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a b s t r a c t

This paper presents an overview of options for synchronization in the transport and land-use system.
We distinguish between synchronizing (a) transport networks, (b) activity locations, (c) transport
networks and activity locations, and (d) ICT-based decoupling of activities from time and/or locations.
Synchronizations in both time and space apply to these four forms of synchronizing, resulting in eight
synchronization options. These eight synchronization options were then linked to different categories of
policy options: (a) regulation, (b) pricing, (c) land use planning (d) infrastructure planning, (e) specific
public transport policies, (f) marketing and communication, and (g) time related policies. We explain the
relevance of these policy options for synchronization. Next we apply our structured overview to a case
study, the redevelopment of the Rotterdam Soccer stadion of Feyenoord. Finally we discuss the relevance
of Cost-Benefit Analysis and Multi-Criteria-Analysis for the evaluation of policy options, concluding that
CBA is the preferred method of evaluation in most but not all cases.

& 2013 Elsevier Ltd. All rights reserved.

1. Introduction

The transport system allows people to carry out activities in
different places. Together with the land use system it is of paramount
importance for accessibility. Following Geurs and Van Wee (2004) as
a point of departure we define accessibility in the case of passenger
transport as ‘the extent to which land-use and transport systems
enable (groups of) individuals to reach activities or destinations by
means of a (combination of) transport mode(s)’.

Increasingly researchers and policy makers are aware of the
notion that accessibility can be further improved by synchronizing
distinguished components of the transport system, as well as the
transport and land use system. Limiting ourselves to academic
literature, recent examples of papers include Guihaire and Hao
(2008) and Guo and Wilson (2011) on synchronization of public
transport networks, Levine (2005) and Bertolini et al. (2012) on
the integration of land use and transport planning, Mokhtarian
(2002) on telecommuting and travel, Farag et al. (2007) on
e-shopping, and Lyons and Urry (2005) on conducting activities
while traveling.

Synchronization between transport networks and/or activity
locations can have important accessibility benefits for individuals.
Because the trips and activities that people undertake during a day
are interdependent, the synchronization of activity locations and
transport networks often affects more than just one trip or activity.

Trips may be chained or several activities may be carried out at
one location or whilst traveling. Moreover, other travel modes may
become attractive. For example if childcare becomes available near
a railway station, people may choose to cycle to the childcare and
travel to their work by train, instead of using the car for both
activities. These benefits of synchronization are especially impor-
tant as far as travel is a derived demand. Note that this does not
apply to all travel; sometimes people travel for the fun of it
(Mokhtarian and Salomon, 2001).

To optimally synchronize the transport and land use system
dedicated transport and spatial policies are of great importance.
Examples of such policies are decisions on roads and the connec-
tions between roads of different types. In addition, public trans-
port is subsidized in many countries, and subsidies often depend
on the level of service characteristics and/or travel demand, which
both depend on, for example, connectivity between modes. In
addition to policies focusing on the transport networks, several
land-use policies can increase synchronization. For example, local
municipalities play a key role in the activities that can be located
near railway stations, resulting in not only the accessibility of
these activities by rail being influenced but also the trip-chaining
options for rail passengers. Furthermore, time-related policies can
induce the synchronization of transport networks and activity
locations. Examples are policies which determine the opening
hours of shops and services and flexible working times. Policies
may also simultaneously influence temporal and spatial accessi-
bility. In particular ICT related policies, such as the stimulation of
teleworking and teleshopping, influence both dimensions of
accessibility. Several of the above-mentioned policy options have
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an impact on accessibility, but in this paper we focus on synchro-
nizing and related policies.

To the best of our knowledge there is no systematic overview in
the literature of the policy options for synchronization. This paper
aims to fill this gap. We do this by developing a conceptualization
of synchronization options (Section 2), and linking this conceptuali-
zation to distinguished categories of options for public policies
(Section 3). Section 4, as an example of current synchronization
policies, presents a case study from Rotterdam, The Netherlands.
Section 5 discusses how policy options for synchronizing could be
evaluated. Finally Section 6 summarizes the main conclusions and
discusses the implications of our paper.

2. Conceptualization of synchronization in time and space

In this paper, synchronization options refer to spatial and/or
temporal synchronizations between locations of activities and/or
transportation networks. Synchronizations can increase the accessi-
bility of individuals by decreasing travel distances and the travel time
between successive activity locations, or by enabling the performance
of multiple activities at the same location or even at the same time.

This section first discusses the distribution of activity locations
and transport networks over time and space. Next this positioning
is related to synchronization options by distinguishing eight
spatial and temporal dimensions that can be included in policies.

