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Abstract

In Integrated Land-use and Transport (ILUT) accessibilities are typically com-
puted for zones. This implies that accessibilities are constant within a zone. Besides,
the size of a zone is fixed, and has an impact on the measured values. However, ac-
cessibility is continuous in space, it is not limited by administrative boarders. This
paper presents an approach to measure accessibilities at high resolutions that is also
computationally feasible. The approach is applied to a real-world scenario, the city of
Zurich (Switzerland). For the present study an utility-based accessibility measure is
selected that is also known as the logsum term. Furthermore, this study investigates
the (i) sensitivity to different transport modes, such as car, bicycle and walk, and (ii)
the sensitivity to a modification in the transport system.

Keywords: high resolution accessibility, utility-based accessibility, sensitivity test

1 Introduction

Persons’ choice of their residential location is influenced by how well they can access their
activities from there. It is clear that there has to be some influence, however weak, since,
say, commuting plus working plus sleeping needs to fit into the 24 hours of a day. Similarly,
the location choice of firms is influenced by how well they can access their customers from
there, or how well suppliers and customers can access them at the location.

In consequence, the suitability of a location for a specific person depends on that
person’s activity pattern. Similarly, the location for a specific household depends on the
activity patterns of all household members, and the location for a specific firm depends
on the location of its suppliers and customers. If all these were known, one could compute
individual values of every location for persons, households or firms that search for locations.

For many purposes, however, one is interested in a more general value of a given
location. For example, a developer might be interested in developing a certain location
without knowing the person, household or firm that might eventually occupy it. A family



might search for a residence before knowing where, say, the spouse will work. This is
where the concept of accessibility comes in: it describes how well a given location can be
reached, or how well other locations can be reached from this location.

Researchers assert that accessibility has a measurable impact in the real world: Hansen
[1] shows that areas which have more access to opportunities have a greater growth po-
tential in residential development. Moeckel [2] asserts that the principal idea of Hansen’s
approach is also true for businesses. In other words: Locations with easier access to other
locations are more attractive compared with otherwise similar locations with less access.

Many quantitative indicators can be used for accessibility. Some examples are

e distance to next shopping area

e travel time (e.g. [3]) or distance (e.g. [4]) to next central business district

e travel time (e.g. [3]) or distance (e.g. [4]) to next railway station

e number of opportunities (e.g. workplaces, places to shop) within, say, 1 kilometer .

A comprehensive review of accessibility measures can be found in [5, 6]. Accessibility
measures can be broadly classified into three categories [5]:

1. The infrastructure-based approach is based on the performance of the transport
System.

2. The activity-based measure deals with the distribution of activities in space and
time.

3. A utility-based measure of accessibility reflects the (economic) benefits, as the
maximum expected utility, that someone gains from access to spatially distributed
opportunities [5, 7].

Accessibility can be seen as the result of the following four independent components
[5, 6]:

1. A land-use component that deals with the number and spatial distribution of op-
portunities.

2. A transport component, which describes the effort to travel from a given origin to
a given destination.

3. A temporal component, which considers the availability of activities at different
times-of-day, e.g. in the morning peak hours.

4. An individual component that addresses the different needs and opportunities of
different socio-economic groups, e.g. different income groups.

For the present study, the utility-based measure from Ben-Akiva and Lerman [8] is
selected, which is also known as the logsum. It is defined as

1
Ai = ln Z eﬁscale Vi , (1)
Bscale L



where Vi is the (dis)utility of travel in order to get from location i to location k, and Bscqie
is the logit model scale parameter.! The logsum term includes a land-use component that
considers the number and distribution of opportunities, and a transport component that
determines the effort to get there.

There are two ways to interpret Eq. (1):

° > ePscateVir is a weighted sum over possible destinations for a given origin i, where
opportunities k£ which are more difficult to reach obtain a smaller weight. This will
always be a positive number.

