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ABSTRACT
The paper is aimed at presentation of authors’ experience in the field of sustainable urban mobility planning at a 
subregional level. The authors make a thesis that the sustainable urban mobility planning in urbanised areas of 
conurbation nature should be implemented on a framework basis at a subregional level. A strategic mobility management 
at a supramunicipal level allows a better coordination of local actions and achieving the synergy of planned instruments 
to make the mobility sustainable. The paper presents guidelines in the field of diagnosis of the urban mobility system. In 
addition, the paper makes an attempt to identify instruments to make the urban mobility sustainable and to determine 
frameworks of ex-post and ex-ante evaluation for this process. The paper content to a large extent is related to the 
Sustainable Urban Mobility Plan for the Central Subregion of Silesian Voivodeship, which was developed with the 
involvement of paper authors.
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1. Introduction
The urban mobility planning is an element of strategic process of 

transport system development management. This process is directed 
in particular towards the improvement in the comfort of city residents 
life, who more and more often grapple with problems of congestion, 
road accidents, appropriation of space by individual transport and 
with increasing environmental pollution [1]. 

The paper addresses the issue of sustainable urban mobility 
planning in conurbation areas. The paper’s thesis is the statement 
that under specific socio-economic conditions it is necessary to plan 
the mobility on a framework basis at a subregional level. Such action 
improves the effectiveness of local initiatives. The paper presents: 
the essence of sustainable urban mobility planning issue, the 
methodology for actions in the field of creating sustainable urban 
mobility plans (SUMP) and examples of solutions used in the area 
of the Central Subregion of Silesian Voivodeship. The paper is based 

on the experience of authors, who participated in the preparation of 
SUMP for the area presented in the case study.

2. The Essence of Mobility 
Planning 

The need for a strategic attitude to mobility planning in urban 
areas results from its importance for the quality of life shaping. The 
mobility planning in urbanised areas requires a comprehensive attitude, 
considering economic, spatial, and social conditions. Sustainable mobility 
plans are relatively new instruments, comprising a broad spectrum of 
issues related to people and freight movements in cities. In 2013 such 
plans were considered the most comprehensive instruments in the Urban 
Mobility Package adopted by the European Commission [2]. In general, 
three levels of mobility management may be distinguished:

• the facility level - comprising mobility planning for a specific 
institution, e.g. a hospital, shopping mall, factory; planning at 
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this stage covers the transport needs of employees and customers 
(or guests) of the facility,

• the city level - most frequently used in Poland scope of mobility 
management, comprising actions in favour of city or municipality 
residents, implemented most frequently by the development and 
approval of the Sustainable Urban Mobility Plan (SUMP),

• the supralocal level - used in conurbations and metropolises 
areas, comprising by its scope complex spatial - economic - social 
links affecting the fulfilment of residents transport needs.

A sustainable mobility requires starting actions, which should 
result in:

• reduction of the need to travel, 
• limitation of travel distances, 
• change of the means of transport into a more ecological one, 
• ensuring a higher transport efficiency,
• improvement in facilities accessibility, in particular for 

pedestrians and cyclists.
The issues of sustainable mobility management concentrate on 

the demand side. The management of the demand for transport 
covers new types of partnership and a set of instruments to 
support changes of transport users attitude and behaviour towards 
a more sustainable transport [3]. 

The literature of the subject does not define clearly the classification 
of instruments for a sustainable mobility management. M.D. Meyer 
shows three categories of instruments: actions consisting in offering 
travelling models alternative to individual movements, resulting in 
increased vehicles occupancy, incentives to reduce the number of 
travels or travelling beyond peak hours, and non-transport solutions 
limiting the need for travelling - consisting in e.g. Promotion of the 
telework [4]. D. Ungemah and C. Dusza indicate three mutually 
supplementing instruments [5]:

• starting and developing methods of movement alternative to 
the car transport,

• promotion and education in the field of sustainable methods 
of travelling.

• affecting financially the development of the demand for 
transport services (e.g. by establishing the amount of 
parking charges).

The next classification of mobility management instruments was 
introduced by G. Murray and D. Koffman, distinguishing operational, 
technological, informational, and planning actions [6]. Apart from a 
functional system, also a division into compulsory (forcing certain 
behaviour, frequently in the form of legal regulations) and voluntary 
(which users may, but do not have to apply) instruments is noticeable 
[7]. The instruments may be also broken down into two groups: ‘pull’ 
type measures, having a form of incentive to use sustainable methods 
of moving, and ‘push’ type measures, aimed at limiting the individual 
transport [8].