2.1. Activity locations and transport networks in time and space

The ease with which individuals can perform their daily activity
patterns strongly depends on the distribution of activities and
transport networks over time and space. Firstly, a ‘favorable’
spatial and temporal distribution of activity locations and trans-
port networks leads to improved accessibility. Travel distances,
travel times, travel costs, and effort to reach activity locations
depend on the locations and availability in time of activity
locations and transport networks. The spatial and temporal con-
nections between activity locations, between transport networks,
and between activity locations and transport networks have great
influence on accessibility, particularly for performing multiple
activities. The synchronization of activity locations and transport
networks in space and time therefore increases the accessibility of
individuals.

Secondly, if activities can be allocated more flexibly in time and
space, people can arrange their own activity schedule according
to their particular preferences and minimize travel disutilities.
The spatial and temporal flexibility of activities depends on the level
to which other people, goods, facilities and space are needed to carry
out their activities and how unique these requirements are.
For example a social meeting with a friend requires a specific person,
whereas for buying groceries several supermarkets may provide
reasonable alternatives. Also some activities have very strict time
frames (e.g. taking an exam) while others can be performed within
a larger time slot (e.g. shopping or fitness). Currently the devel-
opment of ICT increasingly weakens the need for synchronization
of activities in time and place, because activities become more
and more flexible within or even independent of space and time.
For example, talking on the phone is more or less independent of
place, but depends on time while email is also largely independent
of time. When activities can be performed anywhere and anytime
this may increase accessibility and decrease the demand for travel.
People can shop on the Internet from their office, or work in the
train and video conferencing may decrease the need to travel for
business meetings. The increased flexibility of activities also
increases options to combine activities and travel, such as working
in the train.

2.2. Synchronization options

Most activities are still framed in time and space, albeit to a
varying degree. Therefore synchronizing times and locations of
activities and transport networks would enable individuals to
execute their daily activity programs more easily. Policies which
aim to make activities independent of time and or space also
enable people to transfer more easily from one activity to another.
For activities which can be performed anywhere and anytime the
demand for adapted spaces such as shops and offices decreases
(Couclelis, 2009).

Table 1 categorizes the synchronization options. Such a cate-
gorization enables researchers to study synchronization in a
structured way, and policy makers to systematically design syn-
chronization policies. It shows that synchronizations are possible
along the dimensions space and time. The components that can be
synchronized include (a) transport networks, (b) activity locations,
(c) activity locations and parts of transport networks, and finally
(d) that activities can be decoupled from space and/or time.
Table 1 links these dimensions and components.

Below we give some examples of options for synchronization
categories as presented in Table 1:

1. Spatial synchronization between transport networks, e.g.: park
and ride facilities.

2. Temporal synchronization between transport networks, e.g.:
synchronizing the timetables of either different public trans-
port modes or within one mode (e.g. different lines of a railway
network).

3. Spatial synchronization of activity locations, e.g.: mixing use
categories such as houses, shops, health services and schools.

4. Temporal synchronization between activity locations, e.g.: the
opening of health care services after regular working hours at
offices.

5. Spatial synchronization between transport networks and activ-
ity locations, e.g.: building offices or high density residential
areas near railway stations.

6. Temporal synchronization of (parts of) transport networks and
activity locations, e.g.: matching the hours when bus services
are provided and the temporal component of activities such as
concerts.

7. Decoupling activities from place, e.g.: offering services through
telecommunication, such as allowing people to telework, offer-
ing the possibility to teleshop and having a helpdesk by phone.

8. Decoupling activities from time, e.g.: using email, flexibility of
office hours, teleshopping 24/7.

In Section 3 we present policy options for synchronization
following this categorization.

3. An overview of policy options for synchronization

Section 2 discussed options for synchronization (what is
possible?). This section links policy options to these options for

Table 1
A categorization of synchronization options.

Dimensions
\components

Between
transport
networks

Between
activity
locations

Between transport
networks and activity
locations

Decoupling
of activities

Space 1 3 5 7
Time 2 4 6 8
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synchronization (how can policy influence synchronization
options?). Policy options can be categorized distinguishing restric-
tions/regulations, pricing policies, land-use planning, infrastruc-
ture provision, specific public transport policies, marketing and
information, and time related policies, such as with respect to
opening hours. Table 2 links these policy options to the synchro-
nization options as presented in Section 2.