The logarithm in front of the weighted sum is not necessary in this interpretation,
but it is useful to be consistent with the econometric interpretation given next.
Since the logarithm is a monotonic transformation, it will not change the order of
the accessibilities. Note, however, that the result may be negative.

e Eq. (1) can also be interpreted as an expected maximum utility. If one traces the
expected maximum utility derivation from the logit model (e.g.[8]), one finds that
Vi, should actually be replaced by Vi, + Vip, where Vi, is the typical systematic
utility at the destination. If it is assumed that this is the same for every person
at every opportunity, then this can be factored out, and in the end just becomes
a constant addend to the accessibility. That is, A; does not include the intrinsic
systematic utility of the activity at the destination. It does, however, include the
averaged effect of the ¢ that describe the fluctuations around the systematic utility.

In this interpretation, the expected utility is A; +V;y,. It is maybe easiest to imagine,
for a moment, to have this utility realized at location k. Omne would then have
A; = Vi + €. As stated earlier, A; can become negative, which means that the
fluctuation € is not sufficient to compensate for the cost of getting to k. Under
normal circumstances, this would be compensated for by the systematic utility at
the destination, Vi,,. Omne could, however, imagine circumstances in which even
A; 4+ Viyp would remain negative. In such circumstances, it is plausible to assume
that no trip of this type would be made.

The question how the values of A; according to Eq. (1) could be converted into
monetary units is addressed in Sec. 6.

Quite often, accessibilities are attached to spatial units i. These spatial units are
typically relatively large zone, but one could equally calculate accessibilities for each parcel
or building in the region of interest. In many cases, however, the computational effort for
this would be rather large. In addition, it may not be necessary: Since accessibility is a
spatially averaged quantity, it is plausible to assume that the accessibility of a building
between two other buildings might be interpolated from the two neighboring accessibility
values.

Taking this argument further, one could as well consider accessibility as a field, i.e. as
continuously varying in space, A(z,y), where x and y are the coordinates. As is common
in many areas of science, such fields can be visualized by calculating the values on regular
grid points, and then use an averaging plotting routine. A similar approach was also used
by [4]. Going beyond that paper, however, we will compute accessibility not based on
Euclidean distance, but using the network oriented performance of the transport system.
Sec. 3 describes in detail how this accessibility measure is implemented.

Tn this paper, sometimes the term “generalized cost of travel” is used instead of “(negative) utility of
travel”. Strictly speaking, “generalized cost” is often meant in monetary terms, while “utility” is not.



2 Motivation

The present paper is, in fact, motivated by an attempt to couple a land use simulation
model, UrbanSim [9, 10, 11], with a transport simulation model, MATSim [12, 13, 14].
The transport model is to feed back information to the land use model. Since one of the
UrbanSim submodels is, in fact, a developer model, it makes sense to feed this information
back in the form it might be used by a developer who is considering to develop a certain
lot. In practical terms, the developer model is obtained by defining multiple choice mod-
els, estimating their parameters based on real-world data (actual decisions by developers),
and eventually settling on one of those models. In that sense, the best feedback from
the transport model is simply the quantity that results in the best model. In that sense,
Eq. (1) can be seen as a proxy for other possible accessibility indicators. From a com-
putational performance perspective, it is a relatively difficult case since it averages over
all opportunities. Indicators that consider only a subset of opportunities will at least be
equally fast.

Readers who are interested in a more detailed description of the simulation and inte-
gration approach of MATSim with UrbanSim are referred to [15].

3 Methodology: high resolution accessibility

This section looks at the implementation of the econometric accessibility measure that is
given by Eq. (1). This task is performed in MATSim. In this section it is assumed that
MATSim completed the traffic flow simulation based on the land-use pattern provided by
UrbanSim. As a result MATSim possesses a congested road network with time dependent
travel times on which it calculates the accessibility indicators as feedback for UrbanSim.
A comprehensive description of the simulation and integration approach of MATSim and
UrbanSim is given in [15].

