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Abstract

Urban land-use and transportation are inuencing each other in a dynamic and
complex manner; this needs an integrated view of the interactions between land-use
and transport. In this paper, we summarize the steps integrating UrbanSim1 with
MATSim2 directly at a microscopic person centric level. The standard feedback from
external travel models to UrbanSim is on an aggregated zone level. In this paper we
investigate how an utility-based accessibility measure like the so-called logsum term
can be used for this purpose at the example of work place accessibility. This study
will address issues such as (i) di�erent resolutions, (ii) di�erent generalized costs of
travel such as free speed car-, congested car-, bicycle- and walk travel times and (iii)
sensitivity to a modi�cation in the transport network.

Keywords: MATSim, UrbanSim, land-use, transportation, integrated agent-based
modeling, econometric accessibility

1 Introduction

UrbanSim [1, 2, 3] is an extensible, microscopic, agent-based urban simulation model.
It aims at simulating interactions between land use, transportation, economy and the
environment at large-scale metropolitan areas and over a long time period. UrbanSim
consists of several models reecting the decisions of households, businesses, developers,
governments (as policy inputs), and their interactions in the real estate market.

Similar to other urban simulation models like DELTA, CUFM, MUSSA, POLIS or
RURBAN, UrbanSim does not model transport itself [4]. Instead, it relies on an interaction
with external transport models to update the tra�c conditions resulting from the current
land-use.

1see urbansim.org/
2see matsim.org/



In the past, some e�orts towards integrating UrbanSim with external travel models
like EMME [5] or VISUM [6, 7] have been made. However, both EMME and VISUM are
traditional assignment models using origin-destination matrices (OD-matrices) as inputs
[8, 9]. Thus, they do not make use of the disaggregated nature of UrbanSim. In this
situation it seems quite natural to link UrbanSim with an agent-based travel model.

MATSim (Multi-Agent Transport Simulation) [10, 11, 12] is a disaggregated, agent-
based transport model that is capable of simulating several million travellers (agents)
individually for large real-world transport scenarios. Furthermore, MATSim provides ad-
ditional advantages such as simulating time-dependent congestion, time-dependent mode
choice, or speeding up computation times by running small samples of a scenario.

As part of the SustainCity3 project, MATSim is coupled with UrbanSim. The coupling
is referred to as MATSim4UrbanSim [13, 14, 15]. MATSim takes the synthetic UrbanSim
population directly at the agent level, simulates their joint travel behaviour and updates
the tra�c conditions in UrbanSim. For more detailed information, please refer to Ap-
pendix A.

Figure 1: Excerpt of the zone-to-zone impedance matrix including travel time in minutes
from any origin zone \from zone id" to any destination zone \to zone id".

UrbanSim Models Short Description

Real Estate Price Model (REPM) Simulates the prices of each building

Expected Sales Price Model (ESPM) Predicts the expected unit price for each proposed de-
velopment project based on the same speci�cation and
estimation parameters as used in the REPM

Household Location Choice Model (HLCM) Selects a location for households that have no current
residence location

Employment Location Choice Model (ELCM) Selects a location for jobs that have no current location

Table 1: UrbanSim models that make use of the results from the travel model are the
Real Estate Price Model, the Expected Sales Price Model, the Household Location Choice
Model and the Employment Location Choice model.

The standard feedback from external travel models to UrbanSim is a zone-to-zone
impedance matrix, see Fig. 1, including generalized costs of travel between any given pair
of zones. This is an n � n matrix, where n is the number of zones. UrbanSim uses this
matrix as input for location choice decisions of residents, �rms, and developers, which are
listed and briey described in Tab. 1. Such matrices are growing quadratically with the
number of zones and thus quickly become very large: For instance, a typical number of

3see sustaincity.org



10’000 zones leads to 1000002 = 10000000000 entries for one attribute, e.g. congested car
travel times. If each entry is represented as an 8Byte oating point number, this results
in 800 MB of memory. Although this may still be possible, it does not leave much room
for additional attributes such as generalized costs of travel for di�erent times-of-a-day or
by di�erent mode of transport. Another drawback is the spatial resolution that is on an
aggregate, zone level. Therefore, it makes sense to search for an alternative, improved
measures as feedback from a travel model.

The present paper looks at utility-based accessibility measures that are computed in
the travel model and then fed back to UrbanSim. This investigation is performed using
the example of work place accessibility.

The paper is organized as follows. Sec. 2 explains the concept of accessibility and de-
scribes the accessibility measure that is used in this paper. The implementation approach
is given in Sec. 3. Details on the data, con�guration settings and simulation approach are
presented in Sec. 4. In Sec. 5 the results of the accessibility investigation are illustrated.
The paper is concluded by a discussion and a conclusion. Appendix A describes the
simulation approach in MATSim and UrbanSim and how both frameworks are integrated.