Below we discuss Table 2. It is beyond the scope of this paper to
present all the options for different policy instruments to stimulate
synchronization. We provide some key examples only. Regulations
(a) can improve synchronization via all synchronization options.
Regulations can force road authorities to improve connectivity of
parts of the road network, and can force synchronization between
different public transport networks (synchronization option 1).
Regulations can also be used to synchronize public transport
timetables (2). They can be used for land-use policies, examples
being policy plans expressing which activities are allowed at
which locations, or more specifically regulations with respect to
large-scale retail facility locations (3). Regulations can determine
the opening hours of potentially related activities, such as child-
care facilities and working hours (4). The Flemish government set
regulations for the maximum distance between a public transport
stop and dwellings (5). Authorities can use regulations to force
organizers of concerts to schedule the timing of concerts to fit
public transport timetables, and vice versa (6). Regulations can
provide employees with the right to telework (7) or can provide
rules for 24 h virtual access to some websites (8).

Pricing (financial incentives) (b) can include both levies and
taxes, as well as subsidies. They can be used for just about all
synchronization options. For example, demand dependent sub-
sidies for public transport companies stimulate synchronization
because synchronization decreases travel times and so increases
travel demand, and consequently subsidies for public transport
companies. This first applies to networks (1) and timetables (2).
It also applies to the provision of access to high density locations in
general (5) or at times when demand is high, such as after a
concert or soccer match (6). Financial incentives can be used to
persuade shop owners and service providers to locate at specific
locations (3) and synchronize opening hours (4). Fiscal incentives,
such as taxing employer compensations for commuting, can
encourage less commuting and more teleworking (7). Peak hour
road pricing may encourage people to avoid rush-hour traveling
when work can be done by teleworking (8).

Land-use planning (c) can be used to cluster activities spatially
(mixing use categories) in high densities, reducing barriers for
spatial (3) and temporal (4) synchronization. In addition, land use
and transport can be synchronized by building such mixed use and
high densities areas, or office locations or residential areas near a
railway station and other public transport nodal points (5).

Infrastructure planning (d) can be used to synchronize distin-
guished components of the transport networks. For example,
metro or tram lines can be well connected to railway stations,
and park and ride facilities enable car and public transport travel
to be easily combined in one trip (1). In addition, planning
infrastructure in a way that areas with many origins and destina-
tions are well served leads to synchronizing the transport net-
works and land use (5).

Specific public transport policies (e) allow for several types of
synchronization. Linking bus and tram timetables to those of train
services leads to synchronization within and between transport
networks (2), providing bus services to designated areas leads to
synchronizing transport and land use (5), providing bus services
when concerts or soccer games are finished leads to synchroniza-
tion of transport and activity times (6).

Marketing and information (f) can be used for just about all
synchronization options. In the area of marketing the positiveTa
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effects of synchronization can be advertised, for example advertis-
ing P&R facilities or bus services for specific activities (such as
concerts or soccer games). Information services, web-based and
others, can provide the traveler with information about synchro-
nization options, examples being connections between trains and
local public transport, walking routes between stations and
activity locations, and maps of areas with mixed use.

Time-related policies (g) can be implemented to increase
synchronization options, for example by synchronizing the open-
ing hours of shops, childcare facilities, car parks, and working
hours (4), or by setting the right conditions for teleworking,
teleshopping, and providing 24/7 services (8).

Some synchronization practices are quite common, for example
linking components of public transport networks is practiced
frequently, as is the planning of high concentrations of activities
near public transport nodes (such as railway stations). On the
other hand, the full potential of synchronization has often not
been utilized due to several barriers. Barriers can be related to the
organization of public bodies: more or less independent bodies
can be responsible for distinguished parts of the synchronization
policies. In addition policies often do not result from ‘grand
designs’ but evolve over time and sequentially, as a result of which
at least temporal frictions may occur, and often ‘system optimal
solutions’ are difficult to obtain. Cultural barriers between dis-
ciplines (e.g. between transport engineers and planners) may also
exist, leading to the non-optimal collaboration of public bodies.
Furthermore, for some categories of synchronization public and
private bodies need to collaborate, as in the case of urban
development. Goals of public and private parties may differ, which
can result in – from the perspective of synchronization – sub-
optimal results. Note that if each party optimizes its own goals,
this does not necessarily lead to the system optimum.