3. Modelling the Sustainable 
Urban Mobility

Making the urban mobility sustainable is a process, which 
works well, when appropriate actions are directed towards:

• transport behaviour of specified groups of people,

• defined facilities (traffic generators), in which groups of people 
carry out their activities,

• specified elements of the transport system, which contribute 
to the transport accessibility of the facility - a passive transport 
accessibility (possibilities to travel to a specific facility from 
the other places of origin) and an active transport accessibility 
(possibility to travel from a specific facility to the other places 
of destination).

A Mobility Plan (MP) may be developed for the aforementioned 
conditions, which applies to the selected facility and the group of 
persons, which carry out a specific activity in this facility. For example, 
for a facility being a primary school the Mobility Plan (MP) may be 
developed for two groups of persons:

• group of employees - teachers, office workers - who carry out 
activities of teaching and of office work,

• group of pupils, carrying out the activity of education.
The basic tasks, which should be performed to develop the 

Mobility Plan (MP) for the facility, are as follows:
a. the analysis of transport behaviour and preferences of 

distinguished groups of persons (inter alia based on 
questionnaire surveys),

b. the analysis of passive and active transport accessibility for 
the distinguished groups of persons (the origins of travel 
aimed at the facility are the significant information),

c. development of the mobility plan and selection of appropriate 
actions to make the mobility sustainable, taking into account 
results of analyses prepared in points a) and b),

d. ex-ante evaluation of the results of actions adopted in the 
mobility plan,

e. implementation of the mobility plan for the facility,
f. ex-post evaluation of the implemented mobility plan for the 

facility.
The following groups of properly prepared actions can be 

implemented under the mobility plan. Group of actions related to 
the mobility promotion:

• Mobility education – raising the awareness of adults and children 
in the field of sustainable travel planning using methods of 
moving alternative to the car - carrying out appropriate classes at 
all stages of children and youth education.

• Travel awareness campaign and events – raising the awareness 
in the field of mobility and shaping the transport behaviour 
towards sustainable urban mobility, e.g.: ‘European Mobility 
Week’, ‘Day Without Car’, etc.

• Advertising and other promotion actions – encouraging the 
users to change the transport behaviour via awareness raising 
and promoting methods of moving alternative to the car, among 
others walking, using a bicycle and the public transport.

• Eco-driving – information campaigns, workshops and training 
directed towards changing the drivers style of driving, reducing 
the fuel consumption and the emission of pollutants to the 
environment, and increasing the traffic safety. 

Group of actions related to the support for a sustainable 
mobility:

• Mobility manager/Mobility consultant – persons (institutions) 
developing the mobility plan and then implementing specific 
instruments to make the mobility sustainable (Mobility 
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manager) and executing elements of strategy related to informing 
the users about possibilities and methods of travelling (Mobility 
consultant).

• Multimodal information and trip advice – a set of multimodal 
information and advice for travellers, provided through various 
information distribution channels, including the use of 
applications in mobile devices.

• Personalised travel assistance – individual advice on travelling, 
consisting in preparing an individualised mobility offer, 
comprising e.g. carpooling, vanpooling, employee tickets for 
the public transport, strategies for parking places use etc.

Group of actions related to a sustainable use of car parks:
• Car parking management – control of access to parking places, 

considering charges.
• Park and Ride (P&R), Bike and Ride (B&R), Kiss and Ride (K&R) 

– car parks integrating individual car (P&R) and bicycle (B&R) 
transport with the public transport and car parks intended to 
deliver passengers to stations/stops (K&R). 

• Site-based parking management – car parks management close 
to selected facilities, using the control of access to parking places 
for specified groups of persons, e.g. carpooling  users, persons 
with employee tickets, etc.

Group of actions related to a sustainable use of cars:
• Carpooling – the use of one car by a few persons travelling to 

the same place or into a few place on the specified route.
• Vanpooling – group travels of people by a minibus (including 

commuting), organised by employees or by an employer.
• Carsharing – borrowing a car in specified points of city, 

including close to public transport stations and stops. Car 
rental companies require preliminary registration of users and 
utilise mobile applications, due to which a vehicle borrowing 
and returning may proceed without the staff involvement - 
using smart cards for vehicle access. 