In order to calculate the accessibility A;, origin locations ¢ and opportunity locations k
are assigned to the MATSim road network, see Sec. 3.1. For every given origin ¢ a so-called
“least cost path tree” runs through the network and determines the best route, and thus
the least negative travel utility Vjz, to each opportunity location k by using the Dijkstra
shortest path algorithm [16]. The best route from i to k depends on the given cost type
such as link travel times or distances. Once the least cost path tree has explored all nodes,
MATSim queries the resulting travel utilities Vj; for all opportunities and calculates the
accessibility as stated in Eq. (1).

3.1 Network assignment

Origin and opportunity locations do not necessarily lie on the network; see also Fig. 1.
Thus, the calculation of Vj; includes in addition the disutility of travel to overcome the
gap between locations and the road network. The gap is determined by taking the shortest
distance to the network. It is assumed that the distance is covered on foot with a constant
speed of 5km/h.

For origin locations ¢ the shortest distance to the network is either given by the Eu-
clidean distance to the nearest node or the orthogonal distance to the nearest link on the
network. If the mapping of location ¢ is on a link, as in case of the orthogonal projec-
tion (Fig. 1(b)), Vi further includes the travel disutility to overcome the distance to the
nearest node. The travel costs are calculated by dividing the distance to the node by the
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(a) Euclidean distance measure between the origin (b) Orthogonal distance measure between the origin
location ¢ in accessibility calculation and the nearest 7 in accessibility calculation and the nearest network
network node. link.

Figure 1: The calculation of Vj; includes the disutility of travel to overcome the gap
between locations such as origins ¢ (blue cross) and the network, which is based on the
shortest distance. This is either given by the euclidean distance to the nearest node or
the orthogonal distance to the nearest link on the network.

travel speed of the according transport mode, e.g. car (free speed or congested car travel
times at a given time-of-day), bicycle (15km/h) or walk (5km/h).

For opportunity locations k the Euclidean distance to the nearest node is used to
determine the shortest distance to the network.

3.2 Disutility of travel

As stated earlier (Eq. 1), the computation of the accessibility for a given origin loca-
tion i contains a summation of the term efscaleVit for all opportunity locations k. The
determination of the disutility of travel, Vji, consists of the following contributions:

1. The disutility of travel of reaching the transport network from origin i, as described
in Sec. 3.1. It is assumed that opportunities can only be reached via the transport
network.

2. The disutility of travel on the transport network towards k.

3. The disutility of travel of reaching the opportunity k from the transport network, as
explained in Sec. 3.1.

As a result the disutility of travel is composed as follows:

Wk,ttmade = /Bttwlk : ttwlk‘,gap,i + ﬁttmode “Umode + Bttwlk : ttwlk,gap,k (2)
where
o {ty) is the travel time [in h] on foot.

® ltmode 1s the travel time [in h] according to the given transport mode. Transport
modes are either car (free speed or congested), bicycle or walk.

® tluik,gap,i is the travel time [in h] on foot to overcome the gap between the origin
location ¢ and the road network.

® ttyik,gap,k is the travel time [in h] on foot to overcome the gap between the road
network and the opportunity location k.



® B .. and By . are marginal utilities [in utils/h] that convert travel times into
utils. By default all marginal utilites are set to —12 utils/h. In MATSim terms, this
is the sum of the marginal opportunity cost of time (typically —6 utils/h) and the
marginal additional disutility of travel (typically another —6 utils/h). In calibrated
applications, a util is often worth roughly one Euro or one Dollar.

The travel times for traveling by bicycle or on foot are computed by taking the travel
distance with a constant velocity of 15km/h (bicycle) or 5km/h (walk).

3.3 Spatial resolution

When looking at high-resolution accessibility calculations, there are, in fact, two reso-
lutions to consider: One that defines for how many origins ¢ the accessibility is to be
computed. And a second one that defines to what level the opportunities k& are to be
resolved.