4. Synchronizing policies in a structural design plan: the case
of Rotterdam Stadionpark

4.1. Introduction

To illustrate a selection of the policy options of Section 3, this
section describes the synchronization policies that have been
included in the structural design plan of Rotterdam Stadionpark
(see Fig. 1 for a map of the current situation). In The Netherlands
structural design plans are not binding but developed by munici-
palities to give direction to spatial planning. The Stadionpark
development project aims to contribute to the comprehensive
regional development of South Rotterdam. Currently it is first and
foremost the host of Rotterdam's largest soccer club Feyenoord.
The ambition is that by 2030 the Stadionpark area will have been
re-developed to be the figurehead of Rotterdam, City of Sports,
as well as an important hub for South Rotterdam. The plan to
develop an area for all levels of sport, for beginners as well as
international top athletes, with sport, education and leisure
related services, including a new Feyenoord stadium. It will have
excellent public transportation connections, with an intercity train
station and new tram connections to the northern part of
Rotterdam across the Maas River. Section 4.2 discusses options
for synchronization for the Rotterdam case, Section 4.3 illustrates
the added value of synchronization of some specific transport and
land use options via a scenario based simulation study.

4.2. Synchronization options

The structural design plan includes several of the synchronization
options and policies that are categorized in Table 2. Stadionpark is

Fig. 1. Rotterdam Stadionpark area, current situation.
Source: http://www.rotterdam.nl.
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positioned as a sport-related facility area with a high quality public
transport node. The plans also include large PþR developments,
making sure the road network is well connected to the public
transport network. Following Table 2 these combinations of
synchronization options and policies can be derived from the
plans:

4.2.1. Spatial synchronization between transport networks
Infrastructure (1d): Two major roads will be connected.
Infrastructure (1d): The new tram tangent and the upgrading of

the railway station will significantly improve the connection of the
local public transport of Rotterdam-South to the regional and
national public transport networks.

Infrastructure (1d): By providing good public transport connections
from PþR locations in other areas of Rotterdam to the Stadionpark,
people will be encouraged to leave their car in the suburbs of
Rotterdam rather than causing congestion in the Stadionpark area.

4.2.2. Spatial synchronization between activity locations
Land-use planning (3c): By combining education and sport

facilities in the same area it will be easier to take part in sporting
activities during or after school.

4.2.3. Spatial synchronization between transport networks and
activity locations

Pricing (5b): Parking prices aim to reallocate car parking away
from the Stadionpark area. PþR locations in other areas of
Rotterdam will be free if people continue their trip with public
transport.

Land use planning (5c): Restaurants, sport and beauty facilities,
and childcare will be clustered in Stadionpark, so different activ-
ities can be combined.

Land use planning and infrastructure (5c/d): Because education
is becoming increasingly specialized students have to travel
further to reach their school and the level of access of schools is
becoming more important. In Stadionpark several schools are
located near the railway station, including sport-related education
facilities.

Infrastructure (5d): A large number of new PþR places will be
developed in Stadionpark.

Infrastructure (5d): Slow mode infrastructure will connect
several green areas.

Infrastructure (5d): A new tram tangent will connect the
Stadionpark area to other important areas of Rotterdam, including
a large shopping mall and the university campus.

Infrastructure (5d): The intercity status of the railway station
enables inhabitants of Rotterdam-south to reach employment
opportunities in other parts of the Randstad more easily.

4.2.4. Temporal synchronization between transport networks
Time policies (2g): Trams and trains will ride with high frequen-

cies, therefore transfer-times between PT networks will be short.

4.2.5. Temporal synchronization between transport networks and
activity locations

Land-use planning and time policies (6c/g): By developing
facilities that keep people in the area before and after soccer
games, the use of the car and PT infrastructure will be spread.
There are already a large cinema and some restaurants in the area.
The development will further encourage the new trend of com-
bined retail formulas like stores with restaurants.

Public transport policies and time policies (6e/g): The Dutch
Railway company will increase the train frequencies.

4.2.6. Decoupling of activities from time and place
Regulation, land-use planning and time policies (7a/cþ8a/c/g):

A final aim is to accommodate people who want to be involved in
sport wherever and whenever they want, including having enough
facilities for individual sports, extending opening hours and
providing flexible membership of sport facilities.

The above listing of synchronizing policies in the structural
design plan shows the importance that the municipality of
Rotterdam attaches to the use of synchronization to reach its
aims. It is to be expected that with the furthermore detailed
development of the plans for the Stadionpark area new policies in
the area of regulation, pricing and marketing will also include
synchronization dimensions. Examples are the promotion of the
use of PþR to reach the soccer stadium, variation of parking prices
during the day, regulations concerning the type of facilities that
can be developed and conditions for the Dutch railway company
concerning train frequencies at the new or upgraded railway
station.