Group of actions related to a sustainable use of bicycles:
• Cycling bus – transport of children to schools and kindergartens 

supervised by an adult, by a vehicle - a multi-person bicycle.
• Cycling facilities improvements – improvements to the cycling 

infrastructure, including bicycle roads (tracks), bicycle parks 
protected against weather conditions (roofed racks) and against 
damage/theft (monitoring), ensuring integration with the public 
transport. In addition, installation of showers for cyclists in 
facilities serviced by a bicycle transport.

• Cycling training – training on the bicycle traffic rules for 
children, youth and adults to increase the traffic safety and the 
attractiveness of the bicycle transport.

• Pool bikes – generally accessible municipal bicycle rental 
companies or bicycle rentals organised for employees by the 
employer.

Group of actions related to the pedestrian traffic:
• Walking bus – movements of persons in a column, in particular 

children supervised by adults to and from a kindergarten or a 
primary school - reduction of car travels, and at the same time 
learning the traffic rules and increasing the physical activity of 
children.

Group of actions related to work-related travels:
• Flexible working hours – a change of the work schedule 

using new methods for work and services - changes may be 
introduced on a current basis (overnight), with some notice, 
e.g. a week, or may be established for a longer period of time.

• Telework – elimination of commuting by telework, using a 
telephone, Internet, videoconferencing etc.

Group of actions related to the public transport:
• General improvements for public transport accessibility – 

improved accessibility of public transport in the field of 
adapting lines and timetables to needs, and also in the field 
of transport infrastructure.

• Job public transport tickets/ Rebated seasonal public transport 
tickets/ Special tickets offers for pupils – tickets at lower prices 
or free of charge season tickets for specified groups of persons, 
e.g. employees, pupils, students.

• Offering integrated fares – increasing the public transport 
attractiveness via the use of an integrated tariff, both in the form 
of a common ticket, and also combined with payments for urban 
services (cinema, theatre, swimming pool, car park charge, etc.).

• On-demand public transport services – increasing the public 
transport attractiveness via dynamic, on demand determination 
of a route and stops.

• Reorganisation of public transport schedule – adapting the 
public transport offer to the needs of users, considering peak 
and off-peak hours and necessary connection times to reduce 
the arduousness of transfers.

• School bus – a bus in a defined colour and properly marked, 
intended for children and youth commuting to school.

The SUMP (Sustainable Urban Mobility Plan) is aimed at 
presentation of directional, integrated actions leading clearly to 
increased transport sustainability and to increased mobility of the 
community in the area covered by planning. The sustainable urban 
mobility planning in urbanised areas of conurbation nature should 
be implemented on a framework basis at a subregional level. A 
strategic mobility management at a supramunicipal level allows a 
better coordination of local actions and achieving the synergy effect 
of planned instruments to make the mobility sustainable. Taking the 
above into account the SUMP - the mobility plan for the entire city 
area - can consist of:

• mobility plans (MP) for selected facilities and their users,
• mobility plans (MP) for groups of facilities and their users,
• actions making the mobility sustainable directed to the whole 

urbanised area and all its users.
A simulation transport model may be used to assess the 

outcomes resulting from the implementation of specific actions 
for mobility sustainability in the SUMP [9, 10, 11]. The transport 
model for SUMP  as a 4-step trip based 
travel demand model consists of sub-models (1)-(6): trip generation 
model, trip distribution model (origin-destination (O-D) matrix), 
mode choice (modal split) model, distribution of traffic flow on the 
transport network model (based on [9],[12]):

(1)
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(2)

where:
i - the user’s class (category of socioeconomic characteristics),
o,d - the zones of trip origin and destination,
s - the trip purpose, or more properly the pair of purposes,
h - the time period in which trips are undertaken,
m - the mode, or sequence of modes, used during the trip,
k - the trip path – the series of links connecting centroids o and 

d over the network and representing the transportation service 
provided by mode m,

SE - vector of socioeconomic variables related to the activity 
system and/or the decision-makers,

T - vector of level-of-service attributes of the transportation 
supply system,

VSUMP - variant of actions making the sustainable urban mobility 
plan SUMP, which was considered in the transport model, where 
VSUMP=0 is a model variant without consideration of the mobility 
plan,

HFCET - forecast horizon (e.g. a year), for which the transport 
model is prepared, where HFCET=0 is the horizon for the current 
condition.

