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Abstract

This paper reports on initial steps of an integration of the microscopic land-use simulation system SILO (Simple Integrated Land-
Use Orchestrator) and the agent-based transport simulation system MATSim (Multi-Agent Transport Simulation). It is shown how
information can be transferred from the land use model to the transport model in an agent-oriented fashion and how MATSim can
be used as a transport model within the SILO framework in lieu of an aggregate transport model, which has been coupled with
SILO up to now. It is shown that results of the previous model structure can be reproduced by the new fully microscopic modeling
system based on SILO and MATSim. It is discussed how an agent-based transfer of information can also be established in the
reverse direction, i.e. from the transport model to the land use model based on the implementation of a query architecture. Finally,
it is discussed how an integration of SILO and MATSim can help addressing additional current demands for research.
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1. Introduction

Hansen, with his well-known work on accessibilities,? established the concept that trip and location decisions co-
determine each other.! The transport system determines how well locations for activity participation (e.g. workplaces,
shopping or leisure facilities etc.) can be reached, rendering some locations more attractive than others. This can
trigger or hinder land-use development. The field of accessibility computation is concerned with the quantitative
expression of this phenomenon. 23 At the same time, the land use system defines where trips originate and end. Thus,
land use affects the usage of the transport system. This interrelationship has been widely recognized and is known as
the land use/transport interaction cycle. 2! Over the past 60 years, a considerable amount of cross-disciplinary research
has been undertaken to understand and analyze this relationship, which has established a long-standing tradition of
integrated land-use and transport (ILUT) models.*"22!!]
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In the traditional way to integration, the transport model provides zone-to-zone travel times (and sometimes travel
distances and costs; often referred to as skims) that are used in the land use model to calculate accessibilities, which in
turn influence land use decisions. The land use model, on the other hand, provides the location of households/persons
and firms/jobs, which are used by the transport model to derive trip origins and destinations.*2"71% With the in-
creasing consideration of transport demand management policies — in contrast to previously prevalent predict-and-
provide-based infrastructure enhancement policies — more complex and more sophisticated policy analysis questions
have become relevant. Flextime workers are able to adjust their worktime — potentially also in response to current
congestion conditions. Teleworkers may only need to travel to work once a week, reducing their commute burden
substantially. Low-emission zones| in city centers may reduce (or increase) the ease with which people can access
city-center facilities, potentially dependent on time of day and vehicle type (e.g. by vehicle emission class).

It is obvious that such highly individualized conditions cannot be considered in traditional ILUT models. Re-
cently, ILUT models have benefitted from disaggregate modeling methodologies such as micro-simulation.”” This
paper presents an approach of developing a thoroughly microscopic integrated land-use/transport model by integrat-
ing the fully microscopic land-use model SILO (Simple Integrated Land Use Orchestrator) and the fully microscopic
transport simulation model MATSim (Multi-Agent Transport Simulation). In this sense, the present study aims to
address several of the most prevalent issues in integrated land-use/transport modeling, which Acheampong and Silva'l
summarize as follows:

e There is the need to bridge the gap between the proliferation of activity-based travel demand models and their
integration with operational ILUT models in practice.

e The capabilities of existing models need improvement with respect to integrating the environment and forecast-
ing the impact of future urban policy responses on climate change and energy scarcity.

e Robust methodologies for measuring accessibility, the key concept that links land-use and transportation, are
needed to adequately evaluate the effects of land-use policies on transportation and vice versa.

In this paper, it is first shown how MATSim can successfully replace an aggregate transport model that has been cou-
pled with SILO so far and which represents the traditional coupling between land use and transport models described
above. Secondly, this substitution process highlights the anchoring points upon which SILO and MATSim can be
coupled in a methodologically sound way based on individual agents. Finally, future steps of tightening the coupling
between SILO and MATSim and the benefits offered by a deeper, fully agent-oriented integration are discussed.