4.3. Simulations of transport and land use scenarios

Next we did a simulation study related to the Rotterdam case
aiming to show the importance of a selection of synchronization
options, in particular some options for transport and land use
policies. More specifically the study aims to answer if positive
synergy effects between policies in the areas of land use and the
transport system can be expected. The simulation is based on the
application described in Liao et al. (2013b). For a detailed descrip-
tion of the study area and model readers are referred to this
previous study. In this section we briefly describe the databases
and model used. Next we discuss the specific scenarios considered
in the present study and the results of the simulations.

4.3.1. The model
The simulation study is based on the supernetwork model

developed in Liao et al. (2013a, 2013b). The model can be used as a
tool to analyze the opportunities a land-use–transportation sys-
tem offers for implementing daily activity programs of individuals.
The supernetwork model originally proposed in Arentze and
Timmermans (2004) is an extended model where not only
transfers between networks of different modalities but also
implementations of activities (at particular locations) are repre-
sented as links. A path through the network represents a particular
way of implementing an activity program as a result of a full range
of choices a traveler can make. The choice dimensions include the
sequence of activities, locations of flexible activities, transport
modes, possible transfers during trips, parking locations and
routes of trips. Extended link costs functions are used to represent
the values individuals assign to a wide range of relevant attributes
of trips and locations including travel time (waiting and in-
vehicle), travel costs (parking, ticket, and fuel), location-based
facilities for activities (e.g., floor space), transport modes (base
preferences) and transfers (inconveniences). The values incorpo-
rated in link costs functions in this application have been esti-
mated based on a specifically designed series of stated choice
experiments that involved a large and representative nation-wide
sample of individuals (Arentze and Molin, 2013). As a conse-
quence, the costs of a path effectively represent an estimate of the
(dis)utility an individual would experience when the activity
program is implemented in that way. Using micro-simulation,
least costs paths are computed for a representative sample
of individuals. Since least costs paths represent preferred ways
of implementing the activity programs, the associated costs offer
a measure of accessibility. Synchronization strategies can be

B. van Wee et al. / Transport Policy 31 (2014) 1–9 5



analyzed due to the integrated and high-detail representation of
the land-use–transportation system the model offers.

4.3.2. Study area delineation and data
4.3.2.1. Study area and base year. Synchronization policies can
have effects at the regional (or even national) level. We selected
the Den Haag–Rotterdam–Dordrecht corridor (LHS of Fig. 2) as the
study area, which takes up the majority share of population and
facilities of Zuid-Holland (The Netherlands). We expect that effects
outside this area are limited (but not absent). 2010 is the base year.

4.3.2.2. Population and activity program. Data of activity programs,
which are input to the model, were provided by MON (Dutch daily
mobility travel dairy survey). For the years 2006 and 2007, data of
9184 individuals of at least 12 years old living in the corridor were
available. To be able to estimate the behavior of all people living in
the area we weighed the data based on data of the full population.
The average numbers of activities and trips per person are 1.5 and
2.5 respectively. An activity is classified as fixed or flexible
depending on whether the activity can be conducted only at one
fixed location or at one of multiple locations. Fixed activities
include work, education, chauffeur, and use of municipality service
and flexible activities concern shopping and four categories of
leisure activities (going-out, culture, sports, and recreational-tour).
For flexible activities, the location choice sets are defined based on
an empirically estimated location choice model.

4.3.2.3. Location, transport and price tariff data. The following
datasets are used to describe the integrated land-use and
transportation system. For mapping the land use system, floor
space data linked to the different activity categories distinguished
in this study at the level of 4-digit postal code areas are used. For
describing the public transport networks detailed data of the routes
and timetables of all modes of public transport (PT) including bus,
tram, metro and train, are used. The fares for bus/tram, stop train
and intercity train are set to estimated values (0.12 €/min for bus/
tram, 0.14 €/min for stop train and 0.15 €/min for intercity train)

which approximate the actual tariff system in the Dutch context.
As for private transport networks, a database of the Dutch road
network is used that includes all road categories from national
highways to local neighborhood roads. Since this database does
not include car and bicycle speed data, speed values used in the
model were based on assessments of averages. Assessments of car
speeds are differentiated by time of day (peak hours and non-peak
hours) and type of road (urban local, regional and national). On the
other hand, assessments of bicycle speed are differentiated by road
type only. Car fuel costs are also based on assessments of average
values differentiated by road type (with higher costs per km for
local roads in urban area, etc.). With regard to parking locations it is
assumed that parking is possible at activity locations, PþRs (park-
and-ride facilities) and THs (transport hubs, train stations). Parking
price is set according to the parking tariff zoning system in
Rotterdam. Actual parking costs for an activity are calculated as a
linear function of parking duration (activity duration). On the
other hand, it is assumed that bicycles can be parked everywhere
for free. Our network includes the nine PþR facilities in the study
area. Furthermore, train stations generally offer parking facilities
and, hence, are identified as additional PþR facilities. For a
detailed description of the data and assumptions, readers are
referred to Liao et al. (2013b).