- number of i-th category 
users travelling between zones o,d, in the s-th motivation [purpose], 
in the h-th time period, using the m-th mode, by the k-th route in 
the transport network,

The effects of actions making the urban mobility sustainable in 
the Sustainable Urban Mobility Plan (SUMP) will be considered 
in the 4-step trip based travel demand model inter alia in its 
consecutive components, i.e. in  
and in:

• the number of users in class i who, from the origin zone o 
undertake a trip for purpose s in time period h:

(3)

• fraction of users in class i, estimated from (2), who, undertaking 
a trip from the origin zone o for purpose s in time period h, 
travel to the destination zone d:

(4)

• fraction of users, estimated from (3), who travel using the 
transport system [mode m]:

(5)

• fraction of users, estimated from (4), who travel in the 
network by path k:

(6)

Taking into consideration the presented way of transport 
processes representation in the form of 4-step trip based travel 
demand model it is necessary to appropriately take into account 
both the very actions to make the mobility sustainable and also the 
outcome of their implementation. 

Actions making the urban mobility sustainable are represented 
in the transport network and system model, which are described 
by means of T - vector of level-of-service attributes of the 
transportation supply system. Instead, the outcomes of actions 
making the urban mobility sustainable are represented in functions 
(2) - (5) as the effect of their impact on transport decisions of 
users, taking into account SE - vector of socioeconomic variables 
related to the activity system and/or the decision-makers.

The ex-post assessment of the sustainable urban mobility 
plan SUMP is related to the comparison of transport processes 
simulation results with the use of at least two transport models:

• transport model in the variant of VSUMP=0 - for the existing 
situation (without SUMP), 

• transport model in the variant of VSUMP=1 - for the proposed 
SUMP in variant 1,

• the next variants of SUMP: VSUMP=2,VSUMP=3,... 
Moreover, it is also necessary to consider the process of 

sustainable urban mobility plan implementation, in which 
specific actions can be implemented in various periods and 
the effects of their implementation will be observed only after 
certain specific time. Therefore the assessment of mobility plan 
outcomes requires to prepare transport models for specified 
forecast horizons HFCST, for which the planned results of actions 
adopted in the plan are assumed to occur, e.g. for the year 2018, 
2019, 2020  (HFCST=2018,HFCST=2019,HFCST=2020,…) [13, 14]. 

The presented assumptions related to the transport models  
TM(VSUMP , HFCST ) for the SUMP assessment may be presented in a 
tabular form - see Table 1.

Table 1. Structure of transport models TM(VSUMP , HFCST )during 
the assessment of SUMP variants VSUMP=1÷ VSUMP=Hmax in the 
next forecast horizons HFCST=1÷HFCST=Hmax with respect to the 
current situation HFCST=0 [13]

The results of transport processes simulation using the 
transport models TM(VSUMP , HFCST ) enable a comparison, using 
an incremental method, results of partial models (2)-(6), obtained 
in individual forecast horizons HFCST=1÷HFCST=Hmax for the adopted 
SUMP variants VSUMP=1÷ VSUMP=Hmax. 
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4. Sustainable Urban Mobility 
Planning - the Case Study of 
Central Subregion of Silesian 
Voivodeship Area

Th e examples presented in the paper are related to the SUMP 
document for the CSAoSVA (Central Subregion Area of Silesian 
Voivodeship Area) [15]. Th is is the fi rst document of this type in the 
country - for such a large area. Th e CSAoSVA area was distinguished 
from the Silesian Voivodeship Area (SVA) for the needs of planning 
at a regional level the actions stimulating a sustainable socio-
economic development. Th e Union of Municipalities and Districts 
of the Central Subregion is the institutional platform for integration 
of local municipal actions with metropolitan and regional ones - 
in particular actions fi nanced by means of the ZIT instrument 
(Integrated Territorial Investments). The need for resolving 
internal problems of the society functioning is characteristic of the 
CSAoSVA area (Fig .1):

• in metropolitan cities forming the Upper-Silesian metropolis,
• in cities of the impact area of the Upper-Silesian metropolis,
• in the remaining part of the adjacent areas featuring spatial, 

economic, and social characteristic typical of suburbs and 
villages.

