Part A: Policy and Practice, 118, 466-479.

Van de Coevering, P., Maat, K., & van Wee, B. (2015). Multi-period research designs for identifying causal effects of built
environment characteristics on travel behaviour. Transport Reviews, 35(4), 512-532.

Vance, C., & Hedel, R. (2007). The impact of urban form on automobile travel: disentangling causation from correlation.
Transportation, 34, 575-588.

Vogt, W., 2006. Hinweise zur Schitzung des Verkehrsaufkommens von Gebietstypen (Vol. 147). FGSV-Verlag.

Vrtic, M., & Axhausen, K. W. (2000). Modelle der Verkehrsmittelwahl: Regionale Wege in der Schweiz. Stadt-Region-Land, 69,

193-204.

Wegener, M.; Spiekermann, K.; Huber, F.; Brosch, K.; Reutter, O.; Miiller, M.; Schwarze, B. (2017): Stiddte und Klimawandel

Ruhrgebiet 2030 — Integriertes Modell Ruhrgebiet und Regionaler Modal Split. Wuppertal.

REAL CORP 2026 Proceedings/Tagungsband Editors: M. Schrenk, C. Beyer, T. Popovich, J. Ryser, D. Mawlood m
23-25 March 2026 — https://www.corp.at ISBN 978-3-9504945-5-6