4.3.3. Scenarios
This section describes the scenarios. We define the base Scenario

(labeled as Base) according to the settings as described above. Three
policy scenarios were defined:

Scenario 1: Transportation changes (labeled as Trans)
Increase of train connection frequency
This increase is part of a program aiming at concentrating

spatial developments around the railway stations and improving
transfer options in the south-wing of the Randstad.

Upgrade Rotterdam Stadion station
The Rotterdam Stadion station, originally only used for special

events on weekends, is upgraded to an intercity station for general

Fig. 2. Study area: Den Haag–Rotterdam–Dordrecht corridor.
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usage. At the same time, Rotterdam Blaak station (2.5 km north) is
downgraded from an intercity to a stop train station.

Introduction of a new tram line
Linked to the upgrade of Rotterdam Stadion station, a new

east–west tram line (approximately 14 km) is introduced having a
stop at this station.

Scenario 2: Land-use changes (labeled as Land)
Spatial developments – transport nodes-oriented
This scenario aims to increase the attractiveness of the areas

near transport nodes in the central area of Rotterdam (see map on
the right-hand-side of Fig. 2). In areas around public transport
nodes, we assume a 25% increase in floor space in each segment
related to shopping and the four leisure activities.

Increase of parking cost at activity locations
To reduce car traffic in the city center of Rotterdam, the parking

price in each parking tariff zone is doubled compared to the base
scenario. The increase in parking cost is supposed to stimulate the
use of PþR and bike-and-ride (BþR) facilities.

Scenario 3: Combine Scenarios 1 and 2 (labeled as Comb)
To demonstrate the added-effects of combining transportation

and land-use changes, Scenarios 1 and 2 are combined as Scenario 3.

4.4. Results

Figs. 3 and 4 show the results for the whole corridor area. First,
Fig. 3 shows the distribution of trips across the main transport
modes, walking, cycling, public transport (PT) and car. Car pas-
senger, PþR and BþR modes are not represented in this figure.
Next, Fig. 4 shows the results for PþR and BþR.

Fig. 3 shows, as expected, that improvements in PT (Scenario 1)
result in an increase in the use of PT. This increase is mainly due to
a switch from walking to traveling by PT. At first sight this seems a
bit strange, but the results can be explained by the fact that the
share of walking trips drops because people substitute activity
locations at nearby destinations to more attractive activity locations at

a larger distance that become accessible by PT. Mode changes become
more pronounced under the Land scenario because high parking cost
represses car use, and increasing attractiveness at transport hubs
stimulates PT use. The differences between the combined scenario and
the land use scenario are small.

Fig. 4 displays the number of PþR and BþR users. Trans and
Land both promote multi-modal trips, reducing the number of
cars, especially those going into city centers, as intended by policy-
makers. It shows that synergy effects between the land use and
transport policies occur: the combined effect (Comb) on BþR (39
additional trips) exceeds the sum changes due to the transport
(12) and the land use (15) policies. For PþR also positive synergy
effects occur, but these are smaller than those for BþR.

We now zoom in on the Rotterdam Stadion station area. Fig. 5
shows for the different scenarios the use of Rotterdam Stadion
station. Shown is the percentage of trips across all modes that
have an arrival or departure at the Stadion station for the people
living in the municipality of Rotterdam and the whole study area
respectively. As the station is not in use in the scenarios Base and
Land, the trip ratio in these scenarios is zero. The station is used
more often by people living in Rotterdam compared to the total
population in the larger study area. Again we see that synergy
effects occur: in the combined scenario the share of people using
the station is higher than that in Trans only. The difference is
largest for people living in the municipality of Rotterdam.

To conclude; our simulation study shows that combined land
use and public transport policies may lead to positive synergy
effects.

4.5. Concluding remarks

We conclude this case study with some final comments. The
first comment relates to assumptions with respect to travel
behavior. Such assumptions are always needed to model travel
behavior. This applies to any modeling of travel behavior, so also
for modeling the impacts of synchronization policies on travel
behavior. It is most common to assume that the traveler aims to
maximize his or her utility (Random Utility Maximizing), though
alternatives exist, such as Random Regret Minimization (e.g.
Chorus, 2010; Chorus et al., 2008), or premises of Prospect Theory,
such as loss aversion (e.g. Van de Kaa, 2010). Note that the
conceptualization of policy options is not affected by the beha-
vioral assumptions regarding travel behavior.