In such conditions the preparation of SUMP for the CSAoSVA 
requires an original and evolutionary (iterative) approach, based 
on the knowledge of CSAoSVA specifi c nature, taking into account 
European guidelines for SUMP [16, 17]. Because of that, when 
developing the SUMP for the CSAoSVA an assumption was made, 
that it would be improved via consecutive iterations - with learning 
the mobility management and based on the obtained values for the 
adopted outcome indicators.

Th e diagnosis of transport systems and processes condition of 
the analysed urbanised area was the fi rst stage of a systemic approach 
during the work on the SUMP for the CSAoSVA; in a systemic 
approach it requires distinguishing socio-economic subsystems - in 
particular transport subsystems - as:

• internal systems of the area, 
• external systems of the area (external surroundings).

Th e external systems of the area - the external surroundings of 
the subregional area - include socio-economic conditions at various 
levels: regional, national and European, where the European level 
may be limited only to transport conditions - due to the nature 
of objectives and actions, to which the sustainable urban mobility 
planning is subordinated.

Setting the following objectives for the Mobility Plan at the 
subregion level:

• increase in the sustainable transport competitiveness,
• integration of transport,
• reduction of congestion.

Fig. 1. Silesian Voivodeship with subregions (North, Central, West 
and South) and location of Upper-Silesian Metropolis in 
CSAoSVA [own study]

Th e following actions/instruments were selected, presented in 
three groups:

• technical actions/instruments (a group of actions oriented 
towards making the mobility sustainable, featuring a material-
investment dimension and therefore these will be actions best 
noticeable, but requiring the highest fi nancial expenditures):
• construction of transfer centres (nodes) (including facilities 

equipped with P&R car parks) → In particular cities of the 
Upper-Silesian metropolis, local development centres as well 
as urban and village municipalities functionally connected 
with those areas [18],

• modernisation and purchase of modern vehicles → Public 
transport operators carrying out transport acc. to the order of 
public transport organisers situated in the Central Subregion,

• modernisation of point infrastructure of the public transport 
→ Th e point infrastructure of the public transport (stops, 
stations) situated in the area of the Central Subregion,

• expansion and modernisation of the rail infrastructure → Cities 
of the Upper-Silesian metropolis and its immediate functional 
surroundings,

• implementation and development of a dynamic passenger 
information system (SDIP) → Public transport organisers 
operating in the Central Subregion,
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• starting the system of metropolitan railways → Cities of the 
Upper-Silesian metropolis and its immediate functional 
surroundings,

• construction of bicycle tracks, bike&ride parks and bicycle 
rental companies → The entire area of the Central Subregion,

• ITS systems implementation in the field of area traffic 
management → Cities of the Upper-Silesian metropolis.

• organisational actions/instruments (group of processes oriented 
towards making the mobility sustainable, featuring a material-
process dimension):
• calming the traffic in city centres → Centres of cities of the 

Upper-Silesian metropolis,
• integration of the public transport → Cities of the Upper-

Silesian metropolis and its immediate functional surroundings,
• separation of bicycle traffic within the routes of public roads 

→ Cities of the Central Subregion,
• sustainable planning of the urban space → Cities of the 

Central Subregion,
• financial actions/instruments (a set of actions of restrictive or 

motivational nature, aimed at shaping the transport behaviour 
of users by means of economic factors):
• charges for entering separate areas → Centres of largest cities 

of the Upper-Silesian metropolis,
• parking charges → Centres of cities of the Central Subregion,
• concessions in parking charges for vehicles transporting a 

larger number of persons (carpooling) → Centres of cities of 
the Central Subregion,

• subsidies to the public transport tickets offered by employers 
→ Cities of the Central Subregion,

• educational-promotional actions/instruments (a set of so-
called ‘soft’ actions, aimed at raising the awareness of users and 
of other stakeholders in the field of sustainable use of transport 
systems):
• promotion of public transport attractiveness → Cities of the 

Upper-Silesian metropolis,
• transport education in the field of sustainable mobility → 

The area of the Central Subregion,
• civic activity campaigns (including Oxford debates, interactive 

social consultations / workshops, discussions/) → The area of 
the Central Subregion.