(a) Cell-based approach using a 200m X 200m side (b) Zone-based approach
length

Figure 2: The figures visualize the cell- and zone-based approach in accessibility calculation
at the example of the city of Zurich (blue area). The measuring points (origins) for
accessibility calculation are determined as follows: The cell-based approach subdivides
the study area in square cells of configurable size; here a side length of 200m x 200m
is used for visibility reasons. The cell centroids (blue dots) serve as origins. The zone-
based approach is using zone centroids instead, which are determined by averaging all
parcel coordinates that belong to a zone. The number of measuring points is given by the
number of zones.

Spatial resolution of the origin: The origin side can be calculated for two spatial
units, cells or zones. Their spatial resolutions determine the number of points for which
the accessibility will be computed:

e Cell-based Approach: In this approach the study area is subdivided into square
cells, where the resulting cell centroids serve as measuring points (origins) for the
accessibility calculation; see Fig. 2a. The spatial resolution depends on the selected
cell size, which is configurable.



e Zone-based Approach: This approach uses the zone centroids as measuring points,
as shown in Fig. 2b. The centroid coordinates can be obtained from a variety of def-
initions. In this paper, they are determined by averaging all parcel coordinates that
belong to a zone. This corresponds to weighting each parcel equally; this may not
be justified when, say, the number of residents or households varies strongly between
parcels.? The number of measuring points is defined by the number of zones.

Since the latter approach is on an aggregate zone level, the following paragraphs concen-
trate on the cell-based approach that is qualified for high resolution accessibility calcu-
lations. Nevertheless, the calculation procedure of the logsum term is the same for both
approaches.

(a) Opportunities with parcel coordinates given by (b) Opportunities, aggregated on the nearest node
the land-use model on the road network

Figure 3: Opportunity locations (red dots) are provided from the land-use model on a dis-
aggregated parcel level. The spatial resolution inside MATSim depends on the resolution
of the road network, i.e. on the number of nodes and link lengths. Thus, opportunities
are directly aggregated to their nearest node on the given road network.

Spatial resolution of the destinations (= opportunities): Opportunity locations
such as work places are given form the land-use side. Unlike origins, for the present paper
such locations are directly aggregated to the nearest node on the road network as depicted
in Fig. 3. The sum of travel disutility V}; to get from a node j to opportunity k over all
opportunities k that are aggregated on the same node are included. Assume the travel
disutility from origin ¢ to node j is V;; and the disutility from node j to opportunity k
is Vjg. Then Y, eBscateVik — S eBscateVij pBscateVik — oBscateVij S eBscateVik Thus, there is
in fact no approximation in accessibility computation on the opportunity side using the
proposed aggregation approach.

Spatial resolution setting: In the present paper a resolution of 100m x 100m is
selected to perform cell-based accessibility measures. This is due to a previous observation
in [15], where the same scenario with the same network is used. It shows a significant

2This is another example of an assumption that does not have to be made for the high resolution
accessibility computation.



increase in the level of detail until a resolution of 100m x 100m. Whereas resolutions
better than 100m x 100m do not deliver noticeable gains. The reason for this is the
spatial resolution inside MATSim, which is determined by the road network; see Sec. 4.2.

However, when looking at the computing times for the present scenario (Sec. 4) in
Tab. 1, there is no reason to limit the accessibility measure to low resolutions. The fast
computing times are due to a pre-processing step that reduces the execution of the “least
cost path tree”. This is achieved in two steps. (i) For all origin locations 4 their nearest
node on the road network is identified. For origins that share the same node (ii) the “least
cost path tree” is executed only once during the accessibility computation.

Resolution Measuring Aggregated Computing Time
Cell-Based Approach Points Opportunities [minutes]

50m x 50m 36 748 272 2-3

100m x 100m 9195 272 2

200m x 200m 2292 272 ~ 2

400m x 400m 577 272 ~1

800m x 800m 142 272 <1

Number of Zones Measuring Aggregated Computing Time
Zone-Based Approach Points Opportunities [minutes]

234 234 272 ~1

Table 1: This table summarizes the consumed computing times to measure accessibility
at different resolutions and different spatial units, i.e. zones and cells. All measures are
performed on a Mac Book Pro with an Intel Core 2 Duo 2.5GHz processor and 4 GB of
memory, where 1 CPU core is used to execute the accessibility measures.