Secondly, in Section 3 we discussed the importance of barriers
for the implementation of synchronization policies. Because the
decision making process of the Rotterdam case is not finished yet,
we cannot tell which barriers played which role in the final
decisions. Nevertheless some reflections can be made. A first
potential barrier is that financing the plans is too expensive for the
municipality of Rotterdam only. In The Netherlands municipalities
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have limited ‘own’ budgets and rely on co-financing from the
Ministry of Infrastructure and the Environment. Diverging inter-
ests of the Ministry as opposed to the municipality of Rotterdam
can both support as well as endanger the implementation of
synchronization policies. Because the Ministry will consider
impacts at the national and regional level, its involvement can
increase the scope of impacts of the policies, and so add to the
interest of the municipality. Especially if synchronization has
benefits at the regional or national level, the involvement of the
Ministry can play a positive role. On the other hand, the Ministry is
less interested in local effects, which can endanger positive
decisions leading to local benefits from synchronization. A second
potential barrier could be that the benefits of synchronization are
relatively abstract, and less clear or even not at all known to
decision makers. Our involvement by applying our model in this
real world case aims to reduce this barrier. Planners and other
actors are now familiar with the options for synchronization and
their benefits, and can communicate them to decision makers.

5. Evaluation synchronizing policies

An important question from a policy perspective is: how to
evaluate candidate policy options for synchronization? In the case
study presented in Section 4 we only discuss impacts on mode
choice. As explained in the introduction synchronization is not a
final policy goal, but it aims to contribute to better accessibility.
So evaluations should at least include any indicator for accessibility.
But synchronization policies may have multiple other effects. For
example, the costs of public transport services may change, as well
as the costs of extending the opening hours of childcare facilities.
Furthermore, if synchronization results in a shift from car to public
transport, emissions of CO2 and pollutants, as well as noise impacts,
may decrease.

We first briefly discuss the evaluation of individual accessi-
bility. When evaluating network synchronization the inclusion of
multi-modal travel and multi-activity trips in the measurement of
accessibility is crucial. However it is very difficult to include multi-
activity and multi-modal travel in individual accessibility mea-
sures (Fiorenzo-Catalano, 2007). The early supernetwork
approaches allow the modeling of integrated multi-modal net-
works and (single activity) multi-model trips (Sheffi, 1995;
Van Nes, 2002; Carlier et al., 2002). Later, inspired by the work on
extended supernetwork representations as developed in Nagurney
(2003); Arentze and Timmermans (2004) introduced the multi-
state Supernetwork, which integrates different networks of pas-
senger transport, activity locations and activities of travelers into a
single network. The multi-state supernetworks were enhanced in
important ways in Liao et al. (2010, 2011, 2012, 2013a, 2013b),
the resulting model was already introduced in Section 4.3. Where
conventional Supernetworks are able to identify the shortest paths
for single trips through a multi-modal network, multi-state Super-
networks are able to identify the shortest paths for complete daily
activity programs. Hence, the model is able to identify which path
produces the least generalized costs to complete a daily activity
program in a given urban system. The ease (e.g. highest utility or
least generalized costs) with which this path can be conducted is
an indicator of the accessibility of that urban system. Hence, an
aggregation across a population of individuals is used as a measure
of accessibility of a complete transport–land use system. For a
thorough discussion of the advantages and potential of activity-
based models for analyzing the effect of land-use policies on travel
behavior we refer to Shiftan (2008).

After evaluating the accessibility effects of synchronization poli-
cies, the next question is how to evaluate their cons. These mainly
relate to the additional costs of infrastructure, land development in

areas with higher square meter prices, the additional costs of
changing opening hours, and the costs of removing barriers as
addressed in Section 3. A simple cost-effectiveness evaluation
method (comparing costs per change in any accessibility indicator)
is therefore not an option. Two important evaluation methods that
in principle are suitable in this case are Cost Benefit Analysis (CBA)
and Multi-Criteria-Analysis. Below we briefly present both options
followed by a discussion on the suitability of both options for
our case.