The sustainable mobility creation is a highly socialised process. 
Therefore all local governments, comprised by the Central Subregion, 
were involved already at the diagnosis stage. Questionnaire surveys 
were carried out to identify:

• problems in and barriers to (weaknesses and threats) the 
implementation of instruments making the urban mobility 
sustainable,

• factors and conditions favourable (strengths and opportunities) 
to sustainable mobility implementation.

Moreover, because of the specific nature and high spatial-
functional diversification of the central subregion, this plan 
implementation should be strongly correlated with actions stipulated 
in basic strategic documents, at the hierarchic level of the subregions, 
incl.:

• RPO - the 2014-2020 Regional Operational Programme of the 
Silesian Voivodeship,

• ZIT - Strategy for Integrated Territorial Investments of the 
Central Subregion of Silesian Voivodehips for the years 2014-
2020,

• POIS - Infrastructure and Environment Operational 
Programme, in particular POIŚ_TRA: Improvement to the 
public transport in the Central Subregion,

• and also at higher order hierarchical levels (national, European) 
and at lower levels (urban). 

An effective implementation of a sustainable urban mobility 
plan requires identification of specific actions and determination of 
their performance sequence under the prepared projects. During the 
project outcomes assessment the following criteria were adopted:

• increase in the public transport competitiveness [19], including 
via the improvement in the public transport accessibility for 
disabled people,

• reduction of external costs related to the pollution emission 
and noise,

• cutting the costs of public transport system operation,
• integration of transport, in particular integration of individual 

transport (including bicycles) with the public transport,
• increasing the possibilities for multi-modal travels performance 

- using various means of public transport,
• implementation of ITS - intelligent transport systems, in 

particular those related to increasing the traffic flow [20, 21] 
and safety and to increased competitiveness of public transport 
(dynamic passenger information systems, priorities in the road 
traffic, etc.),

• increasing the access to the urban transport infrastructure in 
as large as possible area of the Subregion and for as large as 
possible number of users,

• increasing the access to the bicycle transport and improvement 
in the safety of non-protected traffic participants.

An assumption is made that properly carried out monitoring 
of the Plan generates quantitative and qualitative indicators related 
to the strategic objectives (outcome indicators):

Objective → increase in the sustainable transport competitiveness
• the number of vehicles purchased in the public transport,
• the capacity of vehicles purchased in the public transport,
• the length of constructed bicycle tracks,
• the length of newly constructed tram network sections,
• the length of modernised tram network sections,

Objective → integration of transport:
• the number of constructed integrated transfer nodes,
• the number of constructed Park&Ride facilities,
• the number of parking places in constructed Park&Ride facilities,
• the number of parking places for disabled persons in constructed 

Park&Ride facilities,
• the number of constructed Bike&Ride facilities.

Objective → reduction of congestion:
• the number of installed intelligent transport systems,
• the length of roads covered by ITS systems operation.
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5. Conclusion
Sustainable urban mobility planning is now one of most 

promising instruments to pursue the transport policy in urban 
areas. A unique feature of this process is its bottom-up nature and 
the focus on the demand issues. Sustainable Urban Mobility Plans 
prepared now in many Polish and European Union cities are being 
developed at a high social participation, via social consultation and 
allowing local organisations associating ecologists, cyclists, elderly 
and disabled persons, town planners and many other social and 
professional groups to participate in discussions.

In the case of mobility planning in a conurbation area - covering 
a few (a dozen or so) strongly and multidimensionally connected 
urban complexes - it is necessary to pursue consolidation of this 
process at a supralocal level. Determination at a subregional 
level of  new framework assumptions for making the mobility 
sustainable will result in achieving the synergy. This effect will be 
especially visible when using instruments of supralocal nature, 
like the construction of transfer nodes network, development of 
metropolitan railway, creation of new tariff solutions, etc.

The validity of individual actions may be defined by means 
of a 4-step trip based travel demand model. The paper presents 
assumptions of the first in Poland mobility plan prepared for a 
subregional area. Also a traffic model will be used to evaluate 
the effectiveness of suggested instruments. However, this will be 
possible only once a Transport Study is prepared together with a 
traffic model for the Central Subregion of Silesian Voivodeship. 
A methodology for the Study preparation and a methodology for 
surveys and measurements for the traffic model development are 
now under preparation.
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