4 Scenario: Zurich, Switzerland

The present study is applied to a real-world scenario. This is the city of Zurich, a parcel-
based UrbanSim application that will be briefly discussed here. A full description is given
in [17, 18].

The Zurich case study uses the the year 2000 as the UrbanSim base year. It stores the
initial state of the study area. The data that is needed to create the base year such as a
population census, mobility census, enterprise census, etc., comes from several sources that
can be divided into two main categories: governmental and private data. The sources for
governmental data includes various Swiss federal, cantonal,® and municipal offices. The
acquisition of private data includes private institutions, web-sites, and self created data.
For more details on the base year data and data processing methods see [17, 18].

The Zurich application consists of 40’407 parcels and 234 zones; see Fig. 4. The
synthetic population of Zurich counts 336’291 inhabitants. 316’703 jobs are provided in
the study area. In this paper the UrbanSim base year is used to create the input for the
MATSim runs. After that, UrbanSim is no longer needed for the present study.

4.1 Population and Travel Demand

In order to speed up computation times, MATSim considers a 10% random sample of the
synthetic UrbanSim population, consisting of 33’629 agents. All MATSim agents have

3A Swiss Canton corresponds to a federal state



(a) UrbanSim Parcels (b) UrbanSim Zones

Figure 4: UrbansinSim provides different geographic units of analysis such as parcels (a)
and zones (b) [11]. The blue area indicates the city of Zurich.

complete day plans with “home-to-work-to-home” activity chains. Work activities can be
started between 7 and 9 o’clock with a typical duration of 8 hours. The home activity has
a typical duration of 12 hours and no temporal restriction.

4.2 Network and Adjustments

A revised Swiss regional planning network [19] is used that includes major European
transit corridors; see Fig. 5. The network consists of 24’180 nodes and 60’492 links, where
each link is defined by an origin and a destination node, a length, a free speed car travel
time, a flow capacity and a number of lanes. In addition each link obtains congested car
travel times once the traffic flow simulation in MATSim is completed; see [15].

The following summarizes modifications to improve link capacities especially at the
urban scale; a detailed description is given in [20] and [21]. All links within a radius of 4
kilometers around the Zurich city center were modified as follows:

e Links that correspond to so-called primary* roads in OpenStreetMap® (OSM) get
a capacity of at least 2000 vehicles per hour. Links with higher capacities remain
unchanged.

e Links that correspond to secondary roads in OSM keep their initial capacity (usually
between 1000 and 2000 vehicles per hour).

e The remaining links get a capacity with a maximum of 600 vehicles per hour. If the
original capacity is lower, it is not changed.

e Finally, a few individual links are adjusted manually based on local knowledge.

“an open street map road classification is given at http://wiki.openstreetmap.org/wiki/Highway_
tag_usage
Ssee http://www.openstreetmap.org
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The flow- and storage capacity of the road network are automatically adjusted based
on the given population sampling rate used for the MATSim runs. This is done in or-
der to preserve congestion effects when running MATSim at small samples. The flow
capacity gives the maximum number of vehicles per time unit that can pass a link [22].
It is adjusted by a flow capacity factor, which is set to the same value as the given
Population Sampling Rate. The storage capacity defines the maximum number of ve-
hicles that can be on a link [22]. The corresponding storage capacity factor is defined
by £ 0”“}%2’282‘2’7}%@’% Rate “where the Heuristic Factor = /Population Sampling Rate.
The Heuristic Factor is a fit function based on engineer heuristics. It aims to raise the
storage capacity especially at low sampling rates to avoid network breakdowns caused by
strong but spurious backlogs. This effect is explained in [23].

\

Figure 5: The Zurich case study network, area of Zurich (in blue) enlarged.