In most western countries CBA is the method used for ex ante
evaluations of transport infrastructure projects (Hayashi and
Morisugi, 2000). A CBA aims to capture the pros and cons of a
project, although it is limited to those pros and cons that can be
included in a welfare-based economic framework. The valuation of
effects is as much as possible based on the preferences of
consumers, mainly on their willingness to pay (WTP) for the
effects. For some effects the WTP of consumers is considered to
be less suitable, CO2 emissions being an example. For those effects
valuations based on policy preferences are generally used. Costs
and benefits occur in different years within the time horizon of a
CBA. To deal with this, they are presented as so-called ‘net present
values’, implying that taking into account interest and inflation it
is better to have 1 euro or dollar nowadays than in, for example
2030. The so-called discount rate is used to express this time-
dependent valuation. Final results are often presented in summar-
izing indicators, main examples being the difference between
costs and benefits, the benefit-cost ratio and the return on
investment. Almost every handbook on transport economics pays
attention to CBA in transport (see, for example, Blauwens et al.,
2008; Button, 2010). However, some effects of policies cannot
easily be quantified or expressed in monetary terms. One can think
of the impact of a new motorway or rail line on the landscape and
nature, or the value of a nice bridge because it is a landmark.
If effects are present which are of high importance but difficult to
quantify or monetize, a CBA may at best be suitable for partial
evaluations of the pros and cons of the project under considera-
tion. An MCA is probably then preferable – it can include any
effect, positive or negative, and by setting weights seemingly
incomparable effects can be included in the equation (such as
the landmark function of a bridge and its travel time gains).

CBA is a popular evaluation method in the area of transport
because most costs and benefits are quite well known (at least
theoretically) and can be expressed in monetary terms, because
the risk of double counting effects is limited, and because it is less
easy to manipulate results than in case of an MCA. An important
question is: does this also apply to the options for synchronization
policies? We argue that it does, as discussed above (see the texts
on the multi-state supernetwork synchronization leading to
increased accessibility and related reductions of travel times, less
inconvenience when people need to switch modes, and the
possibilities of changes in activity locations). Such benefits can
be quantified, either via utility-based accessibility indicators based
on the multi-state Supernetwork approach as described above, or
using the logsum indicator (e.g. De Jong et al., 2007), or via
changes in the different components of this indicator as travel
times and the marginal value of time. The multi-state supernet-
work and logsum approaches include valuations of changes in
convenience as well as attractiveness of locations for activities.
An alternative would be more traditional approaches for evaluations.
The common approach is to multiply changes in generalized
transport costs (time, money, effort) by the number of travelers
and the value they attach to reduction in travel times (and costs).
In addition induced demand (new travel) is valued according to
the so called ‘rule of half’. Using this approach the evaluator can
benefit from the literature providing values for the valuation of
people of these changes in generalized transport costs, not only
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travel time savings, but also changes in the convenience (e.g.
changing modes), e.g. Wardman (2001). However, some effects of
synchronization policies may be more difficult to quantify or
express in monetary terms. For example, if synchronizing land
use and the transport networks led to increased liveability on the
streets (more walking, more cycling) there may be benefits in
addition to transport related benefits, such as increased (percep-
tions of) safety, and a greater appreciation of the environment.
Such effects are difficult to quantify and express in monetary
terms. If such effects play an important role probably a combined
CBA (for effects that can be monetized easily) and MCA (for other
effects) would be preferable. If there is a strong argument for
implementing such policies, an MCA may be preferable.

6. Conclusions

Synchronization between transport networks and/or activity
locations can have important accessibility benefits for individuals.
Synchronization options refer to spatial and/or temporal synchro-
nizations between locations of activities and/or transportation
networks. To optimally synchronize the transport and land use
system dedicated transport and spatial policies are of great
importance. This paper provides a systematic overview of policy
options for synchronization.

The components that can be synchronized include (a) transport
networks, (b) activity locations, (c) activity locations and parts of
transport networks, and finally (d) activities can be decoupled
from space and/or time. By linking these components to the
dimensions ‘time’ and ‘space’ a 4 by 2 table is obtained categoriz-
ing synchronization options. Next we link these options to
categories of policy instruments: restrictions/regulations, pricing
policies, land-use planning, infrastructure provision, specific public
transport policies, marketing and information, and time related
policies, such as with respect to opening hours. The paper discusses
these links, considering several examples of policy options.

The Rotterdam Stadionpark case study shows that our con-
ceptualization of synchronization options and policy instruments
can easily be applied to a real world case. In addition it shows that
combining land use and transport policy options can induce
positive synergy effects: the combined effect of both policies
exceed the sum of the land use and transport policies separately.

Finally we discuss evaluations of candidate synchronization
policies. We argue that the accessibility impacts of synchroniza-
tion policies can be evaluated elegantly using the multi-state
supernetwork approach. To evaluate all the important pros and
cons of policy options for synchronization (accessibility and
others) a CBA will often be the method of preference. However,
if important pros or cons cannot be quantified or expressed in
monetary terms, an MCA or hybrid methodology (CBA and MCA)
may be preferred.
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