2 Accessibility

There is some agreement that access to certain activity locations such as work, shopping
or leisure have an inuence on location choice decisions of residents, �rms, and developers.
Hansen [16] shows that areas which have more access to such locations have a greater
growth potential in residential development. Moeckel [17] asserts that the principal idea
of Hansen’s approach is also true for businesses. In other words: Locations with easier
access are more attractive compared with otherwise similar locations with less access.

The terms \accessibility" and \access" are often used synonymously. In this paper
accessibility is used for a single-point-value that is assigned to one location itself, where
two-point-values, i.e. OD-pairs, are referred to as access or impedance.

In the following, a brief overview of some accessibility measures are presented. A
comprehensive review of these accessibility measures can be found in [18, 19]. Accessibility
measures can be broadly classi�ed into three categories [18]:

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 reects the (economic) bene�ts, as the
maximum expected utility, that someone gains from access to spatially distributed
opportunities [18, 20].

In addition, accessibility can be seen as the result of the following four independent com-
ponents [18, 19]:

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

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



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

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

For the present study, the utility-based measure from Ben-Akiva and Lerman [21] is se-
lected, which is also known as the logsum. It is de�ned as

Ai :=
1

�scale
ln

X
k

e��scale cik ; (1)

where cik are generalized costs of travel in order to get from location i to location k,
and �scale is the logit model scale parameter. The logsum term includes both, a land-use
component that considers the number and distribution of opportunities, and a transport
component that determines the e�ort to get there.

The logsum term is a weighted sum over possible destinations for a given origin, but
it can also be interpreted as an expected maximum utility. If one traces the expected
maximum utility derivation (e.g.[21]), one �nds that �cik should actually be replaced by
Vtyp � cik, where Vtyp 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, Ai does not
include the intrinsic systematic utility of the activity at the destination. It does, however,
include the averaged e�ect of the �k that describe the uctuations around the systematic
utility.

When multiple opportunities can be aggregated into the same location, then Eq. 1 can
be re-written as

Ai :=
1

�scale
ln

X
j

Dje
��scale cij ; (2)

where Dj gives the number of opportunities at location j.
The following section describes in detail how this accessibility measure is implemented.

3 Methodology: High Resolution Accessibility

This section looks at the implementation of the econometric accessibility measure that is
given by Equation 2. This task is performed in MATSim. In this section it is assumed that
MATSim completed the tra�c ow simulation based on the land-use pattern provided
by UrbanSim. As a result MATSim possesses a congested road network on which it
then calculates the accessibility indicators as feedback for UrbanSim. A comprehensive
description of the simulation and integration approach of MATSim and UrbanSim is given
in the Appendix A.

In order to calculate the accessibility Ai, origin locations i and opportunity locations j
are assigned to the MATSim road network. For every given origin i a so-called \least cost
path tree" runs through the network and determines the best route to each opportunity
location j by using the Dijkstra shortest path algorithm [22]. The best route from i to
j 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 costs cij for all
opportunities and calculates the accessibility as stated in Equation 2.



When looking at high-resolution accessibility calculations, there are, in fact, two res-
olutions to consider: One that de�nes for how many origins i the accessibility is to be
computed. And a second one that de�nes to what level the opportunities j are to be
resolved.

3.1 Spatial resolution of the origin

(a) Euclidean distance measure between the origin
location i in accessibility calculation and the nearest
network node.

(b) Orthogonal distance measure between the origin
i in accessibility calculation and the nearest network
link.

Figure 2: The calculation of cij includes the costs of travel to overcome the gap between
a measuring point (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.

The Dijkstra algorithm calculates the best route, and thus the lowest travel costs cij ,
starting from the network node that is next to the origin location, or measuring point, i
to all opportunities. However, location i does not necessarily lie on the network; see also
Fig. 2. Thus, the calculation of cij includes in addition the costs of travel to overcome the
gap between the origin location i and the road network. The gap is determined by taking
the shortest distance to the network, which is either given by the Euclidean distance to
the nearest node or the orthogonal distance to the nearest link on the network. It is
assumed that this distance is covered on foot with a constant speed of 5km/h. If the
mapping of location i is on a link, as in case of the orthogonal projection (Fig. 2(b)),
cij further includes the travel costs to overcome the distance to the nearest node. The
travel costs are calculated by dividing the distance to the node by the travel speed of the
according transport mode, e.g. car (free speed or congested car travel times at a given
time-of-a-day), bicycle (15km/h) or walk (5km/h).

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:

� 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. 3a. The spatial resolution depends on the selected
cell size, which is con�gurable.

� Zone-based Approach: This approach uses the zone centroids as measuring points,
as shown in Fig. 3b. 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
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