4.3  Simulation Run

First, a preparatory MATSim run is performed by running the simulation for 1000 itera-
tions. During the first 800 iterations 10% of the agents perform “time adaptation”, which
changes the departure times of an agent, and 10% adapt their routes. The remaining
agents switch between their plans. During the last 200 iterations time and route adapta-
tions are switched off. Thus, agents only switch between existing plans. The output of
this run is referred to as the Base Case.

5 Sensitivity testing

The present study looks at the proposed econometric accessibility measure using the ex-
ample of work place accessibility. By aggregating the work places on the network nodes
the number of opportunities is significantly reduced from 316’703 to 272 as described in
Sec. 3. Two tests are performed to investigate the (i) sensitivity to different transport
modes and (ii) the sensitivity to a modification in the transport system.



Both tests are applied for the cell-based approach with a resolution of 100m x 100m
as explained in Sec. 3.3. The scale parameter (Sscqre) is set to 2, which is the MATSim
default setting. The accessibility is measured for the morning peak hour at 8am, when
most travellers are commuting to work.

5.1 Sensitivity to different transport modes

Three different travel modes in accessibility computation are compared, which are car,
bicycle and walk. For car both, free speed and congested travel times are tested. The
travel times for traveling by bicycle or on foot are computed by taking the travel distance
with a constant velocity of 15km/h (bicycle) or 5km/h (walk). The marginal utilities for
all modes, i.e. Bi,,..o Bttears Bty and B, are set to —12utils/h as stated in Sec. 3.2.
All measures are applied to the Base Case (Sec. 4.3).
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Figure 6: This shows the accessibility measure with the reference settings and the under-
lying road network.

Fig. 6 depicts the outcome of congested car travel times in accessibility computation,
which can be seen as the MATSim default setting for accessibility calculations. To improve
the interpretability, the road network is overlayed. The color bar on the right hand side
indicates the accessibility level, where a good work place accessibility is indicated by green
areas and poor accessibility is indicated by dark blue or black areas.

As might be expected, the plot exhibits a very good work place accessibility in areas
that provide a high density of opportunities and a well developed road network. These
characteristics apply for the inner city, where the highest utility values are measured, and
the areas along the major access roads from and to Zurich, visible as green or yellow
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(a) The same as Fig. 6, but without showing the road net- (b) The same as Fig. 6, but now based on zones as is tradi-
work. tionally done.

Figure 7: Alternative representations of the same data as Fig. 6.

lines. In contrast, less accessible areas with a low work place density have a color gradient
from red to dark blue or black. This for instance applies for the “Ziirichberg” and the
“Uetliberg”, which are two undeveloped wooden hills located in the east and south west
part of Zurich. The several “islands of low accessibility” in the center of Zurich are due
to localized congestion on those links: If there is strong congestion at the origin, then all
opportunities k incur a strongly negative Vj; and thus make only a small contribution to
the sum.

It should be noted how the accessibility is now smooth in space. This can be even
more clearly seen in Fig. 7(a), which is the same as Fig. 6 but without the road network.
One clearly sees how the highly accessible areas trace the road network. Compare this to
Fig. 7(b), which is the same data aggregated into uniform zones. Clearly, all additional
spatial resolution within the zones is now gone. Also, with the zones approach the question
in how far the transport network becomes visible in the accessibility plot hinges entirely
on the question if the zones reflect the structure of the transport network or not. All this
arbitrariness is removed with an approach that does not rely on zones.

The results with different transport modes are shown in Fig. 8. The first two plots are
illustrating how congestion significantly reduces accessibility. The third and fourth plot
illustrate accessibility by bicycle and by walking, respectively. Congestion has no effect
on these modes. Both plots show that spatial proximity to opportunities has a strong
influence on the results. Locations away from the city center and the commercial areas in
the northeast and western part of Zurich have a rapidly decreasing accessibility. As seems
plausible, near the city center the bicycle provides similar accessibility as the car under
congested conditions. Farther away from the center, the car gains ground, even under
congested conditions.