The microscopic land-use model SILO. SILO (silo.zone) consists of three main modules, namely household reloca-
tion, demography and real estate development. The core model is household relocation, in which individual house-
holds consider moving to alternative dwellings subject to their available housing and travel budgets as well as to
commute travel times for each worker in the household. Because SILO functions as a microsimulation in which
households with their respective income and household members with their individual workplace are represented ex-
plicitly, the model is able to reflect monetary and time constraints explicitly."' The demography model covers all
relevant demographic events, including aging, marriage and divorce, birth of children, children leaving the parental
household, death, car ownership, and change of employment status or workplace. The real estate development mod-
ule simulates developers who invest into new dwellings if the demand is high. Developers imitate household location
preferences to build the most marketable housing stock. Some dwellings deteriorate over time and may be demol-
ished eventually. Other dwellings are renovated. This module also includes a price model that adjust housing prices
upwards under high demand and downwards if demand for this dwelling type in this neighborhood is low.

The agent-based transport simulation system MATSim. MATSim (matsim.org) is an agent-based demand adaptation
and traffic assignment model. Each synthetic person (agent) in the model has one or more plansA plan is a chain of
activities, such as home—work—shop—home, including their locations and end times. Activities at different locations are
connected by transport. The MATSim loop consists of the following important elements: In the network loading, also
called mobility simulation or mobsim, all selected plans are simultaneously executed in a synthetic reality, which e.g.
produces congestion. Next, all executed plans are scored, e.g. by a utility function, based on their actual performance.
Finally, all synthetic persons are allowed to replan, e.g. by switching to another plan in their memory, or by generating
a new plan, e.g. using other routes or other modes of transport. This loop is iterated until the system is sufficiently
“relaxed” as determined, for instance, based on the development of agents’ plan scores.


http://www.umweltbundesamt.de/en/topics/air/particulate-matter-pm10/low-emission-zones-in-germany
http://www.silo.zone
http://matsim.org
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Fig. 1: Spatial distribution of home and work activities in the Baltimore- ~ Fig. 2: Agents traveling in the MATSim transport system simulation.
Washington metropolitan area based on the SILO land use model.

2. Methodology: An initial version of an integration of SILO and MATSim

The latest version of SILO is the implementation for the state of Maryland (and vicinity) in the United States. In that
implementation, SILO is coupled with the Maryland Statewide Transportation Model (MSTM), 1@ which encompasses
1,892 traffic analysis zones (TAZs). Out of these, 1,588 are included in SILO as depicted in fig.[3] 10,683,182 persons,
4,153,836 households, 4,367,805 dwellings, and 5,979,254 jobs are contained in the model. Besides information on
the population, MATSim requires a transport network, which is created based on OpenStreetMap data following
established procedures. The resulting network contains 188,747 nodes and 367,295 links. In this initial step, default
values are used to set speeds and other network attributes. Required adjustment of these values for North America is
deliberately left aside in this initial model integration approach.

Transferring Information from Silo to MATSim. As described in section [I] SILO is based on the simulation of de-
cisions of the members of a synthetic population that represents the real population of the study region. Each such
individual is represented by a Java object called Person. In order to establish an agent-based connection between
SILO and MATSim, the following process is carried out at the end of each simulation year in SILO: With a probabil-
ity of scalingF actor, a given SILO person is shortlisted to create a MATSim agent. A MATSim agent is then created if
the corresponding SILO person is (a) employed, (b) has a workplace within the study area, and (c) has the possibility
to travel by car as determined based on a comparison between the number of cars and workers within the correspond-
ing SILO Household. To account for people on holiday or sick leave, workers commuting at non-peak times, and
commuters not using an available car option, the aforementioned probability to create a MATSim agent is multiplied
with a value of 2/3. Setting the scalingFactor to 0.01, this procedure creates a 1% sample of all people commuting by
car (26,980 agents in MATSim) to simulate the morning and afternoon peak commute traffic in Maryland and vicinity.
1% samples have proven to be sufficient to observe plausible larger-scale traffic patterns.m

Via the SILO Person objects, the IDs of home and work zones of the selected SILO persons are retrieved. Next, a
random coordinate which falls within the correct zone is determined and assigned as the home and workplace location
of the agent, respectively. Every MATSim agent is then assigned with a home, a subsequent work, and a final home
activity at its home and workplace locations, respectively. These activities are depicted by blue dots in fig.[I]

In order to create trips from that information, trip start times (= activity end times) are needed. In this preliminary
approach, these times are chosen randomly based on uniform distributions between 6:00 and 9:00 for the morning
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Fig. 3: Zones used in MSTM and SILO. Fig. 4: Comparisons of zone-to-zone travel times according to MSTM
and MATSim.

commute and between 15:00 and 18:00 for the afternoon commute, respectively. The resulting morning commute
traffic at 6:30 is depicted in fig.[2]

Transferring Information from MATSim to SILO. In contrast to the agent-oriented provision of information from the
land use model to the transport model, the provision of travel information from the transport model to the land use
model follows the “traditional” approach of information exchange that was described in section [T} SILO requires
information on zone-to-zone travel times. In its latest implementation these information are provided to SILO by
MSTM, which operates on the same zoning system as SILO (see fig.3). These travel times are used to compute zonal
accessibilities in SILO upon which various decisions of the synthetic individuals are based (see section [I]).

For the present study, this way of providing travel information to the land use model is replicated by using MATSim
in lieu of MSTM. In MATSim, traffic-condition-dependent (= time-dependent) travel times can be computed using so-
called least-cost path trees in a computationally efficient manner. In the current implementation, n random coordinates
of each zone are chosen and used to calculate n? time-dependent zone-to-zone travel times for each O/D relation. The
average of these n? travel times is provided to SILO in a zone-to-zone travel time matrix replacing the travel time
skims provided by MSTM in the latest previous version of SILO.

3. Results

First of all, it should be stated that this initial integration between SILO and MATSim was much easier to achieve
than a similar integration between UrbanSim and MATSim[] This is mostly due to the fact that both MATSim and
SILO use the same programming language (Java), while UrbanSim is programmed in Python based on C.#

Fig.[dshows a comparison of zone-to-zone travel times between MSTM and MATSim. As expected, a cigar shape
can be observed confirming the similarity of the travel times yielded by the two different transport models. It can also
be observed, however, that travel times tend to be lower in MATSim. The authors assume that this is attributable to
the fact that MATSim has not been calibrated for the scenario under consideration at this early development stage.
In particular, as pointed out in section [2} default values for the creation of the MATSim transport network based on
OpenStreetMap data have been left unchanged, which may result in speeds that are systematically too high for the
North American context.

* The reported integration between UrbanSim and MATSim18 was preceded by a prototypical integration at the end of 2008.
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Fig. 5: Real-world traffic in the Baltimore-Washington metropolitan area  Fig. 6: Simulated traffic in the Baltimore-Washington metropolitan area
on a weekday at 08:00 (Source: Google Maps). on a weekday at 08:00 according to MATSim.

Fig.[5]and fig.[6]depict congestion levels for a normal weekday at 8:00. While fig. [5]shows real-world observations,
fig.[6is based on model results from MATSim. It can be observed that congestion patterns are generally reproduced
quite well by MATSim. That this is the case already in this uncalibrated stage of the scenario also reaffirms the high
transferability of MATSim as a transport model.**

4. Discussion and outlook: Further steps of improving the integration of SILO and MATSim

While the transfer of data from SILO to MATSim has already been implemented in an agent-oriented way, this
is not yet the case for the reverse direction, i.e. for the provision of travel data from MATSim to SILO. A first step
of improvement may consist in computing the accessibilities already within the travel model.!>!1 Instead of scaling
with the square of the number of zones like it is true for the travel times matrix, accessibility information only scales
linearly with the number of zones. This allows to feed back information at much higher spatial resolution.

Still, the currently used process of a pre-emptive procurement of all necessary information to the land use model
contradicts the concept of behavioral modeling (see enumeration of requirements in in section[I)). A major conceptual
improvement to this would be to allow the land use model to guery the transport model for required information for
a specific decision (=modeling step). In terms of household relocation, for instance, a person that just started a job
close to a train station might want to look for a home close to a train station on the same train line, rather than just
searching a home within a large zone that provides good access to the person’s workplace zone on average. Since it
is impossible to provide such information pre-emptively for all possible questions that might be asked by a behavioral
component of the land use model, it seems more plausible to turn the established modeling philosophy upside down
and to establish a query architecture between the land use model and the transport model. Based on experience with
the interplay of SILO and MATSim to date, the authors expect this to be much easier to implement than this would be
with UrbanSim and MATSim (mainly due to the fact that SILO and MATSim are both written in Java).

In order to improve activity timing (see section [2) and also to be able to model land use/transport dependencies
in terms of secondary activities (e.g. shopping or leisure), it would be beneficial to include a scheduling module for
overall daily activity-travel patterns like CEMDAP" or FEATHERS?. Based on the authors’ previous experience with
integrating such models with MATSim, the general feasibility of such an integration is proven®,

Finally, it has to be pointed out that already the present integration allows environmental impact modeling of land
use policies (see enumeration of requirements in section [I)) since MATSim is already equipped with, e.g., a emission
modeling tool® and a noise calculation tool®. The intended deeper, fully agent-oriented integration of SILO and
MATSim would also allow to base smaller-scale location choice decisions on such information.
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5. Conclusion

It was shown how MATSim can successfully replace an aggregate transport model that has been coupled with the
microscopic land use model SILO thus far. An agent-orient transfer of information from the land use model to the
transport model has been established. Based on this experience, the feasibility and some implementation details of a
deeper, fully agent-oriented integration were pointed out. In particular, conceptual advantages by allowing the land
use model to query the transport model for specific information required to model decisions within the land use model
in a behaviorally sound way were discussed. Based on the fact that SILO and MATSim are both programmed in Java
and the authors’ current experience of coupling the two models, the feasibility of establishing a fully agent-oriented
integrated land-useftransport modeling system based on SILO and MATSim was shown. Furthermore, the potential
of addressing currently discussed requirements on new ILUT models like environmental impact analysis as well as
potential model enhancements by considering including full-day activity-travel patterns were addressed.

References

10.

11.

12.

15.

16.

17.

18.

19.

20.

21.
22.

23.

24.

25.

. ACHEAMPONG, R., AND Siiva, E. Land-use transport interaction modeling: A review of the literature and future research directions. Journal of

Transport and Land Use 8, 3 (2015), 1-28.

. BeLLEMANS, T., KocHAN, B., Janssens, D., WETs, G., ARENTZE, T., AND TiMMERMANS, H. Implementation framework and development trajectory

of FEATHERS activity-based simulation platform. Transportation Research Record 2175, 1 (2010), 111-119.

. BHar, C., Guo, J., SRINIVASAN, S., AND SIVAKUMAR, A. A comprehensive econometric microsimulator for daily activity-travel patterns. Trans-

portation Research Record 1894 (2004), 57-66.

. EcHeNIQUE, M. H., CROWTHER, D., AND LiNDsay, W. A spatial model of urban stock and activity. Regional Studies 3, 3 (1969), 218 —312.
. Geurs, K. T., anp vaN WEE, B. Accessibility evaluation of land-use and transport strategies: review and research directions. Journal of

Transport Geography 12, 2 (2004), 127 —140.

. Hansen, W. How accessibility shapes land use. Journal of the American Planning Association 25, 2 (1959), 73-76.
. Hunr, J., KRIGER, D., AND MILLER, E. Current operational urban land-use-transport modelling frameworks: A review. Transport Reviews 25

(2005), 329-376.

. KapDoURa, 1., KROGER, L., AND NageL, K. User-specific and dynamic internalization of road traffic noise exposures. Networks and Spatial

Economics (forthcoming).

. KickHOFER, B. Emission modeling. In The Multi-Agent Transport Simulation MATSim, A. Horni, K. W. Axhausen, and K. Nagel, Eds. in

preparation, ch. 17.

MisHRA, S., WELCH, J., MOECKEL, R., MAHAPARTA, S., AND Tapavon, M. Development of the Maryland statewide transportation model and its
application in scenario planning. In Proceedings of the 92nd Annual Meeting of the Transportation Research Board (2013).

MokckEeL, R. Constraints in household relocation: Modeling land-use/transport interactions that respect time and monetary budgets. Journal
of Transport and Land Use (forthcoming).

NaceL, K. Towards simulation-based sketch planning: Some results concerning the Alaskan Way viaduct in Seattle WA. VSP Working Paper
08-22, TU Berlin, Transport Systems Planning and Transport Telematics, 2008. See http://www.vsp.tu-berlin.de/publications,

. NaceL, K. Towards simulation-based sketch planning, part II: Some results concerning a freeway extension in Berlin. VSP Working Paper

11-18, TU Berlin, Transport Systems Planning and Transport Telematics, 2011. See http://www.vsp.tu-berlin.de/publications!

. Nicorar, T. W., anp NaGeL, K. Coupling MATSim and UrbanSim: Software design issues. SustainCity Working Paper 6.1, 2010. Also VSP

WP 10-13, see http://www.vsp.tu-berlin.de/publications,

Nrcorar, T. W., anp NaceL, K. High resolution accessibility computations. In Accessibility and Spatial Interaction, A. Condego, A. Reggiani,
and J. Gutiérrez, Eds. Edward Elgar, 2014, pp. 62-91.

Nricorar, T. W., anp NaceL, K. Integration of agent-based transport and land use models. In Integrated Transport and Land Use Modeling for
Sustainable Cities, M. Bierlaire, A. de Palma, R. Hurtubia, and P. Waddell, Eds. EPFL press, Lausanne, 2015, ch. 17, pp. 333-354.

Putman, S. Integrated urban models: Policy analysis of transportation and land use. No. Monograph. Pion Limited, London, UK, 1983.
RODER, D., CABRITA, 1., AND NaGEL, K. Simulation-based sketch planning, part III: Calibration of a MATSim-model for the greater Brussels
area and investigation of a cordon pricing for the highway ring. VSP working paper 13-16, TU Berlin, Berlin, Germany, 2013. See
http://www.vsp.tu-berlin.de/publications!|

WabbELL, P. A multinomial logit model of race and urban structure. Urban Geography 13,2 (1992), 127-141.

WEGENER, M. Modeling urban decline: A multilevel economic-demographic model for the Dortmund region. International Regional Science
Review 7 (1982), 217-241.

WEGENER, M. Operational urban models: State of the art. Journal of the American Planning Association (1994).

WEGENER, M. Overview of land-use transport models. In Transport Geography and Spatial Systems, K. Hensher, D.A.; Button, Ed., no. 5 in
Handbook in Transport. Pergamon/Elsevier Science, 2004, pp. 127-146.

ZIEMKE, D. Accessibility. In The Multi-Agent Transport Simulation MATSim, A. Horni, K. W. Axhausen, and K. Nagel, Eds. in preparation,
ch. 35.

Z1eMKE, D., NaGeL, K., anp Buar, C. Integrating CEMDAP and MATSim to increase the transferability of transport demand models. Trans-
portation Research Record 2493 (2015), 117-125.

Z1ske, M., NEUMANN, A., AND NageL, K. OpenStreetMap for traffic simulation. In /st European State of the Map — OpenStreetMap conference
(Vienna, July 2011), M. Schmidt and G. Gartner, Eds., no. 11-10, pp. 126-134. http://2011.sotm-eu.org/userfiles/proceedings_
sotmEU2011.pdf|


http://www.vsp.tu-berlin.de/publications
http://www.vsp.tu-berlin.de/publications
http://www.vsp.tu-berlin.de/publications
http://www.vsp.tu-berlin.de/publications
http://2011.sotm-eu.org/userfiles/proceedings_sotmEU2011.pdf
http://2011.sotm-eu.org/userfiles/proceedings_sotmEU2011.pdf

	Introduction
	Methodology: An initial version of an integration of SILO and MATSim
	Results
	Discussion and outlook: Further steps of improving the integration of SILO and MATSim
	Conclusion