Overall, one might speculate that Fig. 8(a) is what people who plan to use a car expect,
for example when selecting a residence, but Fig. 8(b) is what they actually get. And what
they actually get is not much different from what one gets by using a bicycle (Fig. 8(c)).



254000 254000

248000

244000 244000

242000 242000

T T T T T T T T
678000 680000 682000 684000 686000 688000 678000 680000 682000 684000 686000 688000

(a) Free speed car travel times in accessibility computa- (b) Congested car travel times in accessibility computa-
tion tion

254000 254000

248000

244000 244000

242000 242000

'
N

T T T T T T T T T T T T
678000 680000 682000 684000 686000 688000 678000 680000 682000 684000 686000 688000

(c) Bicycle travel times in accessibility computation (d) Walk travel times in accessibility computation

Figure 8: These plots visualize the influence of different transport modes on the accessi-
bility computation.

In contrast, walk is truly much worse (Fig. 8(d)).

5.2 Sensitivity to a modification in the transport system

In this section, the accessibility consequences of a tunnel closure are considered. For this
purpose two scenarios are created, which only differ in the network set-up:

1. Base Scenario: The base scenario leaves the road network as it is.
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(a) Network used in the Base Scenario (b) Network used in the Schéneichtunnel Scenario

Figure 9: In order to investigate the impact of changes in the transport system, the
“Schoneichtunnel” is closed by removing links from the road network as illustrated in
Figure (b). Figure (a) shows the default, unchanged network.

2. Schoneichtunnel: In this scenario the “Schoneichtunnel”, an important intersection-
free artery connection in the western part of Zurich is closed; see Fig. 9. It connects
the north-easterly suburbs and the central business district with a capacity of 5’740
vehicles per h in each direction. In Fig. 10 it can be seen that there are no alternative
roads that can compensate such a closure. The idea for this scenario is loosely based
on a real closure of the Schéneichtunnel due to maintenance works in the year 2001
[24].

Both scenarios are using the Base Case as input and run for another 1000 iterations
with the same time and route adaptation settings as described in Sec. 4.3. As in the
previous test the marginal utility for congested car travel times, i.e. By.,,., i set to
—12utils/h.

The value range in Fig. 11 is limited for visualisation purposes. This means, that only
accessibility outcomes between the values 5 and 2 are plotted. Fig. 11(a) shows the Base
Scenario. For Fig. 11(b) the following was done: (i) The tunnel was closed. (ii) For
all routes that used the tunnel, an alternative route was computed, based on the free
speed travel times, but minus the tunnel. (iii) A traffic flow simulation was run based
on these routes. The result (Fig. 11(b)) is significantly reduced accessibility in the north-
eastern sector of the city. Strong congestion upstream and parallel to where the tunnel
was significantly hinders car traffic. Fig. 11(c) then shows accessibility after the system
had a chance to adjust to the closed tunnel. Surprisingly, there seem to be no accessibility
consequences. Seemingly, the system re-equilibrates in a way that the status quo ante in
terms of accessibility is recovered.

One might speculate that the effect of the tunnel closure manifests itself in the depar-
ture time choice. This would mean that accessibility during the peak period could remain
virtually unchanged while at the same time the peak period itself would be extended. The
simulation results were checked accordingly; it was not possible to identify any change
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Figure 10: Network from www.openstreetmap.org. The arrow points to the links that
are removed. The downtown area is to the bottom left of the picture.

in the departure time distribution (Fig. 12). The simulation results are, however, dis-
tinctly different, since the average trip distances in the simulation area drop from 9800m
to 9350m. Thus, the long-term effect of the tunnel closure seems to be a reduction in
average trip distances, while the average travel times remain the same. This may seem a
bit counter-intuitive. We have, however, seen similar results in previous studies. Presum-
ably, a local change in a networked transport system can lead to a re-arrangement of the
traffic patterns in such a way that it redistributes the effects of the change throughout
the system; the overall effect is then a small but globally felt accessibility change [25, 26].
In the present situation, there does not even seem to be that globally felt accessibility
change; it may therefore be a real-world example of the Braess paradox [27]. Such results,
however, do not hold in all situations; Ref. [28] describes a modification where the gains
and losses (albeit differently measured) show a clear spatial picture.

6 Discussion

The unit of the accessibility measurement In Eq. (1), the logsum term is divided by the
logit model scale parameter. Assume that the travel utility is of form

V'i);;/‘av = Const + ﬁcar “tear + ﬁwalk “lwalk + - + ﬁm -m,

where [, are the (typically negative) parameters, t, are the travel times by mode, and
m is the monetary cost of the trip. Eq. (1) thus returns a result in utils. Since the scale
parameter cannot be separately estimated, it is essentially arbitrary and just rescales the
accessibility landscape without changing the pattern.
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(c) Schoéneichtunnel closure after 1000 iterations

Figure 11: The sensitivity test illustrates the impact from a change in the transport
system, simulated by a tunnel closure, on the accessibility measure. Note the reduction in
accessibility on both ends of the closed tunnel immediately after closure (b). After 1000
iterations, there is no discernible difference to the base case (c). The color scale is different
from the previous figures in order to highlight the differences between (a) and (b).

The utility value could, however, be converted into monetary units by dividing it by
Bm, the marginal utility of money. The parameters for the results were set such that
12 utils corresponds to one hour of travel time, independent of the mode. Assuming a
value of time of 12 Eu/h, one obtains that one util (e.g. in Figs. 6- 11) roughly corresponds
to one Euro.

The plots in this paper are based on a grid resolution of 100m x 100m, and the road
network as shown in some of the figures. Higher spatial resolutions with the same road
network do not lead to discernible improvements [29]. In contrast, a higher resolution
road network would clearly make a difference — the present method assumes that the
access from an arbitrary location to the given road network is done by walking while there
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(b) Comparing the arrival times between Base Scenario and Schoneichtunnel clo-
sure after 1000 iterations

Figure 12: This shows the departure and arrival pattern for the Base- and Schoneichtunnel
scenario.

may be minor roads in reality. Using a higher resolution road network is feasible — the
computational cost scales roughly in the number of links. In the present situation, we
decided to stick with the lower resolution network. One reason was that we wanted to
investigate how our approach would perform in such a situation. Another reason was that
we had no higher resolution network together with a calibrated scenario available.

7 Conclusion

Accessibility measures are, for a given origin, a weighted sum over possible destinations. In
this paper, the econometric logsum term is used as an example. It measures accessibility
as a benefit that someone at a specific location derives from access to spatially distributed
opportunities. It includes, as usual, a land-use component by considering the distribution



of opportunities and a transport component by determining the effort to get there.

A previous paper [29] presented an implementation approach that allows to calculate
the logsum term at high spatial resolutions. The present paper applies this approach to
a real-world scenario, the city of Zurich (Switzerland), with the example of measuring
work place accessibilities. The measure is tested for different transport modes such as car,
bicycle and traveling on foot.

In addition, a sensitivity test was carried out, where the Schoneichtunnel, an important
access road, is closed.

Important results include:

e The approach is able to provide a spatially differentiated picture. Artefacts such as
supposedly homogeneous accessibility within zones are removed.

e The effect of congestion is very clearly visible. The result also confirms that, in the
urban core, accessibility by bicycle is similar to accesibility by car during congested
peak hours. Outside the urban core, however, accessibility by bicycle is clearly worse
than by car also during peak hours.

In contrast, accessibility when walking is definitely much worse than either by car of
by biclye, and reaches levels comparable to accessibilities by bicycle or by car only
in the inner center of the city.

e The approach clearly visualizes accessibility changes after a major change in the
transport infrastructure.

Somewhat surprisingly, the infrastructure change (the removal of a major inner-
urban freeway section) has no discernible effect after the system has equilibrated